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Metabolic syndrome (MetS) is a major risk factor for cardiovascular disease and negatively affecting the prognosis of patients with ST elevation myocardial infarction (STEMI). Macrophage migration inhibitory factor (MIF) is a multipotent cytokine involved in various cardiovascular and inflammatory diseases. In this prospective study, we investigate the value of MIF in the long-term prognosis of STEMI combined with MetS after emergency PCI. Circulating MIF levels were measured at admission, and major adverse cardiovascular and cerebrovascular events (MACCE) were monitored during the follow-up period of 4.9 (3.9–5.8) years. MACCE occurred in 92 patients (22.9%), which was significantly higher in MetS (69/255, 27.1%) than in the non-MS subgroup (23/146, 15.8%, P < 0.05). Patients with MetS developed MACCE had the highest admission MIF level. Kaplan-Meier survival analysis using the cutoff value of admission MIF (143 ng/ml) showed that patients with a higher MIF level had a greater incidence of MACCE than those with lower MIF levels in both the MetS (P < 0.0001) and non-MetS groups (P = 0.016). After adjustment for clinical variables, the value of MIF ≥ 143 ng/ml still had the predictive power for the MetS group [HR 9.56, 95% CI (5.397–16.944),P < 0.001]; nevertheless, it was not the case in the non-MetS group. Our findings indicated that MetS is a critical risk factor for adverse clinical outcomes in patients with STEMI, and a high admission MIF level has predictive power for the long-term MACCE, which is superior in STEMI patients with MetS and better than other traditional predictors.
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Introduction

Metabolic syndrome (MetS) is characterized by a constellation of metabolic disorders including impaired glucose tolerance, central obesity, dyslipidemia, and hypertension (1). As a result of economic growth and medical advancement, changes in lifestyle and dietary intake and aging have become the major risks for the development of MetS (2–4). The prevalence of MetS has increased significantly worldwide, not only in developed countries but also in developing countries over the past decades. In the United States, the prevalence of MetS was 23.7% (age-adjusted) during 1988–1994 (5), which sharply increased to 32.5–36.9% during 2011–2016 (6). Using the revised National Cholesterol Education Program Adult Treatment Panel III (NCEP ATP III) criteria, the International Collaborative Study of Cardiovascular Disease in ASIA (InterASIA) showed that the prevalence of MetS was 13.7% among adults aged 35–74 years in China in 2001 (3), which increased to 33.9% among adults aged 18 years and older in 2010 based on the China Non-communicable Disease Surveillance data (7). Recently, the China Health and Recruitment Longitudinal Study (CHARLS) revealed a further elevation of MetS prevalence up to 39.7% in middle-aged and elderly Chinese during 2011–2015 (8).

On a global scale, approximately 16.7 million patients die from cardiovascular disease (CVD) every year, representing the leading cause of mortality in the world (9). Growing evidence has strongly indicated that MetS is the major risk factor for CVD (10–14). A meta-analysis including 87 studies involving 951,083 participants reported that MetS was associated with a twofold increased risk of CVD (relative risk, RR: 2.35; 95% CI: 2.02–2.73) and CVD-related mortality (RR: 2.40; 95% CI: 1.87–3.08), and a 1.5-fold elevation in all-cause mortality (RR: 1.58; 95% CI: 1.39–1.78) (15). Thus, patients with MetS were at higher risk for cardiovascular outcomes. Furthermore, MetS was also associated with a higher risk for myocardial infarction (MI) and stroke (15, 16). Patients classified as MetS suffered from acute MI had worse outcomes at follow-up (11). Therefore, early prediction of major adverse cardiovascular and cerebrovascular events (MACCE) in MI patients with MetS bears an important clinical value.

Macrophage migration inhibition factor (MIF) acts as a pro-inflammatory factor and is widely expressed in different cell types and involved in many inflammatory-related disorders (17, 18). Association of MIF in myocardial ischemia and infarction has been reported in clinical and experimental settings (19). Notably, early elevation of plasma MIF levels in patients following ST-segment elevation MI (STEMI) correlated with acute and chronic infarct size and the degree of cardiac remodeling (20). Our previous study demonstrated that admission MIF levels could predict long-term MACCE in patients with STEMI (21). MetS, as a major risk factor for CVD, has drawn great attention in clinical settings. However, it is not known whether admission MIF levels carry the same prognostic importance for development of MACCE in patients with MetS subjected to an acute MI. Furthermore, it is unclear if the same MIF value can be used to predict long-term outcome in both patients with or without MetS after acute MI. The aim of this study is to address these key questions in patients with STEMI after percutaneous coronary intervention (PCI).



Materials and methods


Study design and participants

We consecutively recruited patients with STEMI aged >18 years admitted to our hospital from January 2014 to October 2018 who underwent emergency PCI after the onset of chest pain. All patients/participants provided written information. This project is in line with the Declaration of Helsinki, and the research protocol was approved by the Human Ethics Committee of the First Affiliated Hospital of Xinjiang Medical University (Approval ID: K201301-09).



Inclusion criteria

The diagnosis of STEMI was defined as a plasma level of cardiac high sensitive-troponin T (hs-TnT) >0.1 μg/ml after symptom onset together with at least one of the following: (1) chest pain lasting for >20 min; (2) Electrocardiograph (ECG) exhibiting elevation of ST segment >1 mm or a new pathological Q wave (22). MetS was defined based on the modified NCEP ATPIII criteria (1) and included three or more of the following components: (1) abdominal obesity (body mass index, BMI ≥ 30 for men and ≥ 25 kg/m2 for women) (23); (2) elevated triglycerides (TG ≥ 1.69 mmol/L); (3) reduced high-density lipoprotein-cholesterol (HDL-C, < 1.03 mmol/L in men and < 1.29 mmol/L in women); (4) systolic blood pressure (SBP, >130 mmHg) or diastolic blood pressure (DBP >85 mmHg) or use of antihypertensive medications; and (5) fasting plasma glucose >5.6 mmol/L or use of antidiabetic medications. In this study, we used BMI as a surrogate parameter for central obesity, which had been adopted and verified in previous studies (24–27).



Exclusion criteria

Patients with one or more of the following conditions were excluded: malignancy, thrombolysis, cardiomyopathy, previous history of PCI or coronary artery bypass grafting (CABG), recurrent MI, infectious disease, active inflammatory disease, renal failure, severe liver disease, peripheral arterial disease, or hematologic disease.



Definition of cardiovascular risk factors

Body mass index was calculated by dividing body weight (kilograms) by the height in meter squares. Overweight/obesity was classified as a BMI ≥ 30 kg/m2 for men and ≥ 25 kg/m2 for women (27). Persons who reported regular tobacco use in the previous 6 months were considered as current smokers. Hypertension was defined as history of hypertension and/or repeated systemic BP measurements exceeding 140/90 mmHg or use of antihypertensive medications. Diabetes was defined as a history or presence of diabetes and/or a fasting plasma glucose level of >7.0 mmol/L on two separate occasions or a random glucose value >11.1 mmol/L on at least one occasion before the present admission or use of antidiabetic medications. Concentrations of TC >6.2 mmol/L, TG >2.3 mmol/L, LDL-C >4.1 mmol/L, and HDL-C < 1.0 mmol/L were defined as hypercholesterolemia, hypertriglyceridemia, high LDL-C, or low HDL-C, respectively, according to Chinese dyslipidemia guidelines (28). Dyslipidemia was defined as any of the four lipid abnormalities mentioned above. The Global Registry of Acute Coronary Events (Grace) risk score is recognized as a validated predictor of adverse cardiovascular events in patients with AMI (29, 30). It is calculated based on age, heart rate, systolic BP, creatinine level, history of congestive heart failure, PCI and MI, ST-segment changes on admission ECG, and elevated levels of cardiac enzymes or markers.



Sample collection and laboratory test

Intravenous blood samples were collected at admission for the MIF level test, and the median symptom-to-sampling time was 5.8 h (25th–75th percentile, 3.5–8.0 h). Plasma MIF levels were measured using the Quantikine MIF ELISA kit (R&D Systems, United States) according to the manufacturer’s specifications. The next day after PCI, intravenous blood samples were collected at the Coronary Care Unit and routine whole blood tests and biochemical tests, including high-sensitive C-reactive protein (hs-CRP), were performed in the laboratory of the First Affiliated Hospital Center of Xinjiang Medical University using a commercial automated platform. High sensitive-cardiac troponin T (hs-TnT) was tested at admission and every 4 h after admission to determine the peak.



Coronary angiography and percutaneous coronary intervention

All patients with STEMI were admitted with aspirin 300 mg, load dose of clopidogrel 300 mg, and standard intravenous heparin 70 U/kg and then underwent emergency coronary angiography followed by PCI. PCI procedures were performed by experienced interventional cardiologists. Multivessel lesions were defined as >50% stenosis in more than one major coronary artery. According to the Gensini score (31, 32), the severity of the injury was 1 (0–25%), 2 (25–50%), 4 (50–75%), 8 (75–90%), 16 (90–99%), and 32 (completely occluded vessels), respectively, and this ratio was multiplied by the segment location weighting factor to obtain the Gensini score for each patient. PCI was considered successful if the patient had a grade 3 blood flow rating for MI thrombolysis (TIMI) in the coronary artery associated with the area of MI and postoperative residual stenosis < 10% (33). After PCI, all patients received dual antiplatelet therapy: 100 mg aspirin, 75 mg clopidogrel daily for at least 1 year, and other cardiovascular-related medications at the discretion of the treating physician.



Echocardiography

All patients were assessed by transthoracic echocardiography within 48 h after primary PCI using the Vivid 7 Ultrasound System (GE Medical Systems, United States). Standard echocardiography was conducted for the assessment of left ventricular (LV) dysfunction.



Study endpoints

Study endpoints included MACCE during the follow-up period, including all-cause mortality, target lesion reconstruction, recurrent angina or AMI, readmission due to heart failure, arrhythmia, or/and stroke. All clinical events were defined according to standardized definitions. If patients presented with multiple events, only the first event was considered for event-free survival analysis.



Follow-up visits

Follow-up visits included telephone interviews, outpatient visits, and inpatient clinical records of readmitted patients. Information on the deceased patient was obtained from hospital records or telephone contacts with relatives of the patient. The follow-up period ended in October 2020. MACCE were recorded at 1, 3, and 6 months after discharge and every 6 months thereafter.



Quality control

Professionally trained investigators used a uniformly designed questionnaire to collect general patient information, laboratory results, coronary angiography results, and MACCE events through our electronic medical records and paper cases. The database was created using the Epidata 3.0 software, and the data entry was performed by two investigators independently. The data were verified in a batch of 10 again to ensure the accuracy of data entry.



Statistical analysis

Based on a prospective cohort study design and according to our previous study, the incidence of long-term MACCE in ACS was 38% in the high MIF group, and the hazard ratio was 2.8 (21). We set α = 0.05 and power = 0.9 to calculate the sample size. We also assumed a 10% loss during the follow-up period. Therefore, a sample of 110 patients per group was required. Data were collected using Epidata3.1 (Odense, Denmark) and double checked. Continuous variables with a Gaussian distribution are presented as mean ± standard deviation (SD), and those with a non-Gaussian distribution are presented as median values with corresponding 25th–75th percentiles. The differences between groups were evaluated using Student’s unpaired t-test with Welch’s correction or the Mann-Whitney rank test. Categorical variables were expressed as numbers and frequencies, and the difference between groups was detected using the Pearson chi-square test or Fisher exact chi-square test. The cutoff values of admission levels of MIF for predicting MACCE were determined by using the receiver operating characteristic (ROC) plot with the maximal corresponding values of Youden’s index (sensitivity + specificity-1). To visualize the relationship between the cutoff and MACCE during the follow-up, Kaplan-Meier plots were generated, and the log-rank test was used to compare the resulting curves. Potentially influential variables of MACCE among traditional risk factors and variables in univariate cox regression with a value of P < 0.05 were tested by collinearity diagnosis in advance, and those variables with interaction between each other and with the variance inflation factor (VIF) ≥ 5 were excluded. The variables that did not show interaction were finally included for a multivariable Cox proportional hazard regression analysis to assess whether a high admission MIF level is an independent predictor of a long-term adverse clinical outcome. Results of univariate and multivariate Cox proportional hazard regression models are presented as a hazard ratio (HR) and 95% confidential interval (CI). P < 0.05 was considered statistically significant. Analyses were performed using SPSS Statistics 26 (IBM) and GraphPad Prism 6 (United States).




Results


Baseline characteristics of participants

The flowchart of the study design is shown in Figure 1. We consecutively recruited 476 patients with STEMI into the study during January 2014–October 2018. Of them, 51 patients were excluded due to thrombolysis therapy, active inflammatory diseases, cancer, renal failure, previous history of MI, and percutaneous transluminal coronary angioplasty (PTCA), and 425 patients with STEMI who received PCI were included. After PCI, patients were divided into non-MetS and MetS groups according to the criteria of MetS diagnosis (1). There were 13 patients who died during hospitalization, and in-hospital mortality was similar between the two groups (4 in non-MetS vs. 9 in MetS, P >0.05). After discharge, 412 patients were eligible to enter the follow-up period. We lost contact with 11 (2.6%) patients during the follow-up period. Finally, 401 patients with STEMI were followed up during the 4.9-year period for assessment of long-term clinical outcomes. Baseline characteristics of study participants are presented in Table 1. Although age and gender distribution were similar between the non-MetS and MetS groups, the number of patients in MetS was 1.75-fold more than those in the non-MetS group. It was expected that all variables related to MetS, including percentage of diabetes mellitus and hypertension, and BMI, fasting glucose, total cholesterol (TC), triglycerides (TG), and higher density lipid-cholesterol (HDL-C) were greater in the MetS group (n = 255) than in the non-MetS (n = 146) group (all P < 0.001). White blood cell counting (WBC), hs-CRP, and peak hs-TnT were higher in the MetS group when compared to the non-MetS group (both P < 0.05), indicating more severe systemic inflammation and cardiac injury in the MetS group. Angiographic analysis showed that the MetS group had a higher Gensini score and a prevalence of multivessel disease vs. the non-MetS group (both P < 0.05). While the admission MIF level, N-terminal pro-brain natriuretic peptide precursors (NT-proBNP), Grace score, and symptom onset-to-reperfusion time were comparable between the two groups. There was no statistical difference in medication between the non-MetS and MetS groups except for ACEI or ARB drugs (P < 0.001) (Table 1).
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FIGURE 1
The flowchart of study design with inclusion and exclusion procedures. MACCE, major adverse cardiovascular and cerebrovascular events; PCI, percutaneous coronary intervention; STEMI, ST-elevation myocardial infarction; MS, metabolic syndrome.



TABLE 1    Baseline clinical characteristics of all participants.
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ST-segment elevation MI patients with metabolic syndrome had a higher incidence of major adverse cardiovascular and cerebrovascular events

During the 4.9 (interquartile range 3.9–5.8) years of follow-up, 92 (22.9%) cases of MACCE were recorded, and the MetS group had a greater occurrence of total MACCE than the non-MetS group (27.1% vs. 15.8%, P = 0.010). The category of MACCE is displayed in Table 2. Compared to the non-MetS group, the incidences of all-cause mortality and target lesion revascularization were significantly higher in patients with MetS. The prevalence of other adverse events was comparable between the two groups.


TABLE 2    Category of MACCE occurred during the follow-up period.
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Major adverse cardiovascular and cerebrovascular events and metabolic syndrome associated with higher migration inhibitory factor levels

We further compared admission MIF levels in STEMI patients with or without MACCE, non-MetS STEMI patients with or without MACCE, and MetS STEMI patients with or without MACCE, respectively (Figure 2). The admission MIF level was higher in overall STEMI patients with MACCE vs. non-MACCE patients (165 ± 69 vs. 107 ± 51 ng/ml, P < 0.0001, Figure 2A). In STEMI patients with MetS, those who developed MACCE had significantly greater MIF levels than those without MACCE (180 ± 65 vs. 104 ± 50 ng/ml, P < 0.0001, Figure 2B). However, in non-MetS STEMI patients, MIF levels were slightly elevated in those with developed MACCE vs. MACCE-free patients but did not reach statistical significance (141 ± 71 vs. 111 ± 51 ng/ml, P = 0.061, Figure 2C). As hs-CRP is an inflammatory marker, we also compared its levels in the same way as MIF, and there were no statistical differences between STEMI patients with or without MACCE in overall STEMI patients and STEMI patients with or without MetS (Supplementary Figure 1).
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FIGURE 2
Admission MIF levels between patients with MACCE and non-MACCE. Overall patients with STEMI [(A), non-MACCE, n = 309; MACCE, n = 92], STEMI + MetS [(B), non-MACCE, n = 186; MACCE, n = 69], and STEMI + non-MetS [(C), non-MACCE, n = 123; MACCE, n = 23]. MIF, macrophage migration inhibitory factor.




A higher admission migration inhibitory factor level predicted long-term clinical outcomes and it was superior than other prognostic indicators

The ROC plots using admission MIF values for all patients with STEMI were generated. The area under the ROC curve for MIF predicting MACCE in patients with STEMI was 0.78 (Figure 3A). The optimal cutoff value for MIF based on the maximum of Youden’s index on the ROC curve was 143 ng/ml with 63.0% sensitivity and 83.2% specificity in predicting long-term clinical outcomes. Using the same method, the cutoff values for hs-TnT, NT-proBNP, and Grace score (Figures 3B–D) and inflammatory indicators (hs-CRP, Supplementary Figure 2A) were calculated, respectively, and the AUCs for those indexes were inferior to the admission MIF.
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FIGURE 3
Receiver operating characteristic curves of admission MIF (A) and traditional prognostic indicators, cTnT (B), NT-proBNP (C), and Grace score (D) from all STEMI patients.


Based on the cutoff value of admission MIF (143 ng/ml), STEMI patients with or without MetS were further divided into the high- and low-MIF level groups. As shown in Table 3, in the non-MetS group, patients with the high-MIF level (≥ 143 ng/ml) had a greater incidence of diabetes and MACCE than those with the low-MIF level (< 143 ng/ml, both P < 0.05). In the MetS group, patients with the high-MIF level had a greater peak level of hs-TnT, Gensini score, and higher incidence of MACCE. Other clinical characteristics, including medications, were similar between the two groups.


TABLE 3    Baseline clinical characteristics of STEMI patients with or without MetS grouped by the cut-off value of adm. MIF (143 ng/ml).
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Patients with STEMI discharged from the hospital were separated into two groups using the MIF cutoff value of 143 ng/ml. Cumulative incidences of MACCE using Kaplan-Meier curves are shown in Figure 4. In the STEMI without MetS group, high-MIF level patients had a greater incidence of MACCE (42.4%) than those with low-MIF levels (18.0%, Figure 4A, P = 0.016) at the end of the follow-up period. In the STEMI with MetS group, the prevalence of MACCE was markedly higher in patients with high-MIF levels (76.9%) than those with low-MIF levels (18.7%) at the end of a 4.9-year follow-up period (Figure 4B, P < 0.001). The predictive power of MIF was much stronger compared to the non-MetS group. The cutoff value (0.58 ng/ml) of hs-TnT had predictive value for MACCE in both the non-MetS and MetS groups (Figures 4C,D, P < 0.05). Nevertheless, NT-proBNP with a cutoff value of 102.5 ng/ml predicted MACCE only for the non-MetS group (Figure 4E, P = 0.035) but not for the MetS group (Figure 4F, P = 0.060). The cutoff value (142.5) of the Grace score had strong predict power for the MetS group (Figure 4H, P < 0.001) but not for the non-MetS group (Figure 4G, P = 0.237). We also assessed the power of hs-CRP using the cutoff value (17.5 mg/L); it lost the power to predict MACCE in both the non-MetS and MetS groups (Supplementary Figures 2B,C). These results indicate that a higher admission MIF level was associated with a greater incidence of MACCE, which was superior in the MetS group and better than other traditional indicators.
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FIGURE 4
Prediction of MACCE using different prognostic indicators. Kaplan-Meier curves showing the incidence of MACCEs in the non-MetS and MetS groups during the 4.9-year follow-up period using the cutoff values of admission MIF (A,B), hs-TnT (C,D), NT-proBNP (E,F), and Grace score (G,H).




Elevated admission migration inhibitory factor level is an independent predictor for long-term adverse clinical outcomes

To estimate whether the cutoff value of admission MIF level is an independent factor to predict long-term clinical outcomes, the following statistical methods were applied. First, univariate Cox regression analysis was performed on all participants to screen variables for the next step of multivariate Cox regression analysis, and the results are displayed in Supplementary Table 1. Second, a collinearity diagnostic approach was used to exclude potentially interactive variables with VIF ≥ 5, the VIF of all variables presented in Table 3 was less than 5, and therefore, they were eligible for multivariate Cox regression analysis (data not shown). Third, based on the nature of square-transformed admission MIF and the cutoff value (≥ 143 ng/ml) of admission MIF generated by the ROC curve, multivariate Cox regression analysis was conducted. Table 4 shows the results of multivariate Cox proportional hazard models used for assessing the independent predictive value of MIF for long-term MACCE. In the crude model, two MIF values had the same predictive capacity for MACCE in both the MetS subgroup and the non-MetS group (P < 0.05). However, in Model 1, after adjusting for age, men, history of hypertension and diabetes, and BMI, the predictive power of MIF ≥ 143 ng/ml remained for the MetS group with HR 9.10, 95% CI (5.323–15.568, P < 0.001), whereas it was not observed in the non-MetS subgroup. In Model 2, except for those confounding factors used in Model 1, peak TnT, LDL-C, NT-proBNP, LVEF, and Gensini and Grace scores were also included for the adjustment. The value of MIF ≥ 143 ng/ml still had predictive power for the MetS group [HR 9.56, 95% CI (5.397–16.944), P < 0.001]. Nevertheless, it was not the case in the non-MetS group. These results demonstrate that a higher admission MIF level (≥ 143 ng/ml) is an independent predictive factor for long-term MACCE in STEMI patients with MetS.


TABLE 4    Multivariate cox proportional hazards models for MACCE in both MetS and non-MetS groups.
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Discussion

A number of studies have observed that plasma MIF levels in patients with STEMI were elevated in the early stages after the onset of chest pain (20, 21, 34). Most importantly, the admission MIF level in patients with STEMI was found to be correlated to the size of the myocardial infarction (20), and further, our previous study has shown that admission MIF levels can predict both in-hospital mortality and long-term MACCE (21). These findings demonstrate the potential of admission MIF as a novel biomarker to predict the clinical adverse outcome in the setting of acute MI. MetS is a well-known cardiovascular risk factor, and it has a great negative impact on CVD, especially coronary artery disease (CAD). However, whether admission MIF levels (the earliest available sampling time) also bear a predictive power for the prognosis of patients with STEMI complicated with MetS is unknown.

Our study has made several findings. First, the overall MACCE during the 4.9-year (3.9–5.8) follow-up period was 3-fold higher in STEMI patients with MetS compared to those without MetS. This is in line with the negative impact of MetS on CVD (11, 15, 16, 35). The sharply increasing prevalence of MetS, nowadays, has become a global health challenge affecting all nations and races. A similar trend of change in the prevalence of MetS was reported among US adults from 1988 to 2016 (5, 6, 36) and among Chinese adults from 2000 to 2015 (3, 7, 8). Two early studies investigated the relationship between MetS and coronary heart disease (CHD), MI, and stroke, and reported that in men, the MetS age-adjusted relative risk (RR) was 2.54 (95% CI 1.62–3.98) for CHD (10), and the MetS was significantly related in multivariate analysis of MI/stroke with an OR of 2.05 (95% CI 1.64–2.57) (16). A meta-analysis that involved 951,083 participants found that the MetS is associated with a twofold increase in CVD, CVD mortality, MI, and stroke and a 1.5-fold increase in all-cause mortality (15). In an American study, 69% of MetS were detected in 1,129 hospitalized patients due to acute MI, and the worse clinical outcomes (i.e., mortality and rehospitalization) were 38% in patients with MetS vs. 27% in patients with non-MetS during the 12 month follow-up period (11). In the current small-scale study, diagnostic criteria for MetS were met by 63.6% of patients with STEMI during hospitalization and 27.1% of patients with MetS developed MACCE vs. 15.7% in patients with non-MetS during a long-term follow-up period, which is consistent with the results of the American study. These results further support the consensus that MetS is the major cardiovascular risk and clearly raise the alarm that ischemic heart disease concomitant with MetS is more likely to develop adverse clinical outcomes even after blood flow reconstruction. Our findings extend the predictive power of a high admission MIF level from overall patients with STEMI, as we previously reported (21), into the specific high-risk cohort.

Second, although the overall admission MIF levels were comparable between non-MetS and MetS groups, they were significantly higher in patients complicated with MetS-developed MACCE than in those MACCE-free counterparts. While the MIF levels in patients without MetS who developed MACCE were also elevated, they did not reach statistical significance when compared MACCE-free counterparts. Furthermore, using the cutoff value of MIF generated by the ROC curve to predict the long-term adverse outcomes, we found that patients in the higher MIF level (≥ 143 ng/ml) subgroup had a greater incidence of MACCE in both the non-MetS and MetS groups during the 4.8-year follow-up period. The predictive power was much higher in patients with MetS. These results demonstrate that a higher admission MIF level was associated with a greater incidence of MACCE, which was superior in the MetS subgroup and better than other traditional prognostic indicators such as hs-TnT, NT-proBNP, and Grace score. Although admission MIF could not differentiate non-MetS and MetS in the very early phase of MI, adverse effects emerged during the follow-up period. This may highlight the negative influence of Mets in this clinical setting.

As demonstrated in our previous study, admission MIF levels from the first available blood samples (as early as 3.5 h after symptom onset) were correlated with myocardial infarct size detected by the golden standard method, magnetic resonance imaging (MRI), at day 3 (the acute phase) and at 3 months (the chronic phase) after acute MI (20). This indicates that the early surge of MIF level, which actually reflects the extent of acute myocardial ischemia/necrosis, likely masks its difference as an inflammatory biomarker between the non-MetS and MetS groups. Supportive evidence of a higher hs-TnT level and greater Gensini score in the high MIF level (≥ 143 ng/ml) subgroup of this cohort signifies more severe myocardial damage. Interestingly, a study using integrated backscatter intravascular ultrasound (IB-IVUS) analyzed coronary plaques and found that the percentage of lipid area and volume was significantly increased, while the percentage of fibrous volume was decreased in stable CAD patients with MetS vs. patients with non-MetS (37). This finding established a direct evidence of MetS is associated with lipid-rich plaque, which contributes to the increasing risk of plaque vulnerability. Moreover, MetS was also found to be associated with a worse no-reflow during emergency PCI for STEMI, and, consequently, a worse prognosis (38). The underlying mechanism is more severe damage to microcirculation (39).

Third, multivariate Cox regression analysis identified that a high admission MIF level is an independent predictor of the long-term MACCE in both the non-MetS and MetS subgroups, which was superior in the MetS subgroup in our study cohort. Therefore, a higher admission MIF level can identify this specific subgroup patients with a higher risk in the setting of acute MI, and it is valuable for cardiologists making a better management in advance. As most risk factors for MetS are modifiable, identification of a high-risk cohort of patients that may benefit from more aggressive risk factor modification (11).


Study limitations

This current study had several limitations. First, the relatively small sample size of this single-center prospective study limited the power of our findings, which requires large-scale multicenter studies to reinforce. Second, in our study, only patients with STEMI who received primary PCI were included. The predictive value of admission MIF levels in MetS patients who suffered from acute coronary artery syndrome, especially including STEMI and non-STEMI, and received different interventions such as thrombolysis or CABG should be included in a future study. Third, as MetS is systemic inflammatory state (1), if dynamic changes in inflammatory parameters were included in our study, which may better characterize the relationship of the admission MIF level and the prognosis. Fourth, infarct size, which is known to influence the final outcomes, was not evaluated. However, we included factors such as peak hs-TnT, Gensini score, percentage of multivessel disease, and the Grace score for further analysis, which may help to minimize this weak point in this current study and validate our findings and conclusion.




Conclusion

Our study found that STEMI patients with MetS who developed MACCE had significantly higher admission MIF levels than those in MACCE-free patients. STEMI patients with MetS who had an elevated admission MIF level (i.e., ≥ 143 ng/ml) were more likely to develop an adverse clinical outcome after discharge. A higher admission MIF level can be taken as an independent predictive factor to stratify STEMI patients with MetS for a more precise therapy.
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blood cell; TC, total cholesterol; TG, triglyceride; HDL-C, high density lipoprotein-cholesterol; LDL-C, low density lipoprotein-cholesterol; NT-proBNP, N-terminal precursor brain
natriuretic peptide; LVEF, left ventricular ejection fraction; hs-Ta; high sensitive-troponin T; hs-CRE, hypersensitive C-reactive protein; Grace, Glabal Registry of Acute Coronary Events.
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