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Abstract: A large number of studies have demonstrated that gut microbiota is closely related to the
occurrence and development of a variety of diseases such as neurodegenerative diseases and metabolic

diseases. The species and number of bacteria are affected by genetic factors, dietary habits, exercise and
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other factors. In metabolism-associated fatty liver disease (MAFLD), some metabolites of gut

microbiota promote the progression of the disease by increasing hepatic steatosis and changing intestinal

mucosal permeability. The relationship between the changes in the species and number of bacteria and

the progression of disease has also been extensively studied. However, the casual relationship between

them remains unclear. Exercise can increase the species and number of beneficial gut microbiota and

alleviate the gut microbiota disorders caused by high-fat diet to mitigate MAFLD. On the other side, gut

microbiota can regulate the exercise capacity of the body. However, the mechanism of how exercise

alleviates MAFLD through gut microbiota remains to be studied. This paper elaborates the important

roles of gut microbiota and exercise in MAFLD by reviewing the relationship between the three.

Keywords: metabolism-associated fatty liver disease; exercise; gut microbiota
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25 WA B A YR JC TR /D BRUR R G R RS, B
A /ISR IR EE A . H I R SRR /D
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SRANSE AR (B 53 TR A 2 AR TR Y el s
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£ 1 MAFLD X ER MR

Table 1  Study on MAFLD-associated gut microbiota
ERO0E 3 o 8 AR AL Z:7% SCHk
Test object Changes in gut-microbiota References
Male Wistar rat  Phylum: Firmicutes|, Bacteroidetest, Proteobacteria?l, Fusobacteriat [15]
Family: Lachnospiraceae|, Lactobacillaceae|, Ruminococcaceae), Helicobacteraceae?t
Genus: Oscillibacter|, Ruminococcus), Fusobacterium?, Lactobacillus|, Escherichia?
Male C57BL/6  Phylum: Firmicutes|, Actinobacteria), Proteobacteria®l, Bacteroidetes| [24-28]
mouse Family: Lachnospiraceae?t, Lactobacillaceae), Helicobacteraceae?, Desulfovibrionaceae?
Genus: Desulfovibriot, Helicobacter?, Lactobacillus|, Oscillospira?, Bifidobacterium],
Enterococcus?, Alistipes?
Pediatric Phylum: Actinobacteriat, Bacteroidetes)| [29]
(MAFLD) Family: Rikenellaceae|
Genus: Oscillospira), Dorea?l, Ruminococcus?
Human feces Phylum: Bacteroidetes|, Proteobacterial, Fusobacterial [30]

Family: Lachnospiraceae?t, Enterobacteriaceae?, Streptococcaceae?t, Ruminococcaceae),

Prevotellaceae)
Genus: Prevotella|, Blautial

W 1(Bacteroidetes) EFEFFAL; BLKFE L, 7E
KB AIGIEY, R E EEHRuminococcaceae)
FREREAML, E/NRMEAmIES, BIEER
(Lachnospiraceae) £ T+ , (HAE KR %iE HF
JEREAL; JRACE B, fE/hRARRpES, F
FF & (Lactobacillus) 3 B FEAR 0 G 5%
K 168 rRNA L[R5 77 3%, %t 90 i) MAFLD
FRERN 21 B f T S A 2 A AR A R A T A
ST R B, SRR TRV B R
PR BRI DL R F A R (Lactobacillaceae) |
F5 ¢ Bk 1 B (Veillonellaceae) Fl 2 /R K & &
(Dorea) ) 3 JE Tt J& MAFLD (5 4 UL
AREBY; i NAFL & SRR M, 2%
i v ' TR B AN K 1R B (Tannerellaceae) W 3=
BERhN, AR IR B B (Desulfovibrionaceae) #1 F
WF & Bl (Rikenellaceae) i) 3 FE FEAR ; B i 5 B RE
FAE A C5TBL/6J /N EUIE Hh i i e SR IR 57
Ja &I, PIFF RN Bacteroidaceae) ) B /D,
Bl LA Y B R AR A, LB A () A
X Fhka s gk il P2, Ik nr L, FEshi
NEH, MAFLD (85 09 W 18 i 2 e 2

REA, (HTERRF RN 2R U EAA —E 2 5%,
TENE MAFLD Ry & frh, das Mk
B 1 A B B A W) 5 01 18 B 7 AR A Ta] 1Y
Ak

fE MAFLD K¥iidfirf, NERE/ N BUE i
AP TP AR T TR D T 50%, JREER ]
) EE A1 2 1t e AR g 3 R BT P
G IR A A AR B 4D T 1R B
FRE AR RER 1P, SR, 7R AR AY MAFLD
BEMERE AT, MAFLD % 192808 4= 4
HES R A L 2R AN, FET TR BRI
ST R T 1B 20% 11 5 B 1 ) 450 ek /b
24% B FFIELT 4EALFE RGN, 5 o Bk A
Bl 7 #T 7 Bl (Enterobacteriaceae) i) 3 i 12 i
fm, EEEA R E TR, EEREZIR
Hrp R PR R 0, H AR AT R
MAFLD 8% BN B 2T HE AL AE SRR W R
AEAE B R BY . 78 Z i A9 MAFLD i id
W, BEE IR 4Efb RE B 3,
PR TR EIC R 284 B BT
R R, IR K B (Prevotellaceae)
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FREREMG, B WAL A E R BT R
JEARWIENL, FRIRER FEEASL; &
KB, IR 4L AL, B LY
PR UL i AR S BR R O
TR B B, kAT UL, L MAFLD
f9 K BAEAR AN WO S Ak AR o, M 3 TR AR 1
TALERBIFATEE , TEARPIR, ST IEHE K
TR, HAR A A

2 BREHERANELER

AP, BB et B R SR
ZA TP 2T M T B, Wi w57
PRI 1 KRR SR B DAL A oY
/N, HIEWRE/NRAHLE, HFD 75 AL/
SRS A B AR AR /PSR BE G T ] L, T
6 Jul ok KE im S T A RUE YRR o 24
PEFIAURT B 1T/ BE R T LR, A 1 HE AR O
A PR R T RER . 7E HFD i 5 10 B DG 4
/NP R B, HFD 300 BU iE # i 2 A
WEAR, JRURF IR /IS BE TR 1T B L 08 b, iz 3l
A LI HED /) RBCAE P 8, WX —
R, RIS/ BB AR AR scs &
W, fEAGwsaifeFELmiaTt, 8 fA
SN BH iz Sl RESE T 1 A 5 470 9% AH 5 4 TR B
o, W SRS B, DL &
BRI,z S0t i v A R B BR T
AERFICR, HARMNENTTA, 23058
20 il A A AN RS2 R . A8 A B AR
S I G s R R 7 A N N S 7B N
FETE TR AR IEISS AL E AT B T W] R i AR,
L5 3 Sl o G AR A S E R IR i A )
Hh S L AR R ERY SR, 4 e
JE W PK 3z Bl 1 3 2R ) 2 R A A B AR
B, IR BT A A AR TE | R/ IMAZE 4 5 5

WG, XKW s S e VX LA A
VAT IR

Jin 3 TR AR RE XS LR 32 B RE ) Kz sl 1
PRASR . SRR LR IS , T s w A
SRERTA & - BEIE N, N ZEfE b oy H — Rl it
TIHORERIA , A 2/ B A on] i 25 3 i
JroR AP E] 5 XL T A2 Bl SR A T R L I 4
M RBL, B E 5 T AR ERTE R AT LU 5 FLR
TR SC R I I 28 5 RIAEERARIC R, 1ME
FLRR AT DL i W B o Bk A i, X RS
SRR AT LA 1R iz 2l 2R A LR Qs A T R
iSRS e U AR — IR, A
ZK BB AT AP S I B A e, AR
BRI S RGERE)S il A 2 B oy 1 R 20 L A5
S, TRREE G EAMBKZIAES)
LAE B iz gl 57 1 B B, R0 T i
X 3l S B ML O i IR AR . Y
I, JiE RS I s s 2z 6] a] DUAH AR,
T RAEIARR, X AL fERE ™ A A RIRCR
Xt T AR LR R 2 — 2D T, (M 18
PRI FEE B A — (2 AL R A B RS R A

3 T xR R B G TR R R
&R

3.1 XGRS BE AR AT R BY A T
A BoR, B3 HFD %51
MAFLD /N i P A 4 18 B B RS g
oS8 U 1 A ROk . HFD B8 i i
ESE IR ZEEL, MM MAFLD /)N B 1% 15
FIE B ME, Z ISR &L, 7E HFD i
SRNERE N RS A, R A BT E S5
[Alf--a (tumor necrosis factor-a, TNF-a). 1
i/ % -1B (interleukin-1 B, IL-1p)FIFR AL H-2
(cyclooxygenase-2, COX-2)fy%E 131k g &1
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hn, @zl Al DU bR | A ) R B T A 2
K-y (peroxisome proliferators-activated receptor
v, PPAR-y)IE M i3 n i 5 A ). 7
HFD %3 1) MAFLD /NRUFFIE R, A W2 1
FIBZ B E M, PR ARG N, WEvkizsh
AR AR MG E R B 1 BEE 31
(microtubule associated proteinl light chain3-I,
LC3-I)[n] LC3-11 (A MEMAbRICHE )L FE
FEHARAH SRR EE 11 1 (Iysosome associated membrane
protein 1, LAMP)ZRIA, {#IR7H% Al A W /MA
B A DN O 2 AR ) g s 0 3R BT A 2ok
FEACAS R4S A & H 1 (fatty acid-binding protein
1, FABP)IRIERAEH AW, @
it AR 1) e S 251G 0 1 W e, el e SR R s AR
MU G i — s R W, S shimad B
e MAFLD ROBLH AT RESS . SEROMR BB AT H B
AWM A A F 21 (fibroblast growth factor
21, FGF21)Ay 7= R E A b B A, 3d
o IR R I Ak 2 1 I (AMP-activated protein
kinase, AMPK)ARH 1) 34 12 42 o JHE10E o (9 g 1D
A AT 0 L JEF IO A B R HFD &% K
SR AL T, Wiz 3l AT DAREAR I 2L i
WS Bax WRIE, 3N 5T 3
5 5 1 [ UL 7 oK [ (inositol-requiring  enzyme
1, IREl)/c-Jun 24K il (c-Jun N-terminal
kinase, JNK)FIEAEPEIS 3IAF 2a (eukaryotic
translation initiation factor 2-alpha, elF2a)/C-EBP
[ 5 25 1 (C-EBP homologous protein, CHOP)
SRR AR T B 3% MAFLD K ELAY Il
JE RO 45 24 ek A L BB 2 35 FAIX HED 15
SR BB H M = BE (triglyceride, TG) . &b JH [ i
(total cholesterol, TC). K| T4 ZAMR &I %N
(aspartate aminotransferase, AST)FAN % iz 24 5t
3% lili (alanine aminotransferase, ALT)/KF-P%,
Baker 5 125 2 53t A B, 12 g%t T IR 105 1)

SR TR E Tt DL AR
ghal L2475 H 3% MAFLD, Jig i i i &% A
W A8 TS PR A AE S Bl MAFLD #8 5fY
e, H R 7 LA 0 — DR A

Al A1z 8l 75 ARz 3l 58 BE X MAFLD 1)
BEERCRAE] . RAE NEWDTTE R 4 A A
oz g TR Z sh X R 2 BB IR R & JF
MAFLD 3% 09I g & &2 250 ZOR P, i H
P32 41 JHF N R IO A AL Rt B8 A I ), AL
S5 5 RE AR E A A T S AH L B 2 G
T MAFLD B35 (4 3 H o =B | s w5t
£ HFD #5319 MAFLD KR, fRiR)E | g
SR EE IR T 3 Mash ML, hEREE
Shaede m AT ALRE ST, S0 T
1T IR e 0 18 1 528 2 1) 3 ) AN BT 7] JHT- 200 i 17
=P R AE SR | 38 sh 2R ] 23 31
ATl i 45 AT ik = BRI LTI ST
3.2 xR iGHHE X BE AR AT R A B E A
#1E

7E HFD %% () MAFLD K il H , 6 Jil ) HFD
Sy S RER R R, BRI E TR F
JE, JERETE T AUAT T HL AR B, L
KU e — B4R RS L R (11 ), Hizs
Bk T HFD 5 A3 ) 2k 4, i o [ IS
BEGE TR RE . S BT TRy 2 Bk U —
HHH; SARIIGHML, ERIREEshd
ME IR IR IS ShH AT 2B & T AR
XF 5 BE ) e 2 e T A R RN ZRE s 7EN
KL, 6 J& HFD SR W M (Clostridia) . &
AR I B 4 (Deltaproteobacteria) . v 78 T 1 W
(Gammaproteobacteria) & . &34, AT
Y (Bacteroidia) . AW N (Bacilli)F- ¥ B 3%
Wb, iz s 2R R E G T HFD 41 & 28 B TR 44 |
B AL E AN F I ; IR IRz sh H 2 A I
N PE T N (Verrucomicrobiae) . 1= 10 T8 2N
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(Erysipelotrichi) £ EFEMEEY . BB ERKE T
HFD 5 HMAEYREESL, It —EREWE T
i T Z6h B B DI 8 L 780 1 T R A )RR X S R
IRF) T 5 IE S R BRI K, TE i ]z 5
T TR X 524K o F1 Cd36 AR R
ik, REIFFIERR TS BT, 5 — 0z
RS ML Z B AE R TR, ARzl
A8 /N 2 1 (zonula occludens-1,
ZO- 1)1 P 5 55 A 2 1 A0 52 445 i 0 (el g 14
KEEE:, CEHEFENEENE, JETN G
BYERE Z 0 . FNEIE 2L G B0 . RAEW +
SEAR AR ARDY BRI H AT T2 8% MAFLD
J 1 TR R 52 W I S AR B D, RS Bl ) S
£ 2 R W 1z 3l g % 30 1o 90 )i 18 A Ok
MAFLD HYER, [HJ2 8= 3 2 1Yl AR 560 ok

4 NG

7 MAFLD [ &bl fgcst s 2,
RS RIL T 2 XEEMMEM, W H AR
K N B B RERS RN MAFLD 4 ek 36 /5 11 22 W i
ETE R A E O IRYT MAFLD [ H 240
Ro FEE X -FRAIE R AR, FATT R B
£ MAFLD 1, AR A W s T 458 1 sh#f & A=
THE A, BRI A R X 21 8 nl G
55 1 B TR AR A AR AR OCHK , (H 5 AR G A
FEARED . WHIE R F S MAFLD Z ]
)6 R IZ 05T, AER R sl SO i i e
FERZE, HMEHBARN MAFLD 91738 @R
A — AR A, PE R A e R IUY
W AT . izl Al DIk MAFLD #5
W, dReSmEWERHAEIER, BARZ3r
S5 X PSS A e A B B 22 5
I, £ MAFLD ki, FF8Rasmfk
PRIY A2 805 18 B AN B FH A HLARPLS .

S, BB REVE T R, IRl LA A S A
JE B, H 5 2Z A AT A DA R K R e IR
IURF G AN, AR R AT 50 f Bk — 2P
HRRILIE.
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