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Abstract

e AIM:. To investigate the associations of triglyceride
glucose (TyG) index, triglyceride glucose - body mass
index (TyG-BMI), and homeostatic model assessment of
insulin resistance (HOMA-IR) with diabetic retinopathy
(DR), and to evaluate their diagnostic value.

e METHODS: This study was a single-center retrospective
study. Patients with type 2 diabetes mellitus (T2DM) who
were hospitalized in the endocrinology department of 3201
Hospital from January 1, 2023 to March 1, 2025 were
included. According to the diagnostic criteria for DR,
participants were classified into DR group and non- DR
(NDR) group. Then the association of TyG index, TyG-
BMI, and HOMA-IR index with DR of the two groups of
patients were alalyzed.

e RESULTS: A total of 969 patients with T2DM were
enrolled in this study, including 816 patients in the DR
group. Among DR group, 271 were males (33.2%) and 545
were females (66.8%), with a mean age of 56.78+11.88
years. The NDR group consisted of 153 patients, including
41 males (26.8%) and 112 females (73.2%), with a mean
age of 59. 40 = 10. 52 years. Statistically significant
differences were observed between the DR group and the
NDR group in terms of age, BMI, TyG index, TyG-BMI,
HOMA - IR index, fasting blood glucose (FBG), 2-h
postprandial blood glucose (2 hPBG), fasting insulin
(FINS), 2-h postprandial insulin (2 hPINS), fasting C-
peptide (FCP), 2-h postprandial C- peptide (2 hPCP),
total cholesterol (CHO), triglyceride (TG), low-density
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lipoprotein (LDL-C), blood urea nitrogen (BUN), uric
acid (UA), direct bilirubin (DBIL), glycated hemoglobin
(HbA1c ), milligrams per total protein (M - TP),
microalbuminuria (MALB) , urinary albumin to creatinine
ratio (UACR), 24 - hour urine protein, white blood cell
(WBC), neutrophil (N), and platelets (PLT; all P<0.05),
while no significant differences were found in the
remaining indicators (all P>0.05). In multivariable Logistic
regression, both TyG index (aOR=198.65, 95% CI. 66.73-
591.41, P<0.001) and TyG-BMI (aOR=1.03, 95% CI. 1.02-
1. 04, P < 0. 001 ) remained independently positive
associated with DR. Quartile analysis indicated a
progressive increase in DR risk with ascending quartiles of
TyG index and TyG-BMI (all P, <0.001). In contrast,
HOMA - IR was not significantly associated with DR.
Restricted cubic spline analysis, fully adjusted for
confounders, showed a nonlinear upward trend in DR risk
with increasing TyG index ( P, ineary < 0-001), whereas
TyG-BMI exhibited a U-shaped association ( P, ,inearity <
0.05). No significant association was found between
HOMA - IR and DR after propensity score matching.
Receiver operating characteristic ( ROC ) curve
demonstrated area under curve ( AUC) values of 0.870
(95% CI. 0.839-0.901) for TyG index, 0.710 (95% CI.
0.665-0.755) for TyG-BMI, and 0.657 (95% CI. 0.608 -
0.706) for HOMA-IR.

e CONCLUSION: The TyG index and TyG - BMI are risk
factors for DR. A dose-dependent increase in DR risk was
associated with elevated TyG index values. TyG - BMI
exhibited an inverted U-shaped relationship with DR risk.
The TyG index had better diagnostic efficiency for DR
compared to both TyG-BMI and HOMA-IR index.
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glucose - body mass index; homeostatic model
assessment of insulin resistance; surrogate index of
insulin resistance; diabetic retinopathy
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il R A0 I TR 728 ( diabetic retinopathy, DR) J&## R
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assessment of insulin resistance, HOMA-IR) YR TEE IR
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Fe R XA PR AT T 1 — A0 R S o o e
5%, M b HOMA - IR $5 %, H 0 = M5 % 4 ¥F 15 5
(triglyceride glucose, TyG ) i B 5 75 5 AR MU H g A %0 s e
IR ZIRAFSEIEYE 2] TyG #6485 DR A & A= & JEHH
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index, TyG—BMI) &¥% TyG F1 BMI AHZ5 & 19 55—~ IR 4
BT ZIFIEE R TyG-BMI S5 HE IR & KU
TEAE SRR (HiZ 48 Fr 5 DR B R M A, 25 1,
AW FEALRIFRT T TyG #5840 . TyG-BMI & HOMA-IR 5%
5 DR %A= KBS O AR S | LLIISA DR 53 i 2 A 39 0 45
PE—E R E R
1 X[ gMA &
1.1 3, AW A B BB PEAF 7T, R H 2023 4F 1
A1 HZE202543 A 1 HF="0—ER N/ WFHERE
Y 2 AU IR (type 2 diabetes mellitus, T2DM) &, 4
ABRHE: (1) FF & 1 2 BOB% R 9% B 36 45 7 (2013 4
f2) ) o T2DM 2 Widn e 5 (2) 4Rl =18 %5 (3) Wi %
BloesE A IREBARZE R HEBRPRIE: (1) & IF 2R F
PP (AT O IR 0 Do B I8 5 45 ) R L Al A A B s R
W (CANBCBERR S N RAE) 5 (2) & JF ™ H T E DIREA 42
(3) WEUREHT FL I 1 2 5 (4) #2527 1 W I s 6 DT 1 A ok
BIT (AR S ol B TR 55 ) . AMFRIRIGE =0 —
B BE R 2R R B AU, e S 58 RERE S-S
AU R
1275% i ERE PRI A B FT R, (1) —
PRI PRGERE AR P50 AT 8 A0 ( BMI) WA sl R
SRR BRI AR I (IR AT SRR ) A TR
JEMiRE, (2) LEEFebr . 25 I (FBG) &5 2 h b
(2 h PBG) = H S R (FINS) & J5 2 h JRE R
(2 h PINS) %5 C BR(FCP) % )52 h C ik(2 h PCP) (&
JHEEE(CHO) | H il =g (TG) | /& % FE B 25 13 0 5] fi
(HDL-C) % %% B fg & (1 0 [& B (LDL-C) \ JR E A
(BUN) JULEF(Cr) JRFR (UA) EABZLER (TBIL) | E AR
£ (DBIL) | [A] 4% IH 21 R (IBIL) | N 2 R & & % 7% il
(ALT) \RIT& AR A S (AST) WLl & A
(HbAlc) JRGE SHEH (M-TP) ff i H & H (MALB) |
JR A H/ WU A (UACR) (24 h JREEH (H AN (WBC)
THEC R A (N TR PR A (M) TH58 b 2 4 i
(L) 3%, 5 4% 40 B 5 6k B 40 B HE {6 ( MLR) | I /) AR
(PLT) 4. (3) T A48 AR AR 8 AH R 150 kA 2,
BMI={AFi /5% (kg/m”) ; TyG $8%0=1n[ TG (mg/dL) x
FBG(mg/dL)/27 ; TyG—BMI = TyG 4§ % x BMI; HOMA - IR
&8 =FBG (mmol/L) xFINS(mIU/L)/22.5, (4)JiH AH
BE 2 IR R A 2B TR A T2
B 9 ' 28 R JIC I A i S R Ay AR 4l TR DR RO
T B0 A8 Ife 297 48 i (2022 4F ) ——FE THIE BE 215
Y HE4T DR 2, PR B XUER & 2 DR B E A
DR 4,

GEit# 5B R R BRAE (RRAS 4.4.0) 475830 HT
THE TR ISR, 55 IEA0 M DL x+s Fon, 4]
FEBR A S FEAS ¢ R 50 AR IES W LA M (P, P.y)
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TR, L] FLBCR ] Mann—Whitney U 56 ; 4328 988
n( %), 4 BRI X K0 5E Fisher KA TS, >R
FAZ75 /it Logistic [71 0370 H7 WAL TyG 8 %0 . TyG -BMI J%
HOMA-IR #8405 DR KU A SCPE , BRI S AR 2% R
H (restricted cubic spline, RCS) I A FH#3t = WiFgr 5
DR XU =22 [8] (9 AR 4 M 5C 3R, 1 s 850 eh DL 7 £ 8 )
( Bayesian information criterion, BIC) H sk #;, #id 572
F TAEFFME (receiver operating characteristic, ROC) {1 & 1F
i =G FRXT DR (2 WAk RE . 4 e 25 R A fd i, R
{6 [ #5943 VS iE. ( propensity score matching, PSM ) 178Uk
PR, DEBC o0 1 1 Ser 4 DT L, % B 15 Ay 15 1 75
OYBRUEZE ) 0.25 %, KB K E a=0.05( XU ,

2HER

2AMNBE—MBERLR APFFILEHNA T2DM B H
969 4, DR 41 816 ] 1 B 271 ] (33.2%) . & 545 {4
(66.8%) , F-HI4E#4 56.78 +11.88 %' ; J& DR (no—diabetic
retinopathy, NDR) 20 153 {71, H:rh 55 41 91 (26.8%) (% 112
W(73.2%) ,FYJ4EH 59.40+10.52 %/, DR 415 NDR 41
B AR BMI, TyG 8 %, TyG - BMI, HOMA - IR 5 %% .
FBG.2 h PBG.FINS .2 h PINS FCP .2 h PCP CHO.TG,
LDL-C .BUN UA .DBIL HbAlc M-TP MALB UACR .24 h
PREEH , WBC N PLT L 2 R B H G2 E L (P<
0.05) , Hopda e b 2 R ¥ L4 2= 2 L (P>0.05) , 1L
£1.

2.2 Logistic B34y 47 TyG #5%#n TyG-BMI K% HOMA-
IR¥EH DR Z4EREI LIES A4 DR MR &,
TyG $8 % . TyG - BMI Fll HOMA - 1R &% [ 78 4, # 7
Logistic [F]JFAR A AR AUAS R B P AR & | AR AY 1 8RR AR %
FpE, BT 2 fEASE R 1 SERE B E— 289 2 h PBG,
2 h PINS . FCP .2 h PCP,CHO LDL-C BUN, UA DBIL,
HbAlc M-TP MALB UACR .24 h JR# 1. WBC N PLT,
EHEE R BN, TyG F8 505 DR & A S IE A6 (B 2,
aOR=198.65,95% CI; 66.73-591.41,P<0.001) . ¥t TyG
a5 Q1 A (S HA) M, Q2 (5 2 ™
IYEZE) Q4 AL (Feis Ui 4 ) 19 DR % Az XU 34 B 5
HBES LT 5, DR A& A KBS R 2k A (B 2. Py <
0.05) , TyG-BMI 5 DR & 4= 5 1E M1 56 (B AL 2. aOR =
1.03,95%CI; 1.02-1.04,P<0.001) , H: DU 433 43 b 45 5 3
7N, 5 Q1 AL, Q2-Q4 411 DR & Az AU 34 0 w3 | #a 34
PRI A Gt #8 L (BRL 2. P, <0.001) , HOMA-IR#H
BAERIAL L tp 5 DR &4 2 IEM & (aOR=1.13,95%ClI .
1.04-1.22,P<0.05) (HAERBIHR 2 i SCHIH L (P=0.495)
VU A 2H ) AL Q3 ZHE Q1 4119 DR & A= KUK B s (A
#12.a0R=3.30,95%CI:1.74-6.25 ,P<0.001) , /L3 2.,

2.3 TyG #5##0 TyG-BMI % HOMA-IR #5#1 5 DR B E
KMEXB RCS M ZHZ MG (BLFFR B,
2 h PBG .2 h PINS. FCP 2 h PCP .CHO .LDL-C .BUN .UA ,
DBIL HbAlc M-TP MALB UACR .24 h JREH .WBC N,
PLT) , &5 5 R TyG F8 %505 DR K& 2 8] 77 76 JE Ze vk 5%
R (P ey <0.001, Py <0.001) , DR KUKE B TyG 54X
ThE B T, IFE TyG =5.57 B A B IE(E (OR=2.41,
95% CI1:0.85-6.83) , UWL.I&l 1A, TyG-BMI 55 DR XU 4 #h
LU (P sy = 0.012, Pryirn <0.001) , 7E TyG -

BMI =~ 144.06 I} XU B 55 (OR=1.91, 95%CI:1.32-2.75) ,
5 TR (K 1B) ., HOMA-IR #5405 DR XUt 2 44k
P (P pgperon <0-001, Py <0.001) , HOMA - IR 15 i =~
5.970F XS A B B (OR=1.47, 95% CI:1.03-2.09) , Ji
JERRE(EN1C) .
2.4 TyG $5##n0 TyG-BMI & HOMA-IR 5% %} DR 812
ET3EE  TyG 18 Foxt i i 28 F T FR (area under the curve,
AUC) 24 0.870, TyG-BMI A9 AUC & 0.710, HOMA-IR F5 %%
) AUC 4 0.657, HHHLIG 2, TyG #5450 AUC i, H
SRR 4.864 , MERI 3 0.769, RN 0.755, 7
SN 0.843, BHE A ( positive predictive value, PPV)
A 0.963, BH 4 T A8 negative predictive value, NPV) bl
0.392, WK 2 % 3,
25 BB S AW AE PSM Bi,DR 4l (n=816)15
NDR 4 (n=153) Z[AIAEA LA P4, W] e 5 B8 8 43 Hr
gERAFAE AR, BT 11 DR, PR RE AR B T8
flir , Wt T ARRITEAL AR e e, TR, DU DS A A R R
S WA AR X 435 JR) S 0 A2 R RE , (S B I R 7
B2 % M, PSM J5, TyG 45 %X (aOR = 49.10,95% CI .
16.11-149.67) #1 TyG-BMI (aOR = 1.02, 95% CI;1.01 -
1.03) 4755 DR & IFAHE ; HOMA-IR 8 5 TG 1 y % 4 7l
AR = PS4 428 e 345 DR g6k, RCS 40t ks
BE TyG 45 %K 7 J+ &, DR KUK 3% ¥ | Tt (Psprion <
0.001) ,5 PSM Hi4r#r 25 R H A —2; TyG-BMI 5 DR X
AT B U™ T OCBR (P gy <0.05) , {H 5 PSM Hij #H Lk
AU b 5 s A ik 2 5 R % B HOMA IR #6445 DR X
SAEHE IR (P poypppys = 0.233, Pgypons =0.092) . ROC i 25
AT, TyG #8804 DR 112 Wi S BB K 4R |8 3 ( AUC =
0.787) ,H&AIK T PSM fif 7K *F; TyG-BMI ( AUC = 0.622) Fll
HOMA-IR #5840 ( AUC=0.560) 7£ PSM J5 £ Wi s BEX A I
TR,
3itig

ARG FIFH T2DM AF: B 28 # E TE A0 T TyG 48
%% . TyG-BMI ,HOMA-IR $5 %55 DR MAH G, 45 R R W
TyG $5%50R1 TyG-BMI & DR K AEM G N &, Hi#E TyG
TRBOKEF+ 8, DR & A KU 5 T ##, TyG-BMI 5
DR XUBS I 2438 “ U™ B SQBK, K & B HOMA-IR #5405
DR f5 5%, Ak, 5 TyG-BMI F1 HOMA-IR F8 5UAf L, TyG
FRBCT DR B2 Wi (E AL

Z WA 5 E# W TG 18 B 2 DR W e K I
g w2l 1 Meta 3T R TyG 45505 DR XU &
IEARFES S BN —IEFFE ) RCS 2307 & B TyG /KR i
8.61 Hf, DR XU B R AFLe3 " X 5 A 78 45 31—,
DR % &AL A%, H BTWEFE O UF 52 & o875 5 10 A 4k
I ARAE SN WAL LR W B AR B M A N B A KA
Fad Fah S DR K A S S R A K
P HEARRE H W = EE A RS n H ik =B AL s
it EAC AR VTR, IR, T2DM 3 AT BR AR
ZEL, 0BG e S o A A DR o B A R A e i, E AR
BHOM e R L 30) B B35 1 Y e Ah RS R B TG K
Tt 5 240 L 1) 2885 BT 0 v R 25 R DG, T A2 4 00 4 R
iE, HESH DR BERRTY L me Al WL, TyG HE 8 — E R E b
ABA 256 S e iy IS A HOIl =R 7E DR R4 5 ke
M EEAEH
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z1 MNEBEE—MEMILE
¥ebr DR(n=816) NDR(n=153) Z/t/X* P

W[ M( Py, Py) %] 57.50 (50.75, 64.00) 60.00 (52.00, 66.00) -2.38  0.017

P (B, %) 5 271 (33.2) 41 (26.8) 2.43 0.119
© 545 (66.8) 112 (73.2)

BMI[ M(P,,, P), kg/m*] 25.06 (23.00, 26.85) 24.46 (22.30, 26.20) -224  0.025

BHRIBREE[ M(P,s, Pog) ,a] 6.00 (2.00,13.00) 7.00 (3.00, 12.00) -0.33  0.739

W AR (], % ) o 407 (49.9) 71 (46.4) 0.62 0.431
H 409 (50.1) 82 (53.6)

RIS (], %) Ta 432 (52.9) 80 (52.3) 0.02 0.882
H 384 (47.1) 73 (47.7)

FIEHL (B, %) ¥ 558 (68.4) 111 (72.6) 1.05 0.306
H 258 (31.6) 42 (27.4)

Wes B[ M(P,g, Pys) ,mmHg] 130.00 (120.00, 141.00)  130.00 (120.00, 140.00)  -0.11  0.912

E5KE[M( Py, Pos) ,mmHg] 80.00 (70.00, 83.00) 79.00(70.00, 80.00) -1.91  0.056

Jiki A5 (5], % ) Jo 720 (88.2) 131 (85.6) 0.82 0.364
H 96 (11.8) 22 (14.4)

IR 204545 TyG[ M( Py, P.s) ] 5.09 (4.87, 5.30) 4.63 (4.50, 4.79) -14.53  <0.001

TyG-BMI[ M(P,, P,;) ] 126.60 (115.13, 139.83)  113.28 (100.31, 122.99)  -8.25  <0.001

HOMA-IR[ M(P,, P,5) ] 3.25 (2.05, 4.95) 2.06 (1.45, 3.30) -6.17  <0.001

SRR FBG[M(P,5, P;s), mmol/L] 9.06 (7.08, 11.38) 6.84 (5.57, 8.03) -9.82  <0.001

2 h PBG(X%S, mmol/L) 18.79+5.11 15.34+4.95 7.71 <0.001

FINS[ M(P,;, P.;), plU/mL] 8.33(5.45, 11.97) 7.25 (4.81, 10.88) -2.10  0.036

2 h PINS[M(P,, P.y), plU/mL]  25.14 (14.80, 39.96) 28.82 (19.73, 41.19) -2.17  0.030

FCP[ M(P,, P,), ng/mL] 1.96 (1.39, 2.79) 1.65 (1.23, 2.29) -3.54  <0.001

2 h PCP[M(P,;, P,;), ng/mL] 5.09 (3.58, 7.21) 5.69(4.20, 7.34) 224  0.025

CHO[ M(P,5, P5), mmol/L] 4.69 (3.94, 5.50) 3.89 (3.31, 4.67) -7.01  <0.001

TG[M( Py, Pss), mmol/L] 1.77 (1.27, 2.56) 0.94 (0.80, 1.21) -12.95  <0.001

HDL-C[M(P,s, P,5), mmol/L] 1.15 (0.97, 1.35) 1.14 (1.01, 1.35) -0.32  0.752

LDL-C[ M(P,, P,5), mmol/L] 3.01 (2.45, 3.57) 2.46 (1.98, 3.01) -6.82  <0.001

BUN[M (P, P;5), mmol/L] 5.80 (4.70, 7.30) 5.40 (4.60, 6.50) -2.60  0.009

Cr[ M( Py, Pys), pmol/L] 65.00 (55.00, 78.00) 66.00 (55.00, 75.00) -0.45  0.649

UA[M(P,5, Pys), pmol/L] 315.00 (265.00, 378.00) 298.00 (240.00, 351.00)  -3.01 0.003

TBIL[ M(P,, P.;), pmol/L] 14.30 (10.90, 18.50) 14.00 (10.90, 17.60) -0.22  0.822

DBIL[ M(P,;, P,;), pmol/L] 2.80 (2.10, 3.60) 3.00 (2.40, 4.00) -2.79  0.005

IBIL[ M( Py, P,;), umol/L] 11.50(8.70, 15.00) 10.90 (8.60, 13.70) -1.05  0.292

ALT[M(P,, P,), U/L] 19.75(14.38, 27.80) 19.50(15.10, 25.10) -0.18  0.854

AST[M(P,, P.;), U/L] 20.40 (16.80, 25.80) 20.70 (17.70, 25.00) -0.79  0.431

HbAlc[ M(P,, Py) %) 8.92 (7.23, 11.07) 7.41 (6.47,8.67) -6.62  <0.001

M-TP[ M(P,, P,), mg/L] 113.15 (65.62, 202.15)  86.35 (56.80, 140.35) -3.63  <0.001

MALB[M(P,,, P,;), mg/L] 18.15 (7.90, 62.84) 9.88 (5.00, 29.62) -459  <0.001

UACR[M(P,;, P,5), mg/g] 2.36 (0.87, 10.11) 1.12 (0.60, 3.71) -4.93  <0.001

24 h JREH[M(P,s,P,5), mg/24 h] 112.97 (75.75, 206.19)  99.60 (71.20, 162.72) -2.06  0.039

WBC[M(P,s, Pss), 10°/1] 6.13 (5.01, 7.31) 5.68 (4.82, 6.65) -3.45  <0.001

N[M(Py, Py), 10°/L] 3.77 (2.95, 4.74) 3.28 (2.82, 4.22) -3.72  <0.001

M[M(P,, P.5), 10°/1] 0.37 (0.29, 0.46) 0.35 (0.30, 0.44) -0.67  0.503

LM(P,, P;), 10°/L] 1.70 (1.33, 2.15) 1.72 (1.21, 2.16) -1.24 0214

MLR[ M(P,s, P,s)] 0.21 (0.16, 0.27) 0.21 (0.17, 0.28) -0.56  0.573

PLT[M(P,,, P,;), 10°/L] 180.00 (146.00, 223.00)  170.00( 136.00, 206.00) -2.44 0.015

AT KB TyG-BMI /& DR & A4 1 el K &, 5 1k
12 E A Z 5T 45 B —5L, Zhou %57 B T35 [ [H £
B 58 3% )8 & ( National Health and Nutrition Examination
Survey, NHANES ) £ 48 i) K AEAS 43 #7 7R, TyG - BMI J&

502

DR 1Y i G HE (OR=1.014, 95%CI.1.001-1.027)
FEEARFFE R, 22 B FEIREDY K Xu DY fEANE
[ T2DM AHE L gE, Bl 7 AR R 4518 X SEqiE 4
I [7) 3245 TyG - BMIAE S DR XURS: A5 76 9 09 A7 281 . ot
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%2 Logistic @3 TyG #5#1#1 TyG-BMI & HOMA-IR 5%t DR % 4 By 2200

- FHAG Y R 1 L Ep)
OR (95%CI) P aOR (95%CI) P aOR (95%CI) P

TyG F5%L 283.03 (112.43-712.49) <0.001 296.43 (115.92-758.00) <0.001 198.65 (66.73-591.41) <0.001
TyG T8I 537 5320 Q1 ZHH E =%l ZHH

02 537 (3.44-8.38)  <0.001 542 (3.44-8.53)  <0.001  4.61 (2.83-7.51)  <0.001

03 40.16 (15.99-100.89) <0.001 41.58 (16.46-105.04) <0.001 28.57 (10.91-74.80) <0.001

04 50.63 (18.26-140.37) <0.001 54.13 (19.21-152.51) <0.001  28.24 (9.18-86.87)  <0.001
Py 0.199 0.948 0.006
TyG-BMI 1.04 (1.03-1.05)  <0.001  1.04 (1.03-1.05)  <0.001  1.03 (1.02-1.04)  <0.001
TyG-BMI DU 4340 01 SHH e = e =

02 1.87 (1.23-2.87) 0.004 1.94 (1.27-2.98) 0.002 1.68 (1.04-2.71) 0.033

03 426 (2.54-7.15)  <0.001 425 (2.53-7.15)  <0.001  3.56 (2.01-6.31)  <0.001

Q4 6.97 (3.80-12.77)  <0.001  6.49 (3.52-11.96)  <0.001  4.01 (2.01-8.00)  <0.001
Py, <0.001 <0.001 <0.001
HOMA-IR 5% 1.14 (1.05-1.23) 0.001 1.13 (1.04-1.22) 0.003 0.97 (0.88-1.06) 0.495
HOMA-IR 854 isr4 Q1 SHMH SHY E =%l

02 1.65 (1.07-2.55) 0.023 1.63 (1.05-2.52) 0.029 1.32 (0.80-2.19) 0.280

03 431 (2.49-7.46)  <0.001  4.16 (2.40-7.20)  <0.001  3.30 (1.74-6.25)  <0.001

04 320 (1.94-529)  <0.001  3.08 (1.86-5.12)  <0.001  1.42 (0.66-3.06) 0.364
Py <0.001 <0.001 <0.001

MR, SRR A i IR 1, JHERAERY MR AR 2. JEAERA P52 h PBG.2 h PINS FCP .2 h PCP CHO.LDL-C BUN,
UA .DBIL .HbAlc M-TP MALB ,UACR .24 h JRE 4 \WBC N PLT; Q1-Q4 43R T HARIU A7 20 (S % 20) 45 2 D42 45 3 1Y
AN 2H RN B 1 DU AL 4

A2s C2s
55 <0.001 s Py yen5<0.001
,<0.001 3 2.01 P, ,44x<0.001
315 S S15
3 L5 R~
wn wn (2]
&, o 2
x 10 & 1.0 -----f - mmmm e
o o O
Pl . oreiogilus U - o2
5 0.5
0 0.0
4.5 5.0 5.5 6.0 100 125 150 175 0 5 10 15
TyGHii ¥ TyG-BMI HOMA-IR#5 %t

1 TyG 38210 TyG-BMI K& HOMA-IR 65215 DR RYIE&IEXEE A TyG #8%4(; B TyG-BMI;C. HOMA-IR #5%%

1.00
0.75
,;ﬁ(
# 0.50
0.25 ® TyG# %1: AUC=0.87(0.839-0.901)
‘ © TyG-BMI: AUC=0.71(0.665-0.755)
©® HOMA-IR## %: AUC=0.657(0.608-0.706)
0.00 =
0.00 0.25 0.50 0.75 1.00
1 5 18

2 TyG ###0 TyG-BMI % HOMA-IR $5#i2 #F DR i ROC %k,
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%3 TyG 355 TyG-BMI & HOMA-IR 53¢ DR 95 BT 3kse

st AUC TR R

REUE

FRETiy ppPV NPV Cutoff

TyG FRE
TyG-BMI
HOMA-IR $§%k

0.870 (0.839-0.901) 0.769
0.710 (0.665-0.755) 0.685
0.657(0.608-0.706) 0.655

0.755 (0.658-0.808)
0.685 (0.572-0.734)
0.662 (0.562-0.725)

0.843 (0.765-0.895)  0.963  0.392 4.864
0.686 (0.588-0.752)  0.921  0.290 118.206
0.621 (0.529-0.693)  0.903 0.256  2.456

HAUC: B T, PPV, BHPEHIMN(E ; NPV, BHPETINME ; Cutoff, He LMW (FTABFEEHE)

G AWF5E R 1 RCS #4878 T TyG-BMI 5 DR &4
DB (B U™ TR, R T R 18 s a4 A AR ARl 5
AR DR R E SRR AR B LM TS A
P PEAI K ST S 8 2o i 5% 38 HR e ok 42 20 W Bk s 9 &
i AR T BT T, NS T 4140 I 40 i 5
Gy U2 FIE R, A5 ik R Ge R R O U TP 20
T J 5 (i 545 S, Herh ML 2R 5 g 40 i B8 T 1 R TR
T AR S R G O O (S R Az
TR YIBEIR AL AN ] 3k Ak A0 AR K4 58 ) S8 TG 37 1 y ik
TNV G el 2 B O A A AR AN M B R R
TERR I BpE 28 vh TL— 18 TNF—a 25 5 I kA 56 19 8 i BHI
3 A A A o — R P B e 4 7% e B K e, O 3K B i
B R AR R o B R B O A A T A ks
[F] ) B T TyG-BMI 55 DR AH5C ML, i — 2 32 HF TyG -
BMI 754 DR 559 JXURE: Al A 5 1 000 ] 7

ARWFFEAESE 4 P4 B2 1Y) Logistic [7] 7 45 70 vp oR W % 5
HOMA-IR 5405 DR Z B A7 16 G BE, (H A5 & W,
RCS 43#7 i 7x HOMA -IR 5405 DR XU 25 “ U JE A1
K AEFE BN 3B 25 TR v S BRI 2% | 3X — & B0 5 o A
PRI BB BRI SE — 2K SR, — 30 [ P AT & B T2DM
B BMI B4, HOMA-IR #8405 DR 4 3¢, 7F BMI
BARA PTG XSy 22 5 R T HOMA-IR #§
$05 DR Y CHE AT BRI AR RAAE | R 512 78 HE JHE A 56
)TN L A AT N

Zhou 2 B3 ROC thZR 43 M % TyG F550%F DR
B2 W (8 = T TyG-BMI fil HOMA - IR #5 %, %E K 3£
ST gt TR RE 2 B TyG #8804 DR A2 Wi {8 T
TyG-BMI, X PRI 58 5 A 5 45 e — 2, W 4
REA: M IR R 24 (R R 2 BE M 25 1 T2DM JR 35 rh I Je )
WF9E % B, HOMA - 1R 48506 F DR # #0 A4r (E 48 T TyG
G40 TyG-BMI 4§ IR B 46 4R, BLAh, 22 BRI F5 &
AR T TyG 5%, TyG-BMI Xf T2DM % % /E DR K7
DA R, 3K e AN [F] A AT 9 245 38 3 B = R R AR 7E AN TR
W ABEP T REAF G P E S

ARG ANHELE T, 3T E T2DM A B i3 1 R A
AN, T2 A T ELTR A2 I R 1Y Logistic [l IHALRL RCS
ST LA S ROC 440 ir, B IR &R & VR G0 2 T HL X TyG
R4 . TyG-BMI Jz HOMA-IR $8%( —Ff IR #4845 DR
FIRERAS W E AT T B8 R0 Sk 3k tegg , 3k b
TR ABEh e Z = FhH8 A5 R ot T LA T 10 2 ai
25, WG R _E 2R HE DR i A Fe bR 4R T EoAT He
B | fe O (A R FE R, oA 7E B AR AR ST AR AL =
A DR FUHA XU 43 )2 T H 4L T SC k4l . A 58473
e TR MR (1) BFFE AR AR IR F Fp— B2 7 o0 i
Bt T2DM f83 , FE7E T8 B i faF , 4510 Ak 28 44 X s 1 ¢
R P R T A B 5 T L, A TR AR AH R TP i — 25 58
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TUE; (2) ARG Ry D6 R 5, J T [l Jt 1 5 sk, JC i i
FE IR BACTE bR S DR BB 56 B ME LR AT R SR 4
Wi 5 (3) BF5E H = A TR B AR T8 bR 24 o 5 Uk 0 6 11 3 4 4
i KRB A8 bR KT 1 K 1 20 25 28 1b X 45 5y 1Y 52
(4) K% 8B 2GS AL E R AR R m, KL,
ke O T KR 22 rput R RE MR 9T, 5 R R T 24
TN 3R K2 BERR 2 ) S5 I PRI 1 Vs e TR 44
YER I FIH 3 & W IR bR, LR A 53T TyG $8 51,
TyG-BMI Fl HOMA-IR 5405 DR kKA KM HR , HHE
Y M PP A 3 B4 B A AN [ Hh i g A0 L, AT A DR
)-SR 97 3 B L T AT S () A ARl
2 FFTR, TyG 84505 TyG-BMI J& DR % Ak 1Y fa k6 A
K, H TyG 48 8%} DR 192 Wi th {8 8 F TyG - BMI Al
HOMA-IR 5%k, 3T L ib & B, 2 D7 I PR 52 % o
TyG F5 50 AN PRI 838 1 AR A (R & X T TyG
AU v TR A P AR B s ) sl 3 R RS A A 5 o
BT, AETE DR K %, Oy SR 1 B A O
SR 11, 300 JE 7 9 it R L AT F RN R A (L

P 55 SR B A SORAETE R 25 0P 5

YE& STk A B . 00 5590 SO RS 08 e, K o B, 0 A 458
5 5 5K AR SCHIRAG 2R 5 X IV 285 W B o A% 5 XS e R L 185
MR A VR B B[R] R e 2 SOA

S 30k

[1] Tan TE, Wong TY. Diabetic retinopathy: looking forward to 2030.
Front Endocrinol, 2023,13.1077669.

[2] Hou XH, Wang LM, Zhu DL, et al. Prevalence of diabetic
retinopathy and vision — threatening diabetic retinopathy in adults with
diabetes in China. Nat Commun, 2023,14( 1) :4296.

[3] Teo ZL, Tham YC, Yu M, et al. Global prevalence of diabetic
retinopathy and projection of burden through 2045 ; systematic review and
meta—analysis. Ophthalmology, 2021,128(11) ;1580-1591.

(4] [z, T, IME. H I = FR G 450548 5505 08 R 100 1 s
RS AH G RIS RS . S ARBE 2527 Be 24k, 2024,45(2) :144-148.

[5] Little K, Llorian—Salvador M, Scullion S, et al. Common pathways
in dementia and diabetic retinopathy: understanding the mechanisms of
diabetes — related cognitive decline. Trends Endocrinol Metab, 2022,

33(1):50-71.

[6] Tahapary DL, Pratisthita LB, Fitri NA, et al. Challenges in the
diagnosis of insulin resistance: Focusing on the role of HOMA-IR and
Tryglyceride/glucose index. Diabetes Metab Syndr, 2022, 16
(8):102581.

[7] Tung TH, Shih HC, Tsai ST, et al. A community—based study of
the relationship between insulin resistance/beta — cell dysfunction and
diabetic retinopathy among type II diabetics in kinmen, Taiwan.
Ophthalmic Epidemiol, 2007,14(3) .148-154.

[8] Li YY, Yang XF, Gu H, et al. The relationship between insulin



Int Eye Sci, Vol.26, No.3 Mar. 2026
Tel:029-82245172 85205906

https.//www.ijo.cn
Email ;ijo.2000@ 163.com

resistance/3 — cell dysfunction and diabetic retinopathy in Chinese

patients with type 2 diabetes mellitus; the Desheng Diabetic Eye Study.

Int J Ophthalmol, 2018,11(3) :493-500.

[9] Song DK, Hong YS, Sung YA, et al. Effects of insulin resistance

and B-cell function on diabetic complications in Korean diabetic patients.

PLoS One, 2024,19(10) :e0312439.

[10] #EEE, S5, =R H b -2 HHE 80T 2 BRSO HIT &

IEMIIC R WG . TV B 45 G0 I I 4SS 2k, 2024,22(4) .

674-677.

(117 ldfe, FWEsE, ok, S8 Hl = H8 -0 20 RHE ECS 10 R L 1

I 7 3 Jre XU, R S, R BR R4 ( B ARBLA ) | 2025,

45(4) :560-567.

[12] BEENAE, FRFBL 24 2 BUBIR B3 TyG $5 50U MR L I

W95 A5 Y AH OG M 2 M. AR P A B 5 I IR, 2024, 31 (10) .

1872-1875.

(137 W, 4z, oA 2 BOE R A6 Hih — T8 — 7 2 Ml 5 2

ETHEPRIPT AL 15 F5E 995 A2 10 RH OC T, I K 59 B 7, 2024,44(10)

1378-1386.

[14] L3, T, B/, 2. il =6 A0 W8 RO B R 4L )

RES T 22 () T A (L A v DB PR AR 2% A, 2023,31(10) :726-730.

[15] Nayak SS, Kuriyakose D, Polisetty LD, et al. Diagnostic and

prognostic value of triglyceride glucose index: a comprehensive evaluation

of meta—analysis. Cardiovasc Diabetol, 2024,23(1) :310.

[16] Gao X, Chen TY, Zhou FL, et al. The association between

different insulin resistance surrogates and all — cause mortality and

cardiovascular mortality in patients with metabolic dysfunction—associated

steatotic liver disease. Cardiovasc Diabetol, 2025,24(1) :200.

(17] KRB, £3%, W =2, i =ERHa -k 5 800 mE

B A B 0 FH O IF ST HE . 0 ML 2 HE TR, 2024,45(7)

636-641.

[18] Qiao QC, Liang K, Wang C, et al. J—shaped association of the

triglyceride glucose—body mass index with new—onset diabetes. Sci Rep),

2024,14(1) ;13882.

[19] 597, Enif, XIA, & Hh =FEewao i - A 4 5 2

TUME DR & 6 KBS 19 9 6. BAR b5 B 2%, 2024, 51 (24).

4591-4596.

[20] WPAE, e R, S5 B4R 2 RN R T =
MRS TR IS BB SR R R R R R BEEAR S T

%{ , 2023,23(5) .1882-1887.

[21] hHRBE BRI a2, v 2 BOHE RO B 16 18 99 (2013 48

f) . MR A4, 2014,6(7) :447-498.

[22] Zhou Y, Lu Q, Zhang M, et al. The U-shape relationship between

triglyceride—glucose index and the risk of diabetic retinopathy among the

US population. J Pers Med, 2023,13(3) :495.

[23] Wang Q, Zeng N, Tang HB, et al. Diabetic retinopathy risk
prediction in patients with type 2 diabetes mellitus using a nomogram
model. Front Endocrinol, 2022,13,993423.

(247 BREHT. (e EIHE PRI LI s A2 I JRI2Y 7 46 e (2022 4F ) ——
SEFHRUELEFEABTT) SR AL AR A4, 2023,39(2) :91-94.
[25] Zhou JL, Zhu L, Li YD. Association between the triglyceride
glucose index and diabetic retinopathy in type 2 diabetes; a meta —
analysis. Front Endocrinol, 2023,14.1302127.

[26] ZEF. TyG REIHA BMI -5 2 U R L 19 555 22 4 A G A
fiFge. KBRE, 2023.

[27] Wan XH, Zhang RH, Abudukeranmu A, et al. Elevated
triglyceride — glucose index as a risk stratification marker for diabetic
retinopathy in type 2 diabetes mellitus: the influence of glycemic control.
Diabetes Metab Syndr Obes, 2025,18.743-759.

[28] Cao BF, Liu K, Chen HW, et al. Impact of baseline and trajectory
of the cardiometabolic indices on incident microvascular complications in
patients with type 2 diabetes. Atherosclerosis, 2025,407;120407.

[29] Mo AllGe, 209, WIRE, 5. MW TyG 38 B0 nesfatin—1 K
RBP4 B2 Tk SR o P P00 95 728 0 A0 (L. 0 B IR BE 2% 55, 2024,
24(11) :1802-1806.

[30] Seo H, Park SJ,
mechanisms, current therapies, and emerging strategies. Cells, 2025,
14(5) .376.

[31] B, 3052, 2270 M. 2 BOBE R M8 208 IR A K T i fR
R K- 5 B PR O I A 2 O A OGP BEXEIR A% A5, 2025,24(10)
1220-1223.

[32] FREERL, SRERER, ML, 45 A R LR 7K S FURE FR AL
Do JEE 78 SR F Y. T S M TRy S 4a i, 2025,33(7) :543-545.
[33] BEUR, Z20Kkik, Abets, % TyG-BMI HAR GRI 5 B i #iL
PR AL ) R . RHLEEZY, 2025,53(1) :93-97.

[34] Xu YX, Pu SD, Zhang YT, et al. Insulin resistance is associated
with the presence and severity of retinopathy in patients with type 2
diabetes. Clin Exp Ophthalmol, 2024 ,52(1) .63-77.

[35] Wan H, Wang YY, Xiang Q, et al. Associations between

abdominal obesity indices and diabetic complications: Chinese visceral

Song M. Diabetic retinopathy ( DR ).

adiposity index and neck circumference. Cardiovasc Diabetol, 2020,
19(1) :118.

[36] Rohm TV, Meier DT, Olefsky JM, et al. Inflammation in obesity ,
diabetes, and related disorders. Immunity, 2022,55(1) :31-55.

[37] SRS, =AM, XI5, . Tl =B 20 s Hap -5 Tk
B 55 PR v WL T S 05 A 0 R DG PR I R 25 #K, 2024,39 (7))

612-619.

[38] B, kh3h. [ RARHURANSE AR EAR 2 B B 55 B 1) 55 78
B . WRE B AEBAT, 2023,32(13) :2316-2321.

505



