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[Abstract] With the prevalence of obesity and type 2 diabetes (T2DM),the incidence of NAFLD(Non—alcoholic
fatty liver disease, NAFLD) is increasing dramatically, which is a serious threat to human health. T2DM can
accelerate the progression of NAFLD liver disease. And vice versa. NAFLD and diabetes work together to form
a vicious cycle that leads to adverse clinical events. Despite the high prevalence of NAFLD in patients with
T2DM, it is often overlooked in clinical practice. This review focuses on the pathogenesis and treatment of the

causal relationship between these two metabolisms, providing theoretical basis for clinical treatment of T2DM

with NAFLD.

[Key words] Type 2 diabetes mellitus; nonalcoholic fatty liver disease; pathogenesis; treatment

BEE LR B BT AR 23 B AR A 2 BRI AT, NAFLD A7
FIBAE _ETT, NAFLD B Oy 4 3R 5™ B IR 2 —, M HLfE
FHAARMERE . NAFLDSE 5 W18 R IR, FLpoi 1l 45 A

LA g 17 7 P 0 A RS AR A 4 AT (NASH) < I S £ 44k
(AF) « JFEEAL P4 AR (HCC) oA & o NAFLDAE — M AR

1) £ 24 125%™, T2DM A& 2 (FINAFLD 25 975 6 1 ik 75%, ' =
IS e R ) B 6 L 2 1 90% . 20204 [H BRE X — B Y T
—FRBIR B SR AU Th B RS AR SR FF ” (MAFLD) ™.
85%[FNAFLD J 38 v /0 1/3 B 3 A TR AR XURG IR ., 2 WU
NAFLDE 4% 94 AR 5% 4 g 05 P 9% (MAFLD) , EABE & it 82t 3
JNGEYE T NAFLD. FEJE K2 T2DM A (R S o e B APt (TR)
J2 T2DM I 25 22 R ML, MINAFLD I % A8 55 % J 5 TR %5 V) 4
%, IRTTfe & W& A R AE RO AL, A B A B4 BTk T
NAFLD5T2DMZ% £ LA JZNAFLD /% Ji ML il S v 97 [ STk, =2 s/ 48
AR AL
1 T2DMENAFLDX &

T2DMR 4= ER 5 o UL K08 1k 30 22—, R 22 (1) 1E 38 % W
T2DME NAFLD B A5 AH 26 . T2DM AR 3% FRNAFLD ) 557 26 2 38
NBERIWIE 2, i F0E60%, Hrf =4y 2 — 1 A fF(ENASH
NAFLD-5 T2DM2Z [ (¥ X0 ) 5% & E 0 78 40 E 5™ T2DMAEZENAFLD
b R A, 2 8 R S 1022 998 B0 1 1RD IR TS 38 0 75 1) = %
1, 2, NAFLD R A7-7E A5 23 X T2DMIF) 998 2 FIAH S AN KL I
PREE = A2 S RN . 5500 (PAIE 4 R W, T2DMAZNAFLD ) Sl ST
BRI, RZIMR. PIE T RIER, A7, TERCE G IR
V2 W NAFLD 1)~ A S T2DMIP) ARG 36 I 235, i A Figg oo 1l 35 2
o5 IR I 5 98 1) XU B vy, G G2 5 T2DMAH SR B o T2DM& IF
NAFLD2x 38 Irotil PR A8 P I hE & A=, A8 ORI A8 FH ARk I A 9
i, A 5 N B . [R) B L NAFLD [ B ™ E 1) &
J&, NAFLDZ: 33k ONSAH. FFeT4idh. HEFFamum™ . ik,
X T2DM A H:NAFLD 5 5 1) FH - 100 T R 2 e K O i 7257 XU S A
NAFLD33 3 5 o

2 NAFLD & f&#1#1

Copyright © This work is licensed under a Commons Attibution-Non Commercial 4.0 International License. 259



Basic Medical Theory Research

A EHE 53R iCHF
B 6GeN 4 eNRA 1.0€2024 4F
SRR B3| TS ISSN) & 2705-1102(P) / 2705-1110(0)

FENAFLDH, FLHEAAR 173 20 A BRATL A 2 Jo 5% = Kt PR, i
i 2EL R0 LA (1) i 5 22 BURR Mk 2 40, X 2 T BB SR v i R 1
Ve K 25 - T2DM{E ENAFLD R AR R &, IR 2 N8, W Tk IR gt
T RCEAEEIR . WEFCER A, NAFLDI R R 5 1R, Theg Je A r fe i
LR SN P BT ORI i T 1 R R O

2. S =HST

IRSZT2DMEA X NAFLD A S () R B M 35 o IR R R ETE £
JiR B 25 R AL IR TR A SO o TR T LA s B R A 2 )
P2 AR SR SR MU T R, MTT S B30 2 5 3% IR o >4 i JBR 5 32 /KT
ANTEE AGERFACH T I, B2 SEURME B 20 iFEYE . B 4
JREEIRAD R R B BRI R A BORE R . TR AR M
o HERRU I 2 B R IR, ik & 2 B 0k B i o R, A R fiE 4
SlebrH i = (T6) FIAK AT, FE0L 2 A 7 R M Big fk A e 770 7
IRF, JiR 5 2% 30 g 7 20 AR 4 T2 R B, 5 B0 25 115 7 12
(freefattyacids, FFA) I K ERBM"Y. — 7T, KEMFFALLTG

TGS AEAE T IE T, 5 BUIR I HERIE 5 RRNAFLD " . 55— T T,

K& IIFFABGE c— JunN>R 3l (JNK) , {3k W A 7 SE AR, 53
JUg iy A e T AN g T R S 2 58 (FAO) , 51 R IFFIE 4 R AN T4 4
" ZENAFLDEE 5 Hh, FF4H A AR 6 A Sk AR & iz (DNL) 384, 36
HIREVIMSE . RIS AR W7 A 5% 5% 5 7 (SREBP-1c) , fi it
JFF4HHEDNL 18 . T2DMA, %6 %7 Hi A 5 Ft- i T ¥ ChREBP A 15 i i
R4 (fattyacid synthase, FAS) (3%, MM 328 I 40 i o
FFIDNL, (R #ENAFLDI® %% 4 o

2. 215 5 4L R0 4 0 S v

JIE 17 2H A Th B I 5 R 4 0 [ B A% NAFLD R J L] = 1 5%
e 0 ThRE SR Y G T 2H 2R S A e U IR T R A, SR
{12 8 Mg i DXL 1386 0, 7% 9% P IR 79 2> ™ o A1 98 I s IR BT
c—Jun NH2- KB A% R « Bilg, 25 2H 4R 5 0E
FOSEPEME IR, JRLRE 4 B TRAN 4 5 SO0 A R J o i 7 O R 4 it
B0 T AR TR RO HERL, 3F BAEIRRIFECE T, A FIT ARk
i 2 1, S IR g AR B AR OR AL i 2 L 4 A
JEEEE, e lRI (e AT AR 2 RE R0 AT 32 P B2 40 B4 if e 4k, S 80T
SR T Ak, AT HE S AT F 4 fb ik 2 =

JURARII R 7 PRt HE W70 M AR i R 45 & 25 1 (AFABP) .
Gremlin-15NAFLDAIT2DMA &I LA A5 5 = . AR IR R 2 e AR
253, HAE B SNAFLD . T2DM % 2 bk W R A4k 1 ok 2 25 U1 AH
Ko JRIEER AT L@ 52 m o S B 1 1 5 80 52 4k (PPAR-
a ) mRNAFRIEIE, FHITNF- o ff123k, 8628 7T LA H] TNF-
75 S IONF- x BIE 510 BR[O B0RE, SR 5 TNF- a B850 28055 = B
ZFHE . FEFFIE R, BRI 3 IE ATE S S AMPK A PPAR- a J@
¢, (233 Mg BT R SR A I AR e 2, 348 o ot 5 2 AU, B0
IR™ . AFABPYE 5 Wit 41 i v i3 FE R0, A3 A E A (I Kup £ fer 41
B o JEFRAFABPZK V- T 5 AR M 25 & i 96, A4 o P R
JE IR Ry I R ER S OB REAE Ak, I ELAZT2DM AR & b S 0
AT AR R MM R 7, 2035 Rk SEINAFLD 3 1
TEIRAFABP /KT~ 5 5 /N S5E R 2T AL By B 9% o F5 30T Y — SRR

FLR I, FFLF 44k /) B 55 P9 52 40 i (¥ AFABPR i 48 i1l . AFABP
TSR AT ELR AN AR P A AR K IR B - TR PR AR R ST SE
B 20 B 40 L ARG SR AT AR 4R BT R BlGremlin-14>
BAFE MR LY LIRS (10 i = A 5 % S AE, 1
T2DM oW B ML K P o b4k, TET2DMER 5 W, S5 A IIE
SEIRINASH & 3 O T I Grem ] i n— 143 18142 B 4% Bk % 5 WA &6 i T 9K
SEERF RS P R

2. 3B B R

¥ T R T S R A I T R AV T P B R RN, I
TS 6 i ok A2 AONAFLD 5 LA o (0 g AR o AN BEf A=
W7 (N, AR ARET 4R ) 43 U il R A R
GG EE M, A & AR A 7, WILPS.TMAO\SBA Fll
4 B4 16 SDNA o 3X BB 58 BRI 42 I = JIF I 28 RE AN 4T 44k, 77T Re 0
TENAFLDIRIEEFE . 4 45ENE T BR (SCFAs) I8 I 80 3 A g 10y 41 2R
T EIGER E BB B2 4K, ANGPR41FIGPR43™ . GPRA3MIT <=0l g
9 44T 0 43, 386 0 FEE U g 7 A 2, AT (2 SJENAFLDF) R J@ . T2DM
BB T 8 BE B Th RS2 40, BB E MG N, 5 ELPS IR i 3
hn, LPS 3@ i #0E TLRAFITLRY, B JBOK 2 2 48 4t iy A+ (41 TNF-
a (IL-1 B F11L-6) A4tk A+ (CCL2.CXCL2.CXCL10FICXCL16),
A5 T PR 28 i 06 PR A% Y o LPSER T A S 2OE IR N4, 1B 4
S EU™ H I ACEASA, B1 a3 I SR RE, T ER U 2 e D R
(FFA) R BENAFLDI & JE o 0B SBAS B ARFXRIF 1tk 48 44 iy 4%
it KEMISBAZ = KR IIR0S, 5S40 HIDNAS 15, H+ S EHCC
k™.

3 NAFLD3&Y7

Bl M Tt L T ) T-I8 77 NAFLDIR 259 . 3 B 2 35 2 )
fER R R JERE. s 5w) « oo AEE . BRI
BEAN. BRREEL S, AR, 85, HHkE
FEVEYTNAFLDAIK) 1 B2 Je Skl PR BRIl A AR . 5 R R RE s
D BB ERN AT LAY S I ORGP, M i & (D) SENAFLD AR #
DLV T TG SR MD— 5 T 535 A AR AR P A g A, k2D BT
Jig B 1, WTT B4 3 NAFLD £ 35 R o 53 — 7 i el 36 TR, ik
T CAENAFLD 2B 3 B RIR TS o BRI & T, izshie 2 E A =,
PUBH 7732 B AT LAY BT AT gl HE AR o 9 E AT LB S NASHAR 3
{0 BT B 2H 222 15 o, Tt 9 e W, o 9k 2 5% ] 2D AR AR 1, K
B2 10% ] SCEENASHAH 2 22 R £ 44X, b AN E AT DL T2DM, I RE
S, RO A FARR R A2 T T2DMAENAFLD A 37 f5
K2, H A FF F BURE PR I% 259076 77 NAFLD, 3L o = 229
GLP-1 52 fAash ) CRIBE k. 7 SRR SE) YL SCLT21 GAH
F) , IX e 2T LR T2DMER 5 (A 2, 235 IR, oess P /K
-, DR B, ek O LB A, SGLT21 38 AT BAEK 35 T2DM & &
(160 g 7 A5 ek R R A0 e doE — RS (A% SR (PPAR- y 4
A o —TUZEREA MR 8, A% 51 B o) LR 2 OB B,
SR BT AT AL FINASH™ o % WL RIAE P SEAREE I N 7K fi A
FE T AETCEE BIEE L R, MHA% 571 B 2 ik — 7T LU TNASHIR T
IR 25 . —Spr BU 25, fltn: HORARSZ MR B (TR-B ) ¥

260 Copyright © This work is licensed under a Commons Attibution-Non Commercial 4.0 International License.



Basic Medical Theory Research

A EHE 53R iCHF
B 6GeN 4 eNRA 1.0€2024 4F
SRR B3| TS ISSN) & 2705-1102(P) / 2705-1110(0)

7, W AIE B AT DA S A B AR 1, I ELIE T DA FAIRLDL-c Al
HM = e . AR 4 40 i A K R T 2R AAFGF L9 RIFGF21
A CABSCE R T30 . SEAEANLT 4EAk

4 RESRE

23 LTI, NAFLD CL 228 A 24 i 4 3R EE 1) 28 JEAg R i) 2
—, HPIR RS RS T2DM, AT e 25 A U 07 s DI AH 06
T2DMENAFLD H TSGR R 2R, [ 2 JRER o 93 3 W 4, A+ EL3E
17, WBUBMEARFR o F R HLE FZ S IR, JiE Wy 2 2B 05 A0 28 5
SBL A RN A BT R (BR) R, i e . Mesett R
Ko HETIEIR L JE TR I NAFLD IR 302, VaIir A R EE R
R ERE R SCEAEE TR BRI E . REIAERA,
BN REIRTT - BRIk, Bt T R A AL A R T % M
RAHRIATT -

(5% 3]

[1]Chalasani N,Younossi Z,Lavine JE,etal.The diagnosis and
management of nonalcoholic fatty Tiver disease: practice
guidance from the American Association for the Study of Liver
Diseases.Hepatology2018;67:328—357.

[2]Younossi Z,Tacke F,Arrese M,etal.Global perspectives on
nonalcoholic fatty Tliver disease and nonalcoholic steatohepa
titis.Hepatology2019;69:2672—2682.

[3]Chalasani N,Younossi Z,Lavine JE,etal.The diagnosis and
management of nonalcoholic fatty Tiver disease: practice
guidance from the American Association for the Study of Liver
Diseases.Hepatology2018;67:328—357.

[4]Eslam M,Newsome PN,Sarin SK,etal.A new definition for
metabolic dysfunction - associated fatty Tliver disease: an
international expert consensus statement.J Hepatol2020;73:
202-209.

[5]Targher G, Corey KE, Byrne CD, et al The complex Tink
between NAFLD and type 2 diabetes mellitus. Mechanisms and
treatments.Nat Rev Gastroenterol Hepatol.2021;18:599-612.

[6]Younossi ZM, Golabi P, de Avila Letal.The global
epidemiology of NAFLD and NASH in patients with type 2
diabetes:a systematic review and meta—analysis.J Hepato12019;
71:793-801.

[71Tai FW, Syn WK,Alazawi W.Practical approach to non—
alcoholic fatty Tiver disease in patients with diabetes.Diabet
Med2015;32:1121-1133.

[8IMuzica CM, Sfarti C, Trifan A,etal.Nonalcoholic fatty
liver disease and type 2 diabetes mellitus: a bidirectional
relationship.Can J Gastroenterol Hepatol2020;2020: 6638306.

[9]Younossi ZM,GramTich T,Matteoni CA,etal.Nonalcoholic
fatty Tiver disease in patients with type 2 diabetes.Clin
Gastroenterol Hepatol2004;2:262—265.

[10]Zoppini G, Fedeli U, Gennaro N,etal.Mortality from

chronic liver diseases in diabetes.Am J Gastroentero12014;109:
1020—1025.

[11]Zuo G, Xuan LXin Zetal.New nonalcoholic fatty Tiver
disease and fibrosis progression associate with the risk of
incident chronic kidney disease.J Clin Endocrinol Metab2021;
106:63957—e3968.

[12]1# %, 5 F . K7 FEERR RS £ F28
REEHDERTHXMEFRULPEEFREE
£,2021,19(6):18-21.

[I3AFAE KW T T £ 28BRB 6T EEH LR
Jii B e KA AE R 5 18 M F RE W X AT R DL AR A S
[ 3 ,2017,17(36):7155-7159.

[14]1Mantovani AP,Petracca G,Beatrice G,etal.Non—alcoholic
fatty Tiver disease and risk of incident diabetes mellitus: an
updated meta—analysis of 501022 adult individuals. Gut 2021;
70:962—-969.

[15]Tanase D.M.,Gosav E.M.,Costea C.F.,Ciocoiu M., Lacatusu
C.M.,Maranduca M.A.,OQuatu A.,Floria M.The intricate relationsh
ip between type 2 diabetes mellitus (T2DM), insulin resistance
(IR), and nonalcoholic fatty liver disease (NAFLD)J. Diabetes
Res.2020;2020:39201 96.doi:10.1 155/2020/39201 96.

[16]Haemmerle G.Lass A., Zimmermann R., Gorkiewicz G.,
Meyer C.,Rozman J., Heldmaier G., Maier R., Theuss] C., Eder S.,
et al. Defective Tipolysis and altered energy metabolism 1in
mice lacking adipose triglyceride Tipase.Science.2006;312:734
—/37.doi:10.1126/science.1123965.

[17]Samuel V.T.,Shulman G.I.Mechanisms for insulin resis
tance:Common threads and missing Tinks.Ce11.2012;148:852—
871.doi:10.1016/j.ce11.2012.02.017.

[181Jensen T.Abdelmalek M.F.Sullivan S.Nadeau K.J.,
Green M., Roncal C., Nakagawa T., Kuwabara M., Sato Y., Kang D.H.,
et al. Fructose and sugar: A major mediator of non—alcoholic
fatty liver disease.J.Hepatol.2018;68:1063—1075.

[19]Luukkonen P.K.,Qadri S.,AhThoTm N.,Porthan K.,Mannisto
V., Sammalkorpi H., Penttila A.K., Hakkarainen A., Lehtimaki T.E.,
Gaggini M.,etal.Distinct contributions of metabolic dysfunc
tion and genetic risk factors in the pathogenesis of non—
alcoholic fatty Tiver disease.J. Hepatol.2022;76:526—535.

[201Dong Q., Majumdar G., 0” Meally R.N., Cole R.N., ETam
M.B., Raghow R. InsuTin—induced de novo Tipid synthesis occurs
mainly via mTOR—dependent regulation of proteostasis of
SREBP—1c.Mol.CeTl.Biochem.2020;463:13-31.

[21 JDewidar B, Kah1S,Pafili K,etal.Metabolic Tiver disease
in diabetes - from mechanisms to clinical trials.Metabolism
2020;111S:154299.

[22].Tilg H, Adolph TE, Moschen AR.MuTtiple parallel hits

Copyright © This work is licensed under a Commons Attibution-Non Commercial 4.0 International License. 261



Basic Medical Theory Research

A EHE 53R iCHF
B 6GeN 4 eNRA 1.0€2024 4F
SRR B3| TS ISSN) & 2705-1102(P) / 2705-1110(0)

hypothesis in nonalcoholic fatty Tiver disease: revisited aft
er a decade.Hepatology2021;73:833—-842.

[23]Bluher M.Adipokines - removing road blocks to obesi
ty and diabetes therapy.Mol Metab201 4;3:230—240.

[24]Smith GI, Shankaran M, Yoshino M,etal.Insulin resista
nce drives hepatic de novo lipogenesis in nonalcoholic fatty
liver disease.J Clin Investig2020;130:1453—1460.

[25JHui E.Xu A.Bo Yang H,etal.Obesity as the common soil
of non-alcoholic fatty liver disease and diabetes: role of
adipokines.J Diabetes Investig2013;4:413-425.

(2615 R X4 %, T 12 £, 48 TNF— o . B 28 B/ 5 45 2 L L
FAE 2B J o B TR T R B M TR A B R LOD—COh PR R
I #4f ) ,2018.2.162—1665.

[27]Polyzos SAKountouras J,Zavos C,etal.The role ofadip
onectin in the pathogenesis and treatment of non— alcohol
icfatty Tiver disease[J].Diabetes Obes Metab,2010,12(5):365—
383.

[28]Makowski L,Boord JB,Maeda K,etal.Lack of macrophage
fatty—acid - binding protein aP2 protects mice deficient in
apolipoprotein E against atherosclerosis.Nat Med 2001;7:
699-705.23.Xu A, Tso AWK,Cheung BMY,etal.Circulating adipocyte
—fatty acid binding protein levels predict the development
of the metabolic syndrome:a 5-year prospective study.Circula
tion2007;115:1537-1543.

[29]Lee CH, Lui DTW,Lam KSL.Adipocyte fatty acid-binding
protein,cardiovascular diseases and mortality.Front Immunol2021;
12:589206.

[30JWu X, Shu L,Zhang Z,etal.Adipocyte fatty acid binding
protein promotes the onset and progression of Tliver fibrosis
via mediating the crosstalk between liver sinusoidal endoth
eTlial cells and hepatic stellate cells.Adv Sci2021;8:e2003721.

[31JHedjazifar S,Khatib Shahidi R,Hammarstedt A,etal.The
novel adipokine gremlin 1 antagonizes insulin action and is
increased in type 2 diabetes and NAFLD/NASH.Diabetes2020;69:
331-341.

[32].Jic C,Flavell RA. Innate sensors of pathogen and
stress:linking inflammation to obesity[J].J Allergy Clin Immuno],
2013,132(2) :287-294

[33]Lu Y.,Fan C.,Li P.,Lu Y.,Chang X.,Qi K.(2016).Short chain
fatty acids prevent high—fat—diet—induced obesity in mice
by regulating G protein—coupled receptors and gut microbiota.
Sci.Rep.6,37589.

[34INagata N., ChenG., Xu L., Ando H. (2022).An update on
the chemokine system in the development of NAFLD.Medicina
(Kaunas)58(6),761.

[351Sun Y., Zhu M.,Zhao H., Ni X.,Chang R., Su J., et al..
(2020).Serum fibroblast growth factor 19 and total bile acid
concentrations are potential biomarkers of hepatocellular
carcinoma in patients with type 2 diabetes mellitus.BioMed.
Res.Int.2020,1751989.

[36]Biolato M, Manca F,Marrone G, Cefalo C, Racco S, Migg
iano GA, et al..Intestinal permeability after Mediterranean
diet and low—fat diet in non—alcoholic fatty Tiver disease.
World J Gastroenterol(2019)25(4):509—20.

[371]Romero—Gomez M,Zelber—Sagi S,Trenell M.Treatment
of nafld with diet, physical activity and exercise.J Hepatol
(2017)67(4):829—46.

[38]Petit JM,Verges B.GIp—1 receptor agonists in nafld.
Diabetes Metab(2017)43Suppll:2s28—33.

[39]Colosimo S,Ravaioli F,Petroni ML,Brodosi L,Marchignoli
F, Barbanti FA, et al..Effects of antidiabetic agents on
steatosis and fibrosis biomarkers in type 2 diabetes: A real—
world data analysis.Liver Int(2021)41(4):731—42.

[40]Cusi K,Orsak B,Bril F,Lomonaco R, Hecht J, Ortiz—Lopez
C, Tio F, Hardies J, Darland C, Musi N, Webb A, Portillo—Sanchez
P.Long—term pioglitazone treatment for patients with nonalc
oholic steatohepatitis and prediabetes or type 2 diabetes
Mellitus:a randomized trial. Ann Int Med2016;165:305—315.

[41 Harrison SA, Bashir MR, Guy CD, Zhou R, Moylan CA,
Frias JP, Alkhouri N, Bansal MB, Baum S, Neuschwander—Tetri BA,
Taub R, Moussa SE.Resmetirom (MGL—3196) for the treatment
of non—alcoholic steatohepatitis: a multicentre, randomised,
double—blind,placebo—controlled,phase 2trial.Lancet2019;394:
2012-2024.

[42]Harrison SA, Bashir M,Moussa SE, McCarty K, Pablo Frias
J, Taub R, Alkhouri N.Effects of resmetirom on noninvasive
endpoints in a 36—week phase 2 active treatment extension
study in patients with NASH.Hepatol Commun2021;5:573—588.

EEE T

A5 (1998—-), %, £ Kk, 50 M B 44= AL ik A 4 42
EI,

BIfESR:

& & (1969——), %, 50k, 7T b 4 o W AL AR 4, FAEE )T,
BER 7 ) P ok B AR

262 Copyright © This work is licensed under a Commons Attibution-Non Commercial 4.0 International License.



