
TYPE Original Research

PUBLISHED 28 July 2022

DOI 10.3389/fcvm.2022.948402

OPEN ACCESS

EDITED BY

Tatsuya Iso,

Gunma University of Health and

Welfare, Japan

REVIEWED BY

Shikai Yu,

Tongji University, China

Hongwei Li,

Capital Medical University, China

*CORRESPONDENCE

Xingang Wang

wxg_online@163.com

Fangfang Fan

fang9020@126.com

Yan Zhang

drzhy1108@163.com

†These authors have contributed

equally to this work

SPECIALTY SECTION

This article was submitted to

Atherosclerosis and Vascular Medicine,

a section of the journal

Frontiers in Cardiovascular Medicine

RECEIVED 19 May 2022

ACCEPTED 27 June 2022

PUBLISHED 28 July 2022

CITATION

Ji W, Gao L, Sun P, Jia J, Li J, Wang X,

Fan F and Zhang Y (2022) Association

of the triglyceride-glucose index and

vascular target organ damage in a

Beijing community-based population.

Front. Cardiovasc. Med. 9:948402.

doi: 10.3389/fcvm.2022.948402

COPYRIGHT

© 2022 Ji, Gao, Sun, Jia, Li, Wang, Fan

and Zhang. This is an open-access

article distributed under the terms of

the Creative Commons Attribution

License (CC BY). The use, distribution

or reproduction in other forums is

permitted, provided the original

author(s) and the copyright owner(s)

are credited and that the original

publication in this journal is cited, in

accordance with accepted academic

practice. No use, distribution or

reproduction is permitted which does

not comply with these terms.

Association of the
triglyceride-glucose index and
vascular target organ damage in
a Beijing community-based
population

Wenjun Ji1,2, Lan Gao1,2,3, Pengfei Sun1,2, Jia Jia1,2,

Jianping Li1,2, Xingang Wang1,2*†, Fangfang Fan1,2*† and
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1Department of Cardiology, Peking University First Hospital, Beijing, China, 2Institute of

Cardiovascular Disease, Peking University First Hospital, Beijing, China, 3Echocardiography Core

Lab, Institute of Cardiovascular Disease at Peking University First Hospital, Beijing, China

Objective: We aimed to explore the association between the

triglyceride-glucose (TyG) index, a marker of insulin resistance (IR),

and vascular target organ damage (TOD) in a Beijing community-based

population, China.

Methods: A total of 6,015 participants from an atherosclerosis cohort survey

performed in the Shijingshan District in Beijing, China were included in

our analysis. Vascular TOD, such as carotid-femoral pulse wave velocity

(cfPWV), brachial-ankle pulse wave velocity (baPWV), and the urine

albumin-to-creatinine ratio (UACR) were all evaluated.

Results: The overall mean age of all the participants was 62.35 years, 3,951

(65.69%) were female, and mean TyG index was 8.81. In univariable regression

analyzes, an increased TyG index was associated with higher cfPWV, baPWV,

lnUACR, and higher risk of cfPWV ≥ 10 m/s, baPWV ≥ 1,800 cm/s, and UACR

≥ 30 mg/g, respectively. Multivariable regression analyzes showed subjects

with the TyG index in top tertile had a significant increase in cfPWV (β = 0.29

m/s; 95% confidence interval [95% CI] 0.19–0.40; p fortrend < 0.001), baPWV

(β = 69.28 cm/s; 95% CI 50.97–87.59; p fortrend < 0.001), lnUACR (β = 0.23;

95% CI 0.13–0.34; p fortrend < 0.001), and had a higher risk of cfPWV ≥ 10

m/s (odds ratio [OR] = 1.47; 95% CI 1.17–1.85; p fortrend < 0.001), baPWV ≥

1,800 cm/s (OR = 1.79; 95% CI 1.48–2.17; p fortrend < 0.001), and UACR ≥ 30

mg/g (OR = 1.71; 95% CI 1.30–2.24; p fortrend < 0.001) after fully adjusting for

age, sex, body mass index (BMI), systolic blood pressure (SBP), diastolic blood

pressure (DBP), high-density lipoprotein cholesterol (HDL-C), low-density

lipoprotein cholesterol (LDL-C), estimated glomerular filtration rate (eGFR),

self-reported coronary heart disease (CHD) and stroke, antihypertensive

drugs, hypoglycemic drugs, and lipid-lowering drugs. Consistent conclusions

were obtained in the subgroups without hypoglycemic and lipid-lowering

medications or aged younger than 65 years old.
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Conclusions: The TyG index was positively associated with artery sti�ness and

nephric microvascular damage in a Beijing community-based population in

China. This result provides evidence that the TyG index may serve as a simple

and e�ective indicator to reflect vascular TOD.

KEYWORDS

the triglyceride glucose index, vascular target organ damage, carotid-femoral pulse

wave velocity, brachial-ankle pulse wave velocity, urine albumin-to-creatinine ratio

Introduction

Defined as a decrease in tissue response to insulin

stimulation, insulin resistance (IR) is associated with

an increased risk of metabolic abnormalities, such as

hyperglycemia, dyslipidemia, and hypertension, and is closely

associated with cardiovascular disease (CVD) (1, 2). The gold

standard “Euglycemic clamp test” is cumbersome, expensive,

and non-feasible in routine clinical setups for evaluating IR in

clinical practice (3). Recently, the triglyceride-glucose (TyG)

index, calculated as Ln (fasting triglycerides (mg/dl) × fasting

plasma glucose (mg/dl)/2), became an attractive option due to

the high availability and cheap biochemical markers required

for their calculations, and the diagnostic accuracy of the TyG

index in identifying IR has been tested in several studies (4, 5).

Vascular injury related to IR develops progressively in

asymptomatic subjects during a period of time, and the long

phase of IR and presence of subclinical vascular disease

increase cardiovascular risk (2, 6–8). The vascular injury

involves functional and structural damage to the arterial wall

that includes impaired vasodilation in response to chemical

mediators, reduced distensibility of the arterial wall, vascular

calcification, and increased thickness of the arterial wall (8,

9). The previous studies have shown that IR was associated

with arterial stiffness (10–13), atherosclerosis (14, 15), and

microcirculation lesions (16–18). Wen et al. found the TyG

index is independently associated with arterial stiffness and 10-

year CVD risk (19). Lv et al. found that the TyG index is a

potential predictor for diabetic kidney disease (DKD) in type 2

diabetes mellitus (T2DM) patients (18).

At present, there are few systematic studies on TyG index

and the various vascular damages of IR. This study explored the

association of vascular target organ damage (TOD) with TyG

index in a Beijing community-based population.

Materials and methods

Study population

Participants came from an atherosclerosis cohort survey

conducted in the Gucheng and Pingguoyuan communities of

Shijingshan District in Beijing, China from December 2011 to

April 2012. Detailed research procedures have been described

previously (20). Subjects (n = 6,568) who participated in the

7th year of on-site follow-up from September 2018 to December

2018 were enrolled in our analyses. This study was restricted to

a subset of participants with brachial-ankle pulse wave velocity

(baPWV), carotid-femoral pulse wave velocity (cfPWV), and

urine albumin-to-creatinine ratio (UACR) data available at

baseline (n = 6,329). Participants with any self-reported history

of peripheral artery disease (PAD) or ankle-brachial index (ABI)

< 0.90 were excluded (n = 314). Finally, a total of 6,015 eligible

participants were ultimately included. This study was approved

by the ethics committee of Peking University First Hospital, and

it conforms to the provisions of the Declaration of Helsinki. All

participants signed informed consent.

Clinical data collection

Baseline data collection

The standard questionnaire survey data such as

sociodemographic characteristics, lifestyle, detailed medical

information, and etc., were collected by uniformly trained

investigators in the community health service center using

a face-to-face inquiry survey method. Current smoking was

defined as smoking one or more cigarettes per day for at least

6 months. Current drinking was defined as drinking once

per week for at least 6 months. Hypertension was defined as

any systolic blood pressure (SBP) ≥ 140 mmHg or diastolic

blood pressure (DBP) ≥ 90 mmHg or self-reported history of

hypertension or use of antihypertensive medication. Diabetes

mellitus was defined as any fasting plasma glucose (FBG)

≥ 7.0 mmol/L, or 2-h oral glucose tolerance test (OGTT)

≥ 11.1 mmol/L or self-reported history of diabetes, or use

of hypoglycemic medication. Dyslipidemia was defined as

any triglyceride (TG) ≥ 1.7 mmol/L (150 mg/dl), or total

cholesterol (TC) ≥ 5.18 mmol/L (200 mg/dl), or low-density

lipoprotein cholesterol (LDL-C) ≥ 3.37 mmol/L (130 mg/dl), or

high-density lipoprotein cholesterol (HDL-C) < 1.04 mmol/L

(40 mg/dl), or self-reported history of dyslipidemia, or use of

lipid-lowering medication. The history of CVD was defined as
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any self-reported history of coronary heart disease, stroke, or

transient ischemic attack.

Physical examination data, such as height and weight,

were collected by uniformly trained surveyors according to the

standard operating procedures. The body mass index (BMI) was

calculated by the following formula: BMI = weight (kg)/height

(2) (m2). The SBP and DBP used were the mean value of

these three successful readings measured by Omron HEM-7130

electronic sphygmomanometer by a standard method (20).

Laboratory examination

Venous blood samples were obtained in subjects after an

overnight fast. Biological markers, such as FPG, the standard

75 g OGTT, TG, TC, low-density lipoprotein cholesterol

(LDL-C), high-density lipoprotein cholesterol (HDL-C), and

serum creatinine (Scr), were measured by enzymatic method

(HITACHI 7100, HITACHI, Japan). The estimated glomerular

filtration rate (eGFR) was calculated based on the CKD-

EPI equation (21). Urine samples required subjects to take

TABLE 1 Baseline characteristics of the study population according to the tertiles of the triglyceride glucose (TyG) index.

Total Tertile 1 (< 8.52) Tertile 2 (≥ 8.52–< 9.01) Tertile 3 (≥ 9.01) P value

N 6,015 2,001 2,009 2,005

Age (years) 62.35± 7.60 62.37± 8.18 62.63± 7.43 62.05± 7.14 0.031

Female, n (%) 3,951 (65.69%) 1,294 (64.67%) 1,370 (68.19%) 1,287 (64.19%) 0.014

BMI (kg/m2) 25.23± 3.31 24.19± 3.27 25.37± 3.28 26.13± 3.08 <0.001

SBP (mmHg) 133.02±16.62 129.91± 16.57 132.87± 16.22 136.28± 16.45 <0.001

DBP (mmHg) 79.02± 9.54 77.42± 9.57 78.73± 9.36 80.91± 9.36 <0.001

Fasting blood glucose(mmol/L) 6.16± 1.87 5.43± 0.75 5.88± 1.20 7.18± 2.62 <0.001

TC (mmol/L) 5.33± 1.03 5.08± 0.95 5.33± 1.03 5.59± 1.05 <0.001

TG (mmol/L) 1.37 (0.98–1.94) 0.87 (0.72–1.02) 1.40 (1.23–1.60) 2.28 (1.90–2.87) <0.001

HDL-C (mmol/L) 1.50± 0.35 1.68± 0.39 1.49± 0.30 1.32± 0.26 <0.001

LDL-C (mmol/L) 3.42± 0.97 3.23± 0.87 3.53± 0.99 3.51± 1.02 <0.001

EGFR (mL/min per 1.73 m2) 93.29± 11.47 93.33± 11.50 93.27± 10.95 93.26± 11.95 0.978

TyG index 8.81± 0.61 8.19± 0.25 8.76± 0.14 9.48± 0.43 <0.001

Current smoking, n (%) 839 (14.12%) 237 (11.98%) 244 (12.28%) 358 (18.09%) <0.001

Current drinking, n (%) 629 (10.55%) 193 (9.71%) 200 (10.01%) 236 (11.94%) 0.129

Self-reported disease, n (%)

CHD 718 (11.96%) 195 (9.76%) 251 (12.50%) 272 (13.62%) <0.001

Stroke 264 (4.40%) 81 (4.05%) 86 (4.28%) 97 (4.86%) 0.440

Disease, n (%)

Hypertension 3,286 (54.63%) 910 (45.48%) 1,079 (53.71%) 1,297 (64.69%) <0.001

Diabetes 1,741 (28.95%) 269 (13.44%) 499 (24.84%) 973 (48.55%) <0.001

Dyslipidemia 4,871 (80.98%) 1,293 (64.62%) 1,639 (81.58%) 1,939 (96.71%) <0.001

Treatment, n (%)

Antihypertensive drugs 2,164 (36.08%) 577 (28.92%) 724 (36.06%) 863 (43.26%) <0.001

Hypoglycemic drugs 976 (16.26%) 166 (8.32%) 272 (13.54%) 538 (26.95%) <0.001

Lipid-lowering drugs 1,199 (20.01%) 287 (14.40%) 419 (20.89%) 493 (24.72%) <0.001

Target organ damage

CfPWV (m/s) 8.56± 1.84 8.29± 1.72 8.53± 1.86 8.86± 1.89 <0.001

CfPWV ≥ 10 m/s, n (%) 1,028 (17.09%) 275 (13.74%) 339 (16.87%) 414 (20.65%) <0.001

BaPWV (cm/s) 1,680.16± 335.80 1,617.64± 321.55 1,677.87± 328.78 1,744.86± 344.67 <0.001

BaPWV ≥ 1,800 cm/s, n (%) 1,826 (30.36%) 477 (23.84%) 601 (29.92%) 748 (37.31%) <0.001

UACR (mg/g) 3.16 (1.58–8.48) 2.76 (1.41–6.36) 3.02 (1.57–7.27) 3.98 (1.83–12.44) <0.001

LnUACR 1.36± 1.47 1.15± 1.35 1.29± 1.40 1.63± 1.59 <0.001

UACR ≥ 30 mg/g, n (%) 529 (8.79%) 123 (6.15%) 142 (7.07%) 264 (13.17%) <0.001

Data are shown as mean± standard deviation (SD) or median (IQR) for continuous variables and number (percentage) for dichotomous variables.

BMI, bodymass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density

lipoprotein cholesterol; eGFR, estimated glomerular filtration rate; TyG, triglyceride glucose; CHD, coronary heart disease; cfPWV, carotid to femoral aortic pulse wave velocity; baPWV,

brachial to ankle pulse wave velocity; UACR, urine albumin to creatinine ratio.
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FIGURE 1

The relationship between triglyceride glucose (TyG) index and target organ damage (TOD)*. (A) carotid-femoral pulse wave velocity (cfPWV); (B)

cfPWV ≥ 10 m/s; (C) brachial-ankle pulse wave velocity (BaPWV); (D) BaPWV ≥ 1,800 cm/s; (E) LnUACR; (F) urine albumin-to-creatinine ratio

(Continued)
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FIGURE 1

(UACR) ≥ 30 mg/g. *Adjusted for age, sex, smoking, and drinking habit, body mass index (BMI), systolic blood pressure (SBP), diastolic blood

pressure (DBP), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), estimated glomerular filtration rate

(eGFR), self-reported coronary heart disease (CHD) and stroke, antihypertensive drugs, hypoglycemic drugs, lipid-lowering drugs. A 2-tailed

0.5% of TyG index was removed.

15ml of morning urine on the day of the survey. Urine

microalbumin was assessed by the rate scattering turbidimetry

method (Immang 800, Beckman, USA), and urine creatinine was

analyzed by the picric acid method (AU5800, Beckman, USA),

and urinary microalbumin divided by urinary creatinine was

defined as UACR.

Pulse-wave velocity

In this study, baPWV was measured by the BP-203RPEIII

(Omron, Omron Healthcare, Japan) device. After the subject

rested in the supine position for at least 5min, cuffs were

wrapped on the upper arms and ankles, and the pulse waves of

brachial and posterior tibial arteries at the cuffs were recorded

by the device. The distance between the upper arm and ankle is

calculated using a liner regression of body height and baPWV

on both sides was obtained using the distance divided by the

time difference via the device automatically. The higher of the

bilateral baPWV was selected for the subsequent analysis. The

details of the oscillometric method have been described and

validated previously (22).

The CfPWVwas measured using PulsePen (DiaTecne, Italy)

systems in accordance with standard operating procedures after

resting in the supine position for at least 5min. The pulse

waveforms of the strongest beating points of each participant’s

right carotid and femoral were collected. The distances from

carotid to femoral, carotid to sternal angle, and sternal angle

to femoral were measured simultaneously with a ruler and

the direct carotid–femoral distance between the two recording

sites was calculated as (common carotid artery – common

femoral artery × 0.8) tape measure distance. The pass time

was calculated by the “foot-to-foot” method that was taken into

the device for automatic calculation of cfPWV. The CfPWV

was performed twice, and the average value was used. If the

difference between the two measurements exceeds 0.5 m/s, a

third measurement was undertaken and the average of the three

measurements was adopted.

Definition of TOD

Carotid-femoral pulse wave velocity, mainly reflects the

elasticity of aorta, and baPWV, mainly reflects the elasticity of

large and middle arteries, act as two most frequently applied

indicators to evaluate arteriosclerosis (23). According to the

expert consensus document, we defined 10 m/s (24) and

1,800 cm/s (25) as the cut-off value for cfPWV and baPWV,

respectively. The UACR is a commonly used clinical indicator to

reflect renal microvascular damage and microalbuminuria was

defined as UACR ≥ 30 mg/g.

Statistical analyses

Descriptive statistics were expressed as mean ± standard

deviation (SD) or median (interquartile range) for continuous

variables as appropriate and frequencies (percentage) for

categorical variables. The baseline characteristics of the different

groups by TyG index tertiles were compared using the ANOVA

or Kruskal–Wallis h-test when appropriate for the continuous

variables, and the chi-square test or Fisher’s exact test (if

the theoretical number < 10) for the categorical variables.

The independent associations of the TyG index with TOD

were evaluated using univariable and multivariable regression

models with adjustment for major covariables in model 1 and

model 2. Model 1 was adjusted for age and sex. Model 2 was

further adjusted for other clinical variables, such as BMI, SBP,

DBP, HDL-C, LDL-C, antihypertensive drugs, hypoglycemic

drugs, lipid-lowering drugs, self-reported coronary heart disease

(CHD), and stroke. In addition, the associations between TyG

index and TOD were also evaluated by sensitivity analyses

in subgroups without using hypoglycemic and lipid-lowering

medications or those aged younger than 65 years old. All data

analyses were using Empower (R) (www.empowerstats.com,

X&Y solutions, inc.BostonMA) and R (Version: 3.4.3; http://

www.R-project.org). A 2-tailed p < 0.05 was considered to be

statistically significant.

Results

Baseline characteristics of all participants
according to the TyG index tertiles

A total of 6,015 participants were included in the current

analysis. Table 1 shows the clinical and laboratory characteristics

of the study population by the TyG index tertiles, with

2001, 2009, and 2005 participants in each group, respectively.

The mean values ± SDs of the TyG index in the three

groups were 8.19 ± 0.25, 8.76 ± 0.14, and 9.48 ± 0.43,

respectively. There were statistically differences in age, gender,

BMI, SBP, DBP, Glu, TC, TG, HDL-C, LDL-C, smoking habit,

prevalence of CHD, hypertension, diabetes, and dyslipidemia,

using of antihypertensive, hypoglycemic, and lipid-lowering
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TABLE 2 Univariable or multivariable regressions for target organ damage (TOD) according to the TyG index and the tertiles of TyG index.

Non-adjusted Adjust model 1 Adjust model 2

ß/OR (95%CI) ß/OR (95%CI) ß/OR (95%CI)

CfPWV, m/s

Per 1 unit increase 0.46 (0.39, 0.54) ** 0.50 (0.43, 0.57) ** 0.29 (0.21, 0.36) **

Tertiles of TyG

Tertile 1 (< 8.52) 0 0 0

Tertile 2 (≥ 8.52–< 9.01) 0.24 (0.13, 0.35) ** 0.23 (0.13, 0.33) ** 0.11 (0.01, 0.21) *

Tertile 3 (≥ 9.01) 0.57 (0.46, 0.68) ** 0.60 (0.50, 0.70) ** 0.29 (0.19, 0.40) **

P for trend <0.001 <0.001 <0.001

CfPWV ≥ 10 m/s

Per 1 unit increase 1.48 (1.33, 1.65) ** 1.82 (1.62, 2.06) ** 1.43 (1.23, 1.67) **

Tertiles of TyG

Tertile 1 (< 8.52) 1.0 1.0 1.0

Tertile 2 (≥ 8.52–< 9.01) 1.27 (1.07, 1.51) * 1.43 (1.18, 1.73) * 1.23 (0.99, 1.52)

Tertile 3 (≥ 9.01) 1.63 (1.38, 1.93) ** 2.10 (1.74, 2.53) ** 1.47 (1.17, 1.85) **

P for trend <0.001 <0.001 <0.001

BaPWV, cm/s

Per 1 unit increase 95.76 (81.96, 109.55) ** 104.51 (92.48, 116.55) ** 58.36 (45.83, 70.89) **

Tertiles of TyG

Tertile 1 (< 8.52) 0 0 0

Tertile 2 (≥ 8.52–< 9.01) 60.22 (39.68, 80.76) ** 55.36 (37.39, 73.33) ** 29.65 (13.04, 46.25) **

Tertile 3 (≥ 9.01) 127.22 (106.67, 147.77) ** 133.84 (115.86, 151.81) ** 69.28 (50.97, 87.59) **

P for trend <0.001 <0.001 <0.001

BaPWV ≥ 1,800 cm/s

Per 1 unit increase 1.60 (1.46, 1.75) ** 1.93 (1.74, 2.13) ** 1.61 (1.42, 1.84) **

Tertiles of TyG

Tertile 1 (< 8.52) 1.0 1.0 1.0

Tertile 2 (≥ 8.52–< 9.01) 1.36 (1.19, 1.57) ** 1.46 (1.25, 1.70) ** 1.32 (1.11, 1.58) *

Tertile 3 (≥ 9.01) 1.90 (1.66, 2.18) ** 2.34 (2.01, 2.73) ** 1.79 (1.48, 2.17) **

P for trend <0.001 <0.001 <0.001

LnUACR

Per 1 unit increase 0.38 (0.32, 0.44) ** 0.38 (0.32, 0.44) ** 0.23 (0.16, 0.30) **

Tertiles of TyG

Tertile 1 (< 8.52) 0 0 0

Tertile 2 (≥ 8.52–< 9.01) 0.14 (0.05, 0.23) * 0.13 (0.04, 0.22) * 0.03 (-0.07, 0.12)

Tertile 3 (≥ 9.01) 0.48 (0.39, 0.57) ** 0.48 (0.39, 0.57) ** 0.23 (0.13, 0.34) **

P for trend <0.001 <0.001 <0.001

UACR ≥ 30 mg/g

Per 1 unit increase 2.00 (1.75, 2.29) ** 2.14 (1.86, 2.46) ** 1.77 (1.49, 2.10) **

Tertiles of TyG

Tertile 1 (< 8.52) 1.0 1.0 1.0

Tertile 2 (≥ 8.52–< 9.01) 1.16 (0.90, 1.49) 1.17 (0.91, 1.51) 1.02 (0.78, 1.34)

Tertile 3 (≥ 9.01) 2.32 (1.85, 2.90) ** 2.45 (1.95, 3.07) ** 1.71 (1.30, 2.24) **

P for trend <0.001 <0.001 <0.001

Model 1: adjusted for age, sex.

Model 2: adjusted for age, sex, smoking and drinking habits, BMI, SBP, DBP, HDL-C, LDL-C, eGFR, self-reported CHD and stroke, antihypertensive drugs, hypoglycemic drugs,

lipid-lowering drugs.

TyG, triglyceride glucose; OR, odds ratio; CI, confidence interval.

*, p < 0.05; **, p < 0.001; other abbreviations as in Table 1.
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drugs, cfPWV, cfPWV ≥ 10 m/s, baPWV, baPWV ≥ 1,800

cm/s, UACR, and UACR ≥ 30 mg/g among the three groups,

while there were no differences in eGFR, drinking habit, and

stroke prevalence.

The associations between TOD and TyG
index

As shown in Figure 1, cfPWV, baPWV, lnUACR, the odds of

cfPWV ≥ 10 m/s, baPWV ≥ 1,800 cm/s, and UACR ≥ 30 mg/g

all increased with the increase of TyG index after adjustment for

traditional cardiovascular risk factors.

In Table 2, for per 1 unit increment in TyG index, cfPWV,

baPWV, and lnUACR increased by 0.29 m/s (95% CI 0.21,

0.36, p < 0.001), 58.36 cm/s (95% CI 45.83, 70.89, p < 0.001),

and 0.23 cm/s (95% CI 0.16, 0.30, p < 0.001), respectively;

the odds of cfPWV ≥ 10 m/s, baPWV ≥ 1,800 cm/s, and

UACR ≥ 30 mg/g were elevated by 43% (odds ratio [OR] =

1.43; 95% CI 1.23–1.67; p < 0.001), 61% (OR = 1.61; 95% CI

1.42–1.84; p < 0.001), and 77% (OR = 1.77; 95% CI 1.49–

2.10; p < 0.001), respectively, after fully adjusting for age, sex,

BMI, SBP, DBP, HDL-C, LDL-C, eGFR, antihypertensive drugs,

hypoglycemic drugs, lipid-lowering drugs, self-reported CHD,

and stroke (adjusted model 2).

The associations between the TyG index and TOD were

similar as above when further explored by categorizing the

TyG index levels into tertiles and using the bottom tertile as a

reference (Table 2). In the model 2, the adjusted coefficients for

cfPWV, baPWV, and lnUACR of participants in the top tertile

were 0.29 m/s (95% CI 0.19, 0.40), 69.28 cm/s (95% CI 50.97,

87.59), and 0.23 (95% CI 0.13, 0.34), respectively. The p fortrend

in all models was significant (<0.001). Moreover, we found that

participants with TyG index in the top tertile had increased risk

of cfPWV ≥ 10 m/s (OR = 1.47; 95% CI 1.17–1.85; p fortrend

< 0.001), baPWV ≥ 1,800 cm/s (OR = 1.79; 95% CI 1.48–2.17;

p fortrend < 0.001), and UACR ≥ 30 mg/g (OR = 1.71; 95% CI

1.30–2.24; p fortrend < 0.001) compared with those with TyG

index in the bottom tertile.

Sensitivity analysis

We further performed analyses in subgroups not taking

both anti-hyperglycemic and lipid-lowering drugs (subgroup

1) or those aged younger than 65 years (subgroup 2), and

the results were similar as above (Table 3). Although p fortrend

was marginally significant for UACR ≥ 30 mg/g, the ORs for

participants in the middle and top tertile of TyG index in the

subgroup 2 were 1.07 (95% CI 0.75, 1.52) and 1.40 (95% CI 0.97,

2.02), respectively, with an increasing trend, and similar profile

for cfPWV ≥ 10 m/s was obtained in subgroup 2.

Discussion

In our study, we found the TyG index was significantly

associated with arterial stiffness and kidney microcirculation

abnormalities. Consistent conclusions were obtained in

populations without using hypoglycemic and lipid-lowering

drugs, and those aged younger than 65 years old.

The TyG index has been widely recognized as a simple and

effective marker for IR, which is associated with the subclinical

vascular disease that cannot be explained by conventional

cardiovascular risk factors (8, 26–29). Generally, IR perturbs

insulin signaling at the level of the endothelial cells, vascular

smooth muscle cells, and macrophages, leading to a varying

degree of defective vasodilation, oxidative responses, impaired

endothelial function, and inflammatory state (30–32), which

is associated with increased arterial stiffness. Vascular injury

related to IR will develop progressively in asymptomatic subjects

during a period of time early from childhood. A long phase

of IR and latent vascular injury was proven to precede the

clinical onset of T2D and increase cardiovascular risk before the

diagnosis of the disease (33, 34). The previous studies showed

that IRmeasured by homeostasis model assessment-IR (HOMA-

IR) was associated with aortic stiffness among older adults

without diabetes and the middle-aged population (10, 35).

Similarly, the TyG index was independently associated with

arterial stiffness measured by baPWV in a relatively healthy

Korean population (36), in Chinese hypertensive patients

(37), and in Greek postmenopausal women (38). The same

conclusion was obtained for baPWV in a cross-sectional study of

community-based older adults (39). Moreover, compared with

the HOMA-IR, the TyG index was independently and more

strongly associated with arterial stiffness in patients with T2DM

(40). In addition, a cohort study (13) showed that each one-

unit increase in the TyG index was associated with a 39 cm/s

increment in the baseline baPWV, and a 29%/year increment of

baPWV. In our study, the TyG index was also associated with

artery stiffness measured by both cfPWV and baPWV after fully

adjusted for traditional cardiovascular risk factors in a general

community-based population. So, subjects with a higher TyG

index should be aware of the probability of arterial stiffness.

Diabetic nephropathy (DN) is the leading cause of chronic

kidney disease in patients initializing renal replacement therapy,

and is associated with increased cardiovascular mortality

(41). Microalbuminuria was regarded as a marker of micro-

circulatory abnormality (42). Several studies suggested that TyG

index plays a role in nephric microvascular damage. Srinivasan

S et al. (43) showed a higher TyG index was associated with

the presence of retinopathy and nephropathy in individuals

with diabetes and could be used for monitoring metabolic

status in clinical settings. Liu et al. (44) showed the TyG

index was independently associated with DN in patients with

type 2 diabetes, and was a better marker than HOMA2-IR

for the identification of DN in type 2 diabetes patients in a
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TABLE 3 The association between TyG index and TOD in subgroups.

Non-adjusted Adjust model 1 Adjust model 2

β/OR(95%CI) β/OR(95%CI) β/OR(95%CI)

No-hypoglycemic and lipid-lowering drugs (n = 4,159)

CfPWV, m/s

Per 1 unit increase 0.34 (0.25, 0.43) ** 0.39 (0.31, 0.47) ** 0.23 (0.14, 0.31) **

Tertiles of TyG index

Tertile 1 (< 8.45) 0 0 0

Tertile 2 (≥ 8.45–< 8.92) 0.19 (0.06, 0.32) * 0.18 (0.07, 0.29) * 0.09 (-0.02, 0.20)

Tertile 3 (≥ 8.92) 0.38 (0.25, 0.51) ** 0.45 (0.34, 0.56) ** 0.23 (0.11, 0.34) **

P for trend <0.001 <0.001 <0.001

CfPWV ≥ 10 m/s

Per 1 unit increase 1.26 (1.09, 1.46) * 1.59 (1.35, 1.88) ** 1.38 (1.13, 1.70) *

Tertiles of TyG index

Tertile 1 (< 8.45) 1.0 1.0 1.0

Tertile 2 (≥ 8.45–< 8.92) 1.18 (0.95, 1.47) 1.29 (1.01, 1.65) * 1.20 (0.91, 1.57)

Tertile 3 (≥ 8.92) 1.35 (1.09, 1.67) * 1.83 (1.44, 2.32) ** 1.55 (1.17, 2.07) *

P for trend 0.006 <0.001 0.002

BaPWV, cm/s

Per 1 unit increase 82.05 (64.77, 99.33) ** 94.53 (79.52, 109.54) ** 43.92 (29.00, 58.84) **

Tertiles of TyG index

Tertile 1 (< 8.45) 0 0 0

Tertile 2 (≥ 8.45–< 8.92) 61.58 (37.21, 85.94) ** 57.69 (36.52, 78.86) ** 33.36 (14.31, 52.40) **

Tertile 3 (≥ 8.92) 104.59 (80.24, 128.94) ** 119.17 (98.01, 140.33) ** 56.62 (35.90, 77.34) **

P for trend <0.001 <0.001 <0.001

BaPWV ≥ 1,800 cm/s

Per 1 unit increase 1.48 (1.31, 1.66) ** 1.84 (1.61, 2.10) ** 1.49 (1.26, 1.77) **

Tertiles of TyG index

Tertile 1 (< 8.45) 1.0 1.0 1.0

Tertile 2 (≥ 8.45–< 8.92) 1.37 (1.15, 1.63) ** 1.47 (1.21, 1.79) ** 1.38 (1.10, 1.73) *

Tertile 3 (≥ 8.92) 1.70 (1.43, 2.01) ** 2.22 (1.83, 2.68) ** 1.73 (1.36, 2.20) **

P for trend <0.001 <0.001 <0.001

LnUACR

Per 1 unit increase 0.26 (0.19, 0.33) ** 0.27 (0.20, 0.34) ** 0.14 (0.06, 0.23) **

Tertiles of TyG index

Tertile 1 (< 8.45) 0 0 0

Tertile 2 (≥ 8.45–< 8.92) 0.12 (0.02, 0.23) * 0.12 (0.02, 0.22) * 0.04 (-0.07, 0.14)

Tertile 3 (≥ 8.92) 0.32 (0.22, 0.42) ** 0.33 (0.23, 0.43) ** 0.15 (0.03, 0.27) *

P for trend <0.001 <0.001 0.011

UACR ≥ 30 mg/g

Per 1 unit increase 1.56 (1.29, 1.89) ** 1.69 (1.38, 2.06) ** 1.45 (1.15, 1.84) *

Tertiles of TyG index

Tertile 1 (< 8.45) 1.0 1.0 1.0

Tertile 2 (≥ 8.45–< 8.92) 1.15 (0.84, 1.58) 1.16 (0.84, 1.59) 1.01 (0.72, 1.41)

Tertile 3 (≥ 8.92) 1.70 (1.27, 2.28) ** 1.84 (1.37, 2.48) ** 1.41 (1.00, 1.98)

P for trend <0.001 <0.001 0.037

Age<65 years (n = 4,023)

CfPWV, m/s

Per 1 unit increase 0.50 (0.43, 0.58) ** 0.46 (0.39, 0.53) ** 0.25 (0.18, 0.33) **

(Continued)
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TABLE 3 Continued

Non-adjusted Adjust model 1 Adjust model 2

β/OR(95%CI) β/OR(95%CI) β/OR(95%CI)

Tertiles of TyG index

Tertile 1 (< 8.53) 0 0 0

Tertile 2 (≥ 8.53–< 9.03) 0.21 (0.10, 0.31) ** 0.16 (0.05, 0.26) * 0.06 (-0.04, 0.16)

Tertile 3 (≥ 9.03) 0.63 (0.52, 0.74) ** 0.55 (0.45, 0.66) ** 0.26 (0.15, 0.37) **

P for trend <0.001 <0.001 <0.001

CfPWV ≥ 10 m/s

Per 1 unit increase 1.74 (1.48, 2.05) ** 1.76 (1.48, 2.09) ** 1.29 (1.04, 1.60) *

Tertiles of TyG index

Tertile 1 (< 8.53) 1.0 1.0 1.0

Tertile 2 (≥ 8.53–< 9.03) 1.36 (1.01, 1.81) * 1.31 (0.97, 1.75) 1.15 (0.83, 1.60)

Tertile 3 (≥ 9.03) 2.06 (1.57, 2.71) ** 1.97 (1.49, 2.59) ** 1.31 (0.93, 1.85)

P for trend <0.001 <0.001 0.114

BaPWV, cm/s, ß (95% CI)

Per 1 unit increase 104.19 (90.35, 118.02) ** 99.33 (86.04, 112.63) ** 48.95 (35.55, 62.36) **

Tertiles of TyG index

Tertile 1 (<8.53) 0 0 0

Tertile 2 (≥ 8.53–< 9.03) 60.66 (39.72, 81.60) ** 49.79 (29.68, 69.90) ** 24.54 (6.49, 42.58) *

Tertile 3 (≥ 9.03) 144.31 (123.37, 165.25) ** 132.78 (112.63, 152.92) ** 64.63 (44.73, 84.52) **

P for trend <0.001 <0.001 <0.001

BaPWV ≥ 1,800 cm/s

Per 1 unit increase 1.94 (1.72, 2.20) ** 2.00 (1.76, 2.28) ** 1.62 (1.37, 1.91) **

Tertiles of TyG index

Tertile 1 (< 8.53) 1.0 1.0 1.0

Tertile 2 (≥ 8.53–<9.03) 1.48 (1.20, 1.83) ** 1.42 (1.15, 1.76) * 1.31 (1.02, 1.68) *

Tertile 3 (≥ 9.03) 2.56 (2.09, 3.12) ** 2.50 (2.05, 3.07) ** 1.88 (1.44, 2.44) **

P for trend <0.001 <0.001 <0.001

LnUACR

Per 1 unit increase 0.29 (0.23, 0.36) ** 0.29 (0.22, 0.36) ** 0.13 (0.05, 0.21) *

Tertiles of TyG index

Tertile 1 (< 8.53) 0 0 0

Tertile 2 (≥ 8.53–< 9.03) 0.12 (0.01, 0.22) * 0.12 (0.02, 0.22) * 0.02 (-0.09, 0.13)

Tertile 3 (≥ 9.03) 0.39 (0.29, 0.49) ** 0.39 (0.28, 0.49) ** 0.15 (0.03, 0.27) *

P for trend <0.001 <0.001 0.015

UACR ≥ 30 mg/g

Per 1 unit increase 1.80 (1.51, 2.16) ** 1.79 (1.49, 2.15) ** 1.43 (1.14, 1.79) *

Tertiles of TyG index

Tertile 1 (< 8.53) 1.0 1.0 1.0

Tertile 2 (≥ 8.53–< 9.03) 1.19 (0.85, 1.66) 1.18 (0.85, 1.65) 1.07 (0.75, 1.52)

Tertile 3 (≥ 9.03) 2.06 (1.52, 2.79) ** 2.03 (1.50, 2.75) ** 1.40 (0.97, 2.02)

P for trend <0.001 <0.001 0.053

Model 1: adjusted for age, sex.

Model 2: No-hypoglycemic and lipid-lowering drugs group adjusted for age, sex, smoke and drink habit, BMI, SBP, DBP, HDL-C, LDL-C, eGFR, self-reported CHD and stroke,

antihypertensive drugs; Age<65 years group adjusted for age, sex, smoke and drink habit, BMI, SBP, DBP, HDL-C, LDL-C, eGFR, self-reported CHD and stroke, antihypertensive drugs,

hypoglycemic drugs, lipid-lowering drugs.

*, p < 0.05; **, p < 0.001.

Other abbreviations as in Tables 1, 2.
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cross-sectional study. In a prospective cohort study (45), the

TyG index was significantly higher in patients who developed

CKD during the follow-up than in those without CKD (p <

0.05). In our study, we found that a higher TyG index was also

associated with a higher risk of microalbuminuria.

Few studies have reported associations between both macro-

and microvascular damage and the TyG index at the same

time. Zhao et al. (39) reported that an elevated TyG index was

significantly associated with a higher risk of arterial stiffness

and nephric microvascular damage in community-dwelling

elderly individuals aged 65 or older in Shanghai, China. In

sensitivity analysis, our study further showed consistent results

among people aged younger than 65 years old compared to

those older ones. Besides, taking into account the influence of

medication, we further performed analyses in the population

without taking hypoglycemic and lipid-lowering drugs, and

reached unanimous conclusions.

Limitations

There are several limitations of this study. First, this study

was a cross-sectional design and it limits the detection of

causality between TyG index and long-term clinical outcomes.

Second, our findings may not be generalizable to other ethnic

groups. Third, Laboratory data such as FPG and TG, were

measured only once, may not reflect the true level of the

participants. Finally, we did not assess HOMA-IR, which is

the gold standard method to measure IR. However, the TyG

index is certainly more convenient to be measured in routine

clinical practice.

Conclusion

Triglyceride glucose index was positively associated with

artery stiffness measured by both cfPWV and baPWV and

nephric microvascular damage measured by UACR, suggesting

TyG indexmay serve as a simple and effective indicator to reflect

vascular damage. Further prospective studies are warranted to

investigate the associations between the TyG index and the

development and progression of TOD.
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