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Serum FGF21 Levels Predict the MACE in Patients With Myocardial Infarction After Coronary Artery Bypass Graft Surgery
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Objectives: Prognosis evaluation in myocardial infarction (MI) patients with major adverse clinical events (MACE) who have undergone coronary artery bypass graft (CABG) is greatly important to identify high-risk patients. Elevated metabolic hormone fibroblast growth factor 21 (FGF21) is associated with the risk of MI. The aim of this study is to assess the relationship between FGF21 and the incidence of MACE in patients with MI after CABG surgery.

Methods: Patients with three-vessel disease who were scheduled for first-time isolated CABG were enrolled in this project and underwent to evaluate the incidence of MACE during 48 h after CABG surgery, as well as to collect serum samples for FGF21 levels in both preoperative- and postoperative-CABG (pre-CABG and post-CABG).

Results: A total of 265 patients with MI undergoing CABG were enrolled in this study, 21 patients experienced MACE during the 48 h after CAGB surgery. Serum FGF21 levels of patients with MACE at post-CABG were significantly higher than that in patients without MACE [553.7 (433.6) vs. 291.7 (334.4), p < 0.001]. Furthermore, among 81 individuals of these 265 patients, a lower level of FGF21 in preoperative-CABG (pre-CABG) and a higher level of FGF21 at postoperative-CABG (post-CABG) were observed in MI patients with MACE as compared to those without MACE respectively [ (275.0 (260.4) vs. 410.3 (420.7), p = 0.049; 550.7 (519.9) vs. 370.6 (441.2), p = 0.031]. In addition, serum FGF21 levels of MI patients with MACE at post-CABG were significantly increased compared with the baseline levels in pre-CABG [550.7 (519.9) vs.275.0 (260.4) p < 0.001]. However, these profiles were not observed in patients without MACE [410.3 (420.7) vs. 370.6 (441.2), p=0.2137]. Logistic regression analysis demonstrated that both serum FGF21 and CK-MB levels at post-CABG were independently associated with the incidence of MACE in patients with MI after CABG surgery. Finally, ROC analysis for FGF21 levels of 265 MI patients at post-CABG identified 455.4 pg/ml as an optimal cut-off value to predict MACE, with a sensitivity and specificity of 91.7 and 68.4% respectively.

Conclusion: Serum FGF21 levels at post-CABG are independently associated with the incidence of MACE in patients with MI who have undergone CABG. Measurement of FGF21 may help distinguish patients with MI at a high risk of MACE after CABG surgery.
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INTRODUCTION

Ischemic cardiovascular disease remains the leading cause of global morbidity with acute myocardial infarction (AMI) affecting more than 10 million patients worldwide (1). With advancements and implementation of reperfusion therapies such as percutaneous coronary intervention (PCI) and coronary artery bypass graft (CABG) in patients with AMI, the mortality of these patients has significantly reduced in recent decades (2). Even though PCI is widely used as a revascularization strategy to protect ischemic myocardium and to reduce mortality in patients with AMI (3, 4), more and more clinical data suggested that CABG is an indispensable way to build up revascularization in patients with a failed prior PCI, and/or multivessel disease, particularly in patients with complex CAD and diabetes (5, 6). However, growing evidence from clinical investigation demonstrated that the major adverse clinical events (MACE) including re-infarction, heart failure, stroke, and death, which seriously threatened the life and health of patients, are widely observed in short-term (in-hospital) and/or long-term (out-hospital) after CABG surgery in patients with acute myocardial infarction (7), suggesting that evaluation and predication the incidence of MACE in patients with MI after CABG surgery are greatly clinical value.

Fibroblast growth factor 21 (FGF21) is a metabolic hormone with pleiotropic effects on glucose and lipid metabolism and insulin sensitivity (8, 9). Previous studies indicated that FGF21 plays a key role in mediating the metabolic response to fasting/starvation by enhancing fatty acid oxidation, ketogenesis and inducing growth hormone resistance (10, 11). Furthermore, pharmaceutical or genetic replenishment of FGF21 can significantly counteract obesity and its related metabolic disorders in both rodents and nonhuman primates. Recently, our laboratory results indicated that serum FGF21 levels significantly increase in patients with coronary heart disease and are associated with relevant risk factors including abnormal lipid profiles and glucose metabolism (12). Otherwise, FGF21 presents a protective effect against the development of atherosclerotic plaque in apoE knockout mice by induction of adiponectin and suppression of cholesterol synthesis, respectively (13).

On the other hand, FGF21 improves AMI by enhancement of capillary density in the infarct border zone, and reduction of myocardial apoptosis in the remote zone of myocardium in mice (14), and attenuates diabetes-induced myocardial damage by inhibition of high glucose-induced ROS production and mitigation of inflammatory response (15, 16). However, whether metabolic hormone FGF21 is related to the prognosis and progression of myocardial repairment in patients with MI after CABG surgery remains unclear. In this study, we examined and evaluated the relationship between FGF21 and the MACE of patients with MI after CABG surgery. Our data indicated that serum FGF21 levels at post-CABG are strongly associated with the incidence of MACE in patients with MI after CABG surgery, and measurement of circulating FGF21 levels may be beneficial for evaluating the risk of MACE in these MI patients.



MATERIALS AND METHODS


Subjects and Study Design

All participants of patients with MI were enrolled in the ASBA-CABG study (Registry Number: NCT04107571), which was a prospective clinical trial for identification of potential biomarkers of major adverse clinical events in patients with MI after CABG surgery, which was conducted from January 2019 to January 2020 at the Anzhen Hospital of Capital Medical University (Beijing, China). Patients with three-vessel disease, which was defined as angiographically confirmed stenosis ≥50% in all three main epicardial coronary arteries, with or without the involvement of the left main artery, and scheduled for first-time isolated CABG, were enrolled in this project. Patients with previous heart surgery, left ventricular ejection fraction (LVEF) <30%, chronic kidney disease (CKD), lacking informed consent, or in unstable preoperative condition such as patients receiving continuous infusion of inotropics on the day of surgery, were excluded in the current study. Finally, a total of 265 patients with three-vessel disease were included. No treatment intervention was dictated by the protocol for this study. MACE was defined as the occurrence of one or more of these events including re-infarction, stroke, heart failure, and death during 48 hours after CABG surgery in patients with MI. The diagnostic criterion of hypertension is according to 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/ PCNA Guideline for the Prevention, Detection, Evaluation, and Management of High Blood Pressure in Adults, and the diagnostic criterion of dyslipidemia is according to the 2017 guideline for the management of dyslipidemia and prevention of cardiovascular disease by American Association of Clinical Endocrinologists and American College of Endocrinology. Blood samples were collected before preoperative-CABG and 6 h after CABG surgery. Demographics, medical history, and conventional biochemical parameters for all participants were collected by independent clinical research coordinators. The study was conducted in accordance with the Declaration of Helsinki, and the protocol was approved by the Review Board of the Anzhen Hospital of Capital Medical University. All participants agreed and signed the informed consent.



Biomarker Measurement

Whole blood samples collected from patients with MI in both preoperative-CABG (pre-CABG) and postoperative-CABG (post-CABG) were used to isolate serum samples, and then kept at −80°C for subsequent analysis. Circulating levels of FGF21 were measured by a standard enzyme-linked immunosorbent assay kit (Antibody and Immunoassay Service, HKU, HK). Serum cTnI concentrations were examined by a chemiluminescence assay (Beckman Coulter, Access AccuTnI+3). N-terminal pro-B-type natriuretic peptide (NT-proBNP) levels were measured by the Alere Triage immunoassay using the DxI800 platform (Beckman Coulter Diagnostics, Brea, CA, USA). Biochemic parameters including hypersensitive-c-reactive-protein (hs-CRP), creatinine, and LDH were assayed by routinely laboratory methods, respectively.



Statistical Analysis

Clinical data are described as the number (percentage), or the median (interquartile range) as appropriate. Shapiro-Wilk test was used to assess the normality of data distribution. Differences in continuous variables between two groups were compared using the Mann-Whitney U test, and the χ2 test was used for categorical variables. Univariate and multiple logistic regression analyses were used to determine the relationship between FGF21 and the MACE of patients with MI after CABG surgery. The prognostic value of FGF21 against events was determined with ROC curves. A two-sided p-value < 0.05 was considered statistically significant. All statistical analyses were performed using IBM SPSS software version 24.0 (SPSS Inc., Chicago, IL, USA), GraphPad Prism 7.0 (GraphPad software, San Diego, CA, USA), or Medcalc 20.014 (Medcalc software Ltd, Ostend, Belgium).




RESULTS


Characteristics of Study Subjects

A total of 265 patients with MI undergoing CABG surgery were included in this project and divided into two groups on basis of patients with or without MACE after CABG surgery (Table 1). Twenty-one patients occurred MACE, and the other 244 patients kept a good rehabilitation status to recover after 48 hours of CABG surgery. There were no significant differences in demographics including age, sex distribution and body mass index (BMI), medical history including previous MI, PCI, angina pectoris, atrial fillibration and stroke, comorbidities including hypertension, hyperlipidemia and diabetes mellitus, as well as echocardiography results including LVEF and higher left ventricular end-diastolic diameter (LVEDD) in these MI patients with or without MACE after 48 hours of CABG surgery. In laboratory results, MI patients with MACE in pre-CABG had a higher CK-MB level (P < 0.05), a conventional risk factor of AMI, as compared to those without MACE, but no significant differences in other myocardial infarction-related risk factors including NT-pro-BNP, cTnI, and Myoglobin, as well as relevant biochemical parameters including LDH and creatinine were observed in these subjects with or without MACE (Table 1).


Table 1. Clinical characteristics of 265 patients with MI after CABG surgery.
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Serum FGF21 Levels From Pre-CABG to Post-CABG Presents an Opposite Change Manner in MI Patients With or Without MACE

To explore the relationship between FGF21 and the incidence of MACE in patients with MI after CABG surgery, serum samples collected from 81 MI patients in both pre- and post-CABG were used to determine circulating FGF21 levels, myocardial infarction-related risk factors, and other biochemical parameters. As shown in Table 2, cardiac function indexes determined by echocardiography indicated that no significant differences between LVEF and LVEDD in MI patients with MACE were observed between pre- and post-CABG respectively (p < 0.05). At the same time, these profiles were also observed in these MI patients without MACE after CABG surgery. Similarly, no significant differences of both LVEF and LVEDD values in pre-CABG or at post-CABG were observed in MI patients with or without MACE, respectively.


Table 2. The risk parameters related to myocardial infarction in 81 MI patients with or without MACE who had undergone CABG.
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On the other hand, MI patients without MACE had a higher serum level of MI-related risk factors including cTnI, Myo, and CK-MB mass, as well as biochemical parameters such as hemoglobin, and platelet at post-CABG than that in pre-CABG, respectively (p < 0.05). Similarly, the changed profiles of these parameters between pre- and post-CABG were also observed in MI patients with MACE (Table 2). Overall, these data suggest that these conventional myocardial infarction-related risk factors may be unrelated to the incidence of MACE in patients with MI after CABG surgery.

Different from these conventional risk factors, an interesting result for the change of FGF21 between pre- and post-CABG was observed in patients with MI undergoing CABG surgery. Even though no significant difference of the serum FGF21 levels in 81 patients with MI was observed between pre-CABG ranged from 28.2 to 1327.9 with a median of 380.9 and post-CABG ranged from 125.9 to 3064.3 with a median of 410.0 (p = 0.3793). A lower level of FGF21 in pre-CABG and a higher level of FGF21 at post-CABG were observed in MI patients with MACE as compared to those without MACE, respectively (275.0 (260.4) vs. 410.3 (420.7), p = 0.039; 550.7 (519.9) vs. 370.6 (441.2), p = 0.031, Figures 1A,B). Moreover, serum FGF21 levels of MI patients with MACE were significantly increased at post-CABG compared with the baseline levels in pre-CABG (550.7 (519.9) vs.275.0 (260.4), p = 0.0005, Figure 1C). However, these profiles were not observed in MI patients without MACE (410.3 (420.7) vs. 370.6 (441.2), p = 0.2137, Figure 1D), even though a slight decrease of serum FGF21 levels was found from baseline to post-CABG. Taken together, these data suggested that the changes of serum FGF21 levels from baseline to post-CABG may be related to the incidence of MACE in patients with MI after CABG surgery.


[image: Figure 1]
FIGURE 1. Circulating levels of FGF21 in patients with MI who had undergone CABG. Serum FGF21 levels in pre-CABG (A) or post-CABG (B) in MI patients with or without MACE; Serum FGF21 levels between pre- and post-CABG in MI patients with MACE (C) and without MACE (D).




Serum FGF21 Levels at Post-CABG Are Strongly Associated With the Incidence of MACE in Patients With MI Undergoing CABG

To further confirm the relationship between FGF21 and the MACE of patients with MI after CABG surgery, we further evaluated the relationship between FGF21 and the MACE in all 265 patients with MI after CABG surgery. Interestingly, serum FGF21 levels of MI patients with MACE at post-CABG were significantly higher than that in MI patients without MACE [553.7 (433.6) vs. 291.7 (334.4), p < 0.0012] among these 265 MI individuals. Furthermore, logistic regression analysis also demonstrated that both serum FGF21 and CK-MB levels at post-CABG were significantly associated with the incidence of MACE in these 265 MI patients undergone CAGB after adjusting by age, gender, history of MI, history of drinking, cTnI, smoking, hyperlipidemia, and CK-MB (p < 0.05, respectively), suggesting that both serum FGF21 and CK-MB levels at post-CABG are related to the incidence of MACE in patients with MI after CABG surgery (Table 3).


Table 3. Logistic regression analysis of MACE in 265 patients with MI who had undergone CABG.
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Data from ROC analysis indicated that the absolute value of AUC for serum FGF21 levels at post-CABG [0.739 (95% CI 0.629–0.850)] was larger than that of CK-MB [0.645 (95% CI 0.541–0.748)], which was considered as a biomarker significantly correlating with late adverse events at 6-months and 1-year post-procedure of PCI (17). Furthermore, a combined analysis for both CK-MB and FGF21 produced a bigger AUC value compared with FGF21 or CK-MB alone (Figure 2). In addition, ROC analysis for FGF21 levels of 265 MI patients at post-CABG identified 455.4 pg/ml as an optimal cut-off value to predict MACE, with a sensitivity and specificity of 91.7 and 68.4%, respectively. Taken together, serum FGF21 levels at post-CABG may be a good predictor for the incidence of MACE in patients with MI after CABG surgery, and measurement of serum FGF21 levels may be beneficial for identifying the high and low risk of MACE in patients with MI who have undergone CABG.
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FIGURE 2. Receiver operating characteristic curve analysis of serum FGF21 levels in between pre- and post-CABG for predicting the MACE of 265 patients with MI after 48 h of CABG surgery. Upper panel: ROC curve; down panel: the area under ROC (AUC) curve.





DISCUSSION

Data from animal-based experiments have demonstrated the protective role of FGF21 in the pathogenesis of MI and myocardial repairment (18, 19), while the clinical relevance of these findings in humans remains poorly characterized. The present study focuses on evaluating the relationships between FGF21 and the incidence of MACE in patients with MI after CABG surgery. Our data provide the first evidence that the increase or decrease of circulating FGF21 levels from the baseline to the post-CABG is related to the incidence of MACE after CABG surgery. Furthermore, serum FGF21 levels at post-CABG, but not in pre-CABG, are independently associated with the MACE in patients with MI after CABG surgery. These findings suggest that FGF21 levels may be a good predictor for identifying the patients with MI at the high risk of MACE from those without MACE after CABG surgery.

Even though PCI and CABG are widely used as a revascularization strategy to protect ischemic myocardium and to reduce mortality in patients with acute MI (3), and CABG is considered as an indispensable way to build up revascularization in patients with a failed prior PCI, and/or multivessel disease, particularly in patients with complex CAD and diabetes (20, 21). However, many MACEs happen in-hospital (short-term) or out-hospital (long-term) including re-infarction, heart failure, stroke, and death, and are frequently observed after CABG surgery, which seriously impacts the prognosis process of patients, even threating the life and health of patients (22, 23). Therefore, predicting the incidence of MACE after CABG surgery and distinguishing patients at the high risk of MACE from these patients with a low risk of MACE are of great clinical value. Recently, imaging results including abnormal LVEF and enlarged ventricular dilation are used to clarify these patients who were recognized as established risk factors for dilated cardiomyopathy (24). Furthermore, many MI-related parameters are promising for distinguishing these patients with a high risk of cardiac damage. For example, NT-pro BNP levels are associated with cardiac damage in relevant cardiovascular disease and are used to predict cardiac death (25). In the current study, our data indicated that a similar change profile of LVEF and LVEDD from pre- to post-CABG is observed in MI patients with or without MACE respectively, suggesting that these imaging data cannot be used to distinguish patients with MI at the high risk of MACE from those without MACE after CABG surgery. Furthermore, MI-related factors including cTnI, Myo, and CK-MB, as well as biochemical parameters such as hemoglobin and platelet, which were partly considered as evaluated biomarkers for myocardial infarction (26), also show a similar manner between pre- and post-CABG in MI patients with or without MACE. These data suggest that these conventional parameters cannot use to clarify the incidence of MACE in patients with MI after CABG surgery, even though some of them are good biomarkers for evaluating the risk of myocardial infarction.

Growing evidence from clinical-based studies has demonstrated that the increased incidences of MACE in patients with MI after CABG surgery seriously influence the prognosis and progression of myocardial repairment, even threatening the life and health of patients (2, 7). Therefore, identification of specific biomarkers for prognosis and risk stratification is very important for clinical assessment and decision-making in patients with MI after CABG surgery. FGF21 is a metabolic hormone with pleiotropic effects on glucose and lipid metabolism and insulin sensitivity (8, 27, 28). Except for the regulation of lipid- and glucose-metabolism in rodents and humans, FGF21 is involved in the pathogenesis of relevant cardiovascular diseases including atherosclerosis, hypertension, coronary heart disease, myocardial infarction, and other myocardial damage such as diabetic cardiomyopathy, dilated cardiomyopathy, and so on (13, 15, 16, 29, 30). Our previous studies indicated that FGF21 is significantly increased in both mouse models of atherosclerosis and patients with coronary heart disease (12, 13). Loss of FGF21 accelerates the plaque formation and the development of atherosclerosis in apoE KO mice, and administration with recombinant human FGF21 protein strongly attenuates the development of atherosclerosis in apoE KO mice by suppression of cholesterol synthesis and production of adiponectin (13, 31). Furthermore, FGF21 attenuates acute myocardial infarction by upregulation of adiponectin in mice (14), and a high circulating FGF21 level is considered as a prognostic biomarker in patients with AMI (32, 33). These data suggest that FGF21 presents an important role in the pathogenesis of acute MI. However, whether FGF21 is related to the prognosis and progression of myocardial repairment in patients with MI after CABG surgery remains unclear. In this study, our primary aim is to evaluate the relationship between FGF21 and the incidences of MACE in MI patients with CABG. As shown in Tables 2, 3, MI patients with MACE have lower serum FGF21 levels at pre-CABG, and patients without MACE have higher serum FGF21 levels. Given that FGF21 attenuates acute myocardial infarction in mice (14), it is possible that lower FGF21 levels increase the risk of MACE in patients with MI after CABG surgery, and measurement of FGF21 has a potential clinical value for distinguishing the high risk of MACE in patients with MI who have undergone CABG.

Recently, more and more clinical evidence has demonstrated that FGF21 is a prognosis biomarker for relevant cardiovascular diseases for its paradoxical upregulation expression during the onset stage of disease (33). We have firstly reported that serum FGF21 levels are significantly increased in patients with CHD and independently associated with adverse lipid profiles (12). Furthermore, serum FGF21 levels are significantly correlated with left ventricular systolic dysfunction and the risks of cardiac death (34). Otherwise, high circulating levels of FGF21 are related to the incidence of re-infarction within 30 days after onset (35). Additionally, serum FGF21 levels are elevated in patients with nonalcoholic fatty liver disease with subclinical atherosclerosis, and baseline level of FGF21 is an independent predictor of atherosclerotic cardiovascular disease and represents a novel biomarker for primary prevention in the general population (36). In this study, our data indicated that serum FGF21 levels at post-CABG, but not pre-CABG, are related to the incidence of MACE in patients with MI after CABG surgery. Otherwise, logistic regression analysis also demonstrated that both serum FGF21 levels at post-CABG surgery are significantly associated with the incidence of MACE in MI patients with CAGB after adjusting by age, gender, history of MI, and cTnI. Moreover, data from ROC analysis indicated that an area under ROC curve (AUC) was 0.694 (95% CI 0.573– 0.815) which indicates the discriminative potential of this value of FGF21 between high and low risk patients. Overall, these data suggest that FGF21 may be a novel predictor for identifying MI patients with MACE at relatively high risk after CABG surgery. The identification of FGF21 and its relationship with the incidence of MACE can discriminate more high-risk patients, who may benefit from early intervention.



CONCLUSION

The present study is the first to present the relationship between circulating FGF21 levels and the incidence of MACE in patients with MI after CABG surgery. Serum FGF21 levels at post-CABG may be a specific biomarker to predict the incidence of MACE in patients with MI who have undergone CABG, independent of established conventional risk factors. Serum FGF21 has a strong prognostic value in short-term adverse events of patients with MI after CABG surgery, measurement of FGF21 levels at post-CABG may be beneficial for monitoring the prognosis and progression of myocardial repairment.
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