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Fig.1 Schematic diagram of the mechanism by which aerobic exercise improves metabolism and hepatic fat in patients with
T2DM complicated by MAFLD
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Fig. 2 Differential mechanisms of various exercise modalities in improving hepatic fat and metabolic parameters in patients
with T2DM combined with MAFL
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LDL-C: K% FEIR & (R [E B (low-density lipoprotein cholesterol), TG: H i =FHf
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Table 1 Comparison of therapeutic efficacy of different exercise modalities in improving T2DM complicated with MAFLD

®1 ARIEZHEA K ET2DMFH ZMAFLDHfF Rt Rt 3R

BIF 500 G /AR BN TTE FELE R Sk
T2DMFH & R A28 AR A P 3o = B 0 P A 7 [25]
MAFLD## (8JA, 3/, 40~60min/IX,
W JE B K0 2 60%~T5%)
T2DMIf & Rt EI S R AP, R & WIRRERTAHZ. B RH  [26]
MAFLD % UANH, 3%E, 60 min/IX, 20 R A 21 2R (A 980
IEF) 50 N O I60%~65%)
T2DM & AL Az s MR AN, PR, WR. BERE. BiekieEAal (28]
MAFLD/) i, Q2 EHINGR, STV, 30 min/ik,) K s e & 315 B ok
T2DMIf & bibiizs) BB Z B RS R IRPL. ITRR A . AR [26]
MAFLDE#H  4ANH, 3%/AE, 38k, 10004, REI mindl, HEL KRS A fkinsa o
FFHT0%~80% 1 17 K EE E )
HAET2DMIE K Ei BT g4 (BMI. WO, MLIEAA# (TG FAFMEEEEE  [30]
MAFLD A2/, 30 (GGT) 5577 TR 2 H Bk
ORI, AERMBIRIA, s~10/4D
T2DMIf & 1R 5 () BB 2y DCETRAN A IR 15 7 [25]
MAFLD&#  (Ergometer P /) HAT 4, 8/, 3W/JE, 344X,
4 min/#H, HRIEHVO,maxI80%~85%)
T2DMFFK e 5 A |E 3 TG. VO,peak. WM. HbAlc. A& AR  [32]
MAFLD#E#  (Ergometer LRH I HATZ, 8F, 3/, 3H/R,  MRAIEFEMNHA BEUGE
4 min/#H, 9% HVO,max#180%~85%)
T2DMI¥E R 1o S ] B2 B k' ¥ PPARa. CPTla. ACOXI. PGC-la. TFAM.  [33]
MAFLD/MR (8, 5%/F, 4min/4l, fRE2 min/4l, 1041/d) MFN2F1DRPI mRNA/KF; B#{&PPARy. TNF-a. IL-6
FIMCP-1 mRNAZKF, o038 BT 98 AR A Qi B i
T2DMIf % Eiszh FPG. HbAlc. BMI. TG. LDL-C. % . FFALARMI&  [34]
MAFLD&E#E  (12; AHAIE3: 3~5//, 30~60 min/Ik, X &, WHEAEMTEA. ALT. ASTRZ=MECHL (FC-P) /K
DERIE60%~T0% I K03 FLBLIEs): 2~3k/F, P EERK
8~ 121K /4H.x341)
T2DM % BAizs) i 5 3 WL DA g S AT e A A [35]
MAFLDMEF (10, 2%/A; mREREGE8): 4 min/ik, 585

ST e R0 2R H85%~95%; B A1iEsh: 240/,
S~120%/4H., BRR G N80% 11K I KEE A &)

ALT: NRIRAILF M (alanine aminotransferase) ; AST: RAZIRAILFFM (aspartate aminotransferase) ; BMI: 540 (body
mass index) ; FPG: Z5J& L4 (fasting plasma glucose) ; GGT: y-A =B M (gamma-glutamyl transferase) ; HbAlc: B Il 418 A
(glycated hemoglobin); HDL-C: =% % I8 A IHE % (high-density lipoprotein cholesterol) ; HOMA-B: [ /% B4 II LI EEFE %L (homeostatic
model assessment of B); HOMA-IR: FaZSmimlprAl i Z26hi35 %0 (homeostatic model assessment of insulin resistance, HOMA-IR); LDL-C:
% % J I 45 (A IE F B (low-density lipoprotein cholesterol) ; MAFLD: AR it AH 3¢ I I 14 JIF % (metabolic associated fatty liver disease) ;
T2DM: 2EUEFRHG (type 2 diabetes mellitus); TC: SUAEEE (total cholesterol); TG: HyH = (triglyceride).

3 AEEZHEXTFRT2DMH ZMAFLDH]
SFHLE

3.1 EZFFHT2DM H & MAFLD # 89 #% 0 i 32
Ll

AMP & {1k /) 2 F1 BT i B (amp-activated

protein kinase, AMPK) 1E4 40 g 6 2t AR A% 0
EEZ AR SRR, 28T T2DM Jf: & MAFLD
(5 F- ML AR AL M e (81 3) . 32 Blid 2o 1
I s WLATP I AE . Fh= AMP/ATP LUE, A R0
i AMPK, H A [Aiz s =34 7] 15 23X — 200
AMPK WG IR ZZ 24 . LA A BRI & 1
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ARG AR 29 TR S B9 AMPK 8 i BE R b T
AR E IS S . — 5 T £ Al AR
fLH (acetyl-coa carboxylase, ACC), fifF5X} A
ki A % % #2 B 1 (carnitine palmitoyltransferase 1,
CPT1) WyPIHI, A2 i fig i e ik A\ 2 b iR 517 B 4
b, WD RFIERR BTHERR s 5 — 5T L H PGC-1a,
R 2RI LY A RS E LB RR TR ) o (HAS
TR, AMPK BTSN H 12 3175 S e i L
WE AR, BTl I8 275 & A L 530 ) 42
Wk, B e N E-AMPK-UIE S 5 L
K F-AMPK-Z G Ja =" Wik UhInlid i . 1888 ]
W iEFEHHNSWERER (risin) FFJLE -+,
B = PO BE 4 #E . T2DM Al MAFLD Jf & i,
SRR SRR ET AMPK 558
B A AR AN IS OV E R, AR AR 4

MHIFER, X T2DM FIMAFLD S5t it HA
R AP RN, oF — 20 Ur i ge i 7 e, — 0
T2DM Jf: & MAFLD /N B RIFSE R, A4z sl T
TR E T T AMPK B R 16 K1 FAZ e i K 21
Z 2 MK F 2 (nuclear factor-erythroid 2-related
factor 2, Nrf2) -IMZLZNN%EMF1 (heme oxygenase-1,
HO-1) {5 Mgk, SeEFENZS, @il
P EALR R GERIEE ST, AR BT R
WA SR AR T . fE R, A His
Bl HEE 1 5 2 2/ AMPK {5 58 [ e 5 A R
Mg IMLIR AT IR, W2 15 T2DM AH G HY - %
WUBSZELAARAE ), 25 &, ahiial g i il
5 U 43 W BB IR AR 0% AMPK., - B[Rl e kR ot
Ak GRiARDIRERG SR AT AR LR, 28 ks
T2DM J{’& MAFLD,

LB

Zfa*f@ﬁi%éﬁmi
zn —~ TP oneven

&

Fig. 3 Molecular mechanisms by which exercise ameliorates T2DM complicated by MAFLD through the AMPK signaling

pathway
B3 Ezhilid AMPK/E S8 B2 E T2DMFAH ZMAFLDE) 5 F 4L
BHNEL RN (AMP/ATP 1) FILA T30 (SRR T) WEELHITAMPK, 15165 1 AMPK 223 2 ON 8 # A A7 E . O]
ACCHSIGCPTI, {2itARIFMRBALL , WP FRERR A @ [IHPGC-1a, fRMFLRIRA: Y& S A ALHEMRL s @B Nrf2-HO- 158 B,
SRTEALBT A A0 P T R S R PR TS . ACC: LRI AR ILEG (acetyl-coa carboxylase) ; PIBSAFAH ML F2 i 1o (carnitine
palmitoyltransferase 1 o, CPTla); AMPK (AMP-Activated Protein Kinase) ; PGC-lo: izt %8 1k 4 Bl AR 458 5 9 3406 32 Ay 2238005 T F 1o
(peroxisome proliferator-activated receptor gamma coactivator 1-0); Nrf2: HZH K FLLR2HICHF2 (nuclear factor-erythroid 2-related factor 2);

HO-1: [MZLZ 4% F] (heme oxygenase-1) .
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3.2 BEFHET2DMH ZMAFLDEE BRI S
FHLH

IR J& T2DM 5 MAFLD 3 [A] ()95 B2 AE: BEAZ 0>
1B BPIETA PE IR  2A5 S BUSE A AR 2
FWG . 2 Bl AR IE L RS R ZARR Y (insulin
receptor substrate, IRS) /B A5 Mt UL B% 3 3% B
(phosphoinositide 3-kinase, PI3K) /Akt il Z: M
ARG SR AR VR R 5 R A5 S e =
iz 25 5 0 UL RIS 46 T B 42 TG PIBK/AKt, {2 ik
H] #j Mz 32 K (glucose transporter, GLUT) 4 %%
7, A E ARG SIS ESE,
IRS-1. PI3K. Akt } GLUT4 A% 1R "5 FifHiz
BIE AR USSR 2 e 2R U
41, FIHIRS-1 & GLUT4 635, M1 B 44 32 7+
FEIFEAL ERE T, JUHXHEA WA ER) T2DM 5
MAFLD 8% 5 LK ' [EE R, 2
()3 A 1T g ad 1 B R Ak IRS-1 9 Ser789 1 i, 34
s PRBK S5 &, i RE & N I 5 5 1 5 2= 4
BRI . R TR A R B LS FE
JUL PR 0 S 1) A - R R AN (S L 5 Ml TR 149 2% fi 1
MUAREZKT- ], B BE T IR A o S 35 R G
HEIRYT, PR T2DM 5 MAFLD I & AL H )
BT H s . BEAh, A8 Shd AT e AR %
FERE IR P IERR D HERL 7306 TNF-or, 1L-6 25 RAE
R, 305 Jun 4 R8 (Jun kinase, JNK) F11xB 4
fif (IxkB kinase, IKK) B/ A ¥ -«B (nuclear
factor-xB, NF-xB) i, 55 IRS ZZARBEIRIL,
TS E G SHS ™ b, B AT LR
TS IRS/PIBK/AKL IH IR IR 5 R A5 54 5,
REE I BT R AR NG T A SRR A RE R T, A
AR Z 2% T2DM 3% MAFLD & 1Y IR, 4k
18 Bl Z2 80 5 T ORI KE FR A 1 o T
33 EIHMET2DMHEZMAFLDXE. &MU LH
S344k

KR L 0% T2DM I & MAFLD (4%
DAY TR B, BT B IR B
AMPK 28 ML #6109 77 22 i B ERR A, 10 RES
TE R T T SR AN A N O R . 12 SRE R
VB B LRI JOE B TL-6 25 R LI 7, iz 3h)s
R IL-6 515G RN FA—AFF, ] TNF-o
FER TR, XFPURIASEA B a2k
A IR RIS Pk 2 RE 2 18] A PRG3R 0 [l
132 Bl a0 fE W Gk 4 = 1A N BT LA B 2 R B 0 0
P, AR A kY B LB (superoxide dismutase,

SOD) . 4 Mt H Bk i % 1k ¥ B (glutathione
peroxidase, GPx) “FHi4EfLEFHITEH:, HEZ R
U ROS, 84 S Akt = i 3l ml X ] i
TP RN ZF A AL 55 R 5l . SR T
kelch ¥t ECH # % & H 1 (kelch-like ECH-
associated protein 1, Keapl) -Nrf2 $T % 1k 1 4 ii
B, W) 5% A A4 4 R BL (transforming
growth factor-B1, TGF-B1) /Smads JIF£F 2k fb. [
—J5i %t T2DM-MAFLD K RBF5R R, BORLRA R
BRI ALT FVAST 835 b, 4o S 04k 1z o
J& 5 BT Keap1-Nrf2 38 % 19 28 11 5T 3% 3K 4% 40
ST AILE T HO-1 . AER- AR
fif} f# 1k W 3 (glutamate cysteine ligase catalytic
subunit, GCLC) ¥ /KRR, T4 4Efb i)
TGF-B1/Smads i ¥ 9 5 5 00 3 Zead 8 Jil i 2
iz THE, REUIES B ALT #1AST iAW
A%, PUA LI 3 Keap1-Nrf2 i % 537 60 540
JABITHO-1, GCLC S Hi A LEE e 5%, Fer4
K1) TGF-B1/Smads i F A H] o 3K— KT L1 355 I 1
FUH, 12 B3 i i AR R FRU A LT R A RN 2T
AT 5 7w, N AN AP AR e 25
b, KWz ohiE i 58 T2DM I & MAFLD B34 1
PR A UEALRE ), XU 15 Keap]-Nrf2 5 TGF-p1/
Smads %, WA AN SEYEL, deEixk R
BRI
34 AEEHEXNHHOHESHRE

AAiz A BT E AL L&A, B
SRTERZ LA B MR BT HRCR, (HRTERGS
9 BE 5 ARHE N B A 25 5. RHE 3.1~3.3 1B
i, LA PSR 5 e 22 5 9 D7 TG AN ]
s B THLRI VA4
341 AEPEHLE DT

2403 T2DM £ 9 MAFLD (3t 4 AL 2
W3 FAOE Tl M. a fEREEACIET T, 230
REJE i 1 B #5 UL ATP € . T AMP/ATP LU {H
VT AMPK I %, 2 R W R S A 5 ki AR LR W)
B b AR R TSI, B3 IRS/
PI3K/AKtIE %, Mk GLUT4 5407 LA fin 41 J& 4 %5
BEERI, o BEAE a0 ] INK A TKK B/NF-«B 3 )
SR, W IRS 22 R L I R AR S i
ST o MERIE . AL S AR, K
1993 Bl 4 ] ) JULRR I R e 28 P TL-6 410
P2 R 7Rk, 275 SOD., GPx &t E AL i
PEIEBR ROS,  J- X 1a] 8 75 Keap1-Nrf2 $t 46 L i %
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5 TGF-B1/Smads - i fLiE i . fHULTT L, ARz
P E =S, HIYRE “PRIEFEIET HEOE
AMPK | IRS/PI3K/Akt KAt R T AKX — A% L %
M 2%, &%) T2DM Jf & MAFLD i # 19 ek 38
YEH
342 FERMEZES M

iz g 8 o 3 4% 0 ML 2k 35 T2DM & JF:
MAFLD & i Bt A, (HRTA]E shJE 200 45l
RS B B W 22 e a R Rz gh
L3 A I ] UL PR 4 R 2L 4 T AMP/ATP LA,
X AMPK Gl % (14 38006 fie o B FIRE A, e dra il
W AR VRS IL-6 SE LT, AR R4 B LT
HHVE AT IR, 2035 IRS/PI3K/At i I F B4R (5 5
PEATIAEGE L. b. HeBHZ 2 5E i LR 5K 7 17 A o
BOHFLZh Y T iH A R4 H (mammalian target of
rapamycin, mTOR) @A FEAG MK, BnE
LT i DAL TR 20 5 UG 2, e IRS/
PI3K/AKt 7 1 HAT SRR LR B HiRHZ 2l (7]
FERTE AMPK., {H 58 B2 RIS R RFAEA ] T4 46z
Bl . HIIT il i = i 5 12 o) 5 A s 2= A sk S
N, A AMPK SIS SR IE s, BB FLIR
Wt rT A LR A KSR AR PR T SR 2R, ORI
iz S A& MRS Bl RS shnt s, B
[IE R A S8~ N F CE ==y I S S g 1141 2 S N
Wiz sl 7 S A LRI DL, NI~ A 2R &
SR, DR, I R TR SRS AN [ i 3 1 g
R RBEAKT Mg shmir SRR, dia AR
KBTI ARz s Ak T .

4 BEFHFHT2DMIHLZMAFLD £ E /IR
204

41 MEULEFAFHFITT-VPESE

ARV HRYE (ACSM iz Sk 532 ik f5 1/ )
A (b EBE R i BhiR YT de ) . EAE FITT-VP
( M3l %% (Frequency) . i J& (Intensity) . H [H]
(Time) . A (Type) . & (Volume) . # Ffi
(Progression) ) JR I, JEF A SCH 195 Tk 1y
T2DM 8 MAFLD & 1E IR . Lok ATl g R hs fig
PEARAE J7 T HAT A b, S5 A5 2 1R
3 HORIRliz 2 X 7E 23 T2DM Jf & MAFLD
HITTRCR - FHLHI N2, #5 T2DM 5k MAFLD
AN SHWTBohb )y
4.1.1 iR

WetE Rr ek A iz sh AR 2 3~5 WU/, Bt

FH iz 3 2~3 /A, Bk A I 25 0% HE 4~5 A
YR H/JE, AT R i R ) H S 5 I 2588
5t H BN GA, BRI g T ARk B S
B, FERER N2 b R 5 PRPOR [R)3E shisi A k2
HEEARRIUNZRH B
4.1.2 RJE

IR Bl i B A A Bl A T () G R i)
R, A%AZ8hmE R b &, H
40%~60% > Z 4% 45 (heart rate reserve, HRR) 1,
T KD A 60%~T75%, A1 24 T 3 W 55 i 1 6
(rating of perceived exertion, RPE) ¥T 43 12~13
( “FH2S17 K)o XFTH R b 1 B
A 2% AR 8% W R $E AT HOT (>85% 3 KL
) BY L HibHiz 35 EE L 60%~80% — UK i K A
HNE, BNEEEm 244, BES~I2IK/HE
HARRREEE ST o RPN RIS oL, T
W BB 8l
4.1.3 I

FRssh I 2D 30 min/ik, X T Ek/bis s
FER B, U 15~20 min/Y 4 55 I 25
I, AR, ST 150 min/JH H
SR AT s 3 5 BUBHIZ 8 20~30 min/Ik, 5E
i 8~10 A~ = ZELHE B 1/ . 47 6 B HIT i,
20~30 min/IK B 0] 3K F1) A 24 58 0 4 04 40 08f ol s
RO
4.1.4 2

WA B A B, RS EsE e ik, e
R . BEHURLC AT e = K H AR B XFFR
REMHSZ A I 2R R, PTAR HhH: = 2 ) S e
— R
4.1.5 B

FAEBEN H bR 2500~1 000 £ 24504
(MET-min) /ff. HiBHiz sk LAY G 6 e i
(A8, BT ) R, JRREE 183
KEB4T >
4.1.6 P

i Ak B E A L TS AR, —
JBEAE 4~6 JE EAT— ULl A BA VA, AR R Y i
ZME L MBSO D BETE bR AR 1k K 3 0k
%, BAHEINGE SR | R AR SR N
DL “PRFPtE” R, ks sl s i 28 SR 14 in
(R — AR B — A B9 10%) , LRI
H R B0 A A R FES ' £X% T2DM
AR shit B AR, A2 shab Jr B T
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SBE MM RIACE . 290697 T 8 SO s e 30
Ak, A 4~6 JEIEAT— IR RGEVTA AN
il 9,
42 BEHFBAEME. 225 SZREIBK
HERE

X T2DM 3f- % MAFLD & 47128 shib 7+ 1
11 R N i B - e W I B G =R e 1 9
S35 s S AL I e R SE B i g N . bedn, PR
A 8BS R AR B RS A s B L ek A
B, BORTTHEAR, &G EHE2FE A IR AN
R B E, MR, HpRENKK
(=150 min/f), BRI, BHOER, 27
BEANRRRKIIREE, bibHiZsh (E . W) XF
S L PR I e R R 5 2R R A P B R,
HZeWTELW AU TS, SR ER
o T A AL B 1, HIIT B I )R035 i 4
R, RENE R O i T BB R g 5 R AU
Ii] B A7 AR DI 2 AN 224 2 W BsF 388 010 i A5 7 i A XL
B, JCIHXT A O AR E AR E i R A7
FERUES: BT A7 AU A PUBH S Bl 1R B e TG ek
BriE, NREPMREINE A BLE S, L b SR
bk, HARE KRN ERAE 2 [EF R,
Tow Az s, BN i £l A 5L A 7 I
VA2 20 U I B IR % 48

H—E, TR EERE AR ) T2DM I &
MAFLD &3, 2RI RAm T It X T
A IEAE LSS ™ 8 IR 1% T2DM I & MAFLD 2%, &
B4R T N I R AR B B R F AR s X
T B R NI4T 44k i) T2DM Jf & MAFLD B3,
o CE A PR JUE 22 4 %) B8 T S o af A8 XU A
L I, R AR AR . ATRREL YIS BT
IR EE HE ARG T, BE T2DM Ik
MAFLD 35 15 i 5

SR, 188 TR B R A& st , ©
LR —LRTI2 R RE S U W . T2DM Jf &
MAFLD /Eh—FP & e i AR, s—LFhi2
b AsE = 2 ¥ DA LR S A B S oK . T2DM Al
MAFLD — 35 Z [AfE7ERZU A OCHE, P IR
PEVE R A R ERPLT, RS A QO i 4579
W . AR AEAR TS 2 AU e R, R
B BIAL T W, AR ZTUAR AN LS P K N A
JEG . DA | BRI RS s AR R I A 22 R
Tl HAIBN . Z2ERHA A EMERIAZ O B s, JFEfR
MERE &L, Mefss TS 4Ry. 8

FEE AR T W I SO M4, A R0 B
DMRBEIZ B4, s sREIMTAEN /3 . R
O LA 1 A TPA R B AR A it B A2 31 KT
JFAFAEAGRREE | O R S5 ) A SERN L, HilEA~
(LN AN o SRS mI Ly =& 13 [ B R i
wEteS, SEdirRMEEM, LR AEE
PR k%

43 ETRERBEMNNMELEHLFTHHE

— T T2DM Ff: & MAFLD 2 3 Ilfi IR Z5 #8430 B8
5 R, i B e B % k3% BMI. ALT. TC,
LDL-C. HbAlc FlHOMA-IR, iX Jy#fiz lkh )7
BN—EIBITIRAL T AR . SR, R
PEECESAL IR IR SC ., T RE LI PR
e, BARTATRLALLT 342 T,

TG, TEI 12T s 3 A Dl i s B
¥, A T2DM 3% MAFLD (R #3401 9)
i o AbJril e BETE S, RS IS B T IR A0
BB SHE . FITT-VP JFE I 6l 22 42 sh Ak D B )
Xt T2DM Jf: & MAFLD B E1 5, Hil EAGHER
PEAIZ B Ak 7 A T S, s sl
SEIBEAE T B G . HINT A rp 2500 B R 21| 478
REEAR I PN TG AN A 195 7 T B AE S i RCR, B
Deas EvE PR A — e R IE T R D, A
Aizdh 230 min/ik, Rt 150 min/fH2L L5 B
Bl a LT RCEE R, S~ HETER
FA SRS, & A AR AP, IAE
wEsGERI AL ¥ WL, B shih e A
P AP — B RIG T, CHE T OIE R A A
R, A 5 TR U ek

Hk, WA RE AL T, FF AT A
T2DM Jf- & MAFLD & # AUREFERLEE | 4RI . IF &
IiE . FELARREIKT- Kz Bl i 55 5% ) TR R 24
R E, DASCEOXT B RS o 30 8 X ™
FEALERE, 5 H AR A AR
HAZ DAL TR R FANIR, i iz
g (it . 2R, WEIKEE) BEA SO NG
FE. UGEONITIEE, UL, % s A E N
R EN E R, H, AR 5L
YAl i AU ELAT B S A A DG T O LA R
WL B PLRE AR | WILAME SR RRE B
SER| o o OB N BTN R i |1 R TN 1 5 SO A
SO i 35 BB AR AE Tl B 5 A A 0 2 s RTIR 70 XoF
TITA YA AT R, kS ] B S EUE
HMEER T TER K RIS I RIZE 8, Rk



2064 - EMUEEEYIEER

Prog. Biochem. Biophys. 2026; 53 (8)

e, SFRERNZE I (Ut B AT E
s fICER EPTRH YN SR ), FFom i8 1E aff P 4 17 LAk A
SR O i | R4 P i <5 & g RZ (N S =) 1
AJEDLS R LA, e 2 T RE R A e 6 1 i1 in
RIWLAITEAE, THTBHYIZRAEA R a5 LT A
i, BEENUA RS USRI I
APHHERCING B AL, e B RPN S A TR
WAER o BRI, %38 3 iz 5 LA RH 32 B0
g e

e, AR AT 285 28 X JR A R T
W, Ay sz sh Ak Oy i sh A VR AR AE T HR S
P WAL LS S A OR, BRI R TE A A
FEHEL R B N o)y, el B 9 95 sl0s L XL
Brs [RIEFE MG S (AnbE . TEshp . fig
HIHAE) , A3 BT ITAh 8 sh ik I Fn 7l 2 52 6
F R NSRRI b
IS AERE T B A A TR B RS SR, R EIE
Rte B, K AT g AR A R G B T2DM JF &
MAFLD & # iKWz sh 8, Bl him K EE A
PEALZOUAAE, SCIAE TN “HrifEfl” ) “BdEIK
sl MR BEAE NI RSB s 4502 2 T
FILA R B (R BRI R

Zi b, 7% T2DM 31 & MAFLD & &/ & fk
BT, BT AT LA ST % 1 o 3
B, RGEHO AP NIEAL | b Jr B KRl
PRSI R o R R e 2 48 5 L BF [
AR B2 S R mE LA R RS s AT, PR s
ST IE VS o IR S8, A E S A

5 EFTFIT2DMHAH ZMAFLD £ & R
5 REFHFR GG

51 Bz TFHMERME

U2 BT WiAE T2DM - & MAFLD % i b i
AR TR, AR A e TR IR . &
J6, ZEImIRIFFAEAC T AR/ | ] S0 O
(G 12~24 7)) =, FBIREENE ML 252 Bl %t A
JIg W i L R ) R AR ST Y PR AR AR
VARG (B W7 1 Wi & (VB e DO i3 e 4 X A 4571 o
Bk T 2 200 s S R 2 s A I i X
KHPEdR e, MLl AE 8 T HAE B T2DM
4 IFMAFLD (& i Iaies . Hk, AEizz)
B (AEizsh. Piblizsl. mmEReizsh. A
AICEPIRHES) 1Y TR O FR M AR IR
I B IR 25 Pz BB b e )

LR . X THE R E . RER AR S e~
R 32 2 [ 1 OC R BERUAT R BT, o AR e A
ANRIEELAE CABEDR AT . LT AR AR | AR
PIAUAE) B XTE 3 T R 26 5% 7. A,
iz 8l 5 J B ZAERK 1 2 R385 (glucagon-
like peptide-1 receptor agonist, GLP-1RA) . ##-%j
% WE U 8] % iz & 2 W0 R (sodium-glucose
cotransporter 2 inhibitor, SGLT2i) 25# 74254
FRIE I FH SR, X JHF R P s ARG 10 L A 435 s
P R S S IRV i AN IR Y BE, MR T
PLEIBFTE 25 T sh Y sl AL, RPN eIz 3l
PR FAR B ST AR AN AL, BELAS 1T %
18 BT A B B
52 EFFHMARMARFRE

AR FEAT NLATF Jr S8 . — ST e R AL
B KR DT R RENLO BRRSS DA el Dk s A
TR B, REWRRERENEA Rz, i
FHINZR . HIIT A7 %8 3K & bz 3h 58 A8 [ Y
WU, AN ZH A HR R iz sk
T2DM-MAFLD {50 F M4, K& BLINLE 357 5% 1
VPR EY), JRRARREEN R | HE R,
AR S AT 52 e A X2 B Ry 77, =
R A 12 2 UTE T2DM Jf & MAFLD A [] %5
b B (PRaifRIliAsve . BRI YERF % . 2 4itk)
(3 FHPE RN E AT T AL, A o3 A v T A
i 12 DURIRER IS B 5 BB 2 I
SEmg, U GLP-1RA . SGLT2i %5 [l 24 ) O ik 52
RECCE PR G & i 77, AR TR PP L S5 s
B A O F B A PR IRl st Bosions 7Y, X2 e
AW EMFRME . HRE YRz e E
AR FRAITIESE, T2 AMPK ] (5-2
LK -4~ T JHe A% B A% IR (AICAR) R XU
W) . PPARS #8h71 (W1 GWO0742) BERSHLIIZ o)
PRI AE PR, B A R, [RIR AR
FIH G AE S A I i e SR R e XL
S, UISEHEIEZ 2 AN o fiil” ik
J7r M NIRRT N TR RE R Az b Ty
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Abstract Both type 2 diabetes mellitus (T2DM) and metabolic associated fatty liver disease (MAFLD) fall

within the spectrum of metabolic diseases, and they exhibit a bi-directional causal relationship and robust

reciprocal association. Their shared pathological cornerstone is insulin resistance (IR), which involves the

interplay of mitochondrial dysfunction and chronic inflammation, forming a cascading pathological process of

“IR-mitochondrial dysfunction-inflammation”. This largely explains the notable upward trend in T2DM-MAFLD

co-occurrence observed over recent years. Exercise intervention, as a safe and effective non-pharmacological

approach, can improve the pathological progression of these patients at multiple levels. Following the logical
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framework of “pathogenesis-efficacy comparison-molecular mechanisms-clinical translation”, this article
systematically compares the efficacy and molecular mechanisms of moderate-intensity continuous training
(MICT), resistance exercise, high-intensity interval training (HIIT), and combined training. MICT reduces
intrahepatic triglycerides by promoting lipolysis and improving cardiorespiratory fitness; resistance exercise
increases muscle mass and basal metabolic rate, offering unique advantages in preserving muscle while reducing
fat and improving insulin sensitivity; HIIT is a time-efficient exercise modality that enhances patients’
cardiorespiratory fitness and insulin sensitivity by alternating brief periods of vigorous exertion with recovery
periods, with a prominent short-term triglyceride-lowering effect; combined training produces synergistic effects,
comprehensively improving glucolipid metabolism and showing the best long-term adherence. Mechanistically,
exercise exerts its beneficial effects through three common pathways: (1) AMPK-mediated lipid oxidation and
mitochondrial biogenesis; (2) IRS/PI3K/Akt-mediated insulin signaling sensitization; and (3) Nrf2/ARE anti-
oxidation and TGF-p/Smads anti-fibrosis regulation. Different exercise modalities activate these pathways with
distinct emphases: MICT most directly and persistently activates the AMPK pathway; resistance exercise uniquely
improves IRS/PI3K/Akt signaling through muscle mass gain; HIIT induces the highest AMPK activation intensity
and triggers unique lactate-mediated signaling regulation; combined training integrates the above multiple
mechanistic advantages. For clinical translation, multidisciplinary team collaboration is essential to ensure safety
and adherence. Individualized prescriptions should be formulated according to the FITT-VP principle and patient
phenotypes—frequency of 3—5 sessions/week of aerobic exercise combined with 2—3 sessions/week of resistance
exercise; intensity of moderate-intensity (40%-60% heart rate reserve (HRR))aerobic exercise and 60%—-80% of
one-repetition maximum (1-RM) for resistance exercise; time of at least 150 min/week of moderate-intensity
aerobic exercise, 30-60 min per session; type of combined training as the preferred modality; total volume of
=500-1 000 MET-min/week; and progression adjusted every 4-6 weeks—with real-time adjustments supported
by wearable devices, ultimately forming a closed-loop management system from initial assessment to long-term
follow-up. Notably, current studies have limitations such as small sample sizes and short intervention periods.
Future research should focus on long-term follow-up, multi-omics biomarkers, and combined exercise-drug
strategies. In conclusion, the systematic integration of structured, individualized, and sustainable exercise
interventions into the multidisciplinary management pathway for patients with T2DM complicated by MAFLD is

an urgent need in current clinical practice.

Key words type 2 diabetes mellitus, metabolic associated fatty liver disease, different exercise modes,
molecular mechanism, exercise prescription
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