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Abstract 

Background:  Few studies examined the relationship between triglyceride/glucose index (TyG index) and atheroscle-
rosis in Japanese adults. Therefore, this study evaluated their relationship, as measured based on the brachial-ankle 
pulse wave velocity (baPWV) in Japanese adults.

Methods:  A total of 912 participants was selected from the NAGALA (NAFLD in Gifu Area, Longitudinal Analysis) 
study conducted from 2004 to 2012. The relationship between the TyG index and baPWV was estimated through 
a logistic model. Subgroup analyses by sex, age, body mass index (BMI), total cholesterol, low-density lipoprotein 
cholesterol, estimated glomerular filtration rate (eGFR), and fatty liver was performed. The formula for TyG index was ln 
(½fasting triglyceride level [mg/dL] × fasting plasma glucose level [mg/dL]).

Results:  A linear relationship between TyG and baPWV was discovered after adjusting for underlying confounders. 
An increased risk of baPWV was observed after adjusting for sex, age, BMI, systolic blood pressure, diastolic blood 
pressure, high-density lipoprotein cholesterol, fatty liver, eGFR, and TyG as a continuous variable (adjusted odds ratio 
[adj OR], 1.57; 95% confidence interval [95% CI], 1.14–2.18). Compared with the TyG index in the first tertile, the prob-
abilities of subjects in the third tertile that developed to baPWV were 1.78-fold higher (adj OR 1.78, 95% CI 1.08–2.95: P 
for trend 0.024). Moreover, stable associations were observed between the TyG index and baPWV in different variables 
through subgroup analyses.

Conclusions:  The highest tertile (above 8.57) of the TyG index was positively and linearly related to subclinical ath-
erosclerosis in Japanese adults and may be valuable as a predicted marker.

Keywords:  Triglyceride glucose index, Brachial-ankle pulse wave velocity, Atherosclerosis, Cardiovascular diseases, 
Japanese, Insulin resistance
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Background
Cardiovascular diseases (CVDs) are the leading cause of 
death worldwide [1]. CVDs comprise peripheral and cor-
onary artery diseases, cardiac valve disease, cardiac mus-
cle disorder, congenital heart disease to arrhythmias, and 
ultimately, heart failure [2]. CVDs are associated with 
vulnerable atherosclerotic plaques [3], formed because 
of increased luminal pressure and shear stress due to 
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arterial stiffening, causing the acceleration of atheroma 
formation, stimulation of excessive collagen produc-
tion, and deposition in the arterial wall, leading to ath-
erosclerosis [4, 5]. Thus, according to a recent study, the 
brachial-ankle pulse wave velocity (baPWV), a candidate 
measure of subclinical atherosclerosis, can independently 
predict cardiovascular risk, representing a high-priority 
therapeutic target to ameliorate CVD [6].

Insulin resistance (IR) patients are vulnerable to the 
development of accelerated atherosclerosis [7]. Recently, 
studies have demonstrated that the TyG index, which 
is calculated as ln [fasting triglyceride (mg/dL) × fast-
ing glucose (mg/dL)/2], was adopted to evaluate IR with 
84.0% sensitivity and 45.0% specificity [8]. Thus, the 
TyG index could serve as a simple and credible surro-
gate marker of IR [9, 10]. In clinical practice, BaPWV is 
a simple and reliable tool to measure atherosclerosis due 
to its high reproducibility [11–15]. However, the relation-
ship between the TyG index and baPWV is uncertain 
and might vary among populations [16–20], with studies 
showing relationships between TyG and baPWV in Chi-
nese [16, 18]. The relationship between TyG and baPWV 
can be affected by various factors like smoking, alcohol 
consumption, and fatty liver [17].

Although the TyG index has been suggested as a reli-
able IR marker, the relation between the TyG index and 
atherosclerosis in a Japanese population is yet to be 
determined. In this study, we evaluated the relationship 
between the TyG index and atherosclerosis based on the 
baPWV in Japanese adults. The research will provide an 
insight into the role of IR in atherosclerosis.

Methods
Data source
The secondary use of the datasets was explored through 
the DATADRYAD database (http://​www.​Datad​ryad.​
org/), which provides free access to the original research 
data (Fukuda Takuya et  al. (2014)) (dataset: https://​doi.​
org/​10.​5061/​dryad.​m484p). The database provided vari-
ables including sex, age, body mass index (BMI), diastolic 
blood pressure (DBP), systolic blood pressure (SBP), ala-
nine aminotransferase (ALT), aspartate aminotransferase 
(AST), gamma-glutamyl transferase (γGTP), fasting 
plasma glucose (FPG), uric acid (UA), total cholesterol 
(TC), triglyceride (TG), high-density lipoprotein cho-
lesterol (HDL-C), low-density lipoprotein cholesterol 
(LDL-C), estimated glomerular filtration rate (eGFR), 
ankle-brachial index (ABI), brachial-ankle pulse wave 
velocity (baPWV).

Examinations
In the original study, the routine tests included uri-
nalysis, blood cell counts, blood chemistry, hepatitis B 

antigen, hepatitis C antibody, ECG, chest radiography, 
barium examination of the upper gastrointestinal tract, 
and abdominal ultrasonography. The 8-h fasting blood 
samples were drawn from the antecubital vein of seated 
participants. The blood samples were collected in sili-
conized glass tubes containing sodium fluoride for the 
glucose analysis and no additives for the serum. Plasma 
and serum samples were obtained by centrifugation 
immediately after sampling and stored at − 80 °C. Blood 
tests were performed using a MODULAR ANALYTICS 
(Hitachi High-Technologies Corp. Ltd, Tokyo, Japan). 
The coefficients of variation for γGTP, ALT, AST, plasma 
glucose, triglycerides, HDL-C, LDL-C, UA, and creati-
nine were 2%, 1.9%, 1.7%, 1.2%, 2.3%, 2.1%, 2.5%, 0.9% 
and 1.4%, respectively.

Abdominal ultrasound was performed for the diagnosis 
of the fatty liver using an Aloka SSD-650CL (Aloka Co, 
Ltd, Tokyo, Japan). BMI was calculated as kg/m2.

Study population
A physical examination research project from the 
Murakami Memorial Hospital (Gifu, Japan) was per-
formed. The aim was to detect chronic diseases early and 
evaluate their underlying risk factors to improve public 
health. With the database, Fukuda et  al. [21] reported 
that serum γGTP affected the risk of developing ath-
erosclerosis in women. The participants underwent an 
examination between March 2004 and December 2012. A 
total of 1445 participants (897 men and 548 women) was 
chosen based on the following exclusion criteria: (1) tak-
ing exogenous hormone supplementation at baseline; (2) 
hepatitis B (HBV) or C virus (HCV) infection; (3) feta-
tion; (4) ABI < 0.95. A total of 912 participants (592 men 
and 320 women) was included in the complete analysis 
(Fig. 1). The study was approved by the ethics committee 
of the Murakami Memorial Hospital, and all participants 
provided  informed consent before entering the research 
project.

Data collection and measurements
The database contains information on participants’ 
demographic characteristics, biochemical indices, 
abdominal ultrasonography, baPWV, ABI, and lifestyle 
factors. During the latest month, the average weekly alco-
hol consumption was recorded and classified into < 40, 
40–140, 140–280, and > 280  g/week, respectively [22]. 
The participants were divided into never, former, and 
current smokers. Exercise that caused sweating, such 
as jogging, cycling, and swimming, was perceived to be 
normal for more than a week [23]. Abdominal ultra-
sound, together with the diagnosis by gastroenterolo-
gists, confirmed participants were suffering from fatty 
liver. Among the four criteria (liver/kidney echo contrast, 
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liver luminance, deep attenuation, and vascular obscu-
rity), participants with liver brightness and liver/kidney 
contrast were considered fatty liver disease patients [24]. 
The baPWV and ABI of patients were measured using 
an automatic waveform analyzer (Colin Medical Tech-
nology, Komaki, Japan) at room temperature [21]. The 
path length from the suprasternal notch to the humerus 
(Lb) and the ankle joint (La) was determined according 
to the subject’s height. The delay time from the ascend-
ing point of the brachial waveform to the ascending point 
of the ankle waveform (DTba) was automatically deter-
mined. The incidence of baPWV was assessed with the 
pulse wave propagation distance (Lb-La) modified by the 
pulse wave propagation time (DTba) divided into cm/s 
[25]. The reported inter-observer and its coefficients of 

variation were 10% (r = 0.87, p < 0.01) and 8.4% (r = 0.98, 
p < 0.01), respectively. The eGFR for man  was evaluated 
using the  formula as shown in Eq. 1 and was multiplied 
by a correction factor of 0.739 for women [26].

The formula for the TyG index was as shown in Eq. 2 
[8].

(1)
eGFR = 194 × Cr − 1.094 × age

− 0.287
(

mL/min/1.73 m2
)

.

(2)
ln 1/2fasting triglyceride level

(

mg/dL
)

× fasting plasma glucose (FPG)
(

mg/dL
)

Fig. 1  Flow diagram of the screening and enrollment of study participants. HBs, hepatitis B surface; HCV, hepatitis C virus; ABI, ankle-brachial index
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Statistical analysis
Normally and skewed distributed continuous variables 
were expressed as means ± standard deviation (SD) and 
medians with inter-quaternary interval (IQRS). Categori-
cal variables were expressed in terms of frequency and 
percentage. This study used the chi-square test, one-way 
analysis of variance, or Kruskal–Wallis test to examine 
the statistical significance of the differences between 
groups stratified by the tertiles of the TyG index. Uni-
variable and multivariable logistic proportional hazard 
model was used to examine the relationship between the 
TyG index and the risk of baPWV. Three models were 
employed: model 1 as a crude model: univariable; model 
2 modified with age and gender; and model 3, adjusted 
for model 2 plus BMI, SBP, DBP, HDL-C, fatty liver, and 
eGFR. In these models, the median values in each tertile 
of the TyG index were used to operate linear trend tests. 
The logistic relationship between the TyG and baPWV 
was estimated using logistic regression with restricted 
cubic  splines. For identification of modifications and 
interactions, subgroups analyses were developed with 
stratified linear regression models and the likelihood 
ratio test (LRT) regarding sex, age (< 55 or ≥ 55  years), 
BMI (< 25 or ≥ 25  kg/m2), TC (< 208 or ≥ 208  mg/dL), 
LDL-C (< 120.1 or ≥ 120.1  mg/dL) [27], eGFR (< 60 
or ≥ 60 mL/min/1.73 m2), and fatty liver (none, moderate, 
or severe). All analyses were performed using the statis-
tical software packages in R 3.3.2 (http://​www.R-​proje​ct.​
org, The R Foundation) and Free Statistics software ver-
sion 1.1. Differences with p-values < 0.05 were considered 
statistically significant.

Results
Baseline characteristics of selected participants
In this cross-sectional study, 912 Japanese participants 
were included. The mean age was 51.1 ± 9.6  years, and 
64.9% were male. Grouping was made according to the 
TyG index of the participants, which are the first group 
of TyG (Q1), the second group of TyG (Q2), and the third 
group of TyG (Q3). The baseline characteristics of the 
participants according to the tertiles of the TyG index 
are shown in Table 1. Participants in the third group of 
TyG (Q3) were more likely to be male and had higher 
TyG values. They had higher BMI, SBP, DBP, FBG, uric 
acid, AST, ALT, γGTP, TC, TG, and LDL-C levels, and 
higher eGFR. They were more likely to be current smok-
ers, consume > 280  g/week of alcohol, exercise < 1/week, 
have moderate or severe fatty liver, and have a higher 
baPWV than the other groups (Q1–2). The distribution 
of male sex was 42.1% in Q1, 66.8% in Q2, and 85.9% 
in Q3. Participants in the third group of TyG (Q3) had 
lower HDL-C and eGFR values and were more likely to 
be none or past smokers, consume 0–40 g/week alcohol, 

exercise ≥ 1/week, and have no fatty liver compared to 
the other groups (Q1–2).

Univariable analysis for baPWV
As shown in Table 2, the relationship between risk factors 
and baPWV was assessed using univariable analyses. The 
results revealed that sex, age, SBP, DBP, FBG, uric acid, 
AST, ALT, γGTP, TC, TG, TyG, and LDL-C levels, eGFR, 
alcohol use, fatty liver, and menopausal state were posi-
tively related to baPWV (*p < 0.05; **p < 0.01; ***p < 0.001; 
95%CI). However, the BMI, HDL-C level, current smoker, 
regular exercise, and ABI were not associated with 
baPWV (p > 0.05; 95%CI). These results suggest that in 
most instances, there are increased risks associated with 
baPWV.

Unadjusted and adjusted logistics models
Linear logistic models were used to evaluate the inde-
pendent relationship between the TyG index and baPWV 
(univariable and multivariable logistic models). Table  3 
presents the effect sizes (ORs) and 95% confidence inter-
vals (95% CIs). In the crude model (model 1), a one-unit 
increase in the TyG index was related to an 84% higher 
risk of incident increased baPWV (OR 1.84, 95% CI 1.50–
2.27). In model 2, a one-unit increase in the TyG index 
increased the risk of evolving baPWV by 91% (OR 1.91, 
95% CI 1.49–2.44) after adjusting for gender and age. In 
model 3, each one-unit increase in the TyG index was a 
57% higher risk of incident increased baPWV (OR 1.57, 
95% CI 1.14–2.18). The study transformed the TyG index 
into a categorical variable (tertile of the TyG index). The 
results showed that the P-value for the trend of the TyG 
index as categorical variables was concomitant with the 
result of the TyG index as continuous variables in the dif-
ferent models. Moreover, in model 3, the highest tertile 
(above 8.57) of the TyG index was statistically significant 
with baPWV.

Threshold effect analysis of the TyG on incident baPWV
This study used a logistic regression model with a cubic 
spline function to assess the correlation between the TyG 
index and baPWV. The distributions between variables 
(grey histograms), smoothing curve fit between vari-
ables (solid red curve), and 95% confidence interval of the 
curve fit (grey zone) are shown in Fig. 2. After adjusting 
for sex, age, BMI, SBP, DBP, TC, LDL-C, fatty liver, and 
eGFR, the highest tertile (above 8.57) of the TyG index 
was linearly associated with the baPWV.

Subgroup analyses
The results of subgroup analyses of the association 
between the TyG index and baPWV are shown in Fig. 3 
and Table 4. The participants were split into subgroups 
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according to and adjusted for sex, age, BMI, SBP, DBP, 
HDL-C, fatty liver, and eGFR. The results revealed 
that sex (both male and female), BMI (less than 25 kg/
m2), age (less than 55  years), TC (less than 208  mg/
dL), LDL-C (less than 120.1 mg/dL), eGFR (more than 

or equal 60  mL/min/1.73m2), smoking (none or past), 
alcohol (0–40  g/week), exercise (≤ 1/week), and not 
having fatty liver disease (647 participants) were sig-
nificant (all p < 0.05). These results suggested a steady 
relationship between TyG and the incident of baPWV 

Table 1  Baseline characteristics of the study participants sorted by tertiles of TyG

Values are expressed as mean ± standard deviation or n (%). Abbreviations: TyG index, triglyceride glucose index; BMI, body mass index; SBP, systolic blood pressure; 
DBP, diastolic blood pressure; FPG, fasting plasma glucose; AST, aspartate aminotransferase; ALT, alanine aminotransferase; γGTP, gamma-glutamyl transferase; TC, 
total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; eGFR: estimated glomerular filtration rate; 
ABI, ankle-brachial index; baPWV, brachial to ankle pulse wave velocity. (**p < 0.01; ***p < 0.001)

All participants Q1 (< 7.96) Q2 (7.96–8.57) Q3 (> 8.57) p value

Participants (n) 912 304 304 304

TyG index 8.3 ± 0.7 7.6 ± 0.3 8.3 ± 0.2 9.0 ± 0.4  < 0.001***

Sex (n%)  < 0.001***

 Males 592 (64.9) 128 (42.1) 203 (66.8) 261 (85.9)

 Females 320 (35.1) 176 (57.9) 101 (33.2) 43 (14.1)

Age (years) 51.1 ± 9.6 50.7 ± 10.1 51.6 ± 9.4 51.1 ± 9.2 0.493

BMI (kg/m2) 23.1 ± 3.1 21.8 ± 2.5 23.1 ± 3.3 24.5 ± 3.0  < 0.001***

SBP (mmHg) 120.2 ± 15.0 114.7 ± 13.9 120.9 ± 15.4 125.1 ± 13.7  < 0.001***

DBP (mmHg) 76.1 ± 10.0 72.0 ± 9.4 76.4 ± 10.2 80.0 ± 8.7  < 0.001***

FBG (mg/dL) 98.1 ± 14.1 92.2 ± 7.6 98.0 ± 10.4 104.0 ± 18.9  < 0.001***

Uric acid (mg/dL) 5.3 ± 1.4 4.6 ± 1.3 5.2 ± 1.3 6.0 ± 1.3  < 0.001***

AST (IU/L) 19.0 (16.0, 23.0) 19.0 (16.0, 22.0) 19.0 (16.0, 23.0) 21.0 (17.0, 26.0)  < 0.001***

ALT (IU/L) 19.0 (14.0, 26.0) 16.0 (12.8, 20.0) 18.0 (14.0, 23.2) 23.0 (18.0, 34.0)  < 0.001***

γGTP (IU/L) 19.0 (14.0, 28.0) 14.0 (11.0, 19.0) 18.5 (14.0, 26.0) 25.0 (18.0, 43.0)  < 0.001***

TC (mg/dL) 209.8 ± 35.9 198.4 ± 33.9 208.0 ± 33.7 223.1 ± 35.8  < 0.001***

TG (mg/dL) 99.9 ± 74.9 44.2 ± 12.3 81.8 ± 14.8 173.6 ± 87.3  < 0.001***

HDL-C (mg/dL) 53.5 ± 14.6 62.0 ± 14.0 53.4 ± 13.1 45.2 ± 11.4  < 0.001***

LDL-C (mg/dL) 128.1 ± 31.7 116.6 ± 29.2 130.4 ± 28.7 137.1 ± 33.5  < 0.001***

eGFR (mL/min/1.73 m2) 70.4 ± 12.0 73.5 ± 13.0 70.2 ± 11.4 67.6 ± 11.0  < 0.001***

Current smoker (n%)  < 0.001***

 None or past 715 (78.4) 263 (86.5) 233 (76.6) 219 (72)

 Current 197 (21.6) 41 (13.5) 71 (23.4) 85 (28)

Alcohol group (n%)  < 0.001***

0–40 g/week 594 (65.1) 225 (74) 194 (63.8) 175 (57.6)

40–140 g/week 150 (16.4) 42 (13.8) 59 (19.4) 49 (16.1)

140–280 g/week 88 (9.6) 23 (7.6) 33 (10.9) 32 (10.5)

 > 280 g/week 80 (8.8) 14 (4.6) 18 (5.9) 48 (15.8)

Regular exercise (n%) 0.008**

 < 1/week 735 (80.6) 229 (75.3) 247 (81.2) 259 (85.2)

 ≥ 1/week 177 (19.4) 75 (24.7) 57 (18.8) 45 (14.8)

Fatty liver (n%)  < 0.001***

None 647 (70.9) 274 (90.1) 229 (75.3) 144 (47.4)

Moderate or severe 265 (29.1) 30 (9.9) 75 (24.7) 160 (52.6)

Menopausal state (n%) 0.071

Menopausal 138 (43.1) 86 (48.9) 36 (35.6) 16 (37.2)

Postmenopausal 182 (56.9) 90 (51.1) 65 (64.4) 27 (62.8)

ABI 1.2 ± 0.1 1.2 ± 0.1 1.2 ± 0.1 1.2 ± 0.1 0.001**

baPWV(cm/s) 1415.8 ± 246.3 1350.7 ± 226.1 1424.5 ± 234.6 1472.1 ± 262.0  < 0.001***
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in different subgroups. This clearly means that the 
TyG index was independently and steadily associated 
with incident baPWV. However, there was no signifi-
cant interaction between the TyG index and incident 
baPWV in any subgroup analysis results.

Discussion
After controlling for covariables, the results of this pop-
ulation-based cross-sectional study showed the high-
est tertile (above 8.57) of the TyG index had a positive 
and linear correlation with the baPWV as a marker of 
arterial stiffness in a general Japanese population. The 
results were stable in subgroups according to sex, age, 
BMI, smoking, alcohol, exercise, menopause, TC, LDLC, 
eGFR, and fatty liver. The study findings provide evidence 
for the involvement of IR in subclinical atherosclerosis in 
a Japanese population. Still, the exact causal relationship 
remains unknown, and determining the exact relation-
ship will require longitudinal studies.

The relationship between the TyG index and baPWV 
in the Japanese population was mainly studied in this 
study. The standards of TG and FPG in different coun-
tries are different, and the normal ranges are different 
[28–30]. Furthermore, the TG and FPG are affected by 
genetics, the environment, and living habits [31–33]. 
Therefore, the relationship between TyG and baPWV 
can vary among countries. Future studies should exam-
ine and compare this relationship among countries. Stud-
ies showed relationships between TyG and baPWV in 
Chinese [16, 18] and Koreans [34]. Of note, the causal-
ity relationship between TyG and baPWV has not been 
determined yet [17]. Although it is true that the present 
study reported an association already observed in Chi-
nese and Koreans, it now showed the relation in Japanese 
as well. Being an insular nation, Japan has genetics dis-
tinct from continental Asia.

Lee et al. [34] indicated that the optimal cut-off value 
of the TyG index to define insulin resistance has not yet 
been standardized. This study found that the highest ter-
tile (> 8.57) of the TyG index had a positive and linear 
association with the baPWV. It is consistent with the 8.55 
cut-off value of the TyG index reported by Lu et al. [35].

Previous studies have also reported the relationship 
between the TyG index and baPWV. A cross-sectional 
study found that the TyG index was not significantly 
associated with baPWV [16]. On the other hand, another 
cross-sectional study found that the TyG index was inde-
pendently and positively associated with baPWV in hyper-
tensive patients [18]. Furthermore, a cross-sectional study 
of Japanese participants revealed that the TyG index cor-
related with HOMA-IR, especially with increased high 
baPWV in multivariable linear regression analyses [19]. 
Moreover, the associations were stronger in women than in 
men based on their study [19]. Glucose levels are used for 
the calculation of the TyG index and HOMA-IR. HOMA-
IR uses insulin levels, while TyG uses the TG levels. 
Although indirect, there is a relationship between insulin 
and TG levels. Indeed, insulin levels are elevated in insulin 

Table 2  Univariable analysis of baPWV

BMI, Body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; 
FPG, fasting plasma glucose; AST, aspartate aminotransferase; ALT, alanine 
aminotransferase; γGTP, gamma-glutamyl transferase; TC, total cholesterol; 
TG, triglyceride; TyG index, triglyceride glucose index; HDL-C, high-density 
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; eGFR, 
estimated glomerular filtration rate; ABI, ankle-brachial index; baPWV, brachial 
to ankle pulse wave velocity; CI, confidence interval. (*p < 0.05; **p < 0.01; 
***p < 0.001)

OR (95%CI) p value

Sex (n%) 0.035*

 Males Ref.

 Females 0.74 (0.56,0.98)

Age (year) 1.10 (1.09,1.12)  < 0.001***

BMI (kg/m2) 1.04 (1.00,1.08) 0.069

SBP (mmHg) 1.07 (1.06,1.09)  < 0.001***

DBP (mmHg 1.10 (1.09,1.12)  < 0.001***

FBG (mg/dL) 1.04 (1.02,1.05)  < 0.001***

Uric acid (mg/dL) 1.14 (1.04,1.26) 0.007**

AST (IU/L) 1.03 (1.01,1.04) 0.004**

ALT (IU/L) 1.01 (1.00,1.02) 0.024*

γGTP (IU/L) 1.01 (1.00,1.02) 0.001**

TC (mg/dL) 1.01(1.00,1.01)  < 0.001***

TG (mg/dL) 1.00 (1.00,1.01)  < 0.001***

TyG index 1.84 (1.50,2.27)  < 0.001***

HDL-C (mg/dL) 0.99 (0.99,1.00) 0.249

LDL-C (mg/dL) 1.01 (1.00,1.01) 0.012*

eGFR (mL/min/1.73 m2) 0.96 (0.94,0.97)  < 0.001***

Current smoker (n %) 0.467

None or past Ref.

Current 0.89 (0.65,1.22)

Alcohol group (n %) 0.08

0–40 g/week Ref.

40–140 g/week 0.98 (0.68,1.40) 0.896

140–280 g/week 1.35 (0.86,2.11) 0.192

 > 280 g/week 1.73 (1.08,2.77) 0.022*

Regular exercise (n %) 0.814

 < 1/week Ref.

 ≥ 1/week 1.04 (0.75,1.45)

Fatty liver (n %)  < 0.001***

None Ref.

Moderate or severe 1.92 (1.44,2.56)

Menopausal state (n %)  < 0.001***

Menopausal Ref.

Postmenopausal 5.37 (3.20,9.01)  < 0.001***

ABI 3.20 (0.49,20.72) 0.222
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resistance because the β-cells have to compensate for the 
decreased peripheral insulin sensitivity. In insulin resist-
ance, the liver also overproduces very low-density lipopro-
teins because of increased free fatty acid released by the 

adipocytes, leading to high triglyceride levels [36, 37]. Sev-
eral factors can be responsible for arterial stiffness, includ-
ing decreased elastin and increased collagen contents in the 
arterial wall, abnormal regulation of arterial smooth muscle 

Table 3  Relationship between TyG and baPWV in different models

Model 1 was not adjusted. Model 2 was adjusted for sex and age. Model 3 was adjusted for sex, age, BMI, SBP, DBP, HDL-C, fatty liver, eGFR. BMI, body mass index; SBP, 
systolic blood pressure; DBP, diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol; eGFR, estimated glomerular filtration rate; TyG, triglyceride glucose 
index; baPWV, brachial to ankle pulse wave velocity; CI, confidence interval. (*p < 0.05; **p < 0.01)

Model 1 p value Model 2 p value Model 3 p value

TyG index 1.84 (1.50,2.27)  < 0.001 1.91 (1.49,2.44)  < 0.001 1.57 (1.14,2.18) 0.006**

TyG index

Q1 (< 7.96) Ref. Ref. Ref.

Q2 (7.96–8.57) 1.74 (1.25,2.42)  < 0.001 1.66 (1.15,2.41) 0.196 1.43 (0.93,2.19) 0.101

Q3 (> 8.57) 2.42 (1.74,3.36)  < 0.001 2.50 (1.70,3.71)  < 0.001 1.78 (1.08,2.95) 0.024*

p for trend  < 0.001  < 0.001 0.024

Fig. 2  The relations between the TyG index and baPWV. The grey histograms represent the distributions between variables, and the solid red curve 
indicates the smoothing curve fit between variables. The grey zone indicates the 95% confidence interval of the curve fit. Data were adjusted for 
gender, age, BMI, SBP, DBP, HDL-C, fatty liver, eGFR, and a positive linear correlation can be seen between the TyG index and baPWV. BMI, body mass 
index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-C, High-density lipoprotein cholesterol; eGFR, estimated glomerular filtration 
rate; TyG, triglyceride glucose index; baPWV, brachial to ankle pulse wave velocity; CI, confidence interval
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tone, and advanced glycosylation end-products (AGE) [38, 
39], and the accumulation of AGE is accelerated in insulin 
resistance states [40]. Furthermore, insulin resistance is 
associated with endothelial dysfunction [39–41], and the 
high insulin resistance levels stimulate the proliferation 

of the arterial smooth muscle cells [42]. Therefore, insulin 
resistance participates in arterial stiffness.

In this study, the subgroup analyses of the association 
between the TyG index and baPWV showed that both 
males and females had a significant steady relationship. 

(See figure on next page.)
Fig. 3  Subgroup analysis of the association between TyG index and baPWV.The participants have split into subgroups accordingly and adjusted for 
gender, age, BMI, SBP, DBP, HDL-C, fatty liver, and eGFR. A steady relationship can be seen between the TyG index and baPWV in different subgroups. 
BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol; eGFR, estimated 
glomerular filtration rate; TyG, triglyceride glucose index; baPWV, brachial to ankle pulse wave velocity; CI, confidence interval. (*p < 0.05; **p < 0.01; 
***p < 0.001)

Table 4  Subgroup analyses of the association between TyG index and baPWV

BMI, Body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; AST, aspartate aminotransferase; ALT, alanine 
aminotransferase; γGTP, gamma-glutamyl transferase; TC, total cholesterol; TG, triglyceride; TyG index, triglyceride glucose index; HDL-C, high-density lipoprotein 
cholesterol; LDL-C, low-density lipoprotein cholesterol; eGFR, estimated glomerular filtration rate; ABI, ankle-brachial index; baPWV, brachial to ankle pulse wave 
velocity; CI, confidence interval. (*p < 0.05; **p < 0.01; ***p < 0.001)

Subgroup N N (%) adj OR (95%CI) p value p for interaction

Sex

Male 592 278 (47) 1.71 (1.14–2.57) 0.009 0.891

Female 320 127 (39.7) 0.98 (0.54–1.78) 0.958

Age (years)

 < 55 552 173 (31.3) 1.38 (0.88–2.16) 0.165 0.719

 ≥ 55 360 232 (64.4) 2 (1.11–3.63) 0.022

BMI (kg/m2)

 < 25 690 301 (43.6) 1.39 (0.95–2.03) 0.094 0.952

 ≥ 25 222 104 (46.8) 1.94 (0.95–3.93) 0.067

Current smoker (n%)

None or past 715 322 (45) 1.58 (1.07–2.31) 0.02 0.219

Current 197 83 (42.1) 1.07 (0.55–2.09) 0.834

Alcohol group (n%)

0–40 g/week 594 253 (42.6) 1.38 (0.88–2.17) 0.159 0.162

40–140 g/week 150 63 (42) 1.15 (0.48–2.77) 0.76

140–280 g/week 88 44 (50) 5.62 (1.41–22.51) 0.015

 > 280 g/week 80 45 (56.2) 1.27 (0.47–3.41) 0.641

Regular exercise (n%)

 < 1/week 735 325 (44.2) 1.25 (0.87–1.79) 0.23 0.923

 ≥ 1/week 177 80 (45.2) 3.28 (1.28–8.39) 0.013

Fatty liver (n%)

None 647 257 (39.7) 1.37 (0.92–2.05) 0.12 0.569

Moderate or severe 265 148 (55.8) 1.43 (0.77–2.64) 0.257

Menopausal state (n%)

Menopausal 138 26 (18.8) 0.97 (0.29–3.24) 0.958 0.554

Postmenopausal 182 101 (55.5) 1.03 (0.46–2.3) 0.951

LDL-C (mg/dL)

 < 120.1 374 156 (41.7) 1.31 (0.8–2.15) 0.279 0.355

 ≥ 120.1 538 249 (46.3) 1.29 (0.81–2.08) 0.286

eGFR (mL/min/1.73 m2)

 < 60 172 99 (57.6) 1.59 (0.78–3.23) 0.202 0.531

 ≥ 60 740 306 (41.4) 1.27 (0.87–1.85) 0.219
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Fig. 3  (See legend on previous page.)
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After adjusting for BMI, age, TC, LDL-C, eGFR, and not 
having fatty liver disease, the subgroup analyses of this 
study revealed that they were significantly related to the 
TyG index and baPWV, which might be because our study 
had a relatively small sample size. This was somewhat 
similar to the report by Zhao et al., where the TyG index 
was significantly associated with arterial stiffness for mac-
rovascular arteriosclerosis and CKD for microvascular 
arteriosclerosis. These associations were revealed after 
adjusting for age, sex, BMI, waist circumference, smoking 
habit, hypertension, family history of premature CVD, dia-
betes, HDL-C, LDL-C, insulin therapy, and statin therapy 
[43]. Keeping the relatively smaller sample size in mind 
compared to the report by Zhao et al., the TyG index and 
baPWV association were still somewhat similar.

Stepwise regression analysis showed that TC and LDL-C 
might influence the correlation between the TyG index and 
baPWV [34]. This study divided TC and LDL-C into two 
parts for subgroup analysis, which showed that TC, LDL-
C, and TyG index had no interaction effect on baPWV. 
Therefore, the positive association between the TyG index 
and baPWV was robust. Furthermore, Baydar et al. stated 
that insulin resistance (IR) is an important risk factor in 
accelerating atherosclerosis. The TyG index, considered a 
predictor of IR, is associated with subclinical atherosclero-
sis [44]. Chiu et  al. also reported a significant association 
between a high TyG index and atherosclerosis [16].

Our study suggested that the TyG index indicated the 
risk of carotid atherosclerosis, and IR has a relationship 
with subclinical atherosclerosis, but the exact nature of this 
relationship cannot be determined by the present study. 
Therefore, considering the TyG index a predictor of IR, a 
significant portion of morbidity and mortality related to 
CVDs could be prevented by identifying and preventing 
atherosclerosis. Besides, there are several advantages of 
this study, which are: (1) This study followed strict inclu-
sion criteria, which were (a) excluded patients with symp-
tomatic  coronary  artery  disease (CAD), (b) included  a 
broad age range of patients between 24 and 84 years and (c) 
ABI < 0.95. (2) This study reported the relationship between 
the TyG index and baPWV in a general Japanese popula-
tion. (3) This study analyzed the TyG index as both con-
tinuous and categorical variables to reduce the contingency 
and increase the robustness of the result. (4) The likelihood 
ratio tests and hierarchical linear regression model were 
applied in subgroup analysis to confirm modifications and 
interactions.

This study has several limitations: (1) This is a cross-
sectional study; therefore, causal relationships could 
not be determined. (2) Previous studies demonstrated 
a close relationship between HOMA-IR and the TyG 
index [45]. However, the analysis in this current study 
did not include the HOMA-IR index. The reason being 

is that the TyG index is more cost-effective and easier 
to calculate in routine clinical practice, as previously 
reported [46]. Thus, we plan to conduct the HOMA-IR 
index in future research on this topic to overcome this 
shortcoming.

Conclusions
To summarize, the results of this study showed an inde-
pendent association between the TyG index and arterial 
stiffness, as measured by baPWV, in a relatively healthy 
Japanese population after adjusting for conventional fac-
tors. These results suggest that IR is involved in subclini-
cal atherosclerosis and might be an important target for 
preventing major CV disease. Still, the determination of 
the exact nature of this involvement will require longitu-
dinal studies.
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