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Abstract
Nonalcoholic Fatty Liver Disease (NAFLD), characterized by hepatic lipid accumulation and
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steatosis, is closely associated with factors such as obesity and dyslipidemia. Concurrently, Type 2
Diabetes Mellitus (T2DM), a metabolic disorder marked by chronic hyperglycemia, is related to is-
sues of insulin secretion and resistance. These two conditions mutually exacerbate each other,
forming a causal relationship and sharing a similar pathological basis—disorders of glucose and
lipid metabolism. Bile acids (BA), as a component of bile, play a crucial role in the emulsification
and absorption of lipids and lipid-soluble molecules in the intestines. They regulate glucose and
lipid metabolism and energy balance through pathways involving FXR, TGR5, FGF19, and GLP-1.
Studies have shown that the bile acid profile in patients with NAFLD and T2DM undergoes signifi-
cant changes, suggesting that bile acids may be closely related to the pathogenesis and progression
of NAFLD and T2DM. These findings provide a scientific basis for bile acids to serve as novel bi-
omarkers in the diagnosis, prevention, and treatment of NAFLD and T2DM. Moreover, the regula-
tory mechanisms of bile acid metabolism, including cholesterol synthesis pathways, the influence
of gut microbiota, and the enterohepatic circulation of bile acids, are of great interest. In-depth re-
search into the relationship between bile acid metabolism and NAFLD and T2DM may facilitate the
development of therapeutic strategies based on the regulation of bile acid metabolism, thereby im-
proving the quality of life for patients. Therefore, this article reviews the role of bile acid metabo-
lism in the coexistence of nonalcoholic fatty liver disease and Type 2 diabetes mellitus, as well as its
clinical application prospects, providing innovative theoretical support and a scientific for the di-
agnosis and treatment of this comorbidity.
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1. 5|8

B 450 pE 2 R R AR A TG AT AN T B iy, AR & AR 22 JE A N o NAFLD AU PR A& 5
DI 2 P AR5 - NAFLD 2 7E TGRS B2 15 00 DA ot it 5 SR AR 7 A8 M 9 R A 1
P, TR ORI AT 26 (NASH) FFAE A6 43 FF 41 iR (HCC) [1]. Estes %5[2]# 37 NAFLD A
AR, FatH T 2016~2030 4 NAFLD 4B NECR3E— 2185, Fivh 2] 2030 45, o EE K&
BIiEF] 22.2%, B ABEEREZ, M 2016 1) 24633 JIHIHIINE] 2030 4E 1) 31458 Jif5l, BEIEH 29.1%.
T2DM 2 B8R I F EEImR A, 2 T B 4Dl e 2 -3 SUB & 2 /0 AR A R B BE 28 B R AR
JiE 5 FRACBU(IR), 1M 5| HHE . AR A AR s AR R L 3]

NAFLD 5 T2DM &% 3k, ZFHMEfEHE. B RARR. SIS T NAFLD K fafe R &,
A} i 2 BRI NAFLD #0515 . T2DM &8 AL T HE AR BRSO “ s
PE” M RN 5 S EURAMIIRIDT AR, AR R AL IR BUT DU, AT 3 NAFLD [k A4E K Fé
[4].T2DM {ig it NAFLD i f& AL , 54 BEAH OC RN 45 RIE T2 1 AR 2 =1 2~3 £5[5]-NAFLD f# T2DM
RIRZERI T 545, HFHAETME. WEE . ABRASFEETRE > 25 kg/m? FIAEHEAREF, X FAH G
FR[6]. JLIIBAFIWTFE R B T2DM 3 o NAFLD [ RGN, B 42.6%% 76.1%218[7]. £
80%MH] T2DM E# A IENENI AT, IR 2) 45% NAFLD & & B 4RI o

NAFLD 4 3 T2DM s iR A i e 24 35 AR r) i, F 38 22 [RIAH AR FH 56 38 S R ML v AS BH A
AR, BA RBIZEL/Z NAFLD/T2DM & A B E R 2K (8], BA 2Ry FE sy, Br T Refeit
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EESE R

i B g O AR VA Ak 20 B, BRI DR N - PR AL 2215 5 25 5 20 AT A S A4 R 3 R 1 A AR
Flo NAFLD. T2DM ##idRiE 5 8 MB A SE AR+ BAs 1O KT EUIMR[9]. AT NAFLD
5 T2DM Z [Hf{ 3 & L & NAFLD/T2DM 4 JH9E 5 BA ARAHC I AT RE 70 FHLHIEAT 4508, BRI IRk
TBT AL -

2. BA &R R

BA 1196 BRI HETE S IR L300 IE [ i o AR ) 32 B A% . N IR RE R K20 500 mg 14 AF ] e
N BA o TXAN I PN I ] W2 Ak Ay 7K P ot B 5 THEIE R 20, A R T 4R 9 I [T BEARZS[10]. BA H
JUMPTEAR . S5 RO BEAR A A S M2 B o FR S5 MR 43yl B IR R AN &5 4 REVH IR - Wi B AR 1R 3 260,
FEIHER(CA). 1L EHER(CDCA). KEMHIR(DCA)FI/D B A IHIR(LCA). ik i B HI TR 24 AR ]
SHERBUF IR GRS MG, O E AR, ARAHEE . 2R b U B AN 2l it SR
FRA5 (8] FZRIETIKG BA 0 N2, —ZORNWIBNBA L, 7EF AN e AR A B S B, VR AR ) B A
IHEAFAENRSE T . EATEEASE CA. CDCA ML 5 HEMRA R 25 G JUA R WL TR L2 1.
VIR R £ BRI R AW, ERa g, RN BA &R FERE, 76 = HEREZL
BE(CYP7AL1. CYP8BI1 Al CYP27TAL)MIBHIENEH T, F=AEMIHIHETEE CA 1 CDCA; H—MEBRERE,
L CYP27A1. CYP7B7 X AH [ BEEE I F2 HE AL 72 42 CDCA . WAL BRTE T P24, FRIE I i is B
AN IR BN R s IR IRV IR , RN R N Wi E AE W 18 A /E AR BA, 01 DCA # LCA
UL EA S HE R HERR S SV IRBIBH TR 95% 2t i BRI, Horp 456 BUIR R 3 BEAE 1]
Pzt vity 38 L 3 SOt SRR, iE S BT RRTE /N . 4 i BB Wl sh g i i . U R, X SR
WCI) BA Bl 1 i K CE N FFF I, P O P4 0 5 R BT T R Ak R 45 & BT BRI 5 9 & B Y) BA — it
N, B BA W “HFAIEIR” o FIR S%BHFEMHE RS . X — M 4ERE T 14 IRV BRI RS

Table 1. Classification of several common bile acids

F 1 JLME WABHER o 2Kk

A=) FE AR 45 LA R TR/ AR MIRIREIBH TR
1 Cholic acid CA JIER e BRI IR KGR R
2 Chenodeoxycholic acid CDCA A NHER WS ET TR WIAR TR
3 Taurocholic acid TCA Tk H i G IR R WA R
4 Glycocholic acid GCA HE A G R WIR AR R
5 Taurochenodeoxycholic acid TCDCA AR 2 A IH R gh & BT IR VI NI 2
6 Glycochenodeoxycholic acid ~ GCDCA  HZ&E M AR G R WA 1R
7 Deoxycholic acid DCA EEAAER VB IR R RGN R
8 Hyodeoxycholic acid HDCA K i SEUH R BT R R NRI TR
9 Glycodeoxycholic acid GDCA Ha bR g G RV R NRI TR
10 Taurodeoxycholic acid TDCA AR Pt S IH R G ER RBNEI IR
11 Taurohyodeoxycholic acid THDCA R Bt SRR G R R IRBNRI IR
12 Tauroursodeoxycholic acid TUDCA 4T Re i S IR g G RV RN
13 lithocholic acid LCA ANERR ir B E TR RPN 1R
14 hyocholic acid HCA TG IHER iy E M WIRNE R
15 Taurolithocholic acid TLCA SR CEEN SE MR RPN 1R
16 alpha-muricholic acid a-MCA o-FRAHER byl Ebaivy WA 1R
17 beta-muricholic acid B-MCA p-ERIAR BT IR W NI R
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3. NAFLD 1 T2DM = BA g3k

T BA SHURRC R Y], BAEA—MES S, HAKTFRISE R fE2& T2DM 1 NAFLD 75 #
AP AN EEARAR, RE SRS R, IR AL R SORE AL N K . Wang F5[12]
Wi R, T2DM B SR/ S5Hm =88, RS EMPiiss. M&. BMI 21E/4HK, T2DM ##
M RE L EHRR I, AIHERAZEBNER A & . E30Y)SLier, T2DM AL RS IR A BRI BE B R & T
IEHR[13], 7€ T2DM H# 1, CDCA. DCA 1 CA BT, H CDCA. CA 1 DCA 5 S EEITE
IEAHDE, DCA TERUMEE LS5 RIMPTZIEMAR[14]. BA AR ZALFFEAFTET NAFLD & H[15],
ZAMEARRIEXS EE T NAFLD B# 5 1E® A BA KPR, 4518 % AMHF .. NAFLD #& M ARV TR
FETHE[16]. B, FREHH 2T RN, SPE0 AR RN L, NASH & M5 1 H 2 #E 5 AE
R, HEMEER . AREEERACE T .. JEHHZIERE . A REIHERBE % 5% MR 28 v BRI ME AT 2 .
P AR A P 7™ B R BE B i B b0 [ 17] [18]. 1 Jahnel Z5[1913RiE 51E% JLEAEL, 4T NAFLD %% &
W) LR L3S B IE T R KT S5 25 BRI, IX AT REA N UDCA ¥R /K 9 HEE MR /N, ARFF - NAFLD F.i1
H3 M+ UDCA K TFH R, UDCA BEPRMPUETAER, 1l LAERR S M E P E b v
FeAE . fEJLE NAFLD 25— BU™ A4 7 RGEHIR RS, T2 BA AR U B A PA7, SRR KT B 3%
FEAK[20]0 AN AR ERIM R/ . HACH B 22 7, TR JE AR /E A A E AL 7 AR it AN
HRSH A% NAFLD &9 T2DM FRSm LI R 7t B B2 L, ImK EA R NAFLD #l T2DM &%
BA AL TSI 2.

Table 2. Changes in bile acids across different patient groups

F 2. FNERBEBAHERIE L

PRI R ERAR A, FEARKAL SR
T2DM A RIS, AR AR = il [12]
T2DM Fki & 52 15 AR ER 45 I B T v JilIRT [21]
T2DM FAEE T = 1% [22]
NASH SRRV T = I [23]
NASH HEIGH AR HEHER ., RN & iR [17]1[18]
NAFLD SRR R PR I [19]

TDCA Hl GDCA, 120 ZFANEH BT & (AP 4EL )
3k 120-F AL R FHARCC AT a3

T2DM 12¢-OH Bas F+ &, 3F 12a-oh BAs. HCA F#1i% i& [27] [28]

NASH il [24]-[26]

4. BA A BERR I B9
4.1. BA HB B RIREH

BA i fURIA B B AR, EHENNMNAE, SN2 A B BRATAY) X 24K (farnesol X
receptor, FXR)Z5 & Al 0 AT 4E 40 i A K K1 19 (FGF19), %P1 af LI IH E B 7o-$2 4L BFHCYPTAL)
FERMRE, 1 CYPTAL K ZwbS 1 JH [ BE 7o- 320N BA & R PRE BE[29]. B& T FGF19 8 5% 3
#1E, BA BMIE A2 5 — FXR——/Nr 1 7 — AR f:15 (small heterodimer partner, SHP; JE S8
JUZSZAR)E S @B AT, FXR %55 SHP fIER1E, 1M SHP /5 CYPTAL JEFI R, MM S st )
JEA BRI & F[30] .
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4.2. BA B EERR I HLE]

BENEARUH AL AE T2DM. NAFLD FUERESEE0 1) E G R R I, kb 22 F 45 K B BA 7ERE IR AU
WA EREIEH31]. BA ZMWHZZ FXR. Takeda G 2K FBELZ/K 5 (Takeda G protein-coupled
receptor 5, TGRS)%E, WA R £ B WG FXR 244K, IRFABITBR £ E WG TGRS %24k, FXR, TGRS {E
BRI R (B S T IR IR T BR S i T LA R REY T ER AR M SRR AR A e R RE A%
AR T YRR IR AR . BB S RHPT, 7 NAFLD &7 T2DM MR ALK b &5 B

4.2.1. BA-FXR-FGF19 i&1&

FXR, XHNMRHIRIZZAE, RECEMBME R 7, T2 TN, i, RS2 A4
PR E([32]; BA RN RRE R BIAAFRIALN FXR AT e &3 PIVEHARHF, {2 FXR 7E4E
Rk N BA AP, NERT. &R, SRS Ay T B A EEAEH[33]. ITAEREEE X FXR B 5T
HZHIRN, W FCN ROR B M B sh SRS IS FXR A8 £ 26 AN [A) AR e i R 428 e AR if . FXR
S DR I B SR 5 2R KL G D7 s IR Vi 5 N 7 PR R L35 1 2 B AP T v, It H i = R A
FEEHG 38 1 H S KPR [34]. AHR, BA BUAESS ARG FXR BB fIBGE FXR AT BRI H il =18,
Sarah %5[35] &I GW4064 (—Ff FXR #a07)). AFMEAHER . A NRRG 7 7] LUE 3 PR/ R 5 g, I
H GW4064 ILFK T 1718 TG & &E. HABHEEIE FXR HEFEFR /DR A AR IEREIRERH . B ILHER
(OCA) BT h &8 £ EHRR IS, = —Fh FXR #Eh#1[36]. 2t BEHL. 22575 A FLINT
RGN T 283 ZAEATAEIL NASH g (34 50% 08 T2DM H4), 4R BN OCA HE T U544k
FEM ) NASH FIZHZAHFAE[37]. FXR B 7 A BG5S #4800, REIBRRIIIEM, JEES)Y) NASH
PR R R B B BT R A PTAF 4L AR F[36] [38]. IXLELHF 7T ARIE R FXR (@id % BA 1R 2 SHEAE
UiP

FGF19 &M 4egifo = KA FE AR FHET I — R, 75 BA G170, BRI T 5 A 1 4t A
% D AR AR £h 55 2 Bl ARSI AR TR VE I [39] [40]. FGF19 fERIg m#ik, 5 Rer4E4n sl
T2 AR ERE R 1 f-Klotho AR ILZ AR LE & KA LAY Dkt , RNV RR ARSI AT . 7
W Z ) BA #E N iEHGE FXR, 51 FGF-19 140, FRiE I iz 605 I IE FGFR4-4-Klotho &
A FERBIT AT CYPTATL B4R g R BR& ORI i 5T & [ 29]. FGF19 & BA AL T & R AE
F, REARHERE IR Ak, BRAERE R /N UM . B0 R B, MG 533 5 FGF19 W FRARHRE bR 73 /0 KR I
IR, TTAS 5 M0 il 5 2R 43 W B 4 B i S B ABURR Y, SR B FGF19 7EHAX #H 2 R 40 DU AR FiE 5 2= s 14 7 =
BAR I AE K S [41] [42]0 FE—TRIGIRAFFCH, FGF-19 ZRUPI(ED ngm282)%t T 166 BiH A& 1E S ) NASH &
HCPEEE 52 55 2 60%128 T2DM)JRIEA SGEIER, 1897 12 JiJ5 NAS R 4EA 1T 7 23 FEAIK,
HEEA TE B RGN IS AR S [43]

4.2.2. BB;HE8-TGR5-GLP-1 i&1%

TGRS | oA TR IR, piE . PINEHL G, BA BUEH TGRS LV 155 b 28 BURE R &)
BEARUR 7 A B EAEH ([44]. Ashley S5[45]KIAESS /N B SENG = VRS & BOE) TGRS e M B ah 71
CCDC )24 h J&, /NREVTNEMARE G INEH D, HFocE TSRS . BA 5 TGRS 4
B JE B R L PN 23 A4 B 43 J v IS R FERK 1 (glucagon-like peptidel, GLP1), itk & &40k,
TSI R ABL[46]. A4 BA 78] BELEEREUE S 20 Y TGRS SZAR(E3EER B 2 B [47) 5 R4 e —
RIS G, e rlid TGRS SHE A AN gD IH [ S, AT 980 g 95 B BT A3 1]

GLP-1 2l L 2HH Wi —Fpia k28R, DAsnt 7 ORI BI04k, 55 GLP-1 2 A4R%E 145
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T, R

&, RALIERR g A ThEE . BFAFZ> i BA, BA 5 TGRS 454y, HlEH i A4 i L 408020 W GLP-1,
NAFLD JH7HBRACH 75, 520 GLP-1 B 73l TS pEACH, 753 T2DM 17742 [48]. #llii iE FXR,
AR HE GLP-1 f5rilt, MINIRAR B 4HM0 5 Wb i 2, R AR IR B 24K T, AT oot e 2 BB AR [49]
ik v IR 2R IR 1 2 AR I8h 71 (Glucagon-like peptide 1 receptor agonists, GLP-1 RAs)&—ZS[% M 2454,
REfS 2 B IR PR EE (T3 3~5 k) IRl i 5 R HRPU[S50] [51]. GLP-1 52 4& 2L AE /N BT A4 i o 9t 3iE 52,
X SZ A (10 T RSB I A TR 5 2R A 5 0 B 0 B T B R AR s A Ty e SR (i gk T g 7 A 1 2D [52]
[53].

EET IR R AR S A R A ML A, FXR AT TGRS A LLRHEMM FEIMEH . FXR @IS TGRS (55
5, Hdd G A 9 cAMP FH Ca? 50T 25 8 175 5 1A JB e LB 32 K- 1 (GLP-1) 2036, TR UBRAR B 41
Ji 3 WA B 2R [ 5410 S A — T 5 B, FXR/TGRS MR SZ AR N7 INT-767 XHE ST HE K i /N BRANIK &
FEFRERE /N BB G B0 A [55]0 47 BATR, RV R B L S2 AR R I ARAE 5 4 T AERE AR AR 1 1 1 h
REESAER, HaTRedla WA 1.

, FGFR/B-
(vFGHg’—”" Klotho

®BAs
B oo T
L TLLT UL g
% L B2 Lmﬁiﬁ}ﬂlﬂﬂ\

FXR ' . .

\jGF@L/\,,

v

GLP-1 1

e
BBESW T PRSI |

Figure 1. Mechanisms of bile acids regulation in lipid and glucose
metabolism

[ 1. BB EAIES AR AR W A
5. IG5

NAFLD & Jf T2DM f NAFLD |[a] 5/ 5[] J7 [F] & '€ , NAFLD 1§58 T2DM &S RS . H Al R b
£ X%} NAFLD 4 9F T2DM [AIRA 2. EMEEBAY . AL BA RECHTIA A, 858 NAFLD &5F
T2DM &b, BA fEN—ANHEBEMESH T, FEEL FXR. TGRS, FGF19. GLP-1 Z7EME IR
NAFLD "RAEVER, ARG A=A . @it Xt BA KA TG S @EEHLHIMERTT, 4~ NAFLD
A B SR B PR BT HEE o BA ARSK A AT DLSCAIZ T BIGTT NAFLD & 0 R — P B JE RN
PERIEYIRREN) . BA HIZBALAT U NAFLD FURE PRI I3 15 i& B 1, MR 6 7 1ok R v B s 2
Jig o I I BA (A4, T LA VAT A B . — ReEYHER S AT LAME A FXR. TGRS 4% BA 324k
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B, R

BEhFEFTRE AR ACT . S S R /s, N NAFLD & 3F T2DM (KA I7 H=4L0 I ERR AL 5 . B R
KAE BA BHRRMH A, KK BA F15r BRI K3 RE S Z A2 Wi B e SR 75
FFP BA FERTIAERE S VR BEAR AL, AR TR BOmis W R T, s AR ERyT AR
MR HAT 4 B
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