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Abstract

Cardiovascular disease (CVD) is one of the leading causes of death worldwide. Insulin resistance (IR),
as an independent risk factor for CVD—even in non-diabetic populations—accelerates atherosclero-
sis and CVD progression by disrupting insulin signaling pathways (such as the PI3K/Akt pathway)
and promoting endothelial dysfunction, oxidative stress, inflammation, and thrombosis. Traditional
IR assessment methods, such as the hyperinsulinemic-euglycemic clamp (HEC) and the homeostasis
model assessment of insulin resistance (HOMA-IR), are operationally complex and costly, limiting
their clinical and epidemiological applications. This review searched the PubMed database using
keywords “insulin resistance”, “cardiovascular disease”, “triglyceride-glucose index”, and “METS-IR”,
and included narrative reviews, meta-analyses, cohort studies, and retrospective studies. It aims to
review the pathophysiological role of IR in CVD, evaluate the progress of novel non-insulin-depend-
ent surrogate markers such as the triglyceride-glucose index (TyG index) and the metabolic score for
insulin resistance (METS-IR), and identify existing knowledge gaps. Results show that the TyG index
is significantly associated with hypertension, arterial stiffness, atherosclerotic cardiovascular dis-
ease (ASCVD) risk, coronary artery disease (CAD) severity, and prognosis (such as major adverse car-
diovascular events, MACE), and can enhance the predictive value of the GRACE score (e.g., increased
AUC). METS-IR outperforms the TyG index in predicting CAD severity in some studies, but compari-
son results between the two are inconsistent, with some studies supporting the superiority of TyG in
prognostic assessment. Existing evidence is primarily based on observational studies, with high het-
erogeneity and evident population bias (mostly limited to Asian populations). In the future, multi-
ethnic longitudinal cohort studies, head-to-head comparisons, and randomized controlled trials are
needed to validate the clinical translational value of these indicators, in order to guide CVD risk strat-
ification and personalized interventions.
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1. 518

OISR (cardiovascular disease, CVD) & &3k R EHBULIEH 2 —, FFESEL 1790 JIAMT:, &
BIETT ANE 329% [1]. [ & 38D i(insulin resistance, IRVVE A ZE A IEIRZ DAL 2y, B 2 INEN
CVD M7 RS A 2R, B 7 b R AR IRAR[2] [3]. IR FEHELH SN R 5 2= A A AUt FA, 33k
v TR R e JBR S 3R IMLRE, BRI 0E A B DO RERERG . AR, ZOREFN AR T . IX LRI FE Rk 1 zhfik
SRERELE AT CVD iERE[1] [3]. A5 48 IR PEAk 757, s JiE 5 2% 1 US4 056 (hy perinsulinemic-euglycemic
clamp, HEC) Al fa AR R4k i 5 23048 £ (homeostasis model assessment of insulin resistance, HOMA-IR),
ENER AR E G 2 HA s &, BRI T ARG RAIRAT 3 5 IR [2] [4]0 AR, R 5 3 A i i &
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FHPUB IR N, a0yl =85 - #5045 FE 5 £ (Triglyceride-Glucose Index, TyG 840 FE & = pift
¥4 (Metabolic Score for Insulin Resistance, METS-IR), X6 brdE T 5 M AE M SHOHE, B4 RRHEET
MRS PRI AT CVD XS 77 T3 73[5] [6]. AZRid K FH OB ] “insulin resistance” “cardiovascular disease ”
“triglyceride-glucose index” Al “METS-IR” , ifiid PubMed %d B R IESCSCHR, IANBURMESHR, 2558
o3t BASIBEFE AR AT 78, SRR IR 75 CVD R pmE A IIER, PP TyG 830 METS-IR 483
AR B AR R STk, FERTNIE FRER 1, SRR R SE B AN 78 7 Al (VR WL

2. IR £ CVD FHRIEETRE(ER
2.1. IRIENS CVD fRIEA BN

IR 5E SR 5 2 R 308 6 267 WSt ORI R FH B 803 FeAIK,  ARU B L AN 42 B SOE AR B[ 7] IR BN
e TR R RNV R T T R FLeRA R TRR . PRI TS GL i B s IHORT A JrE B 1) ik
R 2R S AP L ISR 7 S B ) R B T = A B o AT/ 2, IR R d i i 5 2
=S E S i AR LR3-S B (PIBK/AKYIRFR, S8 —E LB & i (eNOS) I 1 A1,
TRk — AL E(NO) P2 A, (3 I3 P B D e R i A 9RE IROBE[8] [9]. PR B, IR 23Nkl AEE 1k
FLIHRBY B i O B B AR B FR[10]. IR BB IK SRR AR AL B TR B WL B35 LA R LA 7 T IR 33X
fer A, AT 2OE I R I 5 R AR, A& S EUME N B 4047 [8]. BE AT i R LG 55 [8]. FF H.
A B O A S WL B AT R B A, S BN D RERERS, S 5 A 4EIE T R [11]. 5 I E R,
i 5% 255 5 70 ML P TSt M (B P B2 A B 7 Wk 4 AT i JUL 4 ) 2 T P 2 5 o B e 5 350 8 ik s
FEREAL[9]. LA 038 R IR Al — R84 FHLH G E00MEDhRERRRS , EL4E.CL - Py AR BLAE A 2%
W PR DI RERRENG . AN, B5E TR IR S A A B R 12] . Ak, 5 IR AR
¥ = R I N g R 5 0 3 v e AR AR R LA TR il P B NG DG [13]. BRIk, IR Ak A 2 St stk 3l
Fik £ AE BB 2 UL AL LA (R R R [14] . BRSO R I, IR 55 CoJUVE VAN R AN B K R R K T FRUAH %
X RN A AR ST B A i A0 WL BE (ST-segment elevation myocardial infarction, STEMI) B ST 1)
T R 2R [15] o RAE X LA R AE SN AL 45 2 SCRE, (B 45 2158 2 A\ SR PAFIAH 78 46 1E DAV I R 2R
KFRo BRI, BREFRIPICHT V2R 5 2O RN . N D) ReRnG . BE s, SR, O UL EE
HEAR S WG TIRERRAS . BEHRZ) 45 PR RO i 88 90 5 25 AH DG [8] [15]-[17], IR L&y #E ) N AR &L A5
T MR R ERA RIS . BRI, IR ARG 0 R (1) 32 B R L], A2 O i A K AR
AT B e B R 3R [18]-[22]
2.2. 184 IR ¥ 53E(HEC 5 HOMA-IR) N B5 /R

H1 DeFronzo & A\ [4]JF &1 HEC, #) 2 AN/ B e N AR 5 22 HEPU USRI (1) S A5 1 [23]-[25]
(ER A RA S S AERTFERT S BV E 5 2 0ORE A, RIS AN A R Y AT e 2 T A v e LSt . B Jevk T
2N T I PRS2 B 1 [26]-[28] o 5T 25 G R & 25 A MLBE TH 5 HOMA-IR J2 —FH TR L s A b S5k R
BB Z A S AL [29] 0 AR 55— B B DA IR B B R 755 [24] [28],  HAE 5 52 AN i
FAE AR, 0 T A RS B AR IR R S B b AN I, 2B R RN SE T T B
I A[30] [31].
3. #A IR BRiBfRS CVD BIXE: MIREHERSEIREO
3.1. TyG #E8ER IR R B R IEMR

45T HEC 1 HOMA-IR S5 46 45 IR VAL 7R BRI, ARFTE N R H R TyG FR5[32]/E N IR (17
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BB AIENR. TyG $BEUEH DL R AR TyG 850 = In[Hih =B (mg/dL) x 2= ifn #% (mg/dL)/2] .
HOTUE, AREREHATATE WSH, AR TR . %38 560 1R i b S Wis 25 1 F0pE e
RA[33][34]. BRI E, TyG Fa¥oh iy H i =Be o e 1 HE B, 135 il i 15 5 S0 A0 SOOI 980 Je
B, R A R Dy RE RE RS AN B IK RS FEREAG [ 7] [8]: 1075 B MM R o0 WAL 7 BB, BRI vay OB s A e i A%
ol M W R E7] [8]. LbAh, 5 IR MG & H i =B MUE v] PR LR VA 3G PR I 19 b0 i A T i [13], M
MM ini# CVD #kf# . Sénchez-Garcia, A 25 \[35]#E%F 15 AT 58 i) 69,922 44 f 3 HEAT SR Hrrh £ 9,
TyG $840/E 12 W g &5 = HKHT 7 TH 1) R B N 96%, L8 JLIUHE 71 45 S [ B Sl H 1% 48 405 HEC fiTHOMA-
IR A R FIAHCME[36]-[38], o RTEA A 2 BUBE R IAMA 1 [32] [39] [40]. BRIk, TyG fa%fEN
G4 R 0T (0 15 5 AR IE A5 A2 AT 52 [32]-[34] [36] [41]-[44]. EZE BT 45 L R W] TyG HEBE -G
JBR & Z AP [44] [45]FN TN B K SR FEAE AL 7 LT HOMA-IR [43] [46] .

3.2. TyG #5¥15 CVD K™ ERE R XEKAR

AR, TyG #8405 CVD Z MK R FUAEZ W . Yang 58 A\ [47]40 N 35,848 42 5 1) 7
TN B S AT 2225 0 M1 Ja 45 R BoR TyG $8 50T B3 38 n 1 3558 AT b o & v I i KUK, 5 HLTE
MR TyG 5305 M LS 2 A28 RARZAERY . 5. B A5 B8 %(Body Mass Index, BMI). &5
PR B D S T F) S 35 B (3 AR A A P (B8 > 0.05); Lukito %5 A\ [48]MIZ R irilk— B 45 H TyG 4§
$ 5 v i i DAEZR MR BT R ZUAH G . Zhang 28 N [49]40 %55 T 1979 %2 55 BHTRABIRE TS, 44
AN 13 BB FHAT Z 20, S5 RR W TyG Ha 85 38 i 20 Ak RE A A2 B2 U AR O, 248 40m] LAME AT
e A 25 Fik 35 A L R0 20 Sk e A IR IS 388 o ) 8k S T D51, 2 0F 9 90 30y R T 3 e T R Ak 8 ok
(Brachial-Ankle Pulse Wave Velocity, baPWV) & 2515 s 534 2 5@ 235501 45 2R 4518 [50] [51].
—IUELEG 8 WRAFIAT 9T, JLi K 5,731,294 %S 5EMZEHESERER: Lkl TyG fa5UE N/ A
BILAEST E, B TyG f8800] G5 FL 2 Jo 3N ik o A8 4k 14 O 1L 5 i (atherosclerotic cardiovascular
disease, ASCVD)IH) A BEH ASCVD 1) 5 i A AL AR I, W4 /M itk — 25 £ 0 TyG 1885 [ J5 ASCVD
RIRZFLZ B RPFAZ S 5E TR W B RRAS R 2 M m[52]. —IiH ME TR TyG 5%
L5568 02993 (Coronary Artery Disease, CAD) XU« ™ B FE B AN (1) R Gt (RN 25 25 M R B 5 TyG $84U
R EF ML, TyG faEi i % CAD KB = sk BNk A8 5 ™ 5 | FilJ5 56 225 1A Fix T CAD
TR T, & REREERSIBKES A R . TRB KBS . £ 31 CAD FISZ 22N
A XT CAD TS i, 32485 R 2 F A RO M8 FH - (Major Adverse Cardiovascular Events,
MACE) [53]. Jiang 25 NN 5 k0. s 3912 LS 5H M BEM A TyG Ha30S 348 W B2 (In-
Stent Restenosis, ISR)Z [H] ] 9% R 2R Hr 45 R IEIR TyG #8305 ISR BEHM, TyG BET = EE
ISR F I B8 ey, 1 FL W 2H 29 A7 3R B IX F SR B AN 32 e o T S B I 5 [54] o B R AFF L I8 R IAHN 5 TiihfF
FU(LHH 2 T, FE 350). k3518 44 ME (FFUAYE: 57.6 %2 68.22 &), (LA [HE IR ANE DhRe ST
TR ERIG, TyG 185054 KRB KA NIBT IG5 1 52 770155 B 1RV 27 HH 535 1 AH JG M [55]

BRI R Y] TYG fE8 5wk Sk AT ASCVD OGRS, (H 2 B 5T & 72 I A
B, SRRMER, FTREAZ H R A AR B R . I LA B R BT R IR, IR T e
R R A HAER . KRR PITFE AR BRI 0F 50 LB THIE 4R 50 % .

3.3. TyG 5 ¥i#E CAD /sy xM

FEAMEAERRZ TyG #8455 CAD Fl/5 BIAHICHEWT 7T, il Akbar 58 A[56]40N 1 4 TwH 58 H (1)
13,684 421X E, AT RR, TyG faflun =25 2 a ik 45 & 1k (Acute Coronary Syndrome, ACS)
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& MACE PIfiAH R (RR 2.09 [1.59, 2.76]). J34h—TiALg N 20 ANBAFI, EL4E 20,403 44 MAR 2R 50 Hr el
KBRS TyG FREURARIE A I/ MAAELE, femy TyG 285 i) A 2R 30 HH B e 1 2 AN RO i L 544 (Major
Adverse Cardiac and Cerebrovascular Events, MACCES) (P < 0.00001) f14=[FI4ET=(P < 0.00001) XU, XLk
SR NESAT BT TyG $680—F(MACCEs: P=0.006; 4:[F%ET:: P<0.00001); WA/ Hr&m, iR
PR Ak o U BE(Acute Myocardial Infarction, AMIZEE A FEEVT 167 ¥ R B IR X P 2 [57]

5 Sun S5 ANAE—IEEGNN T 9 IRAFIBE 7t AEASE M 515 3| 2055 A5 BE VI [ 38 12 A H i
BEWTIT TyG a4 [ 4 5 e RSk NIEIT G O UV TS 100 RIS R M 4 SRR TyG Fadiiiy
Ti—AN¥A47, MACE F X% tt (Hazard Ratio, HR) 4 1.82 (95% Cl 1.34~2.46), 3y 4 LU 5E(Myocardial
Infarction, MI)ff] HR A 2.57 (95% CI 1.49~4.41; 1> = 63%), I E &K HR A 2.06 (95% Cl 1.23~3.50; I =
90%). TyG #6415 MACE KUK 2[RI T 261 58 R (R? = 0.6114), A [FIFET- HR 4 1.93 (95% Cl 1.35~2.75;
12=50%). = TyG #6405 PCI j5 MACE. AEE(dntE M1, £ [RFE TR 5 i 14 o 2 A e PE[58]

XEEZERE Mo TyG T HCAE T et Lo 0 b OANEL, (BRI A7 AE 1R v e D P o R 30 B 07 VRS e
NEE (o [ 8 ) (£ S5 AN 2, AT REFR | FLAE BRI HE T N H o ARR T B BRI R a7 Z 575, JFH.
A D0 T2 T AT %o HE X 30 I LA R e S T s 1 AT S 1

3.4. TYG s S NER BN E S R HTMEEME

£ Sun FEANIZEZE S, S9INE 6 @ 3CE A TyG 83505 B AH 18] 3 A 58 240 R Woe ik
SNk FERE AL G B R R RS . PR BMIL WO S L Wi o I A S5 5 2 ol Fry 2 4R A AR 25 45 5 i LAy
Bt TyG $5 o0t FE LA TS B F5U5 AR S A B [59]-[61]. BROCKHI 2 AL BB 73 TyG e 54 midh
PRI ST A S 1 [62]-[64]FIBUEA R, I Ak 3 5B AE4MHT TyG FE5 TRl S E rd f2 b
BURHEBEE T TyG RS &Rk At bk E - Mt 70 7> (Global Registry of Acute Coronary Events,
GRACE) [65]-[67]. & 4 {R[68]-[7T1IARMNIZ A5 M 0 BA KU 7T H MBS CE W R H TyG 53l
2 {2 R BNk A NG YT (Percutaneous Coronary Intervention, PCI)J5 MACE H G M, TyG #6881
PCI ARJi MACE ({35l 5 1.

iR 13 FscE T 3 M EEELA T TyG i 5UR GRACE PE4r k17 /0 M i 52 & i e IR B ik i N iR 97
BEAROME TG R CZL R TyG 8506 GRACE 1/ HIAS KO ML S 4 TN BE 7 B 14 25/
(AUC: GRACE 145 0.798 vs. GRACE #4r + TyG %4 0.849[67]. AUC: GRACE ¥4 0.712 vs. GRACE
P + TyG #5410 0.751 [66]. C Fiit =AM 0.735 3 N3 0.744 [68])-

AN Wang 25 A\ [6911T 75 45 F /R TE TyG Al Hb M b 41 i 5 7k 40 A2 EL A5 (Neutrophil-to-Lymphocyte
Ratio, NLR)¥J/2 STEMI 35 PCI AR5 Bt N MACE [ &l R R [ ETHE T - TyG il NLR 456 1% G il
B GRACE 114 B = 2 Wi {8 (AUC: GRACE 114> 0.749 vs. GRACE /> +TyG #6% +NLR 1§
#70.839), 1fi Ma 2 A\[711FIHF 78 3 BH 24#8 8% C /8% £ [ (High-Sensitivity C-Reactive Protein, hsCRP)7KF
KT 2 mg/L i, TyG #5405 MACE Al HAOSZAHG, TyG $a40f1 hsCRP & A XS £ T GRACE
73 MACE U5 B8 (1 F500 5E 0 $G & /E B (C Sevh&: M 0.631 3N 0.661).

XLERF 5T R TyG $8406) GRACE VA R S8 i/, (RIS AEAERE AR/ L ot U ) )
H BB EPE T AT BEAF A PR IR A & 1) B, IR AN 2 R TT i B 22 67 A 1 F 9 DAV L AE AN TR
CAD VA H () T 14 S A {8

3.5. METS-IR {fEAFE IR BRIERAES TyG BHAILLR
YEN IR B 5 Ab—F i 80 0] 5 B AR4RAR[72], METS-IR AIARYE LA F AR ES H: METS-IR = [In(2 x
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2 i B (mo/dL) + H i =B (mg/dL)) x BMI (kg/m?))/In( %5 1% fig & (1 B[ % (mg/dL)) . METS-IR (405
B0 AT IR M2 4R BRI . S B IURE Al =52 i S e T E R A B R, SRR NI SO
AL AR TE HAH G [8] [13]; BMI AT e R B4R JE PRV, BRI GVk X A R W 23 AT, AS BB AARR O PEREJBE
A5 O PR S EAR DG T Ao MR E R LA AR DT HER U AZ O, I8RO R (W 3R . TNF-a) FI 55
JIE D7 R 5 SR 1, IR 5 IR [7] 17 e 2 R T i 0 T e ) (B O A T MR e IR i R RS
WEERE IR R HESh K REREAL[8]. BT R C-S il B 5, R XS TR F i\ METS-IR
J&, MACE [ XU TR0 2 2 2038 (C- Gt s A 0.71 3N 2] 0.72), $oRAE F 28 KU T A 2L A i\ METS-
IR Al $2m F R CAD E# MACE M5 8 /1[73]. (HiZFE57E S CVD KRBT 2 K2 5 o~ LA
55 FA T R AR IR B 2 AH G IR 48FR 0 TyG fa . i =8/ % 52 15 2 1 JE 5 8% LG & (Triglycerides/High-
Density Lipoprotein Cholesterol Ratio, TG/HDL-C)%5AH LU I HHL, Hr METS-IR F1 TyG #8300
Ft. CVD [ A L 48 FAEAN A 78 2 [ AR AR ]

—J5 T, W45 RS HF METS-IR i TyG fa#ian ~: — i 5 7E 041 TG/HDL-C. TyG $5%(F1 METS-
IR 5 CAD IR FR, HXTEARFRI TN ERAT LR I L 45 R B7R: TG/HDL-C. TyG #8%0fl METS-IR
& CAD A7A{EAN™ B L A A I PO Rl 5~ . 5203 TAERHIE it 26 (Receiver Operating Characteristic Curve,
ROC)7r M7 i7x, METS-IR f CAD [1J47 76 F1 ™ 8 2 B (1) B AN {8 &% =1 (METS-IR [AUC (95% Cl): 0.636
(0.589~0.683)] 5 TG/HDL-C [0.567 (0.517~0.618)] 1 TyG #5%1[0.562 (0.509~0.614)]) [74]. Zhang % \[75]1E
H A2 R DU R i & 2 LAt Y IR 8 FRAE T CAD 7™ 5 R B 5 Tl AR BLRIRE 7 o, IR 2 I & S, TYG
E¥. H il = s 2 B - 7K 5 (Triglyceride-Glucose-Body Mass Index, TyG-BMI)$5%t. TG/HDL-C LA X METS-
IR 52 X% CAD KR 2 EHK. 4% ROC 4 LLITE CAD f*EEE 7R, METS-IR 1) AUC fE
0.726 (95% CI1 0.677~0.775), T TyG 53f) AUC {E 0.673 (95% CI 0.620~0.726). K HZEEKI—IANT T
fiit IR BACREY S 22 E B AR AR S T B R S R IOBEFL R, G0 i R R R 77,
TyG $6%4. METS-IR i AUC 18 (%3519 0.634 1] 0.638) & T-1& 4t L4851 BMI (AUC: 0.630)F1 % Hl (Waist
Circumference, WC) (AUC: 0.618) [76]. — il § /£ Eb4: METS-IR. TG/HDL-C. TyG 5%, TyG-BMI %1t
T PCI A 5 5 o L5 TS 7 THI BB 7 04 [ B PRt 7 45 SR 4 - DUFP IR 4B ARTE Lotk AMA 35 5 MACCES
SEME, MEZEEET A TyG-BMI F8EUA1 METS-IR 5 MACCESs #i3%. ZINIXLE IR fabrdf A4t
L B R AR S AR A MACCES [ TR BE 71771

A7, WSS R TyG 85Ut T METS-IR U0 R : —T0N 1 1A E S0 0o lEA QR br LK 37
SIS K FERE Ak F8 ORI 2 AP B AR BRI CAD RSN I E I AR B, AT X
BERRR R AR Z BT fE, TyG $88UKFIHaEfdE CAD K 28k, 3Gt 4 £5: SRmiES
JCIRAE R o METS-IR 1ENESAL S5 CAD WS T ATy, AR Fa Ak CE[78]. F—IiE
FELLHL TyG #6844, TG/HDL-C PA K METS-IR #E5 2% PCI A &3t 15 B I RS I BA B 5
TyG 164k, 1fidE TG/HDL-C 8 METS-IR, 54£525E %% PCI &) MACE 2 IEAHS:; [N, ¥ TyG fa#uk
D2 R aERA R 5 C 41T E(0.618 XT 0.627) HH 7 S35 4 £ (Net Reclassification Improvement, NRI)
(0.12) ALz 1 5 243 76 % (Integrated Discrimination Improvement, 1DI) (0.14%) & % 2403%, 1% TG/HDL-C 5k
METS-IR B G AR dh RS BB 35 208 s B4R PCLE SCARA LR 2 1/MFE: A 3 ANEEZ
THL WBIT 3AEE LA, 4 X PCly S SCAEK R 60 mm BE K, AL E T PCI B A5 40[79]

B Mirjalili 25 A\ [80]17EXF 2000 & F#E7E 20 & 74 S WIAMAEIET 71 9.9 FEHIBEY 5, FIHZA
B Cox LIRS T TyG 850, TyG-BMI. Hili=§ - #i45%# - 5 45 £ (Triglyceride-Glucose-
Waist Circumference, TyG-WC). TG/HDL-C PL K& METS-IR 5 CAD K E2 858, FH ROC 3 Eb4s
IXLEFRAR (1 I R RE S LT CAD ARG FHE,  PASAE FH =M R RN SURFIEIE £ 77 LASSO,
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BEHLARARRFIE L BEAN Boruta B0i% DAPPAL AN LI IR & 22 3K B AR EWAE T CAD H iR, 455
R TyG fREUEME—E e S R BIR S CAD MM & R I B AR EYI(HR: 2.54, 95% Cl:
1.34~4.81). IeAb, 5HAME S RIS RIBIRHHEL, © 7 ROC B T AR5 = (0.67 [0.63~0.7]). A ik
N REHIEIE R 71402 W TyG $8EUR T CAD f i FE MR 5 BT B AR & . AR BE LA AR 1) oAtk
FUAARIZE, TyG faEt WA I7E 9 2 Ja bt IERL 2 A 3.

SR, TyG Al METS-IR 7ECo I8 T3 1 Bl e &5 SRS — B, — L6 A 72 S KF METS-IR 7£ CAD ™
R TR P ek, T AR BOR TyG fETUE VIS R B (A AR RS FEAZ
FEPEA L, HBh = B LU AN 1) HaE il s o 55 200 22 S0 St 50 DAk PR 2 CEAS [N R R AR O A 35 o

4, 4Eip

gE EATR, IR ME M AL O], 8 (R R S N B T RERRAT . AL RO BE B 5 451
PESER B AR, /5 CVD BIR AR i R AN TS Hh R HE B AR H o A% S8 56 &% 2= KL VP4l 75 % a1 HEC #1 HOMA-
IR AR G A A s &, G ASE FPESZ R, HES) T B B AR IR B AR R IE PR R S . TyG FEHUE
RTEERATEER IR BN, CHESRS sk k. ASCVD K KU B & CAD Tiilj= (1 MACE
MARBET) B VI, JUHAE PCI ARJG &35 b R 4 GRACE P43 I Tl 3% & AME . METS-IR /24 5
— PR, EHLHT R R I AL T TyG B9 CAD AL TGS /1, H 1 T-0F 50 5 5 A A B
{3 PR A7AE BUE P 25 2 [ [ Bl e 4 SR AN — B

XU R PR IR BRI CVD R4 2 AT WAl B R IR R, B B T4 ST
T-Pskng . WREIA S, 7ERRA RIEZETHN, TyG $8EnI1E N CVD KR HIiH A R L H, f#
THET 5 AR A S HO U S RS B, JRER SE AR TS Uy T TURIE R B s MrESR G MR
B, W54 METS-IR BEAT S0 AT AU B P A%, LAOLAK CAD ™ B R EEAITIUS B FIWT . ST, A 1)
UEFE B SRR ZEZE 0T, Sz KA BT ARS8 R A 3 IR SR 06 AT FOR, B2 RRTF
NBE AR TN TR A2 BRI BA I Skt Sk LA DA R B B il A 2 ) T, B8 B AR B v R BE A 5
P a0 LR TyG Fa BN a7 ¥R 0T TSRS (i T TyG BUE 1 5R AR 15 07 S st T SR 254 B
B PR TT) R TS B RO M 3R, DASEAN IR BR 11 FF 50 UE X S F AR AE T B CVD A AL FH o

SE

[1] Kosmas, C.E., Bousvarou, M.D., Kostara, C.E., Papakonstantinou, E.J., Salamou, E. and Guzman, E. (2023) Insulin
Resistance and Cardiovascular Disease. Journal of International Medical Research, 51, 1-49.
https://d0i.org/10.1177/03000605231164548

[2] Wang, T., Li, M., Zeng, T., Hu, R., Xu, Y., Xu, M., et al. (2022) Association between Insulin Resistance and Cardiovas-
cular Disease Risk Varies According to Glucose Tolerance Status: A Nationwide Prospective Cohort Study. Diabetes
Care, 45, 1863-1872. https://doi.org/10.2337/dc22-0202

[3] Adeva-Andany, M.M., Martinez-Rodriguez, J., Gonzalez-Lucan, M., Fernandez-Fernandez, C. and Castro-Quintela, E.
(2019) Insulin Resistance Is a Cardiovascular Risk Factor in Humans. Diabetes & Metabolic Syndrome: Clinical Re-
search & Reviews, 13, 1449-1455. https://doi.org/10.1016/j.dsx.2019.02.023

[4] DeFronzo, R.A., Tobin, J.D. and Andres, R. (1979) Glucose Clamp Technique: A Method for Quantifying Insulin Se-
cretion and Resistance. American Journal of Physiology-Endocrinology and Metabolism, 237, E214.
https://doi.org/10.1152/ajpendo.1979.237.3.e214

[5] Tao, L., Xu,J., Wang, T., Hua, F. and Li, J. (2022) Triglyceride-Glucose Index as a Marker in Cardiovascular Diseases:
Landscape and Limitations. Cardiovascular Diabetology, 21, Article No. 68.
https://doi.org/10.1186/s12933-022-01511-x

[6] Duan, M., Zhao, X., Li, S., Miao, G., Bai, L., Zhang, Q., et al. (2024) Metabolic Score for Insulin Resistance (METS-
IR) Predicts All-Cause and Cardiovascular Mortality in the General Population: Evidence from NHANES 2001-2018.
Cardiovascular Diabetology, 23, Article No. 243. https://doi.org/10.1186/s12933-024-02334-8

DOI: 10.12677/acm.2025.15102882 1272 Il R 125 23k i


https://doi.org/10.12677/acm.2025.15102882
https://doi.org/10.1177/03000605231164548
https://doi.org/10.2337/dc22-0202
https://doi.org/10.1016/j.dsx.2019.02.023
https://doi.org/10.1152/ajpendo.1979.237.3.e214
https://doi.org/10.1186/s12933-022-01511-x
https://doi.org/10.1186/s12933-024-02334-8

e, MR

(7]
(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Yaribeygi, H., Farrokhi, F.R., Butler, A.E. and Sahebkar, A. (2018) Insulin Resistance: Review of the Underlying Mo-
lecular Mechanisms. Journal of Cellular Physiology, 234, 8152-8161. https://doi.org/10.1002/jcp.27603

Ormazabal, V., Nair, S., Elfeky, O., Aguayo, C., Salomon, C. and Zufiga, F.A. (2018) Association between Insulin
Resistance and the Development of Cardiovascular Disease. Cardiovascular Diabetology, 17, Article No. 122.
https://doi.ora/10.1186/s12933-018-0762-4

Bornfeldt, K.E. and Tabas, I. (2011) Insulin Resistance, Hyperglycemia, and Atherosclerosis. Cell Metabolism, 14, 575-
585. https://doi.org/10.1016/j.cmet.2011.07.015

Galicia-Garcia, U., Benito-Vicente, A., Jebari, S., Larrea-Sebal, A., Siddiqi, H., Uribe, K.B., et al. (2020) Pathophysiol-
ogy of Type 2 Diabetes Mellitus. International Journal of Molecular Sciences, 21, Article No. 6275.
https://doi.org/10.3390/ijms21176275

Beneit, N., Martin-Ventura, J.L., Rubio-Longas, C., Escribano, O., Garcia-Gémez, G., Fernandez, S., et al. (2018) Po-
tential Role of Insulin Receptor Isoforms and IGF Receptors in Plaque Instability of Human and Experimental Athero-
sclerosis. Cardiovascular Diabetology, 17, Article No. 31. https://doi.org/10.1186/s12933-018-0675-2

Aroor, A.R., Mandavia, C.H. and Sowers, J.R. (2012) Insulin Resistance and Heart Failure. Heart Failure Clinics, 8,
609-617. https://doi.org/10.1016/j.hfc.2012.06.005

Calles-Escandon, J., Mirza, S.A., Sobel, B.E. and Schneider, D.J. (1998) Induction of Hyperinsulinemia Combined with
Hyperglycemia and Hypertriglyceridemia Increases Plasminogen Activator Inhibitor 1 in Blood in Normal Human Sub-
jects. Diabetes, 47, 290-293.

Ma, X., Dong, L., Shao, Q., Cheng, Y., Lv, S, Sun, Y., et al. (2020) Triglyceride Glucose Index for Predicting Cardio-
vascular Outcomes after Percutaneous Coronary Intervention in Patients with Type 2 Diabetes Mellitus and Acute Cor-
onary Syndrome. Cardiovascular Diabetology, 19, Article No. 31. https://doi.org/10.1186/s12933-020-01006-7

Trifunovic, D., Stankovic, S., Sobic-Saranovic, D., Marinkovic, J., Petrovic, M., Orlic, D., et al. (2014) Acute Insulin
Resistance in ST-Segment Elevation Myocardial Infarction in Non-Diabetic Patients Is Associated with Incomplete My-
ocardial Reperfusion and Impaired Coronary Microcirculatory Function. Cardiovascular Diabetology, 13, Article No.
73. https://doi.org/10.1186/1475-2840-13-73

Laakso, M. and Kuusisto, J. (2014) Insulin Resistance and Hyperglycaemia in Cardiovascular Disease Development.
Nature Reviews Endocrinology, 10, 293-302. https://doi.org/10.1038/nrendo.2014.29

Iguchi, T., Hasegawa, T., Otsuka, K., Matsumoto, K., Yamazaki, T., Nishimura, S., et al. (2013) Insulin Resistance Is
Associated with Coronary Plaque Vulnerability: Insight from Optical Coherence Tomography Analysis. European Heart
Journal—Cardiovascular Imaging, 15, 284-291. https://doi.org/10.1093/ehjci/jet158

Bonora, E., Kiechl, S., Willeit, J., Oberhollenzer, F., Egger, G., Meigs, J.B., et al. (2007) Insulin Resistance as Estimated
by Homeostasis Model Assessment Predicts Incident Symptomatic Cardiovascular Disease in Caucasian Subjects from
the General Population. Diabetes Care, 30, 318-324. https://doi.org/10.2337/dc06-0919

Jeppesen, J., Hansen, T.W., Rasmussen, S., Ibsen, H., Torp-Pedersen, C. and Madsbad, S. (2007) Insulin Resistance, the
Metabolic Syndrome, and Risk of Incident Cardiovascular Disease. Journal of the American College of Cardiology, 49,
2112-2119. https://doi.org/10.1016/j.jacc.2007.01.088

Gast, K.B., Tjeerdema, N., Stijnen, T., Smit, J.W.A. and Dekkers, O.M. (2012) Insulin Resistance and Risk of Incident
Cardiovascular Events in Adults without Diabetes: Meta-Analysis. PLOS ONE, 7, €52036.
https://doi.org/10.1371/journal.pone.0052036

Tenenbaum, A., Adler, Y., Boyko, V., Tenenbaum, H., Fisman, E.Z., Tanne, D., et al. (2007) Insulin Resistance Is
Associated with Increased Risk of Major Cardiovascular Events in Patients with Preexisting Coronary Artery Disease.
American Heart Journal, 153, 559-565. https://doi.org/10.1016/j.ahj.2007.01.008

Uetani, T., Amano, T., Harada, K., Kitagawa, K., Kunimura, A., Shimbo, Y., et al. (2012) Impact of Insulin Resistance
on Post-Procedural Myocardial Injury and Clinical Outcomes in Patients Who Underwent Elective Coronary Interven-
tions with Drug-Eluting Stents. JACC: Cardiovascular Interventions, 5, 1159-1167.
https://doi.org/10.1016/j.jcin.2012.07.008

Choi, C.S., Kim, M.Y, Han, K. and Lee, M. (2012) Assessment of #-Cell Function in Human Patients. Islets, 4, 79-83.
https://doi.org/10.4161/is1.19270

Antuna-Puente, B., Disse, E., Rabasa-Lhoret, R., Laville, M., Capeau, J. and Bastard, J. (2011) How Can We Measure
Insulin Sensitivity/Resistance? Diabetes & Metabolism, 37, 179-188. https://doi.org/10.1016/j.diabet.2011.01.002

Tam, C.S., Xie, W., Johnson, W.D., Cefalu, W.T., Redman, L.M. and Ravussin, E. (2012) Defining Insulin Resistance
from Hyperinsulinemic-Euglycemic Clamps. Diabetes Care, 35, 1605-1610. https://doi.org/10.2337/dc11-2339

Pacini, G. and Mari, A. (2003) Methods for Clinical Assessment of Insulin Sensitivity and g-Cell Function. Best Practice
& Research Clinical Endocrinology & Metabolism, 17, 305-322. https://doi.org/10.1016/s1521-690x(03)00042-3

DOI: 10.12677/acm.2025.15102882 1273 Il R 125 23k i


https://doi.org/10.12677/acm.2025.15102882
https://doi.org/10.1002/jcp.27603
https://doi.org/10.1186/s12933-018-0762-4
https://doi.org/10.1016/j.cmet.2011.07.015
https://doi.org/10.3390/ijms21176275
https://doi.org/10.1186/s12933-018-0675-2
https://doi.org/10.1016/j.hfc.2012.06.005
https://doi.org/10.1186/s12933-020-01006-7
https://doi.org/10.1186/1475-2840-13-73
https://doi.org/10.1038/nrendo.2014.29
https://doi.org/10.1093/ehjci/jet158
https://doi.org/10.2337/dc06-0919
https://doi.org/10.1016/j.jacc.2007.01.088
https://doi.org/10.1371/journal.pone.0052036
https://doi.org/10.1016/j.ahj.2007.01.008
https://doi.org/10.1016/j.jcin.2012.07.008
https://doi.org/10.4161/isl.19270
https://doi.org/10.1016/j.diabet.2011.01.002
https://doi.org/10.2337/dc11-2339
https://doi.org/10.1016/s1521-690x(03)00042-3

e, MR

[27]
[28]
[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

Yusuf, S., Hawken, S., Ounpuu, S., et al. (2005) Obesity and the Risk of Myocardial Infarction in 27000 Participants
from 52 Countries: A Case-Control Study. The Lancet, 366, 1640-1649.

Park, S.Y., Gautier, J. and Chon, S. (2021) Assessment of Insulin Secretion and Insulin Resistance in Human. Diabetes
& Metabolism Journal, 45, 641-654. https://doi.org/10.4093/dmj.2021.0220

Matthews, D.R., Hosker, J.R., Rudenski, A.S., et al. (1985) Homeostasis Model Assessment: Insulin Resistance and
Beta-Cell Function from Fasting Plasma Glucose and Insulin Concentrations in Man. Diabetologia, 28, 412-419.

Rudvik, A. and Mansson, M. (2018) Evaluation of Surrogate Measures of Insulin Sensitivity—Correlation with Gold
Standard Is Not Enough. BMC Medical Research Methodology, 18, Article No. 64.
https://doi.org/10.1186/s12874-018-0521-y

Manley, S.E., Stratton, .M., Clark, P.M. and Luzio, S.D. (2007) Comparison of 11 Human Insulin Assays: Implications
for Clinical Investigation and Research. Clinical Chemistry, 53, 922-932. https://doi.org/10.1373/clinchem.2006.077784

Guerrero-Romero, F., Simental-Mendia, L.E., Gonzalez-Ortiz, M., Martinez-Abundis, E., Ramos-Zavala, M.G.,
Hernandez-Gonzaélez, S.O., et al. (2010) The Product of Triglycerides and Glucose, a Simple Measure of Insulin Sensi-
tivity. Comparison with the Euglycemic-Hyperinsulinemic Clamp. The Journal of Clinical Endocrinology & Metabo-
lism, 95, 3347-3351. https://doi.org/10.1210/jc.2010-0288

Yu, X., Wang, L., Zhang, W., Ming, J., Jia, A., Xu, S., et al. (2018) Fasting Triglycerides and Glucose Index Is More
Suitable for the Identification of Metabolically Unhealthy Individuals in the Chinese Adult Population: A Nationwide
Study. Journal of Diabetes Investigation, 10, 1050-1058. https://doi.org/10.1111/jdi.12975

Liu, X, He, G., Lo, K., Huang, Y. and Feng, Y. (2021) The Triglyceride-Glucose Index, an Insulin Resistance Marker,
Was Non-Linear Associated with All-Cause and Cardiovascular Mortality in the General Population. Frontiers in Car-
diovascular Medicine, 7, Article ID: 628109. https://doi.org/10.3389/fcvm.2020.628109

Sanchez-Garcia, A., Rodriguez-Gutiérrez, R., Mancillas-Adame, L., Gonzalez-Nava, V., Diaz Gonzalez-Colmenero, A.,
Solis, R.C., et al. (2020) Diagnostic Accuracy of the Triglyceride and Glucose Index for Insulin Resistance: A Systematic
Review. International Journal of Endocrinology, 2020, Article ID: 4678526. https://doi.org/10.1155/2020/4678526

Simental-Mendia, L.E., Rodriguez-Moran, M. and Guerrero-Romero, F. (2008) The Product of Fasting Glucose and
Triglycerides as Surrogate for Identifying Insulin Resistance in Apparently Healthy Subjects. Metabolic Syndrome and
Related Disorders, 6, 299-304. https://doi.org/10.1089/met.2008.0034

Tuo, X., Yuan, J., Wang, X. and Xin, Z. (2020) Identifying the Insulin Resistance Index in Nondiabetic Chinese Subjects.
Medicine, 99, e19023. https://doi.org/10.1097/md.0000000000019023

Lee, S.B., Ahn, CW., Lee, B.K,, Kang, S., Nam, J.S., You, J.H., et al. (2018) Association between Triglyceride Glucose
Index and Arterial Stiffness in Korean Adults. Cardiovascular Diabetology, 17, Article No. 41.
https://doi.org/10.1186/s12933-018-0692-1

Mazidi, M., Kengne, A., Katsiki, N., Mikhailidis, D.P. and Banach, M. (2018) Lipid Accumulation Product and Triglyc-
erides/Glucose Index Are Useful Predictors of Insulin Resistance. Journal of Diabetes and its Complications, 32, 266-
270. https://doi.org/10.1016/j.jdiacomp.2017.10.007

Du, T., Yuan, G., Zhang, M., Zhou, X., Sun, X. and Yu, X. (2014) Clinical Usefulness of Lipid Ratios, Visceral Adiposity
Indicators, and the Triglycerides and Glucose Index as Risk Markers of Insulin Resistance. Cardiovascular Diabetology,
13, 146.

Mahdavi-Roshan, M., Salari, A., Vakilpour, A., Savar Rakhsh, A. and Ghorbani, Z. (2021) Rice Bran Oil Could Favor-
ably Ameliorate Atherogenicity and Insulin Resistance Indices among Men with Coronary Artery Disease: Post Hoc
Analysis of a Randomized Controlled Trial. Lipids in Health and Disease, 20, Article No. 153.
https://doi.org/10.1186/512944-021-01584-9

Bastard, J., Lavoie, M., Messier, V., Prud’homme, D. and Rabasa-Lhoret, R. (2012) Evaluation of Two New Surrogate
Indices Including Parameters Not Using Insulin to Assess Insulin Sensitivity/Resistance in Non-Diabetic Postmenopau-
sal Women: A MONET Group Study. Diabetes & Metabolism, 38, 258-263. https://doi.org/10.1016/j.diabet.2012.01.004

Vasques, A.C.J., Novaes, F.S., de Oliveira, M.d.S., Matos Souza, J.R., Yamanaka, A., Pareja, J.C., et al. (2011) TyG
Index Performs Better than HOMA in a Brazilian Population: A Hyperglycemic Clamp Validated Study. Diabetes Re-
search and Clinical Practice, 93, €98-e100. https://doi.org/10.1016/j.diabres.2011.05.030

Navarro-Gonzalez, D., Sénchez-iﬁigo, L., Pastrana-Delgado, J., Fernandez-Montero, A. and Martinez, J.A. (2016) Tri-
glyceride-glucose Index (TyG Index) in Comparison with Fasting Plasma Glucose Improved Diabetes Prediction in Pa-
tients with Normal Fasting Glucose: The Vascular-Metabolic CUN Cohort. Preventive Medicine, 86, 99-105.
https://doi.org/10.1016/j.ypmed.2016.01.022

Lee, S.-H., Kwon, H.-S., Park, Y.-M., Ha, H., Jeong, S.H., Yang, H.K., et al. (2014) Predicting the Development of
Diabetes Using the Product of Triglycerides and Glucose: The Chungju Metabolic Disease Cohort (CMC) Study. PLOS
ONE, 9, €90430. https://doi.org/10.1371/journal.pone.0090430

DOI: 10.12677/acm.2025.15102882 1274 Il R 125 23k i


https://doi.org/10.12677/acm.2025.15102882
https://doi.org/10.4093/dmj.2021.0220
https://doi.org/10.1186/s12874-018-0521-y
https://doi.org/10.1373/clinchem.2006.077784
https://doi.org/10.1210/jc.2010-0288
https://doi.org/10.1111/jdi.12975
https://doi.org/10.3389/fcvm.2020.628109
https://doi.org/10.1155/2020/4678526
https://doi.org/10.1089/met.2008.0034
https://doi.org/10.1097/md.0000000000019023
https://doi.org/10.1186/s12933-018-0692-1
https://doi.org/10.1016/j.jdiacomp.2017.10.007
https://doi.org/10.1186/s12944-021-01584-9
https://doi.org/10.1016/j.diabet.2012.01.004
https://doi.org/10.1016/j.diabres.2011.05.030
https://doi.org/10.1016/j.ypmed.2016.01.022
https://doi.org/10.1371/journal.pone.0090430

e, MR

[46]

[47]

[48]

[49]

[50]

[51]

[52]

(53]

[54]

[55]

[56]

[57]

(58]

[59]

[60]

[61]

[62]

[63]

Irace, C., Carallo, C., Scavelli, F.B., De Franceschi, M.S., Esposito, T., Tripolino, C., et al. (2013) Markers of Insulin
Resistance and Carotid Atherosclerosis. A Comparison of the Homeostasis Model Assessment and Triglyceride Glucose
Index. International Journal of Clinical Practice, 67, 665-672. https://doi.org/10.1111/ijcp.12124

Yang, C., Song, Y. and Wang, P. (2024) Relationship between Triglyceride-Glucose Index and New-Onset Hypertension
in General Population—A Systemic Review and Meta-Analysis of Cohort Studies. Clinical and Experimental Hyperten-
sion, 46, Article ID: 2341631. https://doi.org/10.1080/10641963.2024.2341631

Lukito, A.A., Kamarullah, W., Huang, I. and Pranata, R. (2024) Association between Triglyceride-Glucose Index and
Hypertension: A Systematic Review and Meta-Analysis. Narra J, 4, e951. https://doi.org/10.52225/narra.v4i2.951

Zhang, W., Huo, W., Hu, H., Li, T., Yuan, L., Zhang, J., et al. (2024) Dose-Response Associations of Triglyceride to
High-Density Lipoprotein Cholesterol Ratio and Triglyceride-Glucose Index with Arterial Stiffness Risk. Lipids in
Health and Disease, 23, Article No. 115. https://doi.org/10.1186/s12944-024-02095-z

Zhong, H., Shao, Y., Guo, G., Zhan, Y., Liu, B., Shao, M., et al. (2023) Association between the Triglyceride-Glucose
Index and Arterial Stiffness: A Meta-Analysis. Medicine, 102, e33194. https://doi.org/10.1097/md.0000000000033194

Sajdeya, O., Beran, A., Mhanna, M., Alharbi, A., Burmeister, C., Abuhelwa, Z., et al. (2022) Triglyceride Glucose Index
for the Prediction of Subclinical Atherosclerosis and Arterial Stiffness: A Meta-Analysis of 37,780 Individuals. Current
Problems in Cardiology, 47, Article 1D: 101390. https://doi.org/10.1016/j.cpcardiol.2022.101390

Ding, X., Wang, X., Wu, J., Zhang, M. and Cui, M. (2021) Triglyceride-Glucose Index and the Incidence of Atheroscle-
rotic Cardiovascular Diseases: A Meta-Analysis of Cohort Studies. Cardiovascular Diabetology, 20, Article No. 76.
https://doi.org/10.1186/s12933-021-01268-9

Liang, S., Wang, C., Zhang, J., Liu, Z., Bai, Y., Chen, Z., et al. (2023) Triglyceride-Glucose Index and Coronary Artery
Disease: A Systematic Review and Meta-Analysis of Risk, Severity, and Prognosis. Cardiovascular Diabetology, 22,
Article No. 170. https://doi.org/10.1186/s12933-023-01906-4

Jiang, H., Liu, Y., Guo, H., Liu, Z. and Li, Z. (2024) The Association between the Triglyceride-Glucose Index and In-
Stent Restenosis in Patients Undergoing Percutaneous Coronary Intervention: A Systematic Review and Meta-Analysis.
BMC Cardiovascular Disorders, 24, Article No. 234. https://doi.org/10.1186/s12872-024-03903-1

Chang, W., Liu, C., Huang, Y., Wu, J., Tsai, W., Hung, K., et al. (2023) Diagnostic Efficacy of the Triglyceride-Glucose
Index in the Prediction of Contrast-Induced Nephropathy Following Percutaneous Coronary Intervention. Frontiers in
Endocrinology, 14, Article ID: 1282675. https://doi.org/10.3389/fend0.2023.1282675

Akbar, M.R., Pranata, R., Wibowo, A., Irvan, Sihite, T.A. and Martha, J.W. (2021) The Association between Triglycer-
ide-Glucose Index and Major Adverse Cardiovascular Events in Patients with Acute Coronary Syndrome—Dose-Re-
sponse Meta-Analysis. Nutrition, Metabolism and Cardiovascular Diseases, 31, 3024-3030.
https://doi.org/10.1016/j.numecd.2021.08.026

Liu, H., Wang, L., Wang, H., Hao, X., Du, Z., Li, C., et al. (2024) The Association of Triglyceride-Glucose Index with
Major Adverse Cardiovascular and Cerebrovascular Events after Acute Myocardial Infarction: A Meta-Analysis of Co-
hort Studies. Nutrition & Diabetes, 14, Article No. 39. https://doi.org/10.1038/s41387-024-00295-1

Sun, C., Hu, L., Li, X, Zhang, X., Chen, J., Li, D., et al. (2024) Triglyceride-Glucose Index’s Link to Cardiovascular
Outcomes Post-Percutaneous Coronary Intervention in China: A Meta-Analysis. ESC Heart Failure, 11, 1317-1328.
https://doi.org/10.1002/ehf2.14679

Zhao, Q., Zhang, T., Cheng, Y., Ma, Y., Xu, Y., Yang, J., etal. (2021) Triglyceride-Glucose Index as a Surrogate Marker
of Insulin Resistance for Predicting Cardiovascular Outcomes in Nondiabetic Patients with Non-ST-Segment Elevation
Acute Coronary Syndrome Undergoing Percutaneous Coronary Intervention. Journal of Atherosclerosis and Throm-
bosis, 28, 1175-1194. https://doi.org/10.5551/jat.59840

Zhao, Q., Zhang, T., Cheng, Y., Ma, Y., Xu, Y., Yang, J., et al. (2020) Impacts of Triglyceride-Glucose Index on Prog-
nosis of Patients with Type 2 Diabetes Mellitus and Non-ST-Segment Elevation Acute Coronary Syndrome: Results
from an Observational Cohort Study in China. Cardiovascular Diabetology, 19, Article No. 108.
https://doi.org/10.1186/s12933-020-01086-5

Xiong, S., Chen, Q., Zhang, Z., Chen, Y., Hou, J., Cui, C., et al. (2022) A Synergistic Effect of the Triglyceride-Glucose
Index and the Residual SYNTAX Score on the Prediction of Intermediate-Term Major Adverse Cardiac Events in Pa-
tients with Type 2 Diabetes Mellitus Undergoing Percutaneous Coronary Intervention. Cardiovascular Diabetology, 21,
Article No. 115. https://doi.org/10.1186/s12933-022-01553-1

Sun, T., Huang, X., Zhang, B., Ma, M., Chen, Z., Zhao, Z., et al. (2023) Prognostic Significance of the Triglyceride-

Glucose Index for Patients with Ischemic Heart Failure after Percutaneous Coronary Intervention. Frontiers in Endocri-
nology, 14, Article ID: 1100399. https://doi.org/10.3389/fend0.2023.1100399

Jin, J.-L., Cao, Y.-X., Wu, L.-G,, You, X., Guo, Y., Wu, N., et al. (2018) Triglyceride Glucose Index for Predicting
Cardiovascular Outcomes in Patients with Coronary Artery Disease. Journal of Thoracic Disease, 10, 6137-6146.
https://doi.org/10.21037/jtd.2018.10.79

DOI: 10.12677/acm.2025.15102882 1275 Il R 125 23k i


https://doi.org/10.12677/acm.2025.15102882
https://doi.org/10.1111/ijcp.12124
https://doi.org/10.1080/10641963.2024.2341631
https://doi.org/10.52225/narra.v4i2.951
https://doi.org/10.1186/s12944-024-02095-z
https://doi.org/10.1097/md.0000000000033194
https://doi.org/10.1016/j.cpcardiol.2022.101390
https://doi.org/10.1186/s12933-021-01268-9
https://doi.org/10.1186/s12933-023-01906-4
https://doi.org/10.1186/s12872-024-03903-1
https://doi.org/10.3389/fendo.2023.1282675
https://doi.org/10.1016/j.numecd.2021.08.026
https://doi.org/10.1038/s41387-024-00295-1
https://doi.org/10.1002/ehf2.14679
https://doi.org/10.5551/jat.59840
https://doi.org/10.1186/s12933-020-01086-5
https://doi.org/10.1186/s12933-022-01553-1
https://doi.org/10.3389/fendo.2023.1100399
https://doi.org/10.21037/jtd.2018.10.79

e, MR

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

(80]

Luo, E., Wang, D., Yan, G., Qiao, Y., Liu, B., Hou, J., et al. (2019) High Triglyceride-Glucose Index Is Associated with
Poor Prognosis in Patients with Acute ST-Elevation Myocardial Infarction after Percutaneous Coronary Intervention.
Cardiovascular Diabetology, 18, Article No. 150. https://doi.org/10.1186/s12933-019-0957-3

Huang, H., Li, Q., Liu, J., Qiao, L., Chen, S., Lai, W., et al. (2022) Association between Triglyceride Glucose Index and
Worsening Heart Failure in Significant Secondary Mitral Regurgitation Following Percutaneous Coronary Intervention.
Cardiovascular Diabetology, 21, Article No. 260. https://doi.org/10.1186/s12933-022-01680-9

Qin, Z., Xu, S., Yuan, R., Wang, Z., Lu, Y., Xu, Y., et al. (2022) Combination of TyG Index and GRACE Risk Score as
Long-Term Prognostic Marker in Patients with ACS Complicated with T2DM Undergoing PCI. Diabetes, Metabolic
Syndrome and Obesity: Targets and Therapy, 15, 3015-3025. https://doi.org/10.2147/dms0.s376178

Pang, S., Miao, G., Zhou, Y., Du, Y., Rui, Z. and Zhao, X. (2022) Addition of TyG Index to the GRACE Score Improves
Prediction of Adverse Cardiovascular Outcomes in Patients with Non-ST-Segment Elevation Acute Coronary Syndrome
Undergoing Percutaneous Coronary Intervention: A Retrospective Study. Frontiers in Cardiovascular Medicine, 9, Ar-
ticle ID: 957626. https://doi.org/10.3389/fcvm.2022.957626

Xiong, S., Chen, Q., Chen, X., Hou, J., Chen, Y., Long, Y., et al. (2022) Adjustment of the GRACE Score by the Tri-
glyceride Glucose Index Improves the Prediction of Clinical Outcomes in Patients with Acute Coronary Syndrome Un-
dergoing Percutaneous Coronary Intervention. Cardiovascular Diabetology, 21, Article No. 145.
https://doi.org/10.1186/s12933-022-01582-w

Wang, L., Wang, Y., Wang, W. and Wang, Z. (2024) Predictive Value of Triglyceride Glucose Index Combined with
Neutrophil-to-Lymphocyte Ratio for Major Adverse Cardiac Events after PCI for Acute ST-Segment Elevation Myocar-
dial Infarction. Scientific Reports, 14, Article No. 12634. https://doi.org/10.1038/s41598-024-63604-9

Cmar, T., Selguk, M., Tanboga, H. (2022) The Predictive Value of Triglyceride-Glucose Index for In-Hospital and One-
Year Mortality in Elderly Non-Diabetic Patients with ST-Segment Elevation Myocardial Infarction. Journal of Geriatric
Cardiology, 19, 610-617.

Ma, X., Chu, H., Sun, Y., Cheng, Y., Zhang, D., Zhou, Y., et al. (2024) The Effect of hsCRP on TyG Index-Associated
Cardiovascular Risk in Patients with Acute Coronary Syndrome Undergoing PCI. Scientific Reports, 14, Article No.
18083. https://doi.org/10.1038/s41598-024-69158-0

Bello-Chavolla, O.Y., Almeda-Valdes, P., Gomez-Velasco, D., Viveros-Ruiz, T., Cruz-Bautista, I., Romo-Romo, A., et
al. (2018) METS-IR, a Novel Score to Evaluate Insulin Sensitivity, Is Predictive of Visceral Adiposity and Incident Type
2 Diabetes. European Journal of Endocrinology, 178, 533-544. https://doi.org/10.1530/eje-17-0883

Guo, D., Zhang, C., Zhang, M., Wu, Z., Liu, X., Zhang, Y., et al. (2024) Metabolic Score for Insulin Resistance Predicts
Major Adverse Cardiovascular Event in Premature Coronary Artery Disease. Aging, 16, 6364-6383.
https://doi.org/10.18632/aging.205710

Wu, Z., Cui, H., Li, W,, Zhang, Y., Liu, L., Liu, Z., et al. (2022) Comparison of Three Non-Insulin-Based Insulin Re-
sistance Indexes in Predicting the Presence and Severity of Coronary Artery Disease. Frontiers in Cardiovascular Med-
icine, 9, Article ID: 918359. https://doi.org/10.3389/fcvm.2022.918359

Zhang, Y., Wang, R., Fu, X. and Song, H. (2022) Non-Insulin-Based Insulin Resistance Indexes in Predicting Severity
for Coronary Artery Disease. Diabetology & Metabolic Syndrome, 14, Article No. 191.
https://doi.org/10.1186/s13098-022-00967-x

Rattanatham, R., Tangpong, J., Chatatikun, M., Sun, D., Kawakami, F., Imai, M., et al. (2023) Assessment of Eight
Insulin Resistance Surrogate Indexes for Predicting Metabolic Syndrome and Hypertension in Thai Law Enforcement
Officers. PeerJ, 11, e15463. https://doi.org/10.7717/peerj.15463

Zhang, Z., Zhao, L., Lu, Y., Meng, X. and Zhou, X. (2023) Association between Non-Insulin-Based Insulin Resistance
Indices and Cardiovascular Events in Patients Undergoing Percutaneous Coronary Intervention: A Retrospective Study.
Cardiovascular Diabetology, 22, Article No. 161. https://doi.org/10.1186/s12933-023-01898-1

Mahdavi-Roshan, M., Mozafarihashjin, M., Shoaibinobarian, N., Ghorbani, Z., Salari, A., Savarrakhsh, A., et al. (2022)
Evaluating the Use of Novel Atherogenicity Indices and Insulin Resistance Surrogate Markers in Predicting the Risk of
Coronary Artery Disease: A Case-Control Investigation with Comparison to Traditional Biomarkers. Lipids in Health
and Disease, 21, Article No. 126. https://doi.org/10.1186/s12944-022-01732-9

He, J., Song, C., Yuan, S., Bian, X., Lin, Z., Yang, M., et al. (2024) Triglyceride-Glucose Index as a Suitable Non-
Insulin-Based Insulin Resistance Marker to Predict Cardiovascular Events in Patients Undergoing Complex Coronary
Artery Intervention: A Large-Scale Cohort Study. Cardiovascular Diabetology, 23, Article No. 15.
https://doi.org/10.1186/s12933-023-02110-0

Mirjalili, S.R., Soltani, S., Meybodi, Z.H., Marques-Vidal, P., Firouzabadi, D.D., Eshraghi, R., et al. (2024) Which Sur-
rogate Insulin Resistance Indices Best Predict Coronary Artery Disease? A Machine Learning Approach. Cardiovascular
Diabetology, 23, Article No. 214. https://doi.org/10.1186/s12933-024-02306-y

DOI: 10.12677/acm.2025.15102882 1276 Il R 125 23k i


https://doi.org/10.12677/acm.2025.15102882
https://doi.org/10.1186/s12933-019-0957-3
https://doi.org/10.1186/s12933-022-01680-9
https://doi.org/10.2147/dmso.s376178
https://doi.org/10.3389/fcvm.2022.957626
https://doi.org/10.1186/s12933-022-01582-w
https://doi.org/10.1038/s41598-024-63604-9
https://doi.org/10.1038/s41598-024-69158-0
https://doi.org/10.1530/eje-17-0883
https://doi.org/10.18632/aging.205710
https://doi.org/10.3389/fcvm.2022.918359
https://doi.org/10.1186/s13098-022-00967-x
https://doi.org/10.7717/peerj.15463
https://doi.org/10.1186/s12933-023-01898-1
https://doi.org/10.1186/s12944-022-01732-9
https://doi.org/10.1186/s12933-023-02110-0
https://doi.org/10.1186/s12933-024-02306-y

	胰岛素抵抗及其新型替代指标在心血管疾病中的作用：叙述性文献综述
	摘  要
	关键词
	The Role of Insulin Resistance and Its Novel Surrogate Indexes in Cardiovascular Disease: A Narrative Literature Review
	Abstract
	Keywords
	1. 引言
	2. IR在CVD中的病理生理学作用
	2.1. IR的定义与CVD病理生理机制
	2.2. 传统IR评估方法(HEC与HOMA-IR)的介绍与局限

	3. 新型IR替代指标与CVD的关联：研究进展与知识缺口
	3.1. TyG指数作为IR的简单替代指标
	3.2. TyG指数与CVD风险和严重程度的关联研究
	3.3. TyG指数在CAD预后中的相关性
	3.4. TyG指数与风险模型的整合及其预测增量价值
	3.5. METS-IR作为新型IR替代指标及其与TyG指数的比较

	4. 结论
	参考文献

