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[{BE] B 54 2 248 k5% (type 2 diabetes mellitus, T2DM) % % s i B B4 5 2 7 8% (bile acid, BA) 89 & 4L,
WERECMZRAGHMEL L, T BYalTBK- PR L, Fik KEER ST T2DM &% 700 4 AR AEIT 82 G
FE AR B S 4 (187 ) Ao I B B 20 (513 B, B AT A B &6 A R B A A 4 4% B (alanine
aminotransferase, ALT) . & & Bt fic 4% Bk B ( glutamyl transferase, GGT) & # 4z = § 4 #7520, W4 75 40 18] &
ALT GGT =% 44018 BA K-F £ 5%, 5 # ALT, X & R B% R Ik 45 45 B (aspartate aminotransferase, AST) .GGT 5
BA 9 X MBI S Hm B £, &R T 3 L8N B EF 240 % 12 7 82 (total bile acid, TBA) | H A2 &
(glycocholic acid, CG) # & (P<0.05) ; K % ALT 3 GGT #1# &, TBA CG & # 7 3 (P<0.05) , B X5 2
7, TBA.CG 5 ALT AST.GGT ¥ £ EA8 %, B R & F# JA42 BMIL, M B B A% 5 R 5 69 % 0 . Logistic = J2 4
MR, JmAE A )G 2 h 245 (2 h postprandial blood glucose, 2hPBG) 52 T2DM & & I Bi F+ & 69 % v B %,
45it T2DM &4 F BA K-F 5B TE It X,
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Relationship between serum liver enzymes and bile acids in

patients with type 2 diabetes mellitus

JIA Min-jie, FENG Bo
(Dept. of Endocrinology, East Hospital, Tongji University School of Medicine, Shanghai 200120, China)

[ Abstract] Objective To analyze the association between serum liver enzymes and bile acid( BA) in
patients with Type 2 diabetes mellitus ( T2DM ). Methods Seven hundred patients with T2DM
admitted in endocrinology department were recruited, including 513 patients with elevated liver
enzymes and 187 patients with normal liver enzymes. BA levels between the two groups were
compared, and the correlation between BA and alanine aminotransferase ( ALT ), aspartate
aminotransferase ( AST) , glutamyl transferase( GGT) was analyzed. Results Compared with the liver
enzyme normal group, total bile acid( TBA) and glycocholic acid( CG) levels were increased in the
liver enzyme elevation group( P<0.05). TBA and CG increased with the increase of ALT or GGT( P<
0.05). TBA and CG were positively correlated with ALT, AST and GGT, and its relationship was not
affected by age, disease course, BMI, abdominal circumference and glucose and lipid metabolism.
Logistic regression analysis showed that disease course and 2 h-postprandial blood glucose (2hPBG)
levels were the influencing factors of liver enzyme elevation in T2DM patients. Conclusion The level

of BA is closely related to the changes of liver enzymes in patients with T2DM.
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2 RUBE PRI (type 2 diabetes mellitus, T2DM) 7£
A BRI P Y B ROk R H T2DM R 1
HIFPBE 55, JCH N & R 2 2L 7 # il (alanine
aminotransferase, ALT) . K & & R & % % & 1§
(aspartate aminotransferase, AST) A& It e #% Bk il
(glutamyl transferase, GGT) %5 FF /K ¥ B9 Z= L, I
it e T2DM KA R R EE G EE
VT2 (bile acid, BA) J2 p JIH [ B AL TP & Al
0, LR TR JEIR VRS IR R R 3R 535 Z R
AR AR A IR A AR #E T2DM AR
9K P A5 55 HF 9% ( non-alcoholic fatty liver disease,
NAFLD) i e F H 2 A/E/] . {H T2DM B
S BA HOCR M A TG, I, AR BT84 %)
T2DM 3% % WLAY 3 Bh Iy iT B8 ALT . AST ,GGT
5 BA YRR 4T,

1 #MEIE

L1 —#H

W4 2015 4F 8 H—2019 4F 1 H [l K24 4
JrBEBEN A W BT B HL 58k 5¢ % ] 15347 i) T2DM
[ 700 B, - XIAER (61. 60+10.98) %, ~F- 14
(10.978. 04) 4F, T2DM HJLL 1999 4F WHO IR
IZW bR E S bR, HEERPRUE. (1) WIHR2 BN
T1DM HABARFIR S BIBE IR AL ORME IR 5 (2) A
FEEL R v BB A R G Y S R e, LA
FARIAR I 5 (3) I 1A H NAHE PRI B AE 2
R AR EE AL ™ R (4) K PR RS R RE
e BE AR A S IR . A IS 248 () 5% R~ B I AR
J7 BEBEAREEZE L2 R G 3 R R 2
12 Ak

LRI R M AFIE e B IR
FBl , 164625 [ 1L B ( fasting plasma glucose, FPG) &5
2 h Ifi##(2 h postprandial blood gluse, 2hPBG) %58 C
JK ( fasting C-peptide, FCP) . 75 J& Ji [ & ( fasting
insulin, FINS) . ¥k Ifil £ & H ( glycosylated hemo-
globin, HbAlc) ,ALT AST .GGT i fH {1 ( total bile
acid, TBA) [ HAHAR ( glycocholic acid, CG) . =t H i
(triglyceride, TG) L H &5 (total cholesterol, TC) /5

- 06 -

2 i Hi 85 1 IH &5 ( high density lipoprotein-cholesterol ,
HDL-C) A% B G 25 1 AH & B5 (low density lipoprotein-
cholesterol, LDL-C) , 31 11844 5 & 48 4% ( body mass
index, BMI) , ¥ HOMA #5 #1115 i & R #Ht 5 L
(insulin resistance index, HOMA-IR) ,
1.3 o4

ALT AST .GGT A EE —ATHE &, WiE X
SR AR R T T T v D T e
(187 f5]) AN 1E # 26 (513 i), [RIB 6 pr A B s
(% ALT GGT $2& BBUE 73 3 i AT =55 73 4y 4., 53 51
A ZH(233 1)) ; ALT<12.89 U/L;B 41(234 f4) .
ALT(12.89~21.60 U/L);C 41 (233 f4]). ALT>
21.60 U/L 41;D 41(234 fi]) . GGT<18. 14 U/L;E
Z1(233 1) : GGT(18.14~33.12 U/L) ;F # (233
#) . GGT>33.12 U/L 4,
1.4 %itFam

JH SPSS 25. 0 B AFEATGE o0 b, TR TR
FAFR A (P25, P75) Foom , AL IRt AE S B0 56,
HI Spearman 437 % £ 78 &5 A AH % 5 FH Logistic [7]
VA5 BT IF BT R 2 R 2R Ge vt A g 1 Sk XU
K, P<0.05 N2ERA G L,

2 % R

2.1 FTEeSt &40 5 AT B i 408 BA A bl K
FEAR IR

700 {51 T2DM FEE A 26. 7% E A BT
JHFEETY v 2H 44 it A 4 b s, H: BMIT IR ] FBG |
2hPBG FCP TG .HOMA-IR .TBA .CG F}& ( P<0.05) ;
SR IE H AR L, BT = A /N s R HDL-
C FR#&(P<0.05) , W 1,
*1 HEASASHEESME BA &EMIERIERLER

Tab.1 Comparison of BA and other clinical
indicators between two groups

Ak JFP g IR JFEGET P
AES/ % 63.00(57.00,70.00)  60.00(52.00,68.00)  0.001
R/ A 10.00(6.00,17.00)  8.00(2.00,11.00)  0.001
BMI/ (kg - m~2) 24.68(22.41,27.08)  25.63(23.16,28.41)  0.002
[/ cm 91.83(85.01,99.73)  94.27(87.46,101.72)  0.019
TC/ (mol - L) 4.09(3.37,4.87) 4.11(3.53,5.01) 0. 144




%1 BIHCR SF. 2 BOBE IR B I RS S IR R Y S R
(k1) 2.2 ALT =% 44101 BA ZH ALl RIGAF 4R
A S E H T P Fﬁ % ALT E/‘J }I_ r%— , BMI. Hg [il . TG . FCP,
TG/ (mol - L) 1.34(0.94,1.98) 1.65(1.14,2.56)  0.001 FINS .HOMA-IR . TBA .CG & #i 7} &% ( P<0. 05) ,
HDL-C/(mol - L) 1.07(0.90,1.34) 1.00(0.83,1.27)  0.027
LDL-C/(mol - L1 2.56(1.92,3.23)  2.54(2.02,3.20)  0.935 SRR LB/ R CHDL-C T [ (P<0.05),
FBG/(mol - L) 7.82(6.41,10.26) 9.10(7.21,11.14)  0.001 w2,
2hPBG/ (mol « L71) 13.33(10.54,16.22)  14.73(12.11,18.05)  0.001 o . . _ .
FCP/(ng - mL™!) 1.72(1.06,2.53) 2.20(1.45,21.53)  0.001 2.3 GGT =5 %411 BA RIALISE A5 A7 i
FINS/(pU + mL~1) 13.21(8.62,21.52)  14.15(10.17,21.53)  0.162 Mi%E GGT B9+ & ,BMI [ . TC . TG .LDL-C.
HbAlc(%) 9.09(7.69,10.61,) 9.34(7.95,10.98) 0.077 FBG \2hPBG \FCP \FINS \HOMA-IR R TBA . CG izzﬁ
HOMA-IR 4.85(2.87,8.76) 6.12(3.60,9.15)  0.014 L . =
TBA/(mol - L) 5.06(3.02,7.93) 5.77(3.26,9.41)  0.048 FH (P<O0. 05) AR AR HL BN R 6 HDL-C B
CG/(mg - L") 1.39(0.94,2.00) 1.68(1.12,2.66) 0.001 %( P<0.05), = 3,
R2 ALT =%441E BA REMIGKRIEIRILE
Tab.2 Comparison of BA and other clinical indicators among ALT groups
G5, Adl B4 c4l P
Tk 4 63.00(57.00,72.00) 63.00(56.00,69.00) 61.00(53.75,68.00) 0. 004
SRR/ A 10. 00( 6. 00,17.00) 10. 00( 6. 00, 16. 00) 9.00(3.00,13.25) 0. 001
BML/ (kg - m™2) 24.50(22.30,26.61) 24.60(22.15,27.14) 25.80(23.40,28.40) 0. 000
& Hl/cm 90. 00( 84.75,100. 00) 93.00(85.00,100.00) 94.00(88.00,102.00) 0. 007
TC/(mol - L) 4.24(3.40,4.89) 3.99(3.38,4.91) 4.06(3.45,4.89) 0. 833
TG/(mol - L") 1.29(0.92,1.97) 1.33(0.92,2.13) 1.60(1.20,2.36) 0. 001
HDL-C/(mol - L") 1.08(0. 88,1.36) 1.09(0.90,1. 36) 0.99(0.85,1.25) 0.018
LDL-C/(mol - L) 2.60(1.95,3.31) 2.50(1.89,3.19) 2.56(1.95,3.22) 0. 475
FBG/(mol - L) 8.20(6.50,10.63) 7.90(6.50,10.40) 8.30(6.70,10.60) 0.309
2hPBG/(mol - L7!) 13.15(10. 35,16.60) 13.80(10.90,16. 30) 14.25(11.50,17.03) 0. 107
FCP/(ng - mL™") 1.62(1.03,2.26) 1.69(1.07,2.65) 2.21(1.50,3.24) 0. 001
FINS/(wU - mL™") 11.65(7.27,20.66) 13.69(9.44,23.42) 14.56(10.64,21.41) 0. 005
HbAlc( %) 9.40(7.68,11.03) 8.90(7.70,10.40) 8.95(7.80,10.63) 0.393
HOMA-IR 4.41(2.64,8.37) 5.30(2.89,9.59) 5.78(3.67,8.96) 0.019
TBA/(mol - L") 4.75(2.78,7.73) 5.20(3.20,8.40) 5.80(3.45,8.93) 0. 042
CG/(mg - L") 1.34(0.83,1.97) 1.44(0.94,2.11) 1.55(1.12,2.29) 0. 008
£3 GGT =%45 418 BA REAMIGRIBEIRLER
Tab.3 Comparison of BA and other clinical indicators among GGT groups
Ak D4 E4 F4 P
W% 63.00(57.75,71.00) 64.00(56.00,70.00) 60. 00(53.00,67.00) 0. 001
SRR/ A 11.00(7.00,20.00) 10.00(5.00,16.00) 10.00(2.00,12.00) 0. 001
BMI/ (kg - m2) 24.22(21.63,26.24) 25.00(23.03,27.50) 25.62(23.15,28.50) 0. 001
5/ cm 90. 00( 84. 00,98.00) 93.00(86.00,101.00) 95.00(87.00,102.00) 0.001
TC/(mol - L") 3.93(3.25,4.72) 4.13(3.48,4.94) 4.25(3.60,5.00) 0.002
TG/(mol - L") 1.18(0.81,1.71) 1.54(1.11,2.27) 1.68(1.15,2.66) 0.001
HDL-C/(mol - L") 1.12(0.94,1.43) 1.02(0. 84,1.25) 1.03(0.84,1.29) 0. 000
LDL-C/(mol « L") 2.39(1.81,3.12) 2.64(2.04,3.40) 2.57(2.11,3.22) 0. 045
FBG/(mol - L") 7.50(6.10,9.80) 8.10(6.60,10.60) 9.10(7.20,11.20) 0. 000
2hPBG/(mol + L7!) 12.90(10.18,16.03) 14.10( 10. 80,16. 30) 14.40(11.90,17.70) 0. 000
FCP/(ng - mL™") 1.37(0.88,2.11) 1.90(1.27,2.89) 2.20(1.44,17.70) 0. 001
FINS/(pU - mL™") 11.86(7.62,20.89) 13.67(9.71,21.43) 14.49(10.17,22.22) 0. 001
HbAlc( %) 9.00(7.50,10.70) 9.10(7.70,10.50) 9.40(8.00,10.80) 0. 120
HOMA-IR 4.25(2.27,7.79) 5.24(3.26,8.76) 6.18(3.76,9.97) 0.001
TBA/(mol - L") 5.00(2.98,8.53) 5.15(3.00,7.70) 5.80(3.30,8.80) 0. 045
CG/(mg - L") 1.33(0.91,1.93) 1.50(0.98,2.07) 1.58(1.09,2.48) 0. 004
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2.4 ALT AST . GGT 5 BA & HL A5 4748 % o1
ALT 5 TBA,CG. BMI, i [l 2hPBG, FCP,
TG ,HOMA-IR 2 1EAH 5 (r 43901 0. 113.,0. 143
0.157.0. 125 0. 090 0. 216.0. 166 .0. 087) , 5 4E#
Jif HDL-C £ 54 3¢ (r 4351 -0. 181, -0. 193,
-0.088) ., AST 5 TBA .CG .2hPBG ,FCP & iFAH 5%
(r 53514 0. 163 .0. 155 0. 090 .0. 097 ) , SR & 1
A (r 5-0.139), GGT 5 TBA .CG .BMI i [l .
FBG .2hPBG .FCP .FINS HbAlc TC . TG . HOMA-IR
EIEAE (r 43518 0.075.0.163.,0. 185 0. 150,
0.217.0.205,0.292.0.124,0.080, 0. 144, 0. 325,
0.184) , 54 R HDL-C A5 (r 2391 K
-0.161,-0.222 . -0. 146) . iz FHIwAH 50 Hr, HER
AR R BMI OB A 45 A5 558 B9 52 e, ALT
AST .GGT 5 BA {5 HHCTE(P<0.05) , WL 4,
&4 ALT.AST.GGT 5 BA R HfigtrEXESH

Tab.4 Correlation analysis between ALT, AST, GGT and
BA and other indicators

ALT AST GGT

r P r 4 r P
IR % -0.181 0.000 -0.036 0.338 -0.161 0.000
iR/ A -0.193 0.000 -0.139 0.000 -0.222 0.000
BMI/ (kg - m~2) 0.157 0.000 0.064 0.090  0.185 0.000
JEFl/cm 0.125 0.001  0.049 0.199  0.150 0.000
TC/(mol - L71) -0.010 0.789 -0.038 0.317  0.144 0.000
TG/(mol - L") 0.166 0.000  0.073 0.054  0.325 0.000

-0.088 0.021 0.010 0.797 -0.146 0.000
-0.030 0.430 -0.088 0.060 0.070 0.063

HDL-C/(mol - L°1)
LDL-C/(mol - L~1)

FBG/(mol - L) 0.037 0.337 -0.007 0.860 0.217 0.000
2hPBG/(mol - L) 0.090 0.018 0.090 0.018  0.205 0.000
FCP/(ng - mL™") 0.216 0.000 0.097 0.011 0.292 0.000

FINS/(pU - mL~1) 0.092 0.016  0.044 0.249 0.124 0.001

HbAlc(%) -0.030 0.439 -0.063 0.095 0.080 0.034
HOMA-IR 0.087 0.023  0.025 0.514  0.184 0.000
TBA/(mol - L") 0.113 0.003  0.163 0.000  0.075 0.047
CG/(mg - L7") 0.143 0.000  0.155 0.001 0. 163 0.000

2.5 MEIRAFATIT BRI 3% v 69 Logistic =13 447
VIR A5 T R AR i DA W Fabn ol A A8
i, Logistic Ml 0704 B~ e (A EfL R B B =
-0.046,0R=0. 955,95%ClI ; 0.929~0.981,P=0.001)
1 2hPBG (FrifEfL 254 B=0. 063 ,0R = 1. 065 ,95%ClI ;
1.015~1.118,P=0.011) 2 HEmH %

3 i

JFPRIEE A i A Gl B S B 3 BT, G T BEIR 25
- 08 -

BNz I G P v 2K 2 20 4 47 1Y)
RAFFa bR, Ho i AKF 09 I AT ok 37 #7500 T2DM 1)
KA R R SRR AW B, it 174 1) T2DM &
HA BT =, = T RS A U(E (T2DM 85 I i
SRR 7. 8% ~22.9%) % . T2DM & T
it S %) e LA T R S T R I PRYA T S T
J& , PR 4T DM 259 B — @ i (R
FIE Iy B S 5 A A ] AR 0 R AR BT LA
fili T2DM 8 3 - 2y RE AR A S 5% e PR 3R 7E I R b
WA E L RS R BoR, 3 Five UL B
#15 TODM R AR C, B ALT \GGT S54F ik 5
A, Logistic 43 7 47 , 5 B2 46 2hPBG 4 il
AMES T2DM B35 T s A G, X 78 H A A 5%
WAHAEREI Y, — 445112 T2DM FFEEFL T+
R AT, R I o 2 R A TR AR
BMBRFE T, XA SRR AR A S
JBR B AP UK | A SAE A5 28 3 S RGBS T A% 1 A=
T E R A G, L, FPEAS T2DM B
JHDhReRAS 48 T A AR TG A 37 =0, IR AR A ol
¥ (Je & 2hPBG) |, AT /> T2DM B35 2 e 5
W R, B2 Logistic /T H-1% A &K ¥ BA &
JH B AR R 2R, 2% SRR AR A R i AN R HERR
ATREXT BA FUH i A 52 00 (1) 25 ) siCHAB TR 4 &R
DL B AN 08 3 Ay 2 T
AHEFEIE KB, BRI w41 % ALT GGT =%
Sy b TG ) TR, BA T, S RVIFEE Y S
BA RIEME, HAZAER Jfe BMI, I [F JobE s
FRIHEAR B R, 5 IR BT 25 SR AR, (E il
AR AR B IZE L, BAERE S FrEA
DigevE P E MR BA S2 IR K I 22 1) ¢
1, 2 R 4515 JEe I X 324K (farnesoid X receptor,
FXR) FlE I G H A IR Z K 5 (takeda G protein-
coupled receptor 5, TGRS) , iX L6374 i /E F T 1T
JUE i 3 RIS JE 2 B O B i I £ R S K R
PRSI AR RE A R AE . B FXR M
T P30 3 00 i PR B 7 DA Sk 5 BRI i 77 R 1) 458 BB
FEAIK TG K7, e 7 A8 1 75 21 2l 35 , AST ALT
IR, RAE 5T F IR0 5 i 388 5 40 i 4y
AN B 25, G s B LR RS i 4 2 5 2R AR
PR R T R RO A B IR T A 8, AT R i
B BRI JLAR AR FE R W1, % 38 FXR 15
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BN S 2 BORRIOW R L PR SRR TR Y OC R

S T Al B IR RE L BE B K HIK PR NAFLD'Y
NAFLD 35 fift FH BE i S0 IH R ¥ 97 )5, VG AST
GGT B Ns /il . TC #1 LDL-C F &, (B 2% H 1
BEAEE 2 H RE B0 AU TH AR 2 FXR F5H0HY , Ao,
BA I3l 3o 0 J S 5 R Al 52 5T 40 i R Gk )
TGRS A 3 P A K- S PR B A5 05 15 S
SR O 1Y 1575 1A 7= 1 = 7 Nl W i R S SR )
SRUAIEE S 2 IR AR IS, I, BA 5TEGZ
] Y 5C 2R K BA 5530 B AR 0 067 AN [] 2 HL Rl o0 119
AR R BB AN A (45 51 | (AR — 09T
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