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Purpose: This study aimed to evaluate the association between metabolic score for insulin resistance (METS-IR) and adverse
cardiovascular events in patients with ischemic cardiomyopathy (ICM) and type 2 diabetes mellitus (T2DM).

Methods: METS-IR was calculated using the following formula: In[(2 X fasting plasma glucose (mg/dL) + fasting triglyceride (mg/
dL)] x body mass index (kg/m?)/(In[high-density lipoprotein cholesterol (mg/dL)]). Major adverse cardiovascular events (MACEs)
were defined as the composite outcome of nonfatal myocardial infarction, cardiac death, and rehospitalization for heart failure. Cox
proportional hazards regression analysis was used to evaluate the association between METS-IR and adverse outcomes. The predictive
value of METS-IR was evaluated by the area under the curve (AUC), continuous net reclassification improvement (NRI), and
integrated discrimination improvement (IDI).

Results: The incidence of MACEs increased with METS-IR tertiles at a 3-year follow-up. Kaplan—Meier curves showed a significant
difference in event-free survival probability between METS-IR tertiles (P<0.05). Multivariate Cox hazard regression analysis adjusting
for multiple confounding factors showed that when comparing the highest and lowest METS-IR tertiles, the hazard ratio was 1.886
(95% CI:1.613-2.204; P<0.001). Adding METS-IR to the established risk model had an incremental effect on the predicted value of
MACEs (AUC=0.637, 95% CI:0.605-0.670, P<0.001; NRI=0.191, P<0.001; IDI=0.028, P<0.001).

Conclusion: METS-IR, a simple score of insulin resistance, predicts the occurrence of MACEs in patients with ICM and T2DM,
independent of known cardiovascular risk factors. These results suggest that METS-IR may be a useful marker for risk stratification
and prognosis in patients with ICM and T2DM.
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Introduction
Ischemic cardiomyopathy (ICM) refers to left ventricular systolic dysfunction caused by obstructive coronary artery
disease (CAD) and is the most common cause of heart failure (HF) with reduced ejection fraction." The main
pathophysiological features of ischemic cardiomyopathy are left ventricular enlargement, decreased myocardial systolic
and diastolic function, and further development of congestive heart failure.

Type 2 diabetes mellitus (T2DM) and HF often coexist, and 15-25% of people with heart failure have diabetes.” The
presence of diabetes is associated with reduced survival and increased hospitalization in patients with HF.’> The
pathophysiological mechanisms of heart failure in patients with T2DM are complex. In addition to general heart failure
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risk factors such as advanced age, ethnicity, genetic predisposition, hypertension, and smoking,* T2DM also increases the
risk of ischemic heart failure by increasing the risk of CAD and directly affecting the myocardium, leading to structural
and functional changes.” However, the clustering of these classical cardiovascular risk factors is insufficient to explain
the excess coronary artery disease risk in patients with diabetes. This suggests that other factors may be involved.

The main pathophysiological abnormalities of type 2 diabetes are insulin resistance (IR) and impaired insulin
secretion. IR refers to the state in which insulin secretion is normal, but the sensitivity of tissues, organs and cells to
insulin is reduced, and the role of insulin in promoting glucose uptake and utilization in target organs is reduced.® Insulin
resistance plays an important role in the development of early vascular diseases in patients with diabetes. T2DM patients
experience a long period of insulin resistance before the clinical onset of the disease, while asymptomatic vascular injury
develops long before the diagnosis of diabetes.””® There is increasing evidence that cardiometabolic disorders and insulin
resistance are among the earliest alterations in the myocardium caused by diabetes, preceding functional and pathological
changes.” However, HF itself is thought to lead to insulin resistance.'®!" IR and T2DM combined with HF are mutually
causal, forming a vicious circle and worsening the disease. These pathological injuries can damage the heart, resulting in
impaired myocardial calcium handling and contractility, reduced cardiac energy efficiency, myocardial cell apoptosis and
cardiac fibrosis.'? With the development of T2DM combined with HF, IR is also aggravated. In particular, patients with
end-stage HF are accompanied by severe IR. Therefore, it is necessary to detect insulin resistance in the early stage of the
disease. The hyperinsulinemic-euglycemic clamp technique is the gold standard for evaluating insulin resistance, but it is
not practical in clinical practice. Therefore, alternative markers such as homeostasis model assessment of IR (HOMA-IR)
have been developed to assess IR.'> However, HOMA-IR also requires additional blood samples and analysis costs. At
the same time, because the actual state of IR cannot be reflected, it may not be effective in patients receiving
subcutaneous treatment with basic insulin. Recently published studies have evaluated several new surrogate markers
of insulin resistance. For example, triglyceride-glucose (TyG),"* TyG-body mass index (TyG-BMI),'® triglyceride to
high-density lipoprotein cholesterol (TG/HDL-C),'¢ etc. However, to date, there is conflicting evidence regarding the role
of these indicators in the screening, diagnosis, and prognosis of CAD, especially in patients with coexisting different
metabolic diseases. These biomarkers may be useful for different cardiovascular disease subgroups.

The metabolic score for IR (METS-IR) is a new method to evaluate insulin resistance, and it has a higher consistency
with the hyperinsulinemic-euglycemic clamp technique.'”'® METS-IR, as a valid surrogate for insulin sensitivity that
incorporates both laboratory and anthropometric measures, was considered to identify subjects more susceptible to early
development of type 2 diabetes and metabolic syndrome. Apart from metabolic syndrome, METS-IR has also been used
for early identification of subjects at high risk of CAD, especially type 2 diabetes.'” Compared with other indicators, it is
easier to identify high-risk groups of cardiovascular diseases.'® To our knowledge, no study has evaluated the association
of METS-IR with adverse outcomes in ICM. Therefore, this study aims to evaluate the relationship between METS-IR
and adverse cardiovascular events in ICM patients with diabetes.

Methods

Study Population

This study is a single-center, retrospective cohort study that included patients with type 2 diabetes mellitus and ICM who
were admitted to the First Affiliated Hospital of Xinjiang Medical University from July 2013 to November 2019. In this
study, patients with T2DM history, who are currently using insulin or hypoglycemic drugs, who have fasting plasma
glucose>7.0 mmol/L or 2 h blood glucose level>11.1 mmol/L in the oral glucose tolerance test (OGTT), and who were
diagnosed with diabetes by the OGTT during hospitalization were included. ICM was diagnosed as follows: 1. patients
with a previous vascular reconstruction history; 2. main or proximal stenosis of the left anterior descending branch >75%
and/or two main epicardial coronary artery stenoses >75% confirmed by coronary angiography; 3. echocardiography
showed that the left ventricular function was lower than 40%. The exclusion criteria of this study included severe
valvular disease or congenital heart disease, malignant tumor, blood system disease, familial hypertriglyceridemia, and

hormone shock therapy. The study was conducted in accordance with the principles of the Declaration of Helsinki.
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Approved by the Medical Ethics Committee of the First Affiliated Hospital of Xinjiang Medical University (20141201-
03-1701A).

Data Collection and Definitions

Clinical data were collected from all medical records by trained clinicians who were blinded to the study objectives. The
data included age, sex, smoking history, drinking history, history of hypertension, previous stroke, height, weight,
systolic blood pressure (SBP) and diastolic blood pressure (DBP). Left ventricular ejection fraction(LVEF), early-to-
late diastolic flow velocity ratio (E/A), left ventricular end diastolic dimension (LVEDD), and left atrial diameter (LAD)
were recorded. Peripheral venous blood samples were collected in the morning after overnight fasting on admission.
Concentrations of serum creatinine, fasting plasma glucose (FPQG), triglycerides (TG), total cholesterol (TC), high-density
lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), hemoglobin Alc (HbAlc), and B-type
natriuretic peptide (BNP). Body mass index (BMI) was calculated as weight divided by height squared (kg/mz). Renal
function was assessed using the baseline estimated glomerular filtration rate (¢GFR). EGFR was calculated as [(140-age)
xweight (kg)] x0.85 (if female)/ [72xserum creatinine (mg/dL)]*°. METS-IR was calculated as In [(2 x FPG (mg/dL) +
fasting TG (mg/dL)] x BMI (kg/m?))/(In[HDL-C (mg/dL])."”

Follow-Up and Endpoint Events

Regular follow-up was performed with the patients, mainly through clinical visits or telephone contact. Clinical events
were recorded, and dates were determined from patients enrolled in the study. The primary endpoint was major adverse
cardiovascular events (MACEs), defined as a combination of cardiac death, nonfatal myocardial infarction (MI), or
rehospitalization for heart failure. Secondary endpoints included nonfatal MI and cardiac death. Cardiac death was
defined as death caused by MI, HF, sudden cardiac death, or cardiac procedures. If more than one event occurred during
follow-up, the most severe endpoint event was selected for analysis.

Statistical Analysis

Continuous variables are presented as the mean + standard deviation or median (interquartile range) according to the
results of normality tests, and ANOVA or the Kruskal-Wallis test was used to compare continuous variables in tertiles.
Categorical variables were compared using the chi-square test. Spearman correlation coefficient was used to analyze the
correlation between variables. Kaplan—-Meier curves were used to assess event-free survival associated with METS-IR
tertiles, and the Log rank test was used for comparison. A multivariate Cox proportional hazards regression model was
constructed to identify independent predictors of clinical endpoints. Model 1 was adjusted for age and sex, and Model 2
was adjusted for smoking, drinking, hypertension, previous stroke, and New York Heart Association (NYHA) class on
the basis of Model 1. Model 3 was additionally adjusted for eGFR, LDL-C, HbAlc, BNP, LVEF, and E/A. Restricted
cubic spline analysis was applied using the R package “rms” to explore the relationship between METS-IR and clinical
endpoint events. A receiver operating characteristic curve (ROC) was used to compare the predictive ability of different
indicators for the risk of clinical endpoints. The area under the curve (AUC), net reclassification improvement (NRI), and
integrated discrimination improvement (IDI) were used to compare the incremental value of FPG, TGs, BMI, HDL-C,
and METS-IR in predicting clinical endpoints based on established risk factors. IDI and NRI were performed using the
R package “PredictABEL”. The R package “survminer” was used to visualize the survival curve, and the “survival
package” was used to analyze the survival data. SPSS 25.0 (IBM Corp, Armonk, NY, USA) and R version 4.0.2 software
(Vienna, Austria) were used for all analyses. P value <0.05 was considered statistically significant.

Results
Baseline Characteristics of Patients
A total of 1610 patients were included for follow-up (Figure 1), of whom 174 (10.8%) were lost to follow-up. A total of 1436

patients (89.2%) completed the 3-year clinical follow-up. The mean age of these patients was 65+10 years, including 1069 males
(74.4%) and 367 females (25.6%). The distribution of admission METS-IR scores is shown in Figure 2. According to the METS-
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4138 patients with ischemic
cardiomyopathy were screened

2178 patients without
type 2 diabetes were
excluded

4

2005 patients with type 2 diabetes
and ischemic cardiomyopathy were
assessed for eligibility

395 patients with
missing data were

excluded
1610 patients were selected in the
study for follow-up
Figure | Flow diagram for inclusion of study subjects.
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Figure 2 Histogram showing the population distribution of METS-IR.

IR score at admission, the patients were divided into tertiles: T1 (n=479, METS-IR<40.9), T2 (n=473, 40.9<METS-IR<48.0), and
T3 (n=484, METS-IR>48.0). The clinical baseline characteristics of the patients are shown in Table 1. There were statistically
significant differences in age, sex, smoking, drinking, BMI, eGFR, FPG, TGs, HDL-C, HbAlc, BNP, LVEF, LVEDD, and LAD
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Table | Baseline Characteristics of the Patients Stratified by the METS-IR Tertiles
T1(n=479) METS-IR<40.9 | T2(n=473) 40.9<METS-IR<48.0 | T3(n=484) METS-IR>48.0 P value

METS-IR 36.86(33.75-39.21) 44.47(42.56—46.21) 53.87(51.03-59.42) <0.001
Age, years 67+9 65+10 63+10 <0.001
Male, n (%) 326(68.1) 366(77.4) 377(77.9) <0.001
Smoking, n (%) 173(36.1) 219(46.3) 207(42.8) 0.005
Drinking, n (%) 100(20.9) 147(31.1) 141(29.1) 0.001
Hypertension, n (%) 315(65.8) 316(66.8) 343(70.9) 0.201
Previous stroke, n (%) 112(23.4) 95(20.1) 92(19.0) 0.22
NYHA, n (%) 0.503

| 3(0.6) 0(0) 4(0.8)

I 81(16.9) 83(17.5) 88(18.2)

I 281(58.7) 291(61.5) 281(58.1)

Y% 114(23.8) 99(20.9) 111(22.9)
BMI, kg/m? 23.02(21.11-24.46) 25.86(24.26-27.41) 29.02(26.82-31.79) <0.001
SBP, mmHg 123(110-139) 122(110-137) 122(110-140) 0.992
DBP, mmHg 72(65-81) 75(68-82) 75(68-80) 0.072
eGFR, mL/min 58.41(40.34-77.05) 72.09(53.01-90.79) 81.75(59.70-107.36) <0.001
FPG, mg/dL 117.00(91.62—-161.46) 139.14(104.94-201.60) 187.65(125.87-263.21) <0.001
TG, mg/dL 92.14(69.11-124.93) 111.64(86.83—152.39) 139.99(102.78-200.01) <0.001
TC, mg/dL 130.81(107.20—156.74) 128.49(104.30—159.64) 130.99(105.75-160.51) 0.888
HDL-C, mg/dL 39.47(33.67—46.44) 34.44(28.64—41.02) 28.25(23.99-34.44) <0.001
LDL-C, mg/dL 81.27(63.08-105.26) 82.43(61.34-107.20) 86.11(63.86-107.97) 0.235
HbAlc, % 7.6(6.7-9.0) 8.0(7.1-9.4) 8.6(7.3-9.9) <0.001
BNP, pg/mL 3322.86(1025.00-7197.00) 2630.00(940.65-5915.00) 2412.00(828.85-5499.5) 0.035
LVEF, % 3714 374 36+3 <0.001
LVEDD, mm 60(55-65) 60(56-65) 62(57-67) 0.019
LAD, mm 42(38-45) 42(39-45) 42(39-46) 0.002
E/A 1.05(0.73—1.49) 0.92(0.75-1.51) 1.13(0.76-1.59) 0.218
Diabetes medication, n (%)

Biguanide 121(25.3) 126(26.6) 151(31.2) 0.098

0-Glucosidase inhibitor 109(22.8) 106(22.4) 95(19.6) 0.433

Thiazolidinedione 2(0.4) 1(0.2) 3(0.6) 0.959

Sulfonylurea 20(4.2) 34(7.2) 25(5.2) 0.116

Glinides 21(4.4) 24(5.1) 34(7.0) 0.176

Insulin 302(63.0) 302(63.8) 306(63.2) 0.964

Other 6(1.3) 8(1.7) 13(2.7) 0.244

Notes: The patients were divided into three groups in accordance with tertiles of the METS-IR. [T1(n=479, METS-IR<40.9), T2 (n=473, 40.9<METS-IR<48.0), T3(n=484,

METS-IR248.0)].

Abbreviations: METS-IR, metabolic score for insulin resistance; NYHA, new york heart association; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic
blood pressure; eGFR, estimated glomerular filtration rate; FPG, fasting plasma glucose; TG, triglyceride; TC, total cholesterol; HDL-C, high density lipoprotein cholesterol;
LDL-C, low density lipoprotein cholesterol; HbAlc, hemoglobin Alc; BNP, brain natriuretic peptide; LVEF, left ventricular ejection fraction; LVEDD, left ventricular end
diastolic dimension; LAD, left atrial diameter; E/A, early-to-late diastolic flow velocity ratio.

among the three groups. There were no significant differences in any other variables. Spearman rank correlation analysis showed
that METS-IR was significantly correlated with DBP, eGFR, HbAlc, LVEF, LVEDD, and LAD (Table 2).

METS-IR and Cardiovascular Events

During the follow-up period of 3-year, 1091 (75.9%) MACEs were recorded, including 213 (14.8%) nonfatal MI, 728
(50.7%) cardiac death and 150 (10.4%) rehospitalization for heart failure. Kaplan—Meier curves showed that event-free
survival rates for nonfatal MI, cardiac death, and MACEs decreased with increasing METS-IR tertile (Figure 3). Using
T1 as a reference, univariate Cox proportional hazards regression showed that METS-IR in T2 and T3 groups increased
the hazard ratio (HR) of endpoint events, including nonfatal MI (HR: 3.298, 95% CI: 2.287-4.756, P<0.001), cardiac
death (HR: 2.077, 95% CI. 1.731-2.492, P<0.001), and MACEs (HR: 1.863, 95% CI: 1.610-2.156, P<0.001).
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Table 2 Correlation Between the

METS-IR and Clinical Variables

METS-IR Rs P value
SBP 0.018 0.491
DBP 0.073 0.006
eGFR 0.293 <0.001
HbAIlc 0.221 <0.001
LVEF —0.323 <0.001
LVEDD 0.086 <0.001
LAD 0.092 <0.001
E/A 0.045 0.085

Abbreviations: SBP, systolic blood pressure;
DBP, diastolic blood pressure; eGFR, esti-
mated glomerular filtration rate;
hemoglobin Alc; LVEF, left ventricular ejection
fraction; LVEDD, left ventricular end diastolic

dimension; LAD, left atrial diameter; E/A,

early-to-late diastolic flow velocity ratio.

HbAlc,

Multivariate adjustment models were established, and Model 1 was adjusted for age and sex. Model 2 was adjusted for

variables related to general information, smoking, drinking, hypertension, previous stroke, and NYHA. Model 3 was
adjusted for risk factors for heart failure on the basis of Model 2, including eGFR, LDL-C, HbAlc, BNP, LVEF, and E/A.
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Figure 3 Kaplan—Meier survival curve for clinical outcomes across METS-IR tertiles. (A), Nonfatal MI (B), Cardiovascular death (C), MACEs.
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Table 3 Univariate and Multivariate Cox Regression Analysis for Predicting MACE

TI T2 HR(95% CI) | P value | T3 HR(95% CI) | P value

Nonfatal M|

Unadjusted Reference | 2.031(1.385-2.978) | <0.001 3.298(2.287-4.756) | <0.001

Modell Reference | 2.049(1.394-3.012) | <0.001 3.475(2.391-5.050) | <0.001

Model2 Reference | 2.042(1.388-3.004) | <0.001 3.416(2.346—4.975) | <0.001

Model3 Reference | 2.007(1.361-2.961) | <0.001 3.332(2.265—4.902) | <0.001
Cardiovascular death

Unadjusted Reference | 1.409(1.164—1.705) | <0.001 2.077(1.731-2.492) | <0.001

Modell Reference | 1.422(1.173-1.725) | <0.001 2.107(1.747-2.540) | <0.001

Model2 Reference | 1.416(1.167-1.717) | <0.001 2.126(1.763-2.564) | <0.001

Model3 Reference | 1.403(1.155-1.704) 0.001 2.055(1.691-2.498) | <0.001
MACE

Unadjusted Reference | 1.247(1.073-1.450) 0.004 1.863(1.610-2.156) | <0.001

Modell Reference | 1.267(1.089—1.474) | <0.001 1.937(1.667-2.250) | <0.001

Model2 Reference | 1.252(1.075-1.457) 0.004 1.922(1.653-2.235) | <0.001

Model3 Reference | 1.254(1.076—1.462) 0.004 1.886(1.613-2.204) | <0.001

Notes: The patients were divided into three groups in accordance with tertiles of the METS-IR. [T | (n=479, METS-IR<40.
9), T2 (n=473, 40.9<METS-IR<48.0), T3(n=484, METS-IR=48.0)]. Model | was adjusted for age, sex. Model 2 included the
same variables as Model | and further adjusted for smoking, drinking, hypertension, previous stroke, NYHA. Model 3
included the same variables as Model 2 and further adjusted for eGFR, LDL-C, HbAlc, BNP, LVEF, E/A.
Abbreviations: HR, hazard ratio; Cl, confidence interval.

METS-IR is independently associated with adverse outcomes in patients with ischemic cardiomyopathy and T2DM
(Table 3). The multivariate HR increased with METS-IR levels at different cardiovascular endpoints(P<0.05). The
relationship between METS-IR and adverse outcomes is shown in Figure 4. The results showed that METS-IR was an
independent risk factor for poor prognosis in patients with ICM.

Predictive Ability of the METS-IR for the Risk of MACEs

ROC curve was used to assess the predictive ability of METS-IR for different clinical endpoints. For the prediction of
nonfatal MI, cardiac death, and MACEs, the AUC of METS-IR was significantly higher than that of any individual
variable involved in the calculation (Table 4). Established risk factors had significant predictive value for adverse
cardiovascular events. Using FPG, TGs, BMI or HDL-C alone to predict the incidence of adverse outcomes on the basis
of established risk factors has little incremental value. Adding METS-IR to the established risk factors improved the
AUC for the prediction of nonfatal MI, cardiac death, and MACEs. Moreover, in terms of NRI and IDI, the addition of
METS-IR had incremental prognostic value for predicting MACEs, especially when compared with established risk
factors (Table 5). The prognostic value of METS-IR in MACE:s in each subgroup is shown in Table 6. After adjusting for
age, sex, smoking, drinking, hypertension, previous stroke, NYHA, eGFR, LDL-C, HbAlc, BNP, LVEF and E/A,
METS-IR can independently predict the occurrence of MACEs in T2DM patients with ICM, and it is not related to
advanced age (age > 60), sex, history of hypertension, or renal insufficiency (eGFR<60).

Discussion
The current study demonstrates that METS-IR is a novel marker for assessing the risk of insulin resistance, which has
been reported to have a strong relationship with CVD risk.'” In this study, for the first time, we identified METS-IR as an
important risk factor for adverse outcomes in ICM patients with diabetes. The risk of nonfatal myocardial infarction,
cardiac death and MACEs events increased with the increase in METS-IR, even after adjusting for general information
and risk factors for heart failure.

As a common secondary cardiomyopathy, ICM is caused by coronary atherosclerotic heart disease, but it can also be
caused by recurrent coronary artery spasm, coronary artery inflammation, and connective tissue disease. Patients develop
diffuse fibrosis of the myocardium due to myocardial ischemia, manifested as dilated cardiomyopathy with systolic or
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Figure 4 Restricted cubic splines for the relationship between METS-IR and the hazard ratio for clinical endpoints. (A), Nonfatal Ml (B), Cardiovascular death (C), MACEs.

diastolic dysfunction or both. When diabetes and heart failure coexist, morbidity and mortality risks are significantly
increased, and adverse patient outcomes are synergistically amplified.>'*** Insulin resistance and hyperglycemia are key
central metabolic disorders in T2DM, leading to specific metabolic abnormalities that adversely affect myocardial
function.’ Since both glucose and fatty acid metabolism in the heart are tightly controlled by insulin signaling, insulin
resistance plays a key role in the pathogenesis of heart failure. Indeed, impairment of insulin signaling and development
of insulin resistance are major determinants of heart failure progression.”® Although insulin is considered a survival
hormone, the presence of insulin resistance in patients with diabetes may compromise the protective effects of this
hormone. Insulin may lose its cardioprotective effect because of impaired MAPK phosphatase-1 expression or because
hyperglycemia directly impairs insulin signaling.** In T2DM, insulin resistance is present for several years before
hyperglycemia develops. Thus, the effect of hyperglycemia alone on cardiovascular disease and its risk factors are
difficult to assess because virtually all patients have insulin resistance.”” Studies have shown that diabetes mellitus (DM)
and IR are not the only pathogenic factors of HF, but HF patients with DM or IR have more severe left ventricular
dysfunction and higher mortality than patients without HF and diabetes or IR. IR is not simply a problem of inadequate
glucose uptake induced by insensitivity to insulin but rather a multifaceted syndrome that significantly increases the risk
of cardiovascular disease.

Studies on alternative markers of insulin resistance suggested that METS-IR could be a useful surrogate measure of
insulin sensitivity for the earlier identification of patients with T2DM.'”?® The risk of cardiovascular disease persists in

dyslipidemia, which is characteristic of atherosclerosis. The dyslipidemia caused by insulin resistance and type 2 diabetes

1290 "= Diabetes, Metabolic Syndrome and Obesity 2023:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Zhang et al
Table 4 Predictive Ability of Different Variables for
Clinical Endpoints
AUC(95% CI) P value
Nonfatal Ml
FPG 0.555(0.515-0.596) 0.010
TG 0.549(0.506-0.592) 0.023
BMI 0.551(0.508-0.594) 0.018
HDL-C 0.595(0.554-0.636) <0.001
METS-IR 0.616(0.575-0.657) <0.001
Cardiovascular death
FPG 0.555(0.505-0.565) 0.021
TG 0.503(0.474-0.533) 0.820
BMI 0.577(0.547-0.606) <0.001
HDL-C 0.548(0.518-0.578) 0.002
METS-IR 0.600(0.571-0.630) <0.001
MACE
FPG 0.597(0.562-0.631) <0.001
TG 0.515(0.480-0.550) 0.395
BMI 0.555(0.522-0.589) 0.002
HDL-C 0.559(0.524-0.593) 0.001
METS-IR 0.604(0.571-0.637) <0.001
Abbreviations: FPG, fasting plasma glucose; TG, triglyceride; BMI,
body mass index; HDL-C, high density lipoprotein cholesterol; METS-
IR, metabolic score for insulin; AUC, area under curve resistance; AUC,
area under curve; Cl, confidence interval.
Table 5 Evaluation of Predictive Models for Clinical Outcomes
Predictive Models AUC(95% CI) P value | NRI | P value | IDI | P value
Nonfatal Ml
Established risk factors | 0.602(0.560-0.644) | <0.001 Reference Reference
+FPG alone 0.609(0.568-0.651) | <0.001 | 0.115 0.004 0.013 | <0.00I
+TG alone 0.626(0.584-0.668) | <0.001 | 0.124 0.030 0.008 0.012
+BMI alone 0.608(0.566—0.649) | <0.001 | 0.177 | <0.001 | 0.019 | <0.001
+HDL-C alone 0.633(0.593-0.673) | <0.001 | 0.177 | <0.001 | 0.030 | <0.001
+METS-IR alone 0.643(0.603-0.682) | <0.001 | 0.270 | <0.001 | 0.036 | <0.001l
Cardiovascular death
Established risk factors | 0.573(0.543-0.602) | <0.001 Reference Reference
+FPG alone 0.584(0.555-0.613) | <0.001 | 0.079 0.014 0.005 0.010
+TG alone 0.573(0.543-0.602) | <0.001
+BMI alone 0.597(0.568-0.628) | <0.001 | 0.079 | <0.001 | 0.014 | <0.001
+HDL-C alone 0.579(0.583-0.641) | <0.001 | 0.066 0.054 0.003 0.070
+METS-IR alone 0.612(0.583-0.641) | <0.001 | 0.165 | <0.001 | 0.023 | <0.001
(Continued)
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Table 5 (Continued).

Predictive Models AUC(95% CI) P value | NRI | P value | IDI | P value

MACE
Established risk factors | 0.575(0.541-0.609) | <0.001 Reference Reference
+FPG alone 0.612(0.578-0.646) | <0.001 | O.111 | <0.001 | 0.012 | <0.001l
+TG alone 0.577(0.543-0.611) | <0.001 | 0.013 0.545 0.002 0.068
+BMI alone 0.602(0.569-0.635) | <0.001 | 0.070 0.006 0.010 | <0.001
+HDL-C alone 0.590(0.557-0.624) | <0.001 | 0.073 0.012 0.006 0.014
+METS-IR alone 0.637(0.605-0.670) | <0.001 | 0.191 | <0.001 | 0.028 | <0.001

Note: Established risk factors included age, sex, smoking, drinking, hypertension, previous stroke, eGFR, LDL-C, LVEF.
Abbreviations: AUC, area under curve; Cl, confidence interval; IDI, integrated discrimination improvement; NRI, net
reclassification improvement.

Table 6 Prognostic Value of METS-IR for MACE in Various Subgroups

Subgroup Unadjusted HR(95% CI) P value | Adjusted HR(95% CI) P value
Age
260 (n=1031) 1.028(1.021-1.036) <0.001 1.030(1.022-1.037) <0.001
<60 (n=405) 1.022(1.011-1.032) <0.001 1.020(1.009-1.033) 0.001
Sex
Male (n=1069) 1.023(1.016-1.029) <0.001 1.026(1.019-1.033) <0.001
Female (n=367) 1.035(1.022—-1.048) <0.001 1.035(1.020-1.050) <0.001
Hypertension
Yes (n=974) 1.027(1.020-1.035) <0.001 1.031(1.022-1.039) <0.001
No (n=462) 1.022(1.012—-1.032) <0.001 1.022(1.011-1.033) <0.001
eGFR
260 (n=912) 1.023(1.016-1.031) <0.001 1.023(1.014-1.031) <0.001
<60 (n=524) 1.035(1.024—1.045) <0.001 1.034(1.024-1.045) <0.001

Note: Adjusted variables were age, sex, smoking, drinking, hypertension, previous stroke, NYHA, eGFR, LDL-C, HbAlc, BNP,
LVEF, E/A.
Abbreviations: HR, hazard ratio; Cl, confidence interval.

(dyslipidemia in diabetes) is characterized by (1) hypertriglyceridemia, (2) low HDL cholesterol levels, (3) the presence
of small-density low-density lipoprotein, and postprandial hyperlipemia.?” One of the main mechanisms behind dysli-
pidemia in the state of insulin resistance is the increased flow of free fatty acids from adipose tissue to the liver.
Accumulation of intracellular lipid metabolites in the liver appears to contribute to hepatic insulin resistance. The liver
accounts for 30% of insulin-stimulated glucose metabolism, and insulin resistance leads to impaired glucose output and
fatty acid metabolism. Free fatty acids promote increased hepatic triglyceride synthesis, which leads to the secretion of
very low-density lipoprotein. METS-IR, as a combined indicator of FPG, TG, BMI and HDL-C, can better reflect the
metabolic risk of diabetic patients, and as a more favorable predictor of cardiovascular disease in patients with diabetes.

Previous studies have shown that the impact of diabetes on the prognosis of patients with heart failure is significantly
influenced by the underlying etiology, and is particularly detrimental in ischemic heart disease.?>***° Left ventricular
dysfunction and adverse remodeling in ICM indicate a poor prognosis for recurrent MI, HF, and arrhythmia. On this
basis, diabetes can further worsen the long-term outcomes of ischemic injury, including increased incidence of heart
failure and all-cause mortality. Patients with T2DM have an accelerated atherosclerotic process with more lipid-rich and
unstable atherosclerotic plaques, resulting in a 2-4-fold increase in cardiovascular disease morbidity and mortality

compared to patients with atherosclerosis without diabetes.**>? Fibrin clots formed in patients with diabetes were
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denser and had less porous structures than those in healthy individuals. Patients with hyperglycemia due to insulin
resistance are susceptible to concurrent insulin-driven fibrinolytic injury and glucose-driven clot-activated thrombotic
events.>® Expression of Plasminogen activator inhibitor 1 (PAI-1) was also associated with insulin resistance.***> IR
patients are more likely to develop fibrinolytic disorders. In addition, insulin resistance may lead to the accumulation of
macrophages in the vessel wall through a variety of mechanisms, thereby increasing the instability of atherosclerosis and
vulnerable plaques.*® Finally, many human and animal studies have shown that insulin resistance increases the degree of
myocardial damage during myocardial ischemia, possibly leading to an increased risk of heart failure in affected
individuals.” Our study showed that patients in the METS-IR high group had a significantly higher incidence of
nonfatal MI, cardiac death, and MACEs after discharge than patients in the METS-IR low group. At the same time,
compared with FPG, TGs, BMI and HDL-C, whether independently predicted or added to the established risk factors for
nonfatal MI, cardiac death, and MACEs, the predictive value of METS-IR was higher and significantly improved the
established risk prediction.

In 1995, Stern proposed the “Common Soil Hypothesis”, which posits insulin resistance as a common risk factor for
hypertension, diabetes, heart disease, and stroke.>® Insulin resistance stimulates sympathetic activity, which leads to
increased blood pressure.*® Clinical studies have shown that approximately 50% of hypertensive subjects have comorbid
hyperinsulinemia or glucose intolerance, while at least 80% of patients with type 2 diabetes have comorbid
hypertension.*’ Meanwhile, in patients with diabetes, heart failure and renal insufficiency often coexist.*' Due to chronic
inflammation, uremic toxins, and vitamin D deficiency, chronic kidney disease patients have a higher IR than the general
population.** Subgroup analysis showed that after adjusting for important variables, METS-IR was an independent
predictor of adverse cardiovascular outcomes regardless of age > 60 years, sex, hypertension and renal insufficiency.

In fact, the hearts of people with diabetes face significant stress from hyperlipidemia, hyperglycemia, and inflammation.
There is sufficient evidence that cardiovascular disease risk begins with insulin resistance as an asymptomatic state that
develops long before overt diabetes. Insulin resistance may be the major intracellular event leading to the ultimate fate of
the heart in patients with diabetes.'>** Therefore, proactive clinical management of patients at high risk of insulin resistance
should be initiated early to prevent the development of adverse cardiovascular events. Our study demonstrates the
significant predictive value of METS-IR for adverse outcomes in patients with ICM and T2DM. In practice, METS-IR
can be used to identify high-risk patients with diabetes for early intervention, reduce the incidence of MACEs, and improve
the prognosis of patients.

Study Limitations

This study is a single-center retrospective study, and regardless of the analysis adjustment, it is still difficult to exclude
the influence of some potential confounders. These findings need to be further verified by a multicenter prospective
cohort study. Second, the baseline level of METS-IR was derived from the admission assessment, and FPG or TG may be
affected by antidiabetic and lipid-lowering drugs during follow-up. It is unclear whether changes in METS-IR affect its
clinical predictive value. Third, the comparison of predictive value between METS-IR and HOMA-IR and the hyper-
insulinemic euglycemic clamp technique requires further study. Despite these limitations, this study has important
clinical implications because it is the first study of the association between METS-IR and adverse cardiovascular events
in patients with diabetes and ICM.

Conclusion

METS-IR is a score that is easy to obtain and calculate in the clinic. In ICM patients with T2DM, METS-IR was
significantly associated with the occurrence of MACEs, and even after adjusting for other confounding factors, this
relationship was still significant. Adding METS-IR to established risk prediction models has incremental value for
MACEs prediction.
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