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Abstract
Background
Carotid plaque and triglyceride-glucose (TyG) index are associated with insulin resistance. However, a highly debated question is whether there is an association between the TyG index and carotid plaque incidence. Thus we performed an in-depth longitudinal study to investigate the relationship between carotid plaque occurrence and the TyG index among Chinese individuals.

Methods
Two thousand and three hundred seventy subjects (1381 males and 989 females) were enrolled and followed up for three years. The subjects were stratified into four groups based on the quartile of the TyG index at baseline. Univariate and multivariate Cox proportional hazard models were conducted to examine the role of TyG played in the carotid plaque. The strength of association was expressed as hazard ratio (HR) and 95% confidence interval (CI).

Results
After three years of follow-up, 444 subjects were detected with newly formed carotid plaque. The overall 3-year cumulative carotid plaque incidence was 18.7%, and the risk of carotid plaque increased with elevated TyG index (p < 0.001). The Cox regression analysis showed that males (HR: 1.33, 95% CI: 1.10–1.61), and people with higher systolic blood pressure (HR:1.01, 95% CI: 1.01–1.02), lower high-density lipoprotein cholesterol (HR: 0.68, 95% CI: 0.50–0.93), diabetes (HR: 2.21, 95% CI: 1.64–2.97), and hypertension (HR:1.49, 95% CI: 1.23–1.81) had a significantly increased risk for the carotid plaque formation. Similar results remained in the sensitivity analysis.

Conclusions
The TyG index can be used as a dose-responsive indicator of carotid plaque in the Chinese population. Elderly males with dyslipidemia, diabetes, or hypertension should be more vigilant about their TyG index since they are susceptible to developing carotid plaque. Physicians are encouraged to monitor the TyG index to help identify and treat patients with carotid plaque at an early stage.
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Introduction
Despite significant breakthroughs in preventing and treating cardiovascular disorders, atherosclerotic cardiovascular disease (ASCVD), such as coronary artery disease (CAD) and stroke, continues to be the leading cause of death and disability globally [1]. ASCVD was also a leading cause of death and a severe public health problem in China. The incidence and death rates of ASCVD in China were predicted to climb steadily over the following decade due to increasing urbanization and an aging population [2]. Plaque disruption and thrombus formation were the primary causes of cerebral stroke and myocardial infarction, and atherosclerosis constituted an independent risk factor for ASCVD [3]. As a result, the presence of carotid plaque was associated with an elevated incidence of stroke and coronary heart disease [4]. Compared to carotid intima-media thickness (cIMT) of the arterial wall, which reflects the severity of coronary artery atherosclerosis, the presence of carotid plaque predicts a higher risk of carotid atherosclerosis [5, 6]. Early detection of carotid plaque may assist in identifying individuals at increased risk of carotid atherosclerosis and some other acute cardiovascular illnesses who may benefit from carotid revascularization [7], reducing the burden of ASCVDs on the general public.
The carotid plaque burden was rising significantly across the globe. A systematic review showed that carotid plaque was present in 20.2% of Chinese adults between the ages of 30 and 80 [8]. By 2020, approximately 21.1% of the world's population will develop carotid plaque [4]. Carotid plaque was found to be present in about 30% of ischemic stroke cases [9]. The significant disease burden of carotid plaque requires effective preventive strategies. Identifying risk factors associated with carotid plaque can help detect patients with carotid plaque and reduce the disease burden.
Several risk factors have been linked to carotid plaque and the development of ASCVD, most notably insulin resistance (IR), which refers to a phenomenon in which the biological response of insulin is lower than usual. The IR was a crucial intermediate process in metabolic disorders, type 2 diabetes mellitus (T2DM), and ASCVD [10]. The IR was a complex phenomenon that required sophisticated assessment methods, which were unsuitable for large populations. The homeostasis model assessment of IR (HOMA-IR) was widely employed in clinical settings [11]. However, the calculation of HOMA-IR required the determination of fasting insulin levels, which was difficult to achieve in most primary healthcare institutions. Therefore, researchers have proposed potential surrogate markers for HOMA-IR [12].
Recently, a growing body of evidence has revealed a strong correlation between the triglyceride-glucose (TyG) index and the HOMA-IR assessment [13]. Therefore it can be proposed as a simple surrogate of IR. The TyG index was derived using triglyceride (TG) and fasting blood glucose (FBG) values [14]. By combining TG and FBG, the TyG index became a non-insulin-based indicator that is less costly than HOMA-IR to assess IR. Furthermore, a previous study found that the TyG index had greater sensitivity (96.5%) and specificity (85.0%) to detect IR than the gold standard, the hyperinsulinemic-glycemic clamp test [12].
Given the significant carotid plaque prevalence and the fact that both the TyG index and carotid plaque are associated with IR, it was desirable to look into the relationship between the TyG index and carotid plaque. However, the association between the TyG index and carotid plaque incidence remains somewhat controversial, and there was no general agreement about whether the TyG index was substantially related to the incidence of carotid plaque. A study on patients with prediabetes and newly diagnosed type 2 diabetes mellitus (T2DM) showed a positive association between the TyG index and carotid plaque occurrence [15]. Another research has established that an elevated TyG index could raise the likelihood of carotid plaque formation in the overall public [9]. However, Zhao et al. reported no link between these two variables [16].
We found heterogeneity in the distribution of carotid plaque in different subgroups in the literature. A demographic healthcare investigation showed a significant change in the sex difference in the prevalence of atherosclerosis [17]. The most decisive risk factors were age, gender, tobacco smoking, and T2DM history [18]. Given the different distributions of carotid plaque among various subgroups, it is desirable to examine the associations within each distinct subset. Therefore, we conduct a cohort study in a Chinese population to explore the relationship between the TyG index and carotid plaque incidence.
Methods
Study population
We recruited subjects who participated in the annual physical examination at the Health Management Center of Jiangsu Province Hospital from 2018 to 2020. In total, 7206 participants provided written informed consent and finished the baseline survey in 2018. They were qualified and enrolled for the study. After excluding 131 people with a history of stroke, coronary heart disease (CHD), or myocardial infarction at baseline, and 2423 participants detected carotid plaque at the preliminary examination, 4652 individuals remained for follow-up. We ruled out 2282 participants missing carotid ultrasonography data during follow-up, and then 2370 individuals were included in the final analysis (Fig. 1).[image: ]
Fig. 1Flow chart of the study population enrollment


Survey and measurements
All participants were asked to complete a baseline questionnaire survey, physical assessment, laboratory investigations, and a symmetrical carotid ultrasonography inspection. Trained investigators interviewed all participants with a structured questionnaire that enclosed demographic characteristics (age, sex, occupation), and medical history (T2DM, dyslipidemia, hypertension, cerebrovascular disease, and cardiovascular disease). Senior clinicians performed the physical examination, laboratory test, and bilateral carotid ultrasound examination. The relevant data from the first and last physical examinations were compiled and compared for analysis.
Physical examinations
Body weight (kg) divided by the square of body height (m2) was used to determine the body mass index (BMI). Using an automated sphygmomanometer (Omron HEM-7211; Omron Corp., Kyoto, Japan), resting blood pressure was recorded on the brachial artery in the right upper arm while the subject was seated. After a 10-min rest, systolic blood pressure (SBP) and diastolic blood pressure (DBP) were calculated by averaging the last three values with a 2-min gap between the assessments.
Laboratory examination
After a 12-h fast, 5 mL of blood was drawn by venipuncture in the morning. The blood specimens were centrifuged (3000 r/min, 10 min) after being left at ambient temperature for two hours, and the blood serum was extracted. All measurements were performed by an Olympus AU2700 analyzer (Olympus, Kobe, Japan). Routine biochemical data includes triglyceride (TG), total cholesterol (TC), fasting blood glucose (FBG), low-density lipoprotein cholesterol (LDL-C), and high-density lipoprotein cholesterol (HDL-C). All laboratory tests accomplished the standardization.
Definitions
Hypertension was defined if a person having systolic blood pressure (SBP) ≥ 140 mmHg or diastolic blood pressure (DBP) ≥ 90 mmHg or a self-declared history of hypertension [19]. Diabetes was defined as FBG levels ≥ 7.0 mmol/L or any self-declared history of diabetes or current drug use for diabetes [20]. Dyslipidemia was defined as those taking oral anti-dyslipidemic drugs, having any self-declared history, or at any one of the following outcomes: TG levels ≥ 1.70 mmol/L, TC levels ≥ 5.18 mmol/L, LDL-C levels ≥ 3.37 mmol/L, or HDL-C level ≤ 1.04 mmol/L [21].
Smoking status was self-reported as current, former, and never smoker. Those who had smoked cigarettes consistently during the past six months were considered to be current smokers. Former smokers were identified as those who stopped smoking for at least 6 months but had smoked at least 100 cigarettes in their entire life. Individuals who never smoked during their lifetime were defined as never-smokers [22].
BMI (kg/m2) was used to categorize the weight status into 4 categories: underweight (< 18.5), normal (18.5–24.9), overweight (25.0–29.9), and obese (≥ 30.0) [23]. The TyG index was denoted using the well-developed formula: TyG = Ln [TG (mg/ml) * FBG (mg/ml) /2] [12, 24, 25].
Atherosclerosis assessment
A high-resolution B-mode ultrasound instrument examined three carotid artery areas with carotid ultrasonography on the subjects (internal carotid artery, bifurcating carotid artery, and common carotid artery). The Mannheim Carotid Intima-Media Thickness (cIMT) Consensus and the American Society of Echocardiography classified carotid plaque as cIMT lumen protrusion ≥1.5 mm [26]. A new carotid plaque was defined as the carotid plaque newly detected during the follow-up, whether it is stable or unstable. During the acquisition of the images, a strict quality control procedure was followed during carotid plaque measurement. Figure 2 illustrates carotid plaque growth patterns of different TyG quartile groups in the carotid ultrasonography images.[image: ]
Fig. 2Illustration of carotid plaque growth patterns in different TyG quartile groups. 1,2,3 and 4 represent the four participants in each TyG quartile group. A1-A4 are carotid ultrasonography images at the baseline. B1-B4 correspond to the carotid ultrasonography images showing carotid plaque occurrence during follow-up. The white arrows in B1–B4 indicate the presence of the newly developed carotid plaque


Statistical analysis
Descriptive statistics were used to summarize information on general demographic characteristics. The statistical application SPSS was used for all analyses (version 21.0, SPSS software, Chicago, IL, USA). Continuous variables were presented using the median and interquartile range [M(P25, P75)], while categorical variables were expressed using frequency (constituent ratio).
Continuous variables were tested for normality before being compared with the t-test, Wilcoxon test, Friedman test, or one-way ANOVA; Categorical variables between groups were described as percent and were compared using the Chi-square test. All P-values were taken bilaterally for statistical inference, and P < 0.05 was considered a statistically significant difference.
Subjects were categorized according to the TyG index, and the baseline characteristics of subjects in each group were compared. Cox proportional hazards regression models were used to investigate the relationship between TyG and incident carotid plaque. The shortest follow-up time was 184 days, and the longest follow-up time was 1006 days. Subgroup analyses were also utilized to examine the robustness of the TyG index's relationship to carotid plaque.
Results
Baseline characteristics
Table 1 shows the baseline sociodemographic characteristics and medical parameters according to the quartile interval of the TyG index. A combination of 2370 research participants was evaluated at baseline, including 1381 males and 989 females. Participants with an elevated TyG index were more prone to be older males, former and current smokers, have diabetes, hypertension and dyslipidemia, or have higher BMI, SBP, DBP, FBG, TC, TG, and LDL-C. In contrast, HDL-C level was significantly lower than those with a lower TyG index (P < 0.001). Participants excluded from the analysis were slightly younger and had lower TC, TG, LDL-C, FBG, and TyG index (Additional file 1: Table S1).Table 1Baseline characteristics of the participants


	Variables
	TyG quartile

	Quartile 1
(n = 593)
	Quartile 2
(n = 592)
	Quartile 3
(n = 593)
	Quartile 4
(n = 592)
	p value

	TyG index
	8.08 (7.93–8.21)
	8.50 (8.41–8.60)
	8.87 (8.78–8.96)
	9.39 (9.21–9.71)
	 < 0.001

	Gender (male/%)
	223/37.6
	326/55.1
	391/65.9
	441/74.5
	 < 0.001

	Age (years)
	46.00 (40.00–52.00)
	48.00 (42.00–55.00)
	49.00 (42.50–55.00)
	50.00 (44.00–56.00)
	 < 0.001

	BMI (kg/m2)
	22.03 (20.29–24.26)
	23.73 (21.86–25.60)
	24.73 (22.77–26.73)
	25.61 (24.01–27.45)
	 < 0.001

	Dyslipidemia (n/%)
	8/1.3
	17/2.9
	28/4.7
	60/10.1
	 < 0.001

	Diabetes (n/%)
	2/0.3
	15/2.5
	29/4.9
	98/16.6
	 < 0.001

	Hypertension (n/%)
	75/12.6
	146/24.7
	180/30.4
	247/41.7
	 < 0.001

	Smoking History
	 	 	 	 	 < 0.001

	Never(n/%)
	526/88.7
	482/81.4
	452/76.2
	410/69.3
	 
	Former (n/%)
	15/2.5
	21/3.5
	33/5.6
	33/5.6
	 
	SBP (mmHg)
	116 (106–127)
	120 (110.25–132)
	124 (114.5–135)
	128 (119–138)
	 < 0.001

	DBP (mmHg)
	70 (64–78)
	75 (67–83)
	77 (70–86)
	82 (75–89)
	 < 0.001

	TC (mmol/L)
	5.14 (4.49–5.78)
	5.30 (4.74–6.03)
	5.53 (4.95–6.18)
	5.79 (5.09–6.65)
	 < 0.001

	TG (mmol/L)
	0.79 (0.68–0.89)
	1.17 (1.06–1.28)
	1.65 (1.49–1.82)
	2.64 (2.23–3.36)
	 < 0.001

	LDL-C (mmol/L)
	3.12 (2.69–3.57)
	3.35 (2.94–3.85)
	3.55 (3.08–4.00)
	3.71 (3.23–4.27)
	 < 0.001

	HDL-C (mmol/L)
	1.52 (1.32–1.74)
	1.38 (1.17–1.58)
	1.27 (1.10–1.44)
	1.14 (1.01–1.29)
	 < 0.001

	FBG (mmol/L)
	5.07 (4.81–5.36)
	5.29 (5.00–5.60)
	5.40 (5.04–5.79)
	5.73 (5.30–6.34)
	 < 0.001


Bold P values indicate significance
TyG index triglyceride-glucose index, BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, TC Total cholesterol, TG Triglyceride, LDL-C low-density lipoprotein cholesterol, HDL-C high-density lipoprotein cholesterol, FBG fasting blood glucose



Relationship between TyG index and the probability of developing carotid plaques
A total of 444 subjects (277 men and 167 women) developed carotid plaque during the 3 years follow-up, with a cumulative incidence rate of 20.1% in men and 16.9% in women (Table 2). The incidence of carotid plaque over the past three years was 18.7%, ranging from 17.3% in quartile 1 to 27.3% in quartile 2, 23.2% in quartile 3 to 32.2% in quartile 4, suggesting individuals with elevated TyG levels were more susceptible to suffer from carotid plaque (Fig. 3). In addition, older male subjects were more vulnerable to acquiring carotid plaque, and stratified analyses disclosed that subjects had a significantly higher risk of developing carotid plaque if they had a previous disease history (Table 2).Table 2Incidence rate stratified by sex, age, and chronic conditions


	Categories
	N/Total
	Incidence rate (%)
	Average follow-up time (days)
	p value

	Gender
	 	 	 	0.051

	 Male
	277/1381
	20.06
	473.79
	 
	 Female
	167/989
	16.89
	477.37
	 
	History of dyslipidemia
	 	 	0.007

	 Yes
	32/113
	28.32
	475.63
	 
	 No
	412/2257
	18.25
	475.10
	 
	History of diabetes
	 	 	 < 0.001

	 Yes
	50/144
	34.72
	443.84
	 
	 No
	394/2226
	17.70
	479.11
	 
	History of hypertension
	 	 	 < 0.001

	 Yes
	156/648
	24.07
	468.33
	 
	 No
	288/1722
	16.72
	478.82
	 
	Age (years)
	 	 	 	 < 0.001

	 18-
	77/905
	8.51
	474.07
	 
	 45-
	314/1326
	23.68
	481.09
	 
	 65-
	51/134
	38.06
	442.37
	 
	 80-
	2/5
	40.00
	418.00
	 
	Total
	444/2370
	18.73
	 	 

Bold P values indicate significance


[image: ]
Fig. 3The incidence rate of carotid plaque during a 3-year follow-up


The TyG index and the tendency to develop carotid plaque
The hazard ratio of carotid plaque occurrence in every TyG group was examined using univariate and multivariate Cox regression models (Table 3). Subjects who developed carotid plaque were predominantly male. The baseline age, BMI, TyG, SBP, DBP, TC, TG, LDL-C and FPG were substantially higher among those developing carotid plaque, while the baseline HDL-C level was lower. Table 3 shows the multiple analyses of TyG groups by adjusting for potential covariates. Compared with the lowest TyG group, subjects with TyG at quartile 2, 3, and 4 groups had HR (95% CI) of 1.590 (1.194–2.116), 1.423 (1.059–1.912) and 2.026 (1.535–2.675), respectively (P < 0.001). The correlation remained significant even after adjusting for age and gender (Model 1); for age, gender, and BMI (Model 2); and for age, gender, and other related variables (Model 3). Similar findings were shown in Table 4, where the TyG index was used as a continuous variable. We also observed a significant interaction of TyG index with gender and medical history of diseases in the risk of developing carotid plaque (Table 5).Table 3Risk factors of development of carotid plaque during 3-year follow-up


	Variables
	Univariate models
	 	Multivariate models
	 
	 	HR (95%CI)
	P value
	HR (95%CI)
	P value

	Gender (male)
	1.327 (1.095–1.608)
	0.004
	1.327 (1.068–1.650)
	0.011

	Age (years)
	1.052 (1.042–1.062)
	 < 0.001
	1.049 (1.039–1.060)
	 < 0.001

	SBP (mmHg)
	1.014 (1.009–1.020)
	 < 0.001
	1.004 (0.997–1.012)
	0.246

	LDL-C (mmol/L)
	1.072 (0.946–1.215)
	0.275
	1.054 (0.917–1.212)
	0.456

	HDL-C (mmol/L)
	0.681 (0.496–0.933)
	0.017
	0.880 (0.585–1.324)
	0.539

	History of hyperlipidemia
	1.376 (0.959–1.975)
	0.083
	1.073 (0.737–1.561)
	0.713

	History of hypertension
	1.490 (1.226–1.811)
	 < 0.001
	1.057 (0.811–1.377)
	0.682

	History of diabetes
	2.207 (1.643–2.966)
	 < 0.001
	0.717 (0.519–0.991)
	0.044

	BMI Classification
	 	 	 	 
	 Underweight (< 18.5)
	Ref.
	0.558
	Ref.
	0.144

	 Normal (18.6–24.9)
	1.551 (0.690–3.484)
	0.288
	1.207 (0.532–2.741)
	0.653

	 Overweight (25–29.9)
	1.651 (0.730–3.734)
	0.228
	0.932 (0.401–2.166)
	0.869

	 Obesity (> = 30)
	1.831 (0.735–4.56)
	0.194
	1.003 (0.388–2.595)
	0.995

	TyG
	 	 	 	 
	 Quartile 1
	Ref.
	 < 0.001
	Ref.
	0.044

	 Quartile 2
	1.590 (1.194–2.116)
	0.001
	1.376 (1.021–1.854)
	0.036

	 Quartile 3
	1.423 (1.059–1.912)
	0.019
	1.083 (0.779–1.507)
	0.634

	 Quartile 4
	2.026 (1.535–2.675)
	 < 0.001
	1.437 (1.007–2.052)
	0.046


Bold P values indicate significance
SBP systolic blood pressure, LDL-C low-density lipoprotein cholesterol, HDL-C high-density lipoprotein cholesterol, BMI body mass index


Table 4Risk of carotid plaque development according to baseline TyG categories


	Models
	Quartile 1
(n = 593)
	Quartile 2
(n = 592)
	Quartile 3
(n = 593)
	Quartile 4
(n = 592)
	Continuous TyG
	p for trend

	Crude HR(95% CI)
	1.00
	1.590 (1.194–2.116)
	1.423 (1.059–1.912)
	2.026 (1.535–2.675)
	1.422 (1.224–1.653)
	 < 0.001

	Model 1 HR(95% CI)
	1.00
	1.394 (1.045–1.860)
	1.120 (0.829–1.514)
	1.539 (1.155–2.051)
	1.249 (1.061–1.469)
	0.008

	Model 2 HR(95% CI)
	1.00
	1.421 (1.064–1.897)
	1.156 (0.854–1.567)
	1.646 (1.224–2.214)
	1.295 (1.095–1.531)
	0.003

	Model 3 HR(95% CI)
	1.00
	1.376 (1.021–1.854)
	1.083 (0.779–1.507)
	1.437 (1.007–2.052)
	1.182 (0.955–1.462)
	0.044


Bold P values indicate significance. Mode 1 was adjusted for age and gender. Mode 2 was further adjusted for BMI based on Model 1. Mode 3 was adjusted for SBP, LDL-C, HDL-C, history of hyperlipidemia, hypertension and diabetes based on Model 2
SBP systolic blood pressure, LDL-C low-density lipoprotein cholesterol, HDL-C high-density lipoprotein cholesterol


Table 5Subgroup analysis of TyG index as a continuous variable


	Variables
	N
	Unadjusted HR(95% CI)
	Mode 1 HR(95% CI)
	Mode 2 HR(95% CI)
	P for interaction

	Gender
	 	 	 	 	0.001

	 Female
	989
	1.951 (1.510–2.519)
	1.588 (1.202–2.098)
	1.544 (1.080–2.208)
	 
	 Male
	1381
	1.117 (0.913–1.366)
	1.099 (0.896–1.347)
	1.149 (0.893–1.478)
	 
	Age (years)
	 	 	 	 	0.545

	 < 45
	905
	1.503 (1.079–2.092)
	1.276 (0.882–1.845)
	1.247 (0.775–2.005)
	 
	 ≥ 45
	1465
	1.335 (1.121–1.591)
	1.229 (1.024–1.475)
	1.207 (0.964–1.511)
	 
	Disease history
	 	 	0.034

	 No
	1619
	1.530 (1.225–1.911)
	1.368 (1.078–1.735)
	1.381 (1.038–1.837)
	 
	 Yes
	751
	1.094 (0.868–1.379)
	1.109 (0.872–1.411)
	1.229 (0.944–1.599)
	 

Bold P values indicate significance. Mode 1 was adjusted for age and gender. Mode 2 was further adjusted for BMI, SBP, LDL-C, HDL-C, history of hyperlipidemia, hypertension and diabetes based on Model 1
Disease history included hypertension, dyslipidemia and diabetes. The presence of any of such diseases is considered to be having a history
BMI body mass index, SBP systolic blood pressure, LDL-C low-density lipoprotein cholesterol, HDL-C high-density lipoprotein cholesterol



Sensitivity analysis
We utilized a sensitivity analysis to assess the stability of the relations. The association between the TyG index and the risk of carotid plaque was not materially altered after excluding participants who developed carotid plaque within the first 9 months of the follow-up, participants with hypertension, diabetes, or dyslipidemia at baseline (Additional file 1: Table S2).
Discussion
This population-based study demonstrated a strong correlation between participants' elevated baseline TyG index and their probability of acquiring carotid plaque in a Chinese population. The association remained significant even after adjusting for confounders, showing that the TyG index represents an independent risk factor for the development of carotid plaque.
TyG index as a suitable indicator for assessing cardiovascular risk factors
The TyG index is a viable alternative to measure IR. It correlates with elevated cholesterol and glucose levels, thus being a suitable metric for assessing the relationship between IR and cardiovascular risk factors [27]. It has been shown that there was a significant linear correlation between the TyG index and cardiovascular risk biomarkers, which were commonly used for predicting atherosclerosis, dyslipidemia, renal vascular damage, and dysglycemia [28]. According to a large-scale study conducted in China, the TyG index was easier to use and more suited for identifying metabolically unhealthy individuals and those with a high probability of developing cardiometabolic illness [29]. The TyG index has been linked in research to various cardiometabolic disorders. A 9-year prospective investigation has shown that the TyG index independently predicted the new cases of hypertension [19]. Another prospective cohort study has indicated that an elevated TyG index precedes and significantly predicts future ischemic heart disease [30]. Additionally, the TyG index was an important marker for identifying type 2 diabetes and obesity [31, 32]. As an alternative biomarker of IR, the TyG index could shed new light on pathophysiological changes, and further studies are needed to elucidate the underlying biological mechanisms.
Carotid plaque incidence was increasing around the globe, with younger people suffering from it [9]. Significant financial and health damage has resulted from carotid plaques due to the need for medication and surgical treatment. Therefore, it was essential to determine the risk factors associated with carotid plaques to prevent and intervene. A previous cross-sectional study described a significant correlation between the TyG index and carotid plaque occurrence among diabetic patients aged 40–70 years [15]. A prospective cohort study of 6955 participants with 4264 (61.3%) males reported that a higher prevalence of carotid arteriosclerosis in public was linked to an elevated TyG index [9]. However, another study indicated that a high TyG index was significantly related to an increased risk of arterial stiffness and nephric microvascular damage, though not artery hypertrophy or carotid plaque [16]. Therefore, this study used a cohort supplemented with the TyG index at baseline examination to evaluate the correlation between the TyG index and carotid plaque formation.
Possible mechanisms underlying the association between TyG index and carotid plaque
Even though the underlying cause of the association between TyG and the prevalence of carotid plaque was unknown, this could have implications for IR. Numerous potential mechanisms may underlie the association between IR and metabolic disorders such as ASCVDs. IR mediates systemic inflammation, oxidative stress, and vascular remodeling by promoting endothelial dysfunction and leading to the release of reactive oxygen species [15]. IR impairs the nitric oxide (NO) synthesis system in the vascular endothelium and causes the endothelial cells to lose their normal physiological state and become dysfunctional [33]. As a result, IR plays a crucial part in fostering the growth of carotid plaque. The Nitric oxide (NO) production system in the vascular endothelium is compromised by IR, which also causes the endothelial cells to lose their normal physiological state and become dysfunctional [34]. As a result, IR plays a crucial part in encouraging the development of carotid plaque and atherosclerosis. What’s more, IR can induce an IFNγ-macrophage pathway, which may potentially contribute to carotid plaque progression [34]. IR was significantly linked to the onset of coronary atherosclerosis [35]. Another study showed a high incidence of carotid plaque in insulin-resistant patients [36]. Therefore, IR was an independent risk factor for cardiometabolic diseases [37, 38]. Numerous investigations have revealed a link between the TyG index and IR-related metabolic disorders. According to cross-sectional research, the TyG index was a substitute for IR [24]. A study in Mexico verified that the TyG index has a high concordance with HOMA-IR in young adults [39]. The TyG index helps screen for IR status as a diagnostic test for IR.
Public health implications
It was known that high TG, FBG, and insulin resistance are all underlying causes of coronary events, and they were closely associated with preclinical cardiovascular organ damage, coronary artery lesions, and poor prognosis. In many clinical circumstances, the TyG index was a well-accepted indicator of the onset of coronary atherosclerosis [40]. Research revealed a correlation between an increased TyG index and the frequency and severity of artery stenoses, indicating people at high risk of artery stenoses [41]. In asymptomatic populations, elevated incidence of coronary calcium progression was statistically significantly associated with an elevated TyG index [42]. Two Korean studies showed that the TyG index is related to coronary calcium and arterial stiffness [43, 44]. In one of these studies, Lee et al. demonstrated a statistically significant association between TyG index and arterial stiffness as determined by the brachial-ankle pulse wave velocity (baPWV). They discovered that compared to HOMA-IR, the TyG index was more significantly related to elevated arterial stiffness [44]. Similarly, the results of another research indicated that the TyG index was independently and positively associated with baPWV among a Chinese hypertensive cohort, especially in men [45]. All these studies point to the possibility of using the TyG index as a biomarker to evaluate arterial vascular lesions.
Our findings suggested that the TyG index positively predicts carotid plaque development. The TyG index may be employed as a tool for early diagnosis of carotid plaques and even atherosclerosis conditions. Monitoring the community's TyG index can identify individuals with IR before the onset of significant disease, thus providing physicians with valuable clinical information and an important basis for prevention strategies. Using the TyG index in routine physical examinations can effectively reduce the risk of carotid plaque and the severity of coronary artery disorders. Our study demonstrates the need for prevention strategies targeting key populations with relatively high TyG index. In addition, for the entire population, measures such as lifestyle improvement can be used to reduce TyG.
Strengths and limitations
The main advantage of our study was the 3-year longitudinal cohort study. This prospective study extended the investigation to determine the time sequence between the TyG index and the probability of carotid plaque. Moreover, the follow-up procedures for incident carotid plaque were accurate, the information was obtained with advanced diagnostic techniques, and the population-based sample size was relatively large. Selection bias was investigated by comparing the baseline characteristics of included and excluded participants.
However, several limitations in the current study also need to be considered. Firstly, we found some differences between those included and not included, so the selective bias could not be avoided. Follow-up work such as inverse probability weighting (IPW) still needs to be conducted to reduce the impact of particular bias. Second, we only assessed the presence or absence of plaque components, whereas assessing carotid plaque stability may provide more detailed information. Nonetheless, a relatively simple assessment of the existence of carotid plaque has provided critical information on the risk of cardiovascular events. Third, the populations included in this study were employed with the requirement of routine annual physical examinations, the extent to which this finding applies to those who were unemployed needs to be further explored. Fourth, our study was also limited to using self-reported conditions. Objective health status measures would have been preferable. However, studies comparing self-reported chronic diseases with medical records have shown acceptable levels of agreement [46]. Fifth, our study lacks information about lipid-lowering medications, such as statins, ezetimibe, PCSK9 inhibitors, and inclisiran, which may influence the incidence of carotid plaque. However, we excluded people with stroke, coronary artery disease, or carotid plaque at baseline, who were most likely to use lipid-lowering medications, thus reducing the impact of the lipid-lowering medications on the study. A final limitation is the relatively short follow-up time. Further research is required to understand the mentioned issues.
Conclusions
To summarize, our research revealed that a higher TyG index was associated with an elevated incidence of carotid plaque in the Chinese population. These findings suggested that physicians may monitor the TyG index closely during routine check-ups since it may aid in the early recognition and treatment of carotid plaques, atheromatous, and cardiovascular disorders. There may be merit in further studies to find out if lowering the TyG index might prevent the progression of carotid plaques.

Acknowledgements
I am indebted to my tutor and team members for their efforts and support.

Author contributions
YZ, ZW and JW conceived, initiated, and led the study. YZ, ZW and XL collected the data. YZ and ZW analyzed the data with input from all the authors. YZ and ZW prepared the manuscript. JW,QZ and JW revised the manuscript. All authors read and approved the final manuscript.

Funding
This study was funded by the Priority Academic Program Development of Jiangsu Higher Education Institutions (PAPD). The funding agencies had no role in the study design, data collection, analysis, decision to publish, or preparation of the manuscript.

Availability of data and materials
The datasets used and/or analyzed during the current study available from the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
This study was performed according to the convention of the Declaration of Helsinki, 1964. The research protocol was approved by the ethics committee or review committee of the First Affiliated Hospital of Nanjing Medical University and all the subjects signed the informed consent form.

Consent for publication
Not applicable.

Competing interests
The authors have no conflict of interest to declare.


References
	1.
Ding X, Wang X, Wu J, Zhang M, Cui M. Triglyceride-glucose index and the incidence of atherosclerotic cardiovascular diseases: a meta-analysis of cohort studies. Cardiovasc Diabetol. 2021;20(1):76.PubMedPubMedCentral

	2.
Weiwei C, Runlin G, Lisheng L, Manlu Z, Wen W, Yongjun W, et al. Outline of the report on cardiovascular diseases in China, 2014. Eur Heart J Suppl. 2016;18(Suppl F):F2–11.PubMed

	3.
Jiao Y, Qin Y, Zhang Z, Zhang H, Liu H, Li C. Early identification of carotid vulnerable plaque in asymptomatic patients. BMC Cardiovasc Disord. 2020;20(1):429.PubMedPubMedCentral

	4.
Song P, Fang Z, Wang H, Cai Y, Rahimi K, Zhu Y, et al. Global and regional prevalence, burden, and risk factors for carotid atherosclerosis: a systematic review, meta-analysis, and modelling study. Lancet Glob Health. 2020;8(5):e721–9.PubMed

	5.
Touboul PJ, Hennerici MG, Meairs S, Adams H, Amarenco P, Bornstein N, et al. Mannheim carotid intima-media thickness and plaque consensus (2004–2006–2011). An update on behalf of the advisory board of the 3rd, 4th and 5th watching the risk symposia, at the 13th, 15th and 20th European Stroke Conferences, Mannheim, Germany, 2004, Brussels, Belgium, 2006, and Hamburg, Germany, 2011. Cerebrovasc Dis. 2012;34(4):290–6.PubMed

	6.
Hulthe J, Wikstrand J, Emanuelsson H, Wiklund O, de Feyter PJ, Wendelhag I. Atherosclerotic changes in the carotid artery bulb as measured by B-mode ultrasound are associated with the extent of coronary atherosclerosis. Stroke. 1997;28(6):1189–94.PubMed

	7.
Wang A, Tian X, Zuo Y, Zhang X, Wu S, Zhao X. Association between the triglyceride-glucose index and carotid plaque stability in nondiabetic adults. Nutr Metab Cardiovasc Dis. 2021;31(10):2921–8.PubMed

	8.
Song P, Xia W, Zhu Y, Wang M, Chang X, Jin S, et al. Prevalence of carotid atherosclerosis and carotid plaque in Chinese adults: a systematic review and meta-regression analysis. Atherosclerosis. 2018;276:67–73.PubMed

	9.
Wu Z, Wang J, Li Z, Han Z, Miao X, Liu X, et al. Triglyceride glucose index and carotid atherosclerosis incidence in the Chinese population: a prospective cohort study. Nutr Metab Cardiovasc Dis. 2021;31(7):2042–50.PubMed

	10.
Ormazabal V, Nair S, Elfeky O, Aguayo C, Salomon C, Zuniga FA. Association between insulin resistance and the development of cardiovascular disease. Cardiovasc Diabetol. 2018;17(1):122.PubMedPubMedCentral

	11.
Wallace TM, Levy JC, Matthews DR. Use and abuse of HOMA modeling. Diabetes Care. 2004;27(6):1487–95.PubMed

	12.
Guerrero-Romero F, Simental-Mendia LE, Gonzalez-Ortiz M, Martinez-Abundis E, Ramos-Zavala MG, Hernandez-Gonzalez SO, et al. The product of triglycerides and glucose, a simple measure of insulin sensitivity. Comparison with the euglycemic-hyperinsulinemic clamp. J Clin Endocrinol Metab. 2010;95(7):3347–51.PubMed

	13.
Vasques AC, Novaes FS, de Oliveira MS, Souza JR, Yamanaka A, Pareja JC, et al. TyG index performs better than HOMA in a Brazilian population: a hyperglycemic clamp validated study. Diabetes Res Clin Pract. 2011;93(3):e98–100.PubMed

	14.
Irace C, Carallo C, Scavelli FB, De Franceschi MS, Esposito T, Tripolino C, et al. Markers of insulin resistance and carotid atherosclerosis. A comparison of the homeostasis model assessment and triglyceride glucose index. Int J Clin Pract. 2013;67(7):665–72.PubMed

	15.
Jiang ZZ, Zhu JB, Shen HL, Zhao SS, Tang YY, Tang SQ, et al. A high triglyceride-glucose index value is associated with an increased risk of carotid plaque burden in subjects with prediabetes and new-onset type 2 diabetes: a real-world study. Front Cardiovasc Med. 2022;9: 832491.PubMedPubMedCentral

	16.
Zhao S, Yu S, Chi C, Fan X, Tang J, Ji H, et al. Association between macro- and microvascular damage and the triglyceride glucose index in community-dwelling elderly individuals: the Northern Shanghai Study. Cardiovasc Diabetol. 2019;18(1):95.PubMedPubMedCentral

	17.
Joakimsen O, Bonaa KH, Stensland-Bugge E, Jacobsen BK. Age and sex differences in the distribution and ultrasound morphology of carotid atherosclerosis: the Tromso Study. Arterioscler Thromb Vasc Biol. 1999;19(12):3007–13.PubMed

	18.
Sturlaugsdottir R, Aspelund T, Bjornsdottir G, Sigurdsson S, Thorsson B, Eiriksdottir G, et al. Prevalence and determinants of carotid plaque in the cross-sectional REFINE-Reykjavik study. BMJ Open. 2016;6(11): e012457.PubMedPubMedCentral

	19.
Zheng R, Mao Y. Triglyceride and glucose (TyG) index as a predictor of incident hypertension: a 9-year longitudinal population-based study. Lipids Health Dis. 2017;16(1):175.PubMedPubMedCentral

	20.
Hassan W, Saquib J, Khatri M, Kazmi SK, Kotak S, Hassan H, et al. Short- and long-term cardiovascular outcomes in insulin-treated versus non-insulin-treated diabetes mellitus patients after percutaneous coronary intervention: A systematic review and meta-analysis. Indian Heart J. 2022;74(1):13–21.PubMed

	21.
Luo Y, Jin H, Guo ZN, Zhang P, Zhang LY, Chen J, et al. Effect of hyperhomocysteinemia on clinical outcome and hemorrhagic transformation after thrombolysis in ischemic stroke patients. Front Neurol. 2019;10:592.PubMedPubMedCentral

	22.
Barry SA, Tammemagi MC, Penek S, Kassan EC, Dorfman CS, Riley TL, et al. Predictors of adverse smoking outcomes in the prostate, lung, colorectal and ovarian cancer screening trial. J Natl Cancer Inst. 2012;104(21):1647–59.PubMedPubMedCentral

	23.
Bang HJ, Park KN, Youn CS, Kim HJ, Oh SH, Lim JY, et al. The relationship between body mass index and neurologic outcomes in survivors of out-of-hospital cardiac arrest treated with targeted temperature management. PLoS ONE. 2022;17(3): e0265656.PubMedPubMedCentral

	24.
Simental-Mendia LE, Rodriguez-Moran M, Guerrero-Romero F. The product of fasting glucose and triglycerides as surrogate for identifying insulin resistance in apparently healthy subjects. Metab Syndr Relat Disord. 2008;6(4):299–304.PubMed

	25.
Ma X, Dong L, Shao Q, Cheng Y, Lv S, Sun Y, et al. Triglyceride glucose index for predicting cardiovascular outcomes after percutaneous coronary intervention in patients with type 2 diabetes mellitus and acute coronary syndrome. Cardiovasc Diabetol. 2020;19(1):31.PubMedPubMedCentral

	26.
Stein JH, Korcarz CE, Hurst RT, Lonn E, Kendall CB, Mohler ER, et al. Use of carotid ultrasound to identify subclinical vascular disease and evaluate cardiovascular disease risk: a consensus statement from the American Society of Echocardiography Carotid Intima-Media Thickness Task Force. Endorsed by the Society for Vascular Medicine. J Am Soc Echocardiogr. 2008;21(2):93–111 (quiz 89-90).PubMed

	27.
Huang R, Wang Z, Chen J, Bao X, Xu N, Guo S, et al. Prognostic value of triglyceride glucose (TyG) index in patients with acute decompensated heart failure. Cardiovasc Diabetol. 2022;21(1):88.PubMedPubMedCentral

	28.
Khan SH, Sobia F, Niazi NK, Manzoor SM, Fazal N, Ahmad F. Metabolic clustering of risk factors: evaluation of Triglyceride-glucose index (TyG index) for evaluation of insulin resistance. Diabetol Metab Syndr. 2018;10:74.PubMedPubMedCentral

	29.
Yu X, Wang L, Zhang W, Ming J, Jia A, Xu S, et al. Fasting triglycerides and glucose index is more suitable for the identification of metabolically unhealthy individuals in the Chinese adult population: a nationwide study. J Diabetes Investig. 2019;10(4):1050–8.PubMed

	30.
Park B, Lee YJ, Lee HS, Jung DH. The triglyceride-glucose index predicts ischemic heart disease risk in Koreans: a prospective study using National Health Insurance Service data. Cardiovasc Diabetol. 2020;19(1):210.PubMedPubMedCentral

	31.
Lee DY, Lee ES, Kim JH, Park SE, Park CY, Oh KW, et al. Predictive value of triglyceride glucose index for the risk of incident diabetes: a 4-year retrospective longitudinal study. PLoS ONE. 2016;11(9): e0163465.PubMedPubMedCentral

	32.
Lee SH, Han K, Yang HK, Kim MK, Yoon KH, Kwon HS, et al. Identifying subgroups of obesity using the product of triglycerides and glucose: the Korea National Health and Nutrition Examination Survey, 2008–2010. Clin Endocrinol (Oxf). 2015;82(2):213–20.

	33.
Gangadharan C, Ahluwalia R, Sigamani A. Diabetes and COVID-19: Role of insulin resistance as a risk factor for COVID-19 severity. World J Diabetes. 2021;12(9):1550–62.PubMedPubMedCentral

	34.
Reardon CA, Lingaraju A, Schoenfelt KQ, Zhou G, Cui C, Jacobs-El H, et al. Obesity and insulin resistance promote atherosclerosis through an IFNgamma-regulated macrophage protein network. Cell Rep. 2018;23(10):3021–30.PubMedPubMedCentral

	35.
Iguchi T, Hasegawa T, Otsuka K, Matsumoto K, Yamazaki T, Nishimura S, et al. Insulin resistance is associated with coronary plaque vulnerability: insight from optical coherence tomography analysis. Eur Heart J Cardiovasc Imaging. 2014;15(3):284–91.PubMed

	36.
Plichart M, Celermajer DS, Zureik M, Helmer C, Jouven X, Ritchie K, et al. Carotid intima-media thickness in plaque-free site, carotid plaques and coronary heart disease risk prediction in older adults. The Three-City Study. Atherosclerosis. 2011;219(2):917–24.PubMed

	37.
Zhao Q, Zhang TY, Cheng YJ, Ma Y, Xu YK, Yang JQ, et al. Impacts of triglyceride-glucose index on prognosis of patients with type 2 diabetes mellitus and non-ST-segment elevation acute coronary syndrome: results from an observational cohort study in China. Cardiovasc Diabetol. 2020;19(1):108.PubMedPubMedCentral

	38.
Howard G, O’Leary DH, Zaccaro D, Haffner S, Rewers M, Hamman R, et al. Insulin sensitivity and atherosclerosis. The Insulin Resistance Atherosclerosis Study (IRAS) Investigators. Circulation. 1996;93(10):1809–17.PubMed

	39.
Guerrero-Romero F, Villalobos-Molina R, Jimenez-Flores JR, Simental-Mendia LE, Mendez-Cruz R, Murguia-Romero M, et al. Fasting triglycerides and glucose index as a diagnostic test for insulin resistance in young adults. Arch Med Res. 2016;47(5):382–7.PubMed

	40.
Won KB, Kim YS, Lee BK, Heo R, Han D, Lee JH, et al. The relationship of insulin resistance estimated by triglyceride glucose index and coronary plaque characteristics. Medicine (Baltimore). 2018;97(21): e10726.

	41.
Thai PV, Tien HA, Van Minh H, Valensi P. Triglyceride glucose index for the detection of asymptomatic coronary artery stenosis in patients with type 2 diabetes. Cardiovasc Diabetol. 2020;19(1):137.PubMedPubMedCentral

	42.
Won KB, Park EJ, Han D, Lee JH, Choi SY, Chun EJ, et al. Triglyceride glucose index is an independent predictor for the progression of coronary artery calcification in the absence of heavy coronary artery calcification at baseline. Cardiovasc Diabetol. 2020;19(1):34.PubMedPubMedCentral

	43.
Kim MK, Ahn CW, Kang S, Nam JS, Kim KR, Park JS. Relationship between the triglyceride glucose index and coronary artery calcification in Korean adults. Cardiovasc Diabetol. 2017;16(1):108.PubMedPubMedCentral

	44.
Lee SB, Ahn CW, Lee BK, Kang S, Nam JS, You JH, et al. Association between triglyceride glucose index and arterial stiffness in Korean adults. Cardiovasc Diabetol. 2018;17(1):41.PubMedPubMedCentral

	45.
Li M, Zhan A, Huang X, Hu L, Zhou W, Wang T, et al. Positive association between triglyceride glucose index and arterial stiffness in hypertensive patients: the China H-type Hypertension Registry Study. Cardiovasc Diabetol. 2020;19(1):139.PubMedPubMedCentral

	46.
Beckett M, Weinstein M, Goldman N, Yu-Hsuan L. Do health interview surveys yield reliable data on chronic illness among older respondents? Am J Epidemiol. 2000;151(3):315–23.PubMed



Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		Association between the triglyceride-glucose index and carotid plaque incidence: a longitudinal study


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/images/12933_2022_1683_Fig1_HTML.png
Subjects completed the baseline survey from
2018 January to December were recruited for
the study (n=7206)

\/

Patients included in the study (n=4652)

\/

Exclusion criteria:

(1) History of stroke, coronary heart disease
(CHD), or myocardial infarction at baseline
(n=131)

(2) Carotid plaque detected at baseline
examination (n=2423)

Final enrolled patients (n=2370)
Tyg index was calculated

v v

patients without
event (n=1926)

patients with
event (n=444)

Patients without carotid ultrasonography
were excluded (n=2282)






OEBPS/images/12933_2022_1683_Fig2_HTML.jpg





OEBPS/css/sidebar.gif





OEBPS/images/12933_2022_1683_Fig3_HTML.png
Incidence Rate(%)

20

10

0-

{.0\0
o@
(e

L)
N
o”é o"’é o"’é

(> (> ()

TyG Quartile






