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B TR AH E FHRI1T R85 5 X 2 BIHE PR %
ERERIWEZIE

Bk A, 2 HF
(L4 MEAXFFREFR,ITTLHN 121001;2. 5N EFA KX FHRE
#H—ERA A, T4 M 121000)

(WE] BE 5 F#INAEL7FE 2 B8 EB(T2DM) & H LR H B F . o F R (SUA) F ik B % 3%
FIH(HOMA-TR) 8 T AL 38T FA 7 4R E ML Z R (R) AL, Ak 5824 T2DM &5 o4 A4
FaB2A;H P A 2040 Bl ZFBINEIT B 4L 42 Bl 4% = F SRR A F A8 5] 4 0% 57 . 7 IR B4 AR A
£ T8 PIME AT, A@F BiESF 3R FnlHER R EF . SUAHOMA-IR, & i f2 4 (FPG) . % L
M & (Fins) e fig e ES 3547, R BARAKHFETF.SUA Z HOMA-IR K-Ft AATHERE, &
Pearson #8 % M 547 Z 3, AR E F 54K £ 454 (BMD . # =8 (TG) . J2 B B (TC) K% F s & & 2 & B2
(LDL-C) .FPG.Fins .HOMA-IR £ E#8 % (»=0. 802.0. 472.0. 351.0. 456.0. 484 ,0. 747 #= 0. 674, P <0. 05) ;
SUA 5 BMI,Fins,HOMA-IR Z EA8 % (> =0.786.,0. 745 #= 0. 669, P<C0. 05); KM BE F+5 SUA Z E48 £
(r=0.674,P=0.000), it FT#H74mKE IR, Ta5RKHBEF . SUA %,

[EEIA] 2 AW ER AR E F 5 o F 8L B F KR

(hEESES] R587.1 [x#ktRIRFEE] A [XEHRS] 1671-8348(2022)09-1524-06

Effect of canagliflozin on insulin resistance in type

2 diabetes mellitus based on betatrophin”
XUE Ruyue' sLIU Xinyu®®
(1. Department o f Graduate School , ] inzhou Medical University ,Jinzhou ,
Liaoning 121001,China ;2. Department of Endocrinology ,First Affiliated Hospital
of Jinzhou Medical University ,Jinzhou ,Liaoning 121000,China)

[Abstract] Objective To observe the changes of betatrophin,serum uric acid (SUA) and insulin resist-
ance index (HOMA-IR) after canagliflozin treatment in the patients with type 2 diabetes mellitus (T2DM),
and to explore the mechanism of canagliflozin in improving insulin resistance (IR). Methods Eighty-two pa-
tients with T2DM were randomly divided into the group A (n=40) and group B (n=42). Other 78 subjects
undergoing the physical examination in the same period were selected as the control group. The group A re-
ceived the metformin treatment for 3 months,and the group B received the combined treatment of metformin
and canagliflozin. The observation group was treated for 3 months. The indexes of betatrophin, SUA, HOMA-
IR, fasting blood glucose (FPG) ,fasting insulin (Fins) , blood lipid and blood pressure were measured in the
two groups. Results The levels of betatrophin, SUA and HOMA-IR in the group B were significantly de-
creased compared with those in the group A. The Pearson correlation analysis showed that betatrophin was
positively correlated with BMI, TG, TC, LDL-C, FPG, Fins and HOMA-IR (r=0. 802,0. 472,0. 351,0. 456,
0.484,0.747 and 0. 674) ,SUA was positively correlated with BMI, Fins and HOMA-IR (-=0. 786,0. 745 and
0. 669) ,and betatrophin was positively correlated with SUA (+r=0. 674, P =0. 000). Conclusion Canagliflozin
can improve IR, which may be closely related to betatrophin and SUA.

[Key words] type 2 diabetes mellitus;betatrophin; SUA ;insulin resistance
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W PRI 8y b i L A8 0 R S g S — ™
HAE T R ARAGE R 0918 1 A A e v LU R LR
CEVE G RNV - E A Y &L P SR
() 2% A0 A T gt . 2 BB IR YR (type 2 dia-
betes mellitus, T2DM) (5 A E &5 5 sk | 6,
BB B URAT G 2 A s b [ 18 % K LA b AR A BE
PR A8 R 3K 12, 804, BE BR W HT T AR O R Gk
35. 2%, JHEE Z P (insulin resistance, IR) &3]
& T2DM 2 5 8 2 —" T BOPL A e 5 2R A 3
VE BS503R, DA T 5 3 it 8 7K P T i
HH M PR IeE O I R A AR 25 A A 55 22 A X G
AL . IR SRR T R %D AR AR
T Tl AR IR o 0 B 3 A A
PRFEIE ) B 40 M 1S 5 K 00 5 RS S 0 B, 2
IR™™, IR 5 i 7% IR R (SUA) K R H Y], SUA FHi &
| AR AL A XoF i % M I B IR R LR R IR, R AR
IR™ . BN 4505 R 5% 32 6 1 2 015 (sodium glu-
cose cotransporter 2 inhibitors, SGLT21) & & it & ¥
F18) — Tl i 8 A 24 3 00 o 30 e N A R A
[f] ¥ i2 48 B 2 (sodium glucose cotransporter 2,
SGLT2) Ul /b B JIHE XF 7] 4 4 11 o W2 WA o I {1 0 1), 34
iR T L DA T A A LB . SGLT2i i 75 0% IR
Kookt IR B AL o A B 6 . 0T A A BF 5 36 5 i PR IR
I7 GRS 51 i s A AC I 7. SUA L HOMA-
IR {7224k, B R A6 510 4 BE 5 i3 TR, I 4020 R0
B3 IR MBI
1 #ZBEFE
1.1 —&5TH

Hedm N =B R 2= M| % — BE R 1112 M fE B
T2DM B3 82 B MEH 50 A LRI B 4 Horp
A 40 filH = UGG YT . B 4 42 ] #:52 — I
I 5 R & F1HIR 7 3 328 MR I) 30 7 i M1 B ) O 2
JE S — BE BE AR K 3 78 B S X B, A B i
T2DM B HFF 45 2016 4F 3 E IR 22 (ADA) 2
FrE . HEBRARIE : (1)1 BURH IR | 4k S 0 PR | 4 R
S PR mCHC A 4 5k S BB PR 5 (2) 5 I R g
JHERAE SN AL T ERAE | B T kL 2t i I
PRI SE LIRS 5 (3) 0 LB A 4% B E ) e B R
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oAb TR A . WF TN B 34 45 B AU R 15 L O
o B2 BE A B ZE L st

1.2 Fi&k

1.2.1 %75 %

A HFEZ 500~2 000 mg/d —HF WAKIEYTF . B 4H
5% 500~2 000 mg/d —H AR A 100~300 mg/d
RAEINEIRIT AL FE B3R 3 A H
1.2.2 #%4E4R

TSR BRI AR IS L B R i R (SBP)
& 5K K (DBP) L H il = fig (TG) | [ B (TC) AL % &
JI 2 (IR [ BE(LDL-C) | i % J 15 2& (1 JIH [ B (HDL-
O) 25 I BE (FPG) B Ak I 212 11 (HbALe) (25 5 i
5% (Fins) K L35 R R (SUA) . 4% MR 245 PF Al %41
B HOMA-IR, Bl HOMA-IR = FPG X Fins/22. 5,
Hy 7] — B2 55 A 53l it B 5 A SBP Al DBP, 115
BMI,

1.2.3 RAHE TN

SR JFH K s 3 VR I 3 36 00 2 2 AR 8 R 7K Gk
NG [ T i 0 AR N T L A 4 IR R ik B
BEAE
1.3 %itsam

KM SPSS 23. 0 Geit 84 #4754 40 Hr , i = 5
BHEL b BOh AL BRI S AL M (P o5 P o) RoR L 1L
AR AT ¢ K 56wl Bk R0 G 58 5 11 B9 R 1 5 (A
S FOR, HEBCR T X KB L A 43 M R FH Pearson
L2 ROC M4k, L P <<0.05 W&ERA G #
2 % $
2.1 LR xR LG R AT A

WML 5 %} IR 40 BMI, SBP,DBP, TG, HbA1C,
FPG.Fins, HOMA-IR, Scr, SUA {2 1t A 7 L %%,
E R G E X (P<<0.05), HWLLLH & T % 1]
M, k1,

2.2 A.BEASIERTAH LK

P2 3 48 B b L 4F 1% . BMIL SBP, DBP. TG,
TC. HDL-C. LDL-C, HbAIC, FPG, Fins, HOMA-
IR.Scr . SUA MG T AL, 2 5 TS 228 X
(P>0.05), L% 2,

*®1 W 2R 48 5 %f BR 40 i PR 3% A L 3R

T H ML (2 =82) X IR (0 =178) t/X* /2 P

B /2 43/39 41/37 0. 467 0. 675
HER (T Es. %) 55.80+4, 46 55.7944. 69 —0.037 0. 402
BMI(z £5s,kg/m”) 25.65+1. 68 22.16+1.97 6.053 0.017
SBP(z %5, mm Hg) 143.6749. 46 122.6329. 65 3.407 0.014
DBP(z +s.mm Hg) 83.68+8.50 75.1749. 10 4.729 0. 048
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gkl WA 5 3t BB AR E BB
i H WELH (n =82) R (n=78) t/ X%« P
TG(x +5,mmol/L) 2.2440.16 1.2240.15 1.901 0. 003
TC(z %s,mmol/L) 4.8240.70 4.3120.69 0.293 0.052
HDL-C(x %s,mmol/L) 1.3640. 26 1.2940. 32 0.503 0.051
LDL-C(z %5, mmol/L) 3.29+0.70 2.0740. 41 0.732 0.311
HbA1C(z %5, %) 6.8820. 43 4.8470.42 6.963 0. 003
FPG(z &s,mmol/L) 9.6020. 25 5.4820. 35 8. 246 0.013
Fins[mU/L,M (P, ,P ;)] 12.27(11.18,15. 33) 10. 38(5. 82,11.48) 1.793 0.013
HOMA-IR[M(P,;,P,.)] 4.95(4.09,6.53) 2.61(2.17,3.60) 4.476 0. 000
SCr(z s, pmol/L) 68.3947.51 63.2747. 67 2.196 0. 030
SUA(z 5. pmol/L) 358.93471.43 276. 44484, 84 35. 872 0. 000
AR R T (£, pg/mL) 843.92479.43 312.43+119.73 57. 960 0. 000
x2 ABHAERERREMLER

I H A H(n=40) B4 (n=42) t/X* )2 P
B /4 21/19 22/20 0.571 0. 787
R/ (s, %) 55.7046. 92 55.0247. 21 0. 091 0.412
BMI(z %5, kg/m”) 26. 003, 87 25.9543. 27 0.063 0. 942
SBP(z Zs,mm Hg) 143.53210. 45 140. 2510, 47 1.402 0.172
DBP(z #+s.mm Hg) 86.1045. 36 85.95+5. 88 1.712 0.091
TG(x +5s,mmol/L) 2.3441.06 2.2241.02 0. 634 0.952
TC(x %s,mmol/L) 4.984+1.18 4.1841. 24 0. 445 0.774
HDL-C(mmol/L) 1.2940. 31 1.1940.21 0. 487 0. 823
LDL-C(mmol/L) 2.95+0.48 2.85+0. 88 0. 004 0.992
HbA1C(z %5, %) 6.9240. 69 6.8340. 65 0. 204 0.665
FPG(z %5, mmol/L) 9.2241.62 9.14+1.58 0.207 0. 682
Fins[mU/L,M (P, ,P ;)] 12.65(11.60,14.53) 12.27(11.18,14. 32) 0. 409 0.073
HOMA-IR[M (P ,;,P.5)] 5.06 (4.13,7.17) 4.95(4.09,6.53) 0.091 0.927
SCr(z = s, pmol/L) 66.3947.51 63.2747. 67 4.131 0.413
SUA(z 5. pmol/L) 358.934:71.43 346. 99490, 28 0.112 0.911
AR F (x £5,pg/mL) 838.52+62. 90 833.92476. 43 0.418 0.677

2.3 ABBmALBFZFANERAMNETF.HOMA-
IR #= SUA #j b3k
W4 BB VR T AT e A8 R . HOMA-IR A1 SUA

ERLFHFE X (P>>0.05), MABRZETEEMA
AT . HOMA-IR 1 SUA 7K F [ (P <<0.05),
B AU FEEHREP<0.05.,1L% 3,

*®3 FAHEBFRTAERABEEFR HOMA IR HEWL

{0 R T (7 £+ 5, pg/mL)

SUA(x %5, pmol/L)

HOMA-IR[M (P, ,P..)]

A n

T TR T T IR Tl T IR
A4l 40 838.5262.90 765, 0476, 43° 358.93+71.43  312.99-£83, 28° 5.06(4.13.7.17)  4.20 (3.70,5.50)"
B4l 42 833.92476.43 64479463, 217 346.99490.28 25756467, 43" 4.95(4.09.6.53) 3.0 (2.40,4.30)"

“,P<0.05, 587 BT AL . P<C0. 05,5 A 4lIRY7 R AR .

2.4 RARMEF.SUA 5 B E R I AR69 A48 K57
Pearson A 5& 42 4210 H F 5 BMI. TG,

TC.LDL-C. FPG. Fins. HOMA-IR 2 IF 3% (P <
0.05), SUA 5 BMI. Fins. HOMA-IR £ 1F #f %
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(P<C0.05), W5+ 4,
x4 RREEF.SUA SIERERHEXNE

. AR T SUA
r P r P

AF 1 0. 050 0.539 0. 024 0.770
BMI 0. 802 0. 004 0.786 0. 004
SBP 0.033 0.673 0.034 0.657
DBP 0. 060 0.534 0. 034 0. 654
TG 0.472 0. 005 0.038 0. 465
TC 0.351 0. 004 0.101 0.356
HDL-C 0. 003 0. 970 0. 003 0. 956
LDL-C 0. 456 0. 005 0.023 0.324
HbALC 0. 045 0. 625 0.034 0. 201
FPG 0. 484 0.021 0.024 0.103
Fins 0. 747 0. 003 0. 745 0. 004
HOMA-IR 0. 674 0. 003 0. 669 0. 005
Ser 0.053 0.532 0.056 0.554

2.5 RARHEF.SUA 5 HOMA-IR #48 %
FRACH P T 5 HOMA-IR & iF M % (r =0. 674,
P=0.000), &R IHHFE Y=0.019X —8. 942(R* =
0.626,P =0.000), SUA 5 HOMA-IR & IF %
(r=0.669,P=0.000), HZF T Y=0.018X —

1. 136(R*=0.447,P =0.000), W& 1.2,
1 2001

1 000f

o
L [ _J
800 M

600+

HOMA-IR

4001

200+

0 . . . . ;
0 3 6 9 12 15
K E F (pg/mL)

& 1 EREEFE HOMA-IR X & & B
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o 2t
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° aoe 00
= 400r o
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3 300t e e
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0 . . , ,
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2 SUA 5§ HOMA-IR #H X 8 S E

2.6 ERME-FL SUA e948 %4
{EfCH N 75 SUA £ EM K (r=0.674, P =

1527

0.000) , HZ R IH & Y=0.82 X —242. 189(R* =

0.454,P=0.000), WL&l 3.
700

~ 500 /
-

~

‘o 400 [

E °

2 -

0 300 600 900 1200
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3 RRBETFSES SUA HXMEHSE

3 it ®

T2DM J& — B L 48 4 w5 1l 4 R 3% B %) A 3 55 %
P I 5 R AL 2 1B 5 3 HR BT T B B R
Bez', JLAESKE T2DM B ABOAN Wi £, 3k E E
hEBIR AN B Z R E R AR AR N R R i kB
i —Fh R LB 5B ZICPURR B A Y L i
FEH R v DR IR I A S A B S R R B Y
20w 2 B BB L 35 & R I T ORERISE SR L. SGLT2i
Jee—FORT RURORE 25, T ORI OBE S B 4T M L i
3 3 00 ) 30 it B 0N R O AT B DR B L A
T ARG IR o T B R A IR Y &R K KR
T S A L A I AP TR YT R R R
HE T, SGLT21 g 75 ol 3 98 15 R AP o 38 15
FHCHLA LS H F i ASTE A BT AR ST SGLT2i Xt Jik
5 AT 5 e S ML X8 SR R 25 B
TEA.

ABETE % AL RN T 5 IR B U0 M o6, (2 4R
K ¥ 5 BMI, TG, TC,LDL,Fins,FPG,HOMA-IR &
A, RUE AN F S5 RRIC E e, X5
Hofbop g e 4 R — 8. B ASHF S & B 4% 51
Vi OB 5 B U A H L i A AR
HF \HOMA-IR 7K AL T )5 & . 3 B R 4% 31 ¥ m] LA
4 b AR AR AR O R KO ek IR, (AR
IV R BT LLEOE GSK-38/PGC-1a 15 5 i % . 3
SR 5 R A 5 3 I T L B I R S R AR L A
W 4% 20 v 3 2o e AT A2 Al B - 7K TG GSK-3B/
PGC-1o f5 538 % , 3% IR,

AW 5% & B, SUA 5 IR % V) 3¢, SUA 5
BMI . Fins, HOMA-IR £ 1F #l % , iX 15 8 £ 25 1 f
FEAER—H, AR AR KWL SUA 2 IR 1Y
ML AER H 2L B S e A 2, SR R L SE AT 5
SRMEA IR, RIEETES RS EZEEY (RS
2GR I AR AL  BLES TRS B 2 MR B R 1k . 3L
IRS 5l ZZREE G F . TS R M
IR/IRS/PI3K/ Akt {55 38 -, 41 il 45 %5 B 4% 38 &
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F1 4CGLUTA) 2K 11 2% 15 ol 40 A 6 5% A3, DA i il 55 i 1
R BAE ], & S8 IR, HsE B JE 5
SUA ]38 i 75 5 % P I 4 il ik 5 2 Z AR IR 1
(IRSD) /& H# M B(Akt {5 53 % 1 GLUT4 & H
FESH IR &L, T IEAT G IR & sh i 556
WEWY SGLT2i HAHLRAE A, W WA B 58 % B
& B A — H SUNZH 55 5 — OB A LG S i
) SUA J& HOMA-IR /KK T )5 & , Ut B = 4% 51 14
A DL S R AIG 1f SUA 7K M3 IR, SGLT2i i
E O HE B [ B, A A PR R HE T 2 R LML ) A 4
(D SGLT2i {07 J5 3 vt W /1N 1 PN 6 26 A HE T 34 i
3 oL 0 vt B - R A W A 2 B 9 (GLUTO) A 2
AR 4 24 B P R Rk 1) 5 46, T BOUR R 43 WA 38+ [
I SGLT2i 10 ] B /)N 45 i Wi AT 20 %, 2 350R v 4
2 0 00 A0 AR A P GLUTO WA 2 A 519 R
fig WU, (2)SGLT2i 3l ik B A i 75 Ji i 25 7K OF , U
D IRIRERHE 1275 1 1 (URATL) XF bR R Y 5 W Wi, 4
W% 48 5] 1038 58 AR SUA 7K L 40 5kl 98 1 = I, 1 58
IRS-1/Akt {55 38 B FE #F GLUTA & 1Rk, &
M IRV,

HOMA-IR F & 2 4 A B 7 /K F Ft i fl SUA
AKAP T S ] 5, 5 AR AR R L SUA 1 5 IE AR
Ko AWFFE IR AE AR 5% L TC PR I 32 K, B
M A 4 A 38 DR it I P 5 HOMA-TR 52 1E #5610 25
HAE (L FE T2DM) 1] B 23 #E — 25 B8 Jin #5204 & fk ik
JEUR G L A R Tk A I R AR Ak DR R Y T A
WA A R 0] B S 5 B S SR Ak A G A 1k R
2 A I 3 A S S T R e g 5 R PR

L5 FRTIR A B ST 3R W R AR B i 10— HORUIK LG
B XUOIIA YT TR RECSR S AE R S ik
IR 18 R ML AT BE S . (1) R A% 51 v ok e IR 42 AR
7K, 1958 GSK-38/PGC-1a {5 5 1 &, 3% IR;
(2) R85 e 3 3k FEAIR SUA JK -, 410 1 2R 1 S 17 34
58 IRS-1/Akt 553§ FE #F GLUTY Rk &
AE IR,
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