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Background

Cervical arterial atherosclerosis (CAA) is an important risk factor of stroke in China. The triglyceride–glucose (TyG) index is a simple and low-cost marker for ischemic stroke. Whether the TyG index predicts cervical arterial atherosclerosis remains uncertain. This study aimed to investigate the relationship between the TyG index and cervical arterial atherosclerosis.



Methods

This cross-sectional study was conducted in residents aged ≥40 years in the general population of southeast China. All participants completed a detailed questionnaire and provided blood samples. The high-stroke-risk groups further completed cervical artery ultrasonography. The TyG index was calculated using a well-established formula and analyzed in quartiles (Q1–Q4). Multivariate logistic regression was used to investigate the relationship between the TyG index and cervical arterial atherosclerosis.



Results

A total of 4,499 participants aged ≥40 years were finally included, with 23.47% comprising the high-stroke-risk population. The prevalence rates of increased intima–media thickness (IMT), carotid plaque, and cervical artery stenosis (CAS) in the high-stroke-risk population were 21.97%, 39.3%, and 6.1%, respectively. Subjects with higher TyG were still more likely to have carotid plaque. After adjusting for several established risk factors, compared with the TyG-Q1 group, the TyG-Q2, TyG-Q3, and TyG-Q4 groups were more likely to have carotid plaque (OR = 1.85, 95%CI = 1.28–2.67; OR = 1.51, 95%CI = 1.05–2.18; and OR = 1.29, 95%CI = 0.90–1.84). TyG was an independent predictor of the presence of plaque in the carotid artery of the high-stroke-risk population.



Conclusions

An elevated TyG index is a potential predictor of carotid plaques in the high-stroke-risk population older than 40 years.
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Introduction

Stroke ranks as the third cause of death and disability in China, which has been a threat to human health (1). China has the highest estimated lifetime risk of stroke, which increases the total cost of stroke. Reducing the incidence of stroke ensures quality of life for adults and has a positive impact on individuals, families, and the society. Stroke is not an accident. Stroke screening for the early detection of a high-risk subject and managing the risk factors are of great significance to the prevention of stroke. Primary stroke prevention can reduce the incidence of stroke and lessen its financial burden (2, 3).

There are numerous causes of stroke, including prolonged hypertension, arteriosclerosis, and emboli (4). Atherosclerosis is a chronic condition that causes an accumulation of fatty streaks in arterial walls, which develop into atheromas and plaque. One-third of all strokes are related to cervical carotid disease. The risk factors for coronary and systemic atherosclerosis, including age, sex, hypertension, hyperlipidemia, unhealthy lifestyle habit, and family history, apply to this patient population. Cervical arterial atherosclerosis includes increased intima–media thickness (IMT), carotid plaque, and cervical artery stenosis (CAS). The mechanism of cervical carotid stroke is usually embolization from the carotid bifurcation plaque and/or hemodynamic compromise from stenosis (5). Ultrasonography is a good method for detecting ceramic arterial atherosclerosis. However, due to the requirement of professional equipment, the need for experienced ultrasound physicians, and the higher cost of ultrasonography, it is impossible for the general population of grassroots hospitals in villages and towns to complete ultrasound examinations.

The triglyceride–glucose (TyG) index is a product of triglyceride and fasting blood glucose (FBG) and has several related parameters, such as the product of TyG and waist circumference (TyG-WC), TyG and waist-to height ratio (TyG-WHtR), TyG and waist-to-hip ratio (TyGWHpR), and TyG and body mass index (TyG-BMI) (6). The measurement of TyG is inexpensive and easily obtained, and it is suitable for use as a screening indicator for the general population. The TyG index is a novel surrogate indicator of insulin resistance (IR). Therefore, initial studies have suggested the TyG index as a novel marker for multiple IR-related clinical diseases, such as metabolic syndrome (MS) (6). It provides good discrimination of people with prediabetes and diabetes (7). In recent years, the TyG index has been studied as a novel tool for evaluating atherosclerosis of cardio-cerebrovascular diseases (CVDs) in different populations. This index may serve as a marker for subclinical atherosclerosis and arterial stiffness in lean and overweight postmenopausal women (8). Researchers found that the TyG index could predict the IMT of the common carotid artery (CCA) in hypertensive individuals, which is an important risk factor for stroke (9). Jin et al. found the TyG index to be positively associated with future cardiovascular events and may be a useful marker for predicting clinical outcomes in patients with coronary artery disease (CAD) (10, 11).

Previous findings also suggested the potential value of TyG and the TyG-related parameters in optimizing the risk stratification of ischemic stroke. In a cross-sectional study that included 10,900 subjects from rural areas of northeast China, the prevalent ischemic stroke correlated proportionally with the increment of TyG, implicating the linearity of TyG as an indicator of ischemic stroke (12). In another rural Chinese cohort study, an elevated TyG also predicted the risk of incident ischemic stroke (13). Sun et al. found a robust correlation between TyG-BMI and ischemic stroke, independently of a host of conventional risk factors in populations of northeast China (14). In addition to this, the TyG index can predict functional outcomes and mortality after acute ischemic stroke (15–17). It is also a potential predictor of hospital and intensive care unit (ICU) mortality in critically ill stroke patients, especially in ischemic stroke patients (15). On the other hand, Hou et al. suggested that the TyG index may not be beneficial in understating the metabolic mechanisms responsible for the stroke obesity paradox (18). In summary, the correlations between the TyG index and stroke are inconsistent. To date, only a few studies have focused on the TyG index and cervical arterial atherosclerosis. The causal link between the TyG index and atherosclerosis remains unclear. Moreover, the most relevant studies in China have focused on the population of the northeast area.

Therefore, we aimed to investigate the associations between the TyG index and the occurrence of cervical arterial atherosclerosis in the general population of eastern China. Our hypothesis was that the TyG index is associated with and may be a predictor of cervical arterial atherosclerosis. Assessment of this relationship will help verify that TyG, a more convenient and low-cost index, has potential value in improving the risk stratification of stroke. For this reason, the present study examined the TyG index in different risk populations of eastern China based on the Stroke Screening and Prevention Program. On the other hand, the study further explored the association between the TyG index and carotid ultrasound indices in the high-stroke-risk population.



Methods


Study design and participants

The study population was from the Stroke Screening and Prevention Program of the National Health and Family Planning Commission of China, which was supervised by the Chinese National Center for Stroke Care Quality Control and Management (Stroke Prevention Project, National Health Commission). The project implemented stroke screening for urban and rural residents in Suzhou, Jiangsu Province, China. As a representative city, Suzhou is located in southeast China, southeast Jiangsu, and in the middle of the Yangtze River Delta. One urban and one rural location were selected randomly in Suzhou. The study was conducted from December 2018 to June 2019. The number of the final screening subjects accounts for more than 85% of the residents in this location. Finally, a total of 4,705 permanent residents aged ≥40 years who had lived in Suzhou City for more than 6 months were randomly selected, of which 4,499 individuals successfully completed the face-to-face survey. The sample selection framework is presented in Figure 1. This study was conducted according to the guidelines of the Helsinki Declaration. Ethical approval was obtained from the Ethics Committee of the First Affiliated Hospital of Soochow University before the start of the study. Written informed consent was obtained from all the participants.




Figure 1 | Flowchart of the enrollment of subjects.





Data collection and laboratory Analysis

Data were collected during face-to-face interviews at a central survey site in the area. The participants completed a structured, pre-coded questionnaire including demographic details, personal lifestyle, and personal and family medical history of stroke and chronic diseases. Anthropometric measurements were taken following standardized protocols. Blood pressure was measured twice and the average taken by trained professionals. Venous blood samples were collected from an antecubital vein in the morning after an overnight fast for laboratory examinations. These indices included FBG, hemoglobin A1C, total cholesterol (TC), triglyceride (TG), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), and homocysteine (Hcy). All data were double entered and validated.



Definition of terms and groups

The TyG index and related parameters were calculated as follows (6):

	1) TyG index=Ln[TG (mg/dl)×fasting blood glucose (mg/dl)/2]

	2) TyG and body mass index: TyG-BMI=TyG index×BMI

	3) TyG and waist circumference: TyG-WC=TyG index×WC

	4) TyG and waist-to height ratio: TyG-WHtR=TyG index×WHtR



The visceral adiposity index (VAI) was calculated using an established formula (19).

In men: VAI=(WC/(39.68+(1.88×BMI))×(TG/1.03)×(1.31/HDL)

In women: VAI=(WC/(36.58+(1.89×BMI))×(TG/0.81)×(1.51/HDL)

Low-, medium-, and high-risk populations of stroke were defined according to the “8+2” Stroke Risk Screening Program: 2 main risk factors and 8 general risk factors for stroke (20).

Eight general risk factors were described, as follows:

	1) Hypertension: defined as a history of high blood pressure (≥140/90 mmHg) or current use of antihypertensive medication;

	2) Atrial fibrillation (AF) or heart valve diseases: either reported by the respondent or defined as an irregular pulse during physical examination;

	3) Smoking: defined as current or former practice of smoking ≥6 months;

	4) Dyslipidemia: defined as current use of anti-lipidemic medication, TC≥6.22 mmol/L, or serum TG≥2.26mmol/L, or HDLC<1.04mmol/L;

	5) Diabetes mellitus: defined as a previous diagnosis, treatment with insulin or oral hypoglycemic medications, fasting plasma glucose ≥126 mg/dl, or glycosylated hemoglobin≥6.5%;

	6) Physical inactivity: defined as physical exercise less than three times a week for<30 min each (moderate-intensity exercise such as brisk walking; industrial and agricultural labor was considered as a form of exercise);

	7) Overweight or obesity: defined as BMI ≥24 kg/m2; and

	8) Family history of stroke



The additional two main stroke risks were:

	1) Personal history of stroke and

	2) Personal history of transient ischemic attack (TIA)



Subjects with at least three of these risk factors or a previous history of stroke or TIA were classified into the high-risk population. Subjects with up to three of these risk factors or with hypertension or diabetes mellitus (DM) or AF or heart valve diseases were classified into the medium-risk population. Subjects with three or less of these risk factors without hypertension or DM or AF or heart valve diseases were classified into the low-risk population.



Ultrasonography

The high-risk groups further underwent cervical artery ultrasonography (MyLabSix, Esaote, Italy) examinations by experienced ultrasound physicians with at least 5 years of ultrasound experience. The bilateral CCA, internal carotid artery (ICA), the subclavian artery, and the vertebral artery were examined and recorded. IMT was measured manually three times in a plaque-free area of each CCA and the averaged thickness recorded. Both common carotid arteries were examined, and an increased IMT was defined as IMT ≥1.0 mm in either the left or the right carotid artery. Carotid plaque was defined as IMT ≥1.5 mm or a focal narrowing of the vessel wall of >50% relative to adjacent segments. The incidences of plaque morphology, ulcer, and echo were recorded. CAS included intracranial vascular stenosis and occlusion (19).



Statistical analysis

Statistical analysis was completed using SPSS 22.0 (International Business Machine, West 31 Grove, PA, USA). Continuous variables were presented as the mean ± SD. Categorical variables were presented as frequency (percentage). Differences between groups were tested using one-way ANOVA with post-hoc analysis (Bonferroni) for continuous variables and chi-square test, corrected chi-square test, or Fisher’s exact probability method for categorical variables. Baseline characteristics of the high-risk groups were sorted by TyG quartiles. Multivariate logistic regressions were conducted to explore the relationship between carotid plaque and all risk factors. A chi-square goodness-of-fit test was applied and represented the goodness of fit in the logistic regression. We mainly included age, sex, and the “8+2” stroke risk factors in the final logistic regression models. Furthermore, the correlations between TyG and carotid plaque were calculated using logistic regression analysis in different models: model 2 was adjusted for age and sex; model 3 was adjusted for age, sex, smoking, drinking, and physical inactivity; model 4 was adjusted for age, sex, smoking, drinking, physical inactivity, hypertension, DM, heart disease and dyslipidemia, personal history of stroke/TIA, and family history of stroke; and model 5 was adjusted for the predictors that showed significant differences in the univariate analysis. We also performed several subgroup analyses for men, women, DM, non-DM, overweight or obese, non-overweight or obese, sweet tooth, non-sweet tooth, physical inactivity, and non-physical inactivity. All of the subgroup analyses were adjusted using the same parameters as described in model 4 in the main analysis. Receiver operating characteristic (ROC) analysis was performed to construct the prediction of cervical artery atherosclerosis. All reported p-values were two-sided, and a p< 0.05 was considered as statistically significant.




Results


Demographics and baseline characteristics of all participants

In total, 4,499 participants in the stroke screening (1,556 men and 2,943 women; mean age, 57.88 ± 9.79 years) were included in the analysis. Nearly 61.52% of the participants were from townships and 38.48% from communities. The smoking rate of the participants in this study was 17.54%. Among the included participants, 38.50% reported physical inactivity, 12.05% reported being overweight or obese, 49.3% had hypertension, 11.3% had DM, 1.07% had AF and/or valvular heart disease (VHD), and 35.45% had dyslipidemia. In addition, 6.53% of the participants had a family history of stroke. Regarding personal medical history, 1.53% had a personal history of stroke and 0.07% had a history of TIA (Figure 2).




Figure 2 | Risk factors according to the “8+2” Stroke Risk Screening Program. TIA, transient ischemic attack.



According to the aforementioned diagnostic criteria of the “8+2” Stroke Risk Screening Program, the target population of stroke screening was divided into three groups: low-, medium-, and high-risk groups. All the demographic and baseline characteristics were sorted based on the risk of stroke and are shown in Table 1. The results showed the percentages of the three groups as 45.03%, 31.50%, and 23.47%. Of the participants, 61.75% have a sweet tooth. There were significant differences between the groups regarding family history of hypertension, diabetes, and coronary heart disease. The high-risk group was more likely to have a higher systolic blood pressure (SBP) (p< 0.001), weight (p = 0.002), waist circumference (p< 0.001), and BMI (p< 0.001). Concerning laboratory features, the high-risk group was more likely to have a higher VAI (p< 0.001), FBG (p< 0.001), hemoglobin A1c (p< 0.001), TG (p< 0.001), TC (p< 0.001), LDL-C (p = 0.008), and homocysteine (p< 0.001). In addition, the high-risk group had significantly higher TyG and values of the TyG parameters TyG-BMI, TyG-WC, and TyG-WHtR (all p< 0.001).


Table 1 | Baseline characteristics of all participants.





Demographics and baseline characteristics of the high-stroke-risk population

All the demographic and baseline characteristics were sorted by TyG quartiles and are shown in Table 2. Ultimately, a total of 1,038 high-stroke-risk participants were included. The mean age was 58.66 ± 9.77 years. Among the included participants, 55.88% have a sweet tooth, 89.98% had hypertension, 27.55% had DM, 2.89% had AF and/or VHD, 64.07% had dyslipidemia, 6.64% had a personal history of stroke, and 0.29% had a personal history of TIA. The smoking rate was 38.34%. In addition, 70.13% reported physical inactivity and 32.47% reported being overweight or obese. Moreover, 14.93% had a family history of stroke. Regarding the prevalence of cervical arterial atherosclerosis, 21.97% of the participants had increased IMT, 37.09% had carotid plaque, and 6.17% had CAS. The TyG-Q4 group showed a significantly increased proportion of men (p = 0.006) and was more likely to have higher SBP (p< 0.001), diastolic blood pressure (DBP) (p< 0.001), weight (p< 0.001), WC (p< 0.001), BMI (p< 0.001), VAI (p< 0.001), FBG (p< 0.001), hemoglobin A1c (p< 0.001), TG (p< 0.001), TC (p< 0.001), LDL-C (p< 0.001), and homocysteine (p = 0.047). In addition, the TyG-Q4 group had significantly higher values of the TyG parameters TyG-BMI, TyG-WC, and TyG-WHtR (all p< 0.001). The TyG-Q4 group also had a significantly higher proportion of carotid plaque (p = 0.021).


Table 2 | Baseline characteristics by triglyceride–glucose (TyG) quartiles in the high-stroke-risk population.





Relationship between TyG and cervical arterial atherosclerosis

Table 3 shows the multivariate logistic analyses between TyG quartiles and carotid plaque in different models. The omnibus tests of model coefficients are shown in Supplementary Table S2. Compared with those in the TyG-Q1 group, participants in the TyG-Q2, TyG-Q3, and TyG-Q4 groups were more likely to have carotid plaque (model 4: OR = 1.85, 95%CI = 1.28–2.67; OR = 1.51, 95%CI = 1.05–2.18; OR = 1.29, 95%CI = 0.90–1.84; p = 0.01). The TyG-Q2 group had a significant increased risk of cervical atherosclerosis in all models, while no significant statistical difference was found for the TyG-Q4 group. After adjustment for age, sex, smoking, drinking, physical inactivity, hypertension, DM, AF and/or VHD, dyslipidemia, personal history of stroke/TIA, and family history of stroke, TyG was also found to be independent of all covariates. Logistic analysis between the TyG quartiles and increased IMT/CAS showed no statistical difference. In addition, ROC analysis was performed to examine the accuracy of the prediction of cervical artery atherosclerosis. As displayed in Supplementary Figure S1, TyG showed a significantly high area under the ROC curve (AUC) of 0.62 with a permutation p< 0.001.


Table 3 | Odds ratios (95% confidence intervals) for triglyceride–glucose (TyG) and carotid plaque in the high-stroke-risk population.





Relationship between TyG and carotid plaque in subgroup analysis

We further performed subgroup analysis using several daily habit and body fat indices. For the participants with DM, those in the TyG-Q2, TyG-Q3, and TyG-Q4 groups were more likely to have carotid plaque than those in TyG-Q1 (OR = 3.21, 95%CI = 1.52–6.80; OR = 2.20, 95%CI = 1.10–4.40; OR = 1.69, 95%CI = 0.84–3.39; p = 0.018) (Table 4). For participants in the non-overweight or obese group, those in TyG-Q2, TyG-Q3, and TyG-Q4 were more likely to have carotid plaque than those in TyG-Q1 (OR = 2.03, 95%CI = 1.28–3.20; OR = 1.56, 95%CI = 1.01–2.42; OR = 1.65, 95%CI = 1.05–2.58; p = 0.02). For subjects in the non-sweet tooth group, those in TyG-Q2, TyG-Q3, and TyG-Q4 were more likely to have carotid plaque than those in TyG-Q1 (OR = 2.60, 95%CI = 1.43–4.71; OR = 1.93, 95%CI = 1.11–3.36; OR = 1.38, 95%CI = 0.79–2.42; p = 0.01).


Table 4 | Odds ratios (95% confidence intervals) of the subgroup analysis for triglyceride–glucose (TyG) and carotid plaque in the high-stroke-risk population.






Discussion

In the current study, we found that the prevalence of a high stroke risk in the general population older than 40 years in eastern China was 23.47%. The TyG index in this population was higher than that in the low-stroke-risk population. Furthermore, it was found that the TyG index is an independent risk factor for carotid plaques in the high-stroke-risk population. Cervical arterial atherosclerosis is a notoriously pathophysiological process of ischemic stroke. These results suggest that the TyG index, a simple measure reflecting carotid plaques, is potentially useful in the early screening of individuals at high risk of stroke.

China faces the greatest challenge from stroke in the world (1). Screening of the risk factors of stroke was implemented in eastern China to improve management of the high-stroke-risk population. In the current study, a large percentage of the high-risk population emphasized the importance of stroke screening. The main contributors to stroke include behavioral risk factors (e.g., eating habits, exercise habits, smoking, and alcohol use) and preexisting conditions (hypertension, DM, dyslipidemia, and AF). All these factors may contribute to the regional high prevalence of cardiovascular disease (CVD) and cervical artery atherosclerosis.

Recently, several general population-based studies have investigated the correlation between TyG and cervical arterial atherosclerosis. The relationship between these two has been proven in postmenopausal women. The study compared the association between the structural and functional indices of subclinical atherosclerosis [i.e., carotid artery IMT, flow-mediated dilation of the brachial artery, and pulse wave velocity (PWV)] and the TyG index, separately for lean and overweight/obese women. The results showed that the TyG index is associated with carotid atherosclerosis and arterial stiffness mainly in lean postmenopausal women. The TyG index may serve as a useful marker for the identification of high-risk women in the normal-weight postmenopausal population (8). High blood pressure is a major cause of atherosclerosis that leads to stroke and myocardial infarction. Data from 77 hypertensive and 199 normotensive individuals were analyzed in a case–control study in Taiwan. The TyG index, IMT, and plaque presence were higher in hypertensive individuals compared to the control group. The TyG index was also significantly correlated with the carotid plaque score and the IMT of the CCA, ICA, and external carotid artery (ECA). Researchers have suggested that the TyG index is significantly associated with the carotid IMT, but could only predict early-stage subclinical atherosclerosis independent of hypertension history, age, sex, and BMI (9).

Other studies have focused on the TyG index and atherosclerotic CVD (ASCVD) (10, 11, 13, 15, 21–26). A retrospective observational cohort study addressed TyG and ASCVD in a large-scale population dataset (5,593,134 participants) older than 40 years. During 8.2 years of mean follow-up, a high TyG index was found to be associated with a significantly increased risk of future ASCVD events, including stroke, myocardial infarction, and both stroke and myocardial infarction. These studies showed that a high TyG index could be a significant predictor of future cardiovascular events. One study applied intravascular optical coherence tomography (OCT) to investigate the prognostic value of the TyG index combined with the morphological characteristics of vulnerable culprit coronary plaques in predicting cardiovascular outcomes. OCT, a cross-sectional and high-resolution intravascular imaging technique, allows the acquisition of detailed in vivo images of coronary plaque morphology characteristics, including plaque rupture (PR) and plaque erosion (PE). Researchers have found that the TyG index, combined with plaque characteristics, is a novel biomarker for cardiovascular outcomes (27).

In the present study, we investigated the association between the TyG index and carotid plaque in a high-stroke-risk population in China. The results showed that TyG is independently associated with carotid plaques in individuals at high risk of stroke. After adjusting for several established risk factors, subjects with higher TyG were still more likely to have carotid plaque. The TyG-Q2 group showed a significantly increased risk of cervical atherosclerosis, but the statistical difference was not significant for the TyG-Q4 group. Further studies may require bigger sample sizes and more rigorous statistical methods. In the subgroup analysis, the statistical differences were more significant for individuals with DM, those who are non-overweight or obese, and for those without a sweet tooth. We also found a significant effect of gender on TyG and of DM on carotid plaque. However, logistic analysis did not show much statistical difference between TyG and IMT or CAS. Compared with theTyG-Q1 group, subjects in the TyG-Q2, TyG-Q3, and TyG-Q4 groups were all more likely to have CAS, but showed no statistics difference. Our study also specifically confirmed the correlation between TyG and cervical arterial atherosclerosis. As previously mentioned, the measurement of TyG is inexpensive and readily available, and it is suitable for use as a screening indicator for the general population. It is easier to promote the use of this method in the general population as not all community hospitals have ultrasound equipment. Therefore, TyG is more advantageous compared to traditional parameters.

Previous general population-based studies also investigated the correlation between TyG or its related parameters and stroke. Several studies have focused on the value of TyG to estimate the risk of ischemic stroke (12, 13, 28). An 11-year follow-up study showed that elevated levels at both baseline and long-term updated cumulative average TyG index can independently predict ischemic stroke, but not intracerebral hemorrhage, in the general population (28). Du et al. estimated the prevalence of ischemic stroke from TyG-BMI in two general populations in Liaoning, northeast China. They discovered the potential usefulness of TyG-BMI to improve the risk stratification of ischemic stroke (14). Other studies found that the TyG index could predict the clinical outcomes of stroke, including poor outcomes after reperfusion therapy (17), an increased risk of stroke recurrence (16, 29), all-cause mortality (15, 16), and neurological worsening in patients with ischemic stroke (16, 18). As previously mentioned, most of the relevant studies in China have focused on the population of northeast area. Moreover, few studies have focused on the TyG index and the carotid ultrasound indices in stroke.

Our study, in accordance with other studies, showed that the TyG index is significantly higher in the high-stroke-risk population. In this study, we found that the prevalence rates of increased IMT, carotid plaque, and CAS in the high-stroke-risk general population older than 40 years were 21.97%, 39.3%, and 6.1%, respectively. We also discovered that the TyG index can be an independent predictor of carotid plaque in the high-stroke-risk population, which is a marker of cervical arterial atherosclerosis. However, we did not find a correlation between TyG and an increased IMT or CAS. A possible reason may be the relatively lower prevalence of CAS (6.1%) in this general population. Furthermore, a number of non-CAS participants still had accompanying carotid plaque when they were compared with the CAS group; as a result, some differences may have been obscured. Long-term follow-up studies are needed to further confirm the relationship between TyG and an increased IMT or CAS. In conclusion, our study provided more reference for the application of TyG as a clinically useful marker in the identification of individuals at high risk of carotid plaques or even cervical arterial atherosclerosis.

Why would TyG be associated with cervical arterial atherosclerosis? It might be linked to IR, while the TyG index is a marker of IR. IR is a common pathological condition in which cells are impaired in their ability to respond to the hormone insulin. IR contributes to the development of atherosclerosis via multiple mechanisms. Firstly, IR facilitates the formation of atherosclerosis through increased systemic inflammation (30) and endothelial dysfunction (31, 32) and promotes vulnerable plaques. Secondly, IR promotes platelet adhesion, activation, and aggregation, leading to the occlusion of cerebral arteries (33). Thirdly, IR could modify and influence the role of the modifiable stroke risk factors and contribute to the occurrence of atherosclerosis (34, 35). The association between TyG and cervical arterial atherosclerosis based on population levels is still controversial. Analyzing the composition of plaques and careful consideration of the mechanisms of IR would help clarify the exact mechanisms by which TyG contributes to cervical arterial atherosclerosis.

The present study has several limitations. Firstly, its cross-sectional design only allowed assessment of the associations between TyG and carotid plaques rather than their causal links. We could not establish cause-and-effect relationships between the observed associations. In addition, this cross-sectional survey could not provide data on the dynamic changes of TyG. Long-term follow-up studies are needed to further explore the predictive value of TyG for the estimation of ischemic stroke. Secondly, the general population used in the study is from Suzhou City. Varied populations from other cities in eastern China should be enrolled in future research to further confirm these initial findings. Thirdly, several other factors are potentially related to carotid atherosclerosis, but the current study mainly focused on age, sex and the “8+2” stroke risk factors in the final logistic regression models. Future research should further confirm the contribution of the other factors.

In conclusion, the TyG index was significantly associated with carotid plaques and is a convenient, reliable, and practical for clinical use. This index could be a practical indicator for ultrasound-detected cervical artery atherosclerosis, especially for carotid plaques. Furthermore, the statistical differences were more significant for non-overweight or obese and non-sweet tooth individuals, implying that, even for individuals with normal anthropometric features, TyG could still present a potential risk of cervical arterial atherosclerosis. Primarily, TyG may serve as a simple and low-cost marker for the screening of high-stroke-risk groups who need further ultrasonography. It is beneficial to early primary stroke prevention.
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4.30 + 0.62

High-risk population

1,056 (23.47%)

667 (63.16)
389 (36.84)
58.62 + 9.84
354 (33.52)

149 (14.11)
315 (29.83)
592 (56.06)

90 (8.52)
243 (23.01)
723 (68.47)
552 (52.27)
354 (33.52)

853 (80.78)
165 (15.62)
38 (3.60)
32(3.03)
319 (30.21)
152 (14.39)
134.68 + 14.05
81.75 + 8.70
160.52 + 7.99
64.22 + 10.06
81.20 +9.08
24.93 + 3.66
6.89 + 1.57
6.28 +1.38
1.73 + 1.06
482 +1.18
1.32 £ 0.37
219 £ 1.07
11.60 + 8.53
240 £2.01
1.52 + 1.27
8.99 +0.58
224.89 +38.74
731.85 + 103.87
4.57 +0.66

p-value

0.01*
<0.001***
<0.001***

<0.001***

<0.001%%%
0.001%%
<0.001***

0.006**
0.002**
<0.001***
<0.001***
0.07
<0.001***
0.002**
<0.001*%*
<0.001***
<0.001***
<0.001%**
<0.001***
<0.001***
0.001**
0.008**
<0.001***
<0.001***
<0.001***
<0.001***
<0.001***
<0.001***
<0.001%%%

LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; CHD, coronary heart disease; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG,

fasting blood glucose; TyG, triglyceride-glucose; WHIR, waist-to height ratio; VAL, visceral adiposity index.

*p< 0.05; **p< 0.01; ***p< 0.001.





