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Abstract

Purpose: Triglyceride-glucose (TyG) index is a reliable and inexpensive alternative indicator of insulin resistance. Previous
studies have shown that elevated TyG index increases the risk of diabetes, coronary heart disease, and other diseases, but
the relationship between TyG index and cardiac hemodynamics in patients with type 2 diabetes mellitus (T2DM) is not
clear. This study was conducted in patients with T2DM to assess the relationship between TyG and cardiac hemodynamics
and its predictive ability for T2DM.
Methods: A total of 647 individuals (348 males and 299 females) were enrolled in this study, including 446 T2DM patients
and 201 healthy controls. The clinical data and related laboratory variables were assessed and recorded, and TyG index was
calculated. Cardiac hemodynamics was measured by echocardiography. Pearson or Spearman correlation analysis and
linear regression analysis were conducted to explore the association between TyG and cardiac hemodynamics. The
receiver operating characteristics (ROC) curve was used to evaluate the efficacy of TyG index in the diagnosis of T2DM.
Results: Compared with healthy controls, the systolic blood pressure (SBP), body weight, body mass index (BMI), waist
circumference (WC), hip circumference (HC), HOMA-IR, and TyG levels were higher in patients with T2DM. With the
increase of TyG, the levels of left ventricular mass index (LVMI), left ventricular mass (LVM), left ventricular end diastolic
diameter (LVDd), posterior wall thickness (PWT), and interventricular septum thickness (IVST) were also increased in
T2DM individuals. Multivariate linear regression analysis showed that TyG was an independent determinant of LVEF, PWT,
IVST, and ejection time (ET) after adjusting for confounding factors. In addition, individuals with visceral obesity had higher
TyG and TyG can be used as a predictor of T2DM with an AUC of 0.903 (95% CI:0.879–0.927).
Conclusions: The increase of TyG index is closely related to cardiac hemodynamics of T2DM patients, which is expected
to be a simple and practical biological index to predict the changes of cardiac function in patients with T2DM.
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Introduction

Type 2 diabetes mellitus (T2DM) has become a global
public health problem. With the improvement of people’s
living standards and the change of lifestyle, the prevalence
of T2DM is increasing year by year. According to the latest
data of the International Diabetes Federation (IDF) in 2019,
about 463 million adults worldwide suffer from diabetes,
and it is estimated that by 2045, the number of diabetic
patients may reach 700 million. The number of deaths
resulting from diabetes and its complications in 2019 is
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estimated to be 4.2 million,1 among which diabetic mac-
rovascular disease was the leading cause of death in pa-
tients with T2DM.2 Diabetic macrovascular disease mainly
refers to coronary heart disease, cerebrovascular disease,
and peripheral artery disease caused by or combined with
T2DM, which is the main cause of death and disability of
T2DM.3 The occurrence of diabetic macrovascular disease
is a complex process involving many factors. Its etiology
and pathogenesis are very complicated, which has not been
fully elucidated. The main pathological manifestation of
diabetic macrovascular disease is atherosclerosis and its
sequelae of vascular injury.4 Studies have shown that in-
sulin resistance is a high-risk factor in the occurrence and
development of atherosclerosis.5,6 Therefore, early screen-
ing and diagnosis of insulin resistance is of great sig-
nificance in the detection and treatment of cardiovascular
diseases in T2DM patients.

At present, the gold standard of clinical evaluation
of insulin resistance is hyper insulinemic-euglycemic
clamp (HIEC), but this method requires high cost.7

Therefore, a simplified mathematical model triglyceride-
glucose index (TyG) was proposed to evaluate insulin
resistance.8 TyG is a formula for evaluating insulin re-
sistance based on serum triglyceride (TG) levels and fasting
plasma glucose (FPG) levels, which was calculated as
ln ½TG ðmg=dLÞ×FPG ðmg=dLÞ�=2. This formula has
been recognized as a potential tool for diagnosing insulin
resistance9 and has been proved to have better predictive
value than traditional parameters.10,11 Existing research in
recent years shows that the increase of TyG index is related
to the occurrence and development of diabetes,12 coronary
heart disease,13 nonalcoholic fatty liver disease,14,15 and
other diseases,16,17 but there are few reports about the
relationship between TyG index and cardiac hemody-
namics in patients with T2DM. Therefore, the purpose of
this study is to explore the correlation between TyG index
and cardiac hemodynamics in patients with T2DM and to
verify its predictive ability for T2DM, so as to provide
possible reference for early prevention, monitoring and
treatment of cardiovascular disease in patients with T2DM.

Methods

Study design and patients

A total of 647 individuals were enrolled in this study,
including 201 healthy controls and 446 asymptomatic
T2DM patients who received diabetes health education in
the Department of Endocrinology of Affiliated Hospital of
Jiangsu University from June 2019 to February 2020.
Among them, there were 348 males and 299 females,
ranging from 15 to 76 years old, and the average age was 53
± 12 years old. T2DM patients all met the diagnostic
criteria of diabetes recommended by the World Health

Organization (WHO) in 1999.18 The following conditions
should be excluded for all included patients: (1) patients
with incomplete clinical and biochemical data; (2) patients
with type 1 diabetes mellitus, special type diabetes
mellitus, gestational diabetes mellitus, acute complica-
tions of diabetes mellitus and infectious diseases; (3)
patients with severe liver or thyroid dysfunction, or with
renal diseases caused by urinary tract infection, kidney
stones, lupus nephritis, renal malignancy, hypertension,
etc; (4) patients with severe cardiovascular diseases such
as coronary atherosclerotic heart disease, congestive heart
failure, severe arrhythmia, cardiac valve replacement, and
cardiac pacemaker; (5) patients with definite familial
hyperlipidemia and familial hypertension; (6) patients
who have recently used glucocorticoids or antipsychotics;
(7) patients with tumor, autoimmune diseases, or hemato-
logical diseases. This study was approved by the Ethics
Committee of Affiliated Hospital of Jiangsu University, and
all individuals’ written informed consent was obtained.

Physical examination

All individuals maintained a normal diet and stable exer-
cise, avoided high-fat diet other than daily life, and fasted
for 8–12 h the night before the examination. The gender,
age, course of T2DM, hypertension, and other general
clinical characteristics were collected in the morning.
Height, weight, waist circumference (WC), hip circum-
ference (HC), heart rate, and blood pressure (BP) were
measured by professionals according to the standard
method. Fasting venous blood was collected 4–5 mL and
centrifuged at 4000 R/min for 5 min with a centrifugal force
of 2860 × g, and then serum was collected.

Laboratory measurement

Fasting plasma insulin (FIns) and fasting C-peptide (FC-P)
were measured by radioimmunoassay, and fasting plasma
glucose (FPG) was measured by glucose oxidase method.
Hemoglobin glycosylated (HbA1c) was determined by
high performance liquid chromatography (HPLC). The
total cholesterol (TC), TG, HDL-C, and LDL-C were
measured by enzyme method.

Measurement of triglyceride-glucose and
cardiac hemodynamics

TyG index ¼ ln ½TG ðmg=dLÞ×FPG ðmg=dLÞ�=2. LVEF
was calculated by Teichholz formula. According to the
American Society of Echocardiography,19 two-dimensional
echocardiography was used to measure the left atrial
diameter, left ventricular end diastolic, left ventricular
end diastolic diameter (LVDd), and left ventricular end
systolic diameter (LVSd). Left ventricular posterior wall
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thickness (PWT) and interventricular septum thickness
(IVST) were measured at the end of diastolic period.

Data measurements

The homeostasis model assessment of insulin resistance index
(HOMA-IR) was calculated as FPG ðmmol=LÞ×FIns
ðmU=LÞ=22:5.20 Body mass index (BMI) was calculated by
height andweight, BMI=massðkgÞ= heightðmÞ2 .Waist-to-hip
ratio (WHR) was calculated by WC and HC. Left ventricular
mass index (LVMI) was calculated by this formula19:
left ventricular massðLVMÞ¼ 0:80 × 1:04 × ½ðIVSTþ LvDd
þPWTÞ3� LvDd 3þ 0:6ðgÞ�. LVMI ¼ LVM=body surface
area ðbody weight0:425 × height0:725 × 0:007184Þ.

Statistical analysis

Statistical analysis was performed using SPSS 20.0(SPSS
Inc, Chicago, IL, USA). Categorical variables were ex-
pressed as percentages, and continuous variables were
expressed as mean ± standard deviation (SD). Univariate
analysis of variance (ANOVA) was used for comparison
between groups, and Bonferroni adjusted post-test was
performed. According to the TyG index, patients with
T2DMwere divided into low TyG (Q1) group (TyG < 5.01,
n = 148), middle TyG (Q2) group (5.01 ≤ TyG < 5.31, n =
148), and high TyG (Q3) group (TyG ≥ 5.31, n = 150).
Pearson or Spearman correlation analysis was used to
analyze the relationship between variables. Linear re-
gression analysis was performed to determine the

correlation between clinical and laboratory variables with
cardiac function parameters. The cardiac hemodynamics
were used as the dependent variable and the TyG index as
the independent variable to carry out the multivariate linear
regression analysis. Four models were set up, unadjusted
model did not adjust the confounding factors, model 1
adjusted gender and age; model 2 adjusted gender, age,
SBP, DBP, and BMI; and model 3 further adjusted smoking
history, drinking history, and diabetes medication history.
Moreover, in order to compare the differences of clinical
characteristics and cardiac hemodynamics among the
groups, SBP ≥ 140 mmHg and/or DBP ≥ 90 mmHg were
regarded as hypertension group, and the rest of the indi-
viduals were regarded as non-hypertension group. The
male WHR ≥ 0.9 and female WHR ≥ 0.85 were regarded as
visceral obesity group, and the other individuals were
regarded as visceral obesity group. All significance tests
were performed by two-tailed test, and p < 0.05 was
considered statistically significant.

Results

Comparison of clinical characteristics between two
groups of individuals

A total of 647 individuals were recruited in this study,
including 446 patients with T2DM and 201 healthy con-
trols. The age was 53 ± 12 years old and 46.2% of them
were female. SBP and DBP were 125.6 ± 17.5 mmHg and
75.6 ± 10.6 mmHg, respectively, and HbA1C was 8.22 ±

Table 1. Clinical characteristics according to the prevalence of T2DM.

Characteristic Normal (n = 201) T2DM (n = 446) p value

Age, years 48.78 ± 9.32 55.02 ± 12.62 <0.0001
Sex, male (%) 92 (45.8%) 256 (57.4%) 0.006
TyG index 4.61 ± 0.26 5.17 ± 0.37 <0.0001
SBP (mmHg) 120.29 ± 15.08 128.03 ± 18.05 <0.0001
DBP (mmHg) 78.26 ± 11.22 74.43 ± 10.04 <0.0001
BMI (kg/m2) 23.69 ± 3.76 24.72 ± 3.26 <0.0001
FPG (mmol/L) 5.16 ± 0.46 10.21 ± 3.43 <0.0001
FIns (µIU/mL) 7.33 (4.12, 7.94) 9.58 (4.13, 10.98) 0.026
FC-P (ng/ml) 1.90 (1.19, 2.29) 2.41 (1.72, 3.04) <0.0001
HOMA-IR 1.70 (0.92, 1.85) 4.12 (1.72, 4.84) <0.0001
HbA1c (%) 5.40 ± 0.28 9.49 ± 2.30 <0.0001
TG (mmol/L) 1.39 (0.88, 1.64) 2.54 (1.34, 2.8) <0.0001
HDL-C (mmol/L) 1.37 ± 1.00 1.13 ± 0.39 <0.0001
LDL-C (mmol/L) 2.90 ± 1.59 2.85 ± 0.90 0.58

Note: Data are presented as means ± SD or medians (inter-quantile range (IQR)) for continuous variables and number (percentages) for categorical
variables.
Abbreviations: TyG index, Triglyceride-glucose index; SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; FPG, fasting
plasma glucose; Fins, fasting plasma insulin; FC-P, fasting C peptide; HOMA-IR, homeostasis model assessment-insulin resistance index; HbA1c, gly-
cosylated hemoglobin c; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.
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2.7%. The clinical characteristics and cardiac hemody-
namics of healthy controls and T2DM individuals are
shown in Table 1. Analysis of variance showed that
comparing with healthy controls, the SBP, BMI, HbA1c,
FC-P, FIns, FPG, HOMA-IR, and TyG levels of T2DM
patients were higher, while HDL-C levels was relatively
lower.

Comparison of clinical characteristics and
cardiac hemodynamics according to the
tertiles of triglyceride-glucose in type 2
diabetes mellitus individuals

According to the TyG value, all patients with T2DM in the
studywere divided into three groups:Q1,Q2, andQ3,with 148

Table 2. Clinical characteristics of T2DM patients by tertiles of TyG.

Characteristic Q1 (TyG < 5.01) Q2 (5.01 ≤ TyG < 5.31) Q3 (TyG ≥ 5.31) p

n 148 148 150
Age, years 57.97 ± 11.59 55.30 ±12.36 51.84 ± 13.19 <0.0001
Sex, male (%) 80 (54.1%) 80 (54.1%) 96 (64.0%) 0.133
TyG index 4.79± 0.18 5.15± 0.08 5.58± 0.26 <0.0001
SBP (mmHg) 126.48 ± 19.47 127.56 ± 15.42 130.01 ± 18.91 0.223
DBP (mmHg) 71.99 ± 9.93 74.39 ± 9.51 76.87 ± 10.14 <0.0001
BMI (kg/m2) 24.05 ± 3.39 24.50 ± 2.99 25.59 ± 3.23 <0.0001
WC (cm) 87.85 ± 9.69 89.48 ± 9.22 92.18 ± 8.97 <0.0001
HC (cm) 95.58 ± 7.10 96.86 ± 6.20 97.56 ± 7.22 0.042
WHR 0.91 ± 0.06 0.92 ± 0.07 0.95 ± 0.08 0.001
FPG (mmol/L) 7.83 ± 2.38 10.43 ± 2.86 12.33 ± 3.35 <0.0001
FIns (µIU/ml) 10.21 (4.05, 11.35) 9.45 (3.71, 10.27) 9.08 (4.52, 11.42) 0.736
FC-P (ng/ml) 2.05 (1.25, 2.80) 2.38 (1.72, 2.96) 2.87 (2.15, 3.26) <0.0001
HOMA-IR 3.33 (1.32,3.81) 4.25 (1.74, 4.37) 4.75 (2.42, 6.21) 0.083
Hb1Ac (%) 8.54 ± 2.25 9.78 ± 2.32 10.14 ± 2.03 <0.0001
ALT (U/L) 21.18 (12.83, 22.53) 23.33 (11.73, 30.22) 28.90 (15.03, 36.00) <0.0001
AST (U/L) 18.40 (13.18, 20.4) 17.79 (12.00, 21.20) 20.07 (13.00, 23.95) 0.112
TG (mmol/L) 1.27 (0.99, 1.49) 1.94 (1.51, 2.30) 4.39 (2.57, 4.57) <0.0001
TC (mmol/L) 4.56 ± 1.00 4.86 ± 0.99 5.45 ± 1.22 <0.0001
HCL-C (mmol/L) 1.26± 0.36 1.12 ± 0.45 1.01 ± 0.28 <0.0001
LDL-C (mmol/L) 2.68 ± 0.80 2.93 ± 0.82 2.93 ± 1.03 0.021
Heart rate (bpm) 71.62 ± 9.73 73.71 ± 11.2 74.08 ± 11.09 0.106
LVEF (%) 68.07 ± 3.75 66.81 ± 4.00 66.99 ± 3.35 0.007
Internal diameter of aortic root (mm) 29.37 ± 2.93 29.44 ± 2.94 30.04 ± 2.51 0.078
Left atrial diameter (mm) 34.39 ± 3.55 34.39 ± 3.72 34.73 ± 3.36 0.639
LVDd (mm) 44.56 ± 3.45 44.79 ± 3.94 45.58 ± 3.82 0.050
LVSd (mm) 27.87 ± 3.31 28.80 ± 5.13 28.73 ± 3.29 0.086
IVST (mm) 9.83 ± 0.81 9.94 ± 0.89 10.15 ± 0.93 0.007
PWT (mm) 9.68 ± 0.79 9.75 ± 0.84 10.30 ± 2.86 0.005
LVM (g) 147.10 ± 25.32 150.44 ± 29.40 163.63 ± 49.38 <0.0001
LVMI (g/m2) 86.21 ± 12.13 87.12 ± 15.61 92.10 ± 27.17 0.020
PEP (ms) 103.97 ± 14.63 105.54 ± 14.89 104.45 ± 14.48 0.657
ET (ms) 278.51± 24.45 271.25± 25.30 265.54 ± 24.55 <0.0001
ET/PEP 2.74 ± 0.49 2.63 ± 0.58 2.60 ± 0.50 0.068

Note: Data are presented as means ± SD or medians (inter-quantile range (IQR)) for continuous variables and number (percentages) for categorical
variables.
Abbreviations: TyG index, Triglyceride-glucose index; SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; WC, waist
circumference; HC, hip circumference; WHR, waist-to-hip ratio; FPG, fasting plasma glucose; FIns, fasting plasma insulin; FC-P, fasting C peptide;
HOMA-IR, homeostasis model assessment-insulin resistance index; HbA1c, glycosylated hemoglobin c; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; TG, triglyceride; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol;
LVEF, left ventricular ejection fraction; LVDd, left ventricular end diastolic diameter; LVSd, left ventricular end systolic diameter; IVST, interventricular
septum thickness; PWT, posterior wall thickness; LVM, left ventricular mass; LVMI, left ventricular mass index; PEP, pre-ejection period; ET, ejection
time.
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patients in Q1, 148 patients in Q2, and 150 patients in Q3. In
the tertiles of TyG index (Table 2), BMI, WC, blood pressure,
FPG,HbA1c,HOMA-IR, FC-P, TC, andTGofQ3 groupwere
higher than those of the other two groups. (p< 0.05) In terms of
cardiac hemodynamics, LVMI, LVM, LVDd, PWT, and IVST
levels increased with the increase of TyG value, and the dif-
ferences were statistically significant. (p < 0.05)

Linear regression analysis of triglyceride-glucose and
cardiac hemodynamics
The results (Table 3) showed that, as a dependent variable, TyG
was independently correlated with LVEF (p = 0.003) after

gender and age adjustment. After further adjustment with ad-
ditional confounders including SBP,DBP,BMI,WHR, smoking
history, drinking history, and diabetes medication history, TyG
remained correlated with LVEF (p = 0.014 for model 2 and p =
0.015 for model 3). The other hemodynamic parameters were
analyzed as dependent variables, and TyG was also an in-
dependent determinant of PWT, IVST, LVMI, and ET (p <
0.05 for all). In conclusion, TyG is an independent factor
determining cardiac hemodynamics in T2DM.

Comparison of clinical characteristics according to
the prevalence of hypertension and visceral obesity

The general clinical characteristics and hemodynamic in-
dexes were compared between with or without hyperten-
sion and visceral obesity group. The results showed that the
individuals with visceral obesity had higher TyG index,
DBP, SBP, BMI, ALT, TG, PWT, IVST, LVM, and left
atrial diameter than those without visceral obesity, the
differences were statistically significant (Table 4). How-
ever, TyG index showed no difference between hyper-
tension and non-hypertension group.

Receiver operating characteristics curve analysis of
triglyceride-glucose prediction of type 2 diabetes
mellitus risk

Figure 1 shows the performance of TyG for predicting the risk
of T2DM. The results showed that the area under ROC curve
(AUC) predicted by TyG was 0.903 (95%CI: 0.879–0.927)
and the difference was considered statistically significant
(p < 0.0001). When TyG was 4.83, the maximum Youden
index was 0.667, so 4.83 was the optimal cut-off value,
with a sensitivity of 84.1% and a specificity of 82.6%.

Correlation between triglyceride-glucose and
cardiac hemodynamics

As is shown in Supplementary Table 1, TyG was positively
correlated with LvDd, LVSD, PWT, IVST, LVM, and aortic
root diameter and was negatively correlated with LVEF, ET,
and ET/PEP.

Correlation between cardiac hemodynamics and
other clinical characteristics

In Supplementary Table 2, we analyzed the correlation
between cardiac hemodynamics and general clinical
characteristics and the results showed that these hemo-
dynamic parameters were all correlated with WHR (p <
0.05). Parameters including LVEF, LVDd, LVSd, LVM,
PWT, IVST, and aortic root diameter were positively

Table 3. Multivariate linear regression analysis between cardiac
hemodynamics and TyG.

Unstandardized
coefficients beta 95% CI p

LVEF
Unadjusted �1.358 �2.283–0.434 0.004
Model 1 �1.439 �2.378–0.501 0.003
Model 2 �1.239 �2.222–0.257 0.014
Model 3 �1.248 �2.248–0.248 0.015

LVDd
Unadjusted 1.310 0.379–2.241 0.006
Model 1 0.949 0.030–1.868 0.043
Model 2 0.493 �0.433–1.418 0.296
Model 3 0.379 �0.559–1.317 0.427

PWT
Unadjusted 0.589 0.142–1.037 0.010
Model 1 0.585 0.128–1.043 0.012
Model 2 0.455 �0.024–0.933 0.062
Model 3 0.501 0.013–0.989 0.044

IVST
Unadjusted 0.362 0.144–0.480 0.001
Model 1 0.467 0.254–0.679 <0.0001
Model 2 0.267 0.056–0.478 0.013
Model 3 0.257 0.043–0.471 0.019

LVMI
Unadjusted 4.722 �0.147–9.591 0.057
Model 1 6.334 1.397–11.272 0.012
Model 2 6.241 1.080–11.402 0.018
Model 3 6.427 1.155–11.700 0.017

ET
Unadjusted �15.194 �21.479–8.910 <0.0001
Model 1 �10.491 �16.602–4.379 0.001
Model 2 �8.944 �15.247–2.741 0.005
Model 3 �8.285 �14.589–1.980 0.010

Model 1: adjusted for age, sex;
Model 2: adjusted for SBP, DBP, BMI, WHR in addition to model 1;
Model 3: adjusted for smoking history, drinking history, medical history of
diabetes in addition to model 2.
Abbreviations: TyG index, Triglyceride-glucose index; LVEF, left ven-
tricular ejection fraction; LVDd, left ventricular end diastolic diameter;
PWT, posterior wall thickness; IVST, interventricular septum thickness;
LVMI, left ventricular mass index; ET, ejection time.
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correlated with DBP, SBP, and BMI (p < 0.05). LVM was
also significantly correlated with TG (r = 0.155, p = 0.001)
and FPG (r = 0.125, p = 0.009). LVEF was significantly
correlated with TG (r =� 0.110, p = 0.020) and WHR (r =
� 0.117, p = 0.014).

Discussion

The results of our study showed that TyG index of T2DM
patients was significantly higher than that of healthy

controls, which is consistent with the previous results.21,22

More importantly, this study observed the relationship
between TyG index and cardiac hemodynamics in patients
with T2DM for the first time. The results showed that
BMI, SBP, DBP, and HOMA-IR in Q3 group were higher
than those in the other two groups, and TyG index was
correlated with cardiac hemodynamics. In addition, this
study also found that TyG is closely related to visceral
obesity, which is a risk factor of cardiovascular com-
plications in T2DM. These results together indicated that

Table 4. Clinical characteristics according to the prevalence of visceral obesity.

Characteristic Non-visceral obesity (n = 86) Visceral obesity (n = 360) p value

Age, years 53.21 ± 12.99 55.46 ± 12.51 0.138
Sex, male (%) 59 (68.6%) 197 (54.7%) 0.019
TyG index 5.02 ± 0.35 5.21 ± 0.37 <0.0001
SBP (mmHg) 120.87 ± 15.47 129.74 ± 18.22 <0.0001
DBP (mmHg) 71.28 ± 8.94 75.18 ± 10.16 0.001
BMI (kg/m2) 21.90 ± 2.40 25.39 ± 3.08 <0.0001
WC (cm) 79.52 ± 7.49 92.31 ± 8.11 <0.0001
HC (cm) 93.81 ± 6.45 97.35 ± 6.82 <0.0001
WHR 0.85 ± 0.05 0.95 ± 0.06 <0.0001
FPG (mmol/L) 9.57 ± 3.26 10.36 ± 3.45 0.055
FIns (µIU/mL) 8.99 (3.28, 10.05) 9.72 (4.48, 11.16) 0.632
FC-P (ng/ml) 2.17 (1.06, 2.43) 2.50 (1.90, 3.09) 0.387
HOMA-IR 3.46 (1.38, 3.94) 4.27 (1.90, 5.10) 0.220
HbA1c (%) 9.17 ± 2.16 9.56 ± 2.33 0.155
ALT (U/L) 21.22 (11.2, 23.00) 25.27 (13.95, 30.78) 0.042
AST (U/L) 17.03 (12.68, 20.15) 19.17 (13.00, 22.28) 0.068
TG (mmol/L) 1.92 (1.04, 2.45) 2.69 (1.46, 2.93) 0.011
TC (mmol/L) 4.75 ± 1.08 5.01 ± 1.14 0.056
HDL-C (mmol/L) 1.24 ± 0.42 1.10 ± 0.37 0.003
LDL-C (mmol/L) 2.73 ± 0.84 2.87 ± 0.91 0.203
Heart rate (bpm) 71.73 ± 10.93 73.46 ±10.67 0.181
LVEF (%) 67.35 ± 4.40 67.27 ± 3.57 0.865
Internal diameter of aortic root (mm) 29.12 ± 3.03 29.74 ± 2.74 0.064
Left atrial diameter (mm) 32.65 ± 3.37 34.95±3.44 <0.0001
LVDd (mm) 44.37 ± 3.64 45.13 ± 3.78 0.094
LVSd (mm) 28.36 ± 4.15 28.50 ± 3.99 0.779
IVST (mm) 9.60 ± 0.90 10.06 ± 0.86 <0.0001
PWT (mm) 9.52 ± 0.89 10.01 ±1.95 0.026
LVM (g) 142.18 ± 25.99 156.56 ± 38.65 0.001
LVMI(g/m2) 85.50 ± 15.27 89.22 ± 20.43 0.114
PEP (ms) 108.47 ± 15.06 103.79 ± 14.43 0.011
ET (ms) 272.14 ± 24.50 271.69 ± 25.48 0.886
ET/PEP 2.56 ± 0.42 2.68 ± 0.54 0.070

Note: Data are presented as means ± SD or medians (inter-quantile range (IQR)) for continuous variables and number (percentages) for categorical
variables.
Abbreviations: TyG index, Triglyceride-glucose index; SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; WC, waist
circumference; HC, hip circumference; WHR, waist-to-hip ratio; FPG, fasting plasma glucose; FIns, fasting plasma insulin; FC-P, fasting C peptide; HOMA-
IR, homeostasis model assessment-insulin resistance index; HbA1c, glycosylated hemoglobin c; ALT, alanine aminotransferase; AST, aspartate amino-
transferase; TG, triglyceride; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; LVEF, left
ventricular ejection fraction; LVDd, left ventricular end diastolic diameter; LVSd, left ventricular end systolic diameter; IVST, interventricular septum
thickness; PWT, posterior wall thickness; LVM, left ventricular mass; LVMI, left ventricular mass index; PEP, pre-ejection period; ET, ejection time.
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TyG index is significantly associated with the devel-
opment of cardiovascular risk factors in T2DM patients.

Insulin resistance is one of the earliest metabolic ab-
normalities leading to T2DM, and it is the key factor of
the pathogenesis of T2DM.23 This study first observed the
difference of TyG index between normal people and
patients with T2DM. The results showed that compared
with healthy controls, HOMA-IR and TyG levels in pa-
tients with T2DM were higher, which was consistent with
other existing studies.24–26 HOMA-IR is calculated based
on fasting insulin level and is not suitable for clinical
patients who are currently using insulin therapy. There-
fore, TyG index may be more suitable as an indicator of
metabolic syndrome and T2DM than HOMA-IR or TG/
HDL-C.25 It has been found in different studies that TyG
index can predict the risk of diabetes. A 6-year follow-up
study of 5706 rural Chinese with normal BMI showed that
the risk of T2DM rises with the increase of TyG index.12

A cohort study of metabolic diseases in Korea found that
the incidence rate of diabetes increased proportionally
with the TyG index quartile. After adjusting for age,
gender, BMI, WC, SBP, HDL-C, family history of dia-
betes, smoking, drinking, and FIns, the risk of diabetes of
the highest TYG index quartile was more than four times
higher than that of the lowest TyG index quartile. A
retrospective analysis conducted by Li et al.21 showed
that the increased TyG index was independently corre-
lated with the increased risk of diabetes in Chinese adults.
The ROC curve of our Study also showed that the pre-
dictive value of TyG for T2DM risk is 0.903. In con-
clusion, the TyG index may be a reliable predictor of early
risk screening of diabetes, especially in the population

without high-risk factors, such as old age, hypertension,
and obesity.21

As an indicator of insulin resistance, the relationship
between TyG and cardiovascular disease is also widely
concerned. Studies have shown that higher TyG index level
is associated with poor prognosis in patients with acute
ST-segment elevation myocardial infarction,27 higher
cardiovascular mortality in patients with peritoneal dial-
ysis,28 and future cardiovascular adverse events in patients
with diabetes mellitus and acute coronary syndrome.29

High TyG index is also associated with micro and mac-
rovascular lesions in patients with T2DM.30 Many studies
have investigated the relationship between TyG index and
the occurrence of cardiovascular events in different patient
groups, including non-diabetic and diabetic patients.31–33

In patients with T2DM, the TyG index has also been proved to
be a better predictor of cardiovascular events than HbA1c.34

Similar studies in South Korea confirmed TyG’s indepen-
dence in describing potential cardiovascular disease.35,36

However, few studies have explored the relationship be-
tween TyG index and cardiac hemodynamics, which can be
used to assess cardiac function and may predict the risk of
cardiovascular disease. This study found that TyG was
positively correlated with cardiac hemodynamics such as
LVDd, LVSd, PWT, IVST, LVM, and aortic root diameter
and negatively correlated with LVEF. This result is partly
consistent with the study of Chiu,37 in which TyG was
considered to be negatively correlated with LVEF in the
general population. The inconsistent part is that TyG is not
correlated with LVM in that research, while in our study,
TyG is positively correlated with LVM. The reasons for this
difference may be attributed to different individuals

Figure 1. ROC curve analysis of TyG prediction of T2DM risk.
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recruited, different diseases of the tested population, and
the influence of drugs used by the individuals. In future
clinical practice, patients with T2DM and elevated TyG can
be recommended to undergo comprehensive clinical as-
sessment of their cardiovascular risk profile and be con-
sidered for echocardiography when necessary. Meanwhile,
research exploring the diagnostic performance of TyG
index to early detect structural heart disease in people with
diabetes is further required.

It is well known that long-term and sustained obesity
can significantly increase the incidence of diabetes,38 and
obesity, hypertension, and hyperlipidemia play vital role
in the occurrence and development of macrovascular
complications of T2DM. Chronic hypertension may cause
endothelial dysfunction and inflammation, accelerate lipid
deposition, and lead to the occurrence and development of
atherosclerosis and ventricular hypertrophy.39,40 In ad-
dition, adipose tissue dysfunction caused by visceral fat
accumulation can also produce angiotensin, which may
lead to systemic hypertension.41 Therefore, we further
grouped the individuals according to whether there was
hypertension or visceral obesity, to explore whether these
two factors would affect the value of TyG in T2DM
patients. The results showed that TyG was not related to
blood pressure, but closely related to visceral obesity. The
TyG index, DBP, SBP, TG, PWT, IVST, LVM, and left
atrial diameter of visceral obesity individuals were higher
than those of non-visceral obesity individuals, the dif-
ference was statistically significant. This is consistent with
previous findings of our research group. It showed that
visceral obesity has a certain impact on exploring the
relationship between TyG and hemodynamic index in
T2DM patients, which further proved the necessity of
adjusting confounding factors such as BMI and WHR in
linear regression analysis.

Few studies have discussed the relationship between
TyG index and cardiac hemodynamics. The advantage of
this study is that we can evaluate the relationship between
TyG index and cardiac function by cardiac hemodynamics,
which may provide a certain theoretical basis for early
diagnosis and intervention of cardiac failure. Meanwhile,
the study also has some limitations. First of all, the results
of this study are only applicable to patients with early
T2DM, because patients with confirmed macro and mi-
crovascular diseases have been excluded from the study
population according to the exclusion criteria. Second,
when comparing healthy controls with T2DM, there was a
significant difference in age and gender between the study
population—T2DM patients were older and more men.
These two factors may have some effects on the differ-
ences between groups. Third, because this is a cross-
sectional study, we cannot conclude the causal relation-
ship between TyG and cardiac hemodynamics so that

further longitudinal follow-up studies are needed to verify
their relationship.

Conclusion

In conclusion, the increase of TyG index is closely related to
the cardiac hemodynamics of T2DM patients and is expected
to be a new and practical biological indicator for predicting
the changes of cardiac function in T2DM patients.
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