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HI: BRITES FHT AR BRI E R0 (PCAD) KA. IGRIEE J ™ EFEFE 2
IR A G HE, JE T 1 IR B Tehs . FEARTORI L RIS RE S0 A8 bR, FFR I TIENLEE 2% 5 B0,
A 3T PCAD FI K4

ik ARFFEGIN 2017 4F 1 H & 2023 4F 12 3 WETE A T K22 58— B @ B B 0 A R By s
2 IRBNBKIE AR (CAG), HAFERN R H1E<55 & Lth<e5 & & 793 #l. & CAG #ii2 PCAD
4 446 7], HPREMOLSE (SAP) 4 109 %, AFEEMELLIH (UAP) 4 148 4], St L
BEE (AMD 21 189 4, SEHLFEIHA4T CAG BRAMER SR FEREAL O ERT (CAD) 11 347 HiI1E N
SRR . WO TON RIGBEAR TR, SREG =R I TEAR . CAG SR B LR AL R, JHFitHEH IR
BACHE AR H U = R A MR R BU(TyG 8 #0). Hm =185 @ % IR & O 8 A LA
(TG/HDL-C Hffi). JiE & K IMHFAC W IE 4 (METS-IR ¥4} ) . KH R4.3.1 #A:4#F PCAD
50 HRAH IA) A BRI 2 Sk, T ORI A EUBCR A ¢ R, THECTDRE 4L R LE SR F - 5
K, B EAG R LA RMANLZ R logistic [A1 A7 7347 PCAD [IMSLERN R, N
Gensini PP 1A e DR 30 ks 28 7™ 55 F2 B 4 ) Pearson A 5S 1 A0 HT R Fa A 5 % AR R,
Fr2zx TyG #5840, TG/HDL-C tU{H METS-IR 1432 PCAD (1] ROC #f14k. TyG #5%%. TG/HDL-C
ELAE - METS-IR ¥¥4r7E PCAD AR 2 (8] LR 75 ZE 50 B, FF48E H Tukey HSD #6563
A7 T 94 4L ) 1) 22 e M LA A P LASSO [ 0 285 2 5 S W) A S0 6 = A B0 H A iR AT AR AR A0 8 o 4%
AL FHSCRE R E AU 8 PCAD FIRBS TR . BL P<0.05 {F it /K i o
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(1) PCAD HE XA H IR HRIar A L ER: PCAD A+ TyG $84(. TG/HDL-C
U AE AT METS-IR P73 35 & T % B 2H, oAb TyG 5 %1(8.8240.53 > 8.4740.44, P<0.001). TG/HDL-C
FfE (4.01£2.20>2.75+1.48, P<0.001) . METS-IR 34> (40.9£6.66>38.2+6.30, P<0.001) ,
A A UL R I B35 (P<0.001)

(2) ¥ PCAD 5 x4 IR B ARIGPRNANREIE logistic [FIAHT i~ B 1 G IE T B3
FAZRLER: TyG 640 (OR: 4.078, 95%CI: 2.835-5.866, P<0.001) . TG/HDL-C Hf& (OR:
1.541, 95%CI: 1.375-1.727, P<0.001) LK METS-IR i#4> (OR: 1.226, 95%CI: 1.150-1.306,
P<0.001)$4 4 PCAD &4 ST fE 6 BF 55 A 2 ik — 2B X IE T IR RS IR 48 45 527 - TyG #53(OR:
3.191, 95%CI: 2.045-4.979, P<0.001) . TG/HDL-C ttfE (OR: 1.158, 95%CI: 1.291-1.712, P<0.001)
PLK METS-IR #4) (OR: 1.226, 95%CI: 1.150-1.306, P<0.001) /54 PCAD & 4E (T fa [ A
o

(3) IR BARIEARTIIN PCAD (1) ROC £ /T iEor: TyG FREUZE FTHAN 0.691 (95%Cl:



0.654-0.727) ; TG/HDL-C LG iz FTHIFA 0.693 (95% CI: 0.657-0.730) ; METS-IR ¥F-4) i £k
TN 0.623 (95%CI: 0.584-0.662) .

(4) PCAD Z G4 TyG 6% TG/HDL-C Eb{f . METS-IR #7345 & 3 25 5% (P<0.001),
HE—5 LB R B UAP 4181 AMI 41 TyG $5%(. TG/HDL-C FtAl \METS-IR 43 i - X BB 41 A1 SAP
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(5) IR BH$E605 5 PCAD B E MR AL ™ HIEE (Gensini 1F7r) AHKNE T 275: PCAD
4 TyG 1655 METS-IR W55 Gensini 177 2 IEAHK (1=0.13, P=0.0055; r=0.13, P=0.0082) .
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EMREEH I AUC {HILF] 0.871 (95%CI: 0.816-0.925) , HERIR. REUT. FrFE. KR, o
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Abstract

Objective:Investigate the association between indicators of insulin resistance (IR) replacement and
the onset, clinical presentation, and severity of premature coronary heart disease (PCAD). Utilize
patient-specific IR replacement indicators, along with basic demographic data and clinical test results, to
construct and validate machine learning algorithms for accurately forecasting PCAD occurrence.

Methods:This research enrolled 793 patients who underwent their initial coronary angiography
(CAGQG) at the Department of Cardiology, First Affiliated Hospital of Shihezi University, spanning from
January 2017 to December 2023, with males under 55 years and females under 65 years of age. Among
them, 446 were diagnosed with PCAD through CAG, comprising 109 cases of stable angina pectoris
(SAP), 148 cases of unstable angina pectoris (UAP), and 189 cases of acute myocardial infarction (AMI).
The control group consisted of 347 cases of coronary atherosclerotic heart disease (CAD) excluded by
CAG. Data including basic demographics, laboratory test results, CAG findings, and examination
outcomes were collected for analysis. Insulin resistance (IR) surrogate markers, namely triglyceride
glucose index (TyG index), triglyceride to high-density lipoprotein cholesterol ratio (TG/HDL-C ratio),
and insulin resistance metabolic score (METS-IR score), were calculated. Statistical analysis was
performed using R4.3.1 software, employing t-tests for quantitative data comparison and chi-square tests
for categorical data. Significant variables were incorporated into a multivariate logistic regression model
to identify independent risk factors for PCAD. Severity of coronary artery disease was assessed using the
Gensini score, and Pearson correlation analysis explored associations between various indicators and this
score. ROC curves were generated for diagnosing PCAD based on TyG index, TG/HDL-C ratio, and
METS-IR score. Differences in these indicators across different clinical types of PCAD were analyzed
through ANOVA, with Tukey HSD test for pairwise comparisons. Feature selection for patient
demographics and laboratory tests was performed using LASSO regression, followed by building a
PCAD risk prediction model with support vector machine. A significance level of P<0.05 was applied
throughout the analysis.

Results:

(1) Comparative analysis between the PCAD and control groups revealed elevated TyG index,
TG/HDL-C ratio, and METS-IR score in the PCAD group (TyG index: 8.82 £ 0.53>847 £ 044, P
< 0.001; TG/HDL-C ratio: 4.01 + 2.20>2.75 + 1.48, P <0.001; METS-IR score: 40.9 + 6.66 >
38.2 £ 6.30, P <0.001), indicating significant intergroup differences (P < 0.001).

(2) The inclusion of IR replacement indicators in the PCAD group and control group in the



adjusted logistic regression analysis showed that Model 1 adjusted for demographic data, which showed
that TyG index (OR: 4.078, 95% CI: 2.835-5.866, P<0.001), TG/HDL-C ratio (OR: 1.541, 95% CI:
1.375-1.727, P<0.001), and METS-IR score (OR: 1.226, 95% CI: 1.150-1.306, P<0.001) were all
independent risk factors for the occurrence of PCAD. Model 2 further corrected clinical test indicators,
showing that TyG index (OR: 3.191, 95% CI: 2.045-4.979, P<0.001), TG/HDL-C ratio (OR: 1.158, 95%
CIL: 1.291-1.712, P<0.001), and METS-IR score (OR: 1.226, 95% CI: 1.150-1.306, P<0.001) are still
independent risk factors for the occurrence of PCAD.

(3) ROC curve analysis demonstrated predictive utility for PCAD: TyG index (AUC: 0.691, 95% CI:
0.654-0.727), TG/HDL-C ratio (AUC: 0.693, 95% CI: 0.657-0.730), METS-IR score (AUC: 0.623, 95%
CI: 0.584-0.662).

(4) Analysis of clinical subgroups within PCAD revealed significant differences in TyG index,
TG/HDL-C ratio, and METS-IR score (P < 0.001). Specifically, the UAP and AMI groups exhibited
higher values compared to the control and SAP groups (P < 0.05), with no significant difference between
the UAP and AMI groups, nor between the control and SAP groups (P> 0.05).

(5) Correlation analysis in PCAD patients indicated positive correlations between TyG index,
METS-IR score, and Gensini score (TyG index: r = 0.13, P = 0.0055; METS-IR score: r = 0.13, P =
0.0082).

(6) In the training set, the support vector machine model achieved an AUC of 0.862 (95% CI:
0.834-0.890), with corresponding accuracy, sensitivity, specificity, precision, recall, and F1 scores of
0.783, 0.781, 0.784, 0.738, 0.781, and 0.759, respectively. In the test set, the AUC was 0.871 (95% CI:
0.816-0.925), with accuracy, sensitivity, specificity, precision, recall, and F1 scores of 0.810, 0.812,
0.809, 0.767, 0.812, and 0.789, respectively. The support vector machine exhibited superior
generalization ability and practical value compared to other models.

Conclusions:

(1) The TyG index, TG/HDL-C ratio, and METS-IR score emerged as independent risk factors for
PCAD and demonstrated predictive capability for the condition.

(2) A positive correlation was evident between the TyG index, METS-IR score, and Gensini score in
PCAD patients, indicating that higher levels of these indicators correlated with more severe coronary
artery lesions.

(3) The TyG index, TG/HDL-C ratio, and METS-IR score exhibited significant associations with the
clinical presentation of PCAD, notably elevated in the AMI and UAP groups. However, no statistically
significant difference was observed between the UAP and AMI groups, nor between the control and SAP
groups.

(4) The performance of PCAD was predicted by a Support vector machine Support vector machine



model combining TyG Index, TG-HDL-C ratio, METS-IR score, age, smoking history, hypertension
history, eosinophil count, white blood cell count, hemoglobin count, L-Aspartic Acid transferase,
Alkaline phosphatase and glutamyl transpeptidase, it can help medical workers to know the risk of
PCAD accurately and timely.

Key words:Insulin resistance surrogate markers;Premature coronary heart disease;Severity of

coronary artery disease;Machine learning; Prediction model
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HAr, O I% %% (Cardiovascular disease, CVD) 74 Ryt B W 15 B
AAR SRR R MR, 45 3 AAg AN B 7 2 A i ok 7 U s g oA 0 4
(o i A AR R 5 O Al 2022) PR Y, R B CVD R R 2B T
HEY, CVD BHEILA N 3.3 12, oA 1139 73 6 9 76 K 3h ik ok 4 5 44 1
L% (Coronary atherosclerotic heart disease, CAD) ¥ . &2 CAD F#
A2 RER N E, HEREERT R R, SRt gt B e, A 3% I
A, CAD MR FERAMN, FIn MAHEZEEINEB, B, 5 E O FRK ¥ 252 h
H &% 5t 0295 (Premature coronary heart disease, PCAD) MM -&M™, N R AETE
FWeNT 55 B HMEMANT 65 8 L) CAD % .PCAD By & Wi 2 2 7% H
fals, FIHZW AT TiReBENEFAFEREZE, PCAD I K FEE
KA KGR R =B F 2 RIE T EH A, REANBEAME. X8, J&. KE
KRS Ef ST S EANRAZE R, A GE4 b 1O s R R AR
5. Jf H 2172 W CAD By “ & tx #E 7 522 5 K 3h Bk i& 8 R ( Coronary
angiography, CAG) , HERFOHEEHLMK &, HFAEH T EIT 5 FHAH
XPEEZ RAM HIX o Bk, T34 E 1 I % bR 2 0 K PE A PCAD 19 & 5 R
W, ASOCH BT B AR R R R M XA RO I AR AR, X T IR E
PCAD i B HEF X

CAD = fa 7 ik N Be 45« MR iR . e 4i i e R+ L FAME A,
18 ek K LR i P A B BH 2, JE o] B0 WLER I . BRAE . PR AE S g B e AR
o1, fHIT K, W5 #FH KIS R AKPT (Insulin resistance, IR) 5 CAD [
RABYIAER . BN 53N TR S 9% 40 B R fan Ul ofn 3% e i X B, &
Son: MBEPHRBRSEMD, XN RSROBUERERS, MESRESE
Bk 0 AR AR, HiRH T IR AU, IR 2 fRHAE. L. AW
S5 2% E U U0 i B R U E R AR, AT 3 BURE By 3 U0 R 5 B I R AR
B, (REEEERE) HE T —OUE T 28024 44 7 4 2o M 1 Al BE 1% BL 71
Wy, HERER, BT ek, WM. JEMESEE S CAD fa kB = LA,
B K5 I IR 7 4F 2 1% CAD i Bk AR 1 i o S [ R &R 1. Xue Tian 55 A U0
[F) A & B0 B8 PR AT IR 22 CVD i B & A4 1) f 9k e B Rl & - CAD ot Bk A0 2%
W DL S VE e BRI B ORE . CAD XK st o E R A, M kE & KB 8



EB1E AIS BAFRFMLEFMIL

B, MR e S b S AU R ELE R RN T EE R, HACSE XL
XA 32 N I 52 W LU 22 4 N B P E

AT AR IR 8“4 br i 7 A2 IE Bl - R 5 2R 92 R (Hperinsulinemic
-euglycemic clamp, HEC) , {HHEFE R K &M J1 M N J7, FF H x5 & 1A
LR B S, B FL & TF R T R AR A P 4 18 8¢ (Evaluation of IR homeostasis
model, HOMA-IR) . HOMA-IR ;& — fftJll & IR AH X fif £ 19 77 20, EHF 5T K
I HOMA-IR 7] §& 2 DRl g &y 2% D & 0KG B2 AN v i 22 B0k 22, IF HoATD 75 22 e 52 4l
Mo A IE A T IR R D2, Bk BLARPEAL IR B 5V EE R 2, 4 an 1 RopE T & L
(Oral glucose tolerance test, OGTT) /MR, /Nt E 5N IS RN 2 A 5%0 5%
HAEH TIGRKR AL, FEFE RS XA AT EZ R, SEE
B, FAEFNEENEREZEARD, IEFEREINTZ IR & 5 & RE AL T
br, V2 BARAE IR IR VRGBT AEFPE A . MHRHER KB, H il =8
i %) B (Triglyceride glucose, TyG) 8%, Hi =l 5 &% 5 & 9 IH [E B L
fi ( Triglyceride/high-density lipoprotein cholesterol, TG/HDL-C) . Jifi i 2 #K 14K ¥
PF 47 (Insulin resistance metabolic score, METS-IR) %5 & #5 vF 4l IR ) R B E . FF
J 5 R 2 WA B 38 B D18

TyG fa# 2 B =& (Triglyceride, TG) A% ML ## (Fasting Blood
Glucose, FBG) W 5 & VAR An, 78 — TIOR8 Fe N B (1) K R0 A A B T AT 7
ORI, 5 HOMA-IR MHLEL, TyG fa#2 IR M RiF & R Fabr (7 E 84%)
41, A4k, #£ 2010 5, Guerrero-Romero 55 A USIEEAT 1 — TR ¥ i #fF 72,
AN 99 244K B APE I B A B 1AM, 54 triE HEC M EL, TyG 8% Eor i
WEH RBE (96.5%) MEERE (85.0%) , MA1¥ TyG f& ¥ € NiFfh IR
ff) B 1 48 b7 . Azarpazhooh ZEHf 58 A F11161% 3l 5 HOMA-IR #H ., TG/HDL-C
b fE RE 1R 47 H R B IR WO AR B2, JF H Young['7VLL## Wy i 77 =B %5 TG/HDL-C
HCAE 5 IR FIBAH i D A 2 18] 19 9% &2, R 3L TG/HDL-C 4§ b7 tt HOMA-IR 4§ 3%
fib W & U7 VL E A . 2018 AE SR U AR AT N UG T — B UE A IR BT 48 AR
N METS-IR #¥ 4>, & H TG. FBG. & % ¥ lg /& (A JH [& & (High-density
lipoprotein cholesterol, HDL-C). 1A Jii & #{ (Body mass index, BMI) il %
Mk, KM METS-IR 75 5 IR A & 3 A ¢ % (P<0.001). L b =Ff 45 Fr 3 7T
MAE IR & ARSENS, JFER 53K, iHHE 7R, & H 752 KRG nIK
LA S HET .

Wu 278 N UV B CAD 4H TyG #5844 TG/HDL-C tb{i. METS-IR it %
¥m T4 CADAHEE, HEAFH I E X (P<0.05) . Zhang 7T A 7120
RIN 2 M9 A5 et Bk I CAD 213 TyG 8%, TyG-BMI #5%(. TG/HDL-C Lb{H .
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METS-IR ) & 5 F AR AR e BRI CAD 4, AR AN R, XUNMERS
ZARIRE AR TR B I CAD (RS i E A 9% (P<0.001) o FFIEE 283 TAERFE ih
4K VP CAD ™ EH L, FIA Gensini P55 1FA CAD BB R, 7ETN CAD ™
HIEE T, METS-IR BTN E R . ] i, IR &$8H5 5 CAD K45k EEY)
FHOG, ERFFE K IIEREZ Y FERR 259 = 52 W bk 48 A5 09 v A R 07 210, R
A FAN NN R T FERE . B2, J3 AT B b IR J% DA 3% 1 &2 i
J H TyG #£%(. TG/HDL-C L fH . METS-IR ¥F4> f£ PCAD i & &t 4 W 57,
ATt — B X TyG #6831 TG/HDL-C {4 . METS-IR ¥¥4r 5 PCAD &k
A IR J ™ E R L A AR M, 4R 98 PCAD IR S 6 PR 25 B et ko A2 7 7%
R R 2R, NIER 2 PCAD $& 45— M i) %

bE & T EALE R KR, N LR e+ R A =7 B0 e . 2
W A 96 97 25 5 T R P A B E AR A 220, HL 2% A ST SR IR W T 0m A T
L, BLER A 2 R IR LA SR BE & T EHLANE B BOR B P R R T B — B
Frkb ik SO0, AT O R H TR AR J1, AT LUK B AT DUH B O BL A
> I ) R R A DR LS A o) ) 23 A R AR A, R IR A2 B O ik 3R AR
T EAMNERER, WHERIRZE®RE, XN EE ML "4 TEX
fgzmd . HLAE 5 2] DLICSR K 05 2) Re 7, IR W Ak B T B 7 ek, & n] BLidE
b R R A OR E S) B, IF R BT S B R R T e, AT S B B AR
i B iR kE, BAOBRFNEFHE, E—MAEFAERMEE. A
A K EWTFE N SR ALES 5 2] 5 kis H 2 CVD B Tl =4 241,
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