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Abstract

Objective: To evaluate the relationship between the triglyceride-glucose index (triglyceride glu-
cose, TyG) and type 2 diabetic retinopathy (DR). Method: A cross-sectional study. Clinical data of
235 patients with type 2 diabetes mellitus hospitalized in the endocrinology department of our
hospital from May 2022 to May 2023 were collected, and TyG index was calculated from fasting
blood glucose and fasting triglycerides. The patients with type 2 diabetes mellitus were divided
into DR (160) and no DR (75) according to the fundus examination results. The regression analysis
used univariate and multivariate Logistic regression analysis, which established the area under
the curve (AUC) and the TyG index, as well as the sensitivity and specificity of the cutoff value. P <
0.05 was significant. Results: There was a significant difference between the TyG index in the DR
group and the TyG index in the no-DR group. Results adjusted for different confounders showed a
trend towards higher prevalence of DR with the higher level of TyG index (P < 0.05). The TyG index
was significantly associated with the risk of DR in patients with type 2 diabetes, and can be used as
a predictor of DR in patients with type 2 diabetes. Conclusion: The TyG index is associated with
type 2 diabetic retinopathy and has predictive value for developing DR in patients with type 2 DM.
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1. 518

BEERE AT R RE, NRVBAEEAKCFRI S, JRIENE R SR FE0E ETF, 2015 £ 2017 4Fik
B 11.2% [1]. #H PRI A4 JES055 7% (DR) A2 W R 955 1) 32 BEAR 0 F &, 31 2020 4F, fEABKIERE W, Al 1
{CNEA DR [2], =&—ANHA B R AR B2 (14 o) @[3 W 10 428 i fe A — L2 Tt W P s ok L A
KA I RRE R FEETFBeo BERR A R AU i, IR AU S 5 2 Wl s L/ s 110 B 22 e o A
Z[4] [5]. Hih =g - %5 B85 (triglyceride glucose, TyG) e H 4 i H i = g 15 25 i I b 24 o J00 R 42 14 1.
HAENSHEOTE MR R —F R R S5, PTEEMIIER, 5 2 BRI R A %YM C6]. K
BRVPFUKIN, TyG FaErTaese 2 BUE R I A0 P L3 A 1 A J Kk R i) — AN B fa B R R [ 7] [8]. H wiT
WA K TyG 183 2 BUBE R B3 K A2 DR IIWH I M TR 70 o A 70 B AEAR DT [ 2 280 Jos 38 H i
=g - R (TYG) 85054 PR3 P8I R A8 (DR) AR G 1, R FUFIF TyG 4850512 W DR T 4T 1 .

2. MEHE
2.1. FIRIR

ML 2022 45 5 A %2 2023 4 5 A TER SR RL K 5255 — P 2= Bt N 7 Wb BHMAE B 1 2 0% PR3 £ BT
2 WU WIRRIZ I 2 RURE PR 3 235 N B R R E 2 BOBE RSB VA T R (2020 £EAR) )
FIZWIARAE[O]: W >18 &, RYERIEIEMT, TTHARKE R G SHAE MR A A AR AT R
MRIEAFA7 B3 5 35 HO AR AR 45 5, 424 DR 41(160 51) 1 DR 4H(75 ), o DR 43 5 3K s
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AR A 5 2 AL AT =8 L SRR PR 1 A P A AR 4
HEBrprde: © 1 RUBERRE . SEGRIPIRE R . HARF RS RUBE IR ;. @ & IF AR . IREET
AR5 @ GHMIIEEAERSE QMM EFR; @ EHRERAMSRERLGYE. © BrA2H.

2.2, ieRFERME

T4 2 ARG TENBE G RAT PR VPG, SR T R A HEAME BRI RIG RIS Er fiabs, . ARl
PER. BE. R AR E S (body mass index, BMI). Wik &7k HERPRFE . Bl PRIE Kk
Sy WRCOR SR T SR . AR IR SR AR N P AR JEC R LS I S Y AR T W7 2 R A RS . 2l A B
JEEE 12 0 5T IRHRIEREG R SIEFIK L, e . Hm =k, WibinaEe. mig=ig c
B PRE WURF. MJRER. MIEREEARE A G mBEREE A CRER R AER B =i i
SEHCF M . TyG F85CR A L% A & (mg/dL) x 258 H il =5 (mg/dL) < 2] [10]iH5.

2.3. Gt FAE

Giitrik: A A AR L S0 = M th e NS S AR i, R SPSS25.0 B EEAT i gt i
e THEBURERICR AR5, FBIE(E 20 L) RERoR s IS BORME PR AT & IR S 70 AR L t AR 56,
MEIE + FEZEREIR, AR RS AR AR, o AL (DU A Bk 3R Bl 70 AR H A
A Z R E Logistic [B1H 73475 A ROC £y TyG #8550 il £k T AR (AUC) Kl s, UL L AT
(KRB RRE R, LA ELAP <0.05 AERA G AR, P>0.05 SR ZREL R L.

3. &R
3.1. —&ER

XPPEGI S IR SR R S BRI S LR SR T RO R, AR WRE R AT EIEAT t
536, XRFE(H). BMIL ZSIEIEE. 2518 C Ik. HbAlC (%) FRZE(mmol/L). WLEF(umol/L). FREZ(umol/L).
TG. TC (mmol/L). LDL-C (mmol/L). HDL-C (mmol/L). TyG fe¥tfr#eAkat, 45%E/R: DR 4L
DR MR . FifE. 28 C ik, HbALC. TyG fEESEHIZ= R BA St 5 X (P < 0.05). DR ) TyG 14
$M 9.62[9.23; 10.14], J& DR 411 TyG $8% 4 9.21[8.82; 9.46], P<0.01 ZRA BEG ¥ . W#E 1.
Table 1. Comparison of general data between type 2 diabetic patient with diabetic retinopathy group and the group without

diabetic retinopathy
# 1. T2DM 2% DR 4A71F DR AR —ARZRExT L

[ALL] N=235 0 N=75 1 N=160 iz P
5 0.096 0.757
1 163 (69.36%) 51 (68.00%) 112 (70.00%)
2 72 (30.64%) 24 (32.00%) 48 (30.00%)
WA s 0.589 0.443
0 142 (60.43%) 48 (64.00%) 94 (58.75%)
1 93 (39.57%) 27 (36.00%) 66 (41.25%)
R s 1.908 0.167
0 148 (62.98%) 52 (69.33%) 96 (60.00%)
1 87 (37.02%) 23 (30.67%) 64 (40.00%)
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PRI 5K 0% 2 0.550  0.458

0 149 (63.40%) 45 (60.00%) 104 (65.00%)

1 86 (36.60%) 30 (40.00%) 56 (35.00%)
e IR 1.298  0.255

0 177 (75.32%) 60 (80.00%) 117 (73.12%)

1 58 (24.68%) 15 (20.00%) 43 (26.88%)
TR 51.66 + 12.26 48.01 + 12.24 53.36 + 11.92 -3.179  0.002
FEFE(H) 6.00 [0.67; 36.00] 1.00 [0.17; 3.00] 12.00 [2.00; 48.00] -6.996  <0.001
BMI 25.68 [23.52; 27.94] 25.65 [23.68; 28.42] 25.69 [23.38; 27.44] -0.866  0.387
Wi 123.11+11.96 124,56 + 12.40 12243 +11.73 1.274  0.204
ErikIE 76.97 £8.19 76.32 +8.20 77.27 +£8.19 -0.827  0.409
2 I I 10.00 [7.63; 13.38] 7.69 [6.28; 11.04] 10.77 [8.73; 14.61] -5.849  <0.001
72 C ik 1.64 [1.05; 2.32] 1.88 [1.25; 2.57] 1.49 [1.02; 2.25] -2.303  0.021
HbAIc (%) 9.50 [7.60; 11.32] 8.40 [6.75; 11.27] 9.83 [8.57; 11.40] -3.279  0.001
JR % (mmol/L) 5.00 [4.20; 5.90] 4.90 [4.05; 5.65] 5.10 [4.27; 5.97] -1.235  0.217
WLET (umol/L) 66.20 [58.00; 78.19] 68.00 [57.80; 79.90] 66.15 [58.00; 76.85] -0.604  0.546
PRI (umol/L) 303.90 [241.80; 360.55]  312.40 [256.62; 372.00]  302.85 [237.14; 353.88] -1.002  0.316
TG 1.72 [1.21; 2.37] 1.45[1.12; 2.16] 1.79 [1.22; 2.46] -1.738  0.082
TC (mmol/L) 4.63[4.01; 5.42] 4.81[4.08; 5.44] 4,55 [3.95; 5.32] -0.832  0.406
LDL-C (mmol/L) 3.15[2.67; 3.73] 3.19[2.80; 3.74] 3.12 [2.63; 3.59] -1.036  0.300
HDL-C (mmol/L) 0.96 [0.84; 1.14] 0.95 [0.84; 1.15] 0.96 [0.84; 1.14] -0.015 0.988
TyG fa%k 9.48[9.11; 9.99] 9.21 [8.82; 9.46] 9.62 [9.23; 10.14] -4.936 <0.001

3.2. 3t Logistic [E3

3.2.1. DR BB EZE Logistic EYA5r 47

LA &4 DR YA, 7 RIANEERe . mife(H). I, 20 C Ik, HbAlc (%). TyG &%k
BIVY 5 Ar R A B AT BRI 2 Logistic [BVA 7347, 45 R B R g WfE(T). MMk . 2= C Ik HbAlc
(%) TyG #5335 2 DR WM K & (P < 0.05), W% 2.

Table 2. Univariate logistic regression analysis of diabetic retinopathy
%2 2. DR HIEE % Logistics BY3 534

fabr OR 95%Cl P
R 1.038 (1.013, 1.063) 0.002
JEFE(A) 1.053 (1.029, 1.079) <0.001
75 JE 1.248 (1.138, 1.369) <0.001
28 C ik 0.695 (0.508, 0.949) 0.022
HbAIC (%) 1.223 (1.077, 1.389) 0.002
TyG 163
Q1 Ref.
Q2 1.925 (0.923, 4.014) 0.081
Q3 9.806 (3.812, 25.224) <0.001
Q4 5.76 (2.496, 13.293) <0.001
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3.2.2. DR W% EE Logistic EIJA5T 47

¥ TyG Fa50kil o AU A 4 Q1~Q4, Hh DU —r i Q1 NZ M. £1X1 DR B rEIR A&,
S AR LGB . Model 1 9 AR IEARTHEAR IS5 5, Model 2 J9R IETE ] WROBR s ARIH
SR PR S S R LR 45 S, Model 3 /£ 7E Model 2 ()35l F A IESERS L R, 258 C Ik, HbALC
g B, FiR4gs R ER7E Model 1. Model 2 Al Model 3 546 % TyG $85UI/KF#m, DR % Hik
e A HA 35 72 (P < 0.05). TyG & VU 40 Ar 80 2 ZUWE R 8 A2 DR BRI A TyG HR 4K
e VO r B 2 R0 PR 55 1 8.1 1% (OR 8.102 95%CI 2.436~26.951, P < 0.05). .7 3.

Table 3. Multivariate Logistic regression analysis for the diabetic retinopathy

%% 3. DR B9% A2 Logistic B35 #7

Model 1 Model 2 Model 3
OR (95%Cl) P OR (95%Cl) P OR (95%Cl) P
TyG 2.565 (1.633, 4.030) <0.001 2.709 (1.709, 4.294) <0.001 3.087 (1.638, 5.818) <0.001
Q1 Ref. Ref. Ref.

Q2 1.925 (0.923, 4.014) 0.081 1.865 (0.868,4.007) 0110  2.228(0.815,6.088)  0.118
Q3  9.806(3.812,25.224)  <0.001  10.575(3.993,28.003) <0.001  13.812 (3.926,48.592)  <0.001
Q4 5.76 (2.496,13.293)  <0.001  6.722(2.79,16.198)  <0.001  8.102 (2.436,26.951)  0.001

Model 1: R IE. Model 2: KIEMER] . AR OB 8. PR E L. Sl k. Model 3: 7F Mode 2 3Ll I
KT . WA, C k. HbALC.

3.3. TyG #E#*} DR BT &

Xt TyG 88 & A DR %A LiE4T ROC Mk #r, 45 H IR TyG F8%uREmE Ml 42 (P < 0.001),
28 N AL (AUC) A 0.700, #EWHE A 9.46, HURIE N 64.40%, H5573E N 76.00%. WA 1.

1.001

0.751
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= Legend
g 0507 — TYG
)
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Figure 1. Receiver Operating Curve predicted by the TyG index in the diabetic
retinopathy

1. TyG 5 ##E DR FFNAY ROC Bz
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4. Wi

TEHE,  AATTORE R IR RIE AR BT R A R o FE R (DM) & — P8 A 50, Bl & I [)
MHERS, SR AT BRGSO & 2 BUNE PRIVG 238 SR TR0 RO (1 SR B IR R [11], W PR 993 1L P9
Jpi 4% (diabetic retinopathy, DR)/2& 2 B R 95 35 1) 32 BRI A I ARRE, DR AR —Fii WL TR0 X AR 15 1
B, ReSFBOLATIERS, FEBE 2 BURE RN BRI K, DR O RRFEEIE R 2 —[12] [13]
[14]. DR —FFUGR2UTERA, FHARIN TR ANETT 5T BRI AR Ak 2 BRI ) i 48 ¢ B 2 [15]
WAESR, 2 BUHE R B I AORE 1 R R R H AR [16], BB M DR faleFEZ=, Wil
DR R AR, DMEFIHZEAT AMAE T T, ATk B4 s s AR vE i+

R PRE EE A AR A R A0 DR S A 1) S S DR 2 o A o LB T A5 5000 PP AR 5 22,
BE— 25 5 AR RSP AR [17] o 1T ey ML T LA S A0 PO RGP 45347, AN TG sk R D) 5 A2 14 e o 5
FRY, FRM(18 % < i <40 %) T2DM HE A5 DR AHIC, FRMHEME & T2DM BT 7E K mRAL
FIATREAN o BN PRI 0 HE4T HbALc. SBP Al TG Z5ACHH G R R (/& FE[18]. i FHuln & 7 K e
FERE PRI S R R 2 AN T e bl SR A, DS okt B SR 00 AR o577 0 PR o T L 65 9 R RE R 7
ERCEEE, BEAWIE 72 A0 EY), (%A — DRE R AN, FEMES. ol D bs
HEWSFRAGIN H AE - TYG FE UL I8 Ik 45 & PR A= AL A8 A BT I3 H il = I R0 2 U /K P 1 75 1, PPl TyG

B A SR 25 8 T S IR IR AT H it = e /K, S IE b s, TyG fa¥okm[7]. R & =Pt (Insulin
resistance, IR)&—Fiot] i 5 2 I EUBME AL R S BRI IRAS, 002 T2DM ds . IR 7EREN & 52450
HUHE PRI5 (DM) R g Hh ik 25 OB /E FH[19]. Pl B 55 AR PT(HOMA- IR) T i ) A A AR A 2 H iy V2 A A
) — PSR 5 B 4B D REFN IR (17732, (HBAEREZ IR & 20697 B0 A DiRe B 40 n) 2 il i B A PR
[20]0 BRI H- i = WA B s 7E P JBR 5 SR A b e o S B A, T I i H v = R A 2 B R (1 48
PRAERE 23 LR 2 T2 %0, TyG $RE0 K S Im PRI 70 IR B & PPl s s A BE IR B RT5E . o] R (R FR,
DAL R L4 TyG FR%0T DM IE B /BT B IR R[21] [22], PN TyG #8505 s [23]. 3
ik AREARE 55 [24] B o ML PRI [25] I 2R R o

UK, TyG FRECS BE PR I KREAH SCHIE 78 OO — AN I AMIF AL RS, 840 98 45 7R TyG 15
BAE 2 BONE PR B R E TS, 5 2 BUNE R Rk R R I RORE % UIAE 5¢[26] [27]. CHIU H %5[28]H 5T
T TyG a5 T2DM . KIMEHRERICR, (HAMTEA R BTED AR+ TyG $8%0R1 DR Z (A1)
R, AWFFS KASSAB, H.S [IRFFEL: R —50[29], TyG FEECENE R UL I & K2 Widshr, A
R, 1E YAO L. [8]% N —Iiif7i, DR EF K TyG fa4iH BAK 776 DR & . ok, A1kl
TyG fe%bti#% DR ™ HF2E 3 N~ F&.

TEARGRFCA, KELG 2 2 PRG0S0 2 AR 2 5 A R A R PR P A D S A 11 2 TR0 PR 2 3 1)
TyG 6%, KRIUHAZ AER . WFE. 208 C k. HbALC. TyG ¥z Rt A 4t 2 X (P < 0.05),
TyG f6405 2 ZUpE R 8 KA DR R 3 A1, TyG #8402 DR (1 ROC #h £k o, #ibiE
49 9.46, AUC 4 0.700 (P < 0.001), B A A]#52 BURMEAR: etk o w] DAESN 2 OB PR 8 % K 242 DR 1Y
— /N o FEARFT YT, K TyG a5kl AU 674 Q1-Q4, Hob QLIE NS, =M A ik
TAFRRERNER, 4R E5R7 Model 1. Model 2 fll Model 3 5 Bi% TyG $5510/K Fitlim, DR &
A ES HA R 2 7P <0.05).

A FARAFAE— LA JE 2 b, AR FONBEWTTH T 7T, ARetAI TyG 840 2 ZUBEJR)% B3 DR k@
MR G R, FITEEH— P02 O RTREPERT 7L .
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5. &hig

LR LpriR, TyG #5485 2 BB RBIERL M BN AR A 5, X 2 BURE PR (3% A 2E DR RAT TN i

TyG fa#ulliis, A&E DR BB, Xt 1 2 RURE IR B, WA OGTE TyG R EmAe4L, X1
7 A 1) FL I ACRE ) 2R B B R S, PR BT LU IR TyG Fa 501 51307 20/ 2 RO PR i
KA DR, bk Frn@ B9, A DR FIRAERIE, DASE S 2 B0 PR B I S

SE 308k
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