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Abstract

Background
Carotid atherosclerosis (CAS) lacks a simple and relatively accurate predictor. Triglyceride glucose (TyG) index is a simple
indicator of insulin resistance, but the association between TyG index and CAS in patients with type 2 diabetes mellitus (T2DM)
is less certain. This study aimed to investigate whether TyG index can predict CAS onset effectively.

Methods
In total, 1476 T2DM patients were included in cross-sectional analysis. TyG index (calculated by ln [fasting triglycerides (mg/dL)
× fasting plasma glucose (mg/dL)/2]) was split into tertiles (Tertile1-Tertile3). The main outcome was CAS prevalence as
de�ned with carotid intima-media thickness (CIMT) ≥ 1.0 mm or carotid plaque. Logistic regression analysis was used to
analyze the association between TyG index and CAS in patients with T2DM.

Results
In cross-sectional analysis, a total of 62.3% of T2DM patients had CAS, patients with a higher TyG index had a higher risk of
CAS (χ2 = 13.856, P < 0.01). After confounder adjustment, patients with T2DM in the high tertile of TyG index had a greater risk
to developing CAS than those in the low tertile (OR = 1.451, 95% CI =1.107-1.902, P = 0.007). Higher TyG index values were also
associated with increased odds of CAS in patients with T2DM who were female, who were younger than 65 years old, who
suffered from hypertension or obesity.

Conclusion
TyG index was signi�cantly associated with CAS, suggesting that TyG index is a potential predictor for CAS in patients with
T2DM.

Introduction
Carotid atherosclerosis (CAS) is now widely recognized as a multifactorial disease with outcomes that arise from complex
factors such as plaque components, blood �ow, and in�ammation [1]. Furthermore, hyperglycemia and insulin resistance are
key players in the development of CAS and its complications [2–4]. The proin�ammatory state and perturbed insulin signaling
of intimal cells, consistent with the presence of insulin resistance, may participate in atherosclerosis [3]. Both increased carotid
intima-media thickness (CIMT) or carotid plaque are common manifestations of generalized atherosclerosis, closely associated
with increased risk of stroke and myocardial infarction [5]. Therefore, early identi�cation of CAS is essential for the management
of diabetic patients.

Diabetes mellitus (DM) associated atherosclerosis can lead to complications in all major vascular beds, including the carotid
vessels, coronary arteries, and lower extremity arteries [6, 7]. The early detection of atherosclerosis mainly focuses on the carotid
artery, as it is easily accessible to detect abnormality by noninvasive ultrasonic examination [8]. Atherosclerosis and its
cardiovascular complications are the main cause of death in patients with type 2 diabetes mellitus (T2DM) [9]. These conditions
impose great burdens on the health of community-dwelling individuals [10]. An early identi�cation of affected individuals and
comprehensive treatment can prevent and delay CAS risk [11]. Slowing the development and progression of CAS remains an
unmet clinical need in patients with T2DM. For developing countries, there are still some T2DM patients who can not afford the
cost of carotid artery ultrasound examination. Thus, investigation of effective predictors of CAS in patients with T2DM is very
important and necessary. We expect that a routine blood test can calculate an index to predict the risk of CAS in patients with
T2DM. Recently, triglyceride glucose (TyG) index has attracted our attention.
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TyG index has been widely used as a reliable surrogate marker of insulin resistance. TyG index has been demonstrated to have a
high sensitivity and speci�city for recognizing insulin resistance [12]. TyG index is calculated using levels of triacylglycerol (TG)
and fasting blood glucose (FPG), TG and FPG are low-cost conventional biochemical testing items, so TyG index is economical,
simple, and highly operable, and can be widely used. The hyperinsulinemic- euglycemic clamp (HIEC) and intravenous glucose
tolerance test, gold standards for measuring insulin resistance, are used in research but not in clinical practice, due to the
complicated operation and money consumption [13]. Although there are other markers of insulin resistance, such as the
homeostasis model assessment of insulin resistance (HOMA-IR), but HOMA-IR is calculated using levels of endogenous insulin,
patients with diabetes mellitus often receive treatment with insulin, which hampers accurate measurement of endogenous
insulin [14].

In addition, a large cohort study proposed that a higher TyG index increases the risk of CAS incidence in the general population
in China [15]. Studies have also shown that TyG index has a better correlation with CAS than HOMA-IR [12]. However, the
relationship between TyG index and CAS in patients with T2DM has, so far, not been studied in detail in the literature, it might be
linked to insulin resistance. Thus, we investigated the correlation between TyG index and CAS in patients with T2DM in cross-
sectional studies. Our study was to �ll this knowledge gap.

Materials And Methods

Study population
The research objects were from the endocrinology database center of Southwest Medical University (National Standardized
Metabolic Disease Management Center). A total of 1896 consecutive patients were diagnosed with T2DM and underwent a
complete carotid artery ultrasound examination from June 2017 to January 2021 in the A�liated Hospital of Southwest
Medical University. Inclusion criteria: patients diagnosed with T2DM and underwent a complete carotid artery ultrasound
examination. Exclusion criteria: patients with age < 40 years old, T1DM, gestational diabetes, other special types of DM, or with
severe infection, immune dysfunction, or malignant tumor, incomplete clinical data were excluded. Ultimately, 1476 patients with
T2DM were enrolled in this cross-sectional study to elucidate the predictive value of TyG index for CAS in patients with T2DM
(Fig. 1).

Data Collection and measurement
Each patient received a normative questionnaire. Demographic characteristics, behavioral risk factors, medical history, and
physical examination were conducted by trained staff in Department of Endocrinology, A�liated Hospital of Southwest Medical
University. Age, sex, the duration of T2DM, smoking, alcohol consumption, the history of hypertension, the history of
dyslipidaemia were self-reported. Smoking is de�ned as smoking > 1 cigarette/day, duration > 1 year. Drinking is de�ned as
drinking ≥ 50 g/month in the past 3 months. Blood pressure was calculated using theaverage of 3 measurements at 1-minute
intervals after 5 minutes of rest.

Physical examinations included the measurement of height, weight, waist circumference (WC), hip circumference, diastolic
blood pressure (DBP), systolic blood pressure (SBP). Anthropometric measurements were measured following standardized
protocols from the World Health Organization (WHO). WC was measured with an inelastic tape to the nearest 0.1 cm at a
midpoint between the bottom of the rib cage and the top of the iliac crest at the end of exhalation. Blood pressure was
measured by trained professionals, using an electronic sphygmomanometer (OMRON HEM-7200), and each participant was
measured twice, resting for at least 20 min before measurements were taken. And body mass index (BMI) was calculated as
body weight (in kg) divided by the square of height (in m; kg/m2). Omron visceral fat detection device HDS-2000 was used to
measure visceral fat area (VFA) and subcutaneous fat area (SFA). We took the average of these readings.

Blood samples were collected to test FPG, glycosylated hemoglobin (HbA1c), alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase (ALP), γ-Glutamyl transpeptidase (γ-GT), TG, TC, HDL-C, LDL-C. All study subjects
received a light diet after admission and fasted for at least 8 hours at night. In the next morning, 5 mL of venous blood was
drawn on an empty stomach, the serum was separated, and FPG was determined by glucose oxidase method; HbA1c was
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determined by high performance liquid chromatography; fully automated biochemical analysis The instrument (Hitachi, 7600)
detects the levels of blood lipids and liver function.

De�nitions
Hypertension is de�ned as the blood pressure is greater than or equal to 140/90 mmHg three times on different days, or the
antihypertensive drugs are used [16]. Dyslipidaemia was de�ned as having one or more of the following results: TG ≥ 2.26
mmol/L, total cholesterol (TC) ≥ 6.22 mmol/L, high-density lipoprotein cholesterol (HDL-C) ≤ 1.04 mmol/L, low-density
lipoprotein cholesterol (LDL-C) ≥ 4.14 mmol/L, self-reported diagnosis of dyslipidemia, or taking cholesterol-lowering
medications [17]. Diabetes mellitus was de�ned as fasting plasma glucose ≥ 7.0 mmol/L, and / or random blood glucose
(RBG) ≥ 11.1 mmol/L, and / or 2-h plasma glucose level after oral glucose tolerance test (OGTT) ≥ 11.1 mmol/L, self-reported
diagnosis of diabetes mellitus, or use of oral hypoglycemic agents or insulin injection [18].

Carotid Ultrasonography
Carotid artery ultrasound examination: All patients had a complete carotid artery ultrasound examination. Use PHILIPS EPIQ7
color doppler ultrasound diagnostic apparatus for inspection, the frequency of the probe is 4.0-12.0MHZ, all carotid artery
ultrasound examinations are completed by 2 senior sonographers, one examines, the other records, and after the end, check and
verify Enter the inspection results. The patient lies �at, head back and turned to the opposite side. The neck to be examined is
completely exposed. The probe is gradually moved from the front of the neck to the back of the neck. Measure the thickness of
the intima media at the proximal and distal ends at 1 cm, and take the average value of 3 points as the CIMT value on the left
and right sides, and then take the average value of the CIMT on the left and right sides as the �nal CIMT value, and issue an
ultrasound report. The mean value of three right and left measurements was used to Indentify increased CIMT. A carotid plaque
was de�ned as a focal wall thickening > 50% of the surrounding IMT or its CIMT ≥ 1.5 mm. The presence of CAS was de�ned
as having CIMT ≥ 1.0 mm or carotid plaque [19].

Calculation of TyG index and grouping methods
TyG index was calculated as: ln [fasting triglycerides (mg/dL) × fasting glucose (mg/dL)/2] [20]. In addition, the patients with
T2DM were also divided into tertiles according to their TyG index levels (Tertile 1: TyG index ≤ 9.14; Tertile 2: 9.14 < TyG index ≤
9.77; Tertile 3: TyG index > 9.77). Blood pressure: normal blood pressure is SBP < 130 mmHg and DBP < 80 mmHg, no history of
hypertension; high-normal blood pressure is SBP 130-140 mmHg or DBP 80-90 mmHg, no history of hypertension; hypertension
is SBP ≥ 140 mmHg or DBP ≥ 90 mmHg, or previously diagnosed as hypertension and are using antihypertensive drugs [19].
BMI: Normal (BMI < 24 Kg/m2); Overweight (24 Kg/m2 ≤ BMI < 28 Kg/m2); Obesity (BMI ≥ 28 Kg/m2) [21].

Statistical Analyses
Statistical analyses were undertaken using SPSS 26.0 (IBM, Armonk, NY, USA). The Kolmogorov-Smirnov Z-test was used to
verify continuous variables with a normal distribution. Variables with an approximately normal distribution are expressed as the
mean ± standard deviation. Variables with a non-normal distribution are presented as median (interquartile range). Numerical
variables in three sets of samples are compared between groups using analysis of variance (ANOVA) if they obey the normal
distribution, whereas nonparametric tests (Kruskal-Wallis H-test) are used if they do not obey the normal distribution; categorical
variables are described as a frequency or percentage, and the chi-square test was used for group comparisons, followed by post-
hoc analysis with Bonferroni correction.

TyG index was divided into three tertiles, and participants were strati�ed into groups based on “low”, “median” and “high” values
accordingly, which were named Tertile1-Tertile3. The odds ratios (OR) and 95% con�dence intervals (95% CI) of Tertile 2 and
Tertile3 were calculated with reference to Tertile 1. The P values for trends were obtained using the tertiles level as an ordinal
variable. The Subgroup analysis of TyG index and CAS risk was analyzed by binary logistic regression in Figure 2. The results of
the strati�ed study are presented through forest plots using R (www.R-project.org/). We created two binary logistic regression
models in the cross-sectional study, to estimate the Independent association between TyG index and CAS while adjusting for
potential confounders. The variables in these models are shown in Table 3. All reported P values were 2-sided, with a P < 0.05
considered statistically signi�cant.

http://www.r-project.org/
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Table 3
Association between TyG index and CAS in patients with T2DM

TyG index CAS

Model 1 Model 2

OR (95% CI) P for trend OR (95% CI) P for trend

Tertile 1 (n=492) 1   1  

Tertile 2 (n=492) 1.194(0.925,1.540) 0.173 1.105(0.852,1.434) 0.451

Tertile 3 (n=492) 1.633(1.258,2.119) 0.001 1.451(1.107,1.902) 0.007

Model 1: No adjustment for confounding factors.

Model 2: Adjusted for SBP, HbA1c, Hypertension in addition to the variables in Model 1.

P value < 0.05 was considered statistically signi�cant.

Results

General characteristics of the study population
Table 1 presents the clinical characteristics of 1476 subjects according to tertiles of the TyG index. The mean age of
participants was 58 (range, 40-78) years, and 48.6% were men. The prevalence of CAS showed a signi�cant difference among
the three groups (P < 0.001). With an increase in TyG index, participants tended to be older, with a higher level of diabetes
duration, history of dyslipidaemia, weight, BMI, WC, hip circumference, DBP, SBP, VFA, SFA, FPG, 2hFPG, HbA1c, ALP, γ-GT, TG,
TC, LDL-C; with a lower level of HDL-C (P < 0.05 for all).
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Table 1
Clinical characteristics of subjects by tertiles of TyG index.

Variable Total

(n = 1476)

Tertile 1

(n = 492)

Tertile 2

(n = 492)

Tertile 3

(n = 492)

P value

Male, n (%) 718(48.6%) 234(47.6%) 236(48.0%) 248(50.4%) 0.627a

Age (y) 58.0(51.0,65.0) 55.0(50.0,64.0) 57.0(51.0,65.0)* 60.0(53.0,66.0)**# <0.001

Diabetes
duration (m)

80.0(24.0,146.8) 77.0(18.0,145.0) 79.0(19.0, 133.8) 83.0(37.5,156.8)* 0.016

Smoking, n
(%)

515(34.9%) 157(31.9%) 177(36.0%) 181(36.8%) 0.228a

Consumption
of alcohol, n
(%)

594(40.2%) 184(37.4%) 197(40.0%) 213(43.3%) 0.168a

Hypertension,

n (%)

583(59.4%) 196(56.9%) 193(60.2%) 194(61.2%) 0.980a

Dyslipidaemia,
n (%)

268(18.2%) 67(13.6%) 90(18.3%)* 111(22.6%)** <0.001a

Height (cm) 160.0(153.0,166.0) 159.0(152.5,166.0) 160.0(155.0,166.0) 160.0(153.0,166.0) 0.057

Weight (Kg) 63.0(55.0,70.0) 60.0(54.0,68.0) 64.5(57.0,71.0)** 64.0(56.5,72.0)** <0.001

BMI (Kg/m2) 24.50(22.40,26.80) 23.68(21.50,25.90) 24.80(22.80,27.28)** 25.10(23.00,27.00)** <0.001

Waist circum-

ference (cm)

86.0(80.0,93.0) 83.0(77.0,90.0) 88.0(80.6,94.8)** 88.0(82.0,94.0)** <0.001

Hip circumfe-

rence (cm)

90.0(86.0,95.0) 89.8(85.0,94.0) 90.0(86.0,96.0)** 90.0(87.0,95.0)** <0.001

DBP (mmHg) 80.0(73.0,87.0) 78.0(71.0,85.0) 81.0(74.0,87.0) 82.0(74.0,89.0)** <0.001

SBP (mmHg) 137.0(122.0,149.0) 136.0(124.0,152.0) 138.0(124.0,152.0) 139.0(126.0,156.0)* 0.279

VFA (cm2) 81.0(56.0,108.0) 70.0(46.0,97.0) 82.0(60.0,110.8)** 90.5(66.0,116.0)** <0.001

SFA (cm2) 152.0(116.0,190.0) 138.0(100.3,183.8) 157.5(121.3,202.0)** 158.5(125.0,191.1)** <0.001

FPG (mmol/L) 8.90(7.10,11.55) 7.10(6.0,8.4) 9.20(7.4,11.5)** 11.29(9.2,13.8)**## <0.001

2hFPG
(mmol/L)

14.30(11.23,18.00) 12.65(10.0,15.8) 14.20(11.3,17.9)** 16.30(13.1,19.5)**## <0.001

HbA1c (%) 9.40(7.60,11.18) 8.50(7.10,10.40) 9.30(7.80,11.20)** 10.00(8.60,11.80)**## <0.001

ALT (U/L) 21.10(15.60,32.40) 20.20(15.40,31.13) 21.80(15.83,32.30) 21.80(15.60,33.74) 0.329

AST (U/L) 19.40(15.40,25.23) 19.50(15.83,24.55) 19.40(15.20,25.30) 19.20(15.10,25.68) 0.498

ALP (U/L) 82.00(64.90,100.68) 75.90(61.60,95.33) 80.75(64.43,96.98) 89.25(73.40,105.95)**## <0.001

Data are expressed as mean ± SD or median (25th, 75th percentile) for continuous variables and n (%) for categorical
variables. a is the χ2 value, and the remaInder test statistic is the Z value. All reported P values were 2-sided, with a P < 0.05
considered statistically signi�cant. The P values stood for the overall differences among groups; * P value < 0.05, ** P value
< 0.01 vs. Q1 group; # P value < 0.05, ## P value < 0.01 vs. Q2 group.
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Variable Total

(n = 1476)

Tertile 1

(n = 492)

Tertile 2

(n = 492)

Tertile 3

(n = 492)

P value

Γ-GT (U/L) 24.70(16.40,40.93) 18.70(13.53,30.83) 25.25(16.80,39.88)** 31.20(21.23,53.68)**## <0.001

TG (mmol/L) 1.77(1.17,2.58) 1.03(0.82,1.33) 1.79(1.43,2.25)** 3.08(2.35,3.97)**## <0.001

TC (mmol/L) 4.53(3.80,5.28) 4.11(3.42,4.80) 4.52(3.89,5.22)** 4.99(4.21,5.83)**## <0.001

HDL-C
(mmol/L)

1.12(0.94,1.32) 1.26(1.05,1.49) 1.11(0.93,1.26)** 1.03(0.87,1.19)**## <0.001

LDL-C
(mmol/L)

2.71(2.06.3.43) 2.44(1.76,3.12) 2.79(2.23,3.54)** 2.91(2.23,3.59)** <0.001

TyG index 9.48(8.94,9.94) 8.75(8.46,8.94) 9.50(9.32,9.64)** 10.12(9.95,10.45)**## <0.001

CAS, n (%) 920(62.3%) 281(57.1%) 302(61.4%) 337(68.5%)** <0.001a

Data are expressed as mean ± SD or median (25th, 75th percentile) for continuous variables and n (%) for categorical
variables. a is the χ2 value, and the remaInder test statistic is the Z value. All reported P values were 2-sided, with a P < 0.05
considered statistically signi�cant. The P values stood for the overall differences among groups; * P value < 0.05, ** P value
< 0.01 vs. Q1 group; # P value < 0.05, ## P value < 0.01 vs. Q2 group.

Prevalence of CAS in patients with T2DM according to TyG index tertiles
The prevalence of CAS in patients with T2DM increased with increasing TyG index tertiles (Fig. 2). The prevalence of CAS in
patients with T2DM in Tertile1-Tertile3 were 57.1% (281/492), 61.4% (302/492) and 68.5% (337/492), respectively. The
prevalence of CAS in the three groups was compared, and the difference was statistically signi�cant (χ2 = 13.856, P < 0.01). The
prevalence of CAS in Tertile2 was higher than that in Tertile1, and the difference was not statistically signi�cant (χ2 = 1.856, P =
0.173); the prevalence of CAS in Tertile 3 was greater than that in Tertile 1, and the difference was statistically signi�cant (χ2 = 
13.643, P < 0.01). The prevalence of CAS in Tertile 3 was higher than that in Tertile 1, and the difference was statistically
signi�cant (χ2 = 5.468, P < 0.05).

Logistic regression analysis of clinical variables and the risk of CAS in
patients with T2DM
Taking the occurrence of CAS in patients with T2DM as the dependent variable (No=0, Yes=1), Univariate logistic regression
analysis was used to screen the risk factors of CAS in patients with T2DM. Variables with P less than 0.05 were included.
Multivariate logistic regression analysis to analyze the risk factors of CAS in patients with T2DM (Because TyG index is
calculated by TG and FPG, the multivariate logistic regression analysis was not included). Multivariate logistic regression
analysis con�rmed that the prevalence of CAS in patients with T2DM increased with the increase of SBP, HbA1c and TyG Index.
Moreover, in T2DM patients with CAS, hypertension is also a risk factor (Table 2).
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Table 2
Logistic regression analysis of clinical variables and the risk of CAS in patients with T2DM

Variable Univariate Multivariate

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

Male, n (%) 0.719(0.582,0.888) 0.002 0.822(0.563,1.201) 0.311

Age (y) 1.017(1.005,1.030) 0.007 1.011(0.998,1.024) 0.089

Diabetes duration (m) 1.000(0.999,1.002) 0.668    

Smoking, n (%) 1.494(1.192,1.873) 0.001 1.356(0.979,1.1.877) 0.067

Consumption of alcohol, n (%) 1.209(0.974,1.501) 0.085    

Hypertension,

n (%)

1.548(1.243,1.928) 0.001 1.396(1.078,1.808) 0.011

Dyslipidaemia, n (%) 1.376(1.038,1.824) 0.027 1.240(0.917,1.678) 0.162

Height (cm) 1.014(1.001,1.027) 0.034 0.995(0.907,1.093) 0.924

Weight (Kg) 1.016(1.006,1.026) 0.002 1.003(0.894,1.126) 0.955

BMI (Kg/m2) 1.041(1.008,1.075) 0.014 0.989(0.737,1.328) 0.941

WC (cm) 1.020(1.009,1.031) 0.001 1.007(0.984,1.031) 0.563

Hip circumference

(cm)

0.997(0.982,1.012) 0.650    

DBP (mmHg) 1.009(0.999,1.018) 0.082    

SBP (mmHg) 1.010(1.005,1.016) 0.001 1.009(1.003,1.015) 0.005

VFA (cm2) 1.003(1.000,1.005) 0.034 0.999(0.995,1.003) 0.608

SFA (cm2) 1.002(1.000,1.003) 0.089    

FPG (mmol/L) 1.047(1.015,1.081) 0.004    

2hFPG (mmol/L) 1.034(1.011,1.057) 0.004 1.005(0.978,1.031) 0.736

HbA1c (%) 1.083(1.036,1.132) 0.001 1.080(1.024,1.139) 0.004

ALT (U/L) 1.002(0.998,1.006) 0.245    

AST (U/L) 1.003(0.997,1.009) 0.337    

ALP (U/L) 1.001(0.999,1.004) 0.335    

Γ-GT (U/L) 1.001(0.999,1.002) 0.329    

TG (mmol/L) 1.177(1.077,1.287) 0.000    

TC (mmol/L) 1.032(0.950,1.121) 0.453    

HDL-C (mmol/L) 0.583(0.426,0.798) 0.001 0.863(0.607,1.226) 0.410

LDL-C (mmol/L) 1.092(0.987,1.207) 0.087    

TyG index 1.460(1.254,1.701) 0.001 1.265(1.059,1.510) 0.010

TyG index predicted the occurrence of CAS in patients with T2DM
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To assess the correlation of TyG index with CAS in patients with T2DM, we undertook binary logistic regression analysis of
cross-sectional data. In Model 1, with the low tertile of TyG index set as the reference, TyG index in the top tertile was associated
with a higher OR for CAS (OR = 1.633, 95% CI =1.258-2.119, P < 0.001) after no adjustment for confounding factors (Model 1).
After additional adjustment for systolic blood pressure, HbA1c, hypertension in addition to the variables in Model 1, this trend
(Model 2) was retained. With the low tertile of TyG index set as the reference, TyG index in the top tertile was associated with a
higher OR for CAS (OR = 1.451, 95% CI =1.107-1.902, P = 0.007) (Table 3). Participants in the high tertile of TyG index continued
to have a higher prevalence of incident CAS compared with those in the low tertile.

Subgroup analysis between the TyG index tertiles and the risk of carotid
atherosclerosis
Figure 3 presents the results of subgroup analysis showing the relationship between TyG index and CAS. According to gender
(Fig. 3a), age (Fig. 3b), blood pressure level (Fig. 3c), and BMI level (Fig. 3d), the population was further divided into groups, and
the subgroup analysis was performed. The results showed that Tertile 1 of each group was used as the control, and the risk of
CAS in Tertile 3 of female was higher than that of men, with an OR score of 0.827 (95% CI = 1.245-2.682, P < 0.05); the risk of
CAS was increased in patients who were younger than 65 years old was increased, with an OR score of 1.500 (95% CI = 1.098-
2.050, P < 0.05); the risk of CAS in patients with hypertension in Tertile 3 was increased, with an OR score of 1.538 (95% CI =
1.020-2.319, P < 0.05); the risk of CAS in Tertile 3 of obese patients was increased, with an OR score of 2.207 (95% CI = 1.061-
4.594, P < 0.05).

Discussion
Atherosclerosis is a chronic disease of the arteries characterized by in�ammation and plaque building in the arterial wall,
eventually leading to stenosis of the vessel. Carotid atherosclerosis (CAS), which is associated with increased cardiovascular
risk [22]. Therefore, methods for the early detection and prevention of CAS would be of clinical and societal value.

The present study provides strong evidence that an increasing TyG index is Independently associated with an increased risk of
CAS in patients with T2DM. TyG index allow an early detection of carotid atherosclerotic burden and at the same time enhance
our ability to determine those individuals who are at greater risk for CAS.

As mentioned above, the HIEC is considered the current gold standard to determine insulin resistance [13]; however, as an
alternative strategy, TyG index has become an attractive option due to the highly available and inexpensive biochemical markers
needed for its calculation [23, 24]. Generally, TyG index is dysregulated if insulin resistance occurs. Thus, TyG index has been
described as a biochemical marker of insulin resistance.

Insulin resistance is one of the �rst metabolic abnormalities leading to the development of T2DM, and it is known to be a key
mediator of its pathogenesis [25–27]. Insulin resistance is associated with CAS development in patients with T2DM, but the
mechanism of action has not been elucidated fully. Insulin is a vascular hormone, it is not only a hormone regulating the
glucose level in blood, it is also a signaling molecule in many tissues and cells [28, 29]. The alterations in vascular homeostasis
due to endothelial and smooth muscle cell dysfunction are the main features of diabetic vasculopathy favouring a pro-
in�ammatory/thrombotic state which ultimately leads to atherothrombosis [2]. Hyperglycemia, insulin resistance, and
in�ammation and metabolic derangements associated with concomitant obesity cause endothelial vasodilator and �brinolytic
dysfunction [30]. A large cohort study found that insulin resistance measured by short insulin tolerance test is Independently
associated with CAS in patients with T2DM [31]. The research also proved that individuals with metabolic syndrome are at an
increased risk for CAS compared to those without metabolic syndrome [32]. These studies suggested that TyG index is of great
value for predicting CAS. Careful consideration of the insulin resistance mechanism would help clarify the exact mechanism by
which TyG index of T2DM patients contributes to atherosclerosis.

The correlation of TyG index with diabetic macrovascular disease is unclear, and a study is needed to investigate the predictive
value of TyG index for CAS in patients with T2DM. Our cross-sectional study enrolled a relatively large sample with T2DM. We
found that an increased TyG index was associated with a high risk of CAS. This is the �rst study to discover the association of
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TyG index with CAS in patients with T2DM. Furthermore, as a proxy for insulin resistance, TyG index has the advantage of being
clinically applicable because TG and glucose concentrations are measured routinely in patients with T2DM, some patients with
T2DM in developing countries refuse carotid ultrasound examination due to economic reasons.

Our Subgroup analysis also showed that when the patient is female, or younger than 65, or suffering from hypertension and
obesity, the risk of CAS in patients with T2DM was signi�cantly increased when TyG index increased. Insulin resistance may
play a key role. Previous studies have found that female with T2DM are more likely to have dyslipidemia [33], abdominal obesity
[34] and hypertension [35], and their vascular endothelial function damage and thrombosis risk are higher than men [36], and the
risk of macrovascular disease is also higher. Studies have pointed out that the rate of progression of Chinese carotid
atherosclerosis with age is more extreme[37]. But in this article, with the increase of TyG index, patients with T2DM younger than
65 years of age are at higher risk of developing CAS. The reason may be related to insu�cient sample size. Obesity is
associated with an increased risk of insulin resistance and T2DM [38]. Obesity are also the main risk factors for the
development of CAS and cardiovascular disease [39]. Insulin resistance is associated with a variety of cardiovascular disease
risk factors including central obesity, essential hypertriglyceridemia, and low HDL-C [40], this is consistent with our research
results. Prevalence of obesity and the metabolic syndrome is rapidly increasing in developing countries, leading to increased
morbidity and mortality due to T2DM and cardiovascular disease [41]. International health agencies and related governments
should focus on TyG index of obese patients with T2DM in developing countries. Therefore, it is recommended that patients
with T2DM should actively control their weight, blood pressure and blood sugar to reduce the risk of macrovascular events.

Study Strengths And Limitations
This is the �rst study to con�rm a relationship between TyG index and CAS in patients with T2DM through the use of the
endocrinology database center of Southwest Medical University (National Standardized Metabolic Disease Management
Center) from Chinese adults. However, This study had two main shortcomings. First, the sample size in this study was relatively
small: validation of our data on a larger population is needed. Another of the limitations of our study was that we could not
analyze the plaque composition in our study subjects. As plaque composition can be a better indicator of cardiovascular
outcome [42], further studies that include plaque composition in the evaluation of atherosclerosis are recommended. Finally, due
to the cross-sectional study design, we could not assess causality between TyG index and CAS.

Conclusions
In conclusion, a higher TyG index was associated with a higher probability of incident CAS in patients with T2DM. TyG index is
more sensitive to the prediction of CAS in female, younger than 65 years old, with hypertension and obesity in patients with
T2DM, and we should be paid more attention to. Longitudinal cohort studies and exploratory studies are needed to investigate
the relationship between the TyG index and CAS in patients with T2DM.
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Figures



Page 14/16

Figure 1

patients with age < 40 years old, T1DM, gestational diabetes, other special types of DM, or with severe infection, immune
dysfunction, or malignant tumor, incomplete clinical data were excluded. Ultimately, 1476 patients with T2DM were enrolled in
this cross-sectional study to elucidate the predictive value of TyG index for CAS in patients with T2DM (Fig. 1).
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Figure 2

The prevalence of CAS in patients with T2DM increased with increasing TyG index tertiles (Fig.2)
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Figure 3

presents the results of subgroup analysis showing the relationship between TyG index and CAS. According to gender (Fig. 3a),
age (Fig. 3b), blood pressure level (Fig. 3c), and BMI level (Fig. 3d), the population was further divided into groups, and the
subgroup analysis was performed.


