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Research advances in the relationship between metabolic
dysfunction-associated fatty liver disease and
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Abstract: Metabolic dysfunction-associated fatty liver disease (MAFLD) is a chronic metabolic dysfunction-
related liver injury characterized by excessive fat accumulation in the liver, and its global prevalence is increasing
year by year. There is growing evidence of a strong association between MAFLD and chronic kidney disease (CKD).
Although the mechanism between the two has not been fully elucidated, many studies indicate that metabolic
dysfunction, gut microbiota imbalance, and genetic factors may play an important role. This review summarizes the
clinical evidence of the association between MAFLD and CKD, and the possible mechanisms by which MAFLD
increases the risk of CKD.

Keywords: chronic kidney disease; metabolic dysfunction-associated fatty liver disease; research advances

15 PR B IE R (chronic kidney disease, CKD) & renal disease, ESRD) AR,  H AW AH 5 N5 15 4
— AL IR M PR AT PR, AR EE AT i %5 (metabolic dysfubction—associated fatty liver
A Z — . HEGeit, FRE CKD B RL A 8.2%,  disease, MAFLD) A % Az CKD Ay XU B iR
SRR 250910 4F HL U RN B T 29 30%, (A MAFLD J2& DL T 9 B 197 4 B2 0 Oy 32 2 B8 1Y
A VE 2 N T i A BEJE R AR ER (end stage  —Flig PR AU Dh RE R AT PE T2 3, T 2020 4F phi F

Wk B . 2023-07-03
*HEGTH - FRAREES (No: 82370720)
[FEAEVEE 1 MW, E-mail: 1g69007@163.com; Tel: 17660086617

+ 30 -«



FpIE AR ek

4135 %

WK M B Wi I (nonalcoholic fatty liver disease,
NAFLD) B0k o X F 38 ik JH U 20 090 3L 2 Ao
A AR BN AR W AR AR W2 SR s R IR
M, RESIFEEMRE . = 2 W a6 K
2. 2RI AT — A5, RIRT2 I MAFLD,
Horp AR B P FZ S A . mai L H
SRR RE ST R L IR AR KT BR AT
BRI & 55 . S RPN R
HAE T o WA IR E A 2122 MAFLD 857,
X —HE BHAE 2030 4FK 50 342 . MAFLD 7] i
— L R A IR AL RN A MR, 85 2 ORI F
R EE A AE 2 VIR G, A 00 145 $69% . CKD %%
PRI 1) e A=

24 CKD #E B ERSD, F8 & 19 TG A4E A7 R I Ak
TG T2 KR R . R T 20T T BEAS 42 AU
AT R R R, AU,
MAFLD (1) 7] G 23 X B I 9 1) 14 Joe 7= A= 171 T 52 1)
REFE M2 R B R ARV T HE R T RAE . |
fERidk . i B REAE IR R, ALK B2 H
MAFLD 5 CKD Ilfi /KA 5% i 1 J& , 56 1 MAFLD 5
CKD L[5 (14 & g L

1 MAFLD/NAFLD 5 CKDHIX &

N AMF Z 5 B4 ESE, NAFLD 5 CKD /Y
SO V)M G . LIU ST Y B T T B 9T 2 B,
NAFLD 5 CKD £ 5% 5 /) 34 i g 2 40 O¢ , JLrp e 2F
YRR 5 CKD 1 20 XU 22 1E A5G . AKAHANE
AEBIN $ 1, NAFLD 5 CKD £ 55 95 28 3 JE i <7 AH
XK, HARRE . PR R I AE RN 5 I S A S NAFLD
(94 0, AT AR g CKD By 7 35000 R -

MAFLD [A] # 5 CKD & J% % ¥ M4 & . X
NHANES % ¥ & o 17 8% Wr i ofF 25 & 8L, 5 4

MAFLD & A b, MAFLD 4 5 %5 5 P2 0
4 JR F1 CKD',  AGUSTANTI %5 ) Meta 3 M7 & 3,
4 JF MAFLD B CKD & 5 534 . LIANG 46""58 1o
Xof o [ BA B 6 37 4.6 4F & IR, L2k 4 F MAFLD 34
B & CKD U

T NAFLD #23%, MAFLD &% W5 W
) CKD XU . — 71, 5 NAFLD ¥ AHL, &I
MAFLD B A7 0 g i 30 AR 33 & I 4 1o 1) 2F 2
i s P AR A & LR 4RIk S CKD A A e,
A LLA B HEKT , 5 NAFLD #4H [t , MAFLD 5 CKD

MIAHSCMETE %] . 53 —J7 i, MAFLD 7£ & LB
s A T RE BE AT, X TR B A8 1 B 1 AT
9 S IR FE AT 1B 5 30 CKD (19 A I R HEBR 7E AN
AT AIFSE 1988 ~ 1994 4F NHANES %48 %2, SUN 112
i 11 5 NAFLD 35 AE 8 86§ XU NAFLD #¥ 1K A1 I
MAFLD & # (% fli 535 B /N Bk U8 o %
glomerular filtration rate, eGFR) #:lk, CKD. 5% &
1 DR B S5 R4 5 o TANAKA Z503%) H 4 pA %) AR
AT 10 A RETT T GE, & 38 MAFLD Lt NAFLD 5 fg
T Er & CKD .

gi LTk, 5 IR AR MR R G IR ARG T
HE B 1Y S8 A LG, MAFLD H % & 24 CKD By U
T, MAFLD Xf CKD = XUR: A2 AT 8 2 1 2R

B

(estimated

2 MAFLD 5% CKD K] gEHL il

124 A1k, MAFLD fi£ #F CKD iy EAAR L] i A
IR S Wi i) N P A S N AW N BN g el P
ENS /BN TR
21 RiffEE

AR T RE B i B Bl A R RE AT L AR K
A Z A £ defb A K P AR . 5 CKD
B EEAR IS AR, QA B R . i R AR
J RS B, HOAR k& MAFLD 1942 Wi s fE 2 — .
WANG 251055 3 %F MAFLD B3 (0 CHE br - Ok i
M. MR AREERER) #7552 00T,
IR CKD 1 8 IR 23 Bl 2 3 26 4 A f4 JT 1E 8 T
FEAR, 3XUE S T 4R B 52 i MAFLD & % CKD
KI o
210 FkBRomE R PRI INRE A2 B IR 0% i ok
SESE R PR EE i L AT LA e e R A . —
Jiif, BRER AT i 8 0 bR R 5k 45 S DT RUE
W, SRR PR S B0 N L R A0 i Tk R
. BERL 4L . eGFR (K, HHRASHEI
e . oy — T, JRERHE A AL, 38 ok B0
NADPH A1k i 5 e e ki i A Ak i i, A 2F b f2 4l
JHL R P B 240 M3 P KO B R T, B
M REREAT . BRUILZ AL, FRR I W] i i S
BRI Rk R - [ B R 4E (renin—angiotensin—
aldosterone system, RAAS) Fl & 1k W % >k i &
CKD™',  LIU Z¢"58 13 #fF 5% BA 5] b 90 ) JR 112 7K - A2
b, 48 B PR B2 16 7 T 928 CKD f8 35 1) 5 4 g ik

« 40 -



Ho

T, S5 ARG VAT S8 W e BT Sk

Ji&, XA gk A FEAS A I i PR IR IURE YRR R A
FETE

PR 2 FOBE AT ™= 4 o A MR O 3 o %
Z U IR AR 7= A P TR S, T A A O X
— IR R R A R A Ak K
Vo, SEOE mWE N IRIRAKE . FE, JRERE B
T A T it (8] A7 76 IE RIS T, PR R AL 15 T 1 R
A I AT T 40 B G AR A% PR 5 5] 40 e e o)
PR A SR Y 23k . BXROGMEIE S, BN T W
5P S 7= A R H v = ER AL iR g s
HERR, Bz, PRIRA BRI E B, Y
M 20 487 1% S0 A 107 80 AN 9 493175 &% NAFLD
2.1.2 #EJJA BEPR¥EIE CKD . MAFLD ¥ i Ji
MISZ I R 2R o PRSI, 23k 50% MR R B R
HREHRE SRR, EFEHERSD M EEEA, HFHE
A G I I R0 A ST A XU A8
o UL 3 3 4 o g B S Ak L Tk 4 R A S
JoT P A4 B s ' e

i 3t 6 MAFLD 8 25 3547 25 I8 1 % /K1 19 43 )2
SERT R, CKD YR A0 X — B P B & 1
K T A B H R ST 5 B 1 fE
e, A IR AL T, MAFLD X F CKD 7
FEA ST SE M, AHZERE R AR, MAFLD JEfili
5 (91 TE FE YR8 A T CKD #8205 XURS o 4 PR i I
MAFLD () 8 ZL5 R, i ELBE PR s £ 35 A I o
R ST R, B O B T A b 1 KU
213 Ha R —J7 T, e 0L R R I
D) A G A K e 1 | 2 R e DS s aa e
o UL 5 & 4 B M L B ) AR, B NSl ks
Tkt i A6 AT 5 40 S5 A s R, i A BEL g R ek
/> J 0 LU o R ML AR S A AR U 5] R S R
SHEUN KA ESGJE A AN KA A, R S
B /NBRIR I, HE— 25 R A B /IR T Ak B AR
FRAT 0 B /Bl o BB T 2 15 B uk g Th e, ISR
P AR IR . o —J7 T, RS i & 2 9 4
BANEANE, SECE/NE LR - R LR N
() Jo £ 2 ALY, 5 2% B B UE R RT3 ) T B v 6
fi. CKDPEFEANIE R . RAAS FIAZ M 28 2 455 ik
W, XRZTIE M, R —FMEEES . YA
I MAFLD 3% — 3 il e i, o ol F JXUB: 45 1 — 4
Hahn.

MAFLD F1 & Il H 2 8] 47 76 X & &P, F 2

58V . RAE . RAAS LIS Z ML A & .
NAFLD 8 35 196 BF [a] AU > b 20 i K - ey, 38 3o 5%
M) 4 B S Ak I 35 14 & AR ek s I 9 9 2o B e o
B FEMAFLD X — 8RS T, DH4E
A F -6 JACR W SAE B F W08 20 ACF Fh i, ik
M vE RAEVERE , S RAAS, HATIEA F-61F
3H Ao R IO R b A R R R R A, i
S 2 i o= & D Bt B (| K= Sl | DR o =R 1]
FE) R AR BT kil 75 & 90 B A A B
[ HE/E R, MAFLD 36 0] RS2 ) A8 X R = 68 4
PR 16 PR o LA S — SR A I P TR
TENG Wi R NOK O BT E S BON TR —
A R D R — A0 U I A & TR T e sz 46 .
AR, MAFLD 2 34 fin of ik {e i i, ax gt
PRl 2R 05 2 52 W) I A8 W 4 D BB A R, S B0 IR
kR,
214 FemAHEEL BB RERE AL A i RORE PR
e O RTIE R RE AT LS hn CKD i £ KUK o 5 or
Jig 5 U R AE B A, X B = AR MLARE s 7R A
Jo) BT AR e BN B AR M 7 il A8 T sk 2 e A2 A .
MAFLD & DL T P9 i i ik B 0 FR o = 2 o A 1) — Fif
16 PR A T BB B AR A AE L AR AR AL .
N UK B 107 20 U0 S A ST Y N A IR AR, A 2 B
BEWT T (g EAAGEEE) o Ne Wi AR A
98 ZE VR B T v AN TR B 28 K O AT S5 40 I S LR B
98 23R A 10K 2% 179 R Al P BB 43 52 CKD 1Y & i o
95 M T 5 T RAAS S0 AN EE R i, g
IRER . LIM %527 — T ) X FRAF 58 48, CKD i
BRI eGFR [A] 2 A AH G, PARK 45 i s
PEVFRC LI, B W9 2Kl 1 CKD & 2B . BEHK
FR IR LA Aok 5 M T % A B P R A ) 3 A
Az, DNINTERCE B IE ST A4k I BORN £F 4 Ak ok A 4
B O VR FEP . BB R LA Al 1 AR T 20
PRV, A0 e 0 RO PR, IE A B A
Bt A s g m E . Sz, ARREGR
fR I 3 30 g 27 e s L g B A R R LS 6 B T AR
RAR 25| S B I (%) 45 ¥4 FN Ty i ) R
215 MREEAAAT B O A M AR AR RN g =
P, LARRR BT . A BRI AR A AR
o S ZHPT (insulin resistance, IR) 2 &% B
CRRRFRE . BB JULFNRE 7 2040 ) %o I 5 2540 P iy
TEMEREAR I — BRI, WA R AERE . 2 BB PR

e 41 -



FpIE AR ek

4135 %

AR £ ik e [5] 0 78 7 g BEEE A

IR ] DL o 0 B i 4 3 mid ' T . AE U
ZHIT, 5 TR O s A sk AR A AT 5 e B 2R .
Jige 5 SR R R AR, AR SRR B R Z AR T
VTS B S IE LB 3- BB (phosphatidylinositide 3-
kinases, PI3K) /%5 11 /i B (protein kinase B, Akt) .
22 34 )5 1% b 8 A W B (mitogen—activated protein
kinase, MAPK) . P %38 % %% A 98 1M IR 4 A1
JAR R B B . 7E IRIRZS T PI3K/AKe {5 538
FEBRCIR , HLAREE IR & 3R 0 & U 230, HE R
FOAS T BOIE T RN o B FROKSE, E JE A J
8 2R BUBE IE W BRI 40 1 A UG TR I 2R MO
PR A R TS, R AN MO Y AR DRSS
PI3K/Akt 3t B 5 I — A0 0™ A, 4% A8 & kAR
F L AL A /NSl ok i i 8 RO AR B T AL D
ik, MR o BT R A TR P2 B

WEIR, S B ML sh 715, AT A I I
DR TR TR A S 0 S AN M, T A A

B I R P T N B, ] R /INER A T
i, SR AR & AR, YANG 255258 i %) 5 347 f4]
ANFEA CKD (1438 38 A HEHEAT R 109 12 45 (0 117 B M 0F
g8, KIIR EHMBE N5 B AR R 5 50 KU 1
TN 5o 753 A HE BT 2 W7 04 2 AURE PR R B
T, B Y IR 5 R Y eGFR T B ST AH G

JVF e J 7% 1 15 5 JFF 200 6 T 4 6 1) 2 P B, D
JH R 04 4 i 7= AR AR Ak o BT DR AT DG S B
M) fi 5 2R A5 5 300 I i 9 T o 0 A 2 A i 4 )
Bisrs 52 IR Z . WTE MAFLD H i Bk
FI-A FIR3E I, B S2aT LUl e 5 R (5 5 1%
TP WEL 5@ 8 14 4 1 [l ik AN 5%, & 31
B H I = PR - AR B0 TE R, MAFLD ABEY
CKD & 9% SR AL Z B IR 26 25 34 i i 0k i s A=
B A0 R A o3 Ao RO S U R 1D R 4,
G 7 SRR R g o R HE AR A DR
&l B2 R U T 1) i IO R T % L TR Al it s
22 MEEE

WA S5 AR e AT
3, P T RS R A 2R i P REAR S L B
W il Bt B 5% e G g8 D) e A A R LA DY B 4 i
Pilio PR A0 B0 S 2 R A G, A A e
OV . CKD L BB RIS S5 380 i 285 M6 375 1k 25 fie

it 240 B AR 7= 9 S 61 35 & MAFLDY . 7 78 15| Wik T
T i X6 H 2R 5 = 1 -N—-42 4k %) (trimethylamine
N-oxide, TMAO) 25 8V A W) 23 & 5 0k f 40 .
TMAO AT LAl o 410 il 3 JE B X 2 MM 545 5,
TR U i P 7 5 Ok BT 7, R R B B TMAO
JEE 2 ik, A SRR A S S 5 AR n
B
2.3 EfEEE

PNPLA3. TM6SF2, MBOAT7. GCKRFIHSD17B13
5518 i I35t 4% Sy JvE 2% U A 561, Horb PNPLA3 1s
738409 (1748 SR WA R BBy, X AR
FES B4 . 1F % PNPLA3 K& K3 i 4 i1 A% 15
it o i I =R AL B TS, PNPLA3 s 738409 C >G
A S5 UL i s Tl O P RIS, AR B AR M . F
55 %I, PNPLA3 #H ¢ mRNA FZE [ 76 B /N5 40 j
FUE 20 M b B ik, 3 g B S A2 08 R G R R P A
JIE T P 5 2 A A, E— 2P 5 BB A 4 AL RE D
BRAE AL

BHEERE

MAFLD F CKD 595 2 1 34 fin € 28 5| e 4 5k
BT EE, HAtmE R X R AHS, Y
H AT AEPEBE I A B, W 2 i — 20 1 KA F 5% R
SE . BRI 24N, MAFLD A2 Wi 5 T 514 F b
i SRR A O TR  [EDO [[iEN
MAFLD % ) /™ 5 72 B2 J2& 75 23 %5 CKD 7 2k 52
[ RETT S it — 2 oY o B A0 P el A
MAFLD 12 Wrbn o, ACI D 8 [ A5 78 19 55 9 (1] 1)
A EAE A I R, 48 R AR 2R X R R
ANEEA S TEH —, BRI 2 8] A A 5
i W MAFLD £835 (9 B S ee A ik, KRR I
JIESR I 5 TR T CKD M85 K i, & I MAFLD A 9
AR B T RE AL R R 2, N SR B T
Jiti o 5 B 2 R T Ok REUT B, TR
BEVIARYY . JF AR ET)E . X FMREZE
KHEHLE, Bt — R A A8
RIRHLHIHEAT 431, SR AT LRI BHA YT MAFLD Al
CKD 254 .

3

A,

=

=

% X B

[1] WANG L M, XU X, ZHANG M, et al. Prevalence of chronic

- 42 -



&

6

T, S5 ARG VAT S8 W e BT Sk

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

kidney disease in China: results from the sixth China chronic
disease and risk factor surveillance[J]. JAMA Intern Med, 2023,
183(4): 298-310.
ESLAM M, NEWSOME P N, SARIN S K, et al. A new definition
for metabolic dysfunction-associated fatty liver disease: an
international expert consensus statement[J]. J Hepatol, 2020,
73(1): 202-209.
o (R AL L G 22 MR W AT BRI & R b 2x, P R
LEYIROR UM AR I 2 AU DGR 1 JF s e 2
R S5 A0(fRTRR)[)]. PR fa BEAs B~ 27, 2023, 17(3): 169-179.
SUN D Q, TARGHER G, BYRNE C D, et al. An international
Delphi consensus statement on metabolic dysfunction-associated
fatty liver disease and risk of chronic kidney disease[J].
Hepatobiliary Surg Nutr, 2023, 12(3): 386-403.
ZHOU X D, TARGHER G, BYRNE C D, et al. An international
multidisciplinary consensus statement on MAFLD and the risk of
CVD[J]. Hepatol Int, 2023, 17(4): 773-791.
WANG T Y, WANG R F, BU Z, et al. Association of metabolic
dysfunction-associated fatty liver disease with kidney disease[J].
Nat Rev Nephrol, 2022, 18(4): 259-268.
LIU H W, LIU J S, KUO K L. Association of nonalcoholic fatty
liver and chronic kidney disease: an analysis of 37,825 cases from
health checkup center in Taiwan[J]. Tzu Chi Med J, 2020, 32(1):
65-69.
AKAHANE T, AKAHANE M, NAMISAKI T, et al. Association
between non-alcoholic fatty liver disease and chronic kidney
disease: a cross-sectional study[J]. J Clin Med, 2020, 9(6): 1635.
ZHANG H J, WANG Y Y, CHEN C, et al. Cardiovascular and
renal burdens of metabolic associated fatty liver disease from
serial US national surveys, 1999-2016[J]. Chin Med J (Engl),
2021, 134(13): 1593-1601.
AGUSTANTI N, SOETEDJO N N M, DAMARAF A, et al. The
association between metabolic dysfunction-associated fatty liver
disease and chronic kidney disease: a systematic review and
meta-analysis[J]. Diabetes Metab Syndr, 2023, 17(5): 102780.
LIANG Y B, CHEN HL, LIU Y X, et al. Association of MAFLD
with diabetes, chronic kidney disease, and cardiovascular
disease: a 4.6-year cohort study in China[J]. J Clin Endocrinol
Metab, 2022, 107(1): 88-97.
SUN D Q, JIN Y, WANG T Y, et al. MAFLD and risk of
CKD[J]. Metabolism, 2021, 115: 154433.
TANAKA M, MORI K, TAKAHASHI S, et al. Metabolic
dysfunction-associated fatty liver disease predicts new onset of
chronic kidney disease better than fatty liver or nonalcoholic
fatty liver disease[J]. Nephrol Dial Transplant, 2023, 38(3):
700-711.
ZHOU Y, YOU H, ZHANG A J, et al. Lipoxin A4 attenuates uric
acid-activated, NADPH oxidase-dependent oxidative stress by
interfering with translocation of p47phox in human umbilical
vein endothelial cells[J]. Exp Ther Med, 2020, 20(2): 1682-1692.
ZHANG M K, CUI R R, ZHOU Y, et al. Uric acid accumulation

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

in the kidney triggers mast cell degranulation and aggravates
renal oxidative stress[J]. Toxicology, 2023, 483: 153387.
LIULY, YOU L L, SUN K, et al. Association between uric acid
lowering and renal function progression: a longitudinal study[J].
PeerJ, 2021, 9: e11073.

LANASPA M A, ISHIMOTO T, CICERCHI C,

Endogenous fructose production and fructokinase activation

et al

mediate renal injury in diabetic nephropathy[J]. J Am Soc
Nephrol, 2014, 25(11): 2526-2538.

SELBY N M, TAAL M W. An updated overview of diabetic
nephropathy: diagnosis, prognosis, treatment goals and latest
guidelines[J]. Diabetes Obes Metab, 2020, 22(Suppl 1): 3-15.
ABBATE M, PARVANOVA A, LOPEZ-GONZALEZ A A, et al.
MAFLD and glomerular hyperfiltration in subjects with
normoglycemia, prediabetes and type 2 diabetes: a cross-
sectional population study[J]. Diabetes Metab Res Rev, 2024,
40(4): e3810.

BIAN H, ZHU X P, XIA M F, et al. Impact of type 2 diabetes on
nonalcoholic steatohepatitis and advanced fibrosis in patients
with nonalcoholic fatty liver disease[J]. Endocr Pract, 2020, 26(4):
444-453.

COSTANTINO V V, GIL LORENZO A F, BOCANEGRA 'V, et
al. Molecular mechanisms of hypertensive nephropathy:
renoprotective effect of losartan through Hsp70[J]. Cells, 2021,
10(11): 3146.

LI G R, PENG Y Y, CHEN Z, et al. Bidirectional association
between hypertension and NAFLD: a systematic review and
meta-analysis of observational studies[J]. Int J Endocrinol, 2022,
2022: 8463640.

CARNAGARIN R, SCHLAICH M. Homocysteine predicts
vascular target organ damage in hypertension and may serve as
guidance for first-line antihypertensive therapy[J]. Eur Heart J,
2022, 43(S1): ehab849.151.

SATOU R, PENROSE H, NAVAR L G. Inflammation as a
regulator of the renin-angiotensin system and blood pressure[J].
Curr Hypertens Rep, 2018, 20(12): 100.

CHOI J M, PARK H E, HAN Y M, et al. Non-alcoholic/
metabolic-associated fatty liver disease and Helicobacter pylori
additively increase the risk of arterial stiffness[J]. Front
Med (Lausanne), 2022, 9: 844954,

XUE B J, YU Y, ZHANG Z M, et al. Leptin mediates high-fat
diet sensitization of angiotensin Il-elicited hypertension by
upregulating  the  brain and
inflammation[J]. Hypertension, 2016, 67(5): 970-976.

LIM C C, TEO B W, TAI E S, et al. Elevated serum leptin,
adiponectin and leptin to adiponectin ratio is associated with
chronic kidney disease in Asian adults[J]. PLoS One, 2015,
10(3): €0122009.

PARK Y C, LEE S, KIM Y S, et al. Serum leptin level and

renin-angiotensin  system

incidence of CKD: a longitudinal study of adult enrolled in the
Korean genome and epidemiology study(KoGES) [J]. BMC



FpIE AR ek

4135 %

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Nephrol, 2022, 23(1): 197.

IX J H, SHARMA K. Mechanisms linking obesity, chronic
kidney disease, and fatty liver disease: the roles of fetuin-A,
adiponectin, and AMPK[J]. J Am Soc Nephrol, 2010, 21(3):
406-412.

ARTUNC F, SCHLEICHER E, WEIGERT C, et al. The impact
of insulin resistance on the kidney and vasculature[J]. Nat Rev
Nephrol, 2016, 12(12): 721-737.

SIEBER J, LINDENMEYER M T, KAMPE K, et al. Regulation
of podocyte survival and endoplasmic reticulum stress by fatty
acids[J]. Am J Physiol Renal Physiol, 2010, 299(4): F821-F829.
YANG S, KWAK S, SONG Y H, et al. Association of
longitudinal trajectories of insulin resistance with adverse renal
outcomes[J]. Diabetes Care, 2022, 45(5): 1268-1275.

MEEX R C R, WATT M J. Hepatokines: linking nonalcoholic
fatty liver disease and insulin resistance[J]. Nat Rev Endocrinol,
2017, 13(9): 509-520.

WEIS S, WU TY, YOU Y W, et al. Correlation between the
triglyceride-glucose index and chronic kidney disease among
adults with metabolic-associated fatty liver disease: fourteen-
year follow-up[J]. Front Endocrinol (Lausanne), 2024, 15:
1400448.

CATURANO A, ACIERNO C, NEVOLA R, et al. Non-alcoholic
fatty liver disease: from pathogenesis to clinical impact[J].
Processes, 2021, 9(1): 135.

Twefty, 24, B, S5 TE RS 5 0 N R S T

44

(37]

[38]

[39]

[40]

AHOCHLHIEFAEDLLT]. TP AR BE 224, 2024, 34(5): 37-43.
LEUNG C, RIVERA L, FURNESS J B, et al. The role of the gut
microbiota in NAFLD[J]. Nat Rev Gastroenterol Hepatol, 2016,
13(7): 412-425.
WANG X X, LUO Y H, WANG D, et al. A dual agonist of
farnesoid X receptor (FXR) and the G protein - coupled receptor
TGRS, INT-767, reverses age-related kidney disease in mice[J]. J
Biol Chem, 2017, 292(29): 12018-12024.
SUN D Q, ZHENG K I, XU G, et al. PNPLA3 rs738409 is
associated with renal glomerular and tubular injury in NAFLD
patients with persistently normal ALT levels[J]. Liver Int, 2020,
40(1): 107-119.
MANTOVANI A, TALIENTO A, ZUSI C, et al. PNPLA3 1148M
gene variant and chronic kidney disease in type 2 diabetic
patients with NAFLD: clinical and experimental findings[J].
Liver Int, 2020, 40(5): 1130-1141.

(FF S

AR5 AR T, XA, B8, 55 . AR T

M U B T S R (D). o BRI R A 2

2025, 35(6):

39-44.
Cite this article as: YU M R, LIU X C, XIAO J,et al. Research

advances in the relationship between metabolic dysfunction-

associated fatty liver disease and chronic kidney disease[J]. China
Journal of Modern Medicine, 2025, 35(6): 39-44.



