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Background: Diabetic retinopathy (DR) is a common microvascular complication observed in people with type 2 diabetes mellitus
(T2DM). The triglyceride-glucose (TyG) index, an indicator of insulin resistance, has an uncertain role in glycemic management in
T2DM patients at risk for DR. This study aimed to evaluate the association between the TyG index and DR risk across different
glycemic control status.

Methods: A total of 4,372 T2DM in-patients from Beijing Tongren Hospital (2013-2024) were included in this study. The patients
were categorized into four groups based on TyG index quartiles (Q1-Q4). Participants were stratified by TyG index quartiles (Q1-Q4)
and glycemic control status (HbAlc <7%, 7-9%, and >9%). Restricted cubic spline (RCS) analysis, logistic regression, and subgroup
analyses were employed to explore the associations among the TyG index, glycemic control and DR risk.

Results: Overall, there were positive association of the TyG index and DR risk. The highest TyG Q4 was significantly associated with an
increased risk of DR (odds ratio [OR]: 1.289; 95% confidence interval [CI]: 1.008—-1.648, P<0.05), compared with the lowest TyG Q1.
Significant interaction was observed between the TyG index and glycemic control (P for interaction <0.05). Notably, the association was
strongest in patients with HbAlc >9%.

Conclusion: The relationship between high TyG index and DR risk was more pronounced in patients with HbAlc >9% group,
indicating that TyG index may serve as a useful tool for making risk stratification on glycemic control in T2DM patients.
Keywords: diabetes retinopathy, triglyceride-glucose index, glycemic control, glycated hemoglobin Alc, insulin resistance, diabetes

mellitus

Introduction

Diabetic retinopathy (DR) is a microvascular complication of diabetes mellitus (DM) and represents a primary cause of
acquired blindness among working-age individuals.' According to the International Diabetes Federation (IDF), the global
population with DM was estimated at 463 million in 2019, with a projected increase to 700 million by 2045. The number
of individuals affected by DR is expected to rise by 55.6% (57.4 million) between 2020 and 2045, primarily due to the
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rapidly increasing global prevalence of DM.' The prevalence of DR in type 2 diabetes mellitus (T2DM) patients is
approximately 34.6%, with 12% of cases involving vision-threatening DR, making it a major public health issue.** For
T2DM patients, ocular examination very necessary, and early detection and diagnosis of DR are vital for prompt
intervention and the prevention of vision loss. The screening of diabetes and its complications is incomplete without
a dilated fundoscopy (including peripheral fundus).> > However, due to the asymptomatic nature of DR in its early stages,
lack of awareness among patients, and limited primary healthcare resources, especially in underdeveloped regions, early
detection remains challenging. Therefore, it is clinically important to identify simple and reliable biomarkers to monitor
the presence of DR for enabling timely interventions.’®

Insulin resistance (IR), characterized by a reduced cellular sensitivity to insulin, plays a crucial role in the develop-
ment of T2DM and its related vascular complications. The pathogenesis of DR is complex, involving multiple
mechanisms and contributing factors, including persistent hyperglycemia, hypertension, dysregulated lipid metabolism,
inflammation, and IR.”® Currently, the hyperinsulinemic normoglycemic clamp (HIEC) is regarded as the gold standard
for evaluating insulin resistance.” However, its complexity and high cost limit its widespread use in routine clinical
practice. Alternatively, Homeostatic model assessment of insulin resistance (HOMA-IR) is commonly used to assess
insulin resistance.'” HOMA-IR may cause considerable bias due to insulin measurements and lacks robust validation in
T2DM patients with insulin therapy. Furthermore, these measurement methods are constrained by significant biological
variability in insulin levels (intra and inter-subject variability), as well as challenges in obtaining fasting insulin
measurements and the lack of standardized quantification techniques. Additionally, these methods are invasive, costly,
and complex, making them unsuitable for clinical and epidemiological studies. As a result, there is a growing need for
non-invasive, insulin-free surrogates to assess IR.’

Interestingly, growing evidence suggests that the triglyceride-glucose (TyG) index, calculated from triglyceride (TG)
and fasting blood glucose (FBG) levels, shows a strong correlation with both the HIEC and HOMA-IR. The TyG index
has recently been proposed as a simple and reliable indicator for assessing IR. Several studies have demonstrated that the
TyG index plays a predictive role in identifying patients with T2DM at higher risk of prevalence and prognosis of
DR,>'"""!* whereas another study did not find such as association.'* Emerging machine learning approaches, as high-
lighted by Montaser et al'> showed promise in predicting incident DR in Type 1 diabetes mellitus (T1DM) patients using
glycemic features. Semeraro et al'® also demonstrated predictive models for DR in T2DM patients, underscoring the
importance of integrating novel biomarkers with existing approaches. Despite these advancements, the role of surrogate
markers like the TyG index in DR prediction across diverse diabetes populations remains underexplored.

Glycated hemoglobin Alc (HbAlc) is widely recognized as a dependable marker for evaluating long-term glycemic
control, and has consistently been shown to be associated with the progression of both microvascular and macrovascular
complications in DM.""'® To our knowledge, the role of the TyG index in DR risk and its relationship with glycemic
control in T2DM patients remains unclear. Therefore, this study aimed to investigate the association between the TyG
index, glycemic control status, and DR risk in T2DM patients.

Subjects and Methods

Research Design and Study Patients

The clinical data from 4,372 in-patients diagnosed with T2DM were collected from the Department of Endocrinology at
Beijing Tongren Hospital between December 2013 and July 2024. For patients with multiple hospitalizations, only data
from their initial admission were included. This study was conducted in accordance with the Declaration of Helsinki and
approved by the Ethics Committee of Beijing Tongren Hospital, Capital Medical University (approval number
TREC2024-KY040). Written informed consent was obtained from all the participants.

The inclusion criteria consisted of patients with a discharge diagnosis of T2DM and patients aged 18 years or older.
T2DM diagnosed according to 1999 World Health Organization (WHO) criteria and Chinese Diabetes Association
criteria: (1) FPG>7.0 mmol/L; or (2) oral glucose tolerance test (OGTT): 2 h plasma glucose (PG) >11.1 mmol/L, or (3)
Random plasma glucose (RPG) >11.1 mmol/L for a patient with classic symptoms of hyperglycemia or hyperglycemic
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crisis; or (4) HbAlc >6.5%.'"%° Data from the patients’ initial hospital admission were collected, including detailed
clinical characteristics, routine laboratory tests and DR status.

Participants were excluded from the study based on the following criteria: (1) diagnosis of non-type 2 diabetes
mellitus; (2) presence of other eye diseases or a history of eye surgery, including glaucoma, severe cataracts, or
significant corneal opacity; (3) recent episodes (within the last 3 months) of diabetic ketoacidosis, hyperglycemic
hyperosmolar state, or severe and recurrent hypoglycemic events; (4) pregnancy or breastfeeding; (5) comorbid
psychiatric disorders, cancer, severe cardiovascular disease, severe renal dysfunction or hepatic diseases, autoimmune

disease, acute or chronic infection; (6) patients with incomplete information.'**'~>

Information Collection and Clinical Definitions

The data were extracted directly from electronic medical records and included various variables such as clinical
characteristics, routine laboratory tests, and DR status. The clinical characteristics consisted of gender, age, T2DM
duration, body mass index (BMI), systolic blood pressure (SBP), and diastolic blood pressure (DBP). Routine laboratory
tests included the following 11 items: FBG, blood urea nitrogen (BUN), creatinine (Cr), albumin (ALB), hypersensitivity
C-reactive protein (hsCRP), lipoprotein a (LP(a)), triglycerides (TG), total cholesterol (TC), high-density lipoprotein
cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C) and HbAlc.

In addition, fundus examination results of DR were collected for all patients. The diagnostic criteria for DR followed
the International Clinical Diabetic Retinopathy Severity Scale:** (1) no diabetic retinopathic changes (NDR); (2) mild
non-proliferative diabetic retinopathy (NPDR); (3) moderate NPDR; (4) severe NPDR; and (5) proliferative diabetic
retinopathy (PDR). Diagnosis was based on macula-centered 45° fundus photography and indirect ophthalmoscopy after
pupil dilation. A double-blind assessment was conducted by two experienced ophthalmologists from Beijing Tongren
Hospital, with a third ophthalmologist consulted in case of disagreement. DR was diagnosed in individuals exhibiting any
of the following lesions on fundus images: (1) microaneurysms; (2) hemorrhages; (3) hard exudates; (4) cotton wool
spots; (5) retinal vein beading; (6) microvascular abnormalities in the retina; and/or (7) neovascularization.?>*-** In this
study, patients presenting these DR-related lesions were classified into the DR group, while those without such lesions
were assigned to the Non-DR group.

BMI was calculated by dividing weight in kilograms by height in meters squared (kg/m?)."' The TyG index was
calculated using the following formula: TyG = Ln [fasting triglycerides (TG) (mg/dL) x fasting blood glucose (FBG)
(mg/dL)/2].%°> Additionally, TyG index was categorized into quartiles: TyG Q1 (TyG<8.67), TyG Q2 (8.67<TyG<9.13),
TyG Q3 (9.13<TyG<9.63), TyG Q4 (TyG>9.63). According to the latest American Diabetes Association guideline,?®
patients were categorized by glycemic control status: controlled glycemia (HbAlc <7%) and uncontrolled glycemia
(HbA1lc >7%). The latter group was further stratified into HbAlc 7-9% and >9% subgroups for more detailed analysis.

Statistical Analysis

All data were analyzed using IBM SPSS Statistics version 27.0 (Chicago, IL, USA) and R language 4.1.3 software.
Continuous variables that followed a normal distribution are presented as mean + standard deviation (mean+SD), while
non-normally distributed data are expressed as median (interquartile range [IQR]). The Kolmogorov—Smirnov test was
used to assess the distribution pattern of the data. Differences in the characteristics between groups were analyzed using
the Student’s #-test, Mann—Whitney U-test, Kruskal-Wallis H-test, Chi-square test, or Fisher’s exact test, as appropriate.
Pearson or Spearman correlation analyses were conducted to evaluate the relationship between the TyG index and other
parameters. DR proportion trends across multiple groups were analyzed by Cochran-Armitage trend test.

Both univariable and multivariable logistic regression analyses were employed to calculate the odds ratio (OR) and
95% confidence interval (CI). The restricted cubic spline (RCS) analysis was applied to explore potential nonlinear
correlations between the TyG index and DR risk. A hierarchical logistic regression model was used to perform an
exploratory analysis across different subgroups, determining whether interactions occurred. The relationship between the
TyG index and DR risk was examined, with stratification by gender and age. Subsequently, the association among
glycemic control status, TyG index quartiles, and DR risk was assessed to explore the potential influence of the TyG

index on this relationship. All statistical tests were two-sided, with a P<0.05 considered statistically significant.?'~*>
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Results
The Characteristics of the Included T2DM Patients Stratified by DR Status and

Glycemic Control

A total of 4,372 patients with T2DM were included in the study, consisting of 2,506 men and 1,866 women, with a mean
age of 57.10+12.04 years. Among these patients, 47.26% (2,066/4,372) were diagnosed with DR, which included 1,161
men and 905 women. Patients were stratified based on DR status and glycemic control levels, with the corresponding
clinical characteristics detailed in Table 1. The results demonstrated that in the DR group, age, T2DM duration, SBP,
DBP, FBG, BUN, Cr, LP(a), TC, HDL-C, LDL-C, HbAlc and TyG index levels all increased. In contrast, ALB and
hsCRP levels were significantly lower in the DR group (P <0.05). No significant differences in TG levels were observed
between the DR and Non-DR groups (P >0.05).

Based on glycemic control status, the study cohort comprised 662 cases with HbAlc <7% and 3,710 cases with
HbAlc >7%. The characteristics of included T2DM patients stratified by HbAlc <7% and HbAlc >7% groups were
showed in Table S1. Patients with HbAlc >7% exhibited a longer T2DM duration, as well as higher levels of HbAlc,
TyG index, BMI, SBP, FBG, hsCRP, LP(a), TG, TC and LDL-C levels. Meanwhile, ALB and HDL-C levels were
significantly lower in the HbA1lc >7% group (P <0.05) (Table S1). No significant differences were found in age, DBP and
BUN levels between the HbAlc <7% and HbAlc >7% groups (P >0.05).

Furthermore, in the HbA 1c >7% group, there were 1,739 cases with HbAlc 7-9% and 1,971 cases with HbAlc >9%. The
comparison of clinical characteristics among the three groups stratified by HbAlc levels (HbAlc <7%, HbAlc 7-9%, and
HbA 1c >9%) was also presented in Table 1. There were significant differences in terms of age, T2DM duration, BMI, FBG,
BUN, Cr, ALB, hsCRP, LP(a), TG, TC, LDL-C, HbAlc and TyG index among the three HbAlc levels.

Table | Characteristics of the Included T2DM Patients Stratified by Diabetic Retinopathy Status and Glycemic Control Level

Characteristics Total DR Status Glycemic Control
Non-DR DR P-value HbAlc <7% HbAlc 7-9% HbAIc >9% P-value
Case number 4372 2306 2066 662 1739 1971
Gender, N (%) 0.155 0.615
Male 2506 1345 (53.67%) 1161 (46.33%) 391 (15.60%) 992(39.59%) 1123(44.81%)
Female 1866 961 (51.50%) 905 (48.50%) 271 (14.52%) 747(40.03%) 848(45.45%)
Age (year-old) 57.10£12.04 56.41+12.50 57.87+11.46 <0.001 57.93£11.40 58.59+11.12 55.50+12.83 <0.001
T2DM duration 10.00 8.00 15.00 <0.001 10.00 12.00 10.00 <0.001
(years) (5.00-18.00) (3.00-14.00) (10.00-20.00) (5.00-15.00) (7.00-19.00) (5.00-17.00)
BMI (kg/m?) 25.82+3.76 25.97+3.86 25.64+3.63 0.005 25.45+3.67 26.02+3.68 25.76+3.85 0.003
SBP (mmHg) 130.85+16.74 127.66114.84 134.41£17.99 <0.001 129.61+16.41 131.26+16.07 130.90+17.42 0.096
DBP (mmHg) 77.27£10.60 76.58%10.33 78.05+10.84 <0.001 77.10%£10.51 76.93£10.69 77.64£10.54 0.114
FBG (mmol/L) 7.97£2.78 7.65+2.51 8.33£3.00 <0.001 5.98+1.31 7.33%2.10 9.21£3.07 <0.001
BUN (mmol/L) 5.39+1.95 5.01+1.58 5.82+2.21 <0.001 5.34+2.01 5.49+1.92 5.33%1.96 0.039
Cr (pmol/L) 70.69+25.56 67.95+17.59 73.76%31.93 <0.001 74.67+27.37 72.45+26.96 67.81£23.25 <0.001
ALB (g/L) 38.73+£3.85 39.49+3.45 37.87+4.08 <0.001 39.1243.88 39.10+3.68 38.26+3.93 <0.001
hsCRP (mg/L) 1.10(0.50-2.80) 1.20(0.53-2.99) 1.00(0.44-2.65) <0.001 0.89(0.40-2.23) 1.06(0.49-2.66) 1.29(0.52-3.20) <0.001
LP(a) (mg/dL) 14.50 12.98 16.20 <0.001 12.94 13.60 15.95 <0.001
(6.60-29.13) (6.10-26.45) (7.20-32.60) (6.32-25.68) (6.33-27.61) (7.10-31.36)
TG (mmol/L) 1.53(1.09-2.24) 1.51(1.09-2.17) 1.56(1.09-2.34) 0.224 1.40(1.02-1.94) 1.51(1.08-2.25) 1.60(1.14-2.36) <0.001
TC (mmol/l) 4.50%1.15 4.43%1.06 4.57+1.23 <0.001 4.20%1.01 4.341.05 4.74+1.22 <0.001
HDL-C (mmol/L) 1.05+0.31 1.04+0.30 1.06+0.31 0.008 1.07+0.34 1.040.31 1.05+0.30 0.079
LDL-C (mmol/L) 2.73+0.94 2.69+0.87 2.78x1.01 0.003 2.53+0.89 2.60+0.88 2.93+0.97 <0.001
HbAlc (%) 8.98+1.98 8.74+2.01 9.25£1.90 <0.001 6.33+0.46 7.98+0.60 10.76£1.36 <0.001
TyG index 9.18+0.73 9.14£0.71 9.23+0.75 <0.001 8.81+0.60 9.11£0.69 9.37+0.75 <0.001

Notes: The continuous variables were expressed as mean * standard deviation (SD) or the medians with interquartile ranges (IQRs) after the normality distribution test.
Abbreviations: T2DM, type 2 diabetes mellitus; DR, diabetic retinopathy; BMI, Body mass index; SBP, Systolic blood pressure; DBP, Diastolic blood pressure; FBG, fasting
blood glucose; BUN, blood urea nitrogen; Cr, creatinine; ALB, albumin; hsCRP, hypersensitivity C-reactive protein; LP(a), lipoprotein A; TG, triglyceride; TC, total
cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; HbAlc, glycated hemoglobin; TyG index, Triglyceride-glucose index.

746 https: Diabetes, Metabolic Syndrome and Obesity 2025:18


https://www.dovepress.com/get_supplementary_file.php?f=503672.docx
https://www.dovepress.com/get_supplementary_file.php?f=503672.docx

Wan et al

Table 2 Characteristics of Included T2DM Patients Stratified by TyG Index Quartiles

Characteristics TyG Index Quartile

TyG QI TyG Q2 TyG Q3 TyG Q4 P-value
Case number 1093 1094 1094 1091
Gender; N (%) <0.001

Male 683 (27.26%) 599 (23.90%) 609 (24.30%) 615 (24.54%)
Female 410 (21.97%) 495 (26.53%) 485 (25.99%) 476 (25.51%)

Age (year-old) 59.63+11.46 58.10+11.35 56.87+11.95 53.78x12.61 <0.001
T2DM duration (years) 12.00(7.00-20.00) 10.00(5.00-17.00) 10.00(5.00-17.00) 10.00(5.00-17.00) <0.001
BMI (kg/m?) 24.56+3.41 25.52+3.53 26.39+3.86 26.79+3.82 <0.001
SBP (mmHg) 129.84+16.50 129.88+16.53 131.86£16.53 131.81£17.30 0.002
DBP (mmHg) 75.62+10.27 76.43x10.10 78.04+10.42 79.0011.25 <0.001
FBG (mmol/L) 5.82+1.46 7.29+1.89 8.44+2.29 10.35+3.00 <0.001
BUN (mmol/L) 5.44+1.97 5.21+1.87 5.43+1.95 5.49+2.00 0.005
Cr (umol/L) 70.64+23.82 69.00+22.86 71.75+26.62 71.39+28.50 0.058
ALB (g/L) 38.35+3.84 38.90+3.75 38.67+3.82 38.99+3.95 <0.001
hsCRP (mg/L) 0.69(0.30-1.81) 1.00(0.43-2.42) 1.32(0.63-3.33) 1.65(0.70-3.40) <0.001
LP(a) (mg/dL) 15.81(7.10-30.60) 15.19(7.29-30.06) 14.46(7.08-30.43) 11.50(5.15-25.90) <0.001
TG (mmol/L) 0.92(0.75-1.09) 1.33(1.13-1.56) 1.81(1.51-2.18) 2.95(2.33-4.05) <0.001
TC (mmol/L) 4.01£0.97 4.33£0.98 4.58+1.07 5.07+1.27 <0.001
HDL-C (mmol/L) 1.20+0.36 1.09£0.29 1.00+0.26 0.91+0.24 <0.001
LDL-C (mmol/L) 2.41+0.84 2.71+0.88 2.89+0.96 2.93+0.99 <0.001
HbAlc (%) 8.34£1.90 8.72+1.90 9.13£1.95 9.74+1.88 <0.001
TyG index 8.30+0.30 8.910.13 9.37£0.15 10.14£0.47 <0.001

Notes: The continuous variables were expressed as mean * standard deviation (SD) or the medians with interquartile ranges (IQRs) after the
normality distribution test. TyG index quartiles: TyG QI (TyG <8.67), TyG Q2 (8.67<TyG<9.13), TyG Q3 (9.13<TyG<9.63), TyG Q4 (TyG
29.63). Abbreviations as in Table I.

Based on TyG index quartiles, all participants were categorized into four groups: TyG Ql (TyG<8.67), TyG Q2
(8.67<TyG<9.13), TyG Q3 (9.13<TyG<9.63), TyG Q4 (TyG>9.63). The characteristics of included T2DM patients
stratified by TyG index quartiles were presented in Table 2. The results indicated that patients in the highest TyG
quartile (TyG Q4) tended to be younger and consistently had higher levels of BMI, FBG, TG, TC, LDL-C and HbAlc
(P <0.05). Additionally, TyG Q4 patients had lower HDL-C levels compared to those in TyG Q1, TyG Q2, and TyG Q3
(all P <0.05) (Table 2).

Correlation Between the TyG Index and Other Clinical Parameters

As shown in Figure 1, Pearson or Spearman correlation analyses were used to evaluate the relationship between the TyG
index and other clinical parameters in T2DM patients. The results showed that continuous TyG index was positively
correlated with TG, FBG, TC, HbAlc, BMI, hsCRP, LDL-C, DBP, ALB, SBP (P <0.05). Conversely, it was negatively
correlated with LP(a), age and HDL-C (P <0.05). No significant correlations were observed between the TyG index and
BUN or Cr (P >0.05).

Association Between the TyG Index and DR Risk
The association between the TyG index and DR risk was assessed using logistic regression models and RCS
analyses. As presented in Table 3, in the unadjusted (crude) model, the TyG index (as continuous variable) (OR
1.189, 95% CI 1.096-1.290, P <0.001) and TyG Q4 (OR 1.346, 95% CI 1.138-1.593, P =0.001) were identified as
significant risk factors for DR. In model 1, after adjusting for gender and age, the ORs were 1.242 (95% CI
1.142-1.350, P <0.001) for the TyG index (as continuous variable) and 1.448 (95% CI 1.219-1.720, P <0.001) for
TyG Q4, respectively.

Model 2 incorporated the following potential confounding variables: gender, age, T2DM duration, BMI, SBP, DBP,
BUN, Cr, ALB, hsCRP, LP(a), TC, HDL-C, LDL-C, and HbAlc. After adjusting for all confounding variables in model
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Figure | Correlation between the TyG index and other clinical parameters. Abbreviations as in Table |.

2, the ORs of TyG index (as continuous variable) for DR were 1.175 (95% CI: 1.019-1.354, P =0.026). As shown in
Table 3, there was a strong association between higher TyG index levels and an elevated risk of DR (P for trend =0.009)
in the model 2. Those in TyG Q4 level had 1.289 (95% CI: 1.008-1.648, P =0.043) times risk of DR relative to those in
TyG QI level.

The RCS analyses with four knots demonstrated a significant association between the TyG index and DR risk
(Figure 2). The relationship between the TyG index and DR risk adjusts for gender, age, T2DM duration, BMI, SBP,
DBP, BUN, Cr, ALB, hsCRP, LP(a), TC, HDL-C, LDL-C, and HbAlc was showed Figure 2B. In the crude model
(Figure 2A), a significant nonlinear relationship was observed between the TyG index and DR risk (P-nonlinear <0.001).
The fully adjusted model (Figure 2B) revealed a persistent upward trend (P-overall <0.001), although the relationship no
longer demonstrated nonlinear characteristics (P-nonlinear =0.233). As depicted in Figure 2B, a significant positive

correlation was observed between higher TyG index levels and increased DR risk beyond the threshold value of 8.61

Table 3 The Logistic Regression Analysis for the Relationship Between TyG Index and Risk of Diabetic Retinopathy in Different
Models

Parameters Case number Crude Model Model | Model 2
Total Non-DR (%) DR (%) OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value
TyG index 4372 2306 2066 1.189(1.096—1.290) <0.001 1.242(1.142-1.350) <0.001 1.175(1.019-1.354) 0.026

(as continuous variable)

TyG index quartiles

TyG QI 1093 592(54.16%) 501(45.84%) Reference Reference Reference

TyG Q2 1094 644(58.87%) 450(41.13%) 0.826(0.697-0.978) 0.027 0.839(0.707-0.994) 0.043 0.879(0.720-1.072) 0.203
TyG Q3 1094 560(51.19%) 534(48.81%) 1.127(0.953-1.333) 0.164 1.165(0.983-1.380) 0.078 1.091(0.884-1.346) 0.417
TyG Q4 1091 510(46.75%) 581(53.25%) 1.346(1.138-1.593) 0.001 1.448(1.219-1.720) <0.001 1.289(1.008-1.648) 0.043
P for trend <0.001 <0.001 0.009

Notes: OR, odds ratio; Cl, confidence intervals. TyG index quartiles: TyG QI (TyG <8.67), TyG Q2 (8.67<TyG<9.13), TyG Q3 (9.13sTyG<9.63), TyG Q4 (TyG 29.63).
Model | adjustment for gender and age. Model 2 adjustment for gender, age, T2DM duration, BMI, SBP, DBP, BUN, Cr, ALB, hsCRP, LP(a), TC, HDL-C, LDL-C, and HbAlc.
Abbreviations as in Table I.
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Figure 2 The relationship between the TyG index and the risk of diabetic retinopathy using restricted cubic spline (RCS). The odds ratios for DR (solid line) and 95%
confidence intervals (shaded portion) are presented. (A) The nonlinear relationship between the TyG index and risk of DR in the crude model. (B) The relationship between
the TyG index and DR adjusts for gender, age, T2DM duration, BMI, SBP, DBP, BUN, Cr, ALB, hsCRP, LP(a), TC, HDL-C, LDL-C, and HbAlc.

Notes: P-overall<0.05 indicates a significant association between the TyG index and DR. The P-nonlinear <0.05 in the crude model (Figure 2A) suggests a nonlinear
relationship between the TyG index and DR is significant. Abbreviations as in Table I.

(P-overall <0.001). The findings suggest a complex relationship between the TyG index and DR risk, characterized by
a marked acceleration in risk beyond the TyG index value of 8.61.

As showed in Table S2, multivariable analyses were also conducted to evaluate the association between the TyG
index and the risk of DR, both with and without adjustment for T2DM duration as a confounding variable. In the
multivariable analysis without adjustment for T2DM duration (model B), the TyG index (as a continuous variable) was
significantly associated with an increased risk of DR (OR:1.269, 95% CI: 1.109-1.451, P =0.001). A strong relationship
was observed between higher TyG index levels and an elevated risk of DR (P for trend < 0.001). Specifically, participants
in the TyG Q4 group had a 1.449-fold risk of DR (95% CI: 1.149-1.827, P =0.002) compared to those in the TyG Q1

group.

Subgroups Analysis of the Correlation Between the TyG Index and DR Risk

To further examine the effect heterogeneity of the TyG index on the risk of DR, subgroups analysis was conducted based
on gender, age, BMI, SBP, DBP, HbAlc, LP(a), TC, HDL-C, LDL-C, respectively (Figure 3). The results indicated no
significant differences in the TyG index across most subgroups of DR participants. However, significant interactions were
found for gender (P for interaction =0.009), age (P for interaction =0.018), and HbAlc (P for interaction =0.031). The
association of TyG index with DR risk was more significant among female, elders (>59 years of age) and those with
uncontrolled glycemia (HbAlc >7) compared to their counterparts.

The Relationship Between the TyG Index and DR Risk Stratified by Gender and Age
The relationship between the TyG index and DR risk, stratified by gender, is presented in Table 4. For the female group,
utilizing TyG QI as the reference, the OR for DR risk in TyG Q4 was 1.652 (95% CI: 1.109-2.460, P =0.013), indicating
a significant ascending trend in DR risk with increasing TyG index levels (P for trend =0.008). When TyG Q2 was
designated as reference, the ORs for DR risk were 1.421 (95% CI: 1.045-1.934, P =0.025) for TyG Q3 and 1.873 (95%
CI: 1.304-2.690, P =0.001) for TyG Q4, respectively, with the trend analysis further corroborating a significant
escalation in DR risk (P for trend =0.003). Conversely, as delineated in Table 4, within the male cohort, irrespective
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Figure 3 Subgroups analysis of the association between the TyG index and diabetic retinopathy. Abbreviations as in Table 1.

of whether TyG Q1 or TyG Q2 served as the reference, the DR risk associated with TyG Q3 and TyG Q4 did not reach
statistical significance, nor was a significant trend of increasing risk observed.

The relationship between the TyG index and DR risk, stratified by age, was detailed in Table 5. In the age >59 group,
when TyG QI was used as the reference group, the ORs for DR risk were 1.401 (95% CI: 1.049-1.871, P =0.022) for
TyG Q3 and 1.618 (95% CI: 1.110-2.359, P =0.012) for TyG Q4, respectively, with a significant upward trend in DR risk
observed as the TyG index increased (P for trend =0.012). Similarly, when TyG Q2 was used as the reference group, the
ORs were 1.428 (95% CI: 1.084-1.879, P =0.011) for TyG Q3 and 1.618 (95% CI: 1.134-2.308, P =0.008) for TyG Q4,
respectively, and the risk of DR incidence continued to exhibit a significant increasing trend (P for trend =0.011). These
findings suggest a consistent and significant relationship between higher TyG index levels and elevated DR risk in
patients of age >59 group.
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Table 4 Relationship Between TyG Index and Diabetic Retinopathy Risk Stratified by Gender

Groups Case Number Multivariable Analysis Multivariable Analysis
(TyG QI as Reference) (TyG Q2 as Reference)
Total | Non-DR (%) DR (%) OR (95% CI) P-value OR (95% CI) P-value
Male
TyG QI 683 354(51.83%) | 329(48.17%) Reference
TyG Q2 599 354(59.10%) 245(40.90) | 0.879 (0.680-1.136) 0.324 Reference
TyG Q3 609 322(52.87%) | 287(47.13%) | 1.002(0.765-1.312) 0.988 1.142(0.874-1.494) 0.331
TyG Q4 615 315(51.22%) | 300(48.78%) | 1.059(0.769—1.459) 0.724 1.233(0.901-1.687) 0.191
P for trend 0.594 0.402
Female
TyG QI 410 238(58.05%) 172(41.95%) Reference
TyG Q2 495 290(58.59%) | 205(41.41%) | 0.911 (0.622—1.253) 0.565 Reference
TyG Q3 485 238(49.07%) | 247(50.93%) | 1.252(0.892-1.758) 0.194 1.421(1.045-1.934) 0.025
TyG Q4 476 195(40.97%) | 281(59.03%) | 1.652(1.109-2.460) 0.013 1.873(1.304-2.690) 0.001
P for trend 0.008 0.003

Notes: OR, odds ratio; Cl, confidence intervals. OR with 95% Cl was calculated using multivariable logistic regression analysis adjusted for age,
T2DM duration, BMI, SBP, DBP, BUN, Cr, ALB, hsCRP, LP(a), TC, HDL-C, LDL-C, and HbAlc. TyG index quartiles: TyG QI (TyG <8.67), TyG Q2
(8.67<TyG<9.13), TyG Q3 (9.13<TyG<9.63), TyG Q4 (TyG 29.63). Abbreviations as in Tables .

Table 5 Relationship Between TyG Index and Diabetic Retinopathy Risk Stratified by Age

Groups Case number Multivariable Analysis Multivariable Analysis
(TyG QI as Reference) (TyG Q2 as Reference)
Total | Non-DR (%) DR (%) OR (95% CI) P-value OR (95% CI) P-value
Age <59
TyG QI 462 239(51.73%) | 223(48.27%) Reference
TyG Q2 513 307(59.84%) | 206(40.16%) | 0.687 (0.507-0.931) 0.015 Reference
TyG Q3 565 310(54.87%) | 255(45.13%) | 0.759(0.555-1.038) 0.084 1.101(0.819-1.481) 0.523
TyG Q4 691 340(49.20%) | 351 (50.80%) | 0.941(0.667—1.326) 0.727 1.388(1.006—1.915) 0.046
P for trend 0.037 0.113
Age >59
TyG QI 631 353(55.94%) | 278(44.06%) Reference
TyG Q2 581 337(58.00%) | 244(42.00%) | 0.997 (0.766—1.297) 0.980 Reference
TyG Q3 529 250(47.26%) | 279(52.74%) | 1.401(1.049-1.871) 0.022 1.428(1.084—1.879) 0.011
TyG Q4 400 170(42.50%) | 230(57.50%) | 1.618(1.110-2.359) 0.012 1.618(1.134-2.308) 0.008
P for trend 0.012 0.011

Notes: OR, odds ratio; Cl, confidence intervals. OR with 95% Cl was estimated by multivariable logistic regression analysis adjusted for gender,
T2DM duration, BMI, SBP, DBP, BUN, Cr, ALB, hsCRP, LP(a), TC, HDL-C, LDL-C, and HbAlc. TyG index quartiles: TyG QI (TyG <8.67), TyG Q2
(8.67<TyG<9.13), TyG Q3 (9.13sTyG<9.63), TyG Q4 (TyG 29.63). Abbreviations as in Tables |.

Association Between Glycemic Control and DR Risk Stratified by TyG Index Quartiles
The association between glycemic control and DR was evaluated, stratified by TyG index quartiles. First, we assessed the
proportion of DR across TyG index quartiles within two glycemic control groups: HbAlc <7% and HbA lc >7% (Figure S1).
In the group with HbAlc >7%, the proportion of DR across TyG quartiles (Q1-Q4) was 50.31%, 43.93%, 50.57%, and
54.35%, respectively. These proportions with HbA 1¢ >7% were significantly higher than those in the group with HbAlc <7%,
where the corresponding DR proportions were 32.73%, 28.92%, 34.96%, and 33.33% (all P<0.05) (Figure S1).
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Figure 4 The proportion of diabetic retinopathy in HbAlc <7%, HbAlc 7-9%, and HbAlc >9% groups, stratified by TyG index quartiles. P<0.05 indicated a significant
difference in the proportion of DR among the different HbAlc groups. TyG index quartiles: TyG QI (TyG <8.67), TyG Q2 (8.67<TyG<9.13), TyG Q3 (9.13<TyG<9.63), TyG
Q4 (TyG 29.63). Abbreviations as in Table I.

Multivariate logistic regression analysis (Figure S2) further elucidated the association between glycemic control and
DR risk. Within the TyG Q1 group, individuals with HbAlc >7% had a 1.801-fold risk of DR (95% CI: 1.311-2.475,
P <0.001) compared to those with HbAlc <7%. A similar pattern was observed in the TyG Q2 group, where the risk of
DR was 1.640 times (95% CI: 1.125-2.393, P =0.010) among individuals with HbAlc >7%. However, this significant
difference in DR risk was not observed in the TyG Q3 and TyG Q4 groups.

Patients was further stratified into three HbAlc groups: HbAlc <7%, HbAlc 7-9%, and HbAlc >9%. As shown in
Figure 4, DR proportion significantly differed across HbAlc subgroups within each TyG index quartile (all P <0.05),
with the highest proportion consistently observed in the HbAlc >9% subgroup (55.23% in TyG Ql, 47.66% in TyG Q2,
55.36% in TyG Q3, and 57.72% in TyG Q4).

As showed in Table 6, multivariate logistic regression analysis revealed a significant upward trend in the risk of DR
with increasing HbA 1c levels across each TyG index quartile (all P for trend <0.05), using HbAlc <7% as the reference.
In TyG Q1, individuals with HbAlc >9% exhibited a 2.397-fold risk of DR (95% CI: 1.654-3.474, P <0.001) compared
to the reference group. Similar trends for patients with HbAlc >9% were observed in TyG Q2 (OR: 1.897, 95% CI:

Table 6 Glycemic Control in Relation to the Risk of Diabetic Retinopathy According to TyG Index Quartiles

Groups Case Number Multivariable Analysis Multivariable Analysis
(HbAIc <7% as Reference) | (HbAIlc 7-9% as Reference)
Total | Non-DR (%) DR (%) OR (95% CI) P-value OR (95% CI) P-value
TyG QI
HbAlc <7% 278 187(67.27%) 91(32.73%) Reference
HbAlc 7-9% | 471 251(53.29%) | 220(46.71%) | 1.488(1.055-2.097) 0.023 Reference
HbAlc >9% 344 154(44.77%) 190(55.23%) | 2.397(1.654-3.474) | <0.001 1.625(1.181-2.236) 0.003
P for trend <0.001
TyG Q2
HbAlc <7% 204 145(71.08%) 59(28.92%) Reference
HbAlc 7-9% | 441 264(59.86%) 177(40.14%) | 1.427(0.949-2.145) 0.087 Reference
HbAlc >9% 449 235(52.34%) | 214(47.66%) | 1.897(1.260-2.856) 0.002 1.298(0.945-1.782) 0.107
P for trend 0.007
(Continued)
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Table 6 (Continued).

Groups Case Number Multivariable Analysis Multivariable Analysis
(HbAIc <7% as Reference) | (HbAIlc 7-9% as Reference)
Total | Non-DR (%) DR (%) OR (95% CI) P-value OR (95% CI) P-value
TyG Q3
HbAlc <7% 123 80(65.04%) 43(34.96%) Reference
HbAlc 7-9% | 467 255(54.60%) | 212(45.40%) | 1.187(0.728-1.933) 0.492 Reference
HbAlc >9% 504 225(44.64%) | 279 (55.36%) | 1.964(1.190-3.241) 0.008 1.634 (1.194-2.236) 0.002
P for trend 0.002
TyG Q4
HbAlc <7% 57 38(66.67%) 19(33.33%) Reference
HbAlc 7-9% | 360 187(51.94%) 173(48.06%) | 1.346(0.675-2.685) 0.399 Reference
HbAlc >9% 674 285(42.28%) | 389 (57.72%) | 1.948(0.988-3.843) 0.054 1.458(1.064—1.998) 0.019
P for trend 0.023

Notes: TyG index, Triglyceride-glucose index; DR, diabetic retinopathy; OR, odds ratio. Cl, confidence intervals. OR with 95% Cl was estimated by
multivariable logistic regression analysis adjusted for gender, age, T2DM duration, BMI, SBP, DBP, BUN, Cr, ALB, hsCRP, LP(a), TC, HDL-C, LDL-C. TyG
index quartiles: TyG QI (TyG <8.67), TyG Q2 (8.67<TyG<9.13), TyG Q3 (9.13<sTyG<9.63), TyG Q4 (TyG 29.63). Abbreviations as in Tables I.

1.260-2.856, P =0.002) and TyG Q3 (OR: 1.964, 95% CI: 1.190-3.241, P =0.008) compared to those with HbAlc <7%.
However, in TyG Q4, no significant differences in DR risk were observed between the HbAlc 7-9% and HbAlc >9%
subgroups compared to HbAlc <7% group, respectively.

Furthermore, within the TyG Q3 and TyG Q4 groups, individuals with HbAlc >9% had a 1.634-fold (95% CI:
1.194-2.236, P =0.002) and 1.458-fold (95% CI: 1.064-1.998, P =0.019) risk of DR, respectively, compared to those
with HbAlc 7-9% (Table 6). A similar pattern was observed in the TyG QI group (OR: 1.625, 95% CI: 1.181-2.236,
P =0.003). However, no significant difference in DR risk between HbAlc 7-9% and HbAlc >9% was observed in the
TyG Q2 group.

Association Between TyG Index Quartiles and DR Risk Stratified by Glycemic Control
As shown in Figure S3, within the HbAlc >7% group, a significant difference in DR proportion was observed across
TyG index quartiles (P <0.001). The DR proportions in TyG Q2, TyG Q3, and TyG Q4 were 43.93%, 50.57%, and
54.35%, respectively, demonstrating a significant upward trend (P <0.05). Notably, within the HbAlc >7% group, the DR
proportion in TyG Q2 was significantly lower than that in TyG Q1 (50.31%, P =0.008), TyG Q3 (P =0.004), and TyG Q4
(P <0.001).

As detailed in Table S3, multivariate logistic regression analysis revealed that in the HbAlc >7% group, when TyG
QI was used as the reference, the OR for DR risk was 1.344 (95% CI: 1.039-1.738, P =0.024) for TyG Q4, with
a significant upward trend in DR risk as the TyG index increased (P for trend =0.005). Similarly, when TyG Q2 was used
as the reference, the ORs were 1.260 (95% CI: 1.015-1.564, P =0.036) for TyG Q3 and 1.570 (95% CI: 1.232-1.999,
P <0.001) for TyG Q4, respectively, with the risk of DR incidence continuing to show a significant increasing trend
(P for trend =0.001). In contrast, within the HbAlc <7% group, no significant differences were observed in either DR
proportion or DR risk evaluation across TyG quartiles.

Furthermore, when the HbAlc >7% group was subdivided into HbAlc 7-9% and >9% (Figure 5), significant
differences in DR proportion across TyG quartiles were observed only in the HbAlc >9% subgroup (P =0.009), with
no such differences in the HbAlc 7-9% subgroup. As shown in Figure 5, within the HbAlc >9% subgroup, DR
proportions in TyG Q1, Q2, Q3, and Q4 were 55.23%, 47.66%, 55.36%, and 57.72%, respectively. Notably, DR
proportion in TyG Q2 was significantly lower than in TyG Q4 (P <0.001).

As demonstrated in Table 7, multivariate logistic regression analysis revealed that in the HbAlc >9% group, using
TyG Q2 as the reference, the ORs for DR risk were 1.462 (95% CI: 1.077-1.984, P =0.015) for TyG Q3 and 1.635 (95%
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Figure 5 The proportion of diabetic retinopathy in TyG index quartiles, stratified by HbAlc<7%, HbAlc 7-9%, and HbAlc >9% groups. P<0.05 indicated a significant
difference in the proportion of DR among TyG index quartiles. TyG index quartiles: TyG QI (TyG <8.67), TyG Q2 (8.67<TyG<9.13), TyG Q3 (9.13<TyG<9.63), TyG Q4

(TyG 29.63). Abbreviations as in Table |.

CI: 1.187-2.251, P =0.003) for TyG Q4, with a significant upward trend in DR risk as the TyG index increased (P for
trend =0.007). In contrast, no significant differences in DR risk were observed across TyG quartiles in the HbAlc 7-9%

subgroup.

Table 7 The Logistic Regression Analysis for the Risk of Diabetic Retinopathy According to Glycemic Control and
TyG Index Quartiles

Groups Case Number Multivariable Analysis Multivariable Analysis
(TyG QI as Reference) (TyG Q2 as Reference)
Total | Non-DR (%) DR (%) OR (95% CI) P-value OR (95% CI) P-value
HbA1c<7%
TyG QI 278 187(67.27%) 91(32.73%) Reference
TyG Q2 204 145(71.08%) 59(28.92%) 1.033(0.642—-1.663) 0.893 Reference
TyG Q3 123 80(65.04%) 43(34.96%) 1.493(0.801-2.783) 0.208 1.370(0.752-2.497) 0.304
TyG Q4 57 38(66.67%) 19(33.33%) 1.960(0.699-5.494) 0.200 1.927(0.689-5.391) 0.211
P for trend 0.464 0.402
HbAIlc 7-9%
TyG QI 471 251(53.29%) 220(46.71%) Reference
TyG Q2 441 264(59.86%) 177(40.14%) | 0.965(0.712—1.308) 0.817 Reference
TyG Q3 467 255(54.60%) 212(45.40%) | 1.062(0.771-1.462) 0.713 1.066(0.778—1.462) 0.690
TyG Q4 360 187(51.94%) 173(48.06%) | 1.316(0.869-1.992) 0.195 1.291(0.861-1.935) 0.216
P for trend 0.467 0.447
HbAIc >9%
TyG QI 344 154(44.77%) 190(55.23%) Reference
TyG Q2 449 235(52.34%) 214(47.66%) | 0.702(0.503—0.979) 0.037 Reference
TyG Q3 504 225(44.64%) 279(55.36%) | 0.980(0.698-1.375) 0.905 1.462(1.077—1.984) 0.015
TyG Q4 674 285(42.28%) 389(57.72%) | 1.064(0.742—-1.526) 0.736 1.635(1.187-2.251) 0.003
P for trend 0.036 0.007

Notes: TyG index, Triglyceride-glucose index; DR, diabetic retinopathy; OR, odds ratio. Cl, confidence intervals. OR with 95% Cl was estimated by
multivariable logistic regression analysis adjusted for gender, age, T2DM duration, BMI, SBP, DBP, BUN, Cr, ALB, hsCRP, LP(a), TC, HDL-C, LDL-C.
TyG index quartiles: TyG QI (TyG <8.67), TyG Q2 (8.67<TyG<9.13), TyG Q3 (9.13<TyG<9.63), TyG Q4 (TyG 29.63). Abbreviations as in Tables |.
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Discussion

Recently, the TyG index has gained recognition as a more practical and reliable predictor of IR.*” Numerous studies have
been performed to evaluate the associations between TyG index and the risk assessment of diseases such as T2DM and
cardiovascular disease.”® >° Some studies have also explored the relationship between TyG index and the occurrence and
progression of DR.>®!'?! However, there is limited research on the interrelationships between TyG index, glucose
control, and DR risk.

A number of risk variables, such as gender, age, prolonged diabetes duration, inadequate glycemic management,
hypertension, dyslipidemia, obesity, and genetic factors, have been linked to the onset and progression of DR.>'~*? In the
study, the TyG index is significantly associated with the risk of DR, and this association varies by gender and age. The
association of TyG index with DR risk was more significant among female and elders (>59 years of age) patients.

In this study, the association among TyG index, glycemic control, and the risk of DR in T2DM patients was
evaluated. Overall, the TyG index demonstrated a significant positive association with DR risk. Patients with T2DM
and uncontrolled glycemia exhibited higher TyG index levels and an elevated risk of DR compared to those with
controlled glycemia. The RCS results revealed that when the TyG index exceeded 8.61, the risk of DR increased
significantly with further elevation of the TyG index. In this study, the positive association between TyG index levels and
DR risk was particularly evident in patients with HbAlc >9%. Among these individuals, the TyG index levels for TyG
Q2-Q4 were all >8.67, with corresponding DR proportions of 47.66%, 55.36%, and 57.72%, respectively. Multivariate
regression analysis demonstrated that the DR risk in the TyG Q3 and TyG Q4 groups was significantly higher than that in
the TyG Q2 group, indicating a clear positive association between rising TyG levels and increased DR risk. These
findings suggest that the TyG index may serve as a valuable tool for DR risk stratification and glycemic control
management in patients with T2DM.

At present, HbAlc is the metric used to date in clinical trials demonstrating the benefits of improved glycemic
control. HbAlc reflects average glycemia over approximately 3 months. HbAlc is the primary tool for assessing
glycemic control and has a strong predictive value for diabetes complications.”***** Achieving optimal glycemic control
remains a cornerstone in the prevention of DR.”> The relationship between glycemic control and DR is complex and
multifaceted.'’® Studies have shown that patients with diabetes who experience intermittent spikes in plasma glucose
levels are at a higher risk of adverse outcomes than those with consistently elevated plasma glucose levels.>> Prolonged
or uncontrolled hyperglycemia, recognized as the most consistent risk factor for DR, initiates a pro-inflammatory
response that contributes to the breakdown of the blood-retinal barrier (BRB).>’® This process results in a reduction of
tight junction proteins, loss of pericytes and increased vascular permeability.***' Maintaining good metabolic control
and achieving near-normal plasma glucose levels are essential for managing diabetes mellitus. This strategy has proven
effective in preventing microvascular complications, including vision loss associated with DR.** Although excess plasma
glucose is thought to drive DR, hyperglycemia accounts for only 11% of variability in its risk. Even when patients with
diabetes maintain similar levels of glycemic control, the progression of complications can vary significantly.**™*> This
suggests that factors beyond glycemic control may play a crucial role in the development and progression of complica-
tions in people with diabetes.

Hyperglycemia is not the only factor contributing to retinal damage. Insulin therapy in TIDM and hyperinsulinemia
in T2DM have also been implicated in both the onset and progression of retinopathy. In a representative sample of the US
population aged 40 years and older, incident retinopathy was observed in 9.4% of patients without diabetes.*® These
lesions were directly associated with HOMA-IR and were independent of HbAlc levels. Patients classified in the highest
category of IR were 64% more likely to have retinopathy compared to those in the lowest category. Research has shown
that the retina is intrinsically responsive to insulin, and IR in diabetes is linked to increased retinal inflammation.*’*® IR
plays a crucial role in the pathophysiology of metabolic disturbances and endothelial dysfunction. DR has recently been
identified as a neurovascular coupling impairment, encompassing both retinal neurodegeneration and vasculopathy.
While hyperglycemia has traditionally been considered the primary driver of diabetic complications, impaired insulin
signaling is also believed to contribute to retinal pathology. DR affects the retinal vasculature and can result in vision

loss. It has been suggested that IR exacerbates DR and may serve as an independent predictor of its progression.**->°
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The TyG index is an emerging marker of IR and is recognized as a composite biochemical indicator that reflects the
combined effects of glucose and lipids. Recent studies have shown a strong association between IR and DR.>®!!5!
A study by Neelam K et al’ showed that the TyG index is a valuable marker for optimizing risk stratification for DR
among 1,339 Singaporean patients with T2DM. The findings suggest that considering the TyG index as a secondary
treatment target could be beneficial for patients with well-controlled HbAlc levels. A meta-analysis revealed that
individuals with a higher TyG index are more likely to have an increased risk of DR compared to those with a lower
TyG index.® A nested case-control study conducted by Yao et al’' on Chinese T2DM inpatients demonstrated a strong
correlation between the TyG index and the severity of DR. Additionally, Zhou et al'' identified a U-shaped correlation
between the TyG index and the risk of DR, highlighting its potential predictive value in assessing this condition.

However, a study by Chiu et al'*

found that an increase in the TyG index was strongly associated with microalbuminuria
and the risk of cerebrovascular disease, yet it did not establish a significant link between the TyG index and DR. Some
research indicates that the dysregulation of intraretinal lipid transport may play a more critical role in the pathogenesis of
DR than the levels of plasma lipids The blood-retinal barrier shields the retina from potential damage caused by plasma
lipoproteins.®> However, apolipoprotein B can harm retinal capillaries, leading to extravasation, and its levels have been
associated with the severity of DR in patients with DM.>® Additionally, numerous confounding variables influence the
relationship between the TyG index and DR risk. The variables adjusted for in different studies were not consistent,
which may have affected the outcomes. Furthermore, variations in research designs, sample sizes, and statistical methods
may also contribute to discrepancies in study findings.

Our study has several strengths. First, to our knowledge, it is the first research to investigate the role of the TyG
index in relation to the risk of DR while considering glycemic control in patients with T2DM. We specifically
identified that uncontrolled glycemia, especially HbAlc >9%, was associated with an increased risk of DR among
individuals with a high TyG index. Second, we analyzed the TyG index both as a continuous and categorical variable
to assess trends, which enhances the reliability of our findings. Third, we conducted subgroup analyses and interaction
tests, identifying potential interactions with other variables, thereby further strengthening the credibility of our
results.”!

However, this study has several limitations. First, the TyG index may have been influenced by the use of
hypoglycemic and lipid-lowering medications. As a single-center and cross-sectional study, it is limited in its capacity
to establish the direction of the association or to infer causality. Prospective cohort studies are needed to evaluate the
association between the TyG index and DR risk. Second, we did not include the comorbidity information as
confounding factors, as obtaining this data accurately can be challenging, potentially introducing bias in the
assessment of DR. And most data on the duration of T2DM come from the patient’s statement, rather than reliable
follow-up data. In fact, accurately determining the actual duration of T2DM is difficult. The confounding variables in
our study primarily consisted of clinical characteristics and routine biochemical test results, which are readily
available in clinical practice but may still lead to some analytical biases. Finally, while the TyG index is a reliable
and convenient surrogate marker for IR, this study did not directly compare the TyG index with the gold standard for
measuring IR, limiting our ability to thoroughly elucidate the direct relationship between insulin resistance and
DR.G’I 1,12

In summary, our study has found a stronger association between glycemic control status and the risk of DR in patients
with T2DM who exhibit elevated TyG index levels. Additional research is necessary to validate specific glycemic control
strategies and HbA I ¢ targets, facilitated by the TyG index, in larger prospective studies. Furthermore, future prospective
and longitudinal studies should explore the effects and mechanisms of glucose control and improved insulin resistance on
DR risk in T2DM patients.

Conclusion

In this study, we demonstrated that the relationship between high TyG index and the risk of DR was more pronounced in
patients with uncontrolled glycemia, especially HbAlc >9%. This finding indicates that the TyG index could be
a valuable tool for risk stratification in managing glycemic control among patients with T2DM.
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