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Abstract

With the continuous improvement of people’s living standards, cardiovascular disease (CVD) has
now ranked as the leading cause of death globally, posing a serious threat to human health and be-
ing the most economically burdensome disease worldwide. Type 2 diabetes mellitus (T2DM) is an
independentrisk factor for various cardiovascular diseases, including coronary heart disease, heart
failure, stroke, and peripheral arterial disease. Patients with T2DM have a higher risk of developing
cardiovascular diseases and are prone to microvascular and macrovascular complications, with cor-
onary artery disease being the most harmful among vascular complications. Insulin resistance (IR)
is the common pathophysiological basis of T2ZDM and CVD, and assessing IR status is beneficial for
the prevention and treatment of CVD. Currently, there are many methods for evaluating IR, includ-
ing the glucose clamp technique (GCT) and the homeostatic model assessment of insulin resistance
(HOMA-IR), which have unique advantages and remain unreplaceable in some aspects, but these
traditional assessment methods also have certain limitations, such as relatively complex proce-
dural steps, poor reproducibility, and high requirements for the subjects’ compliance, which make
them unsuitable for large-scale, routine clinical assessment. In recent years, many novel methods
for evaluating IR have emerged, which can be calculated through simple routine biochemical tests.
To some extent, these new IR evaluation methods have made up for the shortcomings of traditional
IR evaluation methods and have comparable evaluation efficacy to traditional indicators. This arti-
cle mainly discusses the research progress of the correlation between IR and its novel evaluation
indexes with cardiovascular diseases.

Keywords

Insulin Resistance, Cardiovascular Disease, New Evaluation Indicators for Insulin

Copyright © 2024 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. RBFERMAR)
L1. BREp R ER B KRB TRERIE X

IR = ZERIUHUARIEE 5 R BURNE T B, RNV B TS, SR ZU0 R B 3% A 26 2 B i
B, LT 36 2 0 (X0 S ORI FH 2 BE R AR 1] ML RO RE A6 R R S B AR P T T, — N BB
TP RERE SR AR AR o T AR R A AR T BRI AT e (R AL A 2 2R R 4 A AT
JEERE SR PR o il SR e, AR By R AN RE A RO BX Py IR P, AR IR BBR i 2 Uk T R
[2]o IR HPRAENHIMATERW T, RIERGE—IGR, BITCAEZEA R SREN MR RES1EFX
i IERE SCEERFERRACH 7 W TR Ko IR AT AL IR BT A A & pE AR 7 L IV N B D RS
7 2 BUREPRIR(T2DM) KA S R G K R BDR B 2 —[3]; IR JR2 0 BIR(CVD) I EE G N 2 2
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—, HHEAEB A bE K e B AU 5 . MUAR SORE N R A AR T I, #0-5 Bh bk sk AL 2 DA 5%,
Z5F8 T CVD R EEA[4].

1.2. BRBRTWAHITEN R

PRAE IR 4 bl f 3 AR Je 1 R(GCT), R GCT llSE IR K5 g 40 sh e S\ i ks,
T HERAEE A ZORE S  FERK B &bt , — MU TSEIR =7t IR L CAE R A,
ANE B RS I PRHE BRAT W A L[S ] KIUBLRAT IR 0 TP IR Ml fadn 2 i B = A s
R H R (HOMA-IR), @it il5H HOMA-IR, RERSHIE IR AR 75 B % /b R & 2 7 e il i 8 75 155 K1,
HOMA-IR $fEithim, IR Ftkkam, (H2452iFH DLl p 4 hfe 280 CEmiis bR, oA e
M ThEEHOR B 3%, HOMA-IR fHJCIE AL FLIE ] IR BALME[6]. B T-HH B 11l PR 25 45 1 S50 = 8 A
SRV IR BARAEE, IR OAHIMIL B2 R Y IR PR FERR, W5 R ACHUA WP 4 (METS-
IR). H M =FEH & B EU(TyG) Hith =55 =% B G 85 IR [ B LA (TG/HDL-C) &%, X Se 3 B pPA 15
P I N R A A S B B s SR SR AT AR, RTINS, RTEEMLE, HPPSREE R RE A T
ShiE GCT, 78— EfRE EFCNA JhiRAh T8 IR SR RIS 3, (H PR AR M T in A 15
B2 G JHE

2. FER BRI ERR
2.1.TyG

I0L37 v = 5 28] W 3l AR 8 B (triglyceride glucose index, TyG)H SIMENTAL %5[7]F 2008 £E25—k
P&, REFRT RN IR PF RS, €KH Lo [ H M =B8(mg/dL) x 7 JE B (mg/dL)/2] A it
S, IR E2E 5 3Rk4%, BT E A Ik R A Se W AU E Ok . BEFLR W] TyG FREOM R A RN IR A1
B R . Selvi 28 ABFFE R B T2DM #% TyG 5 HOMA-IR 2 1EAIS%, TyG fJ ¥l T2DM ## IR
15 L[8]. Carlos 5 NHEAT T TyG 55 HOMA-IR Z B A SGHEWT 7T, 25 R BoR TyG W32 iR # B VR RE Hh 22
THAN 0.74, BURTEN 75.7%, Fi3MEN 67.4%, TyG 5 HOMA-IR £ I1EMIE[9]. TyG H Al s gk
HOMA-IR Z JG X —F & IR I S fabs, 1E& W TE RS20 2, al /R — Mo B 20
SIS B AIRR . TyG fa¥a/E . Mg dt, ISR IR S Wik B ZHPTKF . B kI TyG

BES CVD KRR REY], VAN IR B k%99 (coronary artery disease, CAD)™ B F£ & A 4 (i i) Ll Fi5
Fr, JGHGEXTT DM BTHIEE[10] [11], A BB ICHZ 60 & 35 DM BH AL A fa s .

2.2. TG/HDL-C

{ENIZWT IR (ERARSR PR, H b =G/ % B e 2 11 JH [ B2 (triglyceride/high density lipoprotein choles-
terol ratio, TG/HDL-C) & H.ATAEFR Lt HOMA-IR W g 50 s 3. HUARREAC S S PRI 2= UIMOC, W
FAHERZ, RUE R T2DM 38 1R B E B2 (TC). %5 5 i & F(LDL-C) /K- F 5 AT ZEA K, H
FANFEFIRE S KA BN, Bl =BR(TG) s T 1R % AR, =% B I5 8 E (HDL-CfIR T 1% A H#F[12]
TG. HDL-C Hi#15 IR 5%, FIORENTINO %5 A5Gt 58 K3, 7& HDL-C 7K-FRAKM 32+,
Wt A BT TR HE RS IX 6 520 R 5 B A1 M D) BRI T B, 17 HDL-C 1 7K P BB K P 1 52 k3 o
XA G, XIRIRE/KT HDL-C [ A B 5 T2DM [ XS =1 13]. 117 TG/HDL-C & /& 1 HU e, 27
FRANE Dy Re NG & A LR, 2 5E T AR S HCE LR IR F8 bR, B8R HDL-C A1 TG w] LABE
AT S BRI IS AR K S [ 14]0 —TREE T 1452 44 2 R AT e N B30 1) i R 78 9745 7 TG/HDL-C 5 IR
AN, S50 IBE%E TG/HDL-C [)7haEr, JR S R BURIEZETES, $28 TG/HDL-C 7] LLA T IR (1)
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RAI15],
2.3. METS-IR

JiE 5 EHLPUIRIP 2 (METS-IR)FE 202 B Bello %5 ATF R IO TFAl TR 077 200 MIEAX Ui AH G XU B 1)
AIEESRAR, T 2018 SEAERIM N A 2 i kg 161, FATFEAFCA In [(2 x FPG (mg/dL)) + %€ TG
(mg/dL)] x BMI (kg/m?) + Ln [HDL — C (mg/dL)]. METS-IR & Z3abrdl L &1 IR WETEFR, H54C
WERAIERIRBLAE B2 A0 OE, AP IR B RIEFR, FHHIES S HOMA-IR BAA & — 5k,
AT TP IR A2 T2DM HRAE RIS [17]0 8 — TV IS (1) S5 75 &F A8 RCT ik, 45 %78 METS-
IR. TG/HDL-C } TyG =# ¥ HEA—E M T2DM [IHE 11, {H METS-IR AH%: T 55 48w & Fi a¢ 71100
SFEERE[18]. METS-IR 5 CVD WM ZFifafG 2R AHIC, WikERm. JERE. ik S RBRIE . PGP
JEWIRFEE[16] [19] [20]. METS-IR WItHE MK, ZrEHRIENZ, C4a M. mis e, 5
HOMA-IR H A RUFIIAHICHE, BETE L7t F-Ah R 5 3R U, BAERCA—F DM &9 CVD BT 3L 5 1
RS R R bR, KESMARTE 2.

3. REFEENSLCDERRBREXY
3.1. REFREHSSMERNHEXMYE

TENRIR TAEH, 23] T2DM M EE RN & HA SR, X PFER A BT [ —AMA, wT
BE AL KA 2 418 JE A e B A B A —— TR IR 7EfR MU R JE P F B EEMEM, Ko S8m
JoR By 25 RE, 170 A I FUUE A AE L R PR S R MLE . IR 25 T8 0 L ¥ ] BEHL A 3
INASIEAP L B A 1 S NE T BRI B FRARANER ATP BEVETE. BRIRES S5 ATP BEvEtE. 3900
VAR BT SR AE K R T E . BN B DhRe R HSE R ZRAH G . FAN &8 ANTEIURE IE % 1132 iK%
WL T 3 FhEAl IR YEMIEFR(TYG. TG/HDL-C. METS-IR) /& 15 5 #A RO AE 6, KB TyG.
TG/HDL-C 5 & iU BTHIAAE G, R METS-IR 5 il 7 #AAE 5[ 211 BMI 2 A DA 1 s 1L T FE A7
iff METS-IR [ A A5G BMI, AR A (1) I 205 0 0 6 v TR AR A A, i sk R 42 i R 2
A PR e I ) R A 2R [ 22 AEZR G4 NARGE ) 2811 B2 W R4 R oR, ARSI, 2, i
JE P e R RS ZE 1R 38 I [R) B AR METS-IR (97, HAFEE MR BAEA, Bl METS-IR 5 & i &
(A AR Lo PE B TP SR [ 23] 55— TOUHT I3k (4 X (B BA SR 9, LA 3183 45 JC o ML ) gk B A A
NBEE BRI G, TEVRREN D Gaih 2RI PR IESE T RE RV A N 3R 5, R I TyG 50U o7 %
L MR R fE 2 [BAAAE 2 E R, TyG Q4 B2 TyG Q1 1 2 52 [24]. MIEEIX LAY IR P48 bR
BEAE SR i I R S R R R S R4 2, R DL BTG, DL B s 0 (0 R0 R AR AL R, b
=7 S 5 T R 45 AR
3.2. BRRERERS OHFTENEXMY

O JJEIGHF) RO EE, LA AE 53 7752 SRAANE B S50 F ZEIGIR R I,  H o &P I 2
P R THRERRAS I R IR I, e — MO MR SR G 1E. HF R R ER g m, &E 70
2 UL NBE O3 B R 10%, M T TR B AR R, 7 ARy EE, Fit, R
ol v fe N DA St AS [ 3 P PR MR TR A5 OV B . HF R EEMLHI L R 24, IR B3 534 HF &
A A E LR DI RERRAG, T IR FIZRRAREN )5 R AR R, S8 ATP GO, O AR
SZRFNE], EONEEA25]; B 7, HF B RIRAEEOVUE S R5 S @5 2H, 128 HREEEE
JULEH T 6 267 0 PRS2 B, A T =, DI E CARE O LR E[26]. IR RARWLZEEER
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=

nﬂf

48

RS, TR IR SR & 1E S 80 HF B ARSI 2 fF, FE5A RO M85 R4 K[27]. WL
[ %5 AT I — 055 T METS-IR 51480 13555 (CHF) 35 A K TS FIA SSHERT 7 45 S B8, METS-
IR TR HF B35 40T S BN B XU (T MO F5h5, 5 CHF B R RO I SEEAR DG [28]. 3
i N IR Fe 45 B BoR, AL EIAL IR PR FF METS-IR & TyG 5 T2DM 3% /2 0 3 Wil RIS 45 Th R 5%
P(GLS)& VI, H TyG f8%¥0H Lk METS-IR Tl GLS HIGE S 58, 7ETM T2DM B4 72O = IR R
AR ThRESZ AR A R AFIREE, X T 53R 5] HF B8 KA # 5 [29].

33. RERENSEHOBEXMYE

0 5 B (atrial fibrillation, AF)&IFR 5 EL, IR i WO R 22—, DAB W BRSO
S5 AR R, & —Fh ™ B 1.0 55 G BN &AL, ATECO IIRE Y T I 20%. TEFRE KT 60 % A
HORAERN 1%, HBEFEBEKMEREEM, KT 80 & NBEH I mik 7.5%. IR AU i 4 i
RS W RASTE s WA S R R EEE T, 558  bs BRURN R i A mp ) AR 38 i sr A OG, HL IR B
(AR 97 40 55 D5 BIUA AR KU S EAE DG [30]. TR 3860 B 1 i AE XU 7 e 5 L 2 500 s EEAG) R P AR 2R 1Y
AR, DM EF IS MUBPIRAS S0 0L S R H A, s & FimEm oiee, 504
RO RA AR [, DM Ul S5 AR 5 808 MR 07 AR MR 1 AR R 3 kR AK 1Y) e B
7, W BT R RS, H0E RASS R4, SECOHENA %, S 505N, M) 8
(R AEAIRRSE . M OGURAT I Z I TR B, A2 — MRONEE 2 IR B /K P45 T 18 mg/dL, 3 BIUR A2 XU
N 33%, P IR 55 55 BUXUG: 2 6] 4746 2 2 () R IE[3 1] 2022 FE— T3 T HOMA-IR $F4fE#1E DM A
IR SHRBEHRAV 7T E R, HOMA-IR /K F-(HOMA-IR 7E 1.0~2.5 2 [8))55 F5 B A i XU 2 IEA 5%
[32]. IR 558G R REL, IR AI{ERE 0 m It AR OB ER, IR BFRIC IR 8% K Hfk
SHEFEIEIR, W ER KR B AR PV 5 BE & ST TR -, PR ] TR AT BRSO R S 15
B K [33]. (HEE IR R REFKRAY S B RS AR I fl 52 2 55 B b5 B R e LA AR 8
AT R, R L 2 (A AT — RS

34. REFRENSELHIEXMYE

TR BB AERE AL PRI, fRTFR R0, 5 DM FIVE NP RMB PEAR B, B Y2 MR
FRELA S AR FRALE], WA AAEEVIBCR, HaA AR IR 57 Bk, MU IR 2BCR T2DM f
CVD MHIFFZE[34]. IR Z 5t R BEINLEI AT B . IR B 5 R A M N I 0 Th REREAS , AT 38 Y
PR PEREILZR S, 3¢ b 2T VA B 5 SR A4 7)-1 (PAL- DK ERG I, SIS BT MR TR R, e 243 ik
Bk o Skals F5[35]H— Tk T IR 15 T2DM H 3 7 IR ) BB A6 O¢ R A 78 25 SR R IR T8 4% RS P14y
Ry, R AE TR BN R XU R IR 5 IR B UIAE DG . — T Meta 20T bbAs T S IR ILRE . =
PEJE S 2B IR F6205 CVD S KB IRE LU, 45K, TR 850G N — AN bR 22 (1 76 00955 R 73 X
WA L 2% U 103 B 2 I B 3 R PR 184 00— Ao v 22 P e o s R IR B v, Xt B R IR 4R EUE A
stk Lo U I 24T G 2%[36]. METS-IR $REGEIEFREHFEH 1 IR AR, HAUESEAN S
DM 2 Wit ¢, 785 56 ORAFTEA SR [37]0 IR AT REAMN R OO IR 2B RIBEDIMIG, 165 0
e I AR A B e B B 5 45 P BT B AN RO I S K

3.4.1. RERERSE OFREKREEREXERR

ek Lo A Dy — b DAL B A8 R AIE OB » IV AR A% AR BEAE — @ R L b kg 1 el i )™ AR L
IR {E24 T2DM k& CVD KL R E A BE2 L], O FUIE W RS O A7 SRR R, BBk
B FEAE B[R] o9 A TR K AR A R FEAAAE AR S o FRE — T2 rho e [RUBERIT LI 1 713 ek S8
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BTSSR AL IR T vl YU ek bk 22 S MU A A XUz, HL S5 5e Jilk™ SRR FEAFAEAR ST [38]. N E 4
S5 N HOMA-IR $3ARAE 2R MM AT IR 38 (K6 Lo 3 h PPl IR, L IR A2 el o ek i 22
RIS fE R R ZR[39]. R4S IR CiE R e Bk A2 ™ AR FE AL G R R 2, (HI SO B e e —
B IR PPOT TR bR S 5 55 A S Ay BE 2 e R it P IRIE

3.4.2. RBRTMSE ORITRS H1EHHEXMERR

KRR AE AL PE SR I 5 531 T2 B N Re g PR 5 AR e PR, NS E DB T 20047 fiH [#] I A
P 7y TG A s ACRME 11 R 2T 4 7 DU J i s R I) S B 7y o AN R R B AT BE A A2 51
e KL AN R SR ) R B BRI, 10 IR AR RO IR A EEAE . IR W 4 B iR A, 2t
1117 BUMAR 7 # (L2 TG KF T+ HDL-C KPR LDL-C /K VTt i), [RI 7 B8 2 A5 5 51 M
W DIRERENS, 2 5Bk R FER L G, JTCHGR AR E BB . IR EFSE[40]1 5 T SN BkRAF AL T Bk
ORI FE R, A e TR Sl PR AL B B AL BB O 9 S R R R B R R T AR e T B 4L, $8 IR fE
g SRS FE AL BEER AR AE - METS-IR K& TyG $5%05% IR Hr AU PP S5 bR H PPk e o el R R
(S PE, @RI TUVS H0R, DIBSIEX SR IR PPN FR bR 2 75 [F) BER S 40 AR AEAH SR 1 H RIS
it — B

4. BEERE

T2DM 5 CVD Z A EH VIR, IR & T2DM EREER T2 —, WP AR DM 5 CVD 1
Wi, T2DM 5 CVD Z [Alf) ELARAE FIHLEIE 75 55 22 A 050 0E, IR W] BeE Tt A2 515 T2DM &3 ) Ifn
EIRIE A A EER . HTXymI R AL IR YN FeR, AL IR R CEME T
RIIZANT], A X A I AL B R AR B LR I AR R T2 P BRI DL N R R CVD R
T2DM A#f. X T2DM #BEF, SBE6] R EF G E R R EARER, mH T CVD K
NEEWTIRFEEERRIT AR, % DM BE G . SRR L, 8 - SERE R EE 2 JH5E
(SGLT-2)1E y—Fi 84 11 BB b 25 W7 1) AN A S5 i)z Bl Ti897 T2DM & 3F CVD s, Hif A
O MR S IEAR B E R, A f036YT “S=M” FIRE IR . XEHAEFRE IR A) IR 168
FIFHRIG, A FWHRS DM B35 1 CVD KU LR 2 58 V9T 7 R84t T A .

IAESR, BEAEXT IR WRARIARWIRN, BB AR AWML, s ki b E Al IR $2 4 T mrae.
[Fif, #E—PHF5E IR 5 CVD k&R, HET#/R CVD MARHLE, AT AEST CVD FE AT s
AT R — S dR bt A MRS 1 2 T SRR AU R, (RAESELE 7 T ) GEI8 75 2k — 25 HH IR 2R
748 . METS-IR X TyG #8455 IR BT PN 845, JUHZ METS-IR, [H I HBCONFE, JRARZIEAN
IR VEARFEFR TR S, PR 08 08 5 I G 5 ok bk 22 R AR SR G AE AR DG, -t 5 28 o U ARG A DR XU e
AT EESRAR . R Wk, METS-IR 7E5 56 i AH G J5 T I FEE AR D, 0I5 e o AR 7
(REE 2R L et Jik BE B 5 45 M B AR S 0 5 it — B IR 78 RAIE s, T B 2 AR . 2 vt I e it
W Rk, ToEIFEEZHIIGRTT I, WAER PN b A B TSP, JRERRERT IR A RGA
Jr &M, DL CVD R4S, v DM & 3F CVD B E T R £ HE S
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