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Annomayusn. CaxapHblii 11abeT 2-ro THTA BBI3BIBACT KOMILIEKCHBIE CUCTEMHBIC HAPYLICHUS], TIPU 9TOM IIEUCHb,
OyIyuH LEHTPAJIBGHBIM OPraHOM YIJIEBOXHOTO M JIMITHIHOTO OOMEHa, SBIISETCS ORXHOHM M3 OCHOBHBIX MHIIIEHEH Xpo-
HMYECKNX INa0eTHUeCKUX OCIOKHEHUH. PerymspHas (usndeckas akTHBHOCTh paccMarpuBaeTcs Kak S QeKTHBHOe
HEMEMKAaMEHTO3HOE CPEICTBO KOPPEKIIMU METAOOINIECKHX PACCTPONCTB, CBSI3AHHBIX C YKA3aHHBIM 3a00IE€BAHIEM.
Henb HacTosAmIEr0 0030pa — CPAaBHUTENBHBIN aHAN3 BIMSHUS Pa3IHYHBIX (opM (PH3MUECKON aKTHBHOCTH HA MO-
Ka3aTeny (PYHKIOHAJIBHOTO COCTOSIHHS MEUCHH Y KUBOTHBIX C SKCHEPUMEHTAIFHOW MOJIENBIO CaxapHOTo Jrabera
2-ro Trna. MaTepuaasl 1 MeToAbI. BEINONHEH ceTeBoli MeTaaHaIN3, OXBATHIBAIOINI 38 PaHIOMHU3HPOBAHHBIX KOH-
TPOIMUPYEMBIX UCCIIEIOBaHUM (CyMMapHO — ¢ yyactueM 601 mpim). /lanable ObutH coOpans! n3 6a3 Web of Science,
PubMed, Scopus, CNKI nu EBSCO. PaccMmarpuBaimch clienyronye BUIbl HArPY30K: a3pOOHBIC W CHIIOBBIE TPECHU-
POBKH, TIJIaBAaHKE, BEICOKOMHTEHCUBHBIC HHTEPBAIBHBIC TPEHUPOBKH, TPEHHUPOBKHU CPEeAHEH HHTEHCHBHOCTH, a TaKXkKe
CITIOHTAHHAs JABUTraTelIbHas aKTUBHOCTh. B KayecTBe MCXOAHBIX KPUTEPUEB OLEHKH YYHTHIBAIMCH YPOBHH ajaHWHA-
muHoTpaHcdepassl (ALT), acnapraramunorpancdepass (AST), TpUnIHLIEepHIOB, TUIONPOTEHHOB BhIcoKOit (JITIBIT)
n Hu3kor (JITTHIT) miotHOCTH, a Takke akTHBHOCTH (hochoenonmupysarkapookcukuHasbl (PEPCK). Pesyabrarbl.
AHaii3 BBISBIJI, YTO BHICOKOMHTEHCHBHBIC HHTEPBAIbHBIC TPEHIPOBKU OKa3bIBAIN HAnOONIEe BBIPAXKEHHOE BO3/IEH-
CTBHE Ha (DYHKIMOHAIFHOE COCTOSIHHE TIeUEHH MBIIIEH ¢ caxapHbIM AnabeToM 2-To THIIa, oOecriedrBas 3Ha9NTeIbHOE
cHikeHue ypoBHell ALT u TpummnepuioB py oAHOBpeMEHHOM NoBbllieHny koHleHTpauuu JITIBIIL. Cunosble Tpe-
HUPOBKH TPOJIEMOHCTPHpOBaiy npenmMyinectBo B cHkenun yposueit AST, JITTHIT u aktuBnoctn PEPCK. ITnaga-
HHE ¥ TPEHUPOBKH CPefHEH HHTEHCHBHOCTH TAKOKe TTOJOKUTEIIBHO BIMSIIN Ha szl OMOMAapKepOB, OIHAKO MX ekt
OBbLT MEHee BhIpaKeHHBIM. Ha 0CHOBaHMM IOJIy4eHHBIX JaHHBIX MOXKHO C/IeJIaTh BBIBOJ, YTO BBHICOKOMHTEHCHUBHBIC
UHTEpBaIbHbIC TPEHUPOBKU U CHJIOBBIC TPEHUPOBKH MOTYT OBITH Oosiee 3((EeKTUBHBIMU CTPATETUSIMU IS PETYIIs-
MU MeTa0oJM3Ma TIEUEHH y MBIIIEH ¢ CaxapHBIM IHa0eToM 2-TO THIa. DTH Pe3yIbTaThl HOAYEPKUBAIOT TTOTEHINAN
(m3MUecKoil akTUBHOCTH KaK 0€30IacHOTO M AOCTYITHOTO METO/la KOPPEKIMH THA0eTHIEeCKUX HApyIICHUH MeYeHH,
JeHCTBEHHOCTh KOTOPOTO TpeOyeT TajbHEHIIero MOATBEPIKACHHUS B KIIMHIYECKHX HCCIIEJOBaHUIX.
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Abstract. Type 2 diabetes mellitus (T2DM) is a chronic metabolic disorder that affects multiple organ systems.
The liver serves as a central regulator of carbohydrate and lipid homeostasis and represents a major target of diabetic
complications. Regular physical activity is acknowledged as an effective non-pharmacological intervention for
improving metabolic control in diabetes. The purpose of this review was a comparative analysis of the effects
of different exercise modalities on liver-related biomarkers in animals with T2DM. Materials and methods.
A network meta-analysis of 38 randomized controlled trials with a total of 601 animals involved was conducted.
The following databases were searched: Web of Science, PubMed, Scopus, CNKI and EBSCO. Six categories
of exercise interventions were analysed: aerobic training, resistance training, swimming, high-intensity interval
training, moderate-intensity continuous training, and voluntary wheel running. The initial assessment criteria
included alanine aminotransferase (ALT), aspartate aminotransferase (AST), hepatic triglyceride, high-density
lipoprotein (HDL) and low-density lipoprotein (LDL) levels as well as phosphoenolpyruvate carboxykinase
(PEPCK) enzymatic activity. Results. High-intensity interval training showed the greatest effectiveness in reducing
ALT and hepatic triglyceride levels as well as increasing HDL concentrations in mice with T2DM. Resistance
training was most effective in lowering AST and LDL as well as in PEPCK activity. Swimming and moderate-
intensity continuous training had a positive, albeit less pronounced, influence on certain biomarkers. The findings
indicate that high-intensity interval training and resistance training can be more effective strategies for modulating
hepatic metabolism in mice with T2DM. These results underscore the potential of physical exercise as a safe and
accessible adjunct to the management of diabetes-induced liver dysfunction. However, additional clinical studies
in human populations are needed to substantiate these effects.

Keywords: type 2 diabetes mellitus, liver function, lipid metabolism, resistance training, high-intensity interval
training, network meta-analysis
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Caxapublif 1uaber — oHO W3 Hambonee pac-
NPOCTPAHEHHBIX XPOHMYECKUX METa0OIMYEeCKUX
3a00JIeBaHUI, OCHOBHBIM IPOSBIECHUEM KOTOPO-
ro nipu 2-m tune (C2) cayxur croiikas rurep-
rukemust [1]. 3aboneBaHus IEYSHH BCTPEUAIOTCS
y 70 % mui ¢ C/2 [2], u oHH SBISIIOTCSI OJTHOM
U3 BEAYIIMX MPUYMH CMEPTH TaKUX MAIMEHTOB
[3]. Ileyenp BbIMONHSET KIIOYEBYIO (DYHKIHIO B
perymsauuu yrieBogHoro odmena [4]. CormacHo
JTaHHBIM uccienoBanus [5], y 6onpHbIX CJ[2 Ha-
OmronaeTcsi BHIPAKEHHOE CHUKEHHE YPOBHSI JIM-
nonporenHoB Bbicokod mmotHocTH (JITIBIT) mn
OJTHOBPEMEHHOE YBEJIMYEHHE YPOBHS JIUTIONPO-
TenHoB Hu3KoM TuiotHocTH (JITTHIT), uto yckops-
€T pa3BUTHE aTEePOCKIECPOTHUYECKUX H3MEHEHH.
[Tpu 5TOM OTMEYaeTCsl 3HAUUTEIHHOE TIOBBIIICHNE
aKTUBHOCTH acrapraramuHoTpancdepasbr (AST)
u anannHamuHOTpancdepasbl (ALT), TecHO KOp-
penupyromel ¢ ypoBHEM TpPUIIHMLEPUAOB [6].
['mokoHEeoreHe3 B TMEYEHH KOHTPOJIMPYETCS aK-
TUBHOCTBIO (hOC(HOCHONMHUPYBATKAPOOKCHKUHAZBI
(PEPCK) [7]. MaCcynuH momaBisieT TIIOKOHEOTe-
He3 B neuenu, Onokupys PEPCK; npu napymenun
WHCYJIMHOBOTO CUTHAJIa OTCYTCTBHE 3TOTO OJOKH-
pytomiero 3¢dexra NpUBOIUT K MOBBIIICHUIO CeE-
KpELUH IIIOKO3bI U TUIEPITIMKEMUH HAaTOLIaK [8].
JlucbanaHc npoieccoB NIIOKOHEOTeHe3a B MEYSHH
paccMaTpuBaeTCs Kak OMH U3 BEAYIINX MEXaHU3-
MoB opmupoBanus runeprimkemun npu C/12 [9].

Tpauckpurmmonnsiii pakrop FOXOI1, perynu-
PYIOIIMI 3JIEMEHTbl HMHCYJIMHOBOIO CUTHAJIBHOTO
KacKaJia, aKTHBHO SKCIIPECCUPYETCsl B TEUECHH; TIPU
WHCYJTMHOPE3UCTEHTHOCTH HApYIIAeTCs WHCYIIH-
orocpenoBanHoe pocdopumuposanue FOXO1 u ero
saepHo-IMTOIIa3MaTnyeckas perymsius [10]. 13-
6brrounas skcnpeccust FOXO1 axtusupyer PEPCK,
YTO BeJIeT K YCWJICHHIO TIIFOKOHEOTeHe3a, THIePIIn-
KEeMUH U HApYIICHUSIM JIMHHOTO oOMeHa [11].

Nmeronuecss 1aHHbIE CBUIETENBCTBYIOT, YTO
perynasipuble  (U3MYECKHE HArpy3KH MOJOXKH-
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TEJIHHO BIUSIOT HAa TMEYCHOYHBIA METa0OIU3M,
YMEHBIIAIOT BBIPAXKEHHOCTh UHCYJIMHOPE3UCTEH-
THOCTH U 3aMeaJisiioT nporpeccupoBanue CI2
u oxupenus [12]. DkcrnepumeHTadbHbIe pabo-
ThI Ha XUBOTHBIX TIOKA3ajik, 9TO a’pOOHbBIE Tpe-
HUPOBKH IOBBIIIAIOT YYBCTBUTEJIBHOCTH II€Ye-
HU K uHCcynuny npu C/A2 u oxupeHuu, aKTUB-
UpyroT GochopuIupoBaHUe PETyISTOPHBIX Oel-
KOB U cHMIXKawT 3kcnpeccuto PEPCK, uro npu-
BOJIUT K OCia0lIeHnI0 TioKoHeoreHesa. Kpome
TOT0, J10Ka3aHO, YTO JAJUTEIbHbIE TPEHUPOBKU
CpelnHel WHTEHCHUBHOCTH (HampuMmep, IJiaBaHUE
nin 6er) CocoOCTBYIOT YMEHBIIEHUIO KOHIICH-
Tparuid Tpurnuuepunos u JIIMHIT npu onHo-
BpeMeHHOM YyBenuyeHuu yposHs JIIIBIT [13].
OnHako B HAy4YHOM JIUTEpaType NPaKTUYECKU OT-
CYTCTBYIOT TpsIMbIEe cOmOCTaBiIeHUS A(HPeKTuB-
HOCTU PpAa3JIMYHBIX TPEHUPOBOUHBIX PEXKHMOB.
B cBsi3u ¢ 3TUM LIeNBI0 HACTOSIIETO HCCIeA0Ba-
HUS CTaJl CETEBOM MeTaaHalu3 MO 8 KIIIOYEBBIM
MOKa3aTeysiM, CBSI3aHHBIM C (YHKITUEH TICUYCHH,
JUIsL BBISIBJICHUSI HauOoliee ONTHUMAaJIbHBIX PEXH-
MOB (PU3MYECKUX HArpy30K, MOAJIEPKUBAOLINX
paboTy naHHOTO opraHa y >KMBOTHBIX ¢ CJ[2.
Marepuajasl U metoabl. [IpoBeneH nowuck
ma"HHblX B 0azax Web of Science, PubMed,
Scopus, CNKI u EBSCO no 1 mas 2025 rona. Ilo-
WCKOBBIE 3aIPOCHI BKITIOYAIN TAKKE TEPMUHBI, KaK
«type 2 diabetes», «T2DMy, «exercises», «livery,
«hepaticy. Tlpumenstack KOMOWHAITMS TIPEAMET-
HBIX 3ar0JIOBKOB U CBOOOJHBIX TEPMHUHOB.
Kpurepun Brmrouenust: 1) wmccrnenoBaHusi Ha
MBIIIIAX, y KOTOPBIX ObLT MHayImpoBan C/2 (Bkito-
YeHHbIE PaOOTHI 3aeHCTBOBAIN JIBe HanOomee pac-
MPOCTPaHEHHbIE FKCTIepUMeHTabHbIe Moaemu CL2 —
JIMETY C BHICOKHM COJIEpyKaHHEM >KUPOB U UHBEKITUIO
CTPENTO30TOLIMHA); 2) PaHAOMH3UPOBaHHbBIE KOHTPO-
JIMpyeMble UCTIBITAaHUS C MCIONb30BaHUEM (hr3Hye-
CKMX YNpa)KHEHHI B KayecTBe Teparuu; 3) OTCyT-
CTBHE 3HAYMMBIX PA3IMYMN B MCXOMHBIX IOKa3are-
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JSIX 70 BMEUIATENbCTBA; 4) KOHTPOJIb CIETYIOIIUX
HOKa3aTeseil: YpOBHU TPUIVIMLIEPUIOB B MEUCHH,
JITIBIT u JITHII, ALT u AST, a Takxe sKkcrmpec-
cun PEPCK; 5) mpumeHeHue B KauecTBe BMe-
IIaTeIbCTBA OJHOM U3 CIEIYIOLIMX TPEHUPOBOK:
perynspHbIii Oer, 10OpoBONBHBIN Oer B Kojece,
CWJIOBBIE YNPAXXHEHUs, TPEHUPOBKH CpPEHEN HH-
TEHCUBHOCTH (HETIPEpBIBHBIA Oer Ha TpeaMuiie
npu uateHcuBHocTH 50—70 % OT MakcUMaIbHOTO
HoTpeONIeHUs KHUCIOPO/ia), BBICOKOMHTEHCHUBHBIE
UHTEPBAJIbHBIE TPEHHUPOBKH (MHTEPBAIBHBIA Oer
Ha TpeaMuie npu uHTeHcuBHOCTH 80-95 % ot
MaKCHUMAaJIbHOTO MOTPEOICHHUS KUCIOPOa ¢ epU-
OJlaM{ aKTMBHOTO OT/bIXA), IUIaBaHUE.

Kputepun wuckmodenus: 1) oTcyTCTBHE pe-
JICBaHTHBIX IIOKa3aTelieldl pe3ylbTaToB WM He-
JOCTYIHOCTh JITAaHHBIX; 2) HMCCIEeIOBaHMs Ha He-
IMabeTHYeCKUX MbIIax, 0030pbl; 3) OTCyTCTBHE
yKa3aHus THIa GU3NIECKONH aKTUBHOCTH.

W3BneyeHHble JaHHBIE OBUIN TPEABAPUTEIHHO
oOpabotansl B nporpamme Excel 2016 u npeo6-
pa3oBaHbl B (pOpPMY CpEIHEro 3HAYCHHs U CTaH-
JApPTHOTO OTKJIOHEHUS JUIsl BBIBICHHS Pa3HULBI
J0 U mocie BMemarenbcTBa. CereBoil MeTaaHa-
7u3 ObLT MPOBENIEH C MCIOIb30BAHUEM MPOTpaM-
Mbl Stata 16.0 ¢ mpuMeHEeHneM 4acTOTHON Moje-
Tm co ciaydaiHeiME dddekramu (random-effects
model). Pe3synbrarhl mnpeACcTaBISIUCHE B BHUJE

CTaHAapTU3UPOBAHHOMN pazHOCTU cpeanux (SMD,
MpecTaBsieT co0oi Oe3pa3MepHBI MoKa3aTelb
BEITUYHHBI 2P PeKTa, HCTIOTH30BAIICS ISl 00BEIH-
HEHHsI PEe3yJbTaTOB HCCIEIOBAHUN, B KOTOPBIX
OLICHUBAJIUCh OJHU U T€ XK€ OOMapKepbl, HO MOT-
JIU TIPUMEHSTHCS Pa3INdHble METOABI UX U3Mepe-
HuUs) ¥ 95 %-ro noBepurenapHOro nHTEpBana (95%
CI). CpaBHeHue BHIIOB (PHM3UYECKUX HArpy30K U
OLIEHKA JOCTOBEPHOCTH pa3INyunii MPOBOAUIUCH B
paMKax yKa3aHHOW MOJIeJIM, CTaTUCTUYECKH 3Ha-
YUMBIMHU CUUTANHCH pasznuuus mpu p < 0,05. s
OLIEHKM COIVIACOBAHHOCTH MEXJIy NPSMBIMH U
KOCBEHHBIMU JIOKA3aTeIbCTBAMU IPUMEHSIICA TJ10-
OanpHBIA TecT Banpma (Wald test). [ kaxmoro
mmokaszaresisi ObUT IMMOCTPOCH CEeTeBOH Trpaduk, Tie
pa3NUYHbIe TUMBI YIPAKHEHUH IMPEICTaBICHHI B
BU/JIE Y3JIOB, pa3Mep KOTOPBIX 3aBUCHUT OT pazMepa
BbIOOpKU. Jlyumas MeTonuka yrnpakHeHHH Obuia
orpejiesieHa Ha OCHOBE IUIOMIATN IOJ] KPUBOH
pamxkupoBanust (Surface Under the Cumulative
Ranking, SUCRA). Hanuuue s¢pdexra masoii BbI-
OOpKM WM CMEIEHHs MyOIuKaluii OIleHUBAIOCh
C MCTIOJIb30BaHUEM TPaPHUKOB BOPOHOK [ 14].

PesyasTarsl. B nporiecce novcka ObL10 Haiiie-
Ho 1408 crareii. [locie uckimoueHus 1yOIMKaToB U
HECOOTBETCTBYIOIINX pabOT ObLI0 0TOOpaHo 38 uc-
CIICIOBAaHUH, COOTBETCTBYIOIINX KPUTEPHUSIM, CyM-
MapHo ¢ yuactueMm 601 mbimu (puc. 1).

BeisiBneHHbIe 3anuck u3: PubMed (n = 377);
EBSCO (# = 74); Web of Science (7 = 578);
CNKI (7= 112); Scopus (= 267)

Vaaneno ayoaupyrommxcs 3anuceit

A4

Ao otbopa (1 = 260)

(n=1148)

3anucu nocie yaaneHus ayoauKkaToB

'

HckinoueHHbIE 3arncu:

ITpocmoTpeHHsbie 3anucu (7 = 1148)

— He cOOTBETCTBYIOT KPUTEPUAM
BKJIIOUEeHMs B 0030p (17 = 231)
— He coorBercTByI1OT TeMe (17 = 642)

!

— O630pHbIe cTaTbi (72 = 130)
— [1onHbIE TEKCThI HEAOCTYTIHBI (/7 = 6)

ITonHbIE TEKCThI, OLUCHEHHbIC HA

COOTBETCTBUE KpUTepusim (17 = 145)

— Mogaenb Ha mblinax 6e3 nuabera
(n=85)

!

— HecsizanHblie BMewiaTeibeTsa (7 = 16))

ViccnenoBanus, BKIIOUEHHbLIE B

(n=38)

KOJIMYECTBEHHBIN CHHTE3 (MCTaaHaJ'lVI'S)

Puc. 1. ITpouecc u pe3ynbTaTbl CKPUHUHIA HAYYHOH JTUTEPATyPhl

Fig. 1. Process and results of literature screening
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CereBas cTpykTypa (puc. 2) mokasana, 4To
WCCJIEIOBAaHUSA C ad’pOOHBIMH YNPAKHEHUSIMU
[13, 15-31] u nmaBanuem [32-38] uMerOoT Hawu-
Oonpmnii pazmep BbIOOpKH. OO0beM BBIOOPKHU
JUISL IPYrUX BUJOB BMEIIATENbCTB, TAKUX Kak
cuioBble ynpaxkHenus [39-44] u noOpoBoibHas
¢dusnueckass akTUBHOCTH [45], MeHBbIIIE, YTO BHU-
3yaJu3upyeTcs MajabiM pa3MepPOM COOTBETCTBYIO-
LIMX Y3JIOB Ha ceTeBOM nuarpamme. B 5 uccneno-
BaHUAX HANPSIMYIO CPaBHUBAIOTCS TPEHUPOBKHU
CpelHEH NHTEHCUBHOCTH U BBICOKOMHTEHCHUBHbIE
WHTepBabHBIC TpeHupoBku [46—50]. B omHOM —
paccMaTpUBaIOTCS HMCKJIIOYUTENbHO BBICOKOMH-
TEHCHUBHBIEC HHTEPBaJIbHbIC TPEHUPOBKU [51].

Perynsipubie O6eroBble TPEHUPOBKU y MBbIIIEH
¢ C/[2 npuBoguian K CTaTUCTHMYECKH 3HAYHUMO-
My CHW)KEHHUIO YPOBHSI TPUIJIMLEPUIOB B IIede-
HU 10 CPaBHEHUIO C CEIEHTapHON KOHTPOJIBHOU
rpymnoit ¢ CA2 (SMD = —4,19; 95% CI: —6,48...
—1,89; p <0,05). OrpurarenpHoe 3Ha4eHHE Oe3pas-
MepHoro mokazarensi SMD ykaspiBaeT Ha yMeHb-
LIEHHE YPOBHS JIMIHMJIOB OTHOCUTEIBHO KOHTPOJI,
a orcyrcrBue nepecedenus 95% CI ¢ HyneBoil oT-
METKOH TOATBEPKIAECT CTATHCTHYECKYIO JIOCTOBEp-
HOCTh d¢dekra. Takxke 3HaYUMBIN 3deKT HAOIFO-
Jlajicsl TIPY BBIIOJIHEHUM CUJIOBBIX YIPaKHEHUH IO
CPaBHEHHUIO C CEJEHTapHON KOHTPOJIBHOM IpyNIon
c C2 (SMD = -3,88; 95% CI:. -7,24..-0,52;

ITeyeHouHbIE TPUTTUIIEPUIBI PEPCK ALT
cy
[MnaBanue cy Miaranue [iaBaHne Ccy
AY
BUUNT AY BUUT AY
):[(I)A\\
TCH cj2 cl2 Ten cJ2
JITIBII JITTHIT AST
]_[ P P
JlaBatne cy IMiaBanue cy [LiaBanue cy
BUNT AY BUUT AY BUUT AY

Puc. 2. CereBas nmarpamma B3auMOCBSI3Ei

MEXJy THUIIAMH TPEHHUPOBOUHBIX HPOTPaMM H

HCCIIEAYEMBIMH IT0Ka3aTeNIIMU (PYyHKIIMOHATBHOTO COCTOSIHUS IedeHu Mbliei ¢ C/12 (pa3mep Kaxxaoro
y3na (Kkpyra) OpsiMo MpOMOPLIHOHANICH 00IIeMy KOJIUYECTBY KMBOTHBIX B COOTBETCTBYIOIICH TpyIIe
BMEIIATEIbCTBA; TOJIINHA JTHHHUH, COSTUHSIOMINX y3IIbl, OTPaXKaeT KOJIMUECTBO HE3aBUCUMBIX MPSMBIX
CpaBHEHHI My KOHKPETHBIMU BUJaMH TPEHUPOBOK): AY — adpoOHble yIpakHeHUs (perysIsspHbIid
oer); CY — cunossie ynpaxuenus; BUNT — BbICOKOMHTEHCHBHBIC HHTEpBaIbHBIC TpeHUpoBKH; TCU
— TPEHUPOBKHU cpeHel nHTeHcuBHOCTH; IDA — 1oOpoBosibHAs Pusnyeckas akTHBHOCTB (CBOOOHBIMH
Oer B Kojece)

Fig. 2. Network diagram of the relationships between different types of training and the studied
liver parameters in mice with T2DM (the size of each node (circle) is directly proportional to the total
number of animals in the corresponding intervention group; the thickness of the lines connecting the
nodes reflects the number of independent direct comparisons between the specific types of training):
AV — aerobic exercise (regular running); CY — resistance training; BUNT — high-intensity interval
training; TCH — moderate-intensity continuous training; JI®A — voluntary wheel running
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p < 0,05). Kpome Toro, 6eroBbic TPEHUPOBKH OKa-
3anmuchk dddexrtuBHee wiaBanus (SMD = -3,79;
95% CI: —6,93...-0,66; p < 0,05). Cratuctuyecku
3HAUUMBIX Pa3IMUUi MEXKIY IPyTUMH BUIaMU WH-
TepBeHLMH He oOHapyxkeHo (p > 0,05). [Toapob-
HBIC JJAHHBIE TPE/ICTABIICHBI HA puc. 3.

[Tpu onenke 3¢ dekra manoii BBIOOPKH U CMe-
HICHUS MyOIMKAIMA ¢ KCIIOJIB30BaHUEM I'PaUKOB
BOPOHOK YCTAHOBJIEHO, YTO OOJIBIIMHCTBO TOYEK
HAXOJWJIOCh BHYTPH TPAHUIl BOPOHKOOOPA3HOTO
rpaduKa, CUMMETPHS JUArpaMMbl COXPaHsIIACh,
CYIIECTBEHHOT'O PHCKa MyOIMKAIIMOHHOTO CMeIIe-
HUS HE BBISIBIICHO (puc. 4).

Oobcyxnenne. [IpoBeneHHBIN CpaBHUTEIBHbBIN
AQHAIIN3 BIUSIHUS Pa3IMYHBIX PEXUMOB (hU3HUIeCcKOn
AKTUBHOCTU Ha (DyHKIIMOHAIBLHOE COCTOSHHE TIeue-
HU Mbled ¢ C/I2 ycraHOBuMII, YTO BBICOKOMHTEH-
CHBHBIC MHTEPBAIBHBIC TPEHUPOBKH 00ECTICUMBAIOT
HanOoJee BBIPAKCHHBIN TOJNOKUTEIBHBIN d(DhEKT:
HaOJIONANIOCh CYIIECTBEHHOE CHIDKEHHE YPOBHEU
TpunduepuoB U ALT nipu olHOBpEMEHHOM pocTe
koHuenTpauuu JITTHIL. B To e Bpemst cunoBbie Tpe-
HHUPOBKU MPOIEMOHCTPUPOBATIN MPEUMYILECTBO B
ymenbliennn yposHed AST, JIITHIT u aktuBHOCTH
PEPCK.

[IpenmecTBytomiye ncciuea0Banus yoeuTeb-
HO JIOKa3aJIM, YTO COZE€P’KaHHE TPUIIIULEPUIOB B
MEYEeHH TECHO CBs3aHO ¢ oxkupenuem u CJ12 [52],
a CHI)KEHHE UX YPOBHS COIPOBOXKIAETCS YIIyd-
LIEHUEM YYBCTBUTEIBHOCTH K MHCYNMHHY [53]. ¥V
nanueHToB ¢ CJ/I2 moBblllieHUE KOHIICHTPAIMH
TPUIIMLIEPUIOB B TIEYCHU ACCOLMUPYETCS C BbI-
cokuM ypoBHeM JIITHII u BbIpakeHHON HHCY-
JIMHOPE3UCTEHTHOCThIO [54, 55]. B cpaBHeHuMn
C TPaAMLMOHHBIMU a’pOOHBIMH TPEHHPOBKAMHU
CpelHel HMHTEHCUBHOCTH, BBICOKOMHTCHCHBHBIC
UHTEpPBAJbHbIE TPEHUPOBKH  JEMOHCTPUPYIOT
60nb11yI0 3((EKTUBHOCTh B YIy4IICHUH (PU3H-
YeCcKol pabOTOCTIOCOOHOCTH, CHWKCHHU YPOB-
Ha JIITHIT u noBeimenun xonnentpauuu JITIBIT
[56]. Hecmotps Ha nannbie R. Marinho et al. o
TOM, 4TO (U3UYECKHE HArpy3Kd MOTYT TPUBO-
JINTh K YBEJIMUCHUIO YPOBHS TpUrauuepuaos [15],
YTO MOXKET 3aBUCETh OT THUINAa U MHTEHCUBHOCTHU
YOpaXHEHUH, Pe3ylbTaTbl MPOBEACHHOTO HaMH
MeTaaHalln3a MoKa3aiu: (pu3nudecKas aKTHBHOCTh
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B IIEJIOM CIOCOOCTBYET CHHIKEHHUIO COAEpIKAHUSA
TPUNIMLEPUIOB B IeUeHH y KUBOTHBIX ¢ CJI2.
B T0 ke BpeMs HallM JaHHBIE IO3BOJISAIOT IIPEIIO-
JIOXKUTB, 4TO Hanbosnee 3(PPEKTHBHBIM PEKUMOM
JUIS YMEHBUICHHUS] YPOBHS MEYEHOYHBIX TPUIIIH-
epuaoB y KUBOTHBIX ¢ CII2 sBISIOTCS MMEHHO
BBICOKOMHTEHCUBHBIE WHTEPBAJIbHBIE TPEHHUPOB-
ku. [Ipyu runepTpuruiepuaeMu TPUIIMLEPU b
nonagarT B yactuuel JITTHIT u JITIBII, a 3atem
YIAQISIOTCS U3 HUX € TOMOLIBIO TIEYEHOUHOM JIUTIA3kI
[57]. JIIBII u JITHII TpancniopTupytoT X0JIecTepuH
W3 OKpYKaroIWX TKaHeH, u ypoBeHb JIIIBII nmoxu-
*aetcs rpu auabere 1-ro u 2-ro TUMa, a Takke y JIUI
C HapyIICHHOW TOJEPAaHTHOCTBIO K IIOKO3e [58].
Knunnueckoe wuccnenoanune [59] ycraHoBuio,
yTo y AuabeTtuxkoB BbIcOkMi ypoBenb JIITHIT u
Hu3kuil yposenb JIIIBII, a Takxke BbICOKOE CO-
JiepKaHUe TPUTIIHIIEPUIOB SIBIISIOTCS Ba)KHBIMU
IIpEeIUKTOpaMu cMepTHOCTH. IledeHp copepkut
okoio 70 % peuentopos juist JIITHIL, u ux aktus-
HOCTb ONpEAENseT YPOBEHb JAHHBIX JIUIOMPO-
TenHOB B 1uiazme [60]. Pesynprarsl Hamero uc-
CJIEZIOBAHUS ITOKA3ajH, YTO BBICOKOMHTEHCHBHbIE
WHTEPBAJIbHBIC TPECHUPOBKU Oojiee 3PPEKTUBHO
BIMAIOT Ha ypoBHU Tpuruuepuznos u JIIIBII B
MIEYEHH; 3TO MOXET OBITh CBA3aHO C MEXaHU3MOM
B3anMOJIeHCcTBUS TpurnuepuioB u JIIIBII.

ComnmacHo manubiM Q. Liu et al., y mblmmei ¢
CH2 skcnpeccus PEPCK B mieueHn 3HaUUTEIHHO
MOBBIIIICHA, YTO MOXET MPHUBECTH K YBEITMYECHUIO
ypoBHS TiIOKO3bI [61]. dusnueckass aKTUBHOCTh
peryaupyer 3KCIPECCHIO T€HOB IIIIOKOHEOTeHEe3a
1 MHCYJIMHOPE3UCTEHTHOCTH [62].

dwusnueckasi aKTUBHOCTh MOXET OOpaTUTh
BCIIATH CHM)KEHUE YPOBHSI INIMKOI'€HA B IIEUYEHU y
nuadbeTuecKux KUBOTHBIX [63]. [naBanue u kpa-
TKOCPOYHBIE CHUJIOBBIE TPEHUPOBKHU CIOCOOCTBY-
IOT MOBBIIIEHUIO COIEPKAHUS [JIMKOTEHA B Ieye-
Hu, ycwmBas (ochopumupoBanne FOXOI1, grto
MPUBOIUT K yMeHbileHnto aktusHocT PEPCK un
KOHILIGHTpalMu IIoKo3bl [64]. Ham meraananus
TaK)Ke TOATBEPAMII, YTO Pa3IUYHbIC BUIBI (HU3H-
YEeCKUX YHPAKHEHUH CIOCOOCTBYIOT CHHKEHHUIO
aktuBHocTH PEPCK B medenu. Haunbomnee s dek-
TUBHOM B 9TOM OTHOUIEHMM OKa3aJlaCh CHUJIOBas
TPEHUPOBKA.



Yun Y. et al.

(Z -81 29s puaSo 103 Sjuer 3soy3Iy oy} Surary Jo ANpIqeqord 3y S109PaI (VIDS) 2AIND Ay} JOpUN BT AU} QANDIPYD ISBI] Ay} ST
1 duel) INAZL Y 901w ur uorouny 1oA1] Suraoxdwi ut Suturer) Jo sad£) JUSIQPIP JO SSOUSANIOIYR Ay} Junuel Jo sanijiqeqoid aanenwny) °¢ “S1

(¢ "ond "Wo — ¥MHOKEHE0QO ‘BIHRd OJoMOIAdUIUIr BULEHEE
q9100H1E0dog 1oexedro (VYDNS) Hoaudy Yo 9remort SULOOHIUINO(P(E UOMIHINUEH LOAG1OL81009 | JHed) 77D O UOMIGW A HHOROU KMHEOLIO0D
OJOHIIBHOUIDHA( HOIro1eEeNOL HUHOMKALA & Wwined1odn xigHhogodnHadL nLooHaNILIO(P(E BuHRdodmKHEd HLOOHLEOdOd JIMHENLEIAWAY] *€ U J

D ==—=— VOIl-—— IHMHd -—— UIL-—— AD=—— >SHHEHRL[[———

AV ===

Effects of Different Types of Exercise on Liver Function in Type 2 Diabetes in Mice (Review)

dHE{

-

A

JHE]
9 $ v ¢ T |
——EmEm T mEm————T
\\\\.H\\\
/ -
4 ~7
VAl -~
i ol
/ / \\\\\
/ / \\\\ /
/7 P 4
/7 o alyy
7 P e
! Pa s
e = e
/7 P
AN
L1V

o

0/, “4L20HLEOdD8 KEHEHLEIANAY]

E

0 *a120HLE0dod KRHAHIEIAWAY]

T
e

ca

T
-+

T
)

o

-
=4
oy, “aroonikodod KeHEH LKA

IHE
< v € 1 =
Lo 'S
—_———— E
—_———TT" _=z| §
\\ln - =]
- —_ =
- — Vi
- Pt &
/ \“\ \\\\..\ .vm
/ - -

/ Pty e
/ P 7 Lo G
/ #27 7/ ]
-~ =
/ \\\ -~ =
/ Pt -~ =
/ o - RS
-, a

ol -~
/ === —_ 7
lee =TT = .c_u/n
P

AOdHdd

dHE

m
b
Len
Lea

IHE(

<
Fr
b+

-

= % =+ «a &
0 “9LO0HLEOIDE KEHEHLEIANAY]

T
=

qrudonuiraudl O19HhOHOKI] |

& =+ a =
%, “1L00HLEOdYS BEHEHLEIAWNAY

%

2

79



BrnusiHue pa3nuyHbIX TUIIOB (pU3MYECKON HArpy3KH Ha (pyHKIMOHAIBHOE COCTOSIHUE MTEUSHN MBIIICH. .

KOus 1O. u ap.

AnowwiAse j01d [ouuny Surssosse 10j (3s9) S, 19337)
quI[ uoISSAIZaI — QuI[ MO[[RA {(seiq uoneodrqnd JueOYIUTIS € JO 9OUISQE A} SOJBIIPUL AIJOWIWAS [BNSIA) [D) %S6 SI BAIR PO)JOP dY) “I0OLID pIepue)s — HS
‘Suturen Jo sodA) JUSIQYIP JO SSOUIAIIOOPO AU} Ul OUAIJIP uBdW pazipiepuels — (IS :Selq uoneorqnd Jurssasse 10y joid [ouung *p -Sig
miHodog nHdLOWWHOR MMHAIIO KLY (edorig 10oL) nuoood.1od kuHMI — KeWEdI BRLIOX {(MMIBMHIQAL BHHOIIOWD OJOWHEBHE QUELOLAIL0 BH LORHIIERIA
BUAIOWWHD BBHAIRAEHE) [)) 9,66 — 91080 BBHAUINHAL (eXQUIIO KeHLIderHeLd — 7S wwediodn xianhogodrHodl gonul xi9HmHIrced HIOOHEHINOPPE
UMHOMIOHLO € xUHIodo 91o0Heed KeHHegoduen1dernerd — QNS :BUHOIMIOWO OIOHHOUIIBNHUIQAI UMHAIO ewwedieny xeneedgoonodog *f -oud

WO Myl THOMIUUEG s THDOHMUDLe THOMAD e TIDHMAMHRERI [« TI[[DH AV o

z 9 3 [4 0 - = \
! £ ? g A ! f g g f o s ) 5
. . L T
N . ’ . N , 0
\ P el \ / \ /
N, / \ / N\
A 7 \ / L] \ \
\ / v ' A\ ! re
\ / \ / L \ ’
AN Ve \ / \ /
\ i/ \ 7/
N 7/ \ / \ /
: . / i R 2 \ / ret
\ /
D / w2 \ /e e /
\ / m . \ L j72] s on !
AN ’ % o/ oo 5 . / wr
a % ps Y. \® ; koo \ / b
N . ko \ / s Y
4 \
\ . /
N J/ \ / 5\ ﬁ Pl .
7 .
AN / \ 7 / % o/ s0
\, / AN N /
N7 |7 i
/ 7 1 A/
H ro \ Lo
T 1 0 - - 9 14 4 0 = T 1 - -
I L L L H f | f L L \ L
L N J/ rl . N\ / o N AT
\ /! \ / \ /
/ / / ! / ’
. . /
N ° s . / N\ ‘ /
Ay
N\, / 4 \ /
\ . s N / rt A\ e & ’
N ®e e \ / AN S s
A . e ’ ’ N L] @ 7
N . \ .
R . o @ ) ] /! R . o/ * e
N " [S<)] o \ / . 7 N 7 LS
N . / ] o\ ;e \ A / o2
N ; . \ e/ es] \ /
\ s \ / . Foo N J
N\ 7 \ / N, ’
\ ’ N ’ \ /
AY / A ’ N\ /
N ’ A} ’ N, /
\ ’ \ / N Y
\ / R \ ,
| Vi s
N |7 5 |/
A ro Fo b L0

80



Yun Y. et al.

Effects of Different Types of Exercise on Liver Function in Type 2 Diabetes in Mice (Review)

AST u ALT wucnonb3ytorcsi Kak OHOXHMHUYE-
CKHE MapKepbl MOBPEXKICHUS TIEYSHU U MOTEHIIH-
aNbHBIE WHAWKATOPHl HHCYIUHOPE3UCTEHTHOCTU
[65]. ¥ matmentos ¢ C/12 ypoBHM 3TUX (pepMEHTOB
3HAYUTEIbHO TOBbIIIEHHI [66]. HavanbHas craaus
CJ12 conpoBokaeTcsl HAKOILUIEHUEM KHpa B Iede-
HH, 4TO TaKXe MPUBOJUT K YBEIMUEHHUIO YPOBHEH
9TUX pepMeHTOB. CHIIOBBIC TPEHUPOBKH PETYIHPY-
0T JIMOUIHBIA OOMEH ¥ yMEHbBIIAI0T 00pa30oBaHKe
kupa B miedeHu [67]. HezaBucumo oT M3MeHEHUI
Macchl Tena, (U3NYecKas aKTUBHOCTb CHMYKAeT
ypoBau AST u ALT, BeposiTHO Onarogaps ocinaone-
HUIO UHCYJIMHOPE3UCTEHTHOCTH. ASpOOHBIE, CHIIO-
BbI€ U BHICOKOMHTEHCUBHbBIE HHTEPBAJIbHBIE TPEHH-
POBKH CITOCOOCTBYIOT yMEHbINIEHHUIO YpoBHEH AST
n ALT [68], uTo comiacyercs ¢ HalllUMHU pe3yibTa-
tamu. Hamu Taxoke ObII0 OOHApYKEHO, YTO CPEIH
Pa3IMYIHBIX PEKUMOB (PU3UIECKUX HATPy30K BHICO-
KOUHTEHCUBHBIE MHTEPBAJIBHBIE TPEHUPOBKU HaM-
Oosee AP pekTHBHO CHIKAOT ypoBeHb ALT, B TO
BpeMs KaK CHJIOBbIE TPEHUPOBKHU — ypoBeHb AST.

OrpaHuyeHus UCCIIEA0BaAHUS:

1. BkimtoueHHbIE B 0030p SKCIIEPUMEHTHI ObUTH
BBIMOJIHEHbI Ha >KMBOTHBIX C HCIOJb30BAHUEM
nByx mojenent CJ12, koTopbie pa3nuyaroTces 1o na-
TOTEHETUYECKUM MEXaHU3MaM U MOT'YT OKa3bIBaTh
BIIMSTHUE HA TIOTYYCHHBIE PE3yIbTaThlI.

2. Jlanublii MeTaaHau3 ObUT C(HOKYCHPOBAH Ha
conocTapieHuu 3((GEKTUBHOCTH THUIOB (H3HUe-
CKHX Harpy3okK, B TO BPeMsI KaK JIeTaJIbHOE CpaBHe-

HUE BIMSIHUS PA3IMYHBIX YPOBHEH MHTEHCUBHOCTH
Y TIPOJOJKUTENBHOCTH YIIPAKHEHUH HE BXOJUIIO B
3aJ1aur padoThI. B CBSI3W ¢ 3TUM B JaJIbHEHIIIEM I1e-
J1eco00pa3Ho NPOBE/ICHUE UCCIIeJOBAaHNUH, HAalpaB-
JIEHHBIX Ha CUCTEMAaTUYECKYIO OLIEHKY BO3/ICHCTBUS
MMEHHO MHTEHCUBHOCTH (PHM3MYECKUX HArpy30K Ha
MeTabonmmueckue mokaszareny npu CI12.

Ham meTtaanann3 ycTaHOBWII, UTO pa3jInYHbIE
TUNBI (PU3MYECKUX YNPAKHEHUH OKa3bIBAIOT He-
OZIMHAKOBOE BIHSHHWE Ha ()YHKIMOHAIBHBIC MO-
Kazarenu nedeHu y moimei ¢ CA2. Hanbonprmii
MOJIOKUTENbHBIA 3((EKT BBISIBIEH NPU BBICOKO-
WHTEHCUBHBIX HMHTEPBAJIBHBIX TPEHUPOBKAX, KO-
TOpBIE CIIOCOOCTBOBAJIM BBIPAKEHHOMY CHUKE-
HUIO ypoBHeW ALT u TpUDIHLEPUIOB, a TaKxKe
yBennuenuto KonueHtpauuu JIIBIL. Cunossie
TPEHUPOBKM OOECMEUNBaAIN MPEUMYIIECTBEHHOE
ymenbinenue yposHe AST, JIITHII u akruBHO-
ctu PEPCK, uto oTrpaxaer ynydiieHue riOKOHe-
OreHes3a W JIMIUJHOIO OOMEHA B Ie4eHU. Takum
obpazoM, (u3nvecKas aKTUBHOCTh, OCOOEHHO
BBICOKOMHTEHCUBHBIE WHTEPBAJIbHBIE TPEHUPOB-
KM U CHJIOBBIE YIPAKHEHHUSI, PEACTABISAET COOOM
HaubOonee 3(P(PEeKTUBHYIO HEMEIUKaMEHTO3HYIO
CTpAaTeruIo JJIsi KOPPEKUUU HAPYIICHU! IeYeHou-
Horo metabonuaMma nipu CJ12. OnHako, yuuThiBas
(uU3HONIOTUYECKUE PA3IUYUS MEXKIY MBIIIAMUA U
JIIO/IbMU, TIOJTYYE€HHBIE PE3YNIbTaThl TPEOYIOT 1ajb-
HEWIIUX KCCIIENOBAaHUN Tepe]l BO3MOXKHBIM IPU-
MEHEHHEM B KIIMHUYECKON TPAKTHKE.

Kongpnuxkm unmepecos. ABTopbl 3asBISIOT 00 OTCYTCTBHU KOH(IIHUKTA HHTEPECOB.
Conflict of interest. The authors declare no conflict of interest.

Cnucok JuTeparypsl

1. Tomic D., Shaw J.E., Magliano D.J. The Burden and Risks of Emerging Complications of Diabetes Mellitus //
Nat. Rev. Endocrinol. 2022. Vol. 18, Ne 9. P. 525-539. https://doi.org/10.1038/s41574-022-00690-7

2.Lee C.-H., Lui D.T.W., Lam K.S.L. Non-Alcoholic Fatty Liver Disease and Type 2 Diabetes: An Update //
J. Diabetes Investig. 2022. Vol. 13, Ne 6. P. 930-940. https://doi.org/10.1111/jdi.13756

3. Bergman R.N., Piccinini F., Kabir M., Kolka C.M., Ader M. Hypothesis: Role of Reduced Hepatic Insulin Clearance
in the Pathogenesis of Type 2 Diabetes // Diabetes. 2019. Vol. 68, Ne 9. P. 1709-1716. https://doi.org/10.2337/db19-0098

4. Ciardullo S., Perseghin G. Prevalence of Elevated Liver Stiffness in Patients with Type 1 and Type 2
Diabetes: A Systematic Review and Meta-Analysis // Diabetes Res. Clin. Pract. 2022. Vol. 190. Art. Ne 109981.

https://doi.org/10.1016/j.diabres.2022.109981



https://doi.org/10.1038/s41574-022-00690-7
https://doi.org/10.1111/jdi.13756
https://doi.org/10.2337/db19-0098
https://doi.org/10.1016/j.diabres.2022.109981

KOus 1O. u ap.

BrnusiHue pa3nuyHbIX TUIIOB (pU3MYECKON HArpy3KH Ha (pyHKIMOHAIBHOE COCTOSIHUE MTEUSHN MBIIICH. .

5. Duckworth W.C., Bennett R.G., Hamel F.G. Insulin Degradation: Progress and Potential / Endocr. Rev. 1998. Vol. 19,
Ne 5. P. 608-624. https://doi.org/10.1210/edrv.19.5.0349

6. Fazio S., Linton M.F. Mouse Models of Hyperlipidemia and Atherosclerosis // Front. Biosci. 2001. Vol. 6.
P. D515-D525. https://doi.org/10.2741/fazio

7. Feng J., Zhang Q., Chen B., Chen J., Wang W., Hu Y, Yu J., Huang H. Effects of High-Intensity Intermittent
Exercise on Glucose and Lipid Metabolism in Type 2 Diabetes Patients: A Systematic Review and Meta-Analysis //
Front. Endocrinol. (Lausanne). 2024. Vol. 15. Art. Ne 1360998. https://doi.org/10.3389/fendo.2024.1360998

8. Galderisi A., Polidori D., Weiss R., Giannini C., Pierpont B., Trico D., Caprio S. Lower Insulin Clearance
Parallels a Reduced Insulin Sensitivity in Obese Youths and Is Associated with a Decline in f-Cell Function over Time //
Diabetes. 2019. Vol. 68, Ne 11. P. 2074-2084. https://doi.org/10.2337/db19-0120

9. Gan S.K., Kriketos A.D., Ellis B.A., Thompson C.H., Kraegen E.W., Chisholm D.J. Changes in Aerobic Capacity
and Visceral Fat but Not Myocyte Lipid Levels Predict Increased Insulin Action After Exercise in Overweight and Obese
Men // Diabetes Care. 2003. Vol. 26, Ne 6. P. 1706—1713. https://doi.org/10.2337/diacare.26.6.1706

10. Gu L., Ding X., Wang Y., Gu M., Zhang J., Yan S., Li N., Song Z., Yin J., Lu L., Peng Y. Spexin Alleviates Insulin
Resistance and Inhibits Hepatic Gluconeogenesis via the FoxO1/PGC-1a Pathway in High-Fat-Diet-Induced Rats and
Insulin Resistant Cells // Int. J. Biol. Sci. 2019. Vol. 15, Ne 13. P. 2815-2829. https://doi.org/10.7150/ijbs.31781

11. Hoene M., Lehmann R., Hennige A.M., Pohl A.K., Hiring H.U., Schleicher E.D., Weigert C. Acute Regulation
of Metabolic Genes and Insulin Receptor Substrates in the Liver of Mice by One Single Bout of Treadmill Exercise //
J. Physiol. 2009. Vol. 587, Ne 1. P. 241-252. https://doi.org/10.1113/jphysiol.2008.160275

12. Kanaley J.A., Colberg S.R., Corcoran M.H., Malin SK., Rodriguez N.R., Crespo C.J., Kirwan J.P, Zierath J.R.
Exercise/Physical Activity in Individuals with Type 2 Diabetes: A Consensus Statement from the American
College of Sports Medicine / Med. Sci. Sports Exerc. 2022. Vol. 54, No 2. P. 353-368. https://doi.org/10.1249/
MSS.0000000000002800

13. Kazeminasab F., Baharlooie M., Rezazadeh H., Soltani N., Rosenkranz S.K. The Effects of Aerobic Exercise on
Liver Function, Insulin Resistance, and Lipid Profiles in Prediabetic and Type 2 Diabetic Mice // Physiol. Behav. 2023.
Vol. 271. Art. Ne 114340. https://doi.org/10.1016/j.physbeh.2023.114340

14. Liu J.L. The Role of the Funnel Plot in Detecting Publication and Related Biases in Meta-Analysis // Evid.
Based Dent. 2011. Vol. 12, Ne 4. P. 121-122. https://doi.org/10.1038/sj.ebd.6400831

15. Marinho R., Ropelle E.R., Cintra D.E., De Souza C.T, Da Silva A.S., Bertoli F.C., Colantonio E., D ’Almeida V.,
Pauli JR. Endurance Exercise Training Increases APPL1 Expression and Improves Insulin Signaling in the Hepatic
Tissue of Diet-Induced Obese Mice, Independently of Weight Loss // J. Cell. Physiol. 2012. Vol. 227, Ne 7. P. 2917-2926.
https://doi.org/10.1002/jcp.23037

16. Brust K.B., Corbell KA., Al-Nakkash L., Babu J.R., Broderick T.L. Expression of Gluconeogenic Enzymes and
11B-Hydroxysteroid Dehydrogenase Type 1 in Liver of Diabetic Mice After Acute Exercise // Diabetes Metab. Syndr.
Obes. 2014. Vol. 7. P. 495-504. https://doi.org/10.2147/dmso.s70767

17. Heled Y., Shapiro Y., Shani Y., Moran D.S., Langzam L., Barash V., Sampson S.R., Meyerovitch J. Physical
Exercise Enhances Hepatic Insulin Signaling and Inhibits Phosphoenolpyruvate Carboxykinase Activity in Diabetes-
Prone Psammomys obesus // Metabolism. 2004. Vol. 53, Ne 7. P. 836-841. https://doi.org/10.1016/j.metabol.2004.02.006

18. Gomes R.J., de Oliveira C.A.M., Ribeiro C., de Alencar Mota C.S., Moura L.P, Cesar Tognoli L.M.M.,
de Almeida Leme J.A.C., Luciano E., de Mello M.A.R. Effects of Exercise Training on Hippocampus Concentrations of
Insulin and IGF-1 in Diabetic Rats // Hippocampus. 2009. Vol. 19, Ne 10. P. 981-987. https://doi.org/10.1002/hip0.20636

19. Stevanovic¢-Silva J., Beleza J., Coxito P, Oliveira PJ., Ascensdo A., Magalhdes J. Gestational Exercise
Antagonises the Impact of Maternal High-Fat High-Sucrose Diet on Liver Mitochondrial Alterations and Quality
Control Signalling in Male Offspring // Int. J. Environ. Res. Public Health. 2023. Vol. 20, Ne 2. Art. Ne 1388.
https://doi.org/10.3390/ijerph20021388

20. Lin X., Qu J., Yin L., Wang R., Wang X. Aerobic Exercise-Induced Decrease of Chemerin Improved Glucose and
Lipid Metabolism and Fatty Liver of Diabetes Mice Through Key Metabolism Enzymes and Proteins // Biochim. Biophys.
Acta Mol. Cell Biol. Lipids. 2023. Vol. 1868, Ne 12. Art. Ne 159409. https://doi.org/10.1016/j.bbalip.2023.159409

21. Zhang Y, Ye T., Zhou P, Li R., Liu Z., Xie J., Hua T, Sun Q. Exercise Ameliorates Insulin Resistance and
Improves ASK1-Mediated Insulin Signalling in Obese Rats // J. Cell. Mol. Med. 2021. Vol. 25, Ne 23. P. 10930-10938.
https://doi.org/10.1111/jcmm.16994

82


https://doi.org/10.1210/edrv.19.5.0349
https://doi.org/10.2741/fazio
https://doi.org/10.3389/fendo.2024.1360998
https://doi.org/10.2337/diacare.26.6.1706
https://doi.org/10.7150/ijbs.31781
https://doi.org/10.1113/jphysiol.2008.160275
https://doi.org/10.1249/MSS.0000000000002800
https://doi.org/10.1249/MSS.0000000000002800
https://doi.org/10.1016/j.physbeh.2023.114340
https://doi.org/10.1038/sj.ebd.6400831
https://doi.org/10.1002/jcp.23037
https://doi.org/10.2147/dmso.s70767
https://doi.org/10.1016/j.metabol.2004.02.006
https://doi.org/10.1002/hipo.20636
https://doi.org/10.3390/ijerph20021388
https://doi.org/10.1016/j.bbalip.2023.159409
https://doi.org/10.1111/jcmm.16994

Yun Y. et al.
Effects of Different Types of Exercise on Liver Function...

22. Moura L.P, Puga G.M., Beck W.R., Teixeira I.P,, Ghezzi A.C., Silva G.A., Mello M.A.R. Exercise and Spirulina
Control Non-Alcoholic Hepatic Steatosis and Lipid Profile in Diabetic Wistar Rats // Lipids Health Dis. 2011. Vol. 10.
Art. Ne 77. https://doi.org/10.1186/1476-511X-10-77

23. Lima T.I, Monteiro I.C., Valenc¢a S., Leal-Cardoso J.H., Fortunato R.S., Carvalho D.P, Teodoro B.G., Ceccatto V.M.
Effect of Exercise Training on Liver Antioxidant Enzymes in STZ-Diabetic Rats // Life Sci. 2015. Vol. 128.
P. 64-71. https://doi.org/10.1016/1.1fs.2015.01.031

24. Kuga G.K., Gaspar R.C., Muiioz V.R., Nakandakari S.C.B.R., Breda L., Sandoval B.M., Caetano F.H., Leme J.A.C.A.,
Pauli JR., Gomes R.J. Physical Training Reverses Changes in Hepatic Mitochondrial Diameter of Alloxan-
Induced Diabetic Rats // Einstein (Sdo Paulo). 2018. Vol. 16, Ne 3. Art. Ne eAO4353. https://doi.org/10.1590/S1679-
45082018A04353

25.de Bem G.F., da Costa C.A., da Silva Cristino Cordeiro V., Santos I.B., de Carvalho L.C.R.M., de Andrade
Soares R., Ribeiro J.H., de Souza M.A.V., da Cunha Sousa PJ., Ognibene D.T, Resende A.C., de Moura RS. Euterpe
oleracea Mart. (acai) Seed Extract Associated with Exercise Training Reduces Hepatic Steatosis in Type 2 Diabetic
Male Rats // J. Nutr. Biochem. 2018. Vol. 52. P. 70-81. https://doi.org/10.1016/j.jnutbio.2017.09.021

26. Katar M., Gevrek F. Relation of the Intense Physical Exercise and Asprosin Concentrations in Type 2 Diabetic
Rats // Tissue Cell. 2024. Vol. 90. Art. Ne 102501. https://doi.org/10.1016/j.tice.2024.102501

27. Lin X.-J., Yang H.-F., Wang X.-H. Effects of Aerobic Exercise and Dieting on Chemerin and Its Receptor
CMKLRUI in the Livers of Type 2 Diabetic Rats // Zhongguo Ying Yong Sheng Li Xue Za Zhi. 2017. Vol. 33, Ne 5.
P. 426-430. https://doi.org/10.12047/j.cjap.5495.2017.103

28.Yi X, Cao S., Chang B., Zhao D., Gao H., Wan Y., Shi J., Wei W., Guan Y. Effects of Acute Exercise and Chronic
Exercise on the Liver Leptin-AMPK-ACC Signaling Pathway in Rats with Type 2 Diabetes // J. Diabetes Res. 2013.
Vol. 2013. Art. Ne 946432. https://doi.org/10.1155/2013/946432

29. Gomes R.J., de Almeida Leme J.A.C., de Moura L.P, de Araujo M.B., Rogatto G.P, de Moura R.F,, Luciano E.,
de Mello MA.R. Growth Factors and Glucose Homeostasis in Diabetic Rats: Effects of Exercise Training // Cell Biochem.
Funct. 2009. Vol. 27, Ne 4. P. 199-204. https://doi.org/10.1002/cbf.1556

30. Baldissera G., Sperotto N.D.-M., Rosa H.T,, Henn J.G., Peres V.F., Moura D.J., Roehrs R., Denardin E.L.G.,
Dal Lago P, Nunes R.B., Saffi J. Effects of Crude Hydroalcoholic Extract of Syzygium cumini (L.) Skeels Leaves and
Continuous Aerobic Training in Rats with Diabetes Induced by a High-Fat Diet and Low Doses of Streptozotocin //
J. Ethnopharmacol. 2016. Vol. 194. P. 1012-1021. https://doi.org/10.1016/j.jep.2016.10.076

31.de Almeida Leme J.A.C., Gomes R.J., de Mello M.A.R., Caetano FH., Luciano E. Effects of Short-
Term Physical Training on the Liver IGF-I in Diabetic Rats / Growth Factors. 2007. Vol. 25, Ne 1. P. 9-14.
https://doi.org/10.1080/08977190701210693

32. Leme J.A.C.A., Silveira R.F., Gomes R.J., Moura R.F, Sibuya C.A., Mello M.A., Luciano E. Long-Term
Physical Training Increases Liver IGF-I in Diabetic Rats // Growth Horm. IGF Res. 2009. Vol. 19, Ne 3. P. 262-266.
https://doi.org/10.1016/j.ghir.2008.12.004

33. Ropelle E.R., Pauli JR., Cintra D.E., Frederico M.J.S., de Pinho R.A., Velloso L.A., De Souza C.T. Acute
Exercise Modulates the Foxol/PGC-1a Pathway in the Liver of Diet-Induced Obesity Rats // J. Physiol. 2009. Vol. 587,
Ne 9. P. 2069-2076. https://doi.org/10.1113/jphysiol.2008.164202

34. Kolieb E., Maher S.A., Shalaby M.N., Alsuhaibani A.M., Alharthi A., Hassan W.A., El-Sayed K. Vitamin D and
Swimming Exercise Prevent Obesity in Rats Under a High-Fat Diet via Targeting FATP4 and TLR4 in the Liver and Adipose
Tissue // Int. J. Environ. Res. Public Health. 2022. Vol. 19, Ne 21. Art. Ne 13740. https://doi.org/10.3390/ijerph192113740

35. Huang L., Yue P, Wu X., Yu T, Wang Y., Zhou J., Kong D., Chen K. Combined Intervention of Swimming Plus
Metformin Ameliorates the Insulin Resistance and Impaired Lipid Metabolism in Murine Gestational Diabetes Mellitus //
PLoS One. 2018. Vol. 13, No 4. Art. Ne e0195609. https://doi.org/10.1371/journal.pone.0195609

36. Sakr H.F., Abbas A.M., Haidara M.A. Swimming, but Not Vitamin E, Ameliorates Prothrombotic State and
Hypofibrinolysis in a Rat Model of Nonalcoholic Fatty Liver Disease // J. Basic Clin. Physiol. Pharmacol. 2018. Vol. 29,
Ne 1. P. 61-71. https://doi.org/10.1515/jbcpp-2017-0069

37. Lima A.F., Ropelle E.R., Pauli J.R., Cintra D.E., Frederico M.J.S., Pinho R.A., Velloso L.A., De Souza C.T. Acute
Exercise Reduces Insulin Resistance-Induced TRB3 Expression and Amelioration of the Hepatic Production of Glucose
in the Liver of Diabetic Mice // J. Cell. Physiol. 2009. Vol. 221, Ne 1. P. 92-97. https://doi.org/10.1002/jcp.21833

83


https://doi.org/10.1186/1476-511X-10-77
https://doi.org/10.1016/j.lfs.2015.01.031
https://doi.org/10.1016/j.jnutbio.2017.09.021
https://doi.org/10.1016/j.tice.2024.102501
https://doi.org/10.12047/j.cjap.5495.2017.103
https://doi.org/10.1155/2013/946432
https://doi.org/10.1002/cbf.1556
https://doi.org/10.1016/j.jep.2016.10.076
https://doi.org/10.1080/08977190701210693
https://doi.org/10.1016/j.ghir.2008.12.004
https://doi.org/10.1113/jphysiol.2008.164202
https://doi.org/10.3390/ijerph192113740
https://doi.org/10.1371/journal.pone.0195609
https://doi.org/10.1515/jbcpp-2017-0069
https://doi.org/10.1002/jcp.21833

KOus 1O. u ap.
BrnusiHue pa3nuyHbIX TUIIOB (pU3MYECKON HArpy3KH Ha (pyHKIMOHAIBHOE COCTOSIHUE MTEUSHN MBIIICH. .

38. Bicer M., Gunay M., Akil M., Avunduk M.C., Mogulkoc R., Baltaci A.K. Effect of Long-Term Intraperitoneal
Zinc Administration on Liver Glycogen Levels in Diabetic Rats Subjected to Acute Forced Swimming // Biol. Trace
Elem. Res. 2011. Vol. 139, Ne 3. P. 317-324. https://doi.org/10.1007/s12011-010-8658-5

39. Pereira R.M., da Cruz Rodrigues K.C., Anaruma C.P, Sant’Ana M.R., Pereira de Campos T.D., Gaspar R.S.,
Canciglieri R.S., de Melo D.G., Mekary R.A., Ramos da Silva A.S., Cintra D.E., Ropelle E.R., Pauli J.R., de Moura L.P.
Short-Term Strength Training Reduces Gluconeogenesis and NAFLD in Obese Mice // J. Endocrinol. 2019. Vol. 241,
Ne 1. P. 59-70. https://doi.org/10.1530/JOE-18-0567

40. Vivero A., Ruz M., Rivera M., Miranda K., Sacristan C., Espinosa A., Codoceo J., Inostroza J., Vasquez K.,
Pérez A., Garcia-Diaz D., Arredondo M. Zinc Supplementation and Strength Exercise in Rats with Type 2 Diabetes:
Akt and PTP1B Phosphorylation in Nonalcoholic Fatty Liver // Biol. Trace Elem. Res. 2021. Vol. 199, Ne 6. P. 2215-2224.
https://doi.org/10.1007/s12011-020-02324-3

41. Pereira RM., da Cruz Rodrigues K.C., Sant’Ana M.R., da Rocha A.L., Morelli A.P, Veras A.S.C., Gaspar R.S.,
da Costa Fernandes C.J., Teixeira G.R., Simabuco FM., da Silva A.S.R., Cintra D.E., Ropelle E.R., Pauli JR., de Moura L.P.
FOXO!1 Is Downregulated in Obese Mice Subjected to Short-Term Strength Training // J. Cell. Physiol. 2022.
Vol. 237, Ne 11. P. 42624274, https://doi.org/10.1002/jcp.30882

42. Junior A.S.S., Aidar FJ., Dos Santos J.L., Dos Santos Estevam C., Dos Santos J.D.M., de Oliveira e Silva A.M.,
Lima F.B., De Araujo S.S., Mar¢al A.C. Effects of Resistance Training and Turmeric Supplementation on
Reactive Species Marker Stress in Diabetic Rats / BMC Sports Sci. Med. Rehabil. 2020. Vol. 12. Art. Ne 45.
https://doi.org/10.1186/s13102-020-00194-9

43. Zarrinkalam E., Ranjbar K., Salehi 1., Vakili M., Kheiripour N., Komaki A. Resistance Training and Hawthorn
Extract Ameliorate Cognitive Deficits in Streptozotocin-Induced Diabetic Rats / Biomed. Pharmacother. 2018. Vol. 97.
P. 503-510. https://doi.org/10.1016/j.biopha.2017.10.138

44. Dehghan F.,, Hajiaghaalipour F, Yusof A., Muniandy S., Hosseini S.A., Heydari S., Salim L.Z.A., Azarbayjani M.A.
Saffron with Resistance Exercise Improves Diabetic Parameters Through the GLUT4/AMPK Pathway in-vitro and in-
vivo // Sci. Rep. 2016. Vol. 6. Art. Ne 25139. https://doi.org/10.1038/srep25139

45. Kirdaly M A., Campbell J., Park E., Bates H.E., Yue J.T.Y, Rao V., Matthews S.G., Bikopoulos G., Rozakis-Adcock M.,
Giacca A., Vranic M., Riddell M.C. Exercise Maintains Euglycemia in Association with Decreased Activation of c-Jun
NH2-Terminal Kinase and Serine Phosphorylation of IRS-1 in the Liver of ZDF Rats // Am. J. Physiol. Endocrinol.
Metab. 2010. Vol. 298, Ne 3. P. E671-E682. https://doi.org/10.1152/ajpendo.90575.2008

46. Mansoori Z., Jahromi M.K., Daryanoosh F., Forouhari S. High Intensity Interval Training Is More Effective
Than Moderate Intensity Continuous Training in Ameliorating the Influence of Acute Noise Stress on Coagulation
Factors // Sport Sci. Health. 2023. Vol. 19, Ne 2. P. 537-544. https://doi.org/10.1007/s11332-022-01041-9

47. Kalaki-Jouybari F., Shanaki M., Delfan M., Gorgani-Firuzjae S., Khakdan S. High-Intensity Interval Training
(HIIT) Alleviated NAFLD Feature via miR-122 Induction in Liver of High-Fat High-Fructose Diet Induced Diabetic
Rats // Arch. Physiol. Biochem. 2020. Vol. 126, Ne 3. P. 242-249. https://doi.org/10.1080/13813455.2018.1510968

48. Mohammad P, Esfandiar K.Z., Abbas S., Ahoora R. Effects of Moderate-Intensity Continuous Training and High-
Intensity Interval Training on Serum Levels of Resistin, Chemerin and Liver Enzymes in Streptozotocin-Nicotinamide
Induced Type-2 Diabetic Rats // J. Diabetes Metab. Disord. 2019. Vol. 18, Ne 2. P. 379-387. https://doi.org/10.1007/
$40200-019-00422-1

49. Amri J., Parastesh M., Sadegh M., Latifi S.A., Alaee M. High-Intensity Interval Training Improved Fasting
Blood Glucose and Lipid Profiles in Type 2 Diabetic Rats More Than Endurance Training; Possible Involvement of
Irisin and Betatrophin // Physiol. Int. 2019. Vol. 106, Ne 3. P. 213-224. https://doi.org/10.1556/2060.106.2019.24

50. Sini ZK., Afzalpour M.E., Ahmadi M.M., Sardar M.A., Khaleghzadeh H., Gorgani-Firuzjaee S., Hofineister M.,
Akaras E., Azimkhani A. Comparison of the Effects of High-Intensity Interval Training and Moderate-Intensity
Continuous Training on Indices of Liver and Muscle Tissue in High-Fat Diet-Induced Male Rats with Non-Alcoholic
Fatty Liver Disease // Egypt. Liver J. 2022. Vol. 12. Art. Ne 63. https://doi.org/10.1186/s43066-022-00229-5

51. Marcinko K., Sikkema S.R., Samaan M.C., Kemp B.E., Fullerton M.D., Steinberg G.R. High Intensity Interval
Training Improves Liver and Adipose Tissue Insulin Sensitivity // Mol. Metab. 2015. Vol. 4, Ne 12. P. 903-915.
https://doi.org/10.1016/j.molmet.2015.09.006

52.Li W, Wang Y., He F, Liu Z., Dong J., Zhang Y., Li T, Liu S., Chen E. Association Between Triglyceride—
Glucose Index and Nonalcoholic Fatty Liver Disease in Type 2 Diabetes Mellitus // BMC Endocr. Disord. 2022. Vol. 22,
Ne 1. Art. Ne 261. https://doi.org/10.1186/s12902-022-01172-7

84


https://doi.org/10.1007/s12011-010-8658-5
https://doi.org/10.1530/JOE-18-0567
https://doi.org/10.1007/s12011-020-02324-3
https://doi.org/10.1002/jcp.30882
https://doi.org/10.1186/s13102-020-00194-9
https://doi.org/10.1016/j.biopha.2017.10.138
https://doi.org/10.1038/srep25139
https://doi.org/10.1152/ajpendo.90575.2008
https://doi.org/10.1007/s11332-022-01041-9
https://doi.org/10.1080/13813455.2018.1510968
https://doi.org/10.1007/s40200-019-00422-1
https://doi.org/10.1007/s40200-019-00422-1
https://doi.org/10.1556/2060.106.2019.24
https://doi.org/10.1186/s43066-022-00229-5
https://doi.org/10.1016/j.molmet.2015.09.006
https://doi.org/10.1186/s12902-022-01172-7

Yun Y. et al.
Effects of Different Types of Exercise on Liver Function...

53. Gong R., Luo G., Wang M., Ma L., Sun S., Wei X. Associations Between TG/HDL Ratio and Insulin
Resistance in the US Population: A Cross-Sectional Study // Endocr. Connect. 2021. Vol. 10, Ne 11. P. 1502—-1512.
https://doi.org/10.1530/EC-21-0414

54. Liu H., Liu J., Liu J., Xin S., Lyu Z., Fu X. Triglyceride to High-Density Lipoprotein Cholesterol (TG/HDL-C)
Ratio, a Simple but Effective Indicator in Predicting Type 2 Diabetes Mellitus in Older Adults // Front. Endocrinol.
(Lausanne). 2022. Vol. 13. Art. Ne 828581. https://doi.org/10.3389/fendo.2022.828581

55. Sargeant J.A., Gray L.J., Bodicoat D.H., Willis S.A., Stensel D.J., Nimmo M.A., Aithal G.P.,, King J.A. The Effect
of Exercise Training on Intrahepatic Triglyceride and Hepatic Insulin Sensitivity: A Systematic Review and Meta-
Analysis // Obes. Rev. 2018. Vol. 19, Ne 10. P. 1446-1459. https://doi.org/10.1111/0br.12719

56. Leon A.S., Sanchez O.A. Response of Blood Lipids to Exercise Training Alone or Combined with Dietary Intervention //
Med. Sci. Sports Exerc. 2001. Vol. 33, Ne 6. P. S502—-S515. https://doi.org/10.1097/00005768-200106001-00021

57. Najjar S.M., Caprio S., Gastaldelli A. Insulin Clearance in Health and Disease / Annu. Rev. Physiol. 2023.
Vol. 85. P. 363-381. https://doi.org/10.1146/annurev-physiol-031622-043133

58. Philip R., Mathias M., Sucheta Kumari N., Damodara Gowda K.M., Jayaprakash Shetty K. Evaluation of
Relationship Between Markers of Liver Function and the Onset of Type 2 Diabetes // J. Health Allied Sci. NU. 2014.
Vol. 4, Ne 2. P. 90-93. https://doi.org/10.1055/s-0040-1703770

59. Sultani R., Tong D.C., Peverelle M., Lee Y.S., Baradi A., Wilson A.M. Elevated Triglycerides to High-Density
Lipoprotein Cholesterol (TG/HDL-C) Ratio Predicts Long-Term Mortality in High-Risk Patients // Heart Lung Circ.
2020. Vol. 29, Ne 3. P. 414-421. https://doi.org/10.1016/j.hlc.2019.03.019

60. Reitman M.L., Gavrilova O. A-ZIP/F-1 Mice Lacking White Fat: A Model for Understanding Lipoatrophic
Diabetes // Int. J. Obes. 2000. Vol. 24, suppl. 4. P. S11-S14. https://doi.org/10.1038/sj.ij0.0801493

61. Liu Q., Zhang L., Zhang W., Hao Q., Qiu W., Wen Y., Li X. Inhibition of NF-kB Reduces Renal Inflammation
and Expression of PEPCK in Type 2 Diabetic Mice // Inflammation. 2018. Vol. 41, Ne 6. P. 2018-2029.
https://doi.org/10.1007/s10753-018-0845-0

62. Shamsoddini A., Sobhani V., Ghamar Chehreh M.E., Alavian S.M., Zaree A. Effect of Aerobic and Resistance
Exercise Training on Liver Enzymes and Hepatic Fat in Iranian Men with Nonalcoholic Fatty Liver Disease // Hepat.
Mon. 2015. Vol. 15, Ne 10. Art. Ne e31434. https://doi.org/10.5812/hepatmon.31434

63. Sreenivasa Baba C., Alexander G., Kalyani B., Pandey R., Rastogi S., Pandey A., Choudhuri G. Effect of
Exercise and Dietary Modification on Serum Aminotransferase Levels in Patients with Nonalcoholic Steatohepatitis //
J. Gastroenterol. Hepatol. 2006. Vol. 21, Ne 1, pt. 1. P. 191-198. https://doi.org/10.1111/j.1440-1746.2005.04233.x

64. Sullivan S., Kirk E.P, Mittendorfer B., Patterson B.W., Klein S. Randomized Trial of Exercise Effect on
Intrahepatic Triglyceride Content and Lipid Kinetics in Nonalcoholic Fatty Liver Disease // Hepatology. 2012. Vol. 55,
Ne 6. P. 1738-1745. https://doi.org/10.1002/hep.25548

65. Taskinen M.R. Pathogenesis of Dyslipidemia in Type 2 Diabetes // Exp. Clin. Endocrinol. Diabetes. 2001.
Vol. 109, suppl. 2. P. S 180-S188. https://doi.org/10.1055/s-2001-18580

66. Wan X.D., Yang W.B., Xia Y.Z., Wang J.F., Wang Y.J., Zhang Y.L. Disruption of Glucose Homeostasis and
Induction of Insulin Resistance by Elevated Free Fatty Acids in Human L02 Hepatocytes // J. Endocrinol. Invest. 2009.
Vol. 32, Ne 5. P. 454-459. https://doi.org/10.1007/bf03346485

67. Warner S.0O., Yao M.V., Cason R.L., Winnick J.J. Exercise-Induced Improvements to Whole Body Glucose
Metabolism in Type 2 Diabetes: The Essential Role of the Liver // Front. Endocrinol. (Lausanne). 2020. Vol. 11.
Art. Ne 567. https://doi.org/10.3389/fendo.2020.00567

68. Yki-Jdrvinen H. Liver Fat in the Pathogenesis of Insulin Resistance and Type 2 Diabetes // Dig. Dis. 2010.
Vol. 28, Ne 1. P. 203-209. https://doi.org/10.1159/000282087

References

1. Tomic D., Shaw J.E., Magliano D.J. The Burden and Risks of Emerging Complications of Diabetes Mellitus.
Nat. Rev. Endocrinol., 2022, vol. 18, no. 9, pp. 525-539. https://doi.org/10.1038/s41574-022-00690-7

2.Lee C.-H., Lui D.T.W., Lam K.S.L. Non-Alcoholic Fatty Liver Disease and Type 2 Diabetes: An Update.
J. Diabetes Investig., 2022, vol. 13, no. 6, pp. 930-940. https://doi.org/10.1111/jdi.13756

85


https://doi.org/10.3389/fendo.2022.828581
https://doi.org/10.1111/obr.12719
https://doi.org/10.1097/00005768-200106001-00021
https://doi.org/10.1146/annurev-physiol-031622-043133
https://doi.org/10.1055/s-0040-1703770
https://doi.org/10.1016/j.hlc.2019.03.019
https://doi.org/10.1038/sj.ijo.0801493
https://doi.org/10.5812/hepatmon.31434
https://doi.org/10.1111/j.1440-1746.2005.04233.x
https://doi.org/10.1002/hep.25548
https://doi.org/10.1055/s-2001-18580
https://doi.org/10.1007/bf03346485
https://doi.org/10.3389/fendo.2020.00567
https://doi.org/10.1159/000282087
https://doi.org/10.1038/s41574-022-00690-7
https://doi.org/10.1111/jdi.13756

KOus 1O. u ap.

BrnusiHue pa3nuyHbIX TUIIOB (pU3MYECKON HArpy3KH Ha (pyHKIMOHAIBHOE COCTOSIHUE MTEUSHN MBIIICH. .

3. Bergman R.N., Piccinini F., Kabir M., Kolka C.M., Ader M. Hypothesis: Role of Reduced Hepatic Insulin Clearance
in the Pathogenesis of Type 2 Diabetes. Diabetes, 2019, vol. 68, no. 9, pp. 1709-1716. https://doi.org/10.2337/db19-0098

4. Ciardullo S., Perseghin G. Prevalence of Elevated Liver Stiffness in Patients with Type I and Type 2
Diabetes: A Systematic Review and Meta-Analysis. Diabetes Res. Clin. Pract., 2022, vol. 190. Art. no. 109981.
https://doi.org/10.1016/j.diabres.2022.109981

5. Duckworth W.C., Bennett R.G., Hamel F.G. Insulin Degradation: Progress and Potential. Endocr: Rev., 1998,
vol. 19, no. 5, pp. 608—624. https://doi.org/10.1210/edrv.19.5.0349

6. Fazio S., Linton M.F. Mouse Models of Hyperlipidemia and Atherosclerosis. Front. Biosci., 2001, vol. 6,
pp. D515-D525. https://doi.org/10.2741/fazio

7. Feng J., Zhang Q., Chen B., Chen J., Wang W., Hu Y., Yu J., Huang H. Effects of High-Intensity Intermittent
Exercise on Glucose and Lipid Metabolism in Type 2 Diabetes Patients: A Systematic Review and Meta-Analysis.
Front. Endocrinol. (Lausanne), 2024, vol. 15. Art. no. 1360998. https://doi.org/10.3389/fendo.2024.1360998

8. Galderisi A., Polidori D., Weiss R., Giannini C., Pierpont B., Trico D., Caprio S. Lower Insulin Clearance Parallels
a Reduced Insulin Sensitivity in Obese Youths and Is Associated with a Decline in B-Cell Function over Time. Diabetes,
2019, vol. 68, no. 11, pp. 2074-2084. https://doi.org/10.2337/db19-0120

9. Gan S.K., Kriketos A.D., Ellis B.A., Thompson C.H., Kraegen E.W., Chisholm D.J. Changes in Aerobic Capacity
and Visceral Fat but Not Myocyte Lipid Levels Predict Increased Insulin Action After Exercise in Overweight and Obese
Men. Diabetes Care, 2003, vol. 26, no. 6, pp. 1706—1713. https://doi.org/10.2337/diacare.26.6.1706

10. Gu L., Ding X., Wang Y., Gu M., Zhang J., Yan S., LiN., Song Z., Yin J., Lu L., Peng Y. Spexin Alleviates Insulin
Resistance and Inhibits Hepatic Gluconeogenesis via the FoxO1/PGC-1a Pathway in High-Fat-Diet-Induced Rats and
Insulin Resistant Cells. Int. J. Biol. Sci., 2019, vol. 15, no. 13, pp. 2815-2829. https://doi.org/10.7150/ijbs.31781

11. Hoene M., Lehmann R., Hennige A.M., Pohl A K., Haring H.U., Schleicher E.D., Weigert C. Acute Regulation
of Metabolic Genes and Insulin Receptor Substrates in the Liver of Mice by One Single Bout of Treadmill Exercise.
J. Physiol., 2009, vol. 587, no. 1, pp. 241-252. https://doi.org/10.1113/jphysiol.2008.160275

12. Kanaley J.A., Colberg S.R., Corcoran M.H., Malin S.K., Rodriguez N.R., Crespo C.J., Kirwan J.P., Zierath J.R.
Exercise/Physical Activity in Individuals with Type 2 Diabetes: A Consensus Statement from the American
College of Sports Medicine. Med. Sci. Sports Exerc.,2022,vol. 54, no. 2, pp. 353-368. https://doi.org/10.1249/
MSS.0000000000002800

13. Kazeminasab F., Baharlooie M., Rezazadeh H., Soltani N., Rosenkranz S.K. The Effects of Aerobic Exercise on
Liver Function, Insulin Resistance, and Lipid Profiles in Prediabetic and Type 2 Diabetic Mice. Physiol. Behav., 2023,
vol. 271. Art. no. 114340. https://doi.org/10.1016/j.physbeh.2023.114340

14. Liu J.L. The Role of the Funnel Plot in Detecting Publication and Related Biases in Meta-Analysis. Evid. Based
Dent., 2011, vol. 12, no. 4, pp. 121-122. https://doi.org/10.1038/sj.ebd.6400831

15. Marinho R., Ropelle E.R., Cintra D.E., De Souza C.T., Da Silva A.S., Bertoli F.C., Colantonio E., D’Almeida V.,
Pauli J.R. Endurance Exercise Training Increases APPL1 Expression and Improves Insulin Signaling in the Hepatic Tissue
of Diet-Induced Obese Mice, Independently of Weight Loss. J. Cell. Physiol., 2012, vol. 227, no. 7, pp. 2917-2926.
https://doi.org/10.1002/jcp.23037

16. Brust K.B., Corbell K.A., Al-Nakkash L., Babu J.R., Broderick T.L. Expression of Gluconeogenic Enzymes and
11B-Hydroxysteroid Dehydrogenase Type 1 in Liver of Diabetic Mice After Acute Exercise. Diabetes Metab. Syndr.
Obes., 2014, vol. 7, pp. 495-504. https://doi.org/10.2147/dmso.s70767

17. Heled Y., Shapiro Y., Shani Y., Moran D.S., Langzam L., Barash V., Sampson S.R., Meyerovitch J. Physical
Exercise Enhances Hepatic Insulin Signaling and Inhibits Phosphoenolpyruvate Carboxykinase Activity in Diabetes-
Prone Psammomys obesus. Metabolism, 2004, vol. 53, no. 7, pp. 836—841. https://doi.org/10.1016/j.metabol.2004.02.001

18. Gomes R.J., de Oliveira C.A.M., Ribeiro C., de Alencar Mota C.S., Moura L.P., Cesar Tognoli L.M.M.,
de Almeida Leme J.A.C., Luciano E., de Mello M. A.R. Effects of Exercise Training on Hippocampus Concentrations of
Insulin and IGF-1 in Diabetic Rats. Hippocampus, 2009, vol. 19, no. 10, pp. 981-987. https://doi.org/10.1002/hip0.20636

19. Stevanovi¢-Silva J., Beleza J., Coxito P., Oliveira PJ., Ascensdo A., Magalhdes J. Gestational Exercise
Antagonises the Impact of Maternal High-Fat High-Sucrose Diet on Liver Mitochondrial Alterations and Quality
Control Signalling in Male Offspring. Int. J. Environ. Res. Public Health, 2023, vol. 20, no. 2. Art. no. 1388.
https://doi.org/10.3390/ijerph20021388

20. Lin X., QuJ., Yin L., Wang R., Wang X. Aerobic Exercise-Induced Decrease of Chemerin Improved Glucose and
Lipid Metabolism and Fatty Liver of Diabetes Mice Through Key Metabolism Enzymes and Proteins. Biochim. Biophys.
Acta Mol. Cell Biol. Lipids, 2023, vol. 1868, no. 12. Art. no. 159409. https://doi.org/10.1016/j.bbalip.2023.159409

86


https://doi.org/10.2337/db19-0098
https://doi.org/10.1016/j.diabres.2022.109981
https://doi.org/10.1210/edrv.19.5.0349
https://doi.org/10.2741/fazio
https://doi.org/10.3389/fendo.2024.1360998
https://doi.org/10.2337/diacare.26.6.1706
https://doi.org/10.7150/ijbs.31781
https://doi.org/10.1113/jphysiol.2008.160275
https://doi.org/10.1249/MSS.0000000000002800
https://doi.org/10.1249/MSS.0000000000002800
https://doi.org/10.1016/j.physbeh.2023.114340
https://doi.org/10.1038/sj.ebd.6400831
https://doi.org/10.1002/jcp.23037
https://doi.org/10.2147/dmso.s70767
https://doi.org/10.1016/j.metabol.2004.02.001
https://doi.org/10.1002/hipo.20636
https://doi.org/10.3390/ijerph20021388
https://doi.org/10.1016/j.bbalip.2023.159409

Yun Y. et al.
Effects of Different Types of Exercise on Liver Function...

21.Zhang Y., Ye T., Zhou P, Li R., Liu Z., Xie J., Hua T., Sun Q. Exercise Ameliorates Insulin Resistance and
Improves ASK1-Mediated Insulin Signalling in Obese Rats. J. Cell. Mol. Med., 2021, vol. 25, no. 23, pp. 10930-10938.
https://doi.org/10.1111/jcmm.16994

22. Moura L.P., Puga G.M., Beck W.R., Teixeira I.P., Ghezzi A.C., Silva G.A., Mello M.A.R. Exercise and Spirulina
Control Non-Alcoholic Hepatic Steatosis and Lipid Profile in Diabetic Wistar Rats. Lipids Health Dis., 2011, vol. 10.
Art. no. 77. https://doi.org/10.1186/1476-511X-10-77

23. Lima T.I., Monteiro I.C., Valenga S., Leal-Cardoso J.H., Fortunato R.S., Carvalho D.P., Teodoro B.G., Ceccatto V.M.
Effect of Exercise Training on Liver Antioxidant Enzymes in STZ-Diabetic Rats. Life Sci., 2015, vol. 128,
pp. 64-71. https://doi.org/10.1016/1.1fs.2015.01.031

24. Kuga G.K., Gaspar R.C., Mufioz V.R., Nakandakari S.C.B.R., Breda L., Sandoval B.M., Caetano F.H., Leme J.A.C.A.,
Pauli J.R., Gomes R.J. Physical Training Reverses Changes in Hepatic Mitochondrial Diameter of Alloxan-Induced
Diabetic Rats. FEinstein (Sdo Paulo), 2018, vol. 16, no. 3. Art. no. eAO4353. https://doi.org/10.1590/S1679-
45082018A04353

25.de Bem G.F., da Costa C.A., da Silva Cristino Cordeiro V., Santos I.B., de Carvalho L.C.R.M., de Andrade
Soares R., Ribeiro J.H., de Souza M.A.V., da Cunha Sousa P.J., Ognibene D.T., Resende A.C., de Moura R.S. Euterpe
oleracea Mart. (agai) Seed Extract Associated with Exercise Training Reduces Hepatic Steatosis in Type 2 Diabetic
Male Rats. J. Nutr. Biochem., 2018, vol. 52, pp. 70-81. https://doi.org/10.1016/j.jnutbio.2017.09.021

26. Katar M., Gevrek F. Relation of the Intense Physical Exercise and Asprosin Concentrations in Type 2 Diabetic
Rats. Tissue Cell, 2024, vol. 90. Art. no. 102501. https://doi.org/10.1016/j.tice.2024.102501

27. Lin X.-J., Yang H.-F., Wang X.-H. Effects of Aerobic Exercise and Dieting on Chemerin and Its Receptor
CMKLRI1 in the Livers of Type 2 Diabetic Rats. Zhongguo Ying Yong Sheng Li Xue Za Zhi, 2017, vol. 33, no. 5,
pp. 426-430. https://doi.org/10.12047/j.cjap.5495.2017.103

28.YiX., Cao S., Chang B., Zhao D., Gao H., Wan Y., Shi J., Wei W., Guan Y. Effects of Acute Exercise and Chronic
Exercise on the Liver Leptin-AMPK-ACC Signaling Pathway in Rats with Type 2 Diabetes. J. Diabetes Res., 2013,
vol. 2013. Art. no. 946432. https://doi.org/10.1155/2013/946432

29. Gomes R.J., de Almeida Leme J.A.C., de Moura L.P., de Aratijo M.B., Rogatto G.P., de Moura R.F., Luciano E.,
de Mello MA.R. Growth Factors and Glucose Homeostasis in Diabetic Rats: Effects of Exercise Training. Cell Biochem.
Funct., 2009, vol. 27, no. 4, pp. 199-204. https://doi.org/10.1002/cbf. 1556

30. Baldissera G., Sperotto N.D.M., Rosa H.T., Henn J.G., Peres V.F., Moura D.J., Roehrs R., Denardin E.L.G.,
Dal Lago P., Nunes R.B., Saffi J. Effects of Crude Hydroalcoholic Extract of Syzygium cumini (L.) Skeels Leaves and
Continuous Aerobic Training in Rats with Diabetes Induced by a High-Fat Diet and Low Doses of Streptozotocin.
J. Ethnopharmacol., 2016, vol. 194, pp. 1012—1021. https://doi.org/10.1016/.jep.2016.10.056

31.de Almeida Leme J.A.C., Gomes R.J., de Mello M.AR., Caetano F.H., Luciano E. Effects of Short-
Term Physical Training on the Liver IGF-I in Diabetic Rats. Growth Factors, 2007, vol. 25, no. 1, pp. 9-14.
https://doi.org/10.1080/08977190701210693

32. Leme J.A.C.A., Silveira R.F., Gomes R.J., Moura R.F., Sibuya C.A., Mello M.A., Luciano E. Long-Term
Physical Training Increases Liver IGF-I in Diabetic Rats. Growth Horm. IGF Res., 2009, vol. 19, no. 3, pp. 262-266.
https://doi.org/10.1016/j.ghir.2008.12.004

33. Ropelle E.R., Pauli J.R., Cintra D.E., Frederico M.J.S., de Pinho R.A., Velloso L.A., De Souza C.T. Acute
Exercise Modulates the Foxol/PGC-1a Pathway in the Liver of Diet-Induced Obesity Rats. J. Physiol., 2009, vol. 587,
no. 9, pp. 2069-2076. https://doi.org/10.1113/jphysiol.2008.164202

34. Kolieb E., Maher S.A., Shalaby M.N., Alsuhaibani A.M., Alharthi A., Hassan W.A., El-Sayed K. Vitamin D
and Swimming Exercise Prevent Obesity in Rats Under a High-Fat Diet via Targeting FATP4 and TLR4 in the Liver
and Adipose Tissue. Int. J. Environ. Res. Public Health, 2022, vol. 19, no. 21. Art. no. 13740. https://doi.org/10.3390/

ijerph192113740
35. Huang L., Yue P, Wu X, Yu T., Wang Y., Zhou J., Kong D., Chen K. Combined Intervention of Swimming Plus

Metformin Ameliorates the Insulin Resistance and Impaired Lipid Metabolism in Murine Gestational Diabetes Mellitus.
PLoS One, 2018, vol. 13, no. 4. Art. no. e0195609. https://doi.org/10.1371/journal.pone.0195609

36. Sakr H.F., Abbas A.M., Haidara M.A. Swimming, but Not Vitamin E, Ameliorates Prothrombotic State and
Hypofibrinolysis in a Rat Model of Nonalcoholic Fatty Liver Disease. J. Basic Clin. Physiol. Pharmacol., 2018, vol. 29,
no. 1, pp. 61-71. https://doi.org/10.1515/jbcpp-2017-0069

87


https://doi.org/10.1111/jcmm.16994
https://doi.org/10.1186/1476-511X-10-77
https://doi.org/10.1016/j.lfs.2015.01.031
https://doi.org/10.1590/S1679-45082018AO4353
https://doi.org/10.1590/S1679-45082018AO4353
https://doi.org/10.1016/j.jnutbio.2017.09.021
https://doi.org/10.1016/j.tice.2024.102501
https://doi.org/10.12047/j.cjap.5495.2017.103
https://doi.org/10.1002/cbf.1556
https://doi.org/10.1016/j.jep.2016.10.056
https://doi.org/10.1080/08977190701210693
https://doi.org/10.1113/jphysiol.2008.164202
https://doi.org/10.3390/ijerph192113740
https://doi.org/10.3390/ijerph192113740
https://doi.org/10.1371/journal.pone.0195609
https://doi.org/10.1515/jbcpp-2017-0069

KOus 1O. u ap.

BrnusiHue pa3nuyHbIX TUIIOB (pU3MYECKON HArpy3KH Ha (pyHKIMOHAIBHOE COCTOSIHUE MTEUSHN MBIIICH. .

37. Lima A.F., Ropelle E.R., Pauli J.R., Cintra D.E., Frederico M.J.S., Pinho R.A., Velloso L.A., De Souza C.T. Acute
Exercise Reduces Insulin Resistance-Induced TRB3 Expression and Amelioration of the Hepatic Production of Glucose in
the Liver of Diabetic Mice. J. Cell. Physiol., 2009, vol. 221, no. 1, pp. 92-97. https://doi.org/10.1002/jcp.21833

38. Bicer M., Gunay M., Akil M., Avunduk M.C., Mogulkoc R., Baltaci A.K. Effect of Long-Term Intraperitoneal
Zinc Administration on Liver Glycogen Levels in Diabetic Rats Subjected to Acute Forced Swimming. Biol. Trace
Elem. Res., 2011, vol. 139, no. 3, pp. 317-324. https://doi.org/10.1007/s12011-010-8658-5

39. Pereira R.M., da Cruz Rodrigues K.C., Anaruma C.P., Sant’Ana M.R., Pereira de Campos T.D., Gaspar R.S.,
Canciglieri R.S., de Melo D.G., Mekary R.A., Ramos da Silva A.S., Cintra D.E., Ropelle E.R., Pauli J.R., de Moura L.P.
Short-Term Strength Training Reduces Gluconeogenesis and NAFLD in Obese Mice. J. Endocrinol., 2019, vol. 241,
no. 1, pp. 59-70. https://doi.org/10.1530/JOE-18-0567

40. Vivero A., Ruz M., Rivera M., Miranda K., Sacristan C., Espinosa A., Codoceo J., Inostroza J., Vasquez K.,
Pérez A., Garcia-Diaz D., Arredondo M. Zinc Supplementation and Strength Exercise in Rats with Type 2 Diabetes: Akt
and PTP1B Phosphorylation in Nonalcoholic Fatty Liver. Biol. Trace Elem. Res., 2021, vol. 199, no. 6, pp. 2215-2224.
https://doi.org/10.1007/s12011-020-02324-3

41. Pereira R.M., da Cruz Rodrigues K.C., Sant’Ana M.R., da Rocha A.L., Morelli A.P., Veras A.S.C., Gaspar R.S.,
da Costa Fernandes C.J., Teixeira G.R., Simabuco F.M., da Silva A.S.R., Cintra D.E., Ropelle E.R., Pauli J.R., de Moura L.P.
FOXO1 Is Downregulated in Obese Mice Subjected to Short-Term Strength Training. J. Cell. Physiol., 2022,
vol. 237, no. 11, pp. 4262—-4274. https://doi.org/10.1002/jcp.30882

42. Jinior A.S.S., Aidar F.J., Dos Santos J.L., Dos Santos Estevam C., Dos Santos J.D.M., de Oliveira e Silva A.M.,
Lima F.B., De Araujo S.S., Marcal A.C. Effects of Resistance Training and Turmeric Supplementation on
Reactive Species Marker Stress in Diabetic Rats. BMC Sports Sci. Med. Rehabil., 2020, vol. 12. Art. no. 45.
https://doi.org/10.1186/s13102-020-00194-9

43. Zarrinkalam E., Ranjbar K., Salehi I., Vakili M., Kheiripour N., Komaki A. Resistance Training and Hawthorn
Extract Ameliorate Cognitive Deficits in Streptozotocin-Induced Diabetic Rats. Biomed. Pharmacother., 2018, vol. 97,
pp. 503-510. https://doi.org/10.1016/j.biopha.2017.10.138

44. Dehghan F., Hajiaghaalipour F., Yusof A., Muniandy S., Hosseini S.A., Heydari S., Salim L.Z.A., Azarbayjani M.A.
Saffron with Resistance Exercise Improves Diabetic Parameters Through the GLUT4/AMPK Pathway in-vitro and
in-vivo. Sci. Rep., 2016, vol. 6. Art. no. 25139. https://doi.org/10.1038/srep25139

45. Kiraly M.A., Campbell J., Park E., Bates H.E., Yue J.T.Y., Rao V., Matthews S.G., Bikopoulos G., Rozakis-
Adcock M., Giacca A., Vranic M., Riddell M.C. Exercise Maintains Euglycemia in Association with Decreased
Activation of c-Jun NH2-Terminal Kinase and Serine Phosphorylation of IRS-1 in the Liver of ZDF Rats.
Am. J. Physiol. Endocrinol. Metab., 2010, vol. 298, no. 3, pp. E671-E682. https://doi.org/10.1152/ajpend0.90575.2008

46. Mansoori Z., Jahromi M.K., Daryanoosh F., Forouhari S. High Intensity Interval Training Is More Effective
Than Moderate Intensity Continuous Training in Ameliorating the Influence of Acute Noise Stress on Coagulation
Factors. Sport Sci. Health, 2023, vol. 19, no. 2, pp. 537-544. https://doi.org/10.1007/s11332-022-01041-9

47. Kalaki-Jouybari F., Shanaki M., Delfan M., Gorgani-Firuzjae S., Khakdan S. High-Intensity Interval Training
(HIIT) Alleviated NAFLD Feature via miR-122 Induction in Liver of High-Fat High-Fructose Diet Induced Diabetic
Rats. Arch. Physiol. Biochem., 2020, vol. 126, no. 3, pp. 242-249. https://doi.org/10.1080/13813455.2018.1510968

48. Mohammad P., Esfandiar K.Z., Abbas S., Ahoora R. Effects of Moderate-Intensity Continuous Training
and High-Intensity Interval Training on Serum Levels of Resistin, Chemerin and Liver Enzymes in Streptozotocin-
Nicotinamide Induced Type-2 Diabetic Rats. J. Diabetes Metab. Disord., 2019, vol. 18, no. 2, pp. 379-387.
https://doi.org/10.1007/s40200-019-00422-1

49. Amri J., Parastesh M., Sadegh M., Latifi S.A., Alaece M. High-Intensity Interval Training Improved Fasting
Blood Glucose and Lipid Profiles in Type 2 Diabetic Rats More Than Endurance Training; Possible Involvement of
Irisin and Betatrophin. Physiol. Int., 2019, vol. 106, no. 3, pp. 213-224. https://doi.org/10.1556/2060.106.2019.24

50. Sini Z.K., Afzalpour M.E., Ahmadi M.M., Sardar M.A., Khaleghzadeh H., Gorgani-Firuzjace S., Hofmeister M.,
Akaras E., Azimkhani A. Comparison of the Effects of High-Intensity Interval Training and Moderate-Intensity
Continuous Training on Indices of Liver and Muscle Tissue in High-Fat Diet-Induced Male Rats with Non-Alcoholic
Fatty Liver Disease. Egypt. Liver J., 2022, vol. 12. Art. no. 63. https://doi.org/10.1186/543066-022-00229-5

51. Marcinko K., Sikkema S.R., Samaan M.C., Kemp B.E., Fullerton M.D., Steinberg G.R. High Intensity Interval
Training Improves Liver and Adipose Tissue Insulin Sensitivity. Mol. Metab., 2015, vol. 4, no. 12, pp. 903-915.

https://doi.org/10.1016/j.molmet.2015.09.006

88


https://doi.org/10.1002/jcp.21833
https://doi.org/10.1007/s12011-010-8658-5
https://doi.org/10.1530/JOE-18-0567
https://doi.org/10.1002/jcp.30882
https://doi.org/10.1186/s13102-020-00194-9
https://doi.org/10.1016/j.biopha.2017.10.138
https://doi.org/10.1038/srep25139
https://doi.org/10.1152/ajpendo.90575.2008
https://doi.org/10.1007/s11332-022-01041-9
https://doi.org/10.1007/s40200-019-00422-1
https://doi.org/10.1556/2060.106.2019.24
https://doi.org/10.1186/s43066-022-00229-5
https://doi.org/10.1016/j.molmet.2015.09.006

Yun Y. et al.
Effects of Different Types of Exercise on Liver Function...

52.Li W.,, Wang Y., He F., Liu Z., Dong J., Zhang Y., Li T., Liu S., Chen E. Association Between Triglyceride—
Glucose Index and Nonalcoholic Fatty Liver Disease in Type 2 Diabetes Mellitus. BMC Endocr. Disord., 2022, vol. 22,
no. 1. Art. no. 261. https://doi.org/10.1186/s12902-022-01172-7

53. Gong R., Luo G., Wang M., Ma L., Sun S., Wei X. Associations Between TG/HDL Ratio and Insulin
Resistance in the US Population: A Cross-Sectional Study. Endocr. Connect., 2021, vol. 10, no. 11, pp. 1502—-1512.
https://doi.org/10.1530/EC-21-0414

54.LiuH,, LiuJ, LiuJ,, Xin S., Lyu Z., Fu X. Triglyceride to High-Density Lipoprotein Cholesterol (TG/HDL-C)
Ratio, a Simple but Effective Indicator in Predicting Type 2 Diabetes Mellitus in Older Adults. Front. Endocrinol.
(Lausanne), 2022, vol. 13. Art. no. 828581. https://doi.org/10.3389/fendo.2022.828581

55. Sargeant J.A., Gray L.J., Bodicoat D.H., Willis S.A., Stensel D.J., Nimmo M.A., Aithal G.P.,, King J.A. The
Effect of Exercise Training on Intrahepatic Triglyceride and Hepatic Insulin Sensitivity: A Systematic Review and Meta-
Analysis. Obes. Rev., 2018, vol. 19, no. 10, pp. 1446—1459. https://doi.org/10.1111/0br.12719

56. Leon A.S., Sanchez O.A. Response of Blood Lipids to Exercise Training Alone or Combined with Dietary Intervention.
Med. Sci. Sports Exerc., 2001, vol. 33, no. 6, pp. S502—S515. https://doi.org/10.1097/00005768-200106001-00021

57. Najjar S.M., Caprio S., Gastaldelli A. Insulin Clearance in Health and Disease. Annu. Rev. Physiol., 2023,
vol. 85, pp. 363-381. https://doi.org/10.1146/annurev-physiol-031622-043133

58. Philip R., Mathias M., Sucheta Kumari N., Damodara Gowda K.M., Jayaprakash Shetty K. Evaluation of
Relationship Between Markers of Liver Function and the Onset of Type 2 Diabetes. J. Health Allied Sci. NU, 2014,
vol. 4, no. 2, pp. 90-93. https://doi.org/10.1055/s-0040-1703770

59. Sultani R., Tong D.C., Peverelle M., Lee Y.S., Baradi A., Wilson A.M. Elevated Triglycerides to High-Density
Lipoprotein Cholesterol (TG/HDL-C) Ratio Predicts Long-Term Mortality in High-Risk Patients. Heart Lung
Circ., 2020, vol. 29, no. 3, pp. 414-421. https://doi.org/10.1016/j.hlc.2019.03.019

60. Reitman M.L., Gavrilova O. A-ZIP/F-1 Mice Lacking White Fat: A Model for Understanding Lipoatrophic
Diabetes. Int. J. Obes., 2000, vol. 24, suppl. 4, pp. S11-S14. https://doi.org/10.1038/s].ij0.0801493

61.Liu Q., Zhang L., Zhang W., Hao Q., Qiu W., Wen Y., Li X. Inhibition of NF-kB Reduces Renal
Inflammation and Expression of PEPCK in Type 2 Diabetic Mice. Inflammation, 2018, vol. 41, no. 6, pp. 2018-2029.
https://doi.org/10.1007/s10753-018-0845-0

62. Shamsoddini A., Sobhani V., Ghamar Chehreh M.E., Alavian S.M., Zaree A. Effect of Aerobic and Resistance
Exercise Training on Liver Enzymes and Hepatic Fat in Iranian Men with Nonalcoholic Fatty Liver Disease. Hepat.
Mon., 2015, vol. 15, no. 10. Art. no. e31434. https://doi.org/10.5812/hepatmon.31434

63. Sreenivasa Baba C., Alexander G., Kalyani B., Pandey R., Rastogi S., Pandey A., Choudhuri G. Effect of
Exercise and Dietary Modification on Serum Aminotransferase Levels in Patients with Nonalcoholic Steatohepatitis.
J. Gastroenterol. Hepatol., 2006, vol. 21, no. 1, pt. 1, pp. 191-198. https://doi.org/10.1111/j.1440-1746.2005.04233.x

64. Sullivan S., Kirk E.P., Mittendorfer B., Patterson B.W., Klein S. Randomized Trial of Exercise Effect on
Intrahepatic Triglyceride Content and Lipid Kinetics in Nonalcoholic Fatty Liver Disease. Hepatology, 2012, vol. 55,
no. 6, pp. 1738-1745. https://doi.org/10.1002/hep.25548

65. Taskinen M.R. Pathogenesis of Dyslipidemia in Type 2 Diabetes. Exp. Clin. Endocrinol. Diabetes, 2001,
vol. 109, suppl. 2, pp. S180-S188. https://doi.org/10.1055/s-2001-18580

66. Wan X.-D., Yang W.-B., Xia Y.-Z., Wang J.-F., Wang Y.-J., Zhang Y.-L. Disruption of Glucose Homeostasis and
Induction of Insulin Resistance by Elevated Free Fatty Acids in Human L02 Hepatocytes. J. Endocrinol. Invest., 2009,
vol. 32, no. 5, pp. 454-459. https://doi.org/10.1007/bf03346485

67. Warner S.0O., Yao M.V., Cason R.L., Winnick J.J. Exercise-Induced Improvements to Whole Body Glucose
Metabolism in Type 2 Diabetes: The Essential Role of the Liver. Front. Endocrinol. (Lausanne), 2020, vol. 11.
Art. no. 567. https://doi.org/10.3389/fendo.2020.00567

68. Yki-Jarvinen H. Liver Fat in the Pathogenesis of Insulin Resistance and Type 2 Diabetes. Dig. Dis., 2010,
vol. 28, no. 1, pp. 203-209. https://doi.org/10.1159/000282087

Tocmynuna 6 peoaxyuro 27.06.2025 / Odoopena nocie peyensuposarus 28.10.2025 / Hpunsima xk nyonuxayuu 31.10.2025
Submitted 27 June 2025 / Approved after reviewing 28 October 2025 / Accepted for publication 31 October 2025

89


https://doi.org/10.1186/s12902-022-01172-7
https://doi.org/10.3389/fendo.2022.828581
https://doi.org/10.1111/obr.12719
https://doi.org/10.1097/00005768-200106001-00021
https://doi.org/10.1146/annurev-physiol-031622-043133
https://doi.org/10.1055/s-0040-1703770
https://doi.org/10.1016/j.hlc.2019.03.019
https://doi.org/10.1038/sj.ijo.0801493
https://doi.org/10.5812/hepatmon.31434
https://doi.org/10.1111/j.1440-1746.2005.04233.x
https://doi.org/10.1002/hep.25548
https://doi.org/10.1055/s-2001-18580
https://doi.org/10.1007/bf03346485
https://doi.org/10.3389/fendo.2020.00567
https://doi.org/10.1159/000282087

