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Background: Carotid plaque plays an important role in the development of stroke. The triglyceride-glucose (TyG) index is a reliable alternative marker of insulin resistance. However, there are limited data regarding the relationship between TyG index and carotid plaque and its stability in nondiabetic adults.

Methods: This study was carried out on 24,895 urban workers (10,978 men and 13,917 women) aged 20 years or older who participated in a comprehensive health screening between January 2016 and December 2017 at the First Affiliated Hospital of Zhengzhou University, China. Carotid plaque was assessed using ultrasonography. TyG index was calculated as ln [fasting triglyceride (mg/dL) × fasting glucose (mg/dL) /2]. Logistic regression models and restricted cubic spline (RCS) models were used to estimate the association of the TyG index with carotid plaque and its stability by odds ratios (ORs) and 95% confidence intervals (CIs).

Results: Carotid plaque was detected in 5,668 (22.8%) respondents, with stable and unstable plaque accounting for 2,511 (10.1%) and 3,158 (12.7%), respectively. There was a significant positive association between the prevalence of carotid plaque and TyG index quartile levels, and the same associations were observed for the prevalence of stable and unstable carotid plaque (P for trend <0.0001). The multivariable-adjusted ORs (95% CIs) for the highest vs. lowest quartile of TyG index were 1.30 (1.15–1.47) for carotid plaque, 1.38 (1.17–1.63) for stable carotid plaque, and 1.24 (1.07–1.43) for unstable carotid plaque. The RCS analysis showed a linear association between TyG index and carotid plaque, and linear associations were also observed between TyG index and both stable carotid plaque and unstable carotid plaque (P for linearity<0.05).

Conclusion: Our findings suggested that the TyG index was significantly associated with carotid plaque and might be a useful indicator for the early identification of carotid plaque in nondiabetic subjects.
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INTRODUCTION

Stroke has become a leading cause of disability and mortality worldwide (1). Carotid plaque plays an important role in the development of stroke. Approximately 18–25% of stroke thromboembolisms arise from carotid plaque (2), and carotid plaque was also reported to be an important cause of cryptogenic stroke (3). Rupture of carotid plaque can lead to thrombosis, resulting in vessel occlusion and downstream tissue infarction. A recent systematic review and meta-analysis of the global prevalence of carotid plaque revealed a huge global burden, with 21.1% of people aged 30 to 79 years in 2020 having carotid plaque, equivalent to 815.76 million people (4).

Many studies have shown that early preventive treatment and risk factor intervention are beneficial (5–7). However, carotid ultrasound screening in the general population is not recommended in the current guidelines (8). Therefore, easily accessible and inexpensive biomarkers of carotid plaque can help to identify high-risk individuals who may benefit from early intervention.

Insulin resistance (IR) has been considered as one of the important risk factors for atherosclerosis (9, 10). Studies have shown that the triglyceride-glucose (TyG) index, calculated as ln [fasting triglycerides (mg/dl) × fasting glucose (mg/dl)/2], is a reliable alternative marker of IR compared to the gold standard hyperinsulinemic-glycemic clamp technique (11–13). Several previous studies indicated that the TyG index was associated with atherosclerosis (14, 15), and a growing number of studies have linked the TyG index to cerebro-cardiovascular disease (10, 16–18). However, only a few studies have examined the relationship between TyG index and carotid plaque yielding inconsistent results (15, 19, 20), and most previous studies have focused on whole or diabetic populations, with few studies on nondiabetic populations. Meanwhile, studies on the relationship between TyG index and carotid plaque stability are scarce. Therefore, in the present study, we aim to investigate the relationship of the TyG index with carotid plaque and its stability in nondiabetic adults.



METHODS


Participants

This study consisted of a population of 28,537 urban workers aged 20 years or older who participated in a health check-up in stroke screening sites of the First Affiliated Hospital of Zhengzhou University from January 2016 to December 2017.

A total of 28,522 participants completed questionnaires, physical examinations, and blood tests. We excluded 3,037 participants with a history of diabetes and 590 subjects with a history of any malignancy, acute inflammation, infectious diseases, or renal disease. Finally, a total of 24,895 participants were enrolled in the current study.



Data Collection

Individual information on demographic characteristics, personal medical history (hypertension, dyslipidemia, stroke, and coronary heart disease), and lifestyle factors (smoking, drinking, vegetable consumption, fruit consumption, physical activity, etc.) were obtained by trained interviewers using a standard questionnaire. Current smoking was defined as smoking 1 cigarette per day for more than 1 year. Current drinking was defined as consuming at least ≥45 g alcoholic drink each time per day during the last year. Vegetable consumption was divided into two groups (≥5 days/week, <5 days/week) using a daily consumption standard of 200 g of vegetables. Fruit consumption was divided into two groups (≥5 days/week and <5 days/week) using a standard consumption of 200 g of fruit per day. Physical activity was defined as an exercise for at least 30 min per time in no less than 3 times per week.

Physical examinations including height, weight, systolic blood pressure (SBP), and diastolic blood pressure (DBP) were conducted by trained staff. Body mass index (BMI) was calculated as weight in kilograms divided by height in meters squared. Obesity was defined as BMI ≥28 kg/m2.

In addition, overnight fasting blood samples were drawn from each participant to test fasting blood glucose (FBG), total cholesterol (TC), triglyceride (TG), high-density lipoprotein cholesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-C). Fasting blood glucose was measured using the glucose oxidase method. Lipid levels including TC, TG, and HDL-C were measured using Olympus Au5400 automated biochemistry analyzer (First Chemical Co, Ltd, Japan) and commercially available kits. LDL-C was calculated by the Friedewald equation when TG was ≤4.5 mmol/L or was directly measured when TG was >4.5 mmol/L. Hypertension was defined as SBP ≥140 mmHg, DBP≥90 mmHg, self-reported hypertension, or the usage of antihypertensive medications. Dyslipidemia was defined as TG ≥2.26 mmol/L, TC ≥6.22 mmol/L, HDL-C <1.04 mmol/L, LDL-C ≥4.14 mmol/L, self-reported diagnosis of dyslipidemia, or taking lipid-lowering drugs.



Assessment of Carotid Plaque and Its Stability

Carotid plaques were evaluated by qualified sonographers with uniform training, who were unaware of the baseline characteristics and laboratory findings of the participants. Two qualified sonographers measured each participant separately; discrepancies in measurement data were resolved by consensus. We used the iU22 (Philips Healthcare), HA500 (Hitachi Healthcare), and DC-8 (Mindray) ultrasound systems. The transmission frequency of carotid ultrasound images is 5 to 10 MHz. Examination of the bilateral common carotid artery, internal carotid artery, external carotid artery and bulb for the presence of plaque in the transverse and longitudinal directions.

Carotid plaque was defined as a focal structure encroaching into the arterial lumen by at least 0.5 mm or 50% of the surrounding carotid intima–media thickness (CIMT) value, or CIMT > 1.5 mm. Stable carotid plaques were defined as having a homogeneous texture with a regular smooth morphology and high level or homogeneous echogenicity. In contrast, unstable carotid plaques were defined as having an incomplete fibrous cap or ulceration with low level or heterogeneous echogenicity (21).



Statistical Analysis

The characteristics of the population are presented as frequency (%) for categorical variables and means (standard deviations [SDs]) or median (interquartile ranges [IQRs]) for continuous variables when appropriate. The population was divided into four groups based on the quartiles of the TyG index. Data were compared using chi-square analysis for categorical variables, and analysis of variance (ANOVA) or Mann–Whitney U-tests for continuous variables unless otherwise specified.

Logistic regression models were used to investigate the relationship between the TyG index and carotid plaque. To adjust for potential confounders, three models were developed: Model 1, adjusted for age and sex; Model 2, further adjusted for drinking, smoking, vegetable consumption, sports, BMI, hypertension, dyslipidemia, antihypertensive agents, and lipid-lowering agents; and Model 3, Model 2 plus further adjusted for LDL-C, and HDL-C. When participants were divided into 3 categories (no carotid plaque, stable carotid plaque, and unstable carotid plaque), multinomial logistic regression models (Model 1, adjusted for age and sex; Model 2, further adjusted for drinking, smoking, vegetable consumption, sport, BMI, hypertension, dyslipidemia, antihypertensive agents, and lipid-lowering agents; and Model 3, further adjusted for LDL-C, HDL-C) were conducted to adjust for potential confounders. The results are presented as odds ratios (ORs) and 95% confidence intervals (CIs). When the TyG index was treated as a continuous variable, a restricted cubic spline with 3 knots (at the 5th, 50th, and 95th percentiles of the TyG index) was performed to examine the non-linear association between the TyG index and carotid plaque.

Additionally, sensitivity analyses were performed by excluding participants with hypertension, and dyslipidemia.

All analyses above were conducted using R software (version 3.6.3). A two-sided P < 0.05 was considered statistically significant.




RESULTS


Baseline Characteristics

Among the 24,895 participants, 10,978 (41.1%) participants were men and 13,917 (58.9%) were women. The median (IQR) age of overall participants was 45 (38–52) years, and the median TyG index was 8.50 (IQR 8.15–8.90). Compared with participants in the lowest quartile, those with higher TyG index were more likely to be older and male; to be current smokers, current drinkers, vegetable consumption, fruit consumption, active physical activity, obese, and to have a higher prevalence of dyslipidemia, hypertension, stroke, coronary heart disease, more likely to take antihypertensive agents and lipid-lowering agents, to have a higher level of SBP, DBP, FBG, TC, TG, LDL -C, and more likely to have a lower level of HDL-C. The characteristics of participants according to quartiles of the TyG index are presented in Table 1.


Table 1. Baseline characteristics of the study participants.
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Carotid plaque was detected in 5,668 (22.8%) respondents, with stable and unstable plaque accounting for 2,511 (10.1%) and 3,158 (12.7%), respectively. There was a significant positive association between the prevalence of carotid plaque and TyG index quartile levels, and the same trend was observed for the prevalence of stable and unstable carotid plaque (P for trend <0.0001; Figure 1).
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FIGURE 1. Prevalence of (A) carotid plaque, (B) stable and (C) unstable stratified by quartiles of the TyG index. TyG index, triglyceride-glucose index.




TyG Index and Carotid Plaque

Data were categorized by no carotid plaque, or carotid plaque. The multivariate-adjusted logistic regression models showed that TyG index levels were positively associated with carotid plaque. In model 3, the adjusted ORs (95% CIs) were 1.07 (0.95–1.19) for the second quartile, 1.16 (1.03–1.30) for the third quartile, and 1.30 (1.15–1.47) for the highest quartile compared with the lowest quartile of TyG index. When treated as a continuous variable, every 1 unit increase in the TyG index was associated with a 22% increased prevalent risk of carotid plaque (Table 2). Restricted cubic splines showed a similar trend (Figure 2A).


Table 2. Multivariate-adjusted ORs (95% CI) of the association of triglyceride-glucose index with carotid plaque and its stability.
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FIGURE 2. Association of TyG index with carotid plaque and its stability among nondiabetic adults. Odds ratios and 95% CIs derived from restricted cubic spline regression, with knots placed at 5th, 50th, and 95th percentiles of the distribution of TyG index. The reference point for the TyG index is the midpoint (7.9) of the reference group from the categorical analysis. Odds ratios were adjusted for the same variables as Model 3 in Table 2. (A), Carotid plaque. (B) Stable carotid plaque. (C) Unstable carotid plaque. TyG index, triglyceride-glucose index.




TyG Index and the Stability of Carotid Plaque

Data were further classified by no carotid plaque, stable carotid plaque and unstable carotid plaque. In multinomial logistic regression models, there was a statistically significant difference between stable carotid plaques and no carotid plaque, and the adjusted ORs (95% CIs) in model 3 were 1.12 (0.96–1.31) for the second quartile, 1.23 (1.05–1.43) for the third quartile, and 1.38 (1.17–1.63) for highest quartile compared with the lowest quartile of TyG index. Furthermore, for every 1 unit increase in the TyG index, the prevalence of stable carotid plaque increased by 1.30 times (Table 2). Restricted cubic splines adjusted for multiple variables showed a similar trend (Figure 2B).

In model 3 compared to the lowest quartile, only the highest quartile showed a statisticant difference between unstable carotid plaque and no carotid plaque, and the adjusted ORs (95% CIs) were 1.02 (0.90–1.17) for the second quartile, 1.11 (0.96–1.27) for the third quartile, 1.24 (1.07–1.43) for the highest quartile compared to the lowest quartile of TyG index. When the TyG index was considered a continuous variable, the prevalence of unstable carotid plaque increased by 1.17 times for every 1 unit increase in the TyG index (Table 2). Restricted cubic splines adjusted for multiple variables showed a similar trend (Figure 2C).



Sensitivity Analysis

Sensitivity analyses were performed to assess the relationship between TyG and carotid plaque by excluding participants using lipid-lowering drugs, antihypertensive medications, dyslipidemia and hypertension. After multivariable adjustment for the risk factors, sensitivity analyses showed similar results (Figure 3).
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FIGURE 3. Odds ratios (ORs; 95% CIs) of TyG index and carotid plaque and its stability in adults without hypertension, dyslipidemia. Model 1: adjusted for age, sex. Model 2: adjusted for age, sex, education, smoking status, drinking status, vegetable consumption, fruit consumption, physical activity, BMI ≥28 kg/m2 (yes or no), stroke, coronary heart disease. Model 3: further adjusted for HDL-C, LDL-C.





DISCUSSION

This population-based study provided evidence on the association of the TyG index with carotid plaque. We found that a higher TyG index was significantly associated with carotid plaque and this relationship was observed in both stable and unstable carotid plaques. In addition, when the TyG index was used as a continuous variable, linear relationships were observed between the TyG index and carotid plaque, independent of other factors.

Plaques in the carotid arteries have been used as an indicator of systemic vascular atherosclerosis (22). The carotid area is easily accessible for non-invasive studies and is relatively accurate. Carotid plaque plays a major role in the occurrence of cerebrocardiovascular disease (23, 24).

Several previous studies indirectly supported our findings that the TyG index was associated with markers of atherosclerosis. For example, a study based on a healthy Korean population showed that TyG index was associated with increased brachial-ankle pulse wave velocity (baPWV), independent of HDL-C, LDL-C, and other risk factors for atherosclerosis (14). Similarly, a cross-sectional analysis of 4,718 Chinese adults with hypertension also found an independent positive association between the TyG index and baPWV (25). In addition, another study of postmenopausal women in Europe showed that the TyG index was associated with baPWV in lean participants (BMI ≤25 kg/m2) (26). Moreover, a recent cohort study found that a higher TyG index was more likely to lead to a higher risk of arterial stiffness (27). Furthermore, a growing number of studies have demonstrated that the TyG index is associated with an increased risk of recurrence, progression and all-cause mortality in patients with cerebrocardiovascular disease (10, 16–18, 28).

However, to date, only a few studies have examined the relationship between the TyG index and carotid plaque and the results remain inconsistent (15, 19, 20). Zhao et al. found that the TyG index was associated with a high risk of atherosclerosis, but not carotid plaque (15). Considering that the participants in the study were over 65 years of age and had a high proportion of lipid-lowering and glucose-lowering medications, the association between TyG index and carotid plaque might be masked. The Asymptomatic Polyvascular Abnormalities Community (APAC) study reported that TyG index was associated with unstable carotid plaque, but not with stable carotid plaque (20). In line with our findings, a cohort study showed that the TyG index increased the risk of carotid atherosclerosis (19). However, HDL-C, LDL-C and other blood markers, well-known risk factors for atherosclerosis, were not adjusted for as confounders in the regression models. Our study extended the current literature and demonstrated that the TyG index was independently associated with carotid plaque and its stability (stable carotid plaque, unstable carotid plaque) in nondiabetic adults.

The mechanism underlying the relationship between TyG and carotid plaque is unclear. The TyG index is a reliable alternative marker for IR, which may play an important role in inferring the relationship between TyG and carotid plaque. Many previous studies have demonstrated that IR plays an important role in the development of atherosclerosis and advanced plaque, by promoting increased synthesis and release of lipoproteins, growth and proliferation of vascular smooth muscle cells, and enhanced transport of LDL-C to arterial smooth muscle cells and inflammation (9, 10, 28–30). In addition, IR is associated with a group of metabolic abnormalities known as insulin resistance syndrome. Each component of insulin resistance syndrome is an independent risk factor for atherosclerosis and plaque formation (9, 31).

Our study has some limitations. First, this was a cross-sectional study and no conclusion can be drawn on the causal relationship between TyG and carotid plaque. Second, the study was carried out in a nondiabetic population, and our findings may not extend to other populations. Considering that most diabetic patients are on long-term glucose-lowering medication or insulin, it may have affected the TyG-carotid plaque relationship. Third, our study was a physical examination population, there were no data to calculate the homeostasis model assessment of insulin resistance (HOMA-IR) to explore the relationship between the HOMA-IR and carotid plaque and its stability. Finally, we did not collect data on plaque size, and the relationship of the TyG index with plaque size should be further studied.



CONCLUSION

Our findings suggested that the TyG index was significantly associated with carotid plaque and might be a useful indicator for early identification of carotid plaque in nondiabetic subjects.
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heart disease, hypertension, dyslipidemia, antihypertensive agents, lipid-lowering agents.

Model 3: further adjusted for HDL-C, LDL-C.
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