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Abstract
BACKGROUND
Although bilirubin is known to be an antioxidant, any relationship with coronary heart disease remains controversial. To the best of our knowledge, no previous study has investigated the association between bilirubin and perioperative myocardial infarction (PMI), including its long-term prognosis.

AIM
To investigate the impact of bilirubin levels on PMI in patients undergoing percutaneous coronary intervention (PCI), and long-term prognosis in post-PMI patients.

METHODS
Between January 2014 and September 2018, 10236 patients undergoing elective PCI were enrolled in the present study. Total bilirubin (TB) and cardiac troponin I (cTnI) levels were measured prior to PCI and cTnI at further time-points, 8, 16 and 24 h after PCI. Participants were stratified by pre-PCI TB levels and divided into three groups: < 10.2; 10.2-14.4 and > 14.4 μmol/L. PMI was defined as producing a post-procedural cTnI level of > 5 × upper limit of normal (ULN) with normal baseline cTnI. Major adverse cardiovascular events (MACEs) included cardiac death, MI, stroke and revascularization during a maximum 5-year follow-up.

RESULTS
PMI was detected in 526 (15.3%), 431 (12.7%) and 424 (12.5%) of patients with pre-PCI TB levels of < 10.2, 10.2-14.4 and > 14.4 μmol/L (P = 0.001), respectively. Multivariate logistical analysis indicated that patients with TB 10.2-14.4 and > 14.4 μmol/L had a lower incidence of PMI [TB 10.2-14.4 μmol/L: Odds ratio (OR): 0.854; 95% confidence interval (CI): 0.739-0.987; P = 0.032; TB > 14.4 μmol/L: OR: 0.846; 95%CI: 0.735-0.975; P = 0.021] compared with patients with TB < 10.2 μmol/L. Construction of a Kaplan-Meier curve demonstrated a higher MACE-free survival time for patients with higher TB than for those with lower TB (log-rank P = 0.022). After adjustment for cardiovascular risk factors and angiographic characteristics, multivariate Cox analysis showed that a TB level > 14.4 μmol/L was associated with a reduced risk of MACEs compared with a TB level < 10.2 μmol/L (hazard ratio 0. 667; 95%CI: 0.485-0.918; P = 0.013).

CONCLUSION
Bilirubin was a protective factor in PMI prediction. For post-PMI patients, elevated bilirubin levels were independently associated with a reduced risk of MACEs during long-term follow-up.
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Core Tip: Perioperative myocardial infarction (PMI) is a frequent complication of percutaneous coronary intervention, with an adverse long-term outcome. Previous studies have sought to identify potential targets for PMI avoidance. The current study was designed to explore the effect of bilirubin on PMI and its utility for long-term prognosis. Bilirubin has a protective effect making it a suitable predictor of PMI. Furthermore, elevated levels of bilirubin are associated with a reduced risk of major adverse cardiovascular events during long-term follow-up of post-PMI patients. We present evidence of the suitability of bilirubin as a therapeutic target for PMI prevention and other oxidative diseases.

INTRODUCTION
Perioperative myocardial infarction (PMI) is a frequent complication of percutaneous coronary intervention (PCI)[1,2]. Despite technological advances over the past two decades, the frequency of PMI remains between 5% and 30% with higher rates in patients with complex lesions. PMI may occur via several mechanisms, including side branch occlusion, distal embolization, inflammation and endothelial injury, all of which may contribute to myocardial damage[3]. Many other causative factors affecting PMI risk remain controversial.
Traditionally, the end product of heme catabolism, bilirubin, has been considered a cytotoxic waste product. More recently, an appreciation of its anti-oxidant and anti-inflammatory effects, involving scavenging of ROS to improve vascular and microvascular dysfunction, has emerged[4-6]. Indeed, it is more than 20 years since the antioxidant role of bilirubin in in vivo ischemia-reperfusion was established[7] and, more recently, Bösch et al[8] also found an ameliorating effect on ischemia reperfusion damage in mice[8]. A number of recent clinical studies have reported a protective role of bilirubin in coronary artery disease (CAD)[4-6], although there are also some contradictory reports[9,10]. Indeed, elevated bilirubin has been associated with increased in-hospital mortality in acute coronary syndrome[11] and positively correlated with SYNTAX score[10]. Thus, the relationship between bilirubin and CAD remains controversial. No previous study has investigated its effect on PMI and its utility for long-term prognosis.
The current study was designed to explore the relationship between bilirubin and PMI in patients undergoing PCI and its utility for predicting long-term outcomes. The following article is presented in accordance with the STROBE reporting checklist.

MATERIALS AND METHODS
Study population
The current retrospective study enrolled 10263 patients who had been diagnosed with CAD without pre-PCI elevation of cardiac troponin I (cTnI) between January 2014 and September 2018. All patients had elected to have single-vessel PCI. Patients were excluded for the following reasons: (1) Acute or chronic liver injury, biliary tract disease, hematological disease, vitamin B12 deficiency, heart failure or other factors leading to elevated bilirubin; (2) Acute myocardial infarction (MI) in the previous 4 wk; (3) Elective PCI for chronic total occlusion; and (4) Intraoperative factors leading to elevated cTnI, including side-branch occlusion during the procedure, severely calcified lesions with a rotablator or dissection, to enable evaluation of bilirubin effects with less confounding intraoperative factors. Acute liver injury was screened with an acute elevation of transaminases. Chronic liver injury was screened mainly by chronic elevation of transaminases with the case history, such as viral hepatitis, fatty liver disease, alcoholic hepatitis, autoimmune liver disease, biliopancreatic disease, drug-induced liver injury, liver cancer, liver cirrhosis and so on. Heart failure was defined according to the 2021 European Society of Cardiology Guidelines for the diagnosis and treatment of acute and chronic heart failure[12].
The study was conducted in accordance with the Declaration of Helsinki and was approved by the ethics committee of Sir Run Run Shaw Hospital.

Procedures
Stent implantation was performed by experienced cardiac surgeons using the radial artery approach, according to current clinical practice. Patients were treated with aspirin (100 mg/night) and P2Y12 inhibitor (clopidogrel: 75 mg/d or ticlopidine: 180 mg twice daily) for three days before PCI. In the absence of pre-treatment, patients received 300 mg aspirin plus 300 mg clopidogrel or 180 mg ticlopidine before the operation as a loading dose. CTnI levels were measured by immunoassay pre-PCI and at 8, 16 and 24 h post-PCI. The peak value of cTnI over 24 h was used for analysis [upper limit of normal (ULN): 0.011 ng/mL]. Serum bilirubin level was measured before PCI.

Definitions of outcome
PMI was defined as a post-procedural cTnI > 5 × ULN (revised diagnosis criteria from the third or fourth version of the universal MI definition published in 2012 and 2018[13,14]. End points were defined as major adverse cardiovascular events (MACEs), a composite of cardiac death, MI, stroke and revascularization. PMI is not a composition of MACEs.

Statistical analysis
Statistical analyses were performed by the SPSS 22.0 statistical package (Chicago, Illinois, United States). Continuous variables were reported as mean ± SD or as median with interquartile range. Continuous variables were compared by the t-test (normal distribution) or Kruskal–Wallis test (non-normal distribution). Comparisons of continuous variables among three groups were performed by ANOVA. Categorical variables were expressed as frequencies and compared by chi-square test.
Multivariate logistical analysis was performed to determine independent predictors of PMI after adjustment for significant variables by univariate analysis (P < 0.05). Events rates were calculated using the Kaplan–Meier method. Analysis of factors relative to reported events was performed by multivariate Cox proportional hazards modeling. Hazard ratios (HRs) were presented with 95%CIs. A value of P < 0.05 was considered to show statistical significance.

RESULTS
Patient characteristics 
The design of the present study is shown in Figure 1. Baseline clinical and procedural characteristics of the 10236 participants, grouped by pre-operative serum TB concentrations (< 10.2; 10.2-14.4; > 14.4 μmol/L), are shown in Table 1. Patients with lower TB were more likely to be older, female and to have a prevalence of unstable angina, hypertension, diabetes, and renal failure (estimated glomerular filtration rate: < 60 mL/min/1.73 m2). Patients in the lower TB group were also more likely to be taking angiotensin-converting enzyme inhibitors (ACEI) and angiotensin receptor blocker (ARB), calcium-channel blocker (CCB), receiving more stents and greater balloon pre-dilation.

Predictor of PMI
PMI was detected in 526 (15.3%), 431 (12.7%) and 424 (12.5%) of patients with pre-PCI TB levels of < 10.2, 10.2-14.4 and > 14.4 μmol/L (P = 0.001), respectively (Figure 2). Recorded rates of PMI were lower in patient groups with the two higher TB levels [TB 10.2-14.4 μmol/L: Odds ratio (OR): 0.854; 95% confidence interval (CI): 0.739-0.987; P = 0.032; TB > 14.4 μmol/L: OR: 0.846; 95%CI: 0.735-0.975; P = 0.021; Table 2] compared with the lowest level group after adjustment for age, gender, smoking, hypertension, renal function, left ventricular ejection fraction (LVEF), prior MI, the use of ACEI or ARB, American Heart Association/American College of Cardiology (AHA/ACC) classification, calcification, the use of fractional flow reserve (FFR)/intravascular ultrasound (IVUS)/optical coherence tomography (OCT) and number of implanted stents. 

Clinical outcomes
A total of 1310 post-PMI patients were followed up long-term. The median follow-up period was 3.2 years (interquartile range: 1.8-5.0). During follow-up, 258 (19.7%) cases of MACE were identified, including 53 (4.0%) cardiac deaths, 31 (2.4%) non-fatal MIs, 6 (0.5%) non-fatal strokes and 182 (13.9%) revascularizations. Kaplan-Meier curves were used to demonstrate that the cumulative incidence of MACEs decreased with the higher tertile of TB level (log-rank test; P = 0.022; Figure 3). The data indicated that better outcomes were correlated with higher TB levels.
Cox proportional hazard analysis was performed after adjustment for age, diabetes, unstable angina, low-density lipoprotein cholesterol (LDL-C) and number of stents implanted. The results demonstrated that patients with TB > 14.4 μmol/L had a reduced risk of long-term MACEs with an adjusted HR of 0.667 (95%CI: 0.485-0.918; P = 0.013; Table 3) compared with patients with TB < 10.2 μmol/L. Multivariate Cox models were constructed for further analysis of the relationships between TB levels and MACE component events. Patients with TB > 14.4 μmol/L were at decreased risk of revascularization (HR: 0.633; 95%CI: 0.458-0.875; P = 0.006; Table 4) compared to those with TB < 10.2 μmol/L. Adjusted HRs for different TB tertiles did not differ significantly with regard to cardiac death, non-fatal MI and non-fatal stroke (Table 4).

DISCUSSION
The current study presents data to demonstrate an independent association between higher preoperative TB levels and a lower incidence of PMI in patients receiving PCI. Furthermore, a high TB level is a protective factor producing a better long-term prognosis in post-PMI patients.
Persistent high rates of PMI, which are of particular concern among patients with complex lesions, are thought to be largely due to oxidative stress causing free radical and inflammatory damage to vascular endothelial cells[3,15,16]. There is an adverse impact on long-term morbidity for patients with PMI[17,18] which has stimulated the search for potential targets or risk factors to avoid development of the condition. Patients, lesion and procedure-related factors are all implicated[3]. Consistent with previous studies, current findings also indicate that age, gender, renal impairment, complexity of lesions and the number of stents implanted are all predictors of PMI development. Interestingly, the present study also suggests that use of FFR, OCT or IVUS may increase the likelihood of PMI. All these would not only increase additional procedures, but also prolong the operating time and increase the dose of contrast agent, which may aggravate myocardial damage. 
Antioxidant properties have been attributed to bilirubin[19] and this breakdown product of heme may directly scavenge ROS[20] and inhibit NADPH oxidase[21]. Furthermore, bilirubin has been shown to inhibit peroxidation of lipids and lipoproteins, especially low-density lipoprotein[22-24], indirectly improving microvascular dysfunction. Any resulting improvement in endothelial function will be instrumental in inhibiting the development of atherosclerosis and reducing cardiovascular complications.
Several clinical studies have demonstrated a negative correlation between serum bilirubin concentrations and cardiovascular disease risk. Schwertner et al[4] were the first to report serum bilirubin as an inverse risk factor for CAD and several other studies supported this protective role[4-6,25]. Interestingly, patients with Gilbert's syndrome, a hereditary disorder resulting in mild hyperbilirubinemia, have lower rates of ischemic heart disease than the general population (2% vs 12%)[19]. In contrast to previous studies, the present study focused on PMI, finding a negative association between the incidence of PMI and TB levels. After adjustment for age, gender, body mass index, hypertension, diabetes and LDL-C, plasma TB levels were inversely correlated with C-reactive protein (r = -0.023; P = 0.019) and white blood cell count (r = -0.062; P < 0.001), suggesting an anti-inflammatory effect of elevated bilirubin. Peyton et al[26] demonstrated that bilirubin blocks the proliferation and migration of vascular smooth muscle cells, thus reducing post-PCI stenosis. The present study also found a lower risk of post-PMI revascularization in patients with elevated TB levels. 
However, a number of studies found contradictory results. Kaya et al[10] demonstrated a positive association between high TB levels and the severity of CAD in non-ST-elevation MI. Similarly, Gul et al[27] and Celik et al[28] found an association between high TB level and increased in-hospital adverse outcomes in patients with ST-elevation MI. Contrary findings among these studies may be attributed to differences in study populations. Previous trials included AMI patients while the present study focused on patients with normal pre-PCI cTnI. Heme oxygenase 1 (HO-1), a rate-limiting enzyme in bilirubin breakdown, can be activated by cellular stresses due to MI, resulting in elevated bilirubin levels[29,30]. Xu et al[31] reported a positive correlation between TB levels and C-reactive protein in AMI patients, reflecting inflammatory activation. Thus, upregulated HO-1 activity and bilirubin would seem to be a defense mechanism to protect the myocardium via antioxidant activity. Previous experiments found that exogenous bilirubin decreased infarct size and ameliorated left ventricular function in the post-ischemic rat heart[32,33].
The findings of the present study assist our understanding of bilirubin actions and our search for therapeutic targets for the management of PMI and other oxidative diseases. A number of drugs are known to induce HO-1, including aspirin and statins[34]. Inhibition of bilirubin UDP-glucuronosyl transferase (the key enzyme responsible for bilirubin conjugation) or prevention of bilirubin oxidation may be other routes to elevated bilirubin concentrations[35]. Moreover, synthetic materials or naturally occurring tetrapyrrolic molecules structurally related to bilirubin may act as mimetics[36].

Limitations
We acknowledge several limitations in the present study. Firstly, due to its retrospective nature, data regarding ischemic symptoms and electrocardiographs were difficult to collect. PMI in our study was alternatively defined as an isolated rise in cTnI, which did not fulfill the requirement of the revised diagnosis criteria published in 2012 and 2018[13,14]. In addition, patients with abnormal pre-PCI cTnI levels were excluded since AMI may affect pre-PCI bilirubin. Secondly, PMI is known to be associated with surgical factors, such as branch occlusion and distal embolism. Patients with intraoperative factors, including side-branch occlusion and severely calcified lesions with a rotablator or dissection, were excluded to reduce the influence of surgical complications. However, although adjustment for many known predictors of PMI was made, confounding factors may not have been completely eliminated. For example, plaque characteristics, such as via IVUS/OCT, were only available for a proportion of patients. Thirdly, since HO-1 enzyme activity was not measured, the association between HO-1 level, bilirubin and the risk of PMI could not be assessed. Lastly, our findings show that indirect bilirubin, rather than direct bilirubin, has the predictive value for PMI. Although a previous study has shown that patients with mildly elevated indirect serum bilirubin have a much lower incidence of CAD[37], any difference in mechanism between the two forms remains unconfirmed. Due to potential bias, results regarding the different effects of the two forms on PMI and its long-term outcome are not shown.

CONCLUSION
Bilirubin was an inverse predictor of PMI and has a protective effect. In patients who experienced PMI, elevated levels of bilirubin were independently associated with a reduced risk of MACEs during long-term follow-up.

ARTICLE HIGHLIGHTS
Research background
As a frequent complication of percutaneous coronary intervention (PCI), the rate of perioperative myocardial infarction (PMI) remains high and patients suffering from PMI have poor outcomes.

Research motivation
To identify whether bilirubin could be a potential target for PMI avoidance.

Research objectives
To explore the impact of bilirubin levels on PMI and long-term prognosis in post-PMI patients.

Research methods
Logistic regression and Cox regression analyses were used to explore the association between bilirubin, PMI and its long-term prognosis.

Research results
Higher bilirubin was associated with a reduced rate of PMI and major adverse cardiovascular events.

Research conclusions
Bilirubin was a protective factor in PMI prediction and produced a better long-term prognosis in post-PMI patients.

Research perspectives
The study provides evidence of bilirubin as a therapeutic target in PMI prevention.
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Figure 1 The study design. CKMB: Creatine kinase myocardial-band; cTnI: Cardiac troponin I; PCI: Percutaneous coronary intervention; PTCRA: Percutaneous Transluminal Coronary Rotational Ablation.
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Figure 2 Incidence of perioperative myocardial infarction in various groups categorized by serum total bilirubin. 
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Figure 3 Kaplan-Meier curve analysis on the correlations of serum total bilirubin with major adverse cardiac events. TB: Total bilirubin.


Table 1 Baseline demographic, clinical characteristics and angiographic characteristics of the study population (mean ± SD)
	Variable
	Tertile I < 10.2 μmol/L, n = 3430
	Tertile II 10.2-14.4 μmol/L, n = 3405
	Tertile III > 14.4 μmol/L, n = 3401
	P value (All)
	Tertile I vs Tertile II
	Tertile I vs Tertile III
	Tertile II vs Tertile III

	Age (years)
	66.9 ± 10.4
	66.3 ± 10.3
	65.6 ± 10.0
	< 0.001
	0.020
	< 0.001
	0.006

	Female, n (%)
	1232 (36.0)
	1017 (29.9)
	676 (19.9)
	< 0.001
	< 0.001
	< 0.001
	< 0.001

	BMI (kg/m2)
	24.6 ± 4.9
	24.9 ± 11.2
	24.9 ± 10.1
	0.314
	0.063
	0.091
	0.651

	Current smoking, n (%)
	774 (22.6)
	731 (21.5)
	735 (21.6)
	0.491
	0.401
	0.288
	0.821

	Diabetes, n (%)
	1015 (29.6)
	848 (24.9)
	782 (23.0)
	< 0.001
	< 0.001
	< 0.001
	0.028

	Hypertension, n (%)
	2413 (70.4)
	2327 (68.3)
	2276 (66.9)
	0.008
	0.021
	< 0.001
	0.122

	Hyperlipidemia, n (%)
	532 (15.5)
	557 (16.4)
	522 (15.3)
	0.470
	0.449
	0.726
	0.266

	Prior stroke, n (%)
	353 (10.3)
	300 (8.8)
	253 (7.4)
	< 0.001
	0.037
	< 0.001
	0.110

	eGFR < 60 (mL/min/1.73 m2), n (%)
	488 (14.2)
	345 (10.1)
	269 (7.9)
	< 0.001
	< 0.001
	< 0.001
	< 0.001

	LVEF (%)
	66.8 ± 8.0
	67.2 ± 7.8
	67.0 ± 9.0
	0.096
	0.031
	0.575
	0.008

	Prior MI, n (%)
	395 (11.5)
	360 (10.6)
	399 (11.7)
	0.271
	0.054
	0.861
	0.071

	Prior PCI, n (%)
	876 (25.5)
	800 (23.5)
	806 (23.7)
	0.094
	0.052
	0.056
	0.978

	Unstable angina, n (%)
	1850 (54.0)
	1740 (51.1)
	1708 (50.3)
	0.006
	0.002
	< 0.001
	0.528

	Perioperative medications, n (%)
	
	
	
	
	
	
	

	ACEI/ARB
	1979 (57.7)
	1916 (56.3)
	1825 (53.7)
	0.003
	0.613
	< 0.001
	0.021

	Beta-blocker
	1746 (50.9)
	1746 (51.3)
	1691 (49.7)
	0.407
	0.835
	0.129
	0.082

	Calcium-channel blocker
	1270 (37.0)
	190 (34.9)
	1114 (32.8)
	0.001
	0.004
	< 0.001
	0.034

	LDL-C (mmol/L)
	2.05 ± 0.88
	2.09 ± 0.86
	2.04 ± 0.86
	0.053
	0.117
	0.843
	0.076

	Lesions in vessels, n (%)
	
	
	
	
	
	
	

	Left main
	197 (5.7)
	186 (5.5)
	180 (5.3)
	0.711
	0.613
	0.578
	0.959

	Left anterior descending
	1828 (53.3)
	1848 (54.3)
	1837 (54.0)
	0.702
	0.187
	0.321
	0.926

	Left circumflex
	579 (16.9)
	524 (15.4)
	578 (17.0)
	0.136
	0.068
	0.902
	0.051

	Right coronary artery
	983 (28.7)
	994 (29.2)
	955 (28.1)
	0.597
	0.960
	0.196
	0.184

	AHA/ACC classification B2/C, n (%)
	1228 (35.8)
	1256 (36.8)
	1356 (39.9)
	0.002
	0.487
	< 0.001
	0.006

	Calcification, n (%)
	406 (11.8)
	391 (11.5)
	390 (11.5)
	0.864
	0.204
	0.485
	0.567

	FFR/IVUS/OCT, n (%)
	357 (10.4)
	372 (10.9)
	402 (11.8)
	0.170
	0.496
	0.050
	0.210

	Number of implanted stents, median (IQR)
	1 (1-2)
	1 (1-2)
	1 (1-2)
	< 0.001
	0.005
	0.005
	0.133

	Mean stent size > 2.5 mm, n (%)
	3107 (90.6)
	3077 (90.4)
	3056 (89.9)
	0.606
	0.755
	0.282
	0.464

	Balloon pre-dilation, n (%)
	3031 (88.4)
	2970 (87.2)
	2921 (85.9)
	0.009
	0.039
	0.001
	0.183

	Balloon post-dilation, n (%)
	3175 (92.6)
	3145 (92.4)
	3156 (92.8)
	0.793
	0.999
	0.828
	0.827


Data are presented as n or %. ACEI: Angiotensin-Converting Enzyme Inhibitors; AHA/ACC: American Heart Association/American College of Cardiology; ARB: Angiotensin Receptor Blocker; BMI: Body mass index; eGFR: Estimated glomerular filtration rate; FFR: Fractional flow reserve; IVUS: Intravascular ultrasound; LVEF: Left ventricular ejection fraction; MI: Myocardial infarction; OCT: Optical coherence tomography.


Table 2 Factors affecting perioperative myocardial infarction in univariate and multivariate analysis
	Variable
	Univariate model
	Multivariate model

	
	OR (95%CI)
	P value
	OR (95%CI)
	P value 

	Age > 65 yr
	1.428 (1.268, 1.607)
	< 0.001
	1.272 (1.110, 1.457)
	0.001

	Female
	1.225 (1.084, 1.384)
	0.001
	1.200 (1.034, 1.393)
	0.017

	BMI
	0.983 (0.966, 1.000)
	0.052
	
	

	Current smoking
	0.832 (0.721, 0.959)
	0.011
	0.943 (0.797, 1.117)
	0.499

	Diabetes
	1.134 (0.999, 1.287)
	0.052
	
	

	Hypertension
	1.271 (1.120, 1.443)
	< 0.001
	1.054 (0.901, 1.233)
	0.509

	Prior stroke
	1.181 (0.976, 1.428)
	0.087
	
	

	Prior MI
	1.309 (1.108, 1.547)
	0.002
	1.200 (0.991, 1.454)
	0.062

	eGFR < 60 (mL/min/1.73 m2)
	1.645 (1.400, 1.933)
	< 0.001
	1.369 (1.135, 1.651)
	0.001

	LVEF 
	0.975 (0.968, 0.982)
	< 0.001
	0.980 (0.972, 0.988)
	< 0.001

	Unstable angina
	1.116 (0.996, 1.250)
	0.059
	
	

	Perioperative medications
	
	
	
	

	ACEI/ARB
	1.243 (1.107, 1.395)
	< 0.001
	1.112 (0.965, 1.281)
	0.144

	Beta-blocker
	0.992 (0.886, 1.112)
	0.896
	
	

	Calcium-channel blocker
	1.067 (0.948, 1.201)
	0.280
	
	

	LDL-C > 1.8 mmol/L
	0.930 (0.808, 1.070)
	0.311
	
	

	AHA/ACC classification B2/C
	1.167 (1.040, 1.311)
	0.009
	1.363 (1.192, 1.558)
	< 0.001

	Calcification
	1.767 (1.514, 2.063)
	< 0.001
	1.303 (1.091, 1.556)
	0.004

	FFR/IVUS/OCT
	1.391 (1.178, 1.642)
	< 0.001
	1.275 (1.056, 1.539)
	0.011

	Number of implanted stents
	1.868 (1.741, 2.006)
	< 0.001
	1.882 (1.738, 2.038)
	< 0.001

	Mean stent size > 2.5 mm
	1.117 (0.917, 1.362)
	0.272
	
	

	Balloon pre-dilation
	1.116 (0.937, 1.330)
	0.217
	
	

	Balloon post-dilation
	1.330 (0.926, 1.912)
	0.123
	
	

	Total bilirubin
	
	
	
	

	Tertile I
	1 (ref)
	
	1 (ref)
	

	Tertile II
	0.800 (0.698, 0.918)
	0.001
	0.854 (0.739, 0.987)
	0.032

	Tertile III
	0.786 (0.685, 0.902)
	0.001
	0.846 (0.735, 0.975)
	0.021


ACEI: Angiotensin-Converting Enzyme Inhibitors; AHA/ACC: American Heart Association/American College of Cardiology; ARB: Angiotensin Receptor Blocker; BMI: Body mass index; eGFR: Estimated glomerular filtration rate; FFR: Fractional flow reserve; IVUS: Intravascular ultrasound; LVEF: Left ventricular ejection fraction; MI: Myocardial infarction; OCT: Optical coherence tomography.


Table 3 Cox proportional hazard regression model: incidence of major adverse cardiac events
	Variable
	Univariate model
	Multivariate model

	
	HR (95%CI)
	P value
	HR (95%CI)
	P value

	Age > 65 yr
	1.199 (1.080, 1.332)
	0.001
	1.123 (1.001, 1.260)
	0.048

	Male
	1.213 (0.921, 1.598)
	0.170
	
	

	BMI
	1.005 (0.969, 1.042)
	0.782
	
	

	Current smoking
	0.982 (0.733, 1.316)
	0.905
	
	

	Diabetes
	1.135 (1.098, 1.173)
	< 0.001
	1.119 (1.079, 1.161)
	< 0.001

	Hypertension
	1.122 (0.848, 1.484)
	0.420
	
	

	eGFR < 60 (mL/min/1.73 m2)
	1.291 (0.936, 1.780)
	0.120
	
	

	LVEF 
	0.996 (0.984, 1.008)
	0.540
	
	

	Unstable angina
	1.284 (1.003, 1.644)
	0.048
	1.381 (1.071, 1.781)
	0.013

	LDL-C > 1.8 mmol/L
	1.160 (1.650, 1.264)
	0.001
	1.094 (0.996, 1.201)
	0.060

	Perioperative medications
	
	
	
	

	ACEI/ARB
	1.077 (0.825, 1.405)
	0.586
	
	

	Beta-blocker
	1.044 (0.810, 1.345)
	0.739
	
	

	Calcium-channel blocker
	1.197 (0.872, 1.644)
	0.266
	
	

	AHA/ACC classification B2/C
	0.848 (0.638, 1.128)
	0.258
	
	

	Calcification
	1.197 (0.872, 1.644)
	0.266
	
	

	Number of stents implanted
	1.186 (1.031, 1.365)
	0.017
	1.171 (1.012, 1.354)
	0.034

	Total bilirubin
	
	
	
	

	Tertile I
	1 (ref)
	
	1 (ref)
	

	Tertile II
	0.801 (0.604, 1.063)
	0.125
	0.837 (0.627, 1.119)
	0.229

	Tertile III
	0.640 (0.469, 0.875)
	0.005
	0.667 (0.485, 0.918)
	0.013


ACEI: Angiotensin-Converting Enzyme Inhibitors; AHA/ACC: American Heart Association/American College of Cardiology; ARB: Angiotensin Receptor Blocker; BMI: Body mass index; eGFR: Estimated glomerular filtration rate; FFR: Fractional flow reserve; IVUS: Intravascular ultrasound; LVEF: Left ventricular ejection fraction; MI: Myocardial infarction; OCT: Optical coherence tomography.


Table 4 Association between serum total bilirubin and clinical outcomes
	Events
	Tertile I
	Tertile II
	Tertile III

	Composite MACE1
	
	
	

	Number events/participants
	118 (23.2)
	81 (19.6)
	59 (15.3)

	Adjust HR and 95%CI
	1.0 (ref)
	0.837 (0.627, 1.119)
	0.667 (0.485, 0.918)a

	Cardiac death
	
	
	

	Number events/participants
	27 (5.3)
	13 (3.1)
	13 (3.4)

	Adjust HR and 95%CI
	1.0 (ref)
	0.546 (0.28, 1.065)
	0.588 (0.295, 1.171)

	Non-fatal myocardial infarction
	
	
	

	Number events/participants
	13 (2.6)
	11 (2.7)
	7 (1.8)

	Adjust HR and 95%CI
	1.0 (ref)
	1.113 (0.487, 2.547)
	0.736 (0.286, 1.898)

	Non-fatal stroke
	
	
	

	Number events/participants
	2 (0.4)
	2(0.5)
	2 (0.5)

	Adjust HR and 95%CI
	1.0 (ref)
	1.534 (0.213, 11.067)
	1.888 (0.251, 14.211)

	Revascularization2
	
	
	

	Number events/participants
	84 (16.5)
	59 (14.3)
	39 (10.1)

	Adjust HR and 95%CI
	1.0 (ref)
	0.814 (0.608, 1.089)
	0.633 (0.458, 0.875)a


1Major cardiovascular adverse event was defined as a composite of cardiac death, myocardial infarction, stroke and revascularization.
2Adjusted model included age, diabetes, unstable angina, LDL-C and numbers of stents implanted. 
aP < 0.05.
CI: Confidence intervals; HR: Hazard ratio; MACE: Major cardiovascular adverse events.
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