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Abstract
Objective Triglyceride glucose (TyG) index is considered as a new alternative marker of insulin resistance and a 
clinical predictor of type 2 diabetes mellitus (T2DM) combined with coronary artery disease. However, the prognostic 
value of TyG index on No-Reflow (NR) Phenomenon in T2DM patients with acute myocardial infarction (AMI) remains 
unclear.

Methods In this retrospective study, 1683 patients with T2DM and AMI underwent primary percutaneous coronary 
intervention (PCI) were consecutively included between January 2014 and December 2019. The study population 
was divided into two groups as follows: Reflow (n = 1277) and No-reflow (n = 406) group. The TyG index was calculated 
as the ln [fasting triglycerides (mg/dL)×fasting plasma glucose (mg/dL)/2].Multivariable logistic regression models 
and receiver-operating characteristic curve analysis were conducted to predict the possible risk of no-reflow. Net 
Reclassification Improvement (NRI) and Integrated Discrimination Improvement (IDI) were calculated to determine 
the ability of the TyG index to contribute to the baseline risk model.

Results Multivariable logistic regression models revealed that the TyG index was positively associated with NR[O
R,95%CI:5.03,(2.72,9.28),p<0.001] in patients with T2DM and AMI. The area under the curve (AUC) of the TyG index 
predicting the occurrence of NR was 0.645 (95% CI 0.615–0.673; p < 0.001)], with the cut-off value of 8.98. The addition 
of TyG index to a baseline risk model had an incremental effect on the predictive value for NR [net reclassification 
improvement (NRI): 0.077(0.043to 0.111), integrated discrimination improvement (IDI): 0.070 (0.031to 0.108), all 
p < 0.001].
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Introduction
Acute myocardial infarction (AMI) has been clearly con-
sidered the leading cause of cardiovascular morbidity and 
mortality worldwide [1].The World Bank assessed that 
the number of patients with AMI in China will increase 
to 23 million by 2030 [2]. Currently, primary percutane-
ous coronary artery intervention (PCI) remains the pre-
ferred method of treatment for individuals with AMI. 
However, No-reflow phenomenon (NR), which affects 
approximately 10–30% of patients, is characterized as the 
inadequate myocardial perfusion despite the mechani-
cal reopening of the occluded artery post PCI [3]. More-
over, The detailed pathogenesis of NR remains unclear, 
but NR is an independent predictor of heart failure (HF), 
stroke, malignant arrhythmias, and in-hospital mortality 
[4]. Studies have shown that patients with type 2 diabe-
tes mellitus(T2DM) combined with AMI are classified 
as high-risk group for NR, because they are more com-
plex coronary artery disease [5]. Therefore, early recogni-
tion of residual risk factors in AMI patients with T2DM 
is essential for better clinical management to reduce the 
incidence of NR.

Insulin resistance (IR) refers to the decreased sensitiv-
ity of the body to insulin, not only involved in the patho-
genesis of cardiovascular diseases but also significantly 
increased the incidence of adverse cardiovascular out-
comes [6]. Hyper-insulinemic glucose clamp is a “gold 
standard” method to assess insulin sensitivity, but it is 
time-consuming and expensive and has limited clini-
cal use [7]. The triglyceride–glucose (TyG) index was a 
parameter derived from the fasting plasma glucose (FBG) 
and triglyceride (TG) levels, which has been regarded 
as a convincing and substitute indicator of IR [8]. Some 
observational studies suggest that an elevated TyG index 
is associated with incident cardiovascular disease (CVD) 
[9]and poor CVD outcomes [10]. However, no trials have 
focused exclusively on TyG index prediction for NR in 
AMI patients with T2DM. The aim of our study was to 
fill this gap in knowledge.

Methods
Study population
The study subjects were from the Department of Car-
diovascular Medicine, General Hospital of Ningxia 
Medical University. The patient flow chart is shown in 
Fig. 1. A total of 8525 patients who were diagnosed with 
acute coronary syndrome (ACS) in the Department of 

Cardiovascular Medicine of General Hospital of Ningxia 
Medical University from January 2014 to December 2019 
were selected. Of these 8525, 2005 were diagnosed with 
T2DM combined with AMI and underwent PCI. Of the 
2005 patients, exclusion criteria were (1) acute infec-
tious disease, rheumatic disease, hematologic disease, or 
(2) severe heart valve diseases or cardiomyopathy; and 
(3) insufficient clinical data. Finally, 1683 patients were 
included in this study. Based on the median value of the 
TyG index, 1683 patients were divided into two groups 
(TyG index < 8.76 group, n = 842 and TyG index ≥ 8.76 
group, n = 841). Based on the Thrombolysis in Myocardial 
Infarction (TIMI) score,1683 patients were divided into 
two groups as follows: Reflow (n = 1277) and No-reflow 
(n = 406) group.

Data collections and definitions
This study was approved by the Ethics Committee of 
General Hospital of Ningxia Medical University (number 
2020 − 774).

Patient demographics, past medical history, examina-
tion test results, and data related to echocardiography 
and angiography were collected through the electronic 
medical record system.

Criteria for T2DM include (1) a previous diagnosis of 
T2DM on antidiabetic medication; (2) typical diabetic 
symptoms (excessive thirst and drinking, polyuria, poly-
phagia, and unexplained weight loss) with an FPG ≥ 7.0 
mmol/L, and/or a randomized glucose ≥ 11.1 mmol/L, 
and/or a plasma glucose level ≥ 11.1 mmol/L at 2 h post 
OGTT, and/or glycosylated hemoglobin (HbA1c) ≥ 6.5%.
AMI was categorized as ST-segment elevation myocar-
dial infarction (STEMI)and No-ST-segment elevation 
myocardial infarction (NSTEMI), which was defined as 
chest pain accompanied by new ST-segment changes, 
concurrent elevated cardiac troponin values with at least 
one value above the upper 99th percentile reference limit. 
Fasting TG and FPG were fasting blood concentrations 
taken for the first time after the patient had abstained 
from eating for at least 10 h during hospitalization. The 
TyG index was calculated by the formula ln [fasting TG 
(mg/dL) × FPG (mg/dL)/2] [11].

Percutaneous coronary angiography and definition of 
post-operative no-reflow
All AMI patients underwent primary PCI. Pre-operative 
pharmacological treatment consisted of 300  mg aspirin 

Conclusions High TyG index was associated with an increased risk of no-reflow after PCI in AMI patients with T2DM. 
The TyG index may be a valid predictor of NR phenomenon of patients with T2DM and AMI. Early recognition of NR is 
critical to improve outcomes with AMI and T2DM patients.
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and 180  mg of Ticagrelor or 300–600  mg Clopidogrel 
according to the clinical guidelines. PCI was decided and 
performed by two specialists according to the patient’s 
actual condition of the vessel lesion, and the Thromboly-
sis in Myocardial Infarction (TIMI) score was recorded 
according to the results of coronary angiography to assess 
the coronary blood flow after PCI. Specifically, TIMI 
grades 0, 1and 2 were defined as no-reflow and TIMI 
grades 3 as reflow after excluding mechanical conditions 
such as coronary spasm and occlusion [12]. Patients with 
NR are usually treated clinically with adenosine, calcium 
channel blockers, sodium nitroprusside, glycoprotein IIb/
IIIa inhibitors or combinations of these drugs.

Statistical analysis
Empower Stats version 3.0 (http://www.empowerstats.
com) and the software packages R version 3.4.3 (http://

www.R-project.org) were applied for statistical analysis. 
Continuous variables were presented as mean ± standard 
deviation (SD) or the lower and upper quartile values 
(25th, 75th). Student’s t-test or Mann-Whitney U test was 
used to analysis comparisons between the 2 study groups. 
Categorical variables were expressed as numbers and 
percentages. Comparisons were made using the Pearson 
chi-squared test or Fisher’s exact test. The multivariate 
model included baseline variables that were significantly 
correlated with NR on univariate analysis and were clini-
cally relevant. In addition, intercorrelations between 
variables were also taken into account in the multivariate 
analysis. Receiver-operating characteristic (ROC) curve 
analysis was performed to determine the optimal cut-off 
point value of TyG index for predicting NR. Net Reclassi-
fication Improvement (NRI) and Integrated Discrimina-
tion Improvement (IDI) were calculated to determine the 

Fig. 1 The flow chart of research subject. ACS, acute coronary syndrome; AMI, acute myocardial infarction; PCI, primary percutaneous coronary interven-
tion; T2DM, type 2 diabetes mellitus
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extent to which the addition of the TyG index improved 
the predictive ability of the of the existing baseline risk 
model. A two-tailed p value<0.5 was considered as statis-
tically significant.

Results
Baseline clinical characteristics of patients
Baseline clinical characteristics of the total popula-
tion and groups stratified by with or without NR were 
presented in Table  1. Of 1683 T2DM patients with 
AMI,71.89% (n = 1210) were STEMI and 28.1%(n = 473) 
were NSTEMI.67.91% (n = 1143) were male, and 32.08% 
(n = 540 patients) were female, and 406 (n = 24.12%) 
patients developed NR following PCI. The TyG index 
level and the proportion of the patients with TyG ≥ 8.79 
was significantly higher in NR group than that in the 
reflow group. Patients with NR showed higher age, white 
blood cells(WBC), creatinine, triglyceride(TG),FPG, 
higher proportion of female, initial TIMI and higher 
prevalence of CAD history. However, patients in NR 
group had lower levels of diastolic blood pressure (DBP), 
hemoglobin, estimated glomerular filtration rate(eGFR), 
left ventricular ejection fraction (LVEF) and lower prev-
alence of smoking history. In terms of the angiographic 
findings, those with NR showed lower proportions of 
thrombus aspiration, left anterior descending (LAD) but 
higher proportions of right coronary artery (RCA). In 
addition, The proportion treated with statins was lower 
in patients with NR.

TyG index predicted the occurrence of NR
Univariate and multivariate logistic regression analysis 
and predictors for NR were presented in Table  2. Uni-
variate analysis showed TyG index, age, female, previ-
ous history of CAD, DBP, WBC, Hemoglobin, TG, FPG, 
Creatinine, eGFR, LVEF, Thrombus aspiration, Statin, 
LAD and RCA coronary artery lesions were risk factors 
for NR in T2DM patients with AMI (all p < 0.05). The 
results of co-linearity analysis of NR predictors and TyG 
index are revealed in Table 3. In addition, TyG was sig-
nificantly related with TG (r = 0.8284, p < 0.001) and FPG 
(r = 0.6048, p < 0.001). eGFR was significantly correlated 
with creatinine (r=-0.6486, p < 0.001). Therefore, TG, 
FPG, and creatinine were also not included in the mul-
tivariate analysis. Therefore, multivariate analysis found 
that the TyG index, age, LVEF, statin and LAD and RCA 
coronary artery lesions were independent predictors of 
NR in T2DMpatients with AMI (all p < 0.05, Table 2).

ROC curve analyses to predict NR
The area under the ROC curve (AUC) for the TyG index 
to predict the incidence of NR phenomenon was 0.645 
(95% CI 0.615–0.673; p < 0.001) (Fig. 2). The cut-of value 

of TyG index to predict NR was 8.98, the sensitivity was 
0.571, and the specificity was 0.667.

Incremental effect of TyG index on predictive value for NR
Table 4 showed that compared with the FPG and TG, the 
addition of TyG index significantly improved the reclas-
sification and discrimination ability beyond the base-
line risk model with NRI of 0.077and IDI of 0.070 (both 
p < 0.001).

Discussion
This article is mainly a study to evaluate the relation-
ship between TyG index and NR in AMI patients with 
T2DM. To our knowledge, the novel point of this study 
is to show the association between the TyG index and 
NR in AMI patients with T2DM. Our major findings 
include:(1) the occurrence of NR increased significantly 
with the increase of TyG index, and (2) the TyG index 
was an independent predictor of NR, and (3) The AUC 
of the TyG index for the prediction of the occurrence of 
NR was 0.645 with a cut-off 8.98 and (4) adding the TyG 
index to a baseline risk model had an incremental effect 
on the predictive value of NR. Based on this study, we 
confirmed that the TyG index was positively associated 
with the occurrence of NR. Most importantly, this study 
demonstrated that a simple method to estimate IR may 
optimize risk stratification for the occurrence of NR in 
AMI patients with T2DM.

IR is defined as a decreased ability of insulin to pro-
mote glucose utilization and uptake and is an indicator 
of abnormal glucose and fat metabolism. And IR con-
tributes to the progression of cardiovascular diseases by 
inducing imbalances in glucose metabolism, altering sys-
temic lipid metabolism and endothelial cell dysfunction 
[13]. Several previous studies have confirmed that IR is 
an important risk factor for cardiovascular disease [14] 
and adverse clinical outcomes [15]. Currently, the classic 
methods for detecting IR include the hyper-insulinemic 
euglycemic clamp and HOMA-IR [16]. However, due to 
the complexity and high cost of the detection steps, the 
above two methods cannot be widely used in clinical 
practice. To address this clinical challenge, researchers 
have conducted extensive studies on the TyG index and 
found that the TyG index is a reliable alternative indica-
tor of IR [17]. Therefore, the TyG index can be used in 
clinical practice to identify IR when the hyper-insu-
linemic euglycemic clamp test and HOMA-IR are not 
measurable.

Numerous studies have shown the ability of the TyG 
index to predict CVDs. Da Silva et al. found a positive 
correlation between the TyG index and the prevalence 
of coronary heart disease in patients on secondary CVD 
prevention [18]. A cohort study by Luo E et al. showed 
that in 1092 patients with STEMI treated by PCI, patients 
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Variables Reflow (n = 1277) No-reflow(n = 406) P value
TyG index <0.001
TyG<8.79 704(55.13%) 138(33.99%)
TyG ≥ 8.79 573(44.87%) 268(66.01%)
SPISE index 6.92 ± 1.75 6.92 ± 1.78 0.576
Age, years 61.80 ± 10.52 67.37 ± 10.56 < 0.001
Female gender 374(29.29%) 166(40.89%) < 0.001
BMI 24.86 ± 4.58 24.24 ± 4.08 0.056
SBP 125.32 ± 22.62 122.79 ± 23.51 0.080
DBP 76.82 ± 13.74 73.94 ± 14.14 0.002
Medical history
 Hypertension 856(67.03%) 290(71.43%) 0.098
 Dyslipidemia 567(44.40%) 155(38.18%) 0.256
Current smoking 678 (53.13%) 194 (47.78%) 0.039
 Previous CAD 249 (19.50%) 124 (30.54%) < 0.001
Laboratory values
 WBC,109/L 10.04 ± 3.72 10.70 ± 4.33 0.032
  Neutrophil count, 109/L 40.65 ± 33.92 41.88 ± 35.09 0.261
 Lymphocyte count,109/L 10.19 ± 11.13 9.30 ± 10.34 0.157
 Monocyte count,109/L 3.34 ± 3.38 3.63 ± 3.72 0.140
 Hemoglobin, g/L 109.64 ± 58.25 89.11 ± 58.87 < 0.001
 Platelet count,109/L 221.60 ± 64.25 223.63 ± 76.07 0.598
 HbA1c, % 8.13 ± 1.80 8.15 ± 1.80 0.829
 Creatinine, umol/L 76.95 ± 41.69 105.72 ± 102.85 < 0.001
 eGFR,ml/min/1.73m2 94.84 ± 38.86 71.45 ± 35.65 < 0.001
 TG, mmol/L 2.03 ± 1.58 2.47 ± 1.39 < 0.001
 TC, mmol/L 4.05 ± 1.06 3.96 ± 0.96 0.725
 LDL-C, mmol/L 2.14 ± 0.75 2.16 ± 0.88 0.628
 HDL-C, mmol/L 0.88 ± 0.22 0.90 ± 0.26 0.439
 FPG, mmol/L 11.09 ± 4.77 12.65 ± 5.60 < 0.001
Echocardiography
LVEF,% 52.50 ± 10.27 46.99 ± 12.44 < 0.001
AMI 0.348
 STEMI 922 (72.20%) 288 (70.94%)
 NSTEMI 355 (27.80%) 118 (29.06%)
Angiographic characteristics
Initial TIMI <0.01
 0 615 (48.16%) 367 (90.39%)
 1 71 (5.56%) 6 (1.48%)
 2 137 (10.73%) 9 (2.22%)
 3 454 (35.55%) 24 (5.91%)
Thrombus aspiration 81 (6.34%) 14 (3.45%) 0.028
Infarction related artery
 LM 13 (1.02%) 1 (0.25%) 0.136
 LAD 604 (47.30%) 44 (10.84%) < 0.001
 RCA 483 (37.82%) 301 (74.14%) < 0.001
 LCX 190 (14.88%) 61 (15.02%) 0.943
Number of stents 1.35 ± 0.68 1.13 ± 0.43 0.243
Stent diameter, mm 3.05 ± 0.45 3.28 ± 0.46 0.183
Stent length, mm 26.88 ± 8.12 28.81 ± 7.92 0.164
IABP 28 (2.19%) 4 (0.99%) 0.121
Calcifying lesion 29 (2.27%) 5 (1.23%) 0.195
Treatments
 Aspirin 1275 (99.84%) 404 (99.51%) 0.247

Table 1 Baseline clinical characteristics of the patients stratified by NR
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with TyG ≥ 9.608 had an increased risk of composite 
adverse cardiovascular events and all-cause mortality at 
30 days, 6 months, and 1 year, and TyG ≥ 9.608 was inde-
pendently associated with an increased risk of compos-
ite adverse cardiovascular events at 1 year [HR (95% CI) 
1.53 (1.0, 2.06), p = 0.003] [19]. In addition, a study of 798 

NSTEMI patients with T2DM treated with PCI suggested 
that a 1-unit increase in the TyG index was indepen-
dently associated with an increased risk of the composite 
adverse cardiac and cerebral events [HR: 3. 208 / 1 unit, 
95% CI 2.40–4.29, p < 0.001] [20]. However, the predic-
tive effects of the TyG index on NR in AMI patients with 
T2DM are still unclear.

The no-reflow phenomenon is the Achilles heel of pri-
mary percutaneous coronary intervention. Studies have 
shown that NR is a strong and independent predictor of 
adverse cardiovascular outcomes, including acute heart 
failure, cardiogenic shock and life-threatening arrhyth-
mias in patients with AMI [21], although the under-
lying molecular mechanisms are complex and poorly 

Table 2 Results of univariate and multivariate analysis of NR.
Univariate Multivariate
OR (95%CI) P value OR (95%CI) P value

Age 1.05 (1.04, 1.07) < 0.0001 1.03 (1.02, 
1.05)

0.0003

Female 1.67 (1.32, 2.11) < 0.0001 1.02 (0.73, 
1.42)

0.9185

Current smoking 0.81 (0.65, 1.01) 0.0665
Previous CAD 1.82 (1.41, 2.34) < 0.0001 1.31 (0.94, 

1.82)
0.1109

DBP 0.99 (0.98, 0.99) 0.0003 0.99 (0.98, 
1.00)

0.1589

WBC 1.04 (1.01, 1.07) 0.0031 1.03 (0.99, 
1.07)

0.1011

Hemoglobin 0.99 (0.99, 1.00) < 0.0001 1.00 (1.00, 
1.00)

0.2597

TG 1.18 (1.10, 1.27) < 0.0001
TyG 1.96 (1.68, 2.29) < 0.0001 5.03 (2.72, 

9.28)
< 0.0001

FPG 1.06 (1.04, 1.08) < 0.0001
Creatinine 1.01 (1.01, 1.01) < 0.0001
eGFR 0.98 (0.98, 0.99) < 0.0001 1.00 (0.99, 

1.00)
0.5223

LVEF 0.95 (0.94, 0.97) < 0.0001 0.96 (0.94, 
0.97)

< 0.0001

Statin 6.43 (4.03, 
10.25)

< 0.0001 8.81 (5.09, 
15.25)

< 0.0001

Thrombus 
aspiration

0.53 (0.30, 0.94) 0.0302 0.63 (0.33, 
1.22)

0.1696

LAD 0.14 (0.10, 0.19) < 0.0001 0.24 (0.15, 
0.40)

< 0.0001

RCA 4.71 (3.67, 6.05) < 0.0001 2.61 (1.76, 
3.88)

< 0.0001

Abbreviations: TyG, triglyceride-glucose index; DBP, diastolic blood pressure; 
CAD, coronary artery disease; WBC, white blood cell; TG, triglyceride; FPG, 
fasting plasma glucose; eGFR, estimated glomerular filtration rate; LVEF, left 
ventricular ejection fraction; LAD, left anterior descending; RCA, right coronary 
artery. OR, odds ratio; CI, confidence interval.

Table 3 Co-linearity analysis of NR predictors and TyG index
Unstan-
dardized 
coefficients

Collin-
earity 
statistics

B Std, 
error

Exp(B) P value VIF

Age 0.052 0.006 1.054 < 0.0001 1.900
Female 0.513 0.118 1.670 < 0.0001 1.700
Current 
smoking

-0.210 0.114 0.820 0.0665 1.500

Previous CAD 0.596 0.129 1.815 < 0.0001 1.100
DBP -0.015 0.004 0.985 0.0003 1.100
WBC 0.042 0.014 1.043 0.0031 1.100
Hemoglobin -0.006 0.010 0.994 < 0.0001 1.100
TG 0.168 0.036 1.184 < 0.0001 4.500
FPG 0.058 0.011 1.060 < 0.0001 2.900
Creatinine 0.008 0.001 1.008 < 0.0001 1.500
eGFR -0.018 0.002 0.983 < 0.0001 2.400
LVEF -0.046 0.006 0.9550 < 0.0001 1.200
Statin 1.8604 0.2383 6.4266 < 0.0001 1
Thrombus 
aspiration

-0.6399 0.2952 0.5273 0.0302 1

LAD -1.9993 0.1692 0.1354 < 0.0001 2.3
RCA 1.5502 0.1272 4.7125 < 0.0001 2.3
Dependent variable: TyG index. Abbreviations: TyG, triglyceride-glucose index; 
DBP, diastolic blood pressure; CAD, coronary artery disease; WBC, white blood 
cell; TG, triglyceride; FPG, fasting plasma glucose; eGFR, estimated glomerular 
filtration rate; LVEF, left ventricular ejection fraction; LAD, left anterior 
descending; RCA, right coronary artery.

Variables Reflow (n = 1277) No-reflow(n = 406) P value
 Ticagrelor 653 (51.14%) 210 (51.72%) 0.836
 Clopidogrel 622 (48.71%) 196 (48.28%) 0.218
 Beta-blocker 981 (76.82%) 311 (76.60%) 0.927
 Statin 1267 (99.22%) 386 (95.07%) < 0.001
 ACEI/ARB 635 (49.73%) 200 (49.26%) 0.223
Values are presented as mean ± SD, or number (%),or median(interquartile range). Abbreviations: TyG, triglyceride-glucose index; TG, triglyceride; HDL-C, high-
density lipoprotein cholesterol; SPISE index, the Single Point Insulin Sensitivity Estimator; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood 
pressure; CAD, coronary artery disease;AMI, myocardial infarction; WBC, white blood cell; FPG, fasting plasma glucose; HbA1c, glycated hemoglobin; eGFR, estimated 
glomerular filtration rate; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; LVEF, left ventricular ejection fraction; LM, left main coronary artery; LAD, 
left anterior descending; LCX, left circumflex coronary artery; RCA, right coronary artery; ACEI/ARB, angiotensin-converting enzyme inhibitor/angiotensin receptor 
blocker.

Table 1 (continued) 
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understood, several causative mechanisms are impli-
cated, including endothelial dysfunction, oxidative stress, 
inflammation, microvascular injury and reperfusion 
injury [22].

The study has shown that in AMI patients with comor-
bid T2DM, the longer the duration of diabetes, the higher 
the preoperative glucose level, the slower the coronary 
angiographic blood flow, the narrower the coronary 
arteries, and the greater the likelihood of no-reflow after 
PCI [23]. Insulin can mediate anti-lipolysis, but IR in adi-
pose tissue can reduce this effect, leading to a decrease in 
lipoprotein lipase activity and further induction of hyper-
lipidemia, it is a major cause of dyslipidemia in T2DM 
and can aggravate coronary atherosclerosis [24]. Addi-
tionally, Hyperglycemia in patients with AMI may further 
contribute to the phenomenon of no-reflow by increas-
ing leukocyte obstruction in the capillaries, leading to 
increased levels of intercellular adhesion molecule-1 or 
p-selectin [25]. Micro-thrombosis after AMI has been 
shown to play an important role in the prevention of 

reflow obstruction. Hyperglycemia is an independent 
predictor of platelet-dependent thrombosis by exacer-
bating platelet-dependent thrombosis [26], increasing 
circulating adhesion molecules and capillary leukocyte 
occlusion, attenuating endothelium-dependent vasodi-
lation and reducing collateral blood flow by impairing 
nitric oxide availability [27]. Furthermore, hyperglycemia 
attenuates ischemic preconditioning by reducing activa-
tion of mitochondrial adenosine triphosphate-regulated 
potassium channels, an independent predictor of the 
anemia phenomenon [28].

In addition, our data suggested that statin use was 
lower in the NR group than in the reflow group, and 
statins may reduce the incidence of NR. This result 
is consistent with the conclusion of Zhou et al [29]. 
Although the mechanism for this is not fully understood, 
it may result from improved endothelial function, inhi-
bition of thrombogenic function, improved stability of 
atherosclerotic plaques, and reduced oxidative stress and 
vascular inflammation [30]. In the acute phase of AMI, 
statins protect the heart by raising endothelial nitric 
oxide levels by upregulating endothelial nitric oxide syn-
thase, which is important for vasodilation, endothelial 
leukocyte interactions, vascular smooth muscle prolifera-
tion and platelet aggregation [31]. Statins exert their anti-
inflammatory effects by reducing inflammatory cytokines 
such as interleukins and inhibiting pro-inflammatory 
biological processes such as monocyte chemotaxis and 
nuclear factor-κB activation, given the established link 
between coronary atherosclerosis and inflammation [32]. 
Statins improve coronary microcirculation by multiple 
mechanisms.

In this study, we investigated the prognostic value of 
the TyG index in the absence of regurgitation during PCI 
in AMI patients with T2DM for the first time. To better 
understand the predictive ability of the TyG index for no-
reflow, we analyzed the correlation between different lev-
els of the TyG index and NR, and we examined whether 
the inclusion of the TyG index in the baseline risk model 
would have any additional effect on the predictive value 
of no-reflow, something that has not been tried in other 
studies.

Table 4 Evaluate the incremental predictive value and predictive power of various models with NRI and IDI
Category-free NRI IDI
index 95%CI P value index 95%CI P value

Baseline risk model Ref Ref
+FPG 0.037 0.018 to 0.055 <0.001 0.009 -0.013 to 0.030 0.427
+TG -0.039 -0.065 to-0.013 0.004 0.031 -0.001to 0.063 0.053
+TyG 0.077 0.043 to 0.111 <0.001 0.070 0.031 to 0.108 <0.001
Baseline risk model including age, LVEF, in-hospital statins and LAD and RCA coronary artery lesions. Abbreviations: NRI, net reclassification improvement; IDI, 
integrated discrimination improvement; FPG, fasting plasma glucose; TG, triglyceride; TyG, triglyceride-glucose index; LVEF, left ventricular ejection fraction; LAD, 
left anterior descending; RCA, right coronary artery; Ref, reference.

Fig. 2 The receiver operating characteristic (ROC) curves of the TyG index 
as a marker to predict NR in patients with T2DM and AMI. The area under 
ROC curve (AUC) of the TyG index for predicting the occurrence of NR was 
0.645 (95% CI 0.615–0.673; p < 0.001). The cut-of value of TyG index to pre-
dict NR was 8.98, the sensitivity was 0.571, and the specifcity was 0.667
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Study limitations
It is important to address the following limitations of the 
present study. First, the results should be replicated with 
caution, as the study was limited to a single center and 
the sample size was small. Second, there was no record of 
the duration of diabetes and the use of previous antihy-
perglycemic therapy in AMI patients. Third, the relation-
ship between the TyG index and IR cannot be directly 
verified in this study because conventional laboratory 
tests for IR, such as HOMA-IR, were not tested.

In addition, a larger sample size and multi-center 
cohort studies are required to verify our conclusions.

Conclusions
In conclusion, this study has demonstrated that elevated 
TyG index level was a strong independent predictor of 
no-reflow phenomenon in AMI patients with AMI. In 
addition, adding the TyG index to a baseline risk model 
had an incremental effect on the predictive value for no-
reflow phenomenon.

Author contributions
Juan Ma & Mohan Wang: Data curation, Formal analysis, Writing-original 
draft. Peng Wu & Xueping Ma & Dapeng Chen: Data curation. Shaobin Jia: 
Supervision. NingYan: Methodology, Design, Writing - review & editing. 
All authors approved the final version to be published and agree to take 
responsibility for all aspects of the work.

Funding
This work was supported by the Key Research and Development Projects 
of Ningxia, China (Grant number 2020BFG02002); the Natural Science 
Foundation of Ningxia, China (Grant number 2023AAC022666666666666669, 
2022AAC05058).

Data availability
The datasets generated and/or analyzed during the current study are not 
publicly available due to the ongoing nature of this study but are available 
from the corresponding author on reasonable request.

Declarations

Declaration of conflict of interest
The authors have no conflict of interest to declare.

Author details
1School of Clinical Medicine, Ningxia Medical University,  
750004 Yinchuan, People’s Republic of China
2Heart Centre, Department of Cardiovascular Diseases, General Hospital 
of Ningxia Medical University, 750004 Yinchuan, Ningxia, People’s 
Republic of China

Received: 28 December 2023 / Accepted: 5 March 2024

References
1. Benjamin EJ, Virani SS, Callaway CW, et al. Heart Disease and Stroke Statis-

tics-2018 update: a Report from the American Heart Association. Circulation. 
2018;137(12):e67–492.

2. Zhang Y, Ding X, Hua B, et al. Predictive effect of triglyceride–glucose 
index on clinical events in patients with type 2 diabetes mellitus and acute 
myocardial infarction: results from an observational cohort study in China. 
Cardiovasc Diabetol. 2021;20(1):43.

3. Rezkalla SH, Stankowski RV, Hanna J, et al. Management of No-Reflow Phe-
nomenon in the catheterization laboratory. JACC Cardiovasc Interventions. 
2017;10(3):215–23.

4. Annibali G, Scrocca I, Aranzulla TC et al. No-Reflow Phenomenon: A Contempo-
rary Review. J Clin Med 2022, 11(8)

5. Ray KK, Colhoun HM, Szarek M, et al. Effects of alirocumab on cardiovascular 
and metabolic outcomes after acute coronary syndrome in patients with 
or without diabetes: a prespecified analysis of the ODYSSEY OUTCOMES 
randomised controlled trial. Lancet Diabetes Endocrinol. 2019;7(8):618–28.

6. Di Pino A, DeFronzo RA. Insulin resistance and atherosclerosis: implications 
for insulin-sensitizing agents. Endocr Rev. 2019;40(6):1447–67.

7. Cersosimo E, Solis-Herrera C, Trautmann ME, et al. Assessment of pancreatic 
β-cell function: review of methods and clinical applications. Curr Diabetes 
Rev. 2014;10(1):2–42.

8. Ding X, Wang X, Wu J, et al. Triglyceride-glucose index and the incidence of 
atherosclerotic cardiovascular diseases: a meta-analysis of cohort studies. 
Cardiovasc Diabetol. 2021;20(1):76.

9. Barzegar N, Tohidi M, Hasheminia M, et al. The impact of triglyceride-glucose 
index on incident cardiovascular events during 16 years of follow-up: Tehran 
lipid and glucose study. Cardiovasc Diabetol. 2020;19(1):155.

10. Hong S, Han K, Park CY. The triglyceride glucose index is a simple and 
low-cost marker associated with atherosclerotic cardiovascular disease: a 
population-based study. BMC Med. 2020;18(1):361.

11. He J, Yuan S, Song C, et al. High triglyceride-glucose index predicts cardiovas-
cular events in patients with coronary bifurcation lesions: a large-scale cohort 
study. Cardiovasc Diabetol. 2023;22(1):289.

12. Liu Y, Ye T, Chen K, et al. A nomogram risk prediction model for no-reflow 
after primary percutaneous coronary intervention based on rapidly acces-
sible patient data among patients with ST-segment elevation myocardial 
infarction and its relationship with prognosis. Front Cardiovasc Med. 
2022;9:966299.

13. Ormazabal V, Nair S, Elfeky O, et al. Association between insulin resistance 
and the development of cardiovascular disease. Cardiovasc Diabetol. 
2018;17(1):122.

14. Kosmas CE, Bousvarou MD, Kostara CE, et al. Insulin resistance and cardiovas-
cular disease. J Int Med Res. 2023;51(3):3000605231164548.

15. Adeva-Andany MM, Martínez-Rodríguez J, González-Lucán M, et al. Insulin 
resistance is a cardiovascular risk factor in humans. Diabetes Metabolic 
Syndrome. 2019;13(2):1449–55.

16. Kang B, Yang Y, Lee EY, et al. Triglycerides/glucose index is a useful 
surrogate marker of insulin resistance among adolescents. Int J Obes. 
2017;41(5):789–92.

17. Cho YK, Han KD, Kim HS, et al. Triglyceride-glucose index is a useful marker 
for Predicting Future Cardiovascular Disease and Mortality in young Korean 
adults: a Nationwide Population-based Cohort Study. J Lipid Atherosclerosis. 
2022;11(2):178–86.

18. da Silva A, Caldas APS, Hermsdorff HHM, et al. Triglyceride-glucose index is 
associated with symptomatic coronary artery disease in patients in second-
ary care. Cardiovasc Diabetol. 2019;18(1):89.

19. Luo E, Wang D, Yan G, et al. High triglyceride-glucose index is associated with 
poor prognosis in patients with acute ST-elevation myocardial infarction after 
percutaneous coronary intervention. Cardiovasc Diabetol. 2019;18(1):150.

20. Zhao Q, Zhang TY, Cheng YJ, et al. Impacts of triglyceride-glucose index on 
prognosis of patients with type 2 diabetes mellitus and non-ST-segment 
elevation acute coronary syndrome: results from an observational cohort 
study in China. Cardiovasc Diabetol. 2020;19(1):108.

21. Şimşek B, Çınar T, Tanık VO, et al. The association of acute–to–chronic glyce-
mic ratio with no-reflow in patients with ST–segment elevation myocardial 
infarction undergoing primary percutaneous coronary intervention. Kardiolo-
gia Polska. 2021;79(2):170–8.

22. Montone RA, Camilli M, Del Buono MG, et al. [No-reflow: update on diagnosis, 
pathophysiology and therapeutic strategies]. Giornale Italiano Di Cardiologia 
(2006). 2020;21(6 Suppl 1):s4–14.

23. Zhao SR, Huang R, Liu F et al. Study on Correlation between Type 2 Diabetes and 
No-Reflow after PCI. Disease markers 2022, 2022:7319277

24. Levine GN, Bates ER, Blankenship JC, et al. 2015 ACC/AHA/SCAI focused 
update on primary percutaneous coronary intervention for patients with 
ST-Elevation myocardial infarction: an update of the 2011 ACCF/AHA/SCAI 
Guideline for Percutaneous Coronary intervention and the 2013 ACCF/AHA 
Guideline for the management of ST-Elevation myocardial infarction. J Am 
Coll Cardiol. 2016;67(10):1235–50.



Page 9 of 9Ma et al. Diabetology & Metabolic Syndrome           (2024) 16:67 

25. Yu Y, Wu Y, Wu X et al. Risk Factors for No-Reflow in Patients with ST-Elevation 
Myocardial Infarction Who Underwent Percutaneous Coronary Intervention: A 
Case-Control Study. Cardiology research and practice 2022, 2022:3482518

26. Wu Y, Zhou L, Yao M, et al. Elevated fasting blood glucose is predictive of the 
severity and poor outcome in nondiabetic patients with cerebral venous 
thrombosis. J Neurol Sci. 2020;417:117017.

27. Pepe M, Zanna D, Cafaro A, et al. Role of plasma glucose level on myocardial 
perfusion in ST-segment elevation myocardial infarction patients. J Diabetes 
Complicat. 2018;32(8):764–9.

28. Knudsen JG, Hamilton A, Ramracheya R, et al. Dysregulation of Glucagon 
Secretion by Hyperglycemia-Induced Sodium-Dependent reduction of ATP 
production. Cell Metabol. 2019;29(2):430–e442434.

29. Zhou L, Hu X, Zhang H, et al. Effects of atorvastatin and rosuvastatin on 
dysfunctional coronary circulation in patients with ST-segment elevation 
myocardial infarction. J Int Med Res. 2023;51(6):3000605231182547.

30. García-Méndez RC, Almeida-Gutierrez E, Serrano-Cuevas L, et al. Reduction of 
no reflow with a loading dose of atorvastatin before primary angioplasty in 
patients with Acute ST Myocardial Infarction. Arch Med Res. 2018;49(8):620–9.

31. Ren F, Mu N, Zhang X, et al. Increased platelet-leukocyte aggregates are Asso-
ciated with Myocardial No-reflow in patients with ST Elevation myocardial 
infarction. Am J Med Sci. 2016;352(3):261–6.

32. Tuñón J, Badimón L, Bochaton-Piallat ML, et al. Identifying the anti-inflamma-
tory response to lipid lowering therapy: a position paper from the working 
group on atherosclerosis and vascular biology of the European Society of 
Cardiology. Cardiovascular Res. 2019;115(1):10–9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Predictive effect of triglyceride-glucose index on No-Reflow Phenomenon in patients with type 2 diabetes mellitus and acute myocardial infarction undergoing primary percutaneous coronary intervention
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study population
	﻿Data collections and definitions
	﻿Percutaneous coronary angiography and definition of post-operative no-reflow
	﻿Statistical analysis

	﻿Results
	﻿Baseline clinical characteristics of patients
	﻿TyG index predicted the occurrence of NR
	﻿ROC curve analyses to predict NR
	﻿Incremental effect of TyG index on predictive value for NR

	﻿Discussion
	﻿Study limitations

	﻿Conclusions
	﻿References


