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Background: The triglyceride-glucose (TyG) index is a novel marker of insulin

resistance associated with carotid vascular disease; however, its role in type 2

diabetes mellitus (T2DM) remains unclear.

Methods: This retrospective study enrolled patients with T2DM who underwent

repeated hospitalizations at our hospital between 2014 and 2024. Participants

were stratified into tertiles based on TyG index values. Multivariable regression

analyses were performed to assess the association between TyG index levels and

carotid plaque progression.

Results: A total of 548 patients with T2DM (55.93 ± 12.26 years, 60.4% males)

were included, with a median follow-up time of 4 (2–7) years. The prevalence of

carotid plaque progression increased stepwise with higher TyG tertiles (45.9% vs.

62.6% vs. 57.4%; p = 0.004), and the growth rates of bilateral plaque length and

width also increased (all p < 0.05). The positive association between the TyG

index and the growth rates of left carotid plaque length, left width, and right width

remained significant in the fully adjusted model (TyG, per 1-unit increase:

0.197 mm vs. 0.196 mm vs. 0.189 mm; tertiles of TyG: 0.156 mm vs. 0.162 mm

vs. 0.164 mm; all p < 0.05). After multivariable adjustment, Cox regression

analysis showed that higher TyG index levels were associated with 1.261-fold,

1.244-fold, and 1.378-fold increased risks of carotid plaque progression in

patients with T2DM (all p < 0.05). ROC curve analysis indicated that the TyG

index exhibited modest predictive value for carotid plaque progression in

patients with T2DM, with an AUC of 0.556 (p = 0.024). Adding the TyG index
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to the predictive model improved the C-statistic (0.624 vs. 0.649; p < 0.001),

NRI = 0.211 (p = 0.015), and IDI = 0.020 (p < 0.001).

Conclusion: In patients with T2DM, a higher TyG index is an independent risk

factor for carotid plaque progression.
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Introduction

Insulin resistance, characterized by diminished efficiency of

insulin in lowering blood glucose within the body, is one of the

fundamental mechanisms underlying the pathogenesis of type 2

diabetes mellitus (T2DM) (1). In recent years, insulin resistance has

also been recognized as a risk factor for vascular complications

involving both macrovascular and microvascular diseases, and it

contributes to the pathogenesis of diabetic nephropathy,

retinopathy, and peripheral vascular disease in T2DM (2, 3).

The hyperinsulinemic–euglycemic clamp, which involves

continuous infusion of insulin and glucose to maintain normal blood

glucose and assess insulin sensitivity by the glucose infusion rate, is the

gold standard for determining insulin resistance. However, this test is

operationally complex and costly, making it impractical for routine

clinical research. The homeostasis model assessment of insulin

resistance (HOMA-IR) is one of the most widely used indicators in

clinical practice, yet it remains inaccessible in many primary hospitals

due to the inability to measure insulin levels. Therefore, the

triglyceride–glucose (TyG) index, as a novel marker, can be widely

applied in clinical settings (4).

Previous studies have shown that the TyG index has good

specificity and sensitivity in evaluating insulin resistance (5). It may

serve as a dose–response indicator for carotid plaque in Chinese

populations (6). Additionally, it is capable of predicting adverse

cardiovascular events in patients with diabetes and acute coronary

syndrome (ACS) (7), and is an independent risk factor for in-stent

restenosis (ISR) after stent implantation in ACS (8).

However, there is currently a lack of research on the predictive value

of the TyG index for carotid plaque progression, particularly in T2DM

populations. This study aims to investigate the association between the

TyG index and carotid plaque progression in patients with T2DM.
Methods

Study population

A total of 2,542 patients with type 2 diabetes mellitus (T2DM)

who had been hospitalized at least twice in the Department of

Endocrinology of our hospital between 2014 and 2024 and
02
underwent carotid ultrasound examination were initially screened.

For patients with multiple hospitalizations, only the examination

results from the hospitalization with the longest follow-up duration

were adopted. After applying inclusion and exclusion criteria, 548

patients were ultimately enrolled.

The inclusion criteria were as follows: (1) meeting the

diagnostic criteria for T2DM.

The exclusion criteria were as follows: (1) type 1 diabetes,

gestational diabetes mellitus, latent autoimmune diabetes in adults

(LADA), other specific types of diabetes, or acute diabetic

complications such as diabetic ketoacidosis (DKA) and

hyperosmolar hyperglycemic state (HHS); and (2) acute hepatic

or renal insufficiency, infections, or other stress conditions.
Survey and measurements

Basic demographic information, including gender, age, height,

weight, disease duration, smoking history, and alcohol

consumption history, was collected through medical history

taking. Blood pressure was measured using an electronic

sphygmomanometer in a standardized manner. After an 8–12 h

fast, 4–5 mL of venous blood was collected in the morning and

tested in our hospital’s Laboratory Department using a Siemens

fully automated biochemical analyzer. Routine testing indicators

included fasting blood glucose (FBG), triglycerides (TG), lipid

profile, and liver and kidney function.

Carotid ultrasounds were performed by trained sonographers

using a Toshiba (Japan) Aplio 500 color Doppler ultrasound device.
Calculation formula and indicator
definitions

Body mass index (BMI) = weight/height² (kg/m²). TyG index =

ln[fasting TG (mg/dL) × FBG (mg/dL)/2] (5). Based on baseline

TyG index tertiles, the subjects were divided into three groups: T1:

(TyG ≤ 9.04), T2:(9.04 < TyG ≤ 9.72), and T3: (TyG > 9.72). Carotid

plaque progression was defined as new carotid plaque development

or an increase in plaque length or width exceeding 50% from

baseline measurements.
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Statistical analysis

Statistical analyses were performed using SPSS 27.0.

Continuous data are presented as mean±standard deviation or

median and interquartile range, depending on the normality of

the distribution. Comparisons of continuous variables across

multiple groups were conducted using one-way ANOVA, while

categorical variables were analyzed using variance tests.

Linear regression models were used to analyze the relationship

between the TyG index and the growth rate of plaque length or

width. Cox proportional hazards regression models were employed

to explore the association between the TyG index and carotid

plaque progression.

Model 1 was adjusted for gender and age. Model 2, based on

Model 1, was further adjusted for BMI, diabetes duration, smoking

history, alcohol consumption history, history of hypertension, and

history of cerebral infarction. Model 3, based on Model 2, was

additionally adjusted for total cholesterol (TC), low-density

lipoprotein cholesterol (LDL-C), and high-density lipoprotein

cholesterol (HDL-C).

The predictive value of the TyG index for carotid plaque

progression was evaluated using ROC curves, with the area under

the curve (AUC) and optimal cutoff value calculated. Furthermore,
Frontiers in Endocrinology 03
the C-statistic was computed and compared using DeLong’s test to

determine whether incorporating the TyG index into the

established risk factor model (including age, gender, BMI, disease

duration, smoking history, history of hypertension, and history of

statin use) improved predictive performance.

The net reclassification improvement (NRI) and integrated

discrimination improvement (IDI) were calculated to further

assess the incremental predictive value of the TyG index. A two-

sided p-value < 0.05 was considered statistically significant.
Results

Baseline characteristics

As shown in Table 1, a total of 548 patients with T2DM were

included in this study, with a median follow-up time of 4 (2–7)

years. The cohort comprised 331 males (60.4%) and 217 females

(39.6%), with a mean age of 55.93 ± 12.26 years. A total of 303

(55.3%) patients with T2DM experienced carotid plaque

progression during the follow-up period.

Patients were stratified into tertiles based on baseline

tr ig lycer ide–glucose (TyG) index : T1 (TyG ≤ 9.04) ,
TABLE 1 Baseline characteristics of patients stratified by tertile of TyG index.

Variables Total(n=548)
TyG Tertile

P-value
T1(n=183) T2(n=182) T3(n=183)

TyG index 9.39±0.86 8.49±0.44 9.36±0.19 10.34±0.52 <0.001

Gender(male/%) 331/60.4 109/59.6 100/54.9 122/66.7 0.070

Age(years) 55.93±12.26 57.59±11.68 57.47±12.80 52.72±11.71 <0.001

Smoking History(n/%) 190/34.7 55/30.1 61/33.5 74/40.4 0.105

Alcohol History(n/%) 105/19.2 28/15.3 27/14.8 50/20.7 0.003

Hypertension History(n/%) 247/45.1 68/37.2 82/45.1 91/53.0 0.010

DM duration(years) 6(3,10) 7(3,10) 6(2,10) 5(3,10) 0.552

CI History(n/%) 60/10.9 18/9.8 29/15.9 13/7.1 0.022

Follow-up(years) 4(2,7) 5(3,7) 4(2.75,7) 4(2,7) 0.307

BMI(kg/m2) 24.61(22.34,26.98) 23.62(21.00,25.59) 24.21(22.07,26.18) 25.95(24.29,28.07) <0.001

SBP(mmHg) 128(120,140) 120(110,138) 130(119.5,140) 130(120,140) 0.018

DBP(mmHg) 80(70,82) 78(70,80) 78(70,82) 80(74,85) <0.001

Scr(umol/L) 64.10(51.90,75.90) 62.40(51.17,78.37) 61.40(50.30,73.30) 66.85(54.02,76.60) 0.106

UA(umol/L) 302.50±85.03 281.75±75.90 292.90±75.46 332.64±94.03 <0.001

FBG(mmol/L) 8.55(6.97,11.05) 6.94(5.79,8.18) 8.86(7.57,10.78) 10.67(8.56,12.98) <0.001

TG(mmol/L) 1.63(1.03,2.68) 0.93(0.69,1.18) 1.62(1.26,12.03) 3.39(2.54,5.00) <0.001

TC(mmol/L) 4.68±1.03 4.15±0.85 4.69±0.84 5.21±1.10 <0.001

LDL-C(mmol/L) 2.65±0.90 2.60±0.71 2.92±0.76 2.42±1.12 <0.001

HDL-C(mmol/L) 1.00(0.82,1.15) 1.07(0.92,1.31) 0.96(0.83,1.12) 0.91(0.79,1.08) <0.001
TyG index, triglyceride-glucose index; DM, diabetes; CI, cerebral infarction; BMI, body mass index; SDP, systolic blood pressure; DBP, diastolic blood pressure; Scr, serum creatinine; UA, uric
acid; FBG, fasting blood glucose; TG, triglycerides; TC, total cholesterol; LDL-C, low-density lipoprotein-C; HDL-C, high-density lipoprotein-C.
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T2 (9.04 < TyG ≤ 9.72), and T3 (TyG > 9.72). No significant

differences were observed across the three groups in gender,

smoking history, diabetes duration, follow-up duration, or serum

creatinine (Scr). However, significant differences were noted in age,

alcohol consumption history, hypertension history, cerebral

infarction (CI) history, BMI, systolic blood pressure (SBP),

diastolic blood pressure (DBP), uric acid (UA), fasting blood

glucose (FBG), triglycerides (TG), total cholesterol (TC), low-

density lipoprotein cholesterol (LDL-C), and high-density

lipoprotein cholesterol (HDL-C) (Table 1).
Carotid plaque data characteristics

There was no significant difference in the proportion of patients

with a history of statin use at baseline across the three groups (24.0% vs.

30.8% vs. 27.9%; p = 0.352 > 0.05; Figure 1A). Baseline carotid plaque

prevalence was 47.0%, 48.9%, and 42.6% in the three groups,

respectively, with no statistical difference (p = 0.467 > 0.05; Figure 1B).

At the final follow-up, the rate of carotid plaque progression

differed significantly across the groups, showing a rising trend with

increasing TyG index: 45.9%, 62.6%, and 57.4% (p = 0.004 <

0.05; Figure 1C).

Baseline measurements of bilateral carotid plaque length and

width showed minor differences across the three groups, with all p-

values > 0.05, indicating no statistical significance (Figures 2A, B).

In contrast, the growth rates of bilateral carotid plaque length and

width differed significantly among the groups (all p < 0.05), with

these rates accelerating overall as the TyG index increased

(Figures 2C, D).
Association of TyG index with carotid
plaque growth rate in multiple logistic
regression models

Multiple linear regression analysis revealed that in Model 3—

adjusted for age, gender, smoking history, alcohol consumption,

hypertension, cerebral infarction, BMI, disease duration, TG, TC,

LDL-C, HDL-C, and statin use—when the TyG index was treated as
Frontiers in Endocrinology 04
a continuous variable, each 1-unit increase was associated with

significant increases in the annual growth rates of left carotid plaque

length (0.197 mm), left carotid plaque width (0.196 mm), and right

carotid plaque width (0.189 mm; all p < 0.05; Table 2A).

When analyzed as a categorical variable, a higher TyG index

was linked to a gradual increase in the risk of elevated annual

growth rates for left carotid plaque length, left carotid plaque width,

and right carotid plaque width (all p < 0.05; Table 2B). Notably,

regardless of whether the TyG index was treated as a continuous or

categorical variable, no statistically significant difference was

observed in the annual growth rate of right carotid plaque length

across groups (all p > 0.05; Tables 2A, B).
Association of TyG index with carotid
plaque progressed in cox proportional
hazard model analysis

Cox proportional hazards regression models showed that, after

adjusting for confounding factors in Models 1, 2, and 3, the risk of

carotid plaque progression in patients with T2DM increased with a

higher TyG index, with hazard ratios (HRs) of 1.261, 1.244, and

1.378, respectively (all p < 0.05; Table 3).
Incremental effects of the TyG index on
the predictive value of carotid plaque
progressed

ROC curve analysis (Figure 3A) showed that the TyG index had

modest predictive value for carotid plaque progression in patients

with T2DM, with an area under the curve (AUC) of 0.556 (95% CI:

0.507–0.605; p = 0.024) and an optimal cutoff value of 8.86

(sensitivity: 81.5%; specificity: 33.1%).

Meanwhile, a risk model incorporating age, gender, BMI,

diabetes duration, smoking history, hypertension history, and

statin use history yielded a C-statistic of 0.624 (95% CI: 0.576–

0.673; p < 0.001; Figure 3B). After adding the TyG index, the C-

statistic increased to 0.649 (95% CI: 0.602–0.697; p < 0.001), with a

net reclassification improvement (NRI) of 0.211 (95% CI: 0.041–
FIGURE 1

The impacts of the TyG index on the history of statin use (A), prevalence of carotid plaque (B) and incidence of carotid plaque progression (C). TyG
index, triglyceride-glucose index; CP, carotid plaque.
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0.382; p = 0.015) and an integrated discrimination improvement

(IDI) of 0.020 (95% CI: 0.000–0.032; p < 0.001).
Discussion

The triglyceride–glucose (TyG) index, a novel marker for

assessing insulin resistance, is widely adopted in primary care

owing to its simplicity, cost-effectiveness, and reproducibility. Its

applications include community-based cardiovascular risk

screening, early identification of metabolic syndrome and type 2

diabetes mellitus (T2DM), and prognostic evaluation of

atherosclerotic diseases.
Frontiers in Endocrinology 05
Prior studies have identified a positive correlation between the

TyG index and multiple carotid plaques in hypertensive

populations populations (9). In non-diabetic cohorts, an elevated

TyG index is associated with a significantly higher prevalence of

carotid plaques and unstable carotid plaques plaques (10, 11). Some

research indicates that the TyG index outperforms HOMA-IR in

predictive capacity (12), particularly in overweight/obese

individuals and those with impaired glucose tolerance or diabetes

(13). A single-center retrospective study from Suzhou Municipal

Hospital reported a significant association between the TyG index

and the risk of unstable carotid plaques, with the strongest

correlation observed in diabetic populations populations (14)

Additionally, studies have demonstrated that in individuals with
FIGURE 2

The impact of the TyG index on the baseline length of carotid plaque (A), baseline width of carotid plaque (B), growth rate of length of carotid
plaque (C), growth rate of width of carotid plaque (D). TyG index, triglyceride-glucose index; LCP, left carotid plaque: RCP, right carotid plaque.
TABLE 2A Association of TyG index with carotid plaque growth rate in multiple logistic regression models.

Growth Rate

TyG as continuous variable

Model1 Model2 Model3

b 95%CI P b 95%CI P b 95%CI P

Length of LCP 0.140 0.130 to 0.547 0.002 0.144 0.126 to 0.571 0.002 0.197 0.089 to 0.861 0.016

Width of LCP 0.131 0.025 to 0.124 0.003 0.115 0.013 to 0.118 0.015 0.196 0.019 to 0.202 0.018

Length of RCP 0.093 0.011 to 0.378 0.038 0.099 0.011 to 0.413 0.038 0.079 -0.176 to 0.503 0.343

Width of RCP 0.061 -0.016 to 0.090 0.173 0.073 -0.012 to 0.101 0.126 0.189 0.016 to 0.211 0.022
fro
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prediabetes, arteriosclerosis is independently associated with

triglycerides/high-density lipoprotein (TG/HDL), whereas no

association with the TyG index has been observed (15).However,

research on the TyG index and carotid plaques specifically in T2DM

populations remains limited. Thus, this single-center retrospective

observational cohort study in patients with T2DM aimed to

investigate the potential association between the TyG index and

the risk of carotid plaque progression and to evaluate the TyG

index’s predictive value for such progression.

Our results showed that when stratified into TyG tertiles, baseline

carotid plaque length and width did not differ significantly across the

three groups. However, the annual growth rates of plaque length and

width increased with higher TyG index. Multiple linear regression

analysis—fully adjusted for age, gender, smoking, alcohol

consumption, hypertension, cerebral infarction, BMI, disease

duration, triglycerides (TG), total cholesterol (TC), low-density

lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol

(HDL-C), and statin use—revealed that a higher TyG index, whether

analyzed as a continuous or categorical variable, was associated with

increased annual growth rates of left carotid plaque length, left carotid

plaque width, and right carotid plaque width.

Pan et al (10). reported in a cross-sectional study that coal miners

with a high TyG index had a higher prevalence of carotid plaques.

Bosco et al. (16) demonstrated that in patients with familial

hypercholesterolemia, the subclinical atherosclerosis group had a
Frontiers in Endocrinology 06
higher TyG index compared with the non-subclinical atherosclerosis

group— which indicates that a higher TyG index is typically associated

with a relatively higher prevalence of subclinical atherosclerosis. Unlike

their findings, our study did not detect significant differences in carotid

plaque prevalence across TyG tertiles in T2DM patients, potentially

due to variations in study populations. Zhang et al. (6), in a 4-year

follow-up of 2,300 individuals undergoing physical examinations,

found that a higher TyG index correlated with increased risk of new

carotid plaque development. Despite differing study populations, their

conclusions align with our observation that patients in the higher TyG

groups exhibited a greater incidence of carotid plaque progression. Cox

proportional hazards regressionmodels further confirmed that a higher

TyG index was associated with an increased risk of carotid plaque

progression in T2DM patients; after adjusting for multiple

confounders, Model 3 showed a 37.8% elevated risk of progression.

Most existing studies indicate that the TyG index has mild to

moderate predictive value for carotid plaques (17, 18). Consistently,

some research has shown that incorporating the TyG index into

cardiovascular risk prediction models improves their performance

(19). In our study, ROC curve analysis demonstrated modest

predictive value of the TyG index for carotid plaque progression

in patients with T2DM. However, adding the TyG index to an

established risk prediction model enhanced its ability to predict

plaque progression risk, suggesting that the TyG index could serve

as a valuable component in cardio-cerebrovascular risk prediction

models, thereby improving their accuracy.

Recently, the triglyceride–glucose (TyG) index has also been

employed as a marker of insulin resistance in a study focusing on

patients with heterozygous familial hypercholesterolemia (20). This is

because the TyG index is calculated based on fasting blood glucose and

triglyceride levels, and its elevation reflects the coexistence of

glucotoxicity and lipotoxicity. Scholars have proposed that glucose

and lipid metabolism disorders can induce vascular injury through

shared pathological and molecular mechanisms, including endothelial

dysfunction, advanced glycation end-product formation, oxidative

stress, chronic inflammation, epigenetic modification, and other

processes (21). Glucolipotoxicity induces pancreatic b-cell apoptosis
and dysfunction via endoplasmic reticulum stress, mitochondrial

impairment, defective autophagy, and inflammation, ultimately

contributing to insulin resistance (22). Insulin resistance, in turn, is a
TABLE 3 Association of TyG index with carotid plaque progressed in
Cox proportional hazard model analysis.

Model b SE Wald P HR 95%CI

Model1 0.232 0.072 10.335 0.001 1.261 1.095 to 1.453

Model2 0.218 0.076 8.129 0.004 1.244 1.071 to 1.445

Model3 0.32 0.147 4.778 0.029 1.378 1.034 to 1.836
Model 1: adjusted for age and sex.
Model 2: adjusted for age, sex, BMI, duration of DM, and history of smoking, alcohol
consumption, hypertension, and CI.
Model 3: adjusted for age, sex, BMI, duration of DM, and history of smoking, alcohol
consumption, hypertension, CI and TC, LDL-C, HDL-C, and statin use.
TyG index, triglyceride-glucose index; BMI, body mass index; CI, cerebral infarction; DM,
diabetes; TC, total cholesterol; LDL-C, low-density lipoprotein-C; HDL-C, high-density
lipoprotein-C.
TABLE 2B Association of TyG index as a categorical variable with carotid plaque growth rate in multiple logistic regression models.

Growth Rate

TyG as categorical variable

Model1 Model2 Model3

b 95%CI P b 95%CI P b 95%CI P

Length of LCP 0.149 0.162 to 0.595 <0.001 0.157 0.166 to 0.626 <0.001 0.156 0.092 to 0.697 0.011

Width of LCP 0.145 0.035 to 0.137 0.001 0.133 0.025 to 0.133 0.004 0.162 0.024 to 0.168 0.009

Length of RCP 0.122 0.076 to 0.456 0.006 0.131 0.084 to 0.488 0.006 0.121 -0.001 to 0.531 0.051

Width of RCP 0.085 -0.002 to 0.108 0.058 0.100 0.005 to 0.122 0.034 0.164 0.027 to 0.180 0.008
fro
Model 1: adjusted for age, sex.
Model 2: adjusted for age, sex, BMI, course of DM and history of smoking, alcohol, hypertension, CI.
Model 3: adjusted for age, sex, BMI, course of DM and history of smoking, alcohol, hypertension, CI and TC, LDL-C, HDL-C and history of taking statin.
TyG index, triglyceride-glucose index; BMI, body mass index; CI, cerebral infarction; DM, diabetes; TC, total cholesterol; LDL-C, low-density lipoprotein-C; HDL-C, high-density lipoprotein-C.
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known risk factor for atherosclerosis : i t impairs the

phosphatidylinositol 3-kinase–nitric oxide pathway in endothelial

cells, activates the mitogen-activated protein kinase pathway

(promoting vasoconstriction), and directly stimulates vascular

smooth muscle cells to induce vasoconstriction independently of

endothelial cells (23).

Additionally, in the context of insulin resistance, glucolipotoxicity

can initiate autophagy while inhibiting autophagic flux via the

adenylate-activated protein kinase (AMPK) and mammalian target

of rapamycin (mTOR) signaling pathways, leading to autophagosome

accumulation and endothelial dysfunction20. Insulin resistance also

activates the mitochondrial electron transport chain, inducing

overproduction of reactive oxygen species (ROS) and causing

endothelial damage (24). Furthermore, excess free fatty acids

generated during insulin resistance contribute to atherogenesis (25).

Concurrently, insulin resistance reduces the number of vascular

endothelial progenitor cells, impairing endothelial self-repair and

promoting atherosclerosis and plaque formation (26).

Hyperinsulinemia is a pathological state associated with insulin

resistance. When insulin resistance occurs in the body, the pancreas

secretes excessive insulin compensatorily, resulting in

hyperinsulinemia. This chronic hyperinsulinemia exposes the

vascular endothelium to a high-insulin environment for a prolonged

period, downregulates the PI3K/Akt/eNOS signaling axis, reduces

nitric oxide (NO) production, and simultaneously enhances the pro-

inflammatory and adhesive functions of the endothelium, ultimately

leading to vascular endothelial dysfunction—the initial link in the

development of atherosclerosis (27). In addition, hyperinsulinemia can

activate the INSR/IRS/PI3K/Akt/mTOR signaling pathway, promoting

inhibition of lipolysis and enhancement of lipogenesis in adipocytes,

while lipid metabolism disorders remain the core driving factor for

lipid accumulation in atherosclerosis (28). Therefore, in the prevention

of atherosclerosis, patients with T2DM need to pay attention to

whether blood lipid levels meet target values while maintaining
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glycemic control, particularly the level of LDL-C. However, regarding

the current status of lipid-lowering therapy, the LDL-C target

achievement rate among high- and very-high-risk patients (e.g., those

with atherosclerotic cardiovascular disease, diabetes mellitus, or familial

hypercholesterolemia) remains extremely low. In recent years,

inclisiran—a novel small interfering RNA (siRNA) drug and the first

agent targeting PCSK9—has provided an excellent solution to this

challenge (29). It is hoped that such drugs will eventually become as

accessible and easy to use as the TyG index and will be popularized in

primary community hospitals.
Conclusion

In conclusion, this study demonstrates that a higher TyG index

is associated with carotid plaque progression in patients with

T2DM, serving as a convenient, practical, and reliable evaluation

indicator for predicting carotid plaque progression in this

population. Whether active early intervention to control blood

glucose and lipids in patients with T2DM and a high TyG index

can effectively delay carotid plaque progression requires further

validation through prospective studies.
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