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Triglyceride-glucose index is
associated with microcirculatory
resistance in patients with type 2
diabetes and STEMI undergoing
primary PCI

Guoyu Wangh?, Cen Xu3, Jian Wang?, Zhimei Teng*, Xiang Sha?, Kai Xu?, Ruzhu Wang* &
Li Zhy?™

The triglyceride-glucose (TyG) index is emerging as a promising marker for insulin resistance and serves
as an independent risk predictor for cardiovascular outcomes. The coronary angiography-derived index
of microcirculatory resistance (AMR) is computed to evaluate coronary microcirculation. However, the
association between the TyG index and the AMR in patients with type 2 diabetes mellitus (T2DM) and
ST-segment elevation myocardial infarction (STEMI) remains unclear. We consecutively recruited 168
patients with T2DM and STEMI who underwent primary percutaneous coronary intervention (pPCl) at
Taizhou People’s Hospital from January 2022 to December 2023. Patients were classified into low AMR
group (AMR < 2.5) and high AMR group (AMR = 2.5). The TyG index was calculated using the formula:

In [plasma triglyceride (mg/dL) x fasting blood glucose (mg/dL)/2]. The study enrolled 81 patients

in the low AMR group and 87 in the high AMR group, with the TyG index being significantly higher

in the high AMR group. Multivariable logistic regression analysis revealed a significant association
between the TyG index and high AMR after adjusting for confounding variables (odds ratio: 2.449, 95%
confidence interval: 1.421-4.220, and p=0.001). The area under the curve for the TyG index predicting
high AMR was 0.650 (95% confidence interval: 0.57-0.73, p<0.001), with a cut-off value of 9.57. Our
findings indicate that the TyG index is significantly associated with AMR in T2DM patients with STEMI
undergoing pPCl, suggesting it may serve as a valuable predictor of high AMR in this population.

Keywords ST-segment elevation myocardial infarction, Angiography-based index of coronary
microcirculatory resistance, Triglyceride-glucose index

Primary percutaneous coronary intervention (pPCI) with stent implantation has become the paradigm
treatment of acute ST-elevation myocardial infarction (STEMI)!2. The contribution of pPCI in treating STEMI
is significantly compromised by impaired coronary microcirculation flow, which is associated with adverse
clinical outcomes®~>. While contrast-enhanced cardiac magnetic resonance (CMR) imaging is the gold standard
for assessing coronary microcirculation®’, its use is often limited in clinical practice due to costs and constraints
related to critically ill patients. In this context, the angiographic microvascular resistance index (AMR),
derived from a single-view, pressure-wire- and adenosine-free approach, provides a non-invasive alternative
for evaluating microcirculatory function directly within the catheterization laboratory and has demonstrated
prognostic value in STEMI patients®.

Insulin resistance has been verified to be associated with impaired coronary microcirculatory function
in patients with STEMI®. The triglyceride-glucose (TyG) index is a novel and reliable surrogate for insulin
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resistance’, which is an independent predictor of cardiovascular prognosis!®!!. Previous studies have suggested
that a higher TyG index is associated with cardiovascular disease'>!* and poorer prognosis''8. Ma et al."’
confirmed that a higher TyG index was correlated with an increased risk of no-reflow after percutaneous coronary
intervention (PCI) in acute myocardial infarction (AMI) patients with type 2 diabetes mellitus (T2DM). Despite
these findings, the specific association between the TyG index and AMR in STEMI patients with T2DM has
not been thoroughly investigated. Moreover, a clearer understanding of the TyG index’s role in this population
highlights its potential as a non-invasive tool for early identification of patients at higher risk of microcirculatory
impairment. This has important implications for clinical practice, as optimizing microcirculatory function could
lead to improved myocardial recovery and reduced morbidity and mortality associated with STEMI. Thus, this
study aims to fill this critical knowledge gap.

Materials and methods

We retrospectively screened 362 consecutive patients who underwent pPCI at Taizhou People’s Hospital from
January 2022 to December 2023. The flow diagram of patient selection is detailed in Fig. 1. The exclusion criteria
were as follows: (1) patients receiving mechanical hemodynamic support; (2) images were of poor quality for
analysis; (3) culprit vessel was left main; (4) insufficient clinical data. The study adhered to the Strengthening
the Reporting of Observational Studies in Epidemiology statement. Consent for treatment was obtained from all
patients. Informed consent was waived by the institutional review board (Ethics Committee of Taizhou People’s
Hospital) because of the retrospective nature of this study. The study was reviewed and approved by the Ethics
Committee of Taizhou People’s Hospital and conducted in accordance with the principles of the Declaration of
Helsinki.

Data collections and definitions

The electronic medical record system collected patient demographics, past medical history (including
hypertension, T2DM, smoking, et al.), laboratory data (including hemoglobin, leukocyte, fasting blood-
glucose, total cholesterol, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, triglyceride,
glycosylated hemoglobin, albumin, creatinine, high sensitivity troponin I, N-terminal pro-B-type natriuretic
peptide), echocardiographic results, and angiography. Criteria for T2DM included: (1) a previous diagnosis
of T2DM on antidiabetic medication; (2) typical diabetic symptoms (excessive thirst and drinking, polyuria,
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Fig. 1. Flow diagram of participants in the study. STEMI ST-segment elevation myocardial infarction, T2DM
type 2 diabetes mellitus.
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polyphagia, and unexplained weight loss) with a fasting blood glucose>7.0 mmol/L, and/or a randomized
glucose >11.1 mmol/L, and/or glycosylated hemoglobin (HbA1c) > 6.5%. STEMI was defined using the current
guidelines?®?! as follows: (1) chest pain or equivalent symptoms lasting for longer than 30 min and (2) ST-
segment elevation in at least two contiguous leads (at least 0.2 mV in men or at least 0.15 mV in women in
leads V2-V3 and/or at least 0.1 mV in the other leads) or a new left bundle branch block. The TyG index,
which quantifies insulin resistance by combining fasting glucose with triglyceride levels, was calculated using the
following formula: TyG =In [triglycerides (mg/dL) x glucose (mg/dL)/2]"

When STEMI was confirmed, patients were administered 300 mg aspirin and 180 mg ticagrelor and
transferred to the catheter laboratory to receive pPCI. Anticoagulation with heparin (80-100 U/Kg) was
performed for all STEMI patients. The interventional cardiologists used a thrombus aspiration catheter and
administration of glycoprotein IIb/IITa inhibitor infusion treatment at their discretion. After pPCI, patients were
transferred to the coronary care unit for further management. Two certified analysts retrospectively analyzed the
angiographic images in a blinded manner. Assessments of AMR were performed using the validated AngioPlus
software as described previously??-4. Specifically, after selecting the optimal angiographic view to minimize
vessel overlap, the lumen contour of the targeted coronary artery is automatically outlined. The velocity of the
contrast flow was determined by dividing the length of the vessel’s centerline by the time it took for the contrast
to fill, which was then converted into hyperemic flow velocity (Velocityhyp). The analysis frame was required
to show adequate contrast fill and a complete view of the lumen contours, enabling automatic delineation of
the lumen boundaries for both the target vessel and its major side branches. Utilizing the Murray bifurcation
fractal law, the reference diameter of the vessel was reconstructed, accounting for the step-down phenomenon
at bifurcations. Subsequently, fluid dynamic equations were applied with the calculated hyperemic flow as a
boundary condition to determine the pressure drop. From this pressure drop, the distal coronary pressure (Pd)
was derived. The quantitative flow ratio (QFR) was computed by dividing Pd by the mean aortic pressure, while
the AMR was determined by dividing Pd by Velocity, .Based on the AMR value, patients were divided into a
low AMR group (AMR < 2.5) and a high AMR group ZAMR> 2.5).

Statistical analysis

Values are expressed as mean *standard deviation for normally distributed continuous variables, median
(interquartile range) for non-normally distributed continuous variables, and number and percentage for
categorical variables. The normality of continuous variables was determined using the Kolmogorov-Smirnov
test. The Student’s t-test or Mann-Whitney U test was used to determine differences in continuous variables
between groups, as appropriate. The chi-square test was used to compare categorical variables between groups.
Multivariate forward logistic regression analysis was used to identify the independent factors associated with high
AMR. A receiver-operating characteristic (ROC) curve analysis was performed to determine the performance
of the TyG index in predicting high AMR. Results are expressed as odds ratio (OR) with an associated 95%
confidence interval (CI). All tests were two-sided, and the significance level was p <0.05. All statistical analyses
were performed using SPSS (version 27; IBM Corp., Armonk, NY, USA).

Results

Baseline characteristics of patients

The flowchart of study population is depicted in Fig. 1. We enrolled 168 diabetic STEMI patients undergoing
pPCI. The TyG index distribution is shown in Fig. 2. Based on AMR, 87 patients were categorized as high
AMR (AMR22.5), and the remaining 81 patients were classified as low AMR (AMR < 2.5). Table 1 details the
baseline characteristics, revealing that low AMR patients were younger (p=0.002), had a lower BMI (p =0.006)
and N-terminal pro-B-type natriuretic peptide levels (p =0.002), higher hemoglobin, lower prevalence of Killip
class>1II (p<0.001), and were more frequently smokers (p=0.016).

Relationship between TyG index and AMR
Figure 3 shows the association between the TyG index and AMR, with higher TyG index values in high AMR
patients compared to low AMR patients (p=0.001). In the multivariable logistic regression analysis, age (OR:
1.032, 95% CI: 1.066-1.201, and p=0.032), hemoglobin (OR: 1.006, 95% CI: 1.003-1.009, and p=0.015), and
TyG index (OR: 2.449, 95% CI: 1.421-4.220, and p=0.001) were significantly associated with high AMR after
adjusting for other confounding factors (Table 2).

ROC curve analyses of the TyG index to predict high AMR
The ROC curve analysis indicated an area under the curve of 0.650 (95% CI: 0.57-0.73, p <0.001; Fig. 4) for the
TyG index in predicting high AMR, with a cut-off value of 9.57, sensitivity of 0.644, and specificity of 0.654.

Discussions

This study determined the relationship between AMR and the TyG index in patients with diabetes and STEMI
receiving pPCI. Our findings indicate that a higher TyG index is independently associated with elevated AMR,
suggesting that insulin resistance may contribute to microcirculatory dysfunction in this population.

The pathological mechanism of impaired coronary microcirculation in patients with STEMI is complex,
among which insulin resistance plays an important role. Danijela Trifunovic et al.® demonstrated that insulin
resistance assessed by the Homeostatic Model Assessment (HOMA) index in the acute phase of myocardial
infarction in non-diabetic patients was independently associated with poorer myocardial reperfusion, impaired
coronary microcirculatory function and potentially with larger final infarct size. Previous studies have
confirmed that insulin resistance is involved in the onset and development of coronary heart disease and is
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Fig. 2. Distribution of the TyG index in study patients. TyG triglyceride-glucose.

associated with the prognosis of patients with AMI?>-3°. Moreover, insulin resistance is associated with cardiac
remodeling after AMI, including ventricular dilatation and worsening cardiac function. Wojciech Zareba et al.?®
found that insulin resistance predicted the recurrence of coronary events in the post-infarction population from
the thrombogenic factors and recurrent coronary events (THROMBO) study. Juan Sanchis et al. reported that
insulin resistance had an important short-term prognostic role in patients with AMI?. Multiple mechanisms
could be involved in the association between insulin resistance and microcirculatory resistance. First, insulin
resistance is closely related to endothelial dysfunction. Insulin commonly promotes the synthesis of nitric oxide
(NO), a potent vasodilator. However, endothelial dysfunction caused by insulin resistance reduces NO synthesis,
decreasing vasodilation and increasing microcirculation resistance. Second, systemic inflammation is frequently
associated with insulin resistance®"*2, which promotes the local accumulation of inflammatory factors (tumor
necrosis factor-a and C-reactive protein) and increases microcirculation resistance, resulting in microvascular
endothelial injury and dysfunction. Third, insulin resistance can affect the function of vascular smooth muscle
cells, resulting in increased contractility and an increase in the baseline tension of the blood vessels, thereby
increasing microcirculatory resistance!®.

The TyG index is emerging as a novel alternative marker of insulin resistance that is highly practical and cost-
effective, particularly in clinical practice®*. The degree of insulin resistance is reflected by the TyG index, which
exhibits consistency and stability across various clinical settings'®!*34. Prior researches have linked the TyG
index to various cardiovascular outcomes, including chest pain incidence and mortality in the U.S. population®,
underscoring its potential role in identifying at-risk individuals. Additionally, the TyG index has been explored
as a screening tool for non-alcoholic fatty liver disease/metabolic-associated fatty liver disease and liver fibrosis,
with certain parameters demonstrating predictive value for these conditions®®. Importantly, the association
between the TyG index and impaired cardiovascular fitness has been documented in non-diabetic young
populations®, indicating that elevated triglycerides and glucose levels can negatively impact cardiovascular
health. In patients with STEMI, hyperglycemia has been shown to drive stent restenosis*®, further highlighting
the relevance of metabolic dysregulation in acute cardiac events. The predictive performance of the TyG index
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Variables Low AMR (n=81) High AMR (n=87) Pvalue
Age (years) 59.41+14.09 65.92+12.23 0.002
Male (%) 65 (80.25) 59(67.82) 0.067
BMI, kg/m2 25.65+3.74 24.84+3.60 0.006
HTN (%) 42 (51.85) 54(62.07) 0.181
Smoking (%) 59 (72.84) 47(54.02) 0.016
SBP, mmHg 120.31+£24.18 115.18£22.26 0.155
DBP, mmHg 76.42+16.63 71.80+15.04 0.061
HR, bpm 82.13+17.72 83.47+21.17 0.657
LVDD, mm 49 (46, 52) 49 (46, 52) 0.461
LVDS, mm 32 (29, 35) 31 (29, 35) 0.945
LVEF(%) 63 (56, 67) 60 (52.5, 65) 0.068
Killip class >1I1(%) 42 (51.85) 55 (63.22) <0.001
Hemoglobin, g/L. 147 (133, 158) 137 (125, 150) <0.001
Leukocyte, 10°/L 10.08 (8.04, 12.63) 10.49 (7.94, 13.00) 0.613
FBG, mmol/L 5.91 (4.98, 8.11) 6.50 (5.09, 9.43) 0.121
TC, mmol/L 4.66 (3.99, 5.36) 4.49 (3.76,5.23) 0.186
LDL-C, mmol/L 2.99 (2.45, 3.46) 2.83(2.39, 3.39) 0.210
HDL-C, mmol/L 1.00 (0.86, 1.19) 1.05 (0.86.1.24) 0.490
TG, mmol/L 1.55 (1.09, 2.31) 1.45 (1.00, 2.16) 0.386
HbAlc(%) 6.2 (5.8,7.0) 6.1 (5.65,7.25) 0.308
Albumin, g/L 37.6 (35.8,40.4) 37.4(35.3,40.7) 0.059
Creatinine, umol/L 72.2 (61.70, 85.33) 74.30 (61.10, 89.80) 0.398
Peak hs-Tnl, ng/L 17.19 (4.54, 45.67) 24.34 (7.78, 56.12) 0.120
NT-proBNP, ng/L 468.7 (75.60, 1671.15) | 984.75 (190.68, 2841.53) | 0.002
Total ischaemic time, min 182.5 (118.25,304.25) | 179 (101, 287.5) 0.492
LAD-related infarcition (%) 49 (60.49) 47 (54.02) 0.437
3-vessel disease (%) 33 (40.74) 32 (36.78) 0.599
Pre-PCI TIMI flow grade>3 (%) | 15 (18.52) 8(9.20) 0.062

Table 1. Baseline characteristics of patients with high AMR and low AMR. AMR angiography-derived

index of microcirculatory resistance, BMI body mass index, HTN hypertension, DM diabetes mellitus, SBP
systolic blood pressure, DBP diastolic blood pressure, HR heart rate, LVDD left ventricular diastolic end
diameter, LVDS left ventricular systolic end diameter, LVEF left ventricular ejection fraction, FBG fasting
blood-glucose, TC total cholesterol, TG triglyceride, LDL-C low-density lipoprotein cholesterol, HDL-C
high-density lipoprotein cholesterol, HbAIc glycosylated hemoglobin, hs-TnI high sensitivity troponin I, NT-
proBNP N-terminal pro-B-type natriuretic peptide, LAD left anterior descending, PCI percutaneous coronary
intervention, TIMI thrombolysis in myocardial infarction.

in identifying glucose status conversion supports its utility in clinical settings, where timely intervention can
alter disease trajectories™. Moreover, prediabetes has been identified as a risk factor for frailty among prefrail
older adults with hypertension?’. Recent findings suggest that changes in the TyG index may predict stroke
incidence in individuals over 45%1, reinforcing its potential as a public health screening tool. Furthermore, both
elevated and reduced levels of TyG are associated with an increased prevalence of heart failure with diabetes and
prediabetes®2. Interestingly, elevated TyG index at baseline and long-term TyG index trajectories were found to
be associated with the risk of hypertension, suggesting early identification of increasing TyG index could provide
insights for preventing hypertension later in life*>. A cohort study by Zhenhong Fu et al. reported that in 231
patients with acute coronary syndrome (ACS) and diabetes mellitus, the TyG index predicted the risk of all-cause
mortality in the oldest-old ACS patients with diabetes mellitus!”. Ning Yan et al. found that the TyG index was
positively correlated with no-flow in patients with T2DM and AMI in a study that included 1683 patients with
T2DM and AMI who underwent pPCI*, consistent with our findings. TyG index is a comprehensive reflection
of triglyceride and blood glucose levels. Elevated triglyceride levels are frequently associated with abnormal lipid
metabolism, affecting vascular smooth muscle function*. Abnormal lipid metabolism can result in excessive
contraction of vascular smooth muscle cells, thereby increasing microcirculation resistance®. Previous studies
have verified the TyG index’s effectiveness in determining insulin resistance®®. This study further confirmed the
independent predictive ability of the TyG index for microcirculatory resistance in patients with diabetes and
STEMI undergoing pPCI. This finding offers a novel perspective for understanding the association between
diabetes and microcirculation in patients with STEMI. We used the ROC curve analysis to evaluate the predictive
performance of the TyG index and found the cut-off value of 9.57 for the TyG index. This specific threshold
demonstrates a balance between sensitivity and specificity, effectively identifying patients with heightened
insulin resistance who may be at greater risk for elevated microcirculatory resistance. This threshold has clinical
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Fig. 3. Comparison of the TyG index between low AMR and high AMR groups. TyG triglyceride-glucose,
AMR angiography-derived index of microcirculatory resistance.

Variables OR | 95%CI Pvalue
Age, years 1.032 | 1.003-1.063 | 0.032

Hemoglobin, g/L | 1.006 | 1.003-1.009 | 0.015
TyG 2.449 | 1.421-4.220 | 0.001

Table 2. Multivariable logistic regression analyses for the prediction of high AMR. AMR angiography-derived
index of microcirculatory resistance, TyG triglyceride-glucose.

implications, as it can serve as a practical tool for clinicians in routine assessments. Patients with a TyG index
above 9.57 may warrant closer monitoring and more aggressive management of cardiovascular risk factors,
potentially leading to better outcomes.

There are several limitations in this study. First, this was a single-center, retrospective analysis, which may
introduce selection bias and limit generalizability. The relatively small sample size restricts the statistical power
to detect subtle associations. Second, AMR was applied to determine microcirculatory resistance based on a
single angiographic view. However, the feasibility of this novel computational approach has been previously
validated?. Third, while we measured triglyceride and fasting blood glucose levels at admission, fluctuations
during hospitalization or follow-up were not assessed, which could affect microcirculatory resistance. Lastly,
while the TyG index offers convenience and ease of use in clinical practice, it is less specific than direct insulin
measurement methods. For instance, HOMA-IR requires fasting insulin levels, which can provide a more
accurate assessment of insulin sensitivity, but it also necessitates more intensive blood sampling. The euglycemic-
hyperinsulinemic clamp, considered the gold standard, provides precise measurements of insulin action but is
labor-intensive and not practical in routine clinical settings.

In conclusion, while our findings suggest a significant relationship between the TyG index and microcirculatory
resistance in diabetic STEMI patients, further research is needed to validate these associations in larger, more
diverse cohorts. Future studies should also explore the underlying mechanisms linking insulin resistance to
microcirculatory dysfunction and the clinical implications of the TyG index in various cardiovascular diseases.
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Fig. 4. The receiver operating characteristic curve of the TyG index as a marker to predict high AMR
in patients with T2DM and STEMI. TyG triglyceride-glucose, AMR angiography-derived index of
microcirculatory resistance, T2DM type 2 diabetes mellitus, STEMI ST-segment elevation myocardial
infarction.
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