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Abstract
Purpose

This study aimed to assess the cross-sectional and longitudinal associations of the triglyceride glucose
(TyG) index, a simple surrogate marker of insulin resistance, with intra- and extra-cranial artery stenosis
(ICAS and ECAS) in Chinese adults.

Methods

Participants were recruited from the Asymptomatic Polyvascular Abnormalities Community study, 5,381
participants were enrolled in the cross-sectional analysis, then 3,447 and 1,853 participants in the
longitudinal analysis for incident ICAS and ECAS, respectively. The TyG index was calculated as ln
[fasting triglyceride (mg/dL) × fasting glucose (mg/dL)/2]. Multivariable logistic analysis was used to
calculate odds ratio (OR) and 95% con�dence interval (CI).

Results

The results of cross-sectional and longitudinal analysis were basically the same, as the fully adjusted OR
comparing participants in the highest tertile versus lowest tertile of the TyG index was 1.34 (95% CI, 1.13-
1.59) for prevalence of ECAS and 1.85 (95% CI, 1.26-2.71) for incident ECAS, respectively. The addition of
TyG index to a conventional model had an incremental effect on the predictive value for ECAS. However,
we did not observed any signi�cant association between the TyG index and ICAS.

Conclusions

Elevated TyG index was signi�cantly associated with a higher risk of ECAS, but not with ICAS in Chinese
adults. This conclusion lends support to the clinical signi�cant for the TyG index for the assessment of
artery stenosis, especially for ECAS.

Introduction
Atherosclerotic diseases occurring in intracranial artery stenosis (ICAS) and extracranial artery stenosis
(ECAS) are the major etiology of ischemic cerebrovascular events, such as stroke and transient ischemic
attack.(1, 2) It has been reported that ICAS and ECAS separately accounted for approximately 10% and
15% of all cerebral ischemic events worldwide, and the proportions were much higher in China than in
other populations.(3–5) Therefore, primordial prevention of ischemic vascular diseases through risk
factors reduction is fundamental.

Insulin resistance (IR), the critical mechanism of the pathogenesis of diabetes mellitus, has been
extensively demonstrated to be signi�cantly related to the development of arterial stiffness and an
increased risk of vascular diseases.(6–8) The triglyceride-glucose (TyG) index, which is derived from
fasting triglycerides (TGs) and fasting blood glucose (FBG), has been proposed as a simple and
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inexpensive approach to evaluate IR, and has been con�rmed to be highly correlated with
hyperinsulinaemic-euglycaemic clamp (the gold standard technique for assessing IR).(9–11) Consistent
with the �ndings of IR, there is growing evidence to suggest that the TyG index is associated with arterial
stiffness (measured by pulse wave velocity) and nephric microvascular damage.(12–15) However, to the
best of our knowledge, few study has examined the potential impact of the TyG index on cerebral artery
stenosis in Chinese adults.(12) We, therefore, performed this study to determine the cross-sectional and
longitudinal associations of the TyG index with ICAS and ECAS in a Chinese community-based study
population free of stroke, transient ischemic attack and coronary heart diseases using samples from the
Asymptomatic Polyvascular Abnormalities Community (APAC) study.

Materials And Methods
Study population

The APAC study is a community-based, prospective, long-term follow-up study to investigate the
epidemiology of asymptomatic polyvascular abnormalities in Chinese adults. The detailed of this study
design has been published previously.(16,17) In brief, the APAC study included 5440 participants who
were aged over or equal to 40 years, free of coronary artery disease, transient ischemic attack, and stroke
and follow-up biennially. In the current study, we excluded 59 participants with missing data on TG, FBG
and vascular examination results at baseline (2010), leaving 5,381 participants in the cross-sectional
analysis. In the longitudinal cohort analysis, we further excluded 712 participants with ICAS at baseline
and 1,222 participants without ICAS measurement at 2012, therefore, 3,447 participants were enrolled in
the longitudinal cohort study to analysis the association between the TyG index and incident ICAS,
similarly, 1,853 participants were enrolled for the analysis of incident ECAS (Figure 1). The study was
performed according to the guidelines from the Helsinki Declaration and was approved by the Ethics
Committees of the Kailuan General Hospital and the Beijing Tiantan Hospital. Written informed consent
was obtained from all participants. Subjects were also informed of abnormal �ndings and recommended
treatment.

Calculation of the TyG index

Fasting blood samples were collected from the antecubital vein after an 8- to 12-h overnight fast. All the
plasma samples were assessed using an auto-analyzer (Hitachi 747, Tokyo, Japan) at the central
laboratory of Kailuan Hospital. FBG levels were measured using the hexokinase/glucose-6-phosphate
dehydrogenase method with the coe�cient of variation using blind quality control specimens < 2.0%.
Serum total cholesterol, TG, low-density lipoprotein cholesterol (LDL-C), and high-density lipoprotein
cholesterol (HDL-C) levels were measured with the enzymatic colorimetric method. The TyG index was
calculated as ln [(fasting TG (mg/dl) × FBG (mg/dl)/2].(18)

Assessment of ICAS and ECAS
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ICAS was assessed by peak systolic �owing velocity measurements via Transcranial Doppler
Ultrasonography, which was performed by two experienced neurologists who were blinded to the baseline
information of the participants with portable devices (EME Companion, Nicolet, Madison, WI, USA).(19)
The de�nition of ICAS was according to published criteria(20,21): >140 cm/s for the middle cerebral
artery, >120 cm/s for the anterior cerebral artery, >100 cm/s for the posterior cerebral artery and vertebral-
basilar, and >120 cm/s for the siphon internal carotid artery. In addition to the above mentioned criteria,
the patients’ age, the presence of turbulence sound or disturbance in echo frequency, and whether the
abnormal velocity was segmental were also taken into account for ICAS diagnosis. Subjects without a
good temporal window were considered without stenosis. ICAS was diagnosed if at least one of the
studied arteries showed evidence of stenosis or occlusion.

ECAS was de�ned as the presence of common or extacranial internal carotid artery stenosis or
extracranial vertebral artery stenosis. All participants underwent a bilateral carotid duplex ultrasound
(Philips iU-22 ultrasound system, Philips Medical Systems, Bothell, WA) in the supine position of
structures including the common carotid, internal carotid artery, external carotid artery, vertebral artery
and subclavian artery. Both sides of the carotid stenosis were assessed for the presence of ECAS(>0%),
which was graded based on recommendations from the Society of Radiologists in Ultrasound Consensus
Conference.(22)

Association of covariates

Data on other related baseline and medical information were collected via standard questionnaire by
trained investigators, including age, sex, smoking status, drinking status, physical activity. Education was
classi�ed as illiteracy or primary school, middle school, and high school or above. Income was
categorized into > 3000 and ≤ 3000 yuan/month. Active physical activity was de�ned as ≥ 4 times per
week and ≥ 20 minutes at a time. Smoking and drinking status strati�ed into never, former or current.
Body mass index (BMI) was calculated by dividing body weight (kg) by the square of height (m). Blood
pressure was measured in the in the seated position using a mercury sphygmomanometer, and the
average of three readings was calculated as systolic blood pressure (SBP) and diastolic blood pressure
(DBP). High-sensitivity C-reactive protein (hs-CRP) levels were measured with high-sensitivity particle-
enhanced immunonephelometry assay. Hypertension was de�ned as SBP ≥140 mm Hg or DBP ≥90 mm
Hg, any use of antihypertensive drugs, or a self-reported history of hypertension. Diabetes was de�ned as
FBG levels ≥7.0mmol/L, any use of glucose-lowing drugs, or any self-reported history of diabetes.
Dyslipidemia was de�ned as any self-reported history or use of lipid-lowering drugs, or total cholesterol
levels ≥5.17 mmol/L.

Statistical analysis

Participants were categorized into three groups according to tertiles of the TyG index. Continuous
variables are described as median and interquartile range (IQR) owing the skewed distribution.
Categorical variables are described as frequencies and percentages. The Wilcoxon or Kruskal–Wallis test
was used to analyze group differences for continuous variables, and the chi-square test was used for
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categorical variables. Multivariable logistic regression models were constructed to assess the association
of the TyG index with the outcomes in the cross-sectional and cohort study, by calculating the odds ratios
(ORs) and their 95% con�dence intervals (CIs). Model 1 was unadjusted, Model 2 was adjusted for age
and sex, Model 3 was further adjusted for BMI, education, income physical activity, smoking status,
drinking status, history of hypertension, diabetes, dyslipidemia, antihypertensive agents, antidiabetic
agents, lipid-lowering agents, HDL-C, LDL-C, and hs-CRP. P-values for trend were computed using tertiles
as ordinal variables. In addition, we also analyzed the effect of the TyG index on the outcomes as a
continuous variable using a restricted cubic spline with 5 knots (at the 5th, 25th, 50th, 75th, and 95th
percentiles), adjusted for all the covariates above-mentioned.

In addition, we calculated C-statistics, integrated discrimination improvement (IDI) and category-free net
reclassi�cation improvement (NRI) to evaluate the incremental predictive value of the TyG index beyond
conventional risk factors. Linear regression was used to evaluate the correlation between the TyG index
and vascular stenosis risk factors. Furthermore, subgroup analyses according to age (<60 years and ≥60
years), sex, BMI (<28 and ≥28 kg/m2), and diabetes (no and yes) were performed to examine the
consistence of the effect of a high TyG index on the outcomes, where the interaction of the TyG index
with strati�ed variables was examined by likelihood ratio tests. All analyses were conducted using SAS
version 9.4 (SAS Institute Inc., Cary, NC, USA). A two-sided P<0.05 was considered statistically signi�cant.

Results
Baseline characteristics

In the cross-sectional analysis, a total of 5,381 participants were enrolled, the median age was 52.48
years (IQR, 45.65–61.58), 3219 (59.82%) were men. The baseline characteristics according to tertiles of
the TyG index are presented in Table 1. Compared with participants with the lowest TyG index,
participants with higher TyG index were more likely to be men, educated, had higher income, more current
smokers, alcohol takers, a higher prevalence of hypertension, diabetes, dyslipidemia, more likely to take
antihypertensive agent, antidiabetic agents, and lipid-lowering agents, had a higher level of BMI, SBP, DBP,
FBG, TC, TG, HDL-C, LDL-C, and hs-CRP.
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Table 1
Baseline characteristics according to tertiles of the TyG index

Characteristics Overall (n = 
5381)

Tertiles of the TyG index P
value

T1 (< 8.38) T2 (8.39–
8.90)

T3 (≥ 8.91)

Age, years 52.48(45.65–
61.58)

51.97(45.02–
62.07)

52.68(45.91–
61.96)

52.75(46.13–
60.83)

0.1248

Men, n (%) 3219 (59.82) 998 (55.66) 1086 (60.54) 1135 (63.27) < 
0.0001

High school or
above, n (%)

2358 (43.82) 775 (43.22) 794 (44.26) 789 (43.98) < 
0.0001

Income > 1000
RMB/m, n (%)

4088 (75.97) 1312 (73.17) 1360 (75.81) 1416 (78.93) 0.0003

BMI, kg/m2 24.74(22.67–
27.04)

23.53(21.56–
25.71)

24.67(22.77–
26.83)

26.04(23.94–
28.08)

< 
0.0001

SBP, mm Hg 130.00

(120.00-
140.67)

123.33

(110.67–
140.00)

130.00

(120.00-
141.33)

130.67

(120.00-
146.00)

< 
0.0001

DBP, mm Hg 80.67(76.67-
90.00)

80.00(70.67-
88.00)

80.67(76.67-
90.00)

83.67(80.00-
90.67)

< 
0.0001

Current smoker, n
(%)

1714 (31.85) 492 (27.44) 560 (31.22) 662 (36.90) < 
0.0001

Current alcohol use,
n (%)

1777 (33.02) 488 (27.22) 586 (32.66) 703 (39.19) < 
0.0001

Active physical
activity, n (%)

1856 (34.49) 634 (35.36) 626 (34.89) 596 (33.22) 0.1807

Hypertension, n (%) 1381 (25.66) 294 (16.40) 440 (24.53) 647 (36.06) < 
0.0001

Diabetes, n (%) 421 (7.82) 42 (2.34) 112 (6.24) 267 (14.88) < 
0.0001

Dyslipidemia, n (%) 608 (11.30) 82 (4.57) 150 (8.36) 376 (20.96) < 
0.0001

Antihypertensive
agents, n (%)

1045 (19.42) 225 (12.55) 337 (18.78) 483 (26.92) < 
0.0001

Antidiabetic agents,
n (%)

326 (6.06) 37 (2.06) 79 (4.40) 210 (11.71) < 
0.0001

Abbreviation: BMI, body mass index; DBP, diastolic blood pressure; LDL-C, low-density lipoprotein
cholesterol; HDL-C, high-density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive protein; SBP,
systolic blood pressure; TyG, triglyceride-glucose index
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Characteristics Overall (n = 
5381)

Tertiles of the TyG index P
value

T1 (< 8.38) T2 (8.39–
8.90)

T3 (≥ 8.91)

Lipid-lowering
agents, n (%)

75 (1.39) 12 (0.67) 21 (1.17) 42 (2.34) 0.0001

Fasting blood
glucose, mmol/L

5.20(4.82–
5.80)

4.96(4.61–
5.30)

5.20(4.84–
5.70)

5.66(5.12–
6.76)

< 
0.0001

Total cholesterol,
mmol/L

4.95(4.36–
5.63)

4.62(4.11–
5.21)

4.92(4.41–
5.55)

5.36(4.70–
6.04)

< 
0.0001

Triglyceride, mmol/L 1.30(0.93–
1.93)

0.81(0.65–
0.96)

1.32(1.17–
1.50)

2.36(1.91–
3.17)

< 
0.0001

HDL-C, mmol/L 1.57(1.31–
1.90)

1.70(1.40–
2.01)

1.57(1.31–
1.86)

1.46(1.23–
1.78)

< 
0.0001

LDL-C, mmol/L 2.60(2.16–
3.06)

2.40(2.02–
2.83)

2.70(2.30–
3.09)

2.71(2.21–
3.26)

< 
0.0001

Hs-CRP, mg/dL 1.00(0.50–
2.20)

0.78(0.40–
1.60)

0.90(0.50-
2.00)

1.40(0.79–
2.80)

< 
0.0001

Abbreviation: BMI, body mass index; DBP, diastolic blood pressure; LDL-C, low-density lipoprotein
cholesterol; HDL-C, high-density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive protein; SBP,
systolic blood pressure; TyG, triglyceride-glucose index

 

Cross-sectional analysis for the association of the TyG index with prevalent ICAS and ECAS

Among the 5,381 eligible participants in the cross-sectional analysis, 712 (13.23%) participants were
diagnosed of ICAS and 2,843 (52.81%) were diagnosed of ECAS. The associations of the TyG index with
prevalent ICAS and ECAS in the cross-sectional analysis are presented in Table 2. The prevalence of ICAS
and ECAS increased with tertiles of the TyG index. In the unadjusted model, the highest tertile of the TyG
index was signi�cantly associated with the prevalence of ICAS (OR, 1.44; 95% CI, 1.18–1.76; P for trend = 
0.0004) and ECAS (OR, 1.51; 95% CI, 1.32–1.72; P for trend < 0.0001), compared with the lowest tertile of
the TyG index. After fully adjusted for potential covariates, signi�cant association persisted for high TyG
index and the prevalence of ECAS (OR, 1.34; 95% CI, 1.13–1.59; P for trend = 0.0009), but not for the
prevalence of ICAS (OR, 1.18; 95% CI, 0.94–1.50; P for trend = 0.1891). Multivariable-adjusted spline
regressions showed a J-shaped association between the TyG index and the prevalence of ECAS but not
with ICAS (Fig. 2A and 2B).
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Table 2
ORs (95% CIs) for the cross-sectional association of the TyG index tertiles with the prevalence of ICAS

and ECAS
Outcomes T1 (< 8.38) T2 (8.39–8.90) T3 (≥ 8.91) Per 1 unit

increase
P for
trend

Prevalent ICAS          

Case, n (%) 190(10.60) 260(14.49) 262(14.60)    

Model 1 Reference 1.43(1.17–
1.75)

1.44(1.18–
1.76)

1.24(1.10–1.39) 0.0004

Model 2 Reference 1.45(1.19–
1.78)

1.54(1.25–
1.88)

1.31(1.16–1.48) < 0.0001

Model 3 Reference 1.29(1.04–
1.60)

1.18(0.94–
1.50)

1.10(0.95–1.28) 0.1891

Prevalent
ECAS

         

Case, n (%) 833(46.46) 993(55.35) 1017(56.69)    

Model 1 Reference 1.43(1.25–
1.63)

1.51(1.32–
1.72)

1.31(1.21–1.43) < 0.0001

Model 2 Reference 1.47(1.26–
1.71)

1.58(1.36–
1.84)

1.35(1.23–1.48) < 0.0001

Model 3 Reference 1.34(1.15–
1.58)

1.34(1.13–
1.59)

1.22(1.09–1.36) 0.0009

Abbreviations: CI, con�dence interval; ECAS, extracranial carotid stenosis; ICAS, intracranial arterial
stenosis; OR, odds ratio; TyG, triglyceride-glucose index

Model 1: unadjusted

Model 2. adjusted for age and sex

Model 3: further adjusted for body mass index, education, income, physical activity, smoking status,
drinking status, history of hypertension, diabetes, dyslipidemia, antihypertensive agents, antidiabetic
agents, lipid-lowering agents, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol,
high-sensitivity C-reactive protein.

 

Longitudinal analysis for the association of the TyG index with incident ICAS and ECAS

In the longitudinal analysis, 351 (10.18%) incident ICAS and 234 (12.63%) incident ECAS were diagnosed.
The associations of the TyG index with incident ICAS and ECAS in the longitudinal cohort analysis are
presented in Table 3. The highest tertile of the TyG index was associated with a 1.85-fold higher risk for
incidence of ECAS (OR, 1.85; 95% CI, 1.26–2.71; P for trend = 0.0007) in the fully adjusted model,
compared with the lowest tertile of the TyG index. Whereas the association between TyG index and
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incident ICAS was not statistically signi�cant (OR, 1.02; 95% CI, 0.74–1.40, P for trend = 0.8777).
Multivariable-adjusted spline regression showed the similar trend association (Fig. 2C and 2D).

Table 3
ORs (95% CIs) for the longitudinal association of the TyG index tertiles with incident ICAS and ECAS

Outcomes T1 (< 
8.38)

T2 (8.39–8.90) T3 (≥ 8.91) Per 1 unit
increase

P for
trend

Incident ICAS          

Case, n (%) 113(9.38) 120(10.64) 118(10.59)    

Model 1 Reference 1.15(0.88–
1.51)

1.14(0.87–
1.50)

1.03(0.87–1.22) 0.3273

Model 2 Reference 1.18(0.90–
1.55)

1.19(0.90–
1.57)

1.07(0.90–1.26) 0.2106

Model 3 Reference 1.12(0.84–
1.49)

1.02(0.74–
1.40)

1.01(0.78–1.17) 0.8777

Incident
ECAS

         

Case, n (%) 68(9.43) 63(11.09) 103(18.26)    

Model 1 Reference 1.20(0.83–
1.72)

2.15(1.54–
2.98)

1.55(1.27–1.89) < 0.0001

Model 2 Reference 1.10(0.76–
1.59)

1.92(1.37–
2.69)

1.45(1.18–1.78) 0.0001

Model 3 Reference 1.23(0.83–
1.81)

1.85(1.26–
2.71)

1.38(1.09–1.75) 0.0007

Abbreviations: CI, con�dence interval; ECAS, extracranial carotid stenosis; ICAS, intracranial arterial
stenosis; OR, odds ratio; TyG, triglyceride-glucose index

Model 1: unadjusted

Model 2. adjusted for age and sex

Model 3: further adjusted for body mass index, education, income, physical activity, smoking status,
drinking status, history of hypertension, diabetes, dyslipidemia, antihypertensive agents, antidiabetic
agents, lipid-lowering agents, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol,
high-sensitivity C-reactive protein.

 

Correlation between the TyG index and vascular stenosis risk factors

The linear regression was performed to determine the correlation between the TyG index stenosis risk
factors. Results showed that the TyG index was positively correlated with sex (men), BMI, DBP, DBP, FBG,
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TC, TG, LDL-C, and hs-CRP, while negatively correlated with HDL-C and no signi�cant correlation with age
(Table S1).

Incremental predictive value of the TyG index

We evaluated whether the TyG index could further increase the predictive value of conventional risk
factors (Table 4). In the cross-sectional analysis, for prevalent ICAS as the outcome of interest, the C-
statistic, IDI and NRI did not signi�cant improve with the addition of the TyG index. When prevalent ECAS
was taken as the outcome of interest, although the C-statistics by the conventional model did not
signi�cantly improve with the addition of the TyG index (from 0.797 to 0.798, P = 0.0881), the
discriminatory power and reclassi�cation ability appeared to be substantially improved (IDI, 0.20%, P = 
0.0011; category-free NRI 9.14%, P = 0.0008). Similar results were found in the longitudinal cohort
analysis.
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Table 4
Reclassi�cation and discrimination statistics for outcomes by the TyG index

  C-statistic IDI Category-free NRI

  Estimate (95%
CI)

P
value

Estimate
(95% CI), %

P
value

Estimate
(95% CI), %

P
value

Prevalent ICAS            

Convention model 0.727(0.701–
0.748)

  Reference   Reference  

Convention model 
+ TyG index

0.728(0.707–
0.748)

0.7431 0.03(-0.03-
0.10)

0.3246 4.67(-3.19-
12.54)

0.2453

Prevalent ECAS            

Convention model 0.797(0.785–
0.809)

  Reference   Reference  

Convention model 
+ TyG index

0.798(0.786–
0.810)

0.0881 0.20(0.08–
0.32)

0.0011 9.14(3.83–
14.46)

0.0008

Incident ICAS            

Convention model 0.657(0.626–
0.688)

  Reference   Reference  

Convention model 
+ TyG index

0.657(0.626–
0.688)

0.9006 0.009(-0.002-
0.04)

0.5282 2.07(-13.09-
8.96)

0.7134

Incident ECAS            

Convention model 0.722(0.688–
0.756)

  Reference   Reference  

Convention model 
+ TyG index

0.732(0.699–
0.765)

0.0308 0.30(0.01–
0.68)

0.0315 20.03(6.36–
33.71)

0.0042

Abbreviations: ECAS, extracranial carotid stenosis; ICAS, intracranial arterial stenosis; IDI, integrated
discrimination index; NRI, net reclassi�cation index; TyG, triglyceride-glucose index.

Adjusted for age, sex, body mass index, education, income, physical activity, smoking status, drinking
status, history of hypertension, diabetes, dyslipidemia, antihypertensive agents, antidiabetic agents,
lipid-lowering agents, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, high-
sensitivity C-reactive protein, and lipid-lowering agents.

 

Subgroup analyses

Results of subgroup analyses are shown in Table S2. The association of a high TyG index with ICAS and
ECAS in the cross-sectional and longitudinal study were generally consistent across different subgroups.
There was no signi�cant interaction between the TyG index and these strati�ed covariates (P for
interaction > 0.05 for all).
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Discussion
In this study, we identi�ed a signi�cant association of the TyG index with ECAS in both cross-sectional
and longitudinal cohort analysis. The addition of the TyG index to the conventional models signi�cantly
promoted the ability of risk strati�cation. However, the TyG index failed to show any statistical
signi�cance on ICAS in the present analysis. The trend remained robust among the strati�ed analyses.
Our study suggests that the TyG index, as a marker of IR, may help identify subjects at high risk of artery
stenosis, especially for ECAS.

A few reports have investigated the relationship between IR and ICAS. The Barcelona-Asymptomatic
Intracranial Atherosclerosis (AsIA) study including 933 Caucasian subjects aged > 50 years showed that
IR emerged as an important molecular pathway involved in the development of intracranial
atherosclerotic disease from its asymptomatic stage.(23) A Korean study of 110 participants showed
that IR was associated with intracranial atherosclerosis in patients with ischemic stroke without diabetes.
(24) Similar, a Chinese cross-sectional study including 2 007 participants aged over 40 years showed IR
predicted the prevalence of asymptomatic ICAS in men, however, the history of hypertension, diabetes,
dyslipidemia and medications on these diseases were not been taken into account, the results may
should be explained with caution.(25) In these studies, IR was evaluated using the homeostatic model
assessment technique index (HOMA-IR), which is calculated by fating insulin and glucose. However, the
insulin concentrations are not routinely measured in clinical practice, leading to an HOMA-IR that is
inappropriate for clinical practice on a large scale. By contrast, the TyG index can be done from a
standard blood pro�le at no extra cost, and the TyG index is well related to the hyperinsulinemic–
euglycemic clamp and HOMA-IR, it is therefore widely available in recent studies.(26, 27) However, up to
date, the evidence on whether the TyG index can serve as an independent predictor of ICAS remained
unclear. To address this knowledge gap, we conducted the current study, our �ndings show that in both
cross-sectional and longitudinal analysis, the TyG index failed to show any statistical signi�cance on
ICAS in the APAC study. The inconsistent results between our study and above-mentioned may be
attributed to the design, study population and the measurement in determining atherosclerosis.

To our knowledge, there was limited evidence regarding the relationship between the TyG index and ECAS
in Asians up to date, partly because the phenomenon that the prevalence of ECAS is more common in
Caucasians than in Asians.(28) The AsIA study showed that patients with diabetes mellitus had a higher
OR for moderate-severe ECAS than ICAS.(23) Another study in Caucasians showed that the TyG index
was signi�cantly associated with carotid atherosclerosis.(13) In contrast, one Chinese cross-sectional
study have investigated the correlation of the TyG index with carotid stenosis, the results showed there
was no signi�cant association of TyG index with the carotid hypertrophy and carotid plaque.(12) The
inconsistency may be explained by ethnic differences of the study population. Results from our study
demonstrated that elevated TyG index was signi�cantly associated with ECAS in Chinese patients
without stroke, transient ischemic stroke and coronary heart diseases. The TyG index actually plays an
important role in the progression of atherosclerosis, our study suggested that those with high TyG index
warrant particular vigilance for the future risk of ECAS.
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The mechanisms for the different association of the TyG index with ICAS and ECAS were unclear, while
several hypotheses have been proposed. First, IR predisposes to several disorders such as hyperglycemia,
hypertension, and dyslipidemia. Previous studies showed that there were some differences in risk factors
between ICAS and ECAS. A meta-analysis consisted of 15 studies in Asians showed that there was no
signi�cant difference between ICAS and ECAS in terms of age, hypertension and diabetes,(29) while this
meta-analysis together with several other studies revealed that dyslipidemia was more closely associated
with ECAS than with ICAS.(29–31) In our study, we found that the prevalence of dyslipidemia in the
highest tertile group was more than 5-fold higher than that in the lowest tertile group. Circulating
biomarkers may represent a powerful tool to assess the pathophysiology of atherosclerosis in vivo, our
study also showed that the TC, TG, LDL-C and hs-CRP was positively correlated to the TyG index. The
high prevalence of dyslipidemia and high levels of blood markers may contribute to the pathway between
high TyG index and ECAS in our analysis, similarly to previous reports.(23, 32, 33) Second, IR not only
plays an important role on atherogenesis, but also in advanced plaque progression by promoting
apoptosis of macrophages, endothelial cells, and vascular smooth muscle cells, the TyG index re�ects IR
in the muscle thus may better re�ect peripheral insulin resistance. The TyG index has been reported to be
associated with carotid and coronary atherosclerosis,(34) which is also more correlated with ECAS. The
precise mechanisms for the discrepancy relationship of the TyG index with ICAS and ECAS needed further
investigations to clarify.

The strength of this study is its combined cross-sectional and longitudinal aspects. Nevertheless, there
are several limitations to the present study. Firstly, the study relies on TCD for the diagnosis, which is
partly operator-dependent and unable to accurately determine the extent of vascular stenosis. However,
non-invasive TCD is a safer, more accessible, and less expensive method of evaluating intracranial
circulation than invasive catheter angiography. Second, due to the shortage of records on insulin, we
could not compare the TyG index with HOMA-IR and the hyperinsulinemic–euglycemic clamp test. Third,
we chose asymptomatic ICAS and ECAS as parameters to evaluate atherosclerosis. Causes of stenosis
other than atherosclerosis (e.g. vasculitis, artery dissection) were not evaluated in the study.

Conclusions
In our study, an independent association between elevated TyG index and ECAS was seen regardless of
other conventional vascular risk factors, while the TyG index failed to show a statistically signi�cance on
ICAS. The TyG index, as simple marker of IR, might be an important predictor of artery stenosis, re�ecting
vascular risk, especially for ECAS. Further prospective large-scale studies will be needed to elucidate the
exact mechanism of the relationship between the TyG index and atherosclerotic stenosis.
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Figure 1

The �owchart of the study Abbreviations: APAC, Asymptomatic Polyvascular Abnormalities Community;
ECAS, extracranial carotid stenosis; ICAS, intracranial arterial stenosis; FBG, fasting blood glucose; TG,
triglyceride
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Figure 2

Multivariable-adjusted association of the TyG index with ICAS and ECAS based on restricted cubic spines
with 5 knots at 5th, 25th, 50th, 75th, and 95th percentiles of TyG index. A-B: outcomes in the cross-
sectional analysis; C-D; outcomes in the longitudinal cohort analysis Abbreviations: ECAS, extracranial
carotid stenosis; ICAS, intracranial arterial stenosis; TyG index, triglyceride-glucose index. Adjusted for
body mass index, education, income, physical activity, smoking status, drinking status, history of
hypertension, diabetes, dyslipidemia, antihypertensive agents, antidiabetic agents, lipid-lowering agents,
high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, high-sensitivity C-reactive protein.
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