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[Abstract] Objective To investigate the association between the triglyceride-glucose (TyG) index and the
risk of diabetic retinopathy (DR) in patients with type 2 diabetes mellitus (T2DM), and the effect modification of
abdominal obesity. Methods Based on data from the UK Biobank prospective cohort, 19 232 T2DM patients

without DR at baseline were included (2006—2010). DR outcomes were identified through electronic health records.
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With age, sex, race, Townsend deprivation index, educational level, smoking status, alcohol consumption, leisure-time
physical activity, history of cardiovascular disease, glycated hemoglobin, duration of diabetes, use of glucose-lowering,
antihypertensive and lipid-lowering medications, and time since last food intake as covariates, Cox proportional
hazards regression models were used to analyze the association between the TyG index and the risk of DR. Restricted
cubic spline (RCS) analysis was used to assess the dose-response relationship. Stratified analysis and interaction
analysis were performed to evaluate the modifying effect of abdominal obesity on this association, and a joint analysis
of the TyG index and abdominal obesity was further conducted. The UK Biobank received ethical approval from the
North West Multi-Centre Research Ethics Committee (06/MRE08/65), and all participants provided written informed
consent. This study was conducted under UK Biobank Application (No. 88159). Results During a median
follow-up of 12.5 years, 1542 participants developed DR. After adjustment for confounders, the TyG index was
significantly associated with the risk of DR. Compared with the lowest quartile (Q1), the highest quartile (Q4) was
associated with a 50% higher risk of DR, with a hazard ratio (HR) and 95% confidence interval (CI) of 1.50 (1.30-
1.73), and the test for trend was statistically significant (P<0.001). When TyG was included as a continuous variable,
each 1-unit increase in the TyG index was associated with a 28% higher risk of DR (HR=1.28, 95%CI: 1.20-1.37).
Stratified analysis showed that among participants with abdominal obesity, the TyG index was significantly positively
associated with the risk of DR; compared with Q1, the HR for Q4 was 1.50 (95%CI: 1.27-1.76; P<0.001). However,
among participants without abdominal obesity, no significant association was observed (Q4 vs Q1: HR=1.19, 95%CI:
0.81-1.76; P=0.153). Interaction analysis showed that abdominal obesity significantly modified the association
between the TyG index and the risk of DR (P=0.031). Joint analysis showed that, with participants without abdominal
obesity and in TyG Q1 as the reference group, the risk of DR generally increased with abdominal obesity status and
higher TyG quartiles, and the trend test was statistically significant (P=0.003). Conclusions A higher TyG index
is associated with an increased risk of DR in patients with T2DM. Abdominal obesity significantly and positively
modifies the association between the TyG index and the risk of DR. When evaluating the risk of DR in T2DM, the
assessment and management of abdominal obesity should also be emphasized alongside glucose and lipid metabolism.
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study; Effect modification
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Table 1 Comparison of baseline characteristics of study participants across different quartile groups of the TyG index
SRR JR(N=19232) 01(n=4808) 02(n=4808) 03(n=4808) 04(n=4808) FIY/HIE P8
AEHR (s, 4 )° 59.41+7.23 59.23+7.65 60.03£7.02 59.76+6.95 58.64+7.21 3471 <0.001
B(n(w) ] 11 843(61.6) 2780(57.8) 2847(59.2) 2973(61.8) 3243(67.5) 110.26  <0.001
Aln(%)]" 16 693(86.8) 3865(80.4) 4177(86.9) 4283(89.1) 4368(90.8) 27312 <0.001

™IM(Q,.0) ] -1.26(-3.19,2.00) -1.04(-3.06,2.33) -1.46(-3.30,1.78) -1.20(-3.17,1.96) -1.35(-3.22,1.89) 30.02 <0.001
PRI A G [ M(Q,,  177.19(0.00,618.75)  187.50(0.00,671.25)  180.00(0.00,630.00)  154.69(0.00,553.64)  148.50(0.00,514.12)  108.62 <0.001
Q) . MET-min/& |*
HbALe[M(Q,,Q,) ,mmol/ 51.60(46.60,59.30)  48.60(41.80,53.00)  50.30(45.18,54.90)  51.80(48.10,58.90)  59.10(51.60,71.30) 3 108.05 <0.001
mol J*
DR s 4.00(1.00,8.00) 4.00(2.00,10.00) 4.00(1.00,8.00) 4.00(1.00,8.00) 4.00(0.00,8.00) 175.24  <0.001
(m(Q,,0,) 4]
BMI(s, kg/m?)* 31.59+5.91 30.04£6.10 31.67+5.98 32.1745.73 32.4745.52 165.41  <0.001
JEH (325, 0m)* 103.27+14.28 98.36+14.99 103.12+13.97 104.95+13.50 106.64+13.25 316.12 <0.001
TE[H (25,0m)* 109.0111.83 106.98+11.93 109.36+12.05 109.83+11.71 109.88+11.40 65.91 <0.001
TR IM(Q,, 0] 0.95(0.89,1.00) 0.92(0.86,0.98) 0.95(0.89,1.00) 0.96(0.90,1.01) 0.97(0.92,1.02) 94479 <0.001
TR [n (%) 1" 15916(82.8) 3398(70.7) 3962(82.4) 4186(87.1) 4370(90.9) 77774 <0.001
KR i (%) ] 4516(23.5) 1268(26.4) 1128(23.5) 1026(21.3) 1094(22.8) 41,53 <0.001
AR S [n (%) 1" 80.95 <0.001

MR 8572(44.6) 2370(49.3) 2153(44.8) 2018(42.0) 2031(42.2)

WEFE W% 4R 8 167(42.5) 1827(38.0) 2075(43.2) 2159(44.9) 2106(43.8)

17 W AR 2283(11.9) 553(11.5) 523(10.9) 588(12.2) 619(12.9)
HOBRA [n(%) ] 2495 0.003

MR 1693(8.8) 476(9.9) 424(8.8) 419(8.7) 374(7.8)

ERIRYe] 1343(7.0) 342(7.1) 304(6.3) 335(7.0) 362(7.5)

EYinyyei] 16 080(83.6) 3950(82.2) 4053(84.3) 4029(83.8) 4048(84.2)

E R R i 1 i) 3.00(3.00,4.00) 4.00(3.00,5.00) 4.00(3.00,5.00) 3.00(2.75,4.00) 3.00(2.00,4.00) 436.97 <0.001
[1(Q,.0,).h]"
WA IELM(Q,,0,) ,mmHg]®  140.00(130.00,151.00) 139.00(127.00,149.00) 140.00(129.50,151.00) 140.00(131.00,151.50) 141.00(132.00,153.00)  169.73 <0.001
eGFRIM(Q,,0,) ,ml/(min-  88.92(76.58,100.55)  89.36(77.61,100.45)  87.24(75.28,98.66)  87.86(75.61,99.09)  91.69(78.26,103.63)  150.10 <0.001
1.73m?)
D MAEPRE L [n(%) ] 4089(21.3) 999(20.8) 1023(21.3) 1042(21.7) 1025(21.3) 117 0.761
T HRREZ (%) 1" 12 720(66.1) 3334(69.3) 3219(67.0) 3155(65.6) 3012(62.6) 50.23  <0.001
IR 25 [ n( %) ] 12022(62.5) 2920(60.7) 3072(63.9) 3125(65.0) 2905(60.4) 32.05 <0.001
IR (%) 13330(69.3) 3375(70.2) 3427(71.3) 3388(70.5) 3 140(65.3) 49.74  <0.001

TE:(a: AR 220007 5 b P K 56 5 ¢ Kruskal-Wallis B AU 45 ) Ty G« H i = 18 — 4 45 5 5 Q : U 4» (745 ; TDT: Townsend 1 25 78 4 ; HbA 1 : i Ak 1fi 21
1 BML: (K T 45 5 s MET : AU 24 5 ; e GFR 4 3 5 /N sk UE L % 1 mmHg=0.133 kPa
Note: (a: One-way ANOVA; b: /\f test; c: Kruskal-Wallis rank sum test)

glycated hemoglobin; BMI: body mass index; MET: metabolic equivalent; eGFR: estimated glomerular filtration rate

TyG: triglyceride-glucose; Q: quartile; TDI: Townsend deprivation index; HbAlc:
1 mmHg=0.133 kPa
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Table 2 Cox regression analysis of the association between TyG index and the risk of DR

TyG 4341 W R PIE/NAE B HR(95%CT) B8 2 HR(95%CT) FEAI 3 HR(95%CI)
Q1 <8.82 334/56 235 1.00(%%) 1.00(%%) 1.00(Z%%)

02 8.82-9.27  345/56 640 1.04(0.89-1.20)  1.14(0.98-1.33)  1.13(0.97-1.31)
Q3 9.27-9.76  384/56 057 1.18(1.02-1.37)  1.28(1.10-1.48)  1.26(1.08-1.46)
04 >9.76 479/55 879 1.53(1.33-1.76)  1.51(1.31-1.74)  1.50(1.30-1.73)
PRy <0.001 <0.001 <0.001

TyG & TF 5 14 s

1.31(1.22-1.40)

1.27(1.19-1.36)

1.28(1.20-1.37)

JEE I SR PSRN SR
e 08 88 iF % & X (P=
0.003) (K 4),

3 itit

A T BE T B B W 5T 4
R R,TE T2DM B #F
TyG 45 % 5 DR % 4= KUK 7+

TE A 1R A AR M )RR TDL AR A 2 AR AR Y 1 SE Rl b E D A A U R IR A R IR
A R PRI ] 7 38 Bl L 0B S HDA e T RO R A 5 80 3 A 580 2 B Al Ik — 20 A R I 25 e TR
2 70 8 N 245 06 FH I 0 B B AR U A I Q: DY A3 06 AR5 Ty G : T i = T — 4 44 0 5 DR < b B 0 099 5 g A%
HR: KUK L 5 C1: B A5 X 8] TDT: Townsend 3 25 38 %0 ; HbA 1c : WAk 1L 21 2 (A

Note: Model 1 adjusted for age, sex, race, and TDI; Model 2 further adjusted for educational level, smoking status,
alcohol consumption, leisure-time physical activity, history of cardiovascular disease, HbAlc, and duration of

diabetes based on the Model 1; Model 3 further adjusted for the use of glucose-lowering, antihypertensive, and

oA G . B — AP R
i AT e AR 3 43 J2 A BT R
B, TyG 48 %05 DR & E K
Bx 1) 1 1] 711 5 4 A i R
JIE Rt A v 5 Sy B, 4
JE RIE BE 2 OE ) & i

lipid-lowering agents, and fasting time based on the Model 2 Q: quartile; TyG: triglyceride-glucose; DR: diabetic

retinopathy; HR: hazard ratio; CI: confidence interval; TDI: Townsend deprivation index; HbAlc: glycated

hemoglobin

P overall <0.001; P nonlinear = 0.005

HR (95%C)

TyGH54!
2 RCSHMTyGHEBEDRMAIE-REXFR RCS: KL
JiRES s TyG = H M =1 — 4 2595 5 DR« 55 JR G 90 190 BEES5 25 5 LR« XU
H; CT: 8 {5 X 18] 5 TDI: Townsend 3 25 45 %1
Figure 2 Dose-response relationship between TyG index and DR

assessed by RCS analysis RCS: restricted cubic spline; TyG:

triglyceride-glucose; DR: diabetic retinopathy; HR: hazard ratio; CI:

confidence interval; TDI: Townsend deprivation index
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Figure 3 Association between TyG index and risk of DR after stratification by abdominal obesity
Model 1 adjusted for age, sex, race, and TDI; Model 2 further adjusted for educational level, smoking status,
alcohol consumption, leisure-time physical activity, history of cardiovascular disease, HbAlc, and duration of
diabetes; Model 3 further adjusted for the use of glucose-lowering, antihypertensive, and lipid-lowering
medications, and fasting time. Abdominal obesity was defined as WHR >0.90 in men and >0.85 in women Q:
quartile; TyG: triglyceride-glucose; DR: diabetic retinopathy; HR: hazard ratio; CI: confidence interval; TDI:
Townsend Deprivation Index; HbAle: glycated hemoglobin; WHR: waist-to-hip ratio
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Figure 4 Joint analysis of abdominal obesity and TyG index on the risk of DR in patients with T2DM
Model 1 adjusted for age, sex, race, and TDI; Model 2 further adjusted for educational level, smoking status,
alcohol consumption, leisure-time physical activity, history of cardiovascular disease, HbAlc, and duration of
diabetes based on the Model 1; Model 3 further adjusted for the use of glucose-lowering, antihypertensive, and
lipid-lowering medications, and fasting time based on the Model 2. Abdominal obesity was defined as WHR>
0.90 in men and >0.85 in women  Q: quartile; TyG: triglyceride-glucose; T2DM: type 2 diabetes mellitus; DR:
diabetic retinopathy; HR: hazard ratio; CI: confidence interval; TDI: Townsend deprivation index; HbAlec:
glycated hemoglobin; WHR: waist-to-hip ratio
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