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Abstract

Objective: The purpose of this study is to explore the value of eight insulin resistance (IR)-related in-
dicators [triglyceride-glucose index (TyG), triglyceride-glucose-body mass index (TyG-BMI), triglyc-
eride-high-density lipoprotein cholesterol index (TG/HDL-C), metabolic score for insulin resistance
(METS-IR), homeostasis model assessment of insulin resistance (HOMA-IR), non-high-density lipo-
protein cholesterol-high-density lipoprotein cholesterol index (Non-HDL-C/HDL-C), lipid cardiovas-
cular index (LCI), and cholesterol index (CI)] as biomarkers in predicting peripheral artery disease
(PAD) in patients with type 2 diabetes mellitus (T2DM), and to compare their predictive efficacy.
Methods: The clinical data of 1055 T2DM patients who were hospitalized in the Endocrinology De-
partment of Ningxia Uygur Autonomous Region People’s Hospital from January 2023 to December
2024 were retrospectively collected. According to the results of vascular color Doppler ultrasound,
the patients were divided into the PAD group (420 cases) and the non-PAD group (635 cases). Sta-
tistical methods were used to analyze the differences in general data and biochemical indicators
between the two groups. Logistic regression was employed to explore the association between IR-
related indicators and PAD. ROC curves, NRI and IDI were used to evaluate the predictive efficacy of
each indicator. Results: The results showed that the levels of the 8 IR-related indicators in the PAD
group were significantly higher than those in the non-PAD group (P < 0.05), and were positively
correlated with and showed a dose-response relationship with the risk of PAD (P < 0.05). In the ROC
curve analysis, the TG/HDL-C index had the best predictive efficacy (AUC = 0.689), and the TyG index
had the highest sensitivity (87.4%). The NRI and IDI analyses indicated that the TyG index per-
formed the best in improving the predictive efficacy of the model. Conclusion: TG/HDL-C index and
TyG index can be used as high quality biomarkers for predicting PAD in patients with T2DM.
TG/HDL-C index is more suitable for popularization and application in primary medical institutions
because of its convenient detection and outstanding efficacy.

Keywords

Insulin Resistance, Insulin Resistance-Related Indexes, Type 2 Diabetes Mellitus, Peripheral
Artery Disease

Copyright © 2026 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. 5]

W I Bps ROm e B Bl R, ARRPEIRN B E R, 2021 4F 20~79 5 AR RS E
ik 5.366 14, 2045 fETIHE R 7.832 14[1], FKIE 2 BYFEIRH(Type 2 Diabetes Mellitus, T2DM) & %1k
13.7%, [MAEEHIAEZRIA 60% [2], & WKEIRF I 58 B HIR . B RERTEER, HApshEs)
JikJp3 2% (Peripheral artery disease, PAD){E Ay WL Hf& 55 KM A &6, R ieWrREkia ). HAT,
L G 5 (DSA) 2 12 1 PAD 1 “ &xbrift” , HEEAERAVERHZMR; S T8 50(ABI) &5 R &

Tk
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o %

mfa AN PAD [EIETCOIE TH, SRR PAD MR BIUEBERAR[3];s B Sl s mA
PAD g A i e i 77, H RSB (E, Jofmsd . M IRBREE R34 [4] [5], (HXF 0728 5 H IR
SAEOL, RN ZERAEH S5 SHEA KR, RHARTREE /N L9 28 1 R R R AE[6]. R,

I R _F e ) 75 AR 2 A Wb, o] DATE IR BRI PR AR 1) PAD .

Ji 5 Z DT (Insulin Resistance, IR) M4 ZH 2320 i 5o fik 5 2 MURE T BRI AR FIDIRAS, &l 59 8 5
R AP EE 1, SEULKEF &, & T2DM BiZONlE 2 —[7]. IEFEMR AN, IR EET %
HALHIHES) PAD KA, Anqe 0k i A B P 26 RE | 336 ML/ P 7 0 e 2 ot 40 O A o) A A 1)
TPk M-PETSUNLE 251 5 DhRe e [8] [9], IXLEHLHIAH ELAZ 4, SLEMEA, MM T IR 33 PAD k)
REER I A BRI . bAh, BRFUIESE, PAD SFEIRI EE ST RIG N, T I AU AU A O i A
KR EEFEFAR[L0] [11], #t—P B HEAA IR 5 PAD X R HEEM,

HAl, SR - EE AR AR a2 IR 1 “&brifE” [12]. R, SRR
PERARE 2« KD RS 5 B PO 4R N LR R SR w7 2 5 vl i, PR T ARG IR LR i 2 B« il
SRR, SRR 5 200 52 1) IR AH SCHRAR B e NI 78 5 IIAET 52 B2 M 6HE . IX B R bR s =
I H v A B AR EU(TYG) [13]. =Mt H i 2 b 14 i EHR HU(TyG-BMI) [14]. =Bt H M - Mm% ENRE AR
[ BEHE 2(TG/HDL-C) [15]+ JiE & RIRPUCEHFEEU(METS-IR) [16]. A& A PPAL g 15 R AP TE B (HOMA-
IR) [17155 . BATAEVEAL IR IRZS 7 T35 R I B s AN AL, TEONE L), TR Se g8 b i 7 (10 204 2K
JETEEMRE R ERBUE , s 53R R SAG. BiEfiE. Bk, eNaegg s T ZET T
AN, TS T2DM B35 1 IR RS .

WEAE MR 5T LIRSS, TyG 5 PAD Z [AIAF1E 35 AHOGYE[18] [19]. 4R1fT, H HIEH0 oAt IR AHCHEFR
5 PAD HIRAMBEZ , X —UUAIFE BRI RE A, HT b, A FRMKIEC ALK T2DM AFERA
A, EUGEEE BT TyG $8%. TyG-BMI #5%. TG/HDL-C $5%. METS-IR #5%. HOMA-IR 1531
% IR AHICHERR X PAD MTRINAE, LU S FEFRIE TN PAD KUK 75 TR, 5 7E 0 1% H BE 08 R HE 7l
W PAD RAMIAR B HE R . AW XAMUAE T4 Bh T3 — 5k PAD HIURTRHLE], PRI BIR AR5
FIAIE, BK N PAD [T ANG YT S AR IR S BRIk A, BhJ) PAD IR BG5S KK 70 2, SN IR
SCEE I SE AR UE . BRI R R

2. SEMFE
2.1. st

2.1.1. —fREs

AT 5K BRI 78 7%, IR T 2023 4E 1 H & 2024 4 12 A, T ERK AR X AN RER
P AR B 1) 1055 5 BHAR 2 K1 2 0B R 99 28 2 (A0 PR PR o AR 22 315 it 75 &5 R 7 o A sl o A2
H(PAD 41, n =420 #)F1dESME SRR AL (FIE PAD 41, n =635 fi).

2.1.2. MNFRfEE

R ARAIE T G 1) [ SR A AT 7T 4 SR AT SR, ASHIETE e T A N BR i, BARIN R : (1) T2DM
B, FFE (hE 2 RO R ET 1A TR (2020 4EAR)) [20]i2 WiksvtE: IR HACREIR 7Y H FPG > 7.0 mmol/L;
(2) PAD 2Wr, G NAHI T B REAOL B YA L SR 2 A E B L5 AR R S An dE R R A 2
P IARAE[21] [22], HRAE BRAEFEE0(ABI) < 0.9 or ABI > 1.3 BRAELE K 5h 18 55 50 2% & X PAD (2
Bk IRJG 2 RKEUIE B EK), R A (4 0 Jk 38 e A0 e o e BA 0 50 Pk P A6 s 70 e AT 7 J A
W Sh KR A E RS, RN S 55 FATMENS RS Bk sh, B2 R TR 21 8k i 5t
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BN TERATVEAY,  CAORIE— B2 R 5 A PAD. (3) BEMFH >18 % (4) FEIRFHE > 14,

2.13. HiBRtRE
(1) HABSRRIREIRI; (2) & IH™ EIRGNELIN « B RIR SVE I RO (3) & F e SR A Mk My ;
(4) GIFERVECAER; (5) GIFBIEME; (6) &I RBEIEIIN; (7) SMHEBIRARZE T T2DM 2

2.2. ARG ZE

2.2.1. —fEERROUE
AR FIAE R, WS, MR, T2DM JEFE . WM sh Al s &, [RIF, kA& Uk i
JE(SBP). #7ikE(DBP). & Ei(cm). R (kg), FAKHEM &L R H AR5 15 41(Body Mass Index, BMI).

2.2.2. EAIEFRROMIE

RPRUEATI 5 R HER I, BORATE BE THRIEEEE 10 h, KABER, RESEFHIKIOAEAR, FK&
326 28 206 S JEAT IR R B S AR DG b . LW AE bR . ATShAEMISSIRAR. MBI TR R, B IREAH %
FEFR R

2.2.3. IR fAxXig R R EEHFTEAR

KI5 1) e i AL B A 8 ANJBR Y AP U CHE AR, AR & IR AR AT SR IR 3

TyG #8% =In[TG (mg/dL) x FBG (mg/dL)/2]; TyG-BMI 153 = TyG &% x BMI (kg/m?); TG/HDL-
C #8%( = TG (mmol/L)/HDL-C (mmol/L); METS-IR #§%1 = {In [2 x FPG (mg/dL) + TG (mg/dL)] x BMI
(kg/m?)/In [HDL-C (mg/dL)]}; HOMA-IR = Z=Jig b (mmol/L) x 2 &M & 2 (ulU/ml)/22.5; LCI #5% =
TC (mmol/L) x TG (mmol/L) x LDL-C (mmol/L)/HDL-C (mmol/L); Cl &% = LDL-C (mg/dL) — HDL-C
(mg/dL) (TG < 400 mg/dL)&,, LDL-C (mg/dL) — HDL-C (mg/dL) + TG (mg/dL)/5 (TG > 400 mg/dL)

2.24. SNEAFEKRERE
XEAHfIZ ) T2DM B3, &M ERfE N R e ik BRAL TR 50 (ABI) < 0.9 B ABI > 1.3, B 2. B
JG IEZ) K S 9855 B R FIWT R 75 PAD [23]. BB LS 5FAMENT 1L, B A REh KR i ME
I KT I i A A DA Bt Bl K AL 48 3 505 T4 RV EPIQ CVx 23 B i , 1k — 2 W PAD.
Z B VAL PAD (bR : Sk s B A s PR REE < 0.9 mm; AA7E B 1 I
BEHR,

23. G FERE

K F SPSS 26.0 # 4+ GraphPad Prism. R ARBTG5 0T, FFE IEAD AR IS £ 7
#fEZE[mean (SD)]F7n, ANFFA IESS AR AR & DL A7 5L [PY A2 8H] [median (IQR)]% 7, IR LLECR A t
K58 OhF T IEZS 23 A B048) 8L Mann-Whitney U £ 56 (O6F TR IEZS 0 AT )« 20 I8 5 DU (7 43 bL)
[N(%)] 7, PELLIAI 2 3R R th i . #57 Logistic [FIH3EA IR $6k5 5 PAD KAEMK K. KA
Sy IEZ A& Logistic [FIA4M 4T IR A CHEAR 5 PAD HICFR, it L (OR)FI 95%E A5 X [A](Cl). K H3Z
RHE TAEFHE(ROC) M — MG iH(C-Gih) LA S FR b I TS (B o i — 20 R FH HE 43 2R GE 4B AR (NRI) A
25 PR SCE AR PR (1D VP AL & 50 5 AP U CFR PR BN T ¢, NRIL IDI > 0 1B oo, 35t BIHs
BTN GE A IHAE A S 6 NRIL IDI <0 9t it Bra B il e /0 R F%: NRIL 1D1=0 Ui B G
ot
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3. &R
3.1. FRE—RHERN R WIgHREEE:

ST SRR A2 75 47 AR B0 55399 B0k 5 41 (PAD 41) 151 Bk 41 (1 PAD 41).
WFC KB PAD ALAVAERS . BT, RIS L, SRR, T =, (R IRE . DEIE
Co IR AT SXWEAT 71 1M KT, BLE TyG J4L. TyG-BMI f4L. TGIHDL-C 3. METS-
IR #5%7. HOMA-IR 5%, Non-HDL-C/HDL-C #5#¢. LCI#R%t. Cl4B%. FREdiiibk A LL 3 (MLR)
¥)7 T4E PAD 41(P < 0.05), L% 1.

Table 1. Comparison of general data and biochemical indicators between the PAD group and the non-PAD group
3 1. PAD 4A703F PAD (A—ARZTRIFNE (LIIRELEL

T [#1(%)] o L ER [41](%6)] WA SR [ (%0)] BRI SE [41(%)]

= % & =2 & = & =
244 (38.4) 391 (61.6) 511(80.5) 124 (19.5) 382 (60.2) 253 (39.8) 467 (73.5) 168 (26.5)

A5 2

JEPAD4 635

PAD 41 420 166(39.5) 254 (60.5) 234 (55.7) 186 (44.3) 237 (56.4) 183 (43.6) 303 (72.1) 117 (27.9)

JSRZ 1055  410(38.9) 645 (61.1) 745(70.6) 310 (29.4) 619 (58.7) 436 (41.3) 770 (73.0) 285 (27.0)
P1A 0.769 <0.001 0.254 0.667
FIERL[H(%0)]
ZH51 FW (%) TR (SF) BMI (kg/m?) 48 s (mmHg)
& p 3
4 PAD 41 466 (73.4) 169 (26.6) 49.11 (11.21) 4.00[2.00,8.00] 25.01 [22.84,27.59] 120.00 [112.00, 130.0]
PAD 40  49(83.1) 71(16.9) 61.39(10.26) 7.00[4.00, 12.00] 24.85[23.04,27.04] 126.0[120.00, 135.00]
ERZN 815(77.3) 240(22.7) 54.00(12.40) 5.00[3.00,10.00] 24.93[22.87,27.42] 121.00[117.00, 131.00]
P1E <0.001 <0.001 <0.001 0.483 <0.001
MR MELMETH(L0%L)  HL/MR(10%L) MmAHH(g/L) LAHMER (%) “FIIT4RAR (L)
2.25 215.00 148.00 43.50 89.40
AF PAD 41 [1.80, 2.71] [183.00, 254.5] [136.00, 156.0] [40.60, 46.10] [86.30, 92.00]
PAD 41 2.12 206.00 145.00 43.10 90.60
- [1.73, 2.57] [175.00, 240.0] [135.00, 154.0] [40.30, 45.40] [87.97, 93.30]
ok 2.19 211.00 146.00 43.40 89.90
- [1.76, 2.64] [179.00, 246.00] [136.00, 156.00] [40.40, 45.90] [87.00, 92.50]
P1H 0.014 0.001 0.044 0.036 <0.001
T MR =7 WHEEEL  RHEREE
. (U/L) (mmol/L) (mmol/L) (mmol/L) (mmol/L)

4F PAD 41 22.10 [15.15, 36.00]
PAD 41  21.00 [15.28, 28.60]
MAA S 22.00 [15.20, 32.40]

P{a 0.014

4.49 [3.92, 5.10]
4.60 [3.93, 5.27]
4.53[3.92, 5.17]

0.169

1.46 [0.90, 2.38]
2.06 [1.54, 2.80]
1.77 [1.19, 2.64]

<0.001

0.98 [0.84, 1.12]
0.86 [0.73, 1.05]
0.94 [0.80, 1.10]

<0.001

2.52 [2.05, 3.07]
2.74[2.18,3.21]
2.61[2.08, 3.16]

0.001
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Ha BEHIE C(mg/L) HLEF (umol/L) RER(mmol/L) %fﬁﬁ_? §(H§H§f’)§
JEPAD 41  0.74[0.62,0.86]  58.00 [49.00, 68.00] 5.36[4.48,6.22]  8.88[6.70,11.88]  10.30 [6.55, 16.60]
PAD#1  0.83[0.73,0.96] 62.00 [52.00,71.00] 5.62[4.68,6.67]  9.66 [7.65,12.09] 13.91[9.11,19.81]
SIS 0.78[0.66,0.90]  59.00 [50.00, 69.00]  5.45[4.55,6.42]  9.19[7.08,11.99] 11.61[7.50, 18.20]
P1H <0.001 0.002 0.001 <0.001 <0.001
M R EE (%) TyG 8% TyG-BMI #5%  TG/HDL-C##H  METS-IIR#EH
1k PAD 4. 8.38 9.72 233.61 1.53 4257
[6.78, 10.08] [9.29, 10.16] [201.99, 263.7] [0.88, 2.53] [37.33, 48.60]
PAD 41 8.60 9.26 242.65 2.40 44.89
[7.10, 10.10] [8.66, 9.82] [218.49, 270.0] [1.66, 3.46] [40.60, 50.78]
o 8.48 9.47 236.91 1.90 4352
[6.90, 10.09] [8.95, 10.01] [210.54, 265.48] [1.14, 3.03] [38.21, 49.43]
P1H 0.055 <0.001 <0.001 <0.001 <0.001
H%  HOMA-IR % LCI #% Cl #5% P IJ_%;?/( MLR H3
EPAD 41  4.03[2.49,7.45] 17.79[8.89,35.57] 63.42[46.79,85.46]  3.60[2.91, 4.38] 0.19 [0.16, 0.25]
PAD 41  5.79[3.89,9.46]  29.46 [18.36,48.03] 75.79 [56.26,95.13]  4.20 [3.47,5.01] 0.20 [0.16, 0.26]
PR 4.821[2.89,8.23] 22.91[11.77,40.76] 68.06 [49.11,89.71]  3.85[3.08, 4.67] 0.20 [0.16, 0.25]
P18 <0.001 <0.001 <0.001 <0.001 0.014

3.2. PAD BBl &

%2R T T2DM B KA PAD MG SR fER R RS TR, S, Wi, &k
WS . AR AN R MR e bR, BAK TYG #4L. TyG-BMI 45
. TG/HDL-C #§%(. METS-IR #§%(. HOMA-IR #5%{. Non-HDL-C/HDL-C #5%(. LCI 5%, Cl #5%.
FRZ AN AN A L 2R 35y T2DM 35 kA2 PAD [52Ia RI 2R (P < 0.05). % Rl ZR [R1 VA 43 By fe 28 i HA 4
W mLER S . RN SIEEE R SEES R B = SR ERES. KEEBED )\

FE¥R(P < 0.05).

Table 2. Logistic regression analysis of risk factors related to PAD
Fz 2. PAD #EXfE e E 2=/ Logistic [E)3 5347

RE

BRER

E27SE

P51
e
Wite

OR (95%Cl)
0.955 (0.742~1.229)
1.111 (1.095~1.128)

1.089 (1.064~1.114)

P

0.72

<0.001

<0.001

OR (95%Cl)

1.13 (1.109~1.151)

<0.001
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hF) &
o I 3.276 (2.488~4.312) <0.001 1.774 (1.272~2.474) 0.001
W A 52 1.166 (0.908~1.497) 0.229
T s 1.073 (0.814~1.416) 0.616
KL 0.561 (0.411~0.765) <0.001
BMI (kg/m2) 0.976 (0.943~1.012) 0.185
W45 (mmHg) 1.023 (1.013~1.033) <0.001
4T (109/L) 0.923 (0.854~0.997) 0.042
IR A T H (10%/L) 0.814 (0.677~0.979) 0.029
IfiL/INBR (109/L) 0.996 (0.994~0.998) 0.001
AT A (g/L) 0.993 (0.985~1.002) 0.117
2120 R R AR (%) 0.986 (0.962~1.011) 0.281
I LA AR R (FL) 1.062 (1.033~1.092) <0.001
BN ER(UIL) 0.987 (0.981~0.994) <0.001 0.989 (0.98~0.998) 0.02
A JH [ (mmol/L) 1.1 (0.967~1.252) 0.147
H i =& (mmol/L) 1.232 (1.135~1.338) <0.001 1.403 (1.251~1.575) <0.001
15 %5 B 8 B 1 (mmol/L) 0.139 (0.077~0.252) <0.001 0.044 (0.019~0.104) <0.001
%2 5 g 85 F1 (mmol/L) 1.32 (1.128~1.545) 0.001 2.269 (1.78~2.891) <0.001
JBE4E C (mg/L) 3.856 (2.039~7.291) <0.001 0.501 (0.213~1.181) 0.114
PRI (umol/L) 0.999 (0.997~1) 0.040
WLET(umol/L) 1 (0.999~1.001) 0.580
JREE(mmol/L) 1.138 (1.051~1.233) 0.001
7 F5 78] %) (mmol/L) 1.065 (1.033~1.098) <0.001 1.104 (1.058~1.153) <0.001
G F (mU/L) 1.012 (1.003~1.022) 0.012 1.023 (1.01~1.036) 0.001
FEAL I 2T 25 (%) 1.048 (0.99~1.11) 0.106 1.048 (0.99~1.11) 0.106
MLR % 4,556 (1.079~19.233) 0.039 4,556 (1.079~19.233) 0.039

3.3. IR #Xx#EHR5 PAD HIX &

N T BE=B 8T 8 A IR MSRARFR T PAD A AERIXISL, BEAT 102 2 AR AR R4, B 1
B TRAT P GR N ER, AR 2 A% 7RI TER, AR 3 FEREAY 2 (kAR B3N il Logistic (119
i 3E A HAR B2 M R fE I P K . SR, TG. LDL A1 HDL #HEERAES, BUNEATS IR MG RbRH AA
SR 2 EALLR . TR R LK 3,
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0K S R R R AP R bR R N IE SR AT /TR, TyG 8%, TyG-BMI f54(. TG/HDL-C fa%i.
METS-IR #5%(. HOMA-IR f5%. LCI f5%. Cl $§%(. Non-HDL-C/HDL-C f5¥0X 8 Tl RIKPiiEtrn 5
2 RO PRI H s PAD (1) X6 45 5 4 35 IEAH (P < 0.05) 0 24 8% 1 & SR P hn i DU 0 2 B0 40 243
Mris, FERER 3 thufLLEE], Q4 ) PAD KAEKKIIE T QL, #484r Q4 5 QL ALK OR {H 45 M:
18.115 (TyG #5%%).3.765 (TyG-BMI #5%1).19.751 (TG/HDL-C #5%%).4.147 (METS-IR 1£%%).5.577 (HOMA-
IR 6% 12.825(LCI #5%0). 3.991 (Cl #5%1). 6.346 (Non-HDL-C/HDL-C #5%0). It4l, TyG 8%, TyG-
BMI 5%, TG/HDL-C $E%(. METS-IR #6%{. HOMA-IR #5%. LCI 46%t. CI #5%}% Non-HDL-C/HDL-

C fREIIG N 2 BUBE JRT A A PAD B RS R I 825 (I - S N R R (%4 P < 0.05).

Table 3. Association between IR-related indicators and PAD
% 3. IR tB%1E%r5 PAD Z [E)H9%EX

TyG f84
TyG-BMI 5%
TG/HDL-C 5%k
METS-IR f5%%
HOMA-IR $%%
LCI #R %L
Cl 5%
NonHDL/CHDL-C #5%k
TyG fREY 7 hr %
Q1
Q2
Q3
Q4
B PE

A 1 OR (95%Cl) P
2.179 (1.839~2.582) < 0.001
1.005 (1.002~1.008) 0.001
1.21 (1.135~1.290) < 0.001
1.028 (1.013~1.043) < 0.001
1.037 (1.017~1.057) < 0.001
1.02 (1.014~1.025) < 0.001
1.007 (1.004~1.011) < 0.001

1.464 (1.316~1.627) < 0.001

1.0 (Reference)
4.591 (3.003~7.019) < 0.001
6.57 (4.302~10.033) < 0.001
6.324 (4.142~9.654) < 0.001

<0.001

R 2 OR (95%CIl) P
3.652 (2.898~4.601) < 0.001
1.015 (1.011~1.019) < 0.001
1.363 (1.258~1.475) < 0.001
1.067 (1.047~1.088) < 0.001
1.062 (1.038~1.087) < 0.001
1.031 (1.024~1.039) < 0.001
1.013 (1.009~1.017) < 0.001

1.655 (1.457~1.879) < 0.001

1.0 (Reference)

5.611 (3.41~9.232) < 0.001

R 3 OR (95%Cl) P
4.65 (3.446~6.377) < 0.001
1.013 (1.009~1.018) < 0.001
1.347 (1.238~1.472) < 0.001
1.056 (1.033~1.08) < 0.001
1.036 (1.011~1.063) 0.005
1.031 (1.024~1.039) < 0.001
1.013 (1.008~1.017) < 0.001

1.665 (1.457~1.913) < 0.001

1.0 (Reference)

6.411 (3.829~10.961) < 0.001

10.315 (6.217~17.113) < 0.001 12.699 (7.35~22.491) < 0.001

15.363 (9.069~26.025) < 0.001 18.115 (9.637~34.989) < 0.001

<0.001

<0.001

TyG-BMI $& %57 53137 ¢
Q1
Q2
Q3
Q4
&P {H

1.0 (Reference)
2.18 (1.517~3.133) < 0.001
2.002 (1.392~2.880) < 0.001
1.958 (1.361~2.816) < 0.001

0.001

1.0 (Reference)
2.427 (1.584~3.72) < 0.001
3.57 (2.298~5.546) < 0.001
5.13 (3.234~8.138) < 0.001

<0.001

1.0 (Reference)
2.152 (1.38~3.375) < 0.001
3.114 (1.954~5.007) < 0.001
3.765 (2.208~6.494) < 0.001

<0.001
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Bk

TG/HDL-C 544 /- fr %5
Q1
Q2
Q3
Q4
&P E

1.0 (Reference)

5.971 (3.783~9.425) < 0.001

1.0 (Reference)

6.976 (4.143~11.748) < 0.001

1.0 (Reference)

6.863 (4.032~11.986) < 0.001

9.084 (5.761~14.324) < 0.001 10.236 (6.061~17.288) < 0.001 11.083 (6.458~19.568) < 0.001

9.149 (5.803~14.424) < 0.001 18.789 (10.835~32.58) < 0.001 19.751 (11.036~36.518) < 0.001

<0.001

<0.001

<0.001

METS-IR $5 %Y 43 f2 %
Q1
Q2
Q3
Q4
&P H

1.0 (Reference)
1.664 (1.157~2.394) < 0.006
1.928 (1.342~2.769) < 0.001
2.301 (1.605~3.299) < 0.001

<0.001

1.0 (Reference)
2.074 (1.356~3.173) < 0.001
2.988 (1.93~4.627) < 0.001
5.106 (3.246~8.032) < 0.001

<0.001

1.0 (Reference)
1.955 (1.254~3.066) < 0.003
2.518 (1.584~4.031) < 0.001
4.147 (2.496~6.975) < 0.001

<0.001

HOMA-IR %Y 53 11 %
Q1
Q2
Q3
Q4
P {E
LCI 555U 7> for %4
Q1
Q2
Q3
Q4
P A

1.0 (Reference)
2.844 (1.929~4.192) < 0.001
3.775 (2.565~5.554) < 0.001
3.804 (2.586~5.596) < 0.001

<0.001

1.0 (Reference)
3.765 (2.490~5.695) < 0.001
5.736 (3.801~8.657) < 0.001
5.779 (3.830~8.719) < 0.001

<0.001

1.0 (Reference)
3.726 (2.372~5.853) < 0.001
5.089 (3.234~8.011) < 0.001
7.485 (4.678~11.976) < 0.001

<0.001

1.0 (Reference)
4.568 (2.804~7.442) < 0.001

8.286 (5.062~13.564) < 0.001

12.289 (7.379~20.465) < 0.001

<0.001

1.0 (Reference)
3.449 (2.176~5.528) < 0.001
4.204 (2.583~6.909) < 0.001
5.577 (3.083~9.964) < 0.001

<0.001

1.0 (Reference)
4.825 (2.926~8.105) < 0.001
9.397 (5.616~16.082) < 0.001
12.825 (7.459~22.597) < 0.001

<0.001

Cl 550U 7> for %1
Q1
Q2
Q3
Q4
@ P E

1.0 (Reference)
1.378 (0.954~1.992) < 0.088
2.379 (1.661~3.409) < 0.001
2.324 (1.620~3.333) < 0.001

<0.001

1.0 (Reference)
1.644 (1.07~2.525) < 0.023
2.703 (1.773~4.12) < 0.001
3.922 (2.543~6.048) < 0.001

<0.001

1.0 (Reference)
1.728 (1.102~2.724) < 0.018
2.91 (1.862~4.589) < 0.001
3.991 (2.507~6.424) < 0.001

<0.001
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T
NonHDL-C/HDL-C #&%

VU 73 %5
Q1 1.0 (Reference) 1.0 (Reference) 1.0 (Reference)
Q2 1.707 (1.167~2.495) <0.006  1.624 (1.046~2.52) < 0.031 1.714 (1.083~2.726) < 0.022
Q3 2.518 (1.733~3.657) <0.001  3.473 (2.235~5.398) < 0.001  3.712 (2.325~5.993) < 0.001
Q4 4.134 (2.846~6.004) < 0.001  6.027 (3.836~9.469) <0.001  6.346 (3.922~10.426) < 0.001

@ P E <0.001 <0.001 <0.001

B 1. ORIARE, B 2. RERARRE. PR RUR 3. TMERARRY. VAL WRE. mLEOR . L. Uik A
M RS TR MR CPEIZLANARAR . A N AR C. RIR. IR TR SRR R
AR AR bR

3.4. IR HXIEFRTM T2DM B %4 PAD iy ROC g%k

K ROC #iZk 20 #r, 1EAL 8 4 IR AHICTEFRXAT PAD [T 2LRE, 45 % B R: TG/HDL-C #5 %t AUC
B, N 0.689, FEEUSEN 1477, REUE N 83.80%, KiFE N 48.5%; TN TyG F550f1 LCI 45
¥, HM AUC 08 0.670, e il 9.051. 15.677, REUE 57NN 87.40%. 83.3%, FiH
FESr N 41.4%. 45.7%; FH% N Non-HDL-C/HDL-C 5%, AUC ¥4 0.647 [95%CI (0.613~0.680)],
HOMA-IR 5% AUC ¥J°4 0.636; 1M Cl #56%1. METS-IR $8%0f1 TyG-BMI #5506} PAD [ 35l 2 18I,
AUC {H7E 0.5 f1 0.6 Z M5 4. [ 1)

o
@© _|
o
©
o
2
=
®
C
[0
n
<
o
— TyG 2% AUC:0.670 (0.638-0.702)
— TyG-BMI 5% AUC: 0.568 (0.534-0.603)
~ — TG/HDL-C #§% AUC: 0.689 (0.658-0.720)
o — METS-IR 8% AUC: 0.581 (0.546-0.616)
—— HOMA-IR #5%k AUC: 0.636 (0.603-0.669)
—— LCI 8% AUC: 0.670 (0.638-0.702)
— Cl % AUC: 0.595 (0.560-0.630)
o | = NonHDL-C/HDL-C ## AUC:0.647 (0.613-0.680)
o
T T T
0.0 0.5 1.0
1 - Specificity

Figure 1. ROC curve of insulin resistance indicators for predicting PAD

1. BREREIBFRFUN PAD B ROC BhZk
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Table 4. ROC curve for predicting the occurrence of PAD in T2DM patients based on insulin resistance-related indicators

3= 4. R ERTHEXIERRTUN T2DM B 44 PAD B ROC HhZk

17N BRAEBMNME 128 FTE AR (95%Cl) REE RARE

TyG 83 9.051 0.670 (0.638~0.702) 87.40% 41.10%
TyG-BMI 5% 204.084 0.568 (0.534~0.603) 88.80% 26.60%
TG/HDL-C 5% 1.477 0.689 (0.658~0.720) 83.80% 48.50%
METS-IR $5 %k 41.022 0.581 (0.546~0.616) 73.10% 42.00%
HOMA-IR $5%k 3.693 0.636 (0.603~0.669) 78.60% 46.90%

LCI 5%k 15.677 0.670 (0.638~0.702) 83.30% 45.70%

Cl 5%k 65.546 0.595 (0.560~0.630) 64.30% 53.10%
Non-HDL-C/HDL-C #5% 3.756 0.647 (0.613~0.680) 66.90% 56.40%

RNT BV IR AHSCIRARI T AE 77, LR T AR SE LR XU R 3 (e . eI 5 . = o 4
BEL SR R AL AR AN TR RGN R 5% IR FIR PR L IR AUC, S5 R ER: B
HOMA-IR F5504h, 4 IR FHRIEFRI AUC 1535 TR C Gt & (A 2).

o _|
«Q _]
o
© _]
o
2
=
B
C
(0]
»
<
o
— Em#EH AUC: 0.822 (0.796-0.847)
— + TyG $5% AUC: 0.863 (0.841-0.885)
i — + TyG-BMI % AUC: 0.832 (0.807-0.856)
g El — + TG/HDL-C %k AUC: 0.843 (0.820-0.867)
—— + METS-IR ## AUC: 0.832 (0.807-0.856)
—— + HOMA-IR 5% AUC: 0.821 (0.796-0.847)
— +LCI 5% AUC: 0.853 (0.830-0.876)
— +Cl #§% AUC: 0.835 (0.810-0.859)
o | —— + NonHDL-C/HDL-C 6% AUC: 0.848 (0.824-0.871)
o
T T
0.0 0.5
1 - Specificity

T
1.0

Figure 2. Baseline model vs. + ROC curves of each insulin resistance index. The baseline
model includes age, history of hypertension, fasting glucose, and fasting insulin

2. BRI vs. + BEREFIMMIEIE ROC fhtk. ELERGE: Fif, S0LE

msE. EREEE TERDE
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3.5.NRI # IDI 47 #f

Wi 5 BoR, TyG F8%7E NRI F1 1DI 23 #rh R I e, H KX TG/HDL-C #5441 HOMA-IR #5844, Non-
HDL-C/HDL-C 8%, LCI 8%, CI #6%, HFRIMHBANIFAAER ;. T TyG-BMI 851 METS-IR f&
BAE NRI 2347 R 2 B0 H AR AE (P > 0.05), 1H IDI 20 #rth Bon A — & 4 5l kE

Table 5. Analysis of NRI and IDI
2 5. NRI # IDI 734

NRI IDI
TR
Estimate (95%0Cl) P Estimate (95%CIl) P

FEfi AR R Reference Reference
TyG 5% 0.140 [0.085, 0.196] <0.001 0.084 [0.069, 0.100] <0.001
TyG-BMI 1551 0.039 [~0.007, 0.084] 0.094 0.023 [0.014, 0.032] <0.001
TG/HDL-C 5%k 0.072 [0.023, 0.121] 0.004 0.043 [0.031, 0.055] <0.001
METS-IR 8% 0.028 [-0.017, 0.073] 0.226 0.021 [0.012, 0.029] <0.001
HOMA-IR 8% 0.063 (0.026, 0.099) 0.001 0.023 (0.014, 0.031) <0.001
LCI #8434 0.099 [0.044, 0.155] <0.001 0.062 [0.047, 0.076] <0.001
Cl 8% 0.056 [0.009, 0.104] 0.021 0.027 [0.017, 0.037] <0.001
Non-HDL-C/HDL-C 8% 0.085 [0.030, 0.140] 0.002 0.051 [0.037, 0.064] <0.001

FEGHARY: . IR L TIERAE . TIERRE R

4. ¥ig

WEAE: 2 Tt 70 CLUE S, JiR 85 = HKPT(IR) A S FE R AE VRAG I 5 2 AU ME 7y TR IO 57, AN R Rk v e
By - IERE AR IO B E R A AR R B IR IR, SETETIRE R R L ARG R 7
JFF993 S5 AU B o 0L A2 99 P 5 A IR v e B HE S35 A (B [24]-[28] - T otk A 53 G Ptth 1 okt
8 fill IR A= F8Hr——TyG 5%, TyG-BMI #5%. TG/HDL-C #5%1. METS-IR $5%. HOMA-IR f5%%. LCI
B3, ClI 8%/ Non-HDL-C/HDL-C 545 PAD Z[a [ o-Ict: e 184 IR AW 7L . Wi 25 51
BoR, FETI PAD J51f, TG/HDL-C #8801 PAD HIffEiEbr, HkE TyG 85081 LCI #5%, 1 CI
8%, METS-IR $540F1 TyG-BMI F8%06 Filill PAD (12 Wi REREFIXT UMK . A TS B8 PAD HF- kG
HEVUNTROEHT K AR bR X, BUE BT LR BRI B0 BYRIT, AR ITIE R 52 B
HH R B AR5 IR AR R PR P AE SRR L S it 1 U2 S () SUEAR S, A R SR SG It 9t Al PR 5 e A B
T

JiE 5 RARPUE N T2DM [ OARIE, 5 PAD FIS VI Ol 2 TR FUIESE, AR 745 it —b
TR T IX— WA WIRIAEFENLERE, IR W@l 2 EikE2 5 PAD MRAES KR, X—HUH5 A0
H1 PAD A% IR $RFrEEF NS RSV & . B, RS Fl 5 25 5 i B i R et AR &
B YRR UG- 0 AE T IR Rd ik R B 2545 5 0 % (1 PIBK/AKt i:4%), AT I8/ I P9 B 240
—EHAENO)W AR SRR, SFHUNERF KR, FINERE N B 2-1 S48 PR, hnf i
FEAE M [29]. FAk, IR 51K B 8 2 UE T B O e S LA B B A, e s ik ok R A L B

DOI: 10.12677/acm.2026.161314 2538 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.161314

o %

PUER[30] [31]. AHf5EH PAD 41 HOMA-IR fa %3 7t m, 1 REA 0 7t C &k Sk HOMA-IR 483
PN B Th R B R 1) AR A b JE A7 (o mT VA PR A (R 285 P 27~ 1) B DAE OR[32], iE—2P R IR AT RE @ Hi% N
FIhREMES) PAD HERE. SyABEFRER, AEREEE TS S EAREE T R (ADM) ALE S Gas/PKA
WK, BERL PTPLB HE IR R 2R LB, BRI S RS 545, Fmdl i n RN 5840
g, §lRINERT KRG, Jv IR BUG I A R DR MALHISRAL T8 iRt FE M [33]. 7ENR AR 2R AL 1Y)
RER 7, ABFFiEE RER, PAD ARH M =ER(TC) /K FRET &, Mm% EARE A AHE B (HDL-C)
B RS, 1M TG/HDL-C $8%. LCI $6%((% & TC. TG. LDL-C 5 HDL-C)%E & g Fifatr 5 PAD X%
ECH. X —RIEMIE T “IR-BIRH - M7 rIPENLEI[34]: IR RIS IE & B 1 o 45 &
HH-1c (SREBP-1c¢) EMEEFE H i =BR(TG) A k. IEHAEIL T, JiRE #id i #0E mTORCL 15 5 i@ B 1Y
5% SREBP-1cmRNA #%43%, BN H RN 1M IR RS N iZik Fwl 75 sk, 530 SREBP-1c RF4Lig,
HE R R TR & B (FASN) . LRSI A FRILEE(ACC) R IR IE, I8 TG A 3 in[35].
[FI 4] HDL-C M m#ia Dhge, —J7 1, IR nRedfl it HDL M4k Rk, &% HDL /K~ H—J7
M, IR A REME AT AN - HDL 52 AR [3RIE, 3558 HDL (iERR, 3 v B8 IE ok 30 it Ak vl L ] e i 2 7
BAREE, FK HDL AR IEE EERS AL AT, X Se 2 P IE [ B 30 ) 58 . 24 IR S8 TG JHsfl
HDL-C ¥ [al 12 DI RS2 M, 2075 o 75 MU BETAR,  E 1T o E W 20 B A W T BROVEL IR 4 e, FE 5k
18V 2 RE[36]. HeAh, LDL-C I AAS 74 (0x-LDL) FJ 33— 45 0% 5 Mk 4 R0 P B2 40, Jn sl Zh Bk e e
itk BRI HIWE AR, ox-LDL A DU b3S E W 240 M R TH ¥)75 18 R 32 4k, 41 CD36 Al SR-A, {RffiE
R A0 B A I 2 R 0T, TR OB AAR37]. Hoak, 181 40E 5 MARRTRIRAS, IR nldid¥us STAT3[38].
MAPK [39]45 & AEH 1, Rt RFER T-a (TNF-0). H4IMIN5-6 (IL-6)250E 4 R TR, 51 & A
BEASE JSRE . AN F0H PAD L1 SEAZ A0 Ak L0 B LE 2 (MLR) S 35 T i, I HLIX — 45 R S5 BEAE I 7 &5
FARATFI40]. MLk, DAEREZHF7CE KRB, MLR ELR 5 2 RO IR 5 I A E (A0 Bl 4 90
AR[41] BEIRI R [42]) 5 O i R GPIR[43] % VIM IS,  SORE X e M AL 2 —, 5410 3)
kAR # YA, X PR RAE T AL IR 5 PAD Z A EE R AR FE, IR al3gakif /Mgt
LT i S s A 1 71)-1 (PAL-1) I B, 3 UM T SRR 3 N [44], 1X5 PAD 4/ M H B (RT
RE DRI /N S A T ARG ) IR 45 S — 3. A2 RS S T 0 28 B sg e 7 T, AR I PAD ZH e
% C(CysC). WIEF(Scr)/K- P2 T m, $on'EIhaE#ifG S5 PAD Ml REAFIERS HAE - IR 8t T & B /NER N
JE RBEEREPRIERL, IERE R B, 1 D Re T B ST i i B AR PR BAE B A — P E L
Feifs, T “IR - B8l - MAEHAE " HIBHEEIR[45]. X HER: T N E AL S G R K5, CysC
1155 PAD KUK HH %

KWL A RS2 TAERHE I ZR(ROC HhZR). 4y EZ A B HIESHT, LA E 5 REGEERFR(NRI)
AEES FI SEEFRR(ID) 2T 77725, 0T 8 B 5 FHLPL(IR) M AR FRLE T PAD J7 M E I T R4t
P, SRR, AEIRFMTINS AR EZS, BT : TG/HDL-C REIERR R LA T
MFEHR, FEAWEFCH I B 1 ROC ik R fA(AUC) 0.689, R A 83.8%, FFfE N 48.5%. 4
IR BB IS G FUA 1.477 B, PAD (A RS B B IAE . SR, X4 RESAK T REAE A 52 o TG/HDL-C 48
HON R SR B Bk (4 T 2K BE(AUC 0.71) [46]. 2250 HT KL, BEATB T RIRE A AR B/, T REAELESNFE
Rz, BRI T 45 RAHERTE . 2EN 5T, TG/HDL-C HE¥EA B &M #H. H—, TG Al HDL-C ¥J
NI PR R B AT, 3 E TN A B 5 T R LSS I, T FRBIME IS s A, 5 TR EH
JUREA, BEZEEA N GO B O ORI ERE AT TR 2 b, PRUE R 1) PAD RS AT R P
iy 7, ZAREALS R S R & R ARPUIRAS (R TG) ML {137 X 1 (ik HDL-C) [k A 15 i, 53k
SRR AL [ B R ELRE AR OG, R4 N L AT T AR A B T A KR AR A O 1 O B T I 995 AR X
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e, ARSI R R, =, ARREER 1477 SAEEUS, AR RS E R IRk
W TyG 1E¥UE M RBZ P TH, H AUC 4 0.670, REUEFIXL 87.4%, ZEETHAL IR MR
bR, XS5 1K TyG $847E PAD RWIFi & b AW A% . TyG fafifEy IR & s B AR R, it
BE TG A MHE(FBG), fels 5 AT S Wobs e AR 2 aLIEBL[13]. ARBFFLE—D K, TyG fa%7E
NRI A1 IDI 4347 R I AE, B BAE AL Go A B AL 36 Al BN TyG Fe%nT B & 52 TH Bl HErf itk . SR,
ZAEH R S BEAO IS, TR S EURMAYESR TS, R, EIRIKM A T, fR45 & HAbe s (0 TG/HDL-
C)HHTLEEHINT, LURE IS ERPE; LCI #8505 Non-HDL-C/HDL-C f5¥UE I H & & g FFbr i
FIE, — TR R AR T TG/HDL-C 8 50f TyG 6%k, HIEZEm TRAEHM ., Hd, LCI g%
) AUC ¥ 0.670, ‘BiBid ¥4 HHFEEE TC. TG. LDL-C 5 HDL-C, fEMs 5 4 i M S e 3505 ik ok e Ak
JIG TR (B S . AN OB E I e AR S 15,677, WIYE RIS Z EAR R XL S LW, EHTFE
BEATH VPG B AR AL TS DL A, LI sl g B A MR AR s e i R . IR R, 1
RE AR SRR BN E A%, B —Fabn e DAHERA S A5, 10 LCI 850N B AR 1P sk kX — A 25 Non-
HDL-C/HDL-C $5%ff) AUC A 0.647, ZI5#UR M T-9F HDL-C (P Eash ikl e alif g 2 B i S A, Jdad
TC &2 HDL-C 1513 H1) 5 HDL-C FILUAE, B8 R8Il ik i RE AL PR XGRS o TR0 A 12 5 BE AR 1F 9
“Non-HDL-C 72 C» IfiL & XU 58 55 T K] -1 B 2518 — 2K [47], IX$7R7E PAD ¥, AHLLF 5l LDL-
C X s i He v —Ffr 3 K sl AR A AL I 2B (1 7K, Non-HDL-C =6 JE ), B A 3 48 Ak g 4G 25 L
XTILE FRIR20A . Non-HDL-C/HDL-C fa 0 I THE SR . RRMZR& 40 mrH i =R ffE. AKX LDL-C &
HH ASCVD (BhHkiFEREALPE O M B ) A AR, RHEH T HM =R, PEAmHECSR
ASCVD 5 ASCVD =i fe I NHE, AT 990 (VPG IV I7 S AL A 1945 2. HOMA-IR fa 402 %kt

BRI SeadR, L AUC 24 0.636, HAEWA 7 #rrh KRR 5 PAD HIREREL, SN EA K.
X415 HOMA-IR a5t [E A BRE A UIAEOG: B2, HoAa il =75 o/t 2 B &5 K, MRS &= AN
—MEARSE, BEEE, HRELMEELW. fln, &SiEeSBOL0 T8 3K A T ¥ 1
RAM, (R R R A T, I L R Z A S R I 45 SR R P (48] KT B AR ThRE ™ B2
TR R T, HOMA-IR FRE0nT Re LA be S HEmA PP 45 3 [49]. Ik, HOMA-IR Fa %5 3 2 ) it
JUE IR & R AR UIRAS[50] o FFREAE 9 MBS 42 A% O 48 B, Al i@ HOMA-IR F8 3060 F 1) 23 IS s A &
FACT, AT MBS AR SR R AR R B 2Ty, AN AR o G, i 8 R D R 1)
R FEiasE %, 0 S ECH M =R & S0, 51 4MIR DT A PE . 3X — i R 2 e A I IR A R &
2KV, FHAIAE HOMA-IR $8%0d,  PRIZARECE IR AR 0 mT F T 0P A5 AR e 17 0 1 R A2 U o T
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