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The correlation between the triglyceride - glucose index and the risk of progression of
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[Abstract] Objective: To investigate the correlation between the triglyceride - glucose (TyG) index and the risk of progression of
diabetic retinopathy (DR). Methods: 521 patients with type 2 diabetes mellitus hospitalized in the Department of Endocrinology of the
Affiliated Suqian Hospital of Xuzhou Medical University from June 2022 to June 2023 were included. Based on the diagnosis and
staging criteria of DR, the patients were classified into three groups: the no - diabetic retinopathy (NDR) group (n=206) , non -
proliferative diabetic retinopathy (NPDR) group (n=159), and proliferative diabetic retinopathy (PDR) group(n=156). General data and
major biochemical indexes of each group were compared, the TyG index was calculated, and the correlation between the TyG index and
the risk of DR progression was analyzed. Results: Multifactorial logistic regression showed that the TyG index was an independent risk
factor for DR. Further ordinal logistic regression showed that after adjusting for confounding factors including sex, age, body mass index
(BMD , disease duration, glycated hemoglobin (HbAle) , total cholesterol (TC) , low-density lipoprotein cholesterol (LDL-C) , high
density lipoprotein cholesterol (HDL-C) , creatinine (CR) , uric acid (UA) , and diabetic peripheral neuropathy (DPN) , the TyG index
was significantly associated with the risk of DR progression[Q3 vs. Q1, OR(95%CI1)=4.179(2.552-6.848) ]. A higher TyG index was
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associated with a greater risk of DR progression. Subgroup analysis showed that the Q3 group was still more likely to develop severe

DR. The results of interaction analysis showed that there was a significant interaction between the TyG index and age as well as BMI,

with patients aged > 60 years and those with BMI > 24 having a higher risk of DR. Conclusion: The TyG index is an independent risk

factor for DR, and a high TyG index indicates the high risk of DR progression. Elderly and overweight patients are at a higher risk of

developing DR.

[Key words ] triglyceride-glucose index; diabetic retinopathy; progression risk; correlation
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NDR: No-diabetic retinopathy; NPDR: Non-proliferative diabetic retinopathy; PDR: Proliferative diabetic retinopathy.

Figure 1

&1

Representative graphs of fundus examination results from each group
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Table 1 Comparison of baseline data among the three groups
Variable NDR (n=206) NPDR (n=159) PDR (n=156) F/H/Y P

Sex[n(%)] 3.88 0.140

Male 122(59.2) 92(57.9) 77(49.4)

Female 84(40.8) 67(42.1) 79(50.6)
Age(years,x £5) 53.47 £ 14.10 55.39 £ 10.65 60.51 £ 11.59™ 14.91 <0.001
Duration[ years, M(Pas, Pss) ] 6.00(1.00, 10.00) 10.00(7.00, 13.00)" 15.50(10.00,20.00)* 114.18 <0.001
BMI(kg/m*,x +5) 25.99 +3.83 25.81 £3.44 2523 £3.19 2.156 0.120
FBG(mmol/L,x +s) 8.56+2.13 9.69 + 3.33" 10.84 + 4.36™ 21.37 <0.001
HbA1c(%,x £ 5) 8.66 = 1.71 9.65 +2.08 10.04 +2.23" 25.10 <0.001
TyG index(x £ ) 7.68 + 0.65 8.00 £ 0.76 8.28 £ 0.75" 31.30 <0.001
TGLmmol/L, M(Pas, Ps5) ] 1.52(1.07,2.42) 1.98(1.34,2.93)" 2.45(1.53,4.01)™ 38.13 <0.001
TC(mmol/L,x + 5) 390+ 1.16 4.05 £ 1.58 425+ 1.64 2.66 0.070
LDL-C(mmol/L,x +s) 2.60 £ 0.76 2.88 + 1.00° 311 +1.11" 13.64 <0.001
HDL-CLmmol/L, M(Pss, P5) ] 1.17(1.02,1.49) 1.14(1.00, 1.30) 1.13(1.00, 1.35) 4.11 0.130
CR(pmol/L,x £ ) 60.39 + 14.93 62.33 + 14.81 70.45 +30.09" 7.37 0.001
UA(pmol/L, % + 5D 289.02 + 89.98 293.71 + 83.92 300.93 + 89.82 0.81 0.440
DPN[n(%)] 78.03  <0.001

N 112(54.4) 49(30.8) 16(10.3)

P 94(45.6) 110€69.2)" 140(89.7)"

Compared with the NDR group, ‘P < 0.05; compared with the NPDR group, “P < 0.05; N: negative; P: positive.
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TyG=8.32, %4 & ¥ FBG.CR 4 Welch’s K46 45 5
BN, Q34 FBG & T Q1 4. Q2 41, QQ 4L FPG & T
QUA, ZRBA ST ¥ E N (P<0.05. &HEE
£ .BMIL.HbA1c.TC.LDL-C. UA & B[ &K 5 % 5y
Brék B8R, Q3 4 HbAle LDL-C ¥ T Q2 41. Q1
Y, FRE T Q241.Q1 41, Q2 41 HbAle i T Q1 41,

Q2 Q3HUA¥ETQILA, ZRBWALSit¥E X
(P <0.05) . %HEHBETCHDL-C. #I M B
AR 7 FE 28 Kruskal -Wallis H 856 25 8 W7~ , Q3
2H TG PR L 4% 7 R 3 1 Q2 41 Q1 4H, Q2
TG LW AR e AR T Q1 4L, ZRIA SR
T (P <0.05,£2).
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Table 2 Comparison of clinical data of different tripartite arrays of TyG index

Variable Q1(n=173) Q2(n=175) 03(n=173) F/H/Y P

Sex[n(%)] 2.67 0.260

Male 104(60.1) 90(51.4) 97(56.1)

Female 69(39.9) 85(48.6) 76(43.9)
Age(years, X + s) 57.78 + 13.12 57.15+ 11.75 53.55+12.90" 568  <0.010
Duration[years, M(Pss, P5) ] 10.00(5.00, 15.00) 10.00(5.00, 16.00) 10.00(6.00, 16.00) 2.73 0.260
BMI(kg/m®, % + 5) 2535 +3.31 259 +3.72 25.87 +3.57 1.33 0.270
FBG (mmol/L,X + s) 752221 9.54 +2.74" 11.71 = 3.76™ 86.36  <0.001
HbA1c¢(%, % + 5) 8.70 + 1.88 9.28 +2.17° 10.14 +1.91" 2273 <0.001
TGLmmol/L, M(Pss, Py ] 1.09€0.83,1.34) 1.91(1.54,2.31) 3.66(2.71,4.78)" 370.68  <0.001
TC(mmol/L,x + 5) 3.97 £ 1.30 4.17 £1.30 4.00 £ 1.72 0.95 0.390
LDL-C(mmol/L,x + 5) 2.60 + 0.86 2.79 + 0.88 3.13 £ 1.09" 13.62  <0.001
HDL-CLmmol/L, M(Pss, Py5) ] 1.15(1.03,1.34) 1.19(1.02,1.40) 1.12€0.96,1.32) 4.76 0.090
CR(mol/L, % + 5) 62.37 +16.43 62.23 +20.17 67.4 2531 2.78 0.060
UA(umol/L, X + 5) 271.22 + 80.60 296.28 + 89.58" 314.52 + 88.87° 1094  <0.001
DPN[n(%)] 3.01 0.220

N 59(34.1) 67(38.3) 51(29.5)

p 114(65.9) 108(61.7) 122(70.5)
DR[n(%)] 51.33  <0.001

N 97(56.1) 72(41.1) 37(21.4)

p 76(43.9) 103(58.9)° 136(78.6)™

Compared with the Q1 group, ‘P < 0.05; compared with the Q2 group, P < 0.05.

23 T2DM ## XA DR A EHZ

DL 75 KA DR N RAR &, DL RS FE L FBG
HbAlcTyG $5%0. LDL-C.DPN Jy 4 78 &, K H 4
[F) Hij V238 37 Logistic [H AR (GH N FRiEN P < 0.05,
HEBRFrE N P> 010 E) . 45 R BN, HAE.
HbAleTyG $8 44 LDL-C A K DPN 7E R Y i 7 S5 3
HYit 2 L (P <0.05), TyG fa 5052 & 24 DR (1)
SLfERE R 2 (OR=2.28, & 3).
2.4 TyG 3545 DR A6 B & 6948 X Mo A7

TyG 630 59 F2  HbA le+ LDL-C B R 95 1
TR AR 2 8] A AH 5% 1 28 Pearson AH I M 20 #iT 45
IR, TyG #5405 HbA le LDL-C 2 [A1 /7 7E B B 1 1E
FHR (P < 0.05), 578 B8 PR jps P & [ b 220 A8 2
] IAE R METE G i 5 (P > 0.05, % 4)

£33 T2DM EE EZ4%E DR B0 E Z Logistic B A5 47
Table 3 Multivariate logistic regression analysis of factors

influencing the occurrence of DR in T2DM

patients
Variable B SE  Wald P OR(95%CI)
Duration ~ 0.11 0.02 3824 <0.001 1.12(1.08-1.16)
HbAlc 0.22 006 1223 <0.001 1.24(1.10-1.40)

TyG index 0.82 0.17 24.43 <0.001 2.28(1.64-3.16)
LDL-C 033 0.13 6.12 0.0l 1.39(1.07-1.80)
DPN 1.34 023 3299 <0.001 3.81(2.41-6.02)

2.5 TyG 4545 DR 3t & K% 69 48 % 1
PLDR(NDR A4 0.NPDR A 1.PDR Jy2) Jy K28

&, 0 3 PA TyG FR 3 0 (B ME=0, Zottk=1) AFiE

BMI. /% £ .HbAlc . TC.LDL-C.HDL-C.CR.UA.DPN
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Table 4 Correlation analysis between TyGindex and other

risk factors for DR
‘ TyG index
Variable . p
Duration 0.070 0.108
HbAlc 0.315 <0.001
LDL-C 0.276 <0.001
DPN 0.028 0.524

(BAE=0, BHME=1D 8 B A &, R U AR 1 Y
2 AR 3, B 1 AR AN TyG FR 40, 45 B B8 TyG
R4 5 DR ™ HAREAFAE B R AE e e . ALY 2 %
IEPE W BMIVR RE )5, TyG F5 405 DR ™ B 12

FEATSAFAE B B F A e o AR 3R IE 1 1) AR
BMI. %% HbA1lc  TC.LDL-C.HDL-C.CR.UA.f %
A, TyG 4650 5 DR ™ R BT AEAE B S (AR
FMELQ2 vs. Q1: OR=2.445(1.556~3.842), P < 0.001;
Q3 vs. Q1: OR=4.179 (2.552~6.848) , P < 0.001] -
TyG $8EUBk =7, DR 3 & i RSB K, Ty G 45 41=8.32
(1) & 2 DR J& 18 XURS 2 TyG 8 $<7.58 & 1)
4.179 1% (R 5).
2.6 TyG 4545 DR ™ E42 L X B4 45 AT

3 TAEAS [F PR ) AR RS P FE . BMILHbA 1e . DPN
NEEF 6 TyG 8505 DR ™ 8 52 FE (1) SR BT 4 )2
30T, 45 RN ER IR HARTR R & 5, 75 A A
SRR FE  BMILHbA1e . DPN AR P 2R, 5 Q1

#*5 DR™EREERBF Logistic B3

Table 5 Ordered logistic regression of DR severity

Model 1 Model 2 Model 3
TyG index OR(95CD P OR(95%CI) P OR(95%CI) P
01 Ref - - Ref -
02 1.982(1.328-2.956)  0.001  2.316(1.514-3.543)  <0.001  2.445(1.556-3.842)  <0.001
03 4336(2.878-6.534)  0.000  5.202(3.323-8.142)  <0.001  4.179(2.552-6.848)  <0.001

FHEE, Q3 2H DR a3k Ji& (1) RS 5 1y, 22 A Gt 22 s X
(P<0.05). TEAFMER A FFEBMI.HbA 1=
7 W PRI 1 B A 2 AR B P N B o, 5 Q1A
Et, Q2 2H DR i J& 1) KU B iy, 22 e A Gt 7 X
(P<0.05. ZHAFEHDIERER, TyC B 5
U VBMIAEAE 2 3 28 AR, 175 HA R 38 2 TR 1 28
NI TG FE X (P> 0.05,%6).

3 4t it

BEA: A D R AARIE T TyG #8405 DR 2 [A]
(AR DG HE ) (R Ty G F8 205 DRk g KU (1) 6 R v
ANEH . AHEFCIEL 2 BT AR 4 2 TyG #8405 DR
e TR R, IESE TyG #6405 DR B3 4055, H
ST T4% 40 DR e [ 8 2%, B 46 AR 68, i 2 HbA lc
LDL-C%. #t—FRME T Logistic BV 7341 K I,
TyG Fa BTt 5 535 18 0 DR 3k (1 XU, 18 Ty G Fa %
() B 8 5 L™ # K DR, A8 BLAE A 4 B,
L AF J R AR DR R B

DR ¥ K95 WL 52 2%, 5 485 1) i 260 0 5 18 A
AL S BURAE A DL LR AR 5455 A It P R
Ty i i 5 2% 42 s B AR FRAL ) 3F DR (0 R 42 Kk
JRtod (B TR PR I B, B T ) LB | o

JE i 5 e B R R A, i TG A RO 1R DR H#EAT -
WiZW 5T, TyG fa %o TG # FBG B4~ fE br
A, TG 5 Mg W5 2H 238 IR A5 5%, FBG 1 A] e ik
JHWE B TR 7K, TyG F68 £ S il IR [ o] FEFE AR,
i IR [RIFE 22 DR (%) 5 B R HL ™, B A A Ak B T
S BAF B FE R TyG #8405 DR AHSG, W R/ DR 1)
TRIFEFR o ASHIF 50 JE T Bt 2538 13 451t R e
F, X TyG 880 = A 8 20 5 I, B A Ty G 484k
FHi, DR BRI A&, 75 Q3 4 DR K
AR IK 78.6%, 1F Q1.Q2 J2 Q3 2H [a] W 4 LL 45, 72 5%
B Gt 5 X (P <0.05) . LLDR AKAE &7
% [K & Logistic B3 5341, 7R TyG 8402 DR K A4
(B ST fE I [ &K (OR=2.28) » AW A0 H1 T TyG $5
#05 DR H At & B B8 2= B AR G 1%, KI5 HbA e
J LDL-C 2 1EAH 5%, {H 5 55 PR 755 14 J [l b 2 93 A2
(diabetic peripheral neuropathy, DPN) JZ Jp5 #2 G AH 5¢
PE. DPN 2 T8 JR Wi & i 5 4 g B, FLIh 36 i 72
(1 4K T 3E S|, DPN 55995 72 1 A PR 35 480 ) iy R 7
DRFRE M E LM, TyG 8 5U/E N IR AT R bx,
P A B 5L R AT AR e A 25 6L 51k IR A
3 DR R A, R 6% 50 I b S B DR (A A% O3 B 26 3
MU AR FERE— 25 2041 T TyG #8505 DR i3k & X,
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Table 6 Subgroup analysis of the association between TyG index and severity of retinopathy

adjusted P for adjusted P for
Variable " OR(95%CD P interaction Variable " OR(95%CI) P interaction
Sex" 0.940 BMI(kg/m®)* 0.003
Male <24
Q1 102 Ref - Q1 65 Ref -
Q2 95 2.01(1.09-3.69)  0.025 Q2 51 3.06(1.39-6.74) 0.006
Q3 95 4.89(2.49-9.60) <0.001 Q3 53 7.80(3.13-19.41)  <0.001
Female =24
Q1 71 Ref - Q1 108 Ref -
Q2 80 2.94(1.43-6.06)  0.003 Q2 124 2.41(1.36-4.28) 0.003
Q3 78 3.46(1.60-7.52)  0.002 Q3 120 3.37(1.81-6.20) <0.001
Age(years)" 0.047 HbAle(%)* 0.384
<60 <7
Q1 89 Ref - Q1 25 Ref -
Q2 100 2.37(1.23-4.58)  0.010 Q2 18 1.28(0.31-5.30) 0.738
Q3 115 3.11(1.63-5.92)  0.001 Q3 16  9.85(1.87-52.04) 0.007
=60 =7
Q1 84 Ref - Q1 148 Ref -
Q2 75 3.19(1.63-6.25)  0.001 Q2 157  2.95(1.83-4.77) <0.001
Q3 58 7.32(3.03-17.69) <0.001 Q3 157 5.06(3.03-8.46) <0.001
Duration (years)* 0.964 DPNf 0.201
<10 N
Q1 77 Ref - Q1 59 Ref -
Q2 82 2.17(1.03-4.55)  0.041 Q2 67  1.43(0.594-3.41) 0.428
Q3 65 5.22(2.35-11.61) <0.001 Q3 51 2.72(1.05-7.04) 0.039
=10 P
Q1 96 Ref - Q1 114 Ref -
Q2 93 2.63(1.46-4.71>  0.001 Q2 108 3.45(1.99-5.97) <0.001
Q3 108 3.68(1.94-6.97) <0.001 Q3 122 5.55(3.05-10.09)  <0.001

‘Corrected for age, BMI, duration, HbAlc, TC, LDL-C, HDL-C, CR, UA, DPN; "Corrected for gender, BMI, duration, HbAlc, TC, LDL-C, HDL-C,
CR, UA, DPN; ‘Corrected for gender, age, BMI, HbAlc, TC, LDL-C, HDL-C, CR, UA, DPN; ‘Corrected for gender, age, duration, HbAlc, TC, LDL-C,
HDL-C, CR, UA, DPN; “Corrected for gender, age, BMI, duration, TC, LDL-C, HDL-C, CR, UA, DPN; ‘Corrected for gender, age, BMI, duration, HbAlec,

TC, LDL-C, HDL-C, CR, UA.

B B AH <P, 47 17 Logistic [V 50 #1 & 8L, TyG 8
KT 5 DR ™ E AR 2 IEAHOG, fEF IR %
PV 2 25 5 (1501 4E 6%  BMIL S F2 . HbA 1e. TC.
LDL-C.HDL-C.CR.UA.DPN FH¥£), Q3 vs. Q1, OR=
4.179(2.552~6.848), TyG 5 £1=8.32 (1 34 DR it J&
(A A2 TyG $5$0<7.58 &3 11 4.179 i, $2 7R TyG
TR BCAZ DR BT 6 S R 2%, tH7E DR Ak fg
RAFETAEA, IR [FIFE 2 DR RO =, 1]
Rl I 2 FLEIE 4 DR (kR . TR A {2 2 48 0 [
T BT, 3 B0 4 PR B0 R B RT B A, AT 3 BORR
WA S B 0 I BELZE 22, TR ] 389 o A2 4k 87 38K

-, 5 N R 40 I ) e BE RS DA OC, AT 3 BUELES DR
TE VA R PRIF AR IR 9 A8 4200 TR 3 AT o il 28 R A
497 5 T R 320 400 19 i 6 &4 L 765 4 it 9 2
I, TyG #8508k 5y, DR 1 e 19 XURS 8R K, Ty G FR 204 E
WL IR BRI SEFR bR, B T8 5 v AT RN SE AL
A BT 8 AN G0 = i PR s K, A B BN DR 12T
A AT SR D2 bR A

VPG DR 5 & B AR & 2 (8 1) SR ok &, #HT
T TS HAE AR o AW TER P AR
1% P FE  BMI HbA e WLH B S5 SRS R R AE R 2
A, XF TyG #8305 DR ™ B2 FE 1) LB AT 43 )2
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A AT RIS A 5 IR 2 DR FIHEE .

AHIE T AFAE — B A 2 2 At - OAHE T 975 51l
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()73 91X 43 5 NPDR 5 PDR % > Bt o i ™ 2 1)
NPDR ] §& O 848 fi A Al 38 A0 345497 » & K it
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i TyG FE 50 I DR Bk Jg RS . 247 Sk iR
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993 KB N B SR R BRI AR 7, HEAT R . TyG
TR DR It J U PP AG AL T — /a7 o B oA
R w7 1 Ak i 7 LA 6 B N 4n 46 1 DR
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