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[# E] B8 Botnia B i50 1R R 2 195 ZHBFEE(TyG) FEVEAR 2 BUBHIR I FB 3 15 ZHRHTH A PR S FH A
Trik FUEE 43 ] 2 BUBERRE Z IR, I A I M R R A L AR AR, T 2R BT Botnia H i, IR A A
FRIER TyG F8ELL J HOMA #8458 ,QUICK 8% ISL TR 4L, LA ASTe B PP-Alo i PR 2B 35 1 2 AP RE 1 . 45 R : Pearson
AR M 455 Bm . TyG T80 5 Botnia I I8 I A A A BRI (r = -0.536,P < 0.001) , HOMAI-IR 8%{ (r = 0464,P <
0.01) . HOMA2-IR #8%%(r = 0.402,P < 0.01) .QUICK 5%k (r = 0448, P < 0.01) ISI 454 (r = -0.464, P < 0.0 B FEH %, LA
BRI R i, 2461 ROC hek , RIS Bt < T Ll TyG(0.879)> HOMA1-IR(0.762)> HOMA2-IR(0.738), TyG 1521
JoR 5 EHAT I B 4.76, ILIEAE ROC #h e XTI 1 o e B REUERAE (96.4% ) FINFE S (66.7%) o 4618 1 TyG 18 BURR AT (T
i B2 ZEZHCPLH T S 765, A 2 BUBEIRIG B 5 Botnia IG5 MO AT I3 L)L &L HOMA F841 . QUICK #5 %% . IS1 48
B BRI B W RO SR B, HL AR AR BRI IR 75 2 3K A5 (AR
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Asssessing the correlation of new simple index with insulin resistance in type 2 diabetes by
Botnia clamp

Fu Zhenzhen,Gu Jingyu,Guo Wen,Zhu Xiaohui,Gao Beibei, Huang Xiaoping, Yuan Cuiping,Qin Yuehua, Yang
Tao,Zhou Hongwen *

(Department of Endocrinology ,the First Affiliated hospital of NJMU ,Nanjing 210029 , China)

[Abstract] Objective:To investigate the sensitivity and specificity of a new insulin resistance index derived from triglycerides and
blood glucose through the Botnia clamp and other simple index in clinical application. Methods: A total of 43 subjects were included
in the present study. All the patients underwent Botnia clamp. Lipid profiles and other biochemical markers were measured from the
fasting blood sample. Correlation coefficient between insulin resistance index and glucose metabolic rate (M value) were studied.
Results: The Pearsons’ linear correlation coefficient between TyG and M value (r = -0.536,P < 0.001) ,HOMA1-IR (r = 0.464,P <
0.01) ,HOMA2-IR (r = 0.402,P < 0.01),QUICK index(r = —0.448,P < 0.01) and ISI index(r = —0.464,P < 0.01) were statistically
significant. The area under ROC curve are TyG(0.879)> HOMAI-IR(0.762)> HOMA2-IR (0.738). The best value of TyG index for
the diagnosis of insulin resistance was 4.76,which showed the highest sensitivity (96.4%) and specificity (66.7%). Conclusion: The
TyG index is a better index in evaluating the insulin sensitivity in type 2 diabetes. It is accessible and has higher sensitivity and
specificity, suggesting that it could be widely used in epidemiological studies or some large-scale clinical trials.
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Jif 5 ZHEHT (insulin resistance, IR) F&HLA KT iR
By R USROS MR AR, 2 2 BOME PRI
(type 2 diabetes mellitus, T2DM ).Cr ML 50 AR5
BANEAFZ I At SR Y ER L F AR A
it By FRARHT B b A2 e R 5 R E A A W ek
B, Botnia B I AN w5 kAT A AR T 5212056 (intra-
venous glucose tolerance test, [VGTT ) Fl =1 5 2 1F5
HIREEIIEARAGS & | BB I 5E 25— AH (0~10 min)
JBE i B ANAE T REA e i FR AU AR A 2R
IR A s RS 2% N Tl RS B2 HT
PRI PR AR 5 R FH 25 IR IILE  (fasting plasma glu-
cose, FPG) . 75§ i3 1 & (fasting insulin, FINS) 554§
FRRITAL TR BREE . 4N Matthews 55 F 1985 R4
() HOMA FaZsA5E8 (HOMAL) WAk %, & 2 Ja xitE5E
HOMAT1 £ B 9 17 2 #F 79 7 HOMA & 25 5 Al
(HOMA2) ;1993 4FZ= AR M4 HH 28 IR T 5 Akt
FR%0IST 4541, 2000 4F Katz 25 45 QUICKI $5%k
S5 TERE PR TA T 1 3 2 A DR AR vh iz fif
o R X SR BRI I (] . 2 15, (E R A
BRI T A Je v ) 58 B 2 5V I 114 4 X i oA 3
Ko, TR ALV XALR BRI K 3245, Lk, Simental -
Mendia 551 4z 18 18 i 71 55 25 16 H 9l = Fg (wigly-
ceride, TG) 1 FPG FrfSi#fii & TyG #8505 %S
R PYA 1) JB 5 ZRAIRPLHE AL (HOMA-IR ) 2 8] 77 7E
B E AN Bl S Guerrero-Romero 25745 & TE M
Je IR G E—UESE LA TyG P8BS IR (1 B A
PSR . TRERE T REE SRR B A (R B4 2
FBEIR RS Z 0 st TyG #6405 HOMA-IR
F1 Bergman fiU/IMEHIE AR G565 Z2 FEAS i Dk o 2 W
i j3 5 (fasting sample intravenous glucose tolerance
test, FSIGT) Ir45 24 FSIGT-ISI 5450 35406, U
FERYBE 5T F 2O TyG F8 U IE % Wit i A HERI
BEJE 19 SZ A NFE P AAIESE, AT £ 258 Botnia
Il g gt — L0 TyG F887E b [ T2DM %
HrR R HIBMEL

1 X&FE

1.1 %

AMHFEIE H R At RN SE A — B B2 e N 43
BHEIZHY 43 1] T2DM 3 T2DM 4% 1999 4E T
HEHLL(WHO) B KiFRITE . FPG =7.0 mmol/L F1(5%)
B 2 h B2 h PG) =11.1 mmol/L, HAE AR
T2DM £ 17 6], AEREA I T2DM B35 26 il (BMI=
28), JrHZARE YIRS T BRI B R AR

12 Fi&*
12,1 RAFHaick

Ffy BB A2 TRA s, AR, 258
(Z5E 12~14 h)RIATAEALFERE . DFPG  FINS
R B AL M £T 2 71 (HbALe) ; QFF B Th g . N &R
T Z i} (alanine transarninase , ALT) K| ]4¢ & R %%
Z i (aspartate aminotransferase, AST) y-7+ & [k #%
% [ (y-glutamyl transpeptidase,y-GGT) . M AJLEF . JR
A ;®IMAE : MHE BE (total cholesterol, TC)  H i
=M (triglyceride, TG) . /&% BEARHE F1/1H [ B (high
density lipoprotein cholesferol, HDL-C) A% 656
FHAHEEE (low density lipoprotein cholesferol, LDL-C) ,
1.2.2  Botnia 4 %X 5

SAXF R A AT (BE R 10~12 h), P B i |
IR HEzs /ME IS FE R RN TR 25 IR 30 min JFIFAG
JE g | I e v S i T 1 = B S e
UK 2 ZREDKIETE  — M0 T R R R K 20%
FIARIBEI, 53— 0 16 PR it CRH I & T
60°CHEIRA T, LR UERFIK MBIk AL ) , AR LI 22
P R A R K SR LA B OC AT 4 25

IVGTT BBt : TRBR T Ah AR L B 25 iR LA , %
J& 3 min PO IEE BN 0.3 g/kg BY 50% % %
W, LASEE S8 B 2R TS, 23050 F 0.2.,4.6 .8
10,20,30 min FHHECMAFE , A0 i 45 FEE 5 R AE

IEREATIEBBE (60~180 min) ;60~180 min Z P
Ph 2 mU/ (kg-min) (430 BE 4 A E R R 2= (36 E
ALRATED) MR A 5 min DU E B IR AR K 2%
R RE |38 3 TR RE 2090 H1 4 WA 14 i A o
PRI FE E 7E 5.0 mmol/L 2247, 150~180 min
FaaSHBL, T 60.,90,120,150,180 min SR L E I
THIRE R S C IR, 1504l S W AR 0 18] ) PR
A W7 FRE , AR IEATUA AT BRI 22

HEA™ Botnia B i o e b 52 108 DR AR
AR o L 7] 2 M I 8 R ] ) 2 e il 12 D
(Biosen 5030 ‘PR ML A , 2 [E] Necar 23 #]), ILTE
1 5 2% SR I TBCSS B 92 ok 0 1) 928 I M e 5 2R
(JeIr A E)
1.2.3  Botnia 4 &M 35473+ 5 %

Botnia I35 it BE 1 IVGTT Hv 45— Hif AH
5 F 43 W BE T (ATR) A 0~10 min [ 5 433 &
B (B PG ATIR=I)+(1+ T+ I+ I)x 2 +
Lo MR R AU E LIRS BT B (150~180 min) %)
BEA IR (M) 27 . M=% Wi TE 3R (GIR ) -#i%4)
WS (B REIEAE, BUBREL(M/T) =HapEA /A
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124 BFbie BRI B issoit ok

HOMA F& 75 #2 %) .HOMAI-IR #§ %= FPG x
FINS/22.5, H ¥ FINS #{v; iy mU/L,FPG Bifv; Ky
mmol/L,

HOMA?2 1& B www.ocdem.ox.ac.uk | 2k it & 28
T3 HOMA2-IR $5%, H FINS 4724 pmol/L,
FPG 5437 24 mmol /L,

TyG 4848 = (InFTGXInFPG)/2, H:f FTG FPG
BRI R me/dl,

QUICKI $5%%= 1/(1ogFPG+logFINS) , H:H' FINS
7K pmol/L, FPG B3y mmol /L,

Z5 A 1ST 48488 =In (1/FPGXFINS) , Hirt FINS
BN mU/L, FPG 2437 >~ mmol/L,

13 %it® s

iz SPSS13.0 A 4t o b, Fir i 4iose
HBELLBAPE B A8 bR TR BORHU SR £ An
HEZ (X £ )R, P<0.05 NERAGIEEX, %
%75 B TG FINS .HOMAI-IR 1 HOMA2-IR 45 %% .
TyG $8% .QUICKI 4541 IST #5550 1E HEAT R 5l 44
EES AT G TS b, IR HBGE ¢ ke
W H WIS EAH T2 ] Pearson AHOCKS K6, LAFiZ
PR (M) A8, #idisHZiE TEmZ
(receiver operating curve, ROC) JFfI15 #i £k T 1 A

(area under curve, AUC) KV TyG 858U T 1FAY
ZIAE IR BV AR P, 183 Medcale 304
Xt ROC HIZE AR Z ST Se 220, L P<
0.05 HEFAGIE L,

2 5 R

2.1 FRFAT R 0E R

43 I 5E X G P AL HE 12 Bl Lo PR 31 61 5
P, BB JHE T2DM 2 %7 5K & (diastolic blood pressure,
DBP) .FBG .FINS TG .LDL-C HbAlc ] & F IE %
IR H Y T2DM 4 (P < 0.05 5% P < 0.01,% 1), Bk
T2DM ZHAE A GIR M M/I,QUICK 5% . IST #5251
Y0 /N T IE# AR E ) T2DM 40 (P < 0.05), 11
HOMA1-TIR . HOMA2-IR \TyG 5%t Kk T 1E % (K &
T2DM 4 (P < 0.05), Frfi 321k Botnia Hf J& i1
b B TP IR R e B B AR A I 1 5 A R e v R
o (4.57 £ 2.11)g/ (kg-min), PSR E N
(218.59 + 69.36)mIU/L .
2.2 IR IAAE RS R

TyG .HOMA1-IR . HOMA2-IR ,QUICKI ISI 5 %k
4 5 3 A A (M) /=1 B AH DG, HOMA2-IR 454X
5 M {89 &M B 4 TYG 38805 M (H M/1,
QUICKI #54 ISI F8EUR TAAHSC (P < 0.01,K 2), 5
HOMAT1-IR . HOMA2-IR 5% & IEAHKE (P < 0.01);

& 1 ERRERERYE RS B E I REHE L

Table 1 Clinical characteristics of the diabetic individuals with or without overweight

Ei=L7D IE W AT T2DM 4 AERE T2DM 2H

R () 57.17 + 14.95 40.92 + 7.89*

BMI* 23.71 + 3.44 33.64 + 7.20°*
SBP(mmHg)* 137.44 +22.52 137.73 + 16.66
DBP(mmHg)* 80.17 + 13.76 90.77 + 11.78"
HbAlc(%)* 7.66 + 2.02 834 + 1.70**

FBG (mmol/L)* 6.50 + 1.64 725+ 171"
FINS(pmol/L)" 45.62(23.47,72.78) 88.45(51.54,159.32)"*
TG(mmol/L)" 1.35(1.00,1.52) 2.38(1.37,3.55)"

HDL-C (mmol/L)*
LDL-C(mmol/L)*
GIR[g/ (kg*min)]*
M[g/(kg-min) |*
M/

TyG 5%
HOMA1-IR $5% ¥
HOMA2-IR $5% ¥
QUICKI #5%*
INEi &

1.13 £ 0.21
2.80 £ 0.91
587 £2.42
6.08(4.04,7.18)
0.35(0.24,0.43)
477 £0.23
11.01(7.57,23.64)
0.96(0.53,2.05)
0.36(0.32,0.38)
0.03(0.01,0.04)

1.03 £ 0.25

3.02 +0.89"

371 + 1.35*"
3.87(2.89,4.52)""
0.18(0.01,0.21)**

5.10 £ 0.40~

25.69(12.64,52.86) "~
1.79(0.98,3.10) "~
0.32(0.25,0.35)"
0.01(0.01,0.02)*

a: BUEA R £ %ﬁ?,hfﬂdﬁﬁﬁ Pso(stypﬁ)%%i'\‘o SIEH{KE T2DM Zﬂ[ﬁ[ﬁﬁ, "P<0.05,"

“P< 0.01,
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TYG $8 505 M {5 K M/T 4 Af 56 ok 2 mg 5 T
HOMA1-IR . HOMA2-IR ISI $5%5F1 QUICKT $5%%¢, 7

JE% BMI 5 FBG Ji7, TyG 8485 M {EA} BEAHKE,
TRAHEEEL r = —0.276 (P = 0.026),

FR 2 HI5EE Pearson X R

Table 2 The comparison of Pearson’s correlation coefficient between different index

_ r 8
el TG Ln(HOMAI-IR) In(HOMA2-IR) In(QUICK) 1SI
Ln(M) 20.536" ¢ 0.544" 0583 0.523° 0.544°
Ln(M/1) -0.497" ¢ ~0.735"* ~0.735"* 0.725"* 0.735"*
TyG 1.000 0.464* 0.402* -0.448" -0.464*

rfli< 0 MARSE,r > 0 MIEAE; P < 0.01,"*P < 0.01,

2.3 TyG.HOMAI-IR = HOMA2-IR #5 £ T i ik &
FIAA A

DARATHEACIR (M) AR HEEAL SR IR 2
B, #% 2012 4 Tam SFHEFER M=4.9 mg/(kg-min)
RUIE] s E IR, 25 ROC fh<k (1), He A ]
RS WT IR AR ) (£ 3.4), &R, ONyG,
HOMA1-IR \HOMA2-IR $5 %0} IR A 2 W& (P
#J< 0.05); @ROC HhZ FHEf TyG > HOMAL-IR >
HOMA2-IR, ##7R TyG f8¥02 W7 IR BB I & T
HOMA1-IR $5%0F1 HOMA2-IR $5%(; 33 Fh+5%0T
i IR BHH AUC Z R 22 5 e Ge 124 5 S0 (P 34>
0.05); @TyG FaHH2 W IR ALl 4.76, HAEAE
ROC gk Hhxniz T e i O BBURR P (96.4% ) R S 14
(66.7%)

100
L —— HOMAI-IR
sofk ™ | HOMA2-IR
: TG
20 _'“J
0 1 1 1 1 1
0 20 40 60 80 100
1455 (%)
K1 TyG.HOMAI-IR Al HOMA2-IR & %75 fig & 2584t
1 ROC HZe /4
Figure 1 The ROC curve of TyG,HOMA1-IR and HOMA2-IR

index for the identification of insulin resistance

% 3 TyG.HOMAI-IR 1 HOMA2-IR 5 Fil Bk 2 =K
Fi ROC B2 THEHR
Table 3 Areas under the curves in the ROC analysis of

different index for identifying insulin resistance

Rl aRes AUC SE 95% CI P&

HOMAI1-IR 0.762 0.0752  0.608~0.878 < 0.001

HOMA2-IR  0.738 0.0805  0.582~0.860 0.003

TyG 0.879 0.0589  0.743~0.958 < 0.001
3 3 R

o 1B 5 2R I A A R e i a8 2 [ AN ARG AT
DA 0 f 2 2R AR 1 < e, ARG R
Botnia & 923056 28 IVGTT 5 IE M J2 38 56 A 45
A, AT [ BTPPAL 5 — B AH B S D RE & IR FREE, WY
FORTCIE RME PR B A 2™ 5 TR AR, 2 im S
B2 IRE] 200 mIU/L VAL RS H U LF- 58 280
il . Botnia #f Jei 50 (F B B S I R ik
JFE (218.59 + 69.36) mIU/L, Mk T AFHE | {56
ST DI ERR AL B IR TR BFOT4s R Bs
TyG #5485 M AHEEAHE (r=-0.536,P < 0.01),4f
R g B T HOMA1-IR (HOMA2-IR ISI K QUICKI
FREC, LA TYG 48 %05 HOMAL-IR . HOMA2-IR
QUICKIISI 557N A

TEME R e e R R PP A, TR A ehnife, (HIRA
[7i) S 6 2 e 02y R i e SR N A 01 R e 1 H N
BE i e s M (BN 4.7~8.7 mg/ (kg min) !,
AR FEHE Tam 50 WFFEAF 2 W0 IR A I A M (E
4.9 mg/(kg-min) AYIE] 52 IR, 53] TyG $5 4K

R4 AREIEHRA ROC HFISHTE S EMITALLE

Table 4 Comparison of the index used in determination of insulin resistance with ROC analysis

K i SE 95% CI VA PAE
HOMAI-IR vs. TyG 0.092 -0.064 ~ 0.297 1.266 0.205
HOMA2-IR vs. TyG 0.099 -0.055 ~ 0.336 1.411 0.158
HOMAT1-IR vs. HOMA2-IR 0.021 -0.055 ~ 0.336 1.132 0.258
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FYEEAE  F T Botnia FHICEAIEAL TR ) e %
1 2 BB PRI A TP S ey

EXiiS/IRE

FARGTAHCAE -645-

‘Alﬂéﬁ IR B (A R 4.76, BUAEFE ROC i & Hoxit 1z
e Y EBURRE (96.4% ) TR M (66.7%) . L4,
%5 Guerreo-Romero 287 IF 98 45 R —2

T2DM £ 3 ML G AR A R 5 8 TG I
HDL,/NMi% LDL Fefil i, Wb s i 4 A
fi (lipoprotein lipase, LPL) i 1% 4 FEAIK & TG 14 &
MIFEZRA, LPL BR T 32 3 K 2Rk 52 i Sk 5 i
'%%?VEFFJ*H% T2DM HEAEAE TR B 2545 Wk
D LPL{GVEREAR, TG Fhst ) AR e S MR R 5 1
TETE (4 IR LA TG A i iy S 3 1 g e
HOMA-IR ,QUICKI, IST #5315 F 3L PR T Mg
ik 5 Z AR A KO, 2 s I A 2 F
TR T R 2 I 3R LR 2 W e e Ny 3 o JR
S 2 MLAE , 0 ERE S 1 5 |, NIRRT %) e A
LI WA JE LA AR L 20 ik 2 R AU, TyG 45
B0 H e a M A PR OGP R F HOAM-IR 484K,
PR A IRI A5 TTRE S TyG $R 8k ek T
JHFF 2 2 A J 5% ZRABURRME SR B T A1 FE L 121 Y
RURPER ¢,

AWFFT EEHEET TyG 5507 T2DM &
I BRI TyG F8ERE BVl IR, 75 T2DM &
H P SR A A AR I A e I AU Ry
S BN AIRER IR 2 5 (845 H Tl R4
] ERANGIRIESE S iA Tr A ST
(5%
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