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Background: This study aimed to investigate the association between the triglyceride– 
glucose (TyG) index and diabetic retinopathy (DR) in Chinese patients with type 2 diabetes.
Methods: In this nested case–control study, all diabetic participants were registered hospi-
talizations during 2012–2018, including 596 with DR as cases and three matching controls 
per case. DR was assessed using Early Treatment Diabetic Retinopathy Study criteria. The 
TyG index was calculated: Ln (fasting blood glucose [mg/dL] × fasting triglycerides [mg/dL] 
÷ 2). Multivariate logistic regression, a receiver-operating characteristic (ROC) curve, linear 
regression models, and mediation analysis were used to explore associations.
Results: The TyG index was lower in DR and decreased as its severity advanced among 
2,112 subjects (P=0.005). After confounders (sex, duration of diabetes, use of antidiabetic 
agents, heart rate, systolic blood pressure, pulse pressure, height, weight, body-mass index, 
and glycated hemoglobin) had been accounted for, there were significant associations 
between the TyG index and any-severity DR (OR 0.83, 95% CI 0.73–0.95; P=0.006), as 
well as vision-threatening DR (VTDR; OR 0.53, 95% CI 0.36–0.76; P=0.001). ROC analysis 
indicated that the TyG index showed significant discriminatory ability in any-severity DR 
(area under curve [AUC] 0.534, P=0.015) and VTDR (AUC 0.624, P=0.001).
Conclusion: The TyG index was associated with the presence and severity of DR. Our 
findings suggest that the TyG index may become a useful biomarker in evaluating and 
following the presence of DR and VTDR.
Keywords: diabetic retinopathy, triglyceride–glucose index, type 2 diabetes, hospital-based 
nested case–control study

Introduction
A frequent chronic complication of diabetes, diabetic retinopathy (DR) is caused by 
lasting damage to retinal microcirculation.1–3 Based on numerous epidemiological 
studies and clinical trials, the presence and development of DR are complicated and 
are related to many factors, such as longer duration of diabetes, dysglycemia, or 
unstable blood pressure (BP).4–6 The homogeneity, pattern, and intensity of these 
factors vary considerably.4 Currently, screening and diagnosis of DR depends on retina 
photography, and there is no exact detectable biomarker to predict the existence of DR.

Microvascular complications of diabetes are considered consequences of chronic 
metabolic disturbances induced by dysglycemia,7 and as a causal factor, dysglycemia is 
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strongly implicated in diabetic complications, especially 
retinopathy.2 However, purported associations of total choles-
terol (TC) and triglycerides (TGs) with DR are still controver-
sial. Higher TC was supposed to be protective against DR in 
the Singapore Malay Eye Study,8 but a national study in South 
Korea found that there was no significant association between 
TC levels and DR.9 As for TGs, one cross-sectional study 
involving 13,473 participants found an independent positive 
relationship between TG levels and the risk of DR.6 

Conversely, Zhang et al found that Chinese with lower TG 
levels suffered from DR more frequently.5

To further clarify the influence of blood glucose and 
lipids in the presence and development of DR, the triglycer-
ide–glucose (TyG) index can be used, which is calculated on 
the basis of fasting glycemia (mg/dL) and TGs (mg/dL).10 As 
a parameter to evaluate cardiovascular and 
metabolic function, the TyG index is also thought to be 
relevant to insulin resistance (IR).10,11 Meanwhile, IR plays 
a pivotal role in the development of type 2 diabetes and its 
microvascular and macrovascular complications.12,13 

Recently, a retrospective cross-sectional study demonstrated 
that TyG was significantly associated with the risk of micro-
albuminuria and cerebrovascular disease, rather than DR, but 
these outcomes should be viewed with caution, due to study 
design, diagnostic methods, and adjusted confounders.14 

No relevant population-based or clinical investigation has 
focused on the impact of TyG on DR in patients with dia-
betes. In this study, we aimed to explore the relationship 
between the TyG index and DR by using comprehensive 
registry data with a nested case–control design in a study 
cohort of patients with type 2 diabetes in China.

Methods
Study Design
This was a hospital-based, nested, case–control study of all 
diabetes patients registered at the Diabetic Eye Disease Center 
and Department of Endocrinology and Metabolism of the First 
Affiliated Hospital of China Medical University. The authors 
identified 683 cases of any type of diabetes who had been 
diagnosed with DR during 2012–2018, and two researchers 
(LL and LTY) reviewed all clinical and biochemical informa-
tion to ascertain DR diagnosis. Subsequently, 87 cases were 
excluded: not type 2 diabetes, pregnant or lactatioing, major 
mental or physical illness for >3 years (including cerebral 
infarction, myocardial infarction, chronic kidney disease, 
malignant tumors, severe organ dysfunction, and mental dis-
orders), and incomplete information, leaving 596 (87.3%) 

confirmed cases of DR with type 2 diabetes. Type 2 diabetes 
was defined following American Diabetes Association 
standards.15 The first test during hospitalization at the time 
of diagnosis was used as the parameter for these cases. We set 
a ratio of one case to three controls and randomly selected 
controls from the same hospital registry, using individual 
matching by year of birth (5-year intervals) and sex. None of 
the controls had a history of DR. Exclusion criteria for the 
control group were the same as those of the case group, so 272 
controls were excluded, leaving 1,516 (84.8%) controls eligi-
ble for analysis. The parameters of control group were 
obtained from the first assessment results at the time of hospi-
talization of corresponding age-groups. Ultimately, 2,112 
adults omprising cases and controls were analyzed 
(Supplementary Material Figure S1). All participants provided 
informed consent.

Each participant had a standardized assessment done after 
admission, covering anthropometric and clinical parameters: 
age, sex, height, weight, body mass index (BMI), heart rate 
(HR), systolic BP (SBP), diastolic BP (DBP), pulse pressure 
(PP), smoking and alcohol consumption, duration of diabetes, 
and use of antidiabetic agents (hypoglycemic agents and insu-
lin use). BMI was calculated using weight over height (kg/m2). 
BP was estimated three times and the mean recorded. PP was 
measured as SBP minus DBP. Smokers were defined as self- 
reported history of or current smoking, regardless of frequency, 
and the definition of drinkers was similar to smokers. Fasting 
(≥ 8 hours) venous blood parameters comprised glycated 
hemoglobin (HbA1c), fasting plasma glucose (FPG), TC, 
TGs, high density–lipoprotein cholesterol (HDL-C), low den-
sity–lipoprotein cholesterol (LDL-C), and insulin levels. The 
TyG index was calculated using Ln (fasting glucose [mg/dL] × 
fasting TG levels (mg/dL ÷ 2).10 IIR was calculated based on 
homoeostasis-model assessment (HOMA): (fasting plasma 
insulin [mU/L] × FPG (mmol/L] ÷ 22.5).16 All laboratory 
outcomes were measured at the Endocrinology Laboratory of 
China Medical University.

Exposure and Testing
Two-field fundus photographs centered on the optic disk and 
fovea were taken by trained photographers, using 
a nonmydriatic fundus camera (TRC-NW 200; Topcon, 
Tokyo, Japan). The presence of DR was assessed blindly by 
ophthalmologists at the Department of Ophthalmology, First 
Affiliated Hospital of China Medical University following 
Early Treatment for Diabetic Retinopathy Study (ETDRS) 
criteria.17 DR was diagnosed as existentd if characteristic 
lesions were present: cotton-wool spots, hard exudates, 

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                           

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2021:14 1548

Yao et al                                                                                                                                                               Dovepress

https://www.dovepress.com/get_supplementary_file.php?f=294408.docx
http://www.dovepress.com
http://www.dovepress.com


intraretinal microvascular abnormalities, microaneurysms, 
venous bleeding, hemorrhages, or new vessels. Data from the 
worse eye were assessed. Retinopathy was classified according 
to the modified Airlie House classification system.18 DR sever-
ity was classed as absent, mild nonproliferative DR (NPDR), 
moderate NPDR, severe NPDR, and proliferative DR (PDR). 
Vision-threatening DR (VTDR) was defined as the presence of 
severe NPDR, PDR, or clinically significant macular edema.

Statistical Analysis
Analysis was performed using SPSS 23.0. Data are given as 
means ± SD (continuous variables) or percentages (categorical 
variables), unless otherwise indicated. For continuous vari-
ables, one-way ANOVA or Jonckheere–Terpstra tests were 
performed for normally distributed variables with homoge-
neous or heterogeneous variance, while Kruskal–Wallis 
H tests used for abnormal distribution. For categorical vari-
ables, comparisons were made using χ2 and Fisher’s exact 
tests. Quartiles were defined as the 25th, 50the, and 75th 
percentiles of the TyG index and treated as categorized vari-
ables (quartile 1 [Q1] ≤8.85; quartile 2 [Q2] 8.86–9.33, quar-
tile 3 [Q3] 9.34–9.92, quartile 4 [Q4] >9.92), with the lowest 
tertile being the reference tertile. Logistic regression models 
(model 1 adjusted for age and sex, model 2 adjusted for age, 
sex, duration of diabetes, use of antidiabetic agents, HR, SBP, 
PP, height, weight, BMI, and HbA1c, model 3 adjusted for all 
aforementioned confounders and TC) were used to assess 
correlations between DR-severity strata and the TyG index 
individually. A receiver-operating characteristic (ROC) curve 
was used to estimate the predictive value of the TyG index and 
related anthropometric indices, as well as calculate optimal 
cutoff points. Theese cutoff points were determined by the 
Youden index. Linear regression was conducted to reveal 
associations between the TyG index and DR-related variables 
in models 2 and 3. Mediation analysis was implemented to 
estimate the direct correlation between DR and the TyG index 
and their indirect linkage through possible mediating index. 
Mediation analysis was performed using linear regression. 
Proportion of mediation by intermediate variable was defined 
as ratio of indirect effect to total effect. P<0.05 was considered 
statistically significant.

Results
Characteristics of all individuals are shown in Table 1. 
Among confirmed cases, 446 (74.8%) were classified as 
mild NPDR, 87 (14.6%) moderate NPDR, and 63 (10.6%) 
VTDR. Age, duration of diabetes, use of antidiabetic 
agents, HR, SBP, PP, height, weight, BMI, HbA1c, FPG, 

TGs, HOMA-IR levels, and TyG-index levels were corre-
lated with DR severity. TyG-index levels for participants 
with non-DR, mild NPDR, moderate NPDR, and VTDR 
were 9.44±0.83, 9.39±0.78, 9.28±0.73, and 9.08±0.54, 
respectively. TyG-index values were lower in DR subjects 
compared with non-DR subjects (9.34±0.76 vs 9.44±0.83, 
P=0.015), and showed significant association with DR- 
severity strata among all observed biochemical parameters 
(P=0.005). In Supplementary Material Table S1, clinical 
characteristics are compared among quartiles of the TyG 
index. All eight blood biochemical parameters (HbA1c, 
FPG, TC, TGs, HDL, LDL, insulin, and HOMA-IR) were 
related to quartiles significantly (all P<0.001). DR severity 
increased with descending TyG-index quartiles (P=0.007).

Table 2 shows the relationship between the TyG index 
and presence of DR by the logistic regression models. 
In model 1, the relationship between the TyG index and 
presence of DR was significant (OR 0.85, 95% CI 0.76– 
0.96, P=0.009). The relationship between the TyG index 
and VTDR was also significant (OR 0.54, 95% CI 0.38– 
0.76; P<0.001), but not significant for mild NPDR or 
moderate NPDR. After further adjustment for confounders 
factors in model 3 — duration of diabetes, use of antidia-
betic agents, HR, SBP, PP, height, weight, BMI, HbA1c, 
and TC — the TyG index was still significantly correlated 
with VTDR (OR 0.53, 95% CI 0.36–0.79; P=0.001) and 
any-severity DR (OR 0.83, 95% CI 0.72–0.95; P=0.007).

Associations between TyG-index quartiles and DR 
severity are shown in Table 3. After adjustment for age, 
sex, duration of diabetes, use of antidiabetic agents, HR, 
SBP, PP, height, weight, BMI, HbA1c, and TC, ORs for 
any-severity DR and VTDR associated with the highest 
quartile of the TyG index were 0.66 (95% CI 0.48–0.89) 
and 0.14 (95% CI 0.04–0.48), respectively. There were 
also dose–response relationships for any-severity DR 
(Ptrend=0.006) and VTDR (Ptrend=0.002).

Predictive values of the TyG index and other parameters 
in the presence of any-severity DR and VTDR are shown in 
Table 4 and Supplementary Material Figure S2. According 
to ROC-curve analysis, FPG, TGs, HOMA-IR, levels, and 
the TyG index were significantly associated with DR sever-
ity (all P<0.05). The TyG index showed significant discri-
minatory ability in any-severity DR (area under curve 
[AUC] 0.534, P=0.015) and VTDR (AUC 0.624, 
P=0.001), respectively. Optimal cut-off points estimated 
withthe Youden index for any-severity DR and VTDR 
according to the TyG index were 9.67 and 9.77, 
respectively.
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Table 5shows the mediation analysis between DR, 
HOMA-IR, and the TyG index through linear regression. 
The framework of the mediation analysis is shown in 
Supplementary Material Figure S3. Model 1 adjusted by 
age, gender, duration of diabetes, use of antidiabetic agents, 
HR, SBP, PP, height, weight, BMI, and HbA1c. HOMA-IR 

was considering a mediator, and the direct-effect coefficient 
between DR and the TyG index was –0.037 (P=0.042). 
Indirect-effect coefficients of DR with HOMA-IR and 
HOMA-IR withthe TyG index were –0.043 (P=0.045) and 
0.466 (P<0.001), respectively. The proportion of mediation 
was 35.1%. Outcomes in model 2 were similar.

Table 1 Characteristics of study participants by presence and severity of DR

Overall 
(n=2,112)

Non-DR 
(n=1,516)

Mild NPDR 
(n=446)

Moderate NPDR 
(n=87)

VTDR  
(n=63)

P

Age (years) 56.08±13.85 55.32±14.36 57.11±12.46 61.89±11.37 58.94±10.75 <0.001

Sex (male), n (%) 1,223 (57.9) 896 (59.1) 252 (56.5) 46 (52.9) 29 (45.0) 0.122

Duration of diabetes, n (%) <0.001
<5 years 911 (43.1) 721 (47.6) 154 (34.5) 18 (20.7) 18 (28.6)

5–<10 years 511 (24.2) 359 (23.7) 120 (26.9) 20 (23.0) 12 (19.0)

10–≤20 years 566 (26.8) 361 (23.8) 140 (31.4) 38 (43.7) 27 (42.9)
20 years 124 (5.9) 75 (4.9) 32 (7.2) 11 (12.6) 6 (9.5)

Antidiabetic-agent use 
(yes), n (%)

2,027 (96.0) 1,441 (95.1) 437 (98.0) 87 (100) 62 (98.4) 0.006

HR (bpm) 80.50±11.77 80.09±11.14 81.44±13.84 81.43±9.96 82.54±12.34 0.005

SBP (mmHg) 134.63±18.34 133.27±17.97 137.35±18.27 142.36±21.32 137.57±18.59 <0.001

DBP (mmHg) 82.67±11.20 82.48±11.15 82.98±11.22 83.83±12.38 83.33±10.63 0.591

PP (mmHg) 51.96±15.15 50.78±14.81 54.37±14.86 58.53±19.31 54.24±14.36 <0.001

Height (cm) 167.53±8.52 167.90±8.55 166.92±8.31 165.74±8.35 165.64±8.78 0.007

Weight (kg) 72.24±14.11 72.92±14.50 70.82±13.26 68.31±11.08 71.33±12.70 0.002

BMI (kg/m2) 25.63±4.00 25.76±4.15 25.29±3.56 24.82±3.32 25.97±3.96 0.030

Smoker (yes), n (%) 534 (25.3) 396 (26.1) 97 (21.7) 25 (28.7) 16 (25.4) 0.255

Drinker (yes), n (%) 414 (19.6) 304 (20.1) 80 (17.9) 20 (23.0) 10 (15.9) 0.53,8

HbA1c, %, (mmol/mol) 8.46±2.39 (69.0 

±26.1)

8.47±2.23 (69.1 

±24.3)

8.60±2.94 (70.5 

±32.1)

7.84±2.16 (62.2 

±23.6)

8.24±2.01 (66.5 

±21.9)

0.046

FPG (mg/dL, mmol/L) 166.79±64.23 

(9.27±3.57)

168.76±65.28 

(9.38±3.63)

166.65±63.99 

(9.26±3.55)

153.09±54.68  

(8.50±3.04)

139.10±40.52 

(7.73±2.25)

0.013

TC (mmol/L) 4.81±1.39 4.82±1.20 4.75±1.24 5.04±3.63 4.59±0.95 0.070

TGs (mg/dL) 195.87±150.99 200.73±153.89 189.63±152.17 176.99±117.41 149.40±93.27 0.010

HDL-C (mmol/L) 1.09±0.39 1.08±0.37 1.10±0.47 1.12±0.29 1.12±0.32 0.661

LDL-C (mmol/L) 3.03±0.99 3.04±0.98 3.04±1.05 2.93±0.93 2.98±0.87 0.728

Insulin (mU/L) 11.81±6.67 11.95±6.78 11.45±6.63 11.33±4.61 11.52±6.50 0.464

HOMA-IR 4.91±3.53 5.02±3.57 4.79±3.64 4.39±2.53 3.97±2.46 0.011

TyG index 9.41±0.81 9.44±0.83 9.39±0.78 9.28±0.73 9.08±0.54 0.005

Abbreviations: DR, diabetic retinopathy; NPDR, non-proliferative DR; VTDR, vision-threatening DR; HR, heart rate; SBP, systolic blood pressure; DBP, diastolic BP; PP, 
pulse pressure; BMI, body-mass index; HbA1c, glycated hemoglobin; FPG, fasting plasma glucose; TC, total cholesterol; TGs, triglycerides; HDL-C, highdensity–lipoprotein 
cholesterol; LDL-C, lowdensity–lipoprotein cholesterol; HOMA-IR, homeostasis-model assessment of insulin resistance; TyG, triglyceride–glucose.
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Supplementary Material Table S2 shows the correla-
tions between the TyG index and biochemical factors 
regarding DR. Univariate linear regression showed that 
duration of diabetes, SBP, weight, HbA1c, FPG, TC and 
TGs had positive correlations with the TyG index. 
Conversely, the TyG index was inversely associated with 
age, sex, antidiabetic-agent use, PP, height, and BMI. On 
stepwise linear regression, only FPG, TC, and 
TGs showed significantly positive associations (all 
P<0.001). Associations of FPG and TGs with the TyG 
index on standardized partial regression analyses are 
shown in Supplementary Material Figure S4. 
Supplementary Material Table S3 summarizes further 
associations on stratified analysis for FPG, TC, TGs, and 
HOMA-IR. Although low TyG-index values were related 

to higher risk of DR in all strata, the inverse association 
between the TyG index and risk of any-severity DR was 
more pronounced in participants with high levels of FPG 
(Ptrend=0.029) and TC (Ptrend=0.006). In addition, multi-
plicative interactions between the TyG index and FPG 
(P=0.010), TGs (P=0.018), and HOMA-IR (P=0.027) for 
any-severity DR was detected.

Discussion
In this large-scale, hospital-based, nested case–control 
study, we assessed TyG-index levels in Chinese adults 
with type 2 diabetes, and a significant dose–response rela-
tionship was identified between the TyG index and the risk 
of DR. When stratified by disease severity, the TyG index 
had a significant association with VTDR, but not mild 

Table 2 Associations between TyG index and various stages of DR after controlling for confounding factors

Mild NPDR Moderate NPDR VTDR Any DR

OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P

Model 1 0.92 (0.80–1.05) 0.198 0.78 (0.59–1.03) 0.081 0.54 (0.38–0.76) <0.001 0.85 (0.76–0.96) 0.009

Model 2 0.88 (0.76–1.01) 0.073 0.88 (0.64–1.20) 0.417 0.53 (0.36–0.76) 0.001 0.83 (0.73–0.95) 0.006
Model 3 0.89 (0.76–1.03) 0.114 0.84 (0.61–1.15) 0.273 0.53 (0.36–0.79) 0.001 0.83 (0.72–0.95) 0.007

Notes: Model 1 adjusted for age and sex; model 2 adjusted for age, sex, duration of diabetes, use of antidiabetic agents, HR, SBP, PP, height, weight, BMI, 
and HbA1c; model 3 adjusted for age, sex, duration of diabetes, use of antidiabetic agents, HR, SBP, PP, height, weight, BMI, HbA1c, and TC. 
Abbreviations: TyG, triglyceride-glucose index; DR, diabetic retinopathy; NPDR, nonproliferative DR; VTDR, vision-threatening DR.

Table 3 Associations between quartiles of TyG index and various stages of DR after controlling for confounding factors

Mild NPDR Moderate NPDR VTDR Any DR

OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P

Model 1 TyG Q1 1.00 1.00 1.00 1.00
TyG Q2 1.08 (0.80–1.45) 0.612 1.08 (0.61–1.90) 0.788 1.10 (0.59–2.05) 0.766 1.08 (0.83–1.41) 0.549

TyG Q3 1.07 (0.80–1.44) 0.648 0.67 (0.36–1.27) 0.222 0.90 (0.47–1.72) 0.741 0.99 (0.76–1.29) 0.921

TyG Q4 0.82 (0.60–1.11) 0.201 0.68 (0.37–1.28) 0.231 0.14 (0.04–0.47) 0.002 0.71 (0.54–0.94) 0.016

Ptrend=0.178 Ptrend=0.118 Ptrend=0.001 Ptrend=0.010

Model 2 TyG Q1 1.00 1.00 1.00 1.00
TyG Q2 1.03 (0.76–1.39) 0.874 1.07 (0.60–1.91) 0.825 1.06 (0.56–1.99) 0.866 1.03 (0.79–1.35) 0.808
TyG Q3 1.01 (0.74–1.37) 0.957 0.76 (0.39–1.47) 0.410 0.88 (0.45–1.72) 0.697 0.95 (0.72–1.25) 0.723

TyG Q4 0.73 (0.53–1.01) 0.060 0.85 (0.43–1.68) 0.634 0.13 (0.04–0.49) 0.001 0.66 (0.49–0.89) 0.007

Ptrend=0.057 Ptrend=0.465 Ptrend=0.001 Ptrend=0.005

Model 3 TyG Q1 1.00 1.00 1.00 1.00
TyG Q2 1.03 (0.76–1.40) 0.847 1.02 (0.57–1.83) 0.949 1.07 (0.56–2.01) 0.845 1.03 (0.79–1.35) 0.829

TyG Q3 1.02 (0.75–1.39) 0.910 0.72 (0.37–1.40) 0.331 0.89 (0.45–1.76) 0.734 0.95 (0.72–1.25) 0.698

TyG Q4 0.74 (0.53–1.05) 0.089 0.77 (0.38–1.54) 0.453 0.14 (0.04–0.48) 0.002 0.66 (0.48–0.89) 0.007

Ptrend=0.088 Ptrend=0.321 Ptrend=0.002 Ptrend=0.006

Notes: Model 1 adjusted for age and sex; model 2 adjusted for age, sex, duration of diabetes, use of antidiabetic agents, HR, SBP, PP, height, weight, BMI, 
and HbA1c; model 3 adjusted for age, sex, duration of diabetes, use of antidiabetic agents, HR, SBP, PP, height, weight, BMI, HbA1c, and TC. 
Abbreviations: TyG, triglyceride–glucose; DR, diabetic retinopathy; NPDR, nonproliferative DR; VTDR, vision-threatening DR.
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NPDR or moderate NPDR. In addition, there were signifi-
cant multiplicative interactions between the TyG index and 
FPG, TGs, and HOMA-IR on any-severity DR, which may 
explain the association between decreased TyG index and 
presence of DR in Chinese adults with type 2 diabetes. 
Compared with other biochemical blood parameters, such 
as FPG and TGs, the TyG index had a predictive value 
regarding the management of DR and VTDR in patients 
with type 2 diabetes. TyG-index cutoff points for indicat-
ing the danger of DR and VTDR were 9.67 and 9.77, 
respectively. Mediation analysis was conducted between 
both DR and HOMA-IR and the TyG index, and we found 
that HOMA-IR had significant mediating effects in the 
correlation between DR and the TyG index.

Generally, DR symptoms affect about 35% of diabetic 
patients, and their individual lifetime morbidity risk is 50%– 
60%, gradually resulting in visual deterioration and vision 
loss.1,4 This indicates the potential for expenditure savings 
with early retinal screening programs. Although HbA1c level 

is considered an evaluation standard for diabetes manage-
ment, diabetes is also a heterogeneous syndrome featuring 
anomalous glucose and lipid metabolism.1–3

Previous studies have considered that the TyG index 
was predictive of the development of cardiovascular 
events and nonalcoholic fatty-liver disease19,20 and related 
to IR.10,11 In contrast to our findings, a retrospective cross- 
sectional study proposed that the TyG index was not 
associated with DR.14 These inconsistent results may be 
due to differences in participant characteristics and study 
design. Notably, such findings should be interpreted with 
cautiou, due to unadjusted variables, such as duration of 
diabetes, IR, or DR severity. In our study, the nested case– 
control design enabled us to select all DR cases with 
matched control subjects to avoid the selection bias. We 
adjusted for all potential confounders. According to our 
findings, it is reasonable to speculate that variations in the 
TyG index may be relevant for HOMA-IR level–induced 
DR. It is known that IR is associated with type 2 diabetes 

Table 4 Prediction of DR and VTDR by TyG index and four biochemical blood parameters

Cases/controls, n AUC (95% CI) P Cutoff Sensitivity Specificity

DR 596/1516
HbA1c, %, (mmol/mol) 0.515 (0.487–0.542) 0.296 9.05 (75.4) 0.350 0.696

FPG (mg/dL, mmol/L) 0.529 (0.502–0.556) 0.035 182.79 (10.16) 0.354 0.703

TGs (mg/dL) 0.533 (0.507–0.560) 0.017 170.36 0.443 0.629
HOMA-IR 0.534 (0.507–0.561) 0.016 3.47 0.588 0.480

TyG index 0.534 (0.507–0.561) 0.015 9.67 0.363 0.710

VTDR 63/1516

HbA1c, %, (mmol/mol) 0.526 (0.458–0.594) 0.485 10.05 (86.3) 0.232 0.873
FPG (mg/dL, mmol/L) 0.608 (0.550–0.666) 0.004 167.85 (9.33) 0.420 0.825

TGs (mg/dL) 0.588 (0.528–0.648) 0.018 210.19 0.316 0.873

HOMA-IR 0.580 (0.513–0.647) 0.031 3.83 0.513 0.651
TyG index 0.624 (0.569–0.679) 0.001 9.77 0.319 0.937

Abbreviations: DR, diabetic retinopathy; VTDR, vision-threateningDR; TyG, triglyceride–glucose; AUC, area under curve; HbA1c, glycated hemoglobin; FPG, fasting plasma 
glucose; TGs, triglycerides; HOMA-IR, homeostasis-model assessment of insulin resistance.

Table 5 Direct and indirect effects of DR on TyG index with HOMA-IR

Model 1 Model 2

β# P β# P

Total effect c –0.057 0.006 Proportion of mediation 35.1%‡ –0.055 0.006 Proportion of mediation 36.0%‡

Direct effect c’ –0.037 0.042 –0.035 0.044

Indirect effect a –0.043 0.045 –0.043 0.047
Indirect effect b 0.466 <0.001 0.457 <0.001

Notes: Model 1 adjusted by age, sex, duration of diabetes, use of antidiabetic agents, HR, SBP, PP, height, weight, BMI, and HbA1c; model 2 adjusted by age, sex, duration of 
diabetes, use of antidiabetic agents, HR, SBP, PP, height, weight, BMI, HbA1c, and TC. #Standardized β coefficients (total, direct, and indirect effects) derived from regression- 
based mediation analysis. ‡Calculated by a�b

a�bð Þþc0 . 
Abbreviations: DR, diabetic retinopathy; TyG, triglyceride–glucose; HOMA-IR, homeostasis-model assessment of insulin resistance.
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and lipids,12,13,21 which is one of the causes of microan-
giopathy and macroangiopathy in type 2 diabetes. 
Moreover, as a mediator of the effect between DR and 
the TyG index, HOMA-IR has also been proved to be 
associated with cardiovascular risk.22 Patients with DR 
have two to four times the risk of developing cardiovas-
cular events as those without DR.23 PStudies have 
revealed that IR is correlated with severe DR in type 1 
diabetes, especially in PDR.24,25 HOMA-IR is calculated 
based on FPG and insulin,16 mainly reflecting the state of 
glucose metabolism, while the TyG index is calculated on 
the basis of FPG and TGs,10 representing the joint effects 
of glucose and lipids.

Several studies have suggested that the TyG index 
should be considered a candidate parameter for classifying 
metabolic status,10,26 with its fluctuations over time alter-
ing the prevalence and danger of diabetes.27 Type 2 dia-
betes commonly coexists with dyslipidemia, known for 
being an endothelial aggressors.28 Lipid-induced athero-
sclerosis is one of the dominant pathological factors of 
DR.29 Dysglycemia expedites oxidative stress, endothelial 
dysfunction, and inflammatory reactions,30–32 which are 
associated with progression of microangiopathic complica-
tions. The combination of glucotoxicity and lipotoxicity 
stimulates reactive oxygen–species production in mito-
chondria, and brings further exacerbation of endothelial 
dysfunction.33 In the eye, microcirculation changes caused 
by capillary damage are related to retinal hypoxia and 
metabolic abnormalities,34 also promoting vision loss 
through inflammation, macular edema, and capillary 
proliferation.3 Risk factors related to metabolic diseases, 
including dysglycemia and dyslipidemia, are considered to 
lead to the presence of DR.35

The strengths of this study include the fact that cases 
and controls were matched in the same registry data set by 
important confounders, including age and sex, large sam-
ples of comprehensive variables ensured the authenticity 
and reliability of the findings, and associations between 
the TyG index and DR were adjusted for multiple factors 
to minimize the effects of these confounders and verify the 
stability of outcomes. However, several limitations should 
be taken into account. First, two-field fundus 
photography was used to assess the presence of DR, 
which might have affected evaluation of DR severity, 
especially where pathological lesions were located in the 
peripheral areas, or mild NPDR. Recommended by the 
ETDRS, highly sensitive seven-field fundus photographs 
play a valuable role in providing a more accurate 

assessment of DR. Second, participants with chronic kid-
ney disease were excluded, and thus potential confoun-
ders, such as urinary microalbumin and serum creatinine, 
were not adjusted for. Third, all participants in this study 
were Chinese type 2 diabetes inpatients. Based on char-
acteristic features, the findings may not be applicable to 
other ethnic and nonhospitalized patients.

Conclusion
The TyG index was strongly associated with the presence 
of DR, especially VTDR. More importantly, the evidence 
demonstrated that the TyG index was an affordable and 
easily utilized laboratory parameter in clinical practice and 
could be expected to become a potential indicator for early 
warning of DR and VTDR in patients with type 2 diabetes. 
Further research is warranted to explore the pathological 
role of the TyG index and test its application value in the 
onset and development of DR so as to improve the prog-
nosis of these patients and prevent the progression of DR.

Abbreviations
AUC, area under curve; BMI, body-mass index; DBP, 
diastolic blood pressure; DR, diabetic retinopathy; 
ETDRS, Early Treatment for Diabetic Retinopathy 
Study; FPG, fasting plasma glucose; HbA1c, glycated 
hemoglobin; HDL-C, high density–lipoprotein cholesterol; 
HOMA-IR, homeostasis-model assessment of insulin 
resistance; HR, heart rate; IRB, institutional review 
board; LDL-C, low density–lipoprotein cholesterol; 
NPDR, nonproliferative DR; PDR, proliferative DR; PP, 
pulse pressure; ROC, receiver-operating characteristic; 
ROS, reactive oxygen species; SBP, systolic BP; TC, 
total cholesterol; TGs, triglycerides; TyG, triglyceride– 
glucose; VEGF, vascular endothelial growth factor; 
VTDR, vision-threatening DR.
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