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world, and it has a complex disease progression. Recent studies have demonstrated that gut
microbiota (GM) plays a crucial role in the pathogenesis of NAFLD. The theory of gut-liver axis
provides a theoretical basis for understanding the relationship between GM and the liver. Dysbiosis
of GM leads to immune dysfunction, inflammatory responses, damaged gut barrier, and insulin
resistance, all of which promote the development and progression of NAFLD. Furthermore, GM
can participate in the development and progression of NAFLD through endotoxemia and abnormal
metabolism of short chain fatty acids, bile acids, and choline. How to mitigate NAFLD by
modifying GM has become the focus of current research, and the measures include fecal microbiota
transplantation, probiotics, prebiotics, Chinese herbal medicines, and lifestyle interventions. The
review focuses on the impact of the pathological state of GM on NAFLD and discusses the
research progress in GM-targeted therapy for NAFLD. It is expected to provide new strategies and
targets for the prevention and treatment of NAFLD.
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Ak 1 K5 1 I8 W5 4% 1T 95 (non-alcoholic fatty
liver disease, NAFLD) & 45 HE b5 15 K5 %5 B (1 T
P F RIS, DhyR I8 JH 20 M B 17 s
A5 Ry EEARHIE IR R BREE S AE, BRI
ik 25.24%!M, NAFLD #] M\ 51 40 1) fig ffi 25 1
(NAFLD (- BH B B) & Ji )i AP 0 M B 1077 1 JH
4 (non-alcoholic steatohepatitis, NASH), Ff-i& i
KB NI, 2R 28 i . TR,
LR A NAFLD L A AH G 105 e B
R, B SCA A 25 il PR A B = BeAer il o
WENE AR, [RIAT ELAS AR R . 2 RUHE PR sl LA
TR S AT — R BP. BEYE AR A e AL
AE, NEKRZHCR AR, Hf
YRS F BRGNS, AR SR R S LA
T & B RE /N B (Herbaspirillum huttiense)
J#E:R W (Clostridium cadaveris) F1 2% 1% % &+ [%
[l (Eggerthella lenta) A5 I b ] 5 | ™ B 1L IR
Y, T BUW T I 5 A B s RT3, L
SLEREM, AR, WmiE N st
YrECE AR 2 HAENUARC I i AR RS 1
18 I8 B (gut microbiota, GM) A .U B 2R A0 4T
W ] (Bacillota) AU AT B [ ] (Bacteroidota) i £
Mo, il 2R T 99 (Actinomycetes) FIE 5 it 5 1]
(Pseudomonadota) S FHXT F BEAAK . W iE 5 I E
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W - B R, R E N2 R0 A
PR, GM 2K I38 3 iz - JFF i 52 e JHE T i o £ G
W, 3 RN WA A E N EHEARR, 5l R
NAFLD. It 4k, GM Ui ™ ¥ g 2 H
(lipopolysaccharide, LPS). 74 %k A5 i B2 (short
chain fatty acids, SCFAs). fH 71 & (bile acid, BA)
FBTRAFTE NAFLD & i frh i 2 OCH S, A
SRV T GM SCHACEI7E NAFLD &R AAY T
AR ER

1 fEE#HS 5 NAFLD &7 1
1B R AL

1.1 BFEEHEREREEDE-THS
5 NAFLD M%7

1998 4F Iy #i /R 45 1E 288 H 1 - Il 3L e
GM J HAR Yy mr a1 bk -5 40 B AR A
2 IR % g AR, 18 R 0 7 T I PN o
HERTL, SRR 5 T 22 18] 5 0L AT FR A s -
FREAT, 11 Bk e i - P B %) e ) 2 A s, L
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B kA AR Ak, TR BE GM AR 4 (dn LPS.
SCFAs [ BA Z5)BYACHHE L th B 2 e, X
s B O3E 25 5 | R i 3 R R D RE A, 1T i 1B
3t i T i B A2 - il X LA AT B
PG R 3 2o O g - Pt e R ] 380 5 BIL 35
PEUIREZEALAIFIESAE , ;%25 NAFLD &
iR . - A iE 5 R v 3 ) G RRA
75 NAFLD &A= iy F vt s 24 1
1.2 piEEE A EA SN NAFLD
A% %R
12.1 BPFEREFKBARIIGERE

GM RIE TR IE b, EUhiE bR
EAED 7B 1= BT Rrx i o) | BN NS RN AN N (187 o)
REDIREZE LA RAE RN, fiE i NAFLD Ak H: &
J& . W-10158 BB (gut-vascular barrier, GVB)J&
T8 B R A EE A R 4y, WEAR s K IR A [
Wi (Escherichia coli) NF73-1 HA/E FIALRER IR
R BERE, RATESIRIRE B FEENT K
Ay [WTE NF73-1 A Al it — D8R GVB, it
1V 6 N B ) B by 3 A IEAG A, DA T
5, &% S NAFLD (&%, RU5EHK
GVB 2 VA7 LA 05, X 4R 7n4E 3P GVB 58 %
W] BERL R BT IR NAFLD (199 #E 421, Bloom
SRS R B, S dEE RO L, AL
BT AR A SRR A AT 1
P, FERIUAER I ERN Pseudomonadaceae)tt:
%, FLFF &8 (Lactobacillus). X5 T 1 J&
(Bifidobacterium) FIt2 1 J& (Clostridium)J& /L . 4l
R N 2 g T T 3 P 188 0 i ) S g B R
HE TR IR b 25 5 350 5 8 % i A I g 3 o
. TERANES I s iR b, B I 4 SE Rk
SZAGFS T 40 R A0 A E T 1 Al i 55 B 1T #L
TR Ay i — AR B 2 (6 1 S 2 B A R 4
122 BEEFXBAESRENERILLRK
FE R

JHFRE A B8 5 18 N R 2R N R, R
R R 35 A B TR R i 4% v 7 AF IR T (Klebsiella

pneumoniae) %5 H F W 2, K Z /KKK
(Dorea longicatena) 1 & [C M & # &
(Faecalibacterium prausnitzii) %5 4 25 1 98 /U4,
AT 5 BILAAR B 52 T e 25 LI I i 4 i 2
7o WFSEIESEAE NASH /NS | il TLR4
PR n] ] S RN B H TR A & H G() WA o
#1472 [guanine nucleotide-binding protein G(i)
subunit alpha-2, GNAI2] ik, 1¢ ¥ o & b ¥y ik
S B O 7 N R P e S N 1 B S S e
(peroxiredoxin I-tumor necrosis factor receptor-
associated factor 6, PRDX1-TRAF6) & & ¥ Fl it
S AR 8 S 1-H I B R T il R 4 A
5 (peroxiredoxin 1-glycerophosphodiester
phosphodiesterase domain-containing 5, PRDX1-
GDPD3)ZSWIE AL, 182 NASH (4 i E S A
B FIRR AR 2R, T Rk ARRBI KL Je AL
WA K43 fB I F 15 (growth differentiation factor
15, GDF15) (1 A5 70 i 32 %20, H. GDF15 1
FIAXT NASH Wyl E R, SBUNRARIAE
SEAR N1, NAFLD B ¥ GM K& F 51
LPS 4 JF AR G 7 PR HEATEAR R G,
T JFJUE o 28 A B, R) B3 n Gl B PR T 40 1
(helper T cell 1, Th1) A b A5, BEAIG Th2 /4 LA,
{ifi Th1/Th2 Jeffir, JnfRIs&AE S it
123 MEREFXES ERSRETRR

GM & W & F B R & & #L BT (insulin
resistance, IR) W EHZ G R 2 —. BF5E R/ R {K
GM R 8 i AR IR L2k R G S i
BUAE U 1B SE N N N T 5 RS
AR IR &4, 443 K i1y GM 2k
FHFE IR, XU HT & (Bifidobacterium) 15 B
KAEETAER, GM 2 BT 2> B i
HmEARE, HmEbEZB, M51% LPS A
LG S A B FF 4] B W, [WI SCFAs 7K
THREZTHRESREEY, FEORYL, R EX
FR oA B AR BEE 4L, 7E NAFLD &
HRHAP AR IR TR BB, 8 IR
£ NAFLD #EFE Al s E . Xue 55121
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FERBL, IR AI3E i S RS B AR g 2L 53k
JHF PN H i =R BERRE () AR TR A
A PRI HAIE R, e i NAFLD 9%
W5 X, H TyG-WC. TyG-WHtR Fl TyG-BMI
VE R RV A 48 bR 2808 T 16 58 IR F8hR 11 Jm) FR
P, 7F IR ¥4k &% NAFLD A2 W7 b 24 e 3 i
FAR S NAFLD 1E M4 JE 9 1 — Fh i WAL
5 IR AP RAEIR IR BV CHE, RSB HE 2
B g A2 AL 2R IR AU A 5 28 12
PR b3 Ao X R i e (R YA T T T A 3R 2 A IR,
“F NAFLD f3aT7 S8 iR T7 R ms
1.2.4 MAEHEZRIMIES NAFLD

EA Y Ay W o & I el AW YA e
IEE F /Y LPS, GM R AT 5] A iz i il i vy hn
FEEUE = LPS AN A g L, Fnkid s
LPS & E il b R g, #5580k E LPS
B W iE B A MR, R&HAKNERIM
iE o AR F G 8 (Escherichia) M AT B R
(Enterobacteriaceae) 55 12 J& 1 23 fff 7] # ik
LPS #4in, SIEREERN, M S SR,
& 2 K i NAFLD®™, Nier Z:PYHF 58 & 1,
NAFLD & 71 & L A A4 41 18 4 75 2% K2 fa Rl
XTHRAL 0 2 A5, LI B o A0 77 o 5 4
BN R K2 A5G . Fei 25T R,
NAFLD fBE RN & A £ 5 1 K% R Al
RICEARE, H=Am LPS WPk e, i
FAE U NAFLD FAHCAEIZTEL, LPS i STk
R AE 5% #] Toll ¥ 5Z 1K 4 (Toll-like receptor 4,
TLRA)H P TT, HAEFZerE LPS JIF AT il &AL
TR R 5220, eI AT 3 o 98 T N B K IUAE
K HA5 % NAFLD i,
1.2.5 8RR ER KIS RE 5 NAFLD

SCFAs /& GM SRR () T2 =4, Hon]
AT KRR E Sk I 40 i 4R AR e
FEWA LR . NIREL M T Rey, HT
AR NN S E R G045 77127, Hong 25128
R, SEBKEHML, R EEESHE
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i E AR, O ST A G R ER R TR
SCFAs /K-F-, MM NAFLD, NAFLD %%
fm & N 5© SCFAs 9y 7% H B W #
(Ruminococcaceae) F1 #i & ¥ W )&
(Faecalibacterium) F- JE AR, 3 SCFAs /K
SRR A IE R R, BEM{E 2 NAFLD f %
A=K . Yoon ZEPVEGEFIA, AhFE RUBAT B 1T
FHE N SCFAs 7KF-, DA T il 4 AiE 52 1 9
NAFLD. SCFAs MYAMEA{E S0 7455 G i
P IE 32 AR 015 I Al B QT , i8] 2 5 Hofth
G55, Hlhn, SCFAs G IR H RIS L85 H
% [adenosine 5'-monophosphate (AMP) -
activated protein kinase, AMPK] {5 =i %, 11
JFF IO B s R A BRI i ME A0 2258 fi b [m) £
FHAE [R1 42 S B oA e
1.2.6 REABRNKESES NAFLD

BA R — 1R m TG, 7
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PR, HpEr BAs 78 GM AEH T #5514k
IR BAs, KB BAs T8 AR iy 7] 17 18 1o i fF
PG PR FH BT, BHER (cholic acid, CA)%5:4) 2%
BAs 281 GM (AN i1 55) By 7ol 2 AT F A=
BB AR , SR 5 M S IR R F5- 00 1) 5 H 2 iR Bk
4 mE R4 A v B R H A B A IR R
(glycodeoxycholate, GDCA) Fll 4~ fif§ fii % JIH iR
(taurodeoxycholic acid, TDCA)., T £F 4k fk 2
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AR, B dE LA AR i) 218
F LAY, 28 BAs 3l 2 S L e R X 24K
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TR, CA FE R FXR A4 582808 7 77 AT 8
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WETRE, AMUHIES FXR S0 18 G 4
BLHI K BA RSV, [R) A3 m i AR 2 96 2
N FEF A iERE , B 29k 8l NAFLD (1) &4 &
J& . 5% & B NAFLD B4 IiL7E TDCA /K.
FTtE, PRI T REfETE CA S EEG L, H
TDCA 7] 5 FXR F53PE4h & ) BA R, %
BT 3E o 9815 CA AR FXR 5 538 % ol 3%
NAFLD; #F5E8dE+ TDCA HEEIES 3 =/
A NAFLD S5 AU B 3 A ¢, X 4R
TDCA 71} NAFLD 2 Wral ik oAk it v 78 4=
a7/
1.2.7 PEfEKIHFE S NAFLD

JIEL B T 38 sk 22 s A VR T B AR
Ht GM £ 5 JH 6k ) = B % (trimethylamine,
TMA) 4L, 2ZJ5 TMA i i [ 5 KA 28 213 JiF
BE B % 4 4k = B B% (trimethylamine oxide,
TMAO). R & ] ek Ak TMAO %44k, i
NAFLD & RN B R A R, S8R
Bt B Ak TMAO, W] NAFLD B E A A
TMAO 7K 45 2 HLike = JHARE, A A oy A3 43
REAE B BRI AR BB, F 0 BRAR AR 44 N 1l 3l
i A SR AR R R SRR . Chen S5P7FSY 2 BR
257 NAFLD /NMREm AU, /NEUFDhEeMK
ERER T BRI R I BB U
16 B 2T 4k 41 i A4 4 I 10 (fibroblast growth
factor 10, FGF10)/AMPK {5 53l i #i[)i NAFLD,,
A N B = 25 T BRI S B B 2, TS
BREN 7o fiE B 35 2k 2 NAFLD, 3 B4 oy g e =
A BB A Il A FERA A R 2 NAFLD 9 & A= il
KIE
1.3 BEEZFXENRH~45 NAFLD
B < BX

GM 2515 NAFLD ()55 B 9 Z2 10 s AR A
FEUESZ, N, NAFLD BE A GM i, 3
B R ZE 96 FF BT 1AEAT R T B {E (Bacillota/
Bacteroidetes, F/B)JRR, A 5 B (AN AU AT B 45)
FREWD, BERANKGIZEACE . iR

AR ) FE BRI, PR SRR DI REZ
WL K S S 232438 GM 2 8 A8 iz 1 57 P %
1, SESMEIM LPS /KF-FHE, [FIEF SCFAs 7K
SRR BA AREESTE, SETE SRS B
L, 8| % NAFLDP 242 gl i iF
%0 GM 25385 NAFLD BB AL T 54 PEHL
HlEdE , A2 SRR n] s o AR i, AT
b EE B GM R R AR Ak . i, FE e
Jit 8835 B B B AT B8 (Enterobacter cloacae) B29 .
KA R TE PY 102 Filfiti & 78 B A TG A7 B
M ZETHE /DN, 7EREIBKEEAET 53575
F/NRUNAFLD, /NERERICHIARN GM 280 B
R 5 A8 v, AR IR LPS K Th s K LA™
A JE R NP, T2 KB w2 5
NAFLD ¥ L HL i (9 30 ) £ 8 oF 5% 17 B 3F
W1,

2 FF GM #5657 NAFLD 5

NAFLD G972 — 2R G E el 2. B
EWFEHIARWIRA , KB GM K iH £ NAFLD %
AL i E A O, SR ] RE R T AE
T BT GM IR YT NAFLD &4k
A FE T I, LY GM R IR AT A Rk
# NAFLD™,  H Kk J7 1 40 45 2 5 74 ¥ 7% 4
(fecal microbiota transplantation, FMT) . #h75 54k
W/gi 2R 0T . RE 2 O NG T LA AR IS T
AT HE
2.1 EFEREFBE

FMT 2 — Mo B S 67 7B, i
b B f N ZE 0 T Y ) R TR R RS AT B BB T
N, BEEEINEIE GM 4, k2G5
TR E Y. Wities S ITFRADUF R4 R, 5
H & FMT ZiAH L, [FFP 5548 FMT 4093205
I v 55 1 J5 A gt RN A RE AH DG %) B R 2R 56
T WEES. T Xue HHPHATIY S —TNUE
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®1 BEERNAEHISSNAFLDRE LR

Table 1  Gut microbiota-derived metabolites are involved in the development and progression of nonalcoholic
fatty liver disease
B w R SRR L 275 3CHk
Gut microbiota- Animal Mechanism References
derived metabolites models
B2 HFD (/M) GM &3, LPS K F- 7+ , LBP-CD 14 & & #i#ii LPS-TLR4 W, SR RIEL  [25]
Lipopolysaccharide HFD (mice) i/ ,i/55 NAFLD
Dysregulation of GM leads to elevated LPS levels. The LBP-CD14 complex
activates the LPS-TLR4 pathway, triggering inflammatory responses and inducing
NAFLD
BT 1R HFD (/M) GM K3, BA I IFHIERR 25T , FXR 5 S S22, S EUIE IR B % 0F - [31]
Bile acids HFD (mice) 55 4AE V45, it NAFLD & Ji
Dysregulation of GM disrupts the enterohepatic circulation of BAs, which impairs
FXR signaling pathway. It leads to aberrant hepatic lipid metabolism and
inflammatory responses, thereby driving the progression of NAFLD
— H MCD (/M) GM 217, /N BUA P B AT 1 40 (Deferribacteres) M2 JFART T (Mycoplasmatota) — [36]
Trimethylamine ~ MCD (mice) AHXF=FEEREIN, FEFIEN TMAO /K F-T5 , fE ¥ NAFLD & J&
Dysregulation of GM induces an increased relative abundance of Deferribacteres
and Tenericutes in mice, which elevates hepatic TMAO levels, thereby driving the
progression of NAFLD
2 MCD (/MR ZB a0 73 54815 54 - (hypoxia inducible factor, HIF)-2a i P | JA1#%42  [39]
Iron MCD (mice) FEABEH ki A AL ¥ (glutathioneperoxidase, GPx) 4 Z&ik , N & iFIE IR ™5 2

2, S AT AAE , 55 NAFLD
Iron overload inhibits HIF-2a activity in the gut and indirectly promotes GPx4

expression, thereby exacerbating hepatic IR severity, which triggers hepatocellular
inflammation responses and ultimately induces the development of NAFLD

HFD: IERE; MCD: WU ZRARG S Z R .
HFD: High fat diet; MCD: Methionine choline deficient.

ZAR AR SRS LR
Maestri %58 B 75, NAFLD H % 24 FMT
6T 5 R W s /0, AR R A0 IR IR
RN TR FE R, H X8 R NAFLD B4
BITRCRE AN W, FMT 5 2 ™ k& 07 2 it
R PR A G 45 25k 42, [6) B B8 A 1 36 i
SR 23 o b B TR ME L 7E R R B I 5T R A
T AT IR R R R R FMT 16— Fh 41
BIT A NAFLD M7 #e it 7 ek, H
A WG PR 8
22 HFEBER/EETT

i A TR R — I AR 25 s PERLUE
AIE R B e S ), Sl IE T GM Ay
FIU 35 1 T8 5 [ 37 014552 ) NAFLD (1 % 1,
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Li S5 on iRk e/ Uk 58 2 08 T
& (Bacteroides thetaiotaomicron) n] REAR /N B Y
FIB WL, B miE NP, ZIE TR E n]
B0 T e o 2 K P 0 22 AN AR TR e A9, 3
THFERG BTACSE, MM ek NAFLD, AH# T1%
4 zo £ W, B — R %8 2E A (next-generation
probiotics, NGP) A i SR W R, #hFerEZE
M BT vE = [ B (Akkermansia muciniphila) %
NGPs A5 B R IR, 435 DT A 1k il
B, RERATHERAE, M AL ZEf# NAFLD, fH
RS, KZHNGPs Wil AR FHA AL T
FERII Y BT, O IE AT 1 (Bacteroides ovatus)
1)@ T NGP, Al i 15 i 18 sz D fnA i
e NAFLD SERY, g5 70— 2R gl 3
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THALWO, (HREB AT £ T 20 OO (2 2t i 1
PN g 2 TR T RS LR (P T, AR
WL SN ARIRE S, SR B R I35 A T
Z—, AIE LR S5 fn bR I O, SR INE
W ORIV B A, DA k38 A JhE A G
() NAFLD®"', NAFLD f&# #h 75 5 25 0 5k 25 4=
JCG ., A R RE GM S E 3 30 48 RE B R
MR ENAYY NAFLD B H . BRTIERIGST -
RS HA Ry T Bk G
23 HEHSHERFET

H 225 B NAFLD B E KN GM P-4
PRAPIERE, FOE MR R AR A
S A . B, —ZaEEE RS A
Z: B AT il 1 14 £ B ST B4 &8 (Parabacteroides) Fil
B a2 [ 0 i (A kkermansia) %578 25 20 8 £ 15 A
FEARMEFT 1 & (Helicobacter) 5545 ‘E 1 E LIl 2 2
AiE, Y BRRE S 0 GM KA, DA X
NAFLD 7= B 2 mat S 4b A9
] 18 L 3 JUAT 18 (Bacteroides stercoris) Fl T
1 L % KT B (Lacticaseibacillus casei) ¥ F- B, I
TR GEBRAW, KRS SN
NAFLDP?, rp B2 5 il 2% R A vh R FRIR 48 5 T %
Hh B 24 4 R SR AT 2 5 R U A TR YT
YERIRY 570, A B T22#% NAFLD Sk . i,
KEEHH 7 T 38 I PUFT 14 J8 (Bacteroides) FIZLAT
JRAEA f R, BRI R SRR R
NIE AL RN BN R PR =c NS E 7R By | BN
R, M IR, ZEf BA AU EEL, X
NAFLD A R A4FiAY7 RO, B o 280 65
ZIBEMGETER, B3EUGE NAFLD % GM
g, DT A R SE R Y Im R E R, AR
NAFLD iG55 H HA AR
24 HFEAFANTM

ER IR 2154 'S NAFLD fEZERNE, KU
IR E 2 B A GM 4L N as A g, 1
IIAERE AR NAFLD (445 PRI BRIk
£ B AT REIE NAFLD &R XU, anZ 4R A &

(ARSI NIER =S & SRS S € O a7 1) S
FERRBERANGR M2 MO, A7 a2 sk
A B AL RN UK AT AT R R R B T AR
FURIF RS T, 8 2% GM 2 I8 AN AR
B MFERF AL BTG NAFLD RUFEHISS, faHe
REBAA Rz LA UGS F/B Ll gt $2
R GM AR IR S5VEH, i st
GM 25 ¥ [ 9697 NAFLD, 2B 3% 7 = T #i &
NAFLD /7 034, RERT A 2L ik NAFLD 4]
R ARG & e, ORI 3% NAFLD B 1Y)
S

3 RE5E%E

GM K HAR Y 5 NAFLD ) & 4= & AR
J7EEYIAE G, HifE NAFLD st fe b & 15 5 42
PR AR . —J7 T, GM s iR %
TR 175 0% T e 2L AN 8 0 R K
W& IR %5 Z B AL 9K 8 NAFLD #f & 5 —J7
I, GM RISt SCFAs) 3o 45 HLAA By 1
CETVRAEJC N | A0 N 3 1 8 1 A A AR i
AR D AR S S RE 7, AT 2% NAFLD., i
AR, KEMFFEINNIEET GM LI IR TT 1 3R
(4n FMT., #54EW . 8400, rhEE A g st
T 145 A A A2 NAFLD, JiHJE FMT /BN
—FfET BT TR S B M S A I R R AL
HlEs. Har, % GM KIFE M N NAFLD 4
JPRE SR ), REEDFRIIRA, AR
— 78 GM 5 NAFLD 2 [al () BARAE R HLH
P25 NAFLD B IRIr AR, MGG T 2
ML A R
e Wk = 9

Xise . MBTLERPIRRE | R HAE,
Z 5O S, 2Rk SRR TR
WYL WA AT ZHE = . 2530 IR
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