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Abstract 

Background: The triglyceride-glucose index (TyG index) has been proposed as a simple and reliable alternative 
insulin resistance (IR) marker, while the homeostasis model assessment for IR (HOMA-IR) is the most frequently used 
index. Few studies have evaluated the role of IR assessed by the TyG index and HOMA-IR on arterial stiffness in a type 
2 diabetes (T2D) population with a high risk of increased arterial stiffness. We aimed to investigate the association of 
the TyG index and HOMA-IR with arterial stiffness in patients with T2D.

Methods: We recruited 3185 patients with T2D, who underwent brachial-ankle pulse wave velocity (baPWV), an 
indicator of arterial stiffness, but without previous cardiovascular disease. Increased arterial stiffness was defined as 
a baPWV value greater than the 75th percentile (18.15 m/s) in the present study. The TyG index was determined as 
ln(fasting triglycerides [mg/dL] × fasting glucose [mg/dL]/2), and the HOMA-IR was calculated as (fasting insulin [μIU/
mL] × fasting glucose [mmol/L])/22.5.

Results: The mean age of the study participants was 54.6 ± 12.0 years, and 1954 (61.4%) were men. Seemingly 
unrelated regression estimation analysis demonstrated that the TyG index had stronger associations with baPWV than 
the HOMA-IR (all P < 0.001). In the multivariable logistic analyses, each one-unit increase in the TyG index was associ-
ated with a 1.40-fold (95% CI 1.16–1.70, P < 0.001) higher prevalence of increased arterial stiffness, but the prominent 
association of the HOMA-IR with the prevalence of increased arterial stiffness was not observed. Subgroup analyses 
showed that a more significant association between the TyG index and the prevalence of increased arterial stiffness 
was detected in older patients with a longer duration of diabetes and poor glycaemic control (all P < 0.05).

Conclusions: Compared with the HOMA-IR, the TyG index is independently and more strongly associated with arte-
rial stiffness in patients with T2D.
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Background
Studies have shown that arterial stiffness is an impor-
tant risk discrimination for cardiovascular events [1–3], 
which remain leading causes of death worldwide [4]. 
Diabetes, which is considered a risk equivalent for 
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cardiovascular disease (CVD) [5], affects 113.9  million 
people in China (prevalence 11.6%) [6]. Arterial stiffness 
is closely associated with the presence and progression of 
complications of diabetes, including CVD [1, 7, 8], retin-
opathy [9], neuropathy [7, 10], and nephropathy [7, 11]. 
Brachial-ankle pulse wave velocity (baPWV) has been 
wildly used as an indicator of arterial stiffness in clinical 
setting and large population studies [1, 12]. Additionally 
large-scale studies have proved that the increased arte-
rial stiffness, defined as elevated baPWV [13], is related 
to an increased risk of hypertension, stroke, and total and 
all-cause mortality [8, 14–16] and is positively associated 
with the risk of new-onset diabetes [17].

Insulin resistance (IR) is an important cause of sev-
eral metabolic disease, including diabetes and CVD [18]. 
Pathophysiological studies suggest that IR promotes a 
pro‐inflammatory state and dyslipidemia, which may 
largely be responsible for arterial stiffness progress [19]. 
The triglyceride-glucose index (TyG index), based on 
fasting glucose and triglycerides, has been proposed as a 
simple and reliable surrogate measure for the diagnosis 
of IR compared with the euglycaemic-hyperinsulinaemic 
clamp [20], which is the ‘gold standard’ for evaluating IR, 
but is expensive, complex, laborious and time-consum-
ing. The homeostasis model assessment for IR (HOMA-
IR) is the most frequently used index to evaluate IR and 
uses insulin and glucose level derived from the fasting 
state. However, the TyG index is more easily available 
and less cost-effective, and some studies revealed that 
the TyG index shows better performance for assessing IR 
than the HOMA-IR in clinical practice regardless of dia-
betes status [20, 21].

TyG index have been reported to precede and sig-
nificantly predict diabetes and cardiovascular events in 
adults, older adults and hypertensive patients [22–27]. 
Recent studies have demonstrated that the TyG index 
is positively associated with arterial stiffness in healthy 
population and hypertensive patients [28, 29]. Wang et al. 
reported that TyG index could predict the cardiovascular 
events in patients with diabetes [30]. Arterial stiffness has 
been observed to be associated with IR, represented by 
the HOMA-IR in Chinese middle-aged adults [31]. How-
ever, few studies have been conducted to evaluate the role 
of IR assessed by the TyG index and HOMA-IR, on arte-
rial stiffness in a type 2 diabetes (T2D) population with a 
high risk of increased arterial stiffness. Accordingly, we 
aimed to investigate the association of the TyG index and 
HOMA-IR with arterial stiffness in patients with T2D.

Method
Participants
From June 2017 to November 2020, 4157 patients 
with T2D were screened at the National Metabolic 

Management Center (MMC) in Ruijin Hospital, Shang-
hai Jiao Tong University School of Medicine. Participants 
with a reported previous history of stroke (n = 162), heart 
failure (n = 10) or coronary heart disease (n = 393) and 
participants with missing BaPWV or TyG index meas-
urements were excluded. In total, 3185 participants were 
finally included in the current study. All participants pro-
vided written informed consent, and the study protocol 
was approved by the Institutional Review Board of Ruijin 
Hospital, Shanghai Jiao Tong University School of Medi-
cine (ClinicalTrials. gov number, NCT03811470).

Anthropometric, clinical, socio‑demographic parameters
An independent digital medical record systems described 
in our previous paper [32–34] was used to collect infor-
mation, including age, sex; the duration of diabetes; the 
history of previous cardiovascular diseases; smoking 
and drinking status; and the use of lipid lowering, anti-
hypertensive or hypoglycemic agents. Smoking status 
was defined as ‘yes’ if the participants smoked daily or 
almost daily. Drinking status was defined as ‘yes’ if the 
participants drank weekly or almost weekly. Anthropo-
metric information of each participant was measured by 
the trained investigators. Each participant’s body weight 
and height were measured in light clothing without 
shoes. Body mass index (BMI) was calculated as weight 
(kg)/height (m)2. Waist circumference was measured at 
the midpoint between the lower edge of the costal arch 
and the upper edge of the iliac crest. Blood pressure was 
measured with an automated electronic device (OMRON 
HBP-1100 U) in the seated position after resting for at 
least 5 min. The elbow of the arm used for measurement 
was supported at heart level.

Laboratory assays
Fasting venous blood samples were collected from all 
participants after overnight fasting for 10–12  h. The 
postprandial blood samples were collected 120 min after 
having a steamed bread meal for the assessment of post 
load glucose. HbA1c was measured by high-performance 
liquid chromatography using the VARIANT II, a haemo-
globin testing system (Bio-Rad Laboratories, Hercules, 
CA, USA). Serum insulin was measured by electrochemi-
luminescence immunoassay “ECLIA” on a Cobas e601 
immunoassay analyzers (Roche Diagnostics Corp., Indi-
anapolis, IN, USA). Plasma glucose was measured by 
using the glucose oxidase method, and total cholesterol 
(TC), triacylglycerols (TG), high-density lipoprotein cho-
lesterol (HDL-C) and low-density lipoprotein cholesterol 
(LDL-C) were measured by means of the cholesterol 
oxidase method, glycerophosphate oxidase–peroxidase 
(GPO–POD) method, polyanion polymer/detergent 
(PPD) method and solubilization (SOL) method with 
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the auto-analyzer (AU5800; Beckman coulter, CA, USA). 
Urinary albumin and creatinine was determined by 
immunoturbidimetric method and sarcosine oxidase-
PAP method on an automatic analyzer (Beckman coul-
ter, CA, USA), respectively. Urinary albumin/creatinine 
ratio (UACR, mg/mmol) was calculated as the urinary 
albumin concentration divided by the urinary creatinine 
concentration. The white blood cell (WBC) counts were 
measured by blood cell analyzer (Beckman coulter, CA, 
USA). The TyG index was determined as ln (fasting tri-
glycerides [mg/dL] × fasting glucose [mg/dL]/2) [23], and 
the HOMA-IR was calculated as (fasting insulin [μIU/
mL] × fasting glucose [mmol/L])/22.5 [28].

BaPWV measurements
All the participants underwent baPWV measurements, 
with baPWV values determined by an automated record-
ing apparatus (BP-203RPE III, form PWV/ABI, Omron 
Healthcare Co.). Briefly, cuffs were attached to partici-
pants around both arms and ankles after at least 5  min 
of rest at room temperature. Measurements from the 
brachial and tibial arteries were obtained simultaneously. 
Transit time, defined as the time interval between the ini-
tial increase in brachial and tibial waveforms, and tran-
sit distance between the arm and ankle were measured. 
The baPWV value was calculated as the transit distance 
divided by the transit time. We adopted the mean value 
of the right and left baPWV. As a previous study showed 
[29], elevated baPWV was defined as a value greater than 
the 75th percentile of the baPWV value in the present 
study, which was greater than 18.15 m/s.

Definitions
Eligible patients were diagnosed with T2D according to 
the 1999 World Health Organization criteria if they had 
a fasting plasma glucose ≥ 7.0  mmol/L or 2-h plasma 
glucose ≥ 11.1  mmol/L [35] or a self-reported physi-
cian diagnosis. Increased arterial stiffness was defined 
as elevated baPWV [13], which was the fourth quartile 
of baPWV (18.15 m/s) in the current study. Albuminuria 
was defined as UACR ≥ 3.4 mg/mmol (30 mg/g) [36, 37].

Statistical analysis
The characteristics of the participants were described 
according to the tertiles of the TyG index. Data are pre-
sented as mean ± standard deviation (SD) or median 
[interquartile range (IQR)] values for continuous vari-
ables and as the frequency (%) for categorical variables. P 
values for trend were calculated by using linear regression 
analyses and the Cochran–Armitage trend test for con-
tinuous and categorical variables across the three groups, 
respectively. The dose–response association between the 
TyG index or HOMA-IR and the baPWV was evaluated 

using a generalized additive model (GAM) [29, 38] and 
a fitted smoothing curve (penalized spline method). The 
independent association of the TyG index or HOMA-IR 
(independent variable) with baPWV (dependent variable) 
was evaluated using generalized linear models [beta coef-
ficient (β) and 95% confidence interval (CI)]. Seemingly 
unrelated regression estimation (SUR) [39] was applied 
to compare the regression coefficient (β) between the 
TyG index and the HOMA-IR. The independent asso-
ciation of the TyG index or HOMA-IR (independent 
variable) with increased arterial stiffness or albuminuria 
(dependent variable) was evaluated using multivariable 
logistic regression models [odds ratio (OR) and 95% CI]. 
We constructed three models with adjustments for major 
covariables: Model 1: adjusted for age and sex; Model 2: 
adjusted for variables in model 1 plus BMI, waist circum-
ference, systolic blood pressure, LDL-C, HDL-C, WBC 
counts, HbA1c, and the duration of diabetes; and Model 
3: adjusted for variables in model 2 plus smoking status, 
drinking status, the use of lipid lowering agents, the use 
of antihypertensive agents, the use of insulin therapy, and 
the use of non-insulin hypoglycaemic agents. In addition, 
we performed stratified analysis and interaction testing 
on the association between the TyG index and increased 
arterial stiffness to evaluate possible modifications by 
using multivariable logistic regression models with full 
adjustment in model 3.

All analyses were performed using SAS version 9.4 
(SAS Institute Inc, Cary, NC) and R software (ver-
sion 3.6.3; R Foundation for Statistical Computing). A 
two-sided P value < 0.05 was considered statistically 
significant.

Results
The demographic and clinical characteristics 
of participants by TyG index tertiles
The demographic and clinical characteristics of the 3185 
participants according to TyG index tertiles are shown in 
Table 1. The mean age of the study participants was 54.6 
(SD, 12.0) years, and 1954 were men (61.4%). The mean 
TyG index was 9.16 (SD, 0.7), and the mean baPWV was 
16.20 (SD, 3.6) m/s. P for trend was calculated with each 
tertile of the TyG index taken as a unit. Compared to 
those in the lowest tertile of the TyG index, participants 
in the higher tertile were younger with shorter duration 
of diabetes; were more frequently men, smokers, drink-
ers; less frequently used non-insulin hypoglycaemic 
agents (all P for trend < 0.05); had lower levels of HDL-C; 
and had higher blood pressures, BMIs, waist circumfer-
ences, fasting and post load glucose levels, fasting insulin, 
HOMA-IR, HbA1c, TG, TC, LDL-C, UACR, and WBC 
counts (all P for trend < 0.001).
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The linear associations of the TyG index and HOMA‑IR 
with baPWV
GAM analysis revealed the significant positive lin-
ear associations of the TyG index and HOMA-IR with 
baPWV (Fig.  1, both P < 0.001). The generalized linear 
models showed that after full adjustments for the con-
founders (model 3), each 1-unit increase in the TyG 
and each 1-unit increase in the HOMA-IR were associ-
ated with a 0.38  m/s (95% CI 0.21–0.55, P < 0.001) and 
a 0.01  m/s (95% CI 0.001–0.01, P = 0.029) increase in 
baPWV (Table  2). We further explored the associa-
tions by categorizing TyG index levels and the HOMA-
IR into tertiles and using the first tertile as a reference. 
Compared to the first tertile of the TyG index, the sec-
ond and third tertiles of the TyG index were significantly 
associated with a 0.28 m/s (95% CI 0.02–0.54, P = 0.032) 
and 0.50  m/s (95% CI 0.21–0.79, P < 0.001) increase in 

baPWV, respectively. Similar linear associations were 
found for tertiles of the HOMA-IR and baPWV, but only 
with the third tertile of the HOMA-IR was associated 
with a 0.34 m/s (95% CI 0.06–0.62) increase in baPWV. 
Seemingly unrelated regression estimation analysis dem-
onstrated that the TyG index showed stronger asso-
ciations with baPWV than the HOMA-IR in all models 
(P < 0.001, Table 2, model 1–3).

Associations of the TyG index and HOMA‑IR 
with the prevalence of increased arterial stiffness
The prevalence rates of increased arterial stiffness 
were 22.1%, 26.6%, and 26.4% from the lowest to high-
est TyG tertile and 22.4%, 26.7%, and 26.5% from the 
lowest to highest HOMA-IR tertile, respectively. As 
shown in Table 3, after full adjustment, each one-unit 

Table 1 Clinical characteristics of the study population according to the tertiles of the TyG index

Data are expressed as mean ± SD, median (interquartile range), or n (%). P values for trend was calculated by using linear regression analyses and Cochran–Armitage 
trend test for continuous and categorical variables across the three groups, respectively

SBP systolic blood pressure, DBP diastolic blood pressure, BMI body mass index, HbA1c glycated hemoglobin, HOMA-IR homeostasis model assessment for insulin 
resistance, ABI ankle-brachial index, TyG index triglyceride-glucose index

Tertile 1 Tertile 2 Tertile 3 P for trend

N 1061 1062 1062

Age (year) 56.04 ± 11.76 55.47 ± 11.65 52.26 ± 12.18 < 0.001

Male, n (%) 627 (59.10) 638 (60.08) 689 (64.88) 0.006

Duration of diabetes (year) 8.28 ± 7.90 7.44 ± 7.15 7.37 ± 6.82 0.005

SBP (mmHg) 125.88 ± 16.72 129.71 ± 17.34 131.17 ± 17.68 < 0.001

DBP (mmHg) 72.57 ± 10.11 75.19 ± 10.86 77.38 ± 10.42 < 0.001

BMI (kg/m2) 24.66 ± 3.56 26.04 ± 3.96 26.75 ± 3.97 < 0.001

Waist circumference (cm) 88.73 ± 9.81 92.32 ± 10.03 94.15 ± 10.27 < 0.001

Fasting glucose (mmol/L) 7.36 ± 1.73 8.77 ± 2.29 10.87 ± 3.29 < 0.001

Fasting insulin (μIU/mL) 8.05 (5.20, 12.35) 10.99 (7.50, 16.33) 12.28 (8.43, 18.83) < 0.001

Post load glucose (mmol/L) 13.39 ± 4.29 15.1 ± 4.52 17.21 ± 5.16 < 0.001

HbA1c (%) 7.31 ± 1.48 7.78 ± 1.59 8.62 ± 1.85 < 0.001

HOMA-IR 2.57 (1.63, 4.14) 4.12 (2.86, 6.30) 5.62 (3.83, 9.00) < 0.001

Total cholesterol (mmol/L) 4.64 ± 1.03 5.01 ± 1.09 5.46 ± 1.30 < 0.001

Triglyceride (mmol/L) 0.97 (0.80, 1.18) 1.57 (1.31, 1.85) 2.73 (2.13, 3.76) < 0.001

HDL cholesterol (mmol/L) 1.40 ± 0.33 1.25 ± 0.29 1.10 ± 0.26 < 0.001

LDL cholesterol (mmol/L) 2.89 ± 0.87 3.22 ± 0.93 3.19 ± 1.00 < 0.001

WBC  (109/L) 5.86 ± 1.64 6.25 ± 1.61 6.66 ± 1.71 < 0.001

UACR (mg/mmol) 5.93 ± 38.95 8.34 ± 32.79 20.14 ± 83.91 < 0.001

TyG index 8.45 ± 0.29 9.09 ± 0.15 9.94 ± 0.52 < 0.001

ABI < 0.9, n (%) 20 (1.89) 25 (2.35) 33 (3.11) 0.069

Smoking, n (%) 187 (18.48) 210 (20.9) 266 (26.21) < 0.001

Drinking, n (%) 104 (10.31) 96 (9.57) 140 (13.79) 0.003

Hypoglycemic agents, n (%)

 Insulin 286 (25.42) 223 (19.72) 246 (21.75) 0.067

 The non-insulin hypoglycemic agents 771 (74.35) 766 (73.94) 712 (68.40) 0.003

 Lipid lowering agents, n (%) 235 (22.15) 238 (22.41) 250 (23.54) 0.444

 Antihypertensive agents, n (%) 368 (36.62) 434 (43.31) 408 (40.84) 0.053
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increase in the TyG index was associated with a 1.40-
fold (95% CI 1.16–1.70, P < 0.001) higher prevalence 
of increased arterial stiffness. Compared to the lowest 
tertile of the TyG index, the second and highest TyG 
index tertile were associated with a 40% [OR (95% CI) 
1.40 (1.06, 1.83), P = 0.01] and 49% [OR (95% CI) 1.49 
(1.09, 2.04), P = 0.003] higher prevalence of increased 

arterial stiffness, respectively (P for trend = 0.003). 
The prominent association of the HOMA-IR with 
the prevalence of increased arterial stiffness was not 
observed in full adjusted model (P = 0.89, model 3). 
Consistently, there were significant stronger associa-
tions of the TyG index with the prevalence of albumi-
nuria than the HOMA-IR (Additional file 1: Table S1).

Fig. 1 Generalized additive model plot for dose–response relationship of baPWV with a the TyG index and b HOMA-IR. Adjusted for age, sex, BMI, 
waist circumference, HbA1c, duration of diabetes, systolic blood pressure, LDL-C, HDL-C, WBC counts, smoking status, drinking status, lipid lowering 
agents, antihypertensive agents, insulin therapy, and non-insulin hypoglycemic agents

Table 2 Association of the TyG index and HOMA-IR with baPWV

Data was regression coefficient (β) and 95% confidence interval (CI), evaluated using generalized linear models. P  valuea was calculated by using seemingly unrelated 
regression estimation to compare the regression coefficient (β) between TyG index and HOMA-IR

Model 1: adjusted for age and sex

Model 2: model 1 + adjusted for BMI, waist circumference, systolic blood pressure, LDL-C, HDL-C and WBC counts

Model 3: model 2 + adjusted for smoking status, drinking status, lipid lowering agents, antihypertensive agents, insulin therapy, non-insulin hypoglycemic agents

TyG triglyceride glucose index, HOMA-IR homeostasis model assessment for insulin resistance, baPWV brachial to ankle pulse wave velocity

BaPWV, m/s

Model 1 Model 2 Model 3

β (95% CI) P value β (95% CI) P value β (95% CI) P value

TyG index 0.74 (0.59, 0.89) < 0.001 0.31 (0.14, 0.48) < 0.001 0.38 (0.21, 0.55) < 0.001

Tertile 1 Reference Reference Reference

Tertile 2 0.52 (0.27, 0.77) < 0.001 0.25 (− 0.01, 0.50) 0.055 0.28 (0.02, 0.54) 0.032

Tertile 3 1.16 (0.90, 1.41) < 0.001 0.40 (0.12, 0.68) 0.006 0.50 (0.21, 0.79) < 0.001

P for trend < 0.001 0.006 < 0.001

HOMA-IR 0.02 (0.01, 0.02) < 0.001 0.01 (0.001, 0.01) 0.032 0.01 (0.001, 0.01) 0.029

Tertile 1 Reference Reference Reference

Tertile 2 0.49 (0.23, 0.75) < 0.001 0.13 (− 0.12, 0.38) 0.316 0.16 (− 0.09, 0.42) 0.210

Tertile 3 0.88 (0.62, 1.14) < 0.001 0.29 (0.01, 0.56) 0.042 0.34 (0.06, 0.62) 0.017

P for trend < 0.001 0.042 0.017

P  valuea < 0.001 < 0.001 < 0.001
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Stratified analysis for associations of the TyG index 
and the prevalence of increased arterial stiffness
In addition, we conducted a stratified analysis of the 
relationship between the TyG index and increased 
arterial stiffness according to the potential modifi-
ers, including sex, age, HbA1c, duration of diabetes, 
SBP, and insulin therapy (Fig.  2). The model was fully 
adjusted anthropometric, clinical, socio-demographic 
variables. There were no significant associations 
between the TyG index and increased arterial stiffness 
participants aged less than 60  years (n = 1844), whose 
HbA1c was less than 7% (n = 1170), whose duration 
of diabetes was less than 5  years (n = 1498) and those 
with insulin therapy (n = 699), which may be because 
of the much smaller sample size (all P ≥ 0.05). On the 
other hand, the TyG index was significantly associ-
ated with a higher prevalence of increased arterial 
stiffness in a subgroup of women [OR (95% CI) 1.34 
(1.08, 1.66)], men [OR (95% CI) 1.49 (1.14, 1.96)], those 
aged ≥ 60  years [OR (95% CI) 1.34 (1.07, 1.67)], those 
with HbA1c ≥ 7% [OR (95% CI) 1.55 (1.28, 1.88)], those 
with duration ≥ 5 years [OR (95% CI) 1.63 (1.31, 2.01)], 
those with SBP < 130  mmHg [OR (95% CI) 1.59 (1.20, 
2.10)] or ≥ 130 mmHg [OR (95% CI) 1.40 (1.14, 1.71)], 
and those without insulin therapy [OR (95% CI) 1.43 
(1.14, 1.78)] (all P < 0.05). No interactions were detected 
in the stratified analysis.

Discussion
This cross-sectional study confirms the significant posi-
tive association and a dose–response relation between 
the TyG index and arterial stiffness assessed by baPWV 
after adjusting for confounding factors in patients with 
T2D. Furthermore, the results provide evidence that 
the TyG index is independently and more strongly 
associated with arterial stiffness and the prevalence of 
increased arterial stiffness compared to the HOMA-
IR, which elucidated the substantial role of TyG index 
in terms of arterial stiffness even for the patients with 
T2D.

IR has proved to be the major feature of T2D and has 
been recognized to evaluate T2D-related cardiovascular 
risk [18], and the identification of IR has great clinical 
significance. Although euglycaemic hyperinsulinaemic 
clamp is the gold standard method and is closest to the 
real measure of IR, it is unavailable and impractical in 
clinical practice and is labour-and time-consuming. The 
TyG index, a simple and reliable alternative surrogate 
marker of IR [20–22, 27, 28, 40], showed high sensitiv-
ity (96.5%) and specificity (85.0%) for the diagnosis of IR 
compared with the euglycaemic hyperinsulinaemic clamp 
[20], and can be widely used in clinical practice because 
measuring glucose and triglycerides are available in all 
clinical laboratories and quantification of insulin levels 
is not required. Compared with the HOMA-IR, the TyG 

Table 3 Odds ratios and 95% confidence intervals for the TyG index and HOMA-IR associated with increased arterial stiffness

Odds ratio (OR) and 95% confidence interval (CI) was evaluated using multivariable logistic regression models

Model 1: adjusted for age and sex

Model 2: model 1 + adjusted for BMI, waist circumference, HbA1c, duration of diabetes, systolic blood pressure, LDL-C, HDL-C and WBC counts

Model 3: model 2 + adjusted for smoking status, drinking status, lipid lowering agents, antihypertensive agents, insulin therapy, non-insulin hypoglycemic agents

TyG triglyceride glucose index, HOMA-IR homeostasis model assessment for insulin resistance, baPWV brachial to ankle pulse wave velocity

Increased arterial stiffness

Model 1 Model 2 Model 3

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

TyG index 1.61 (1.41, 1.83) < 0.001 1.32 (1.10, 1.59) 0.003 1.40 (1.16, 1.70) < 0.001

Tertile 1 Reference Reference Reference

Tertile 2 1.45 (1.17, 1.81) < 0.001 1.38 (1.05, 1.81) 0.021 1.40 (1.06, 1.83) 0.017

Tertile 3 2.07 (1.65, 2.60) < 0.001 1.40 (1.03, 1.91) 0.034 1.49 (1.09, 2.04) 0.013

P for trend < 0.001 0.035 0.016

HOMA-IR 1.01 (1.00, 1.01) 0.060 1.00 (0.995, 1.01) 0.945 1.00 (0.995, 1.01) 0.886

Tertile 1 Reference Reference Reference

Tertile 2 1.46 (1.17, 1.82) < 0.001 1.18 (0.90, 1.54) 0.229 1.22 (0.93, 1.61) 0.155

Tertile 3 1.79 (1.42, 2.24) < 0.001 1.23 (0.92, 1.65) 0.159 1.29 (0.95, 1.74) 0.103

P for trend < 0.001 0.160 0.103
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index showed higher superiority in the patients with T2D 
regardless of the use of insulin related medication [30]. 
Although there is no unambiguous explanation for the 
mechanisms behind the effectiveness of the TyG index as 
a marker of IR [41, 42], it may be related to the metabolic 
inflexibility in IR conditions not limited to defects in glu-
cose metabolism but also included fatty acid metabolism 
during excess triglyceride storage within skeletal muscle 
[43]. Meanwhile, elevation of triglycerides is strongly 
related to a decrease in IR [44].

Consistent with previous studies [30, 45], our study 
also found the more severe metabolic impairment in 
the tertile with the highest TyG index. Intriguingly, both 
previous studies [37, 45] and our present study observed 
that insulin therapy and lipid lowering agents were not 
associated with the TyG index. The unexpected results 
might be due to the history of use of insulin therapy, 
and lipid lowering agents could not directly mirror the 

observational level of the TyG index. Further repeated-
measures and longitudinal studies might be required to 
confirm the association of the TyG index with lipid low-
ering agents and insulin therapy in patients with T2D.

Additionally, several studies have reported that the TyG 
index was strongly associated with arterial stiffness and 
coronary artery calcification in general adult Koreans 
[27, 28]. Li et al. [29] recently conducted a cross-sectional 
study of 4718 Chinese hypertensive patients and dem-
onstrated that the TyG index is independently positively 
associated with arterial stiffness, but they did not ana-
lyse the association between the HOMA-IR and arterial 
stiffness because insulin levels were not detected. T2D is 
characterized by increased arterial stiffness, and an ele-
vated TyG index was also found to be an independent risk 
factor for the risk of T2D [26, 46]. In addition, TG and 
glucose are the classic markers of cardiometabolic risk in 
real clinical practice, particularly in patients with T2D. 

Fig. 2 Subgroup analyses of the association between the TyG index and increased arterial stiffness. Adjusted for age, sex, BMI, waist circumference, 
HbA1c, duration of diabetes, systolic blood pressure, LDL-C, HDL-C, WBC counts, smoking status, drinking status, lipid lowering agents, 
antihypertensive agents, insulin therapy, and non-insulin hypoglycemic agents, if not be stratified. CI confidence interval, OR odds ratio
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The subgroup analysis of 2560 relatively healthy Korean 
adults showed that the TyG index was independently 
related to baPWV in both nondiabetics participants and 
diabetics participants (n = 411) [47]. However, there is a 
lack of relatively large data on the role of the TyG index in 
terms of arterial stiffness in the T2D population. Consid-
ering that patients with T2D are a high-risk population 
for increased arterial stiffness as hypertensive patients, 
we thus defined increased arterial stiffness as elevated 
baPWV (> 75th percentile) in the present study based on 
the previous studies [13, 29], which is higher than that 
of the relatively healthy population [28] and could be a 
marker of target organ damage [48]. The present study 
reported for the first time the independent and positive 
association of the TyG index with increased arterial stiff-
ness in T2D participants. The subgroup analysis also con-
firmed that the TyG index was positively associated with 
increased arterial stiffness in the older participants with a 
longer duration of diabetes and poor glycaemic control, 
highlighting the importance of reducing the TyG index in 
patients with a high risk of arterial stiffness. Consistent 
with a study by Nakagomi et al. [49], we found that the 
TyG index showed a stronger association with increased 
arterial stiffness in women than in men. However, Li et al. 
[29] and Lee et al. [28] found that the effect of the TyG 
index on the prevalence of increased arterial stiffness was 
greater in men than in women. A possible explanation for 
the conflicting results may be the difference in partici-
pant selection, and further research is needed to evalu-
ate the sex difference in the association between the TyG 
index and arterial stiffness in different populations.

We also found that the TyG index was better than the 
HOMA-IR at predicting increased arterial stiffness in 
T2D patients, which further confirmed that TyG index 
may serve as a low-cost and simple noninvasive bio-
marker to evaluate the prevalence of increased arterial 
stiffness for the patients with T2D. Several studies have 
reported that IR can promote endothelial dysfunction, 
activation and advanced plaque progression, and is asso-
ciated with dyslipidaemia, hypertension and a proinflam-
matory state, all of which precipitate arterial stiffness [19, 
50]. Although the mechanisms of the stronger association 
of the TyG index than the HOMA-IR with arterial stiff-
ness have not yet been fully elucidated, it may be attrib-
uted to the TyG index performing better for assessing IR 
than the HOMA-IR even in the patients with T2D. Alter-
natively, compared with the HOMA-IR, which indicates 
IR in the liver [51], the TyG index may a better indicator 
of IR in muscle [52] and may be a more useful marker of 
arterial stiffness. On the other hand, the TyG index, mir-
roring the physiological condition of glucose and lipid, 
plays a more important role in determining arterial stiff-
ness than the HOMA-IR in the patients with T2D.

The strengths of this study lie are its inclusion of a large 
number of participants with established T2D, standard-
ized high-quality clinical characteristics and laboratory 
measurements, and adjustments for a relatively com-
prehensive set of metabolic confounders. Our study still 
has several limitations. First, the cross-sectional design 
limits the detection of causality, and further follow-up in 
the MMC may provide more precise evidence in future 
studies; second, we did not adjust for detailed food intake 
information, but overnight fasting can reduce its affec-
tion on the levels of glucose and TG. Last, the study pop-
ulation included Chinese patients with T2D, which may 
limit the generalizability of the results. Despite these lim-
itations, this study first demonstrated the robustness of 
the association between the TyG index and arterial stiff-
ness in patients with T2D.

Conclusions
In this study of patients with T2D, we provided evidence 
that the TyG index is independently and more strongly 
associated with arterial stiffness than the HOMA-IR, 
elucidating the substantial role of the TyG index in 
determining arterial stiffness in patients with T2D. This 
finding lends support to the importance of controlling 
the TyG index in reducing the arterial stiffness risk for 
patients with T2D by targeting patients with a high risk 
of arterial stiffness and has important implications in real 
clinical settings and epidemiologic investigations.
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