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Abstract: Background: Bilirubin is a potent antioxidant and previous studies have reported the relationship between 
low serum bilirubin concentration and atherosclerosis. Objective: To evaluate the prognostic value of serum total 
bilirubin (STB) in patients with angina pectoris undergoing percutaneous coronary intervention (PCI). Methods: In 
total of 1419 patients (931 men, mean age 60.9±10.5 years) with angina pectoris who had undergone successfully 
percutaneous coronary intervention (PCI) were included in this study. Patients were divided into 2 groups according 
to the median baseline STB (0.49 mg/dL in this cohort), which was measured before the PCI. Patients with a STB 
≥0.49 mg/dL were classified into the high STB group and those with a STB <0.49 mg/dL were classified into the low 
STB group. Results: The incidence of in-hospital mortality and myocardial infraction was similar in the two groups. 
After a mean follow-up of 29.0±7.6 months, the incidence of death/myocardial infarction/stroke was significantly 
higher in low STB group compared with high STB group. Multivariate Cox regression analysis showed that low STB 
was an independent predictor of death/myocardial infarction/stroke (hazard ratio (HR) = 1.59, 95% confidence 
interval (CI) = 1.04-2.41, P = 0.031). The cumulative survival rate free from death/myocardial infarction/stroke was 
lower in low STB group than in high STB group (P = 0.002). Conclusion: Low STB levels before PCI is an independent 
predictor of long-term adverse clinical outcomes in patients with angina pectoris. 
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Introduction

Cardiovascular disease is the most common 
cause of mortality in industrialized countries 
and accounts for up to one-third of all deaths 
worldwide [1]. Although the pathogenesis of 
atherosclerosis has not been thoroughly inves-
tigated, oxidative stress and DNA damage 
induced by oxidized low-density lipoprotein 
(LDL) cholesterol and by diet induced hypercho-
lesterolemia contribute to the progression of 
atherosclerosis [2]. Bilirubin, an endogenous 
product of hemoglobin catabolism, has antioxi-
dant and anti-inflammatory properties that 
attenuate endothelial activation and dysfunc-
tion in response to pro-inflammatory stress [3]. 
It has been shown to prevent oxidation of low-
density lipoproteins and to inhibit vascular cell 

adhesion molecule-1 (sVCAM-1)-dependent 
migration of leukocytes into the endothelium 
[4]. Many studies have shown that bilirubin may 
protect against atherosclerosis in this way [5-7]. 
In addition, Gilbert’s syndrome is caused by a 
mutation that increases the level of bilirubin. 
The mutation carriers show a strong associa-
tion with a lower risk of cardiovascular disease 
[8]. Recent studies have shown that serum total 
bilirubin (STB) levels are independently associ-
ated with short-term outcomes but not long-
term outcome in patients with ST elevation 
myocardial infarction (STEMI) [9, 10]. The asso-
ciation between STB and angina pectoris 
remains unclear. The aim of this study was to 
evaluate the prognostic value of STB in patients 
with angina Pectoris undergoing percutaneous 
coronary intervention (PCI).
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Material and methods

Subjects

This study recruited consecutive patients with 
angina pectoris who had undergone successful 
PCI from July 2009 to August 2011 at a single 
large-volume PCI center. Qualitative and quan-
titative coronary angiographic analyses were 
carried out according to standard methods. PCI 
was performed using standard techniques. All 
patients were given loading doses of aspirin 
(300 mg) and clopidogrel (300 mg) before the 
coronary intervention, unless they had already 
received these antiplatelet medications. The 
treatment strategy, stenting techniques, selec-
tion of stent type, as well as use of glycoprotein 
IIb/IIIa receptor inhibitors were all left to the 
operator’s discretion. Daily aspirin (100 mg) 
and clopidogrel (75 mg) were prescribed for at 
least the first 12 months after the procedure. 
Patients presented with acute myocardial 
infarction (AMI), with known heart failure, auto-
immune disease, neoplastic disease, chronic 
kidney disease, chronic hepatic disease, chron-
ic or current infections, and any systemic dis-
ease that could cause elevated bilirubin con-
centrations were excluded from analysis. The 
study was approved by the First Affiliated 
Hospital of Zhengzhou University Research 
Ethics Committee. The data were anonymized 
and therefore no additional informed consent 
was required.

Definitions 

Cardiovascular risk factors were assessed at 
the time of hospital admission. Patients who 
≥65 years old were defined as being elderly. A 
history of smoking was assumed if the patient 
had smoked within the last 10 years. Patients 
were classed as having diabetes mellitus if 
their fasting plasma glucose concentration was 
>6.1 mmol/L, their hemoglobin A1c (HbA1c) 
was >6.5%, or if they were currently being treat-
ed with insulin or oral hypoglycemic agents. 
Patients were defined as having hypertension if 
their systolic blood pressure was ≥140 mmHg, 
their diastolic blood pressure was ≥90 mmHg, 
or if antihypertensive drugs were prescribed. 
Dyslipidemia was defined as total cholesterol 
or triglyceride levels were >200 mg/dL, low-
density lipoprotein cholesterol >140 mg/dL, or 
lipid-lowering drugs were prescribed. Anemia 
was defined as a hemoglobin level <12.0 g/dL 
in women and <13.0 g/dL in men, based on the 
World Health Organization definition [11]. 

Glomerular filtration rate was estimated by the 
Cockcroft-Gault formula [12]. Target vessel 
revascularization (TVR) was defined as a repeat 
procedure, either PCI or coronary artery bypass 
grafting (CABG) in the target vessel. 

Measurement of laboratory data

In the morning, after an overnight fasting for at 
least 12 hour, venous blood was collected for 
the measurement of total serum bilirubin con-
centrations, gamma-glutamyl transpeptidase 
(γ-GTP), aspartate aminotransferase (AST), ala-
nine aminotransferase (ALT), hemoglobin, 
serum creatinine, total cholesterol, high-densi-
ty lipoprotein-cholesterol (HDL-C), low-density 
lipoprotein-cholesterol (LDL-C), triglyceride and 
fasting plasma glucose. Serum total bilirubin 
levels were measured by the bilirubin oxidase 
method. 

Classification of STB

To evaluate associations between STB and clin-
ical outcome, patients were divided into 2 
groups according to the median baseline STB 
(0.49 mg/dL in this cohort). Patients with a STB 
≥0.49 mg/dL were classified into the high STB 
group and those with a STB <0.49 mg/dL were 
classified into the low STB group. 

Determination of clinical outcomes and data 

Prospective data were entered into a database 
that contained demographic, clinical, angio-
graphic, and procedural information. Primary 
endpoints included all-cause death, occur-
rence of myocardial infarction (MI), and in-stent 
restenosis. The composite endpoint was 
defined as major adverse cardiovascular event 
(MACE), namely death/MI/stroke. Clinical fol-
low-up was carried out through patient visits, 
telephone interview, and medical record review. 
Data were entered by independent research 
personnel and clinical events were adjudicated 
by physicians who were not involved in the pro-
cedures themselves. All deaths were consid-
ered to be cardiac unless an unequivocal non-
cardiac cause could be established. Cardiac 
deaths included all events related to a cardiac 
diagnosis, any complication of a procedure and 
treatment thereof, or any unexplained cause. 
Unexpected death, even in patients with a 
coexisting and potentially fatal noncardiac dis-
ease (e.g., cancer or infection), was classified 
as cardiac unless their history relating to the 
noncardiac diagnosis suggested death was 
imminent. 
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Statistics analysis 

Categorical variables were expressed as per-
centages. Continuous variables were expressed 
as mean ± standard deviation (SD). Normally 

were more male patients in the high STB group 
than in the low STB group. There were no signifi-
cant differences between the two groups with 
respect to age, body mass index, clinical pre-
sentation, medications at discharge, and the 

Table 1. Baseline characteristics of study population and medi-
cation

Low STB  
N = 698

High STB  
N = 721 P

Age (years) 60.32±10.9 61.45±10.2 0.126
Elderly (n, %) 263 (37.7) 297 (41.2) 0.18
Male gender (n, %) 420 (60.2.5) 511 (70.9) <0.001
Body mass index (kg/m2) 24.04±4.0 24.11±3.92 0.74
Prior PCI (n, %) 47 (6.7) 60 (8.3) 0.26
Prior CABG (n, %) 6 (0.9) 8 (1.1) 0.63
Prior myocardial infarction (n, %) 75 (10.7) 97 (13.5) 0.103
Peripheral vessel disease (n, %) 1 (0.1) 4 (0.6) 0.19
Prior stroke (n, %) 36 (5.2) 26 (3.6) 0.15
Anemia (n/%) 191 (28.2) 139 (19.5) <0.001
Systolic blood pressure (mmHg) 122.6±19.8 126.6±17.5 <0.001
Diastolic blood pressure (mmHg) 75.3±11.7 77.8±11.7 <0.001
Risk factors (n, %)
    Arterial hypertension 381 (54.7) 375 (52) 0.32
    Dyslipidemia 322 (46.2) 373 (51.8) 0.035
    Diabetes mellitus 142 (20.4) 153 (21.3) 0.68
    GFR (ml·min-1·1.73 m-2) 74.5±14.1 74.7±14.3 0.79
    Current smoker 217 (31.1) 232 (32.2) 0.67
Clinical presentation (n, %)
    Stable angina 108 (15.5) 115 (16) 0.81
    Unstable angina 588 (84.2) 602 (83.5) 0.70
    Total cholesterol (mmol/L) 4.37±1.15 4.24±1.06 0.027
    Triglyceride (mmol/L) 2.06±1.15 1.88±1.19 0.004
    LDL-C (mmol/L) 2.75±1.05 2.68±0.91 0.18
    HDL-C (mmol/L) 1.09±0.32 1.08±0.34 0.57
    Glycemia (mmol/L) 5.83±2.15 5.71±1.95 0.27
    Haemoglobin (g/L) 131.4±17.6 136.9±15.9 <0.001
    AST (IU/L) 18.4±5.1 18.35±5.4 0.86
    ALT (IU/L) 19.8±6.2 19.7±6.5 0.77
    GGT (IU/L) 22.6±9.4 23.1±11.2 0.36
Medications at discharge (n, %)
    Aspirin 688 (98.6) 712 (98.9) 0.59
    Clopidogrel 661 (94.7) 689 (95.6) 0.54
    ACEI/ARB 371 (53.2) 379 (52.6) 0.85
    Beta-blocker 494 (70.8) 506 (70.2) 0.81
    Statins 651 (93.3) 673 (93.3) 0.95
PCI: percutaneous coronary intervention; CABG: coronary artery bypass graft; 
LDL-C: Low density lipoprotein cholesterol; HDL-C: High density lipoprotein cho-
lesterol; AST: aspartate aminotransferase; ALT: alanine aminotransferase; GGT: 
gamma-glutamyl transferase; ACEI: Angiotensin-converting enzyme inhibitor; 
ARB: angiotensin receptor blocker.

distributed continuous variables 
were analyzed using the Student’s 
t test and/or Mann-Whitney U 
test. Variables whose distribution 
could not be assumed to be nor-
mal were analyzed using the non-
parametric Wilcoxon Rank-Sum 
tests. The Chi-square or Fisher’s 
Exact test were used for categori-
cal variables. Cumulative survival 
curves were constructed using 
the Kaplan-Meier method and 
comparisons made using log-
rank tests. Cox regression analy-
sis was performed to identify 
independent predictors of death 
and MACE. All baseline, demo-
graphic, clinical, and angiograph-
ic variables were entered into the 
model. Results were reported as 
hazard ratios (HRs) and 95% 
confidence intervals (CIs). All sta-
tistical tests were 2-tailed, and p 
values were statistically signifi- 
cant at <0.05. All data were ana-
lyzed with SPSS 17.0 (SPSS Inc., 
Chicago, Illinois, USA). 

Results

Baseline clinical characteristics

Between July 2009 and August 
2011, there were 1545 patients 
who fulfilled all the inclusion and 
exclusion criteria were registered. 
Data were collected from 1419 
patients (91.8%) over a follow-up 
period of 29.0±7.6 months. Table 
1 presents the baseline clinical 
characteristics of patients. The 
mean age was 60.9±10.5 years 
and 66.3% of the patients were 
men. The level of STB ranged 
from 0.06 to 3.54 mg/dL (mean, 
0.55±0.31 mg/dL). 

The high STB group included 721 
patients (mean age (61.45±10.2) 
years and 70.9 % males). There 
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history of hypertension and diabetes mellitus. 
The percentage of prior revascularization, 
peripheral vessel disease, and current smoker 
was similar in the two groups. Aspartate amino-
transferase and alanine aminotransferase, 
which reflect liver function, were not different 
between the groups. However, the total blood 
cholesterol and triglyceride levels in the high 
STB group were lower than in the low STB 
(P<0.05). The systolic blood pressure and dia-
stolic blood pressure in the high STB group 
were higher than in the low STB group 
(P<0.001). The prevalence of anemia was lower 
in the high STB group than in the low STB group 
(P<0.001). Furthermore, the level of haemoglo-
bin was lower in low STB group than in the high 
STB group (P<0.001). Other factors that were 
independently associated with baseline STB 
level are shown in Table 1.

Angiographic and procedural characteristics

Over 97% of PCI were performed through radial 
access. The percentage of patients with left 
ventricular ejection fraction (LVEF) ≤40% was 
similar in the two groups. There were no signifi-
cant differences between the two groups with 
regard to the location and characteristics of 
target lesion, number of diseased vessels, 

treated vessels, stents, and the length of stents 
implanted per patient (Table 2). 

Clinical outcomes 

The incidence of in-hospital death and myocar-
dial infarction was similar in the two groups. 
(0.4% vs 0.1% and 0.3% vs. 0.4%, respectively). 
During the mean follow-up of 29 months, the 
incidence of MACE was significantly higher in 
the low STB group compared with high STB 
group (10.6% vs. 6.8%, P = 0.011). The inci-
dence of all cause death, cardiac death, nonfa-
tal myocardial infarction, nonfatal stroke, any 
revascularization (PCI/CABG), TVR and in-stent 
restenosis were slightly higher in the low STB 
group than in the high STB group, but there 
were no statistical differences (Table 3). 
Kaplan-Meier analyses revealed a significant 
difference between two groups in MACE (P = 
0.002) (Figure 1), but not in all-cause death (P 
= 0.112) (Figure 2). 

Univariate and multivariate analysis results

Results of univariate analyses for all-cause 
death and MACE are shown in Table 4. After 
adjusting for age, gender, diabetes mellitus, 

Table 2. Baseline angiographic and procedural characteristics
Low STB  
N = 698

High STB  
N = 721 P

Radial artery access (n, %) 678 (97.1) 706 (97.9) 0.34
Number of diseased (n, %)
    1-vessel disease 268 (38.4) 272 (37.7) 0.80
    2-vessel disease 256 (36.7) 282 (39.1) 0.34
    3-vessel disease 170 (24.4) 157 (21.8) 0.25
LVEF ≤40% (n/N, %) 6/458 (1.3) 6/468 (1.3) 0.97
Complex lesions* (n, %) 741 (59)  758 (58.8) 0.903
Chronic total occlusions (n, %) 64 (9.2) 62 (8.6) 0.71
Ostial lesions (n, %) 62 (8.9) 77 (10.7) 0.25
Number of treat vessels 1.53±0.68 1.47±0.63 0.207
Location of target lesion (n, %)
    Left main coronary 20 (2.9) 14 (1.9) 0.255
    Left anterior descending artery 477 (68.3) 503 (69.8) 0.561
    Left circumflex artery 283 (40.5) 259 (35.9) 0.073
    Rright coronary artery 289 (41.4) 284 (39.4) 0.439
Number of stents per patient 2.18±1.34 2.06±1.16 0.409
Length of stents implanted (sum of length per patient) 51.1±35.34 46.98±29.52 0.193
Diameter of stents implanted 3.06±0.44 3.08±0.43 0.257
LVEF: Left ventricular ejection fraction; *Complex lesions was defined as lesion type B2 and C, according the American Heart 
Association/American College of Cardiology.
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peripheral vascular disease, history of revascu-
larization, multivessel disease, LVEF, chronic 
total occlusion, left main coronary lesion, num-
ber of stents per patient, smoking status, 

the accumulation of lipid-rich foam cells in vas-
cular intima. Inflammatory cells further potenti-
ate the formation of oxygen and peroxyl radi-
cals. Those radicals play an important role in 

Table 3. Clinical events from PCI until discharge and end of follow 
up

Low STB 
N = 698

High STB 
N = 721 P

In-hospital events
    Death 3 (0.4) 1 (0.1) 0.367
    Any myocardial infarction 2 (0.3) 3 (0.4) 1.0
Follow-up (cumulated events)
    All cause death 32 (4.6) 22 (3.1) 0.131
    Cardiac death 22 (3.2) 14 (1.9) 0.147
Nonfatal myocardial infarction 14 (2.0) 10 (1.4) 0.366
    Nonfatal stroke 21 (3.0) 14 (1.9) 0.195
    MACCE (dearh/myocardial infarction/stroke) 74 (10.6) 49 (6.8) 0.011
    Any revascularization (PCI/CABG) 44 (6.3) 29 (4.0) 0.052
    TVR 22 (3.2) 17 (2.4) 0.36
    In-stent restenosis 24 (4.2) 25 (2.8) 0.154
PCI: percutaneous coronary intervention; CABG: coronary artery bypass graft; MACE: 
major cardiovascular adverse events; TVR: target vessel revascularization.

Figure 1. Kaplan-Meier estimates of survival for MACE. STB, serum total bili-
rubin.

length of stents implanted 
(sum of length per patient), 
and triglycerides, low STB was 
significantly associated with 
an increased incidence of 
MACE (hazard ratio [HR] 1.59, 
95% confidence interval [CI] 
1.04 to 2.41, P = 0.031), but 
not with all-cause death. 
Other independent predictors 
of long term MACE were left 
main coronary lesion (HR 
3.03, 95% CI 1.32 to 6.95, P 
= 0.009), multivessel disease 
(HR 1.27, 95% CI 1.12 to 
4.23, P = 0.021), and chronic 
total occlusion (HR 2.11, 95% 
CI 1.8 to 5.21, P = 0.033) 
(Table 5). 

Discussion

In this study, we aimed to 
evaluate the prognostic value 
of STB in patients with angina 
pectoris who had undergone 
PCI. Our findings demonstrat-
ed that low STB levels before 
PCI serve as an independent 
predictor of long term MACE. 
However, no association was 
found with in hospital mortal-
ity and myocardial infarction. 
To our knowledge, our study is 
the first to demonstrate that 
low STB levels before PCI are 
an independent predictor of 
long term MACE in patients 
with angina pectoris.

The development of athero-
sclerosis in vasculature in- 
cludes some oxidative reac-
tions such as the formation of 
oxygen and peroxyl radicals, 
and especially oxidation of 
low-density lipoprotein cho-
lesterol (LDL) [13, 14]. The 
uptake of oxidized LDL by inti-
mal macrophages leads to 



Prognostic value of total bilirubin

15935 Int J Clin Exp Med 2015;8(9):15930-15939

the inflammatory atherosclerotic process, 
especially due to disruption of the function of 
various cells including endothelial cells [15]. 
Therefore, antioxidants may play a protective 
role from atherosclerotic vascular involvement 
preventing oxidative modification of LDL [16, 
17].

Bilirubin is the final metabolite of heme catabo-
lism, and has been found to be an effective 
antioxidant [18], it has been found to be a 
marker of cardiovascular risk. Schwertner et al. 
[19] found that serum bilirubin is an inverse 
and independent risk factor for CAD. A meta-
analysis also showed a similar result [7]. Ghem 
et al. [20] have shown that reduced serum bili-
rubin levels were shown to be associated with a 
higher prevalence of CAD. In addition, Gilbert’s 
syndrome is caused by a mutation that increas-
es the level of bilirubin. The mutation carriers 
show a strong association with a lower risk of 
cardiovascular disease [8]. One exception to 
these previous findings may be the PRIME 
study, which has described the relationship of 
serum bilirubin levels and cardiovascular risk 
as a U-shaped curve, implying that bilirubin 
exerts a protective effect, yet excessive con-
centrations may have a detrimental effect [21]. 

lipoprotein core. Heme oxygenase (HO) is an 
important enzyme of bilirubin production. 
Increased activity of this enzyme may account 
for the anti-atherogenic through increased 
elimination of heme and reducing tissue iron 
[24]. Increased tissue iron because of 
decreased HO activity can trigger inflammation. 
This may explain the association of low serum 
bilirubin levels in the atherosclerotic process. 
In addition, another study has reported a ben-
eficial effect on the endothelial function of bili-
rubin [25].

Heme oxygenase (HO) is a rate-limiting enzyme 
in the degradation of heme into biliverdin, 
which is rapidly converted to bilirubin. HO has 
commonly two kinds of isoenzyme:  HO-1 and 
HO-2. Its inducible isoform, HO-1, is induced by 
stress but is not expressed under normal con-
ditions. HO-2 is constitutively expressed, which 
has low activity (<10% of that of HO-1) [26]. In 
previous in vitro studies, it was demonstrated 
that HO-1 protein and activity were upregulated 
in the myocardium in response to MI [27]. 
Okuhara et al. [28] reported that serum biliru-
bin levels were elevated in patients with acute 
MI but not in non-acute MI. In addition, the 
serum HO-1 protein level was elevated, and the 

Figure 2. Kaplan-Meier estimates of survival for all-cause mortality. STB, se-
rum total bilirubin.

But the PRIME study included 
both patients with and with-
out elevated liver enzyme. In 
another study [22], partici-
pants with bilirubin in the 
highest fifth, with a concen-
tration greater than or equal 
to 17 mmol/L, had liver 
enzymes measured. Partici- 
pants with high bilirubin and 
elevated alanine transami-
nase and aspartate amino 
transferase had an even 
greater risk of CHD than those 
with high bilirubin only, sug-
gesting an interaction be- 
tween bilirubin, elevated liver 
enzymes and CHD risk.

The status of bilirubin as a 
protective agent against ath-
erosclerosis can be attributed 
to different mechanisms. 
Neuzil et al. [23] found that 
bilirubin inhibits oxidation of 
LDL lipids initiated within the 
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correlation was positive between HO-1 and bili-
rubin. In another study, Gul et al. [10] found that 
bilirubin levels were high in patients with acute 
STEMI, and high STB is independently associ-
ated with in-hospital adverse outcomes in 

patients who underwent primary PCI. However, 
no association was found with long-term mor-
tality. In patients with AMI, elevated bilirubin 
levels might reflect the production of humoral 
mediators. In acute STEMI, infarction-related 
inflammatory cytokines, neurohumoral media-
tors, and HO-1 enzyme are activated. The 
degree of HO-1 enzyme activation was associ-
ated with the intensity of the inflammatory 
response to myocardial damage. This might be 
the reason of high in-hospital mortality rate in 
patients with high STB.

The present study only included patients with 
angina pectoris. The STB level, in theory, should 
not be affected by the activation of HO-1, and 
patients with liver dysfunction were excluded 
from the study. So STB should reflect the “base-
line” STB level in these patients. It is known 
that serum bilirubin levels are modified by 
genetic factors. Serum bilirubin concentrations 
are affected by a major locus at the chromo-

Table 4. Univariate analysis for All-cause death and MACE
All-cause death MACE

HR 95% CI P HR 95% CI P
Low STB 1.89 0.85-4.22 0.116 1.75 1.22-2.51 0.003
Elderly 2.46 1.11-5.41 0.026 1.05 0.73-1.50 0.809
Gender (male) 0.61 0.28-1.31 0.203 1.51 1.01-2.26 0.045
Hypertension 1.67 0.74-3.75 0.214 1.13 0.79-1.61 0.52
Diabetes mellitus 2.39 1.08-5.27 0.031 1.24 0.82-1.87 0.30
Dyslipidemia 1.09 0.51-2.38 0.812 1.13 0.79-1.61 0.51
GFR (ml·min–1·1.73 m–2) 0.94 0.87-1.86 0.732 0.96 0.83-2.11 0.87
Total cholesterol 0.91 0.62-1.33 0.626 1.09 0.94-1.28 0.24
HDL-C 0.61 0.16-2.37 0.478 0.91 0.52-1.59 0.73
LDL-C 0.99 0.66-1.50 0.99 1.12 0.94-1.32 0.21
Triglyceride 0.82 0.54-1.27 0.82 1.11 1.02-1.21 0.02
Peripheral vascular disease 9.46 1.27-70.38 0.028 1.98 0.28-14.2 0.29
Prior myocardial infarction 1.28 0.44-3.72 0.648 0.92 0.53-1.59 0.76
Cerebral vascular disease 1.26 0.82-3.38 0.62 0.89 0.37-2.19 0.81
History of revascularization 1.18 0.76-4.82 0.32 1.83 1.07-3.14 0.028
Anemia 1.78 0.79-3.99 0.163 0.98 0.64-1.49 0.91
Multivessel disease 3.29 1.52-7.09 0.002 1.56 1.07-2.28 0.22
LVEF ≤40 2.12 1.45-4.82 0.008 0.89 0.45-1.79 0.75
Chronic total occlusions 3.29 1.32-8.21 0.011 2.04 1.25-3.32 0.004
Left main coronary lesion 3.64 0.86-15.4 0.079 2.84 1.32-6.09 0.007
Number of treated vessels 1.64 0.97-2.77 0.063 1.24 0.96-1.59 0.104
Number of stents per patient 1.35 1.05-1.74 0.027 1.17 1.03-1.33 0.013
Length of stents implanted (sum of length per patient) 1.01 1.00-1.02 0.01 1.01 1.00-1.01 0.015
STB: serum total bilirubin; LDL-C: Low density lipoprotein cholesterol; HDL-C: High density lipoprotein cholesterol; LVEF: left 
ventricle ejection fraction.

Table 5. Multivariate analysis for All-cause mortal-
ity and MACE

HR 95% CI P
All-cause death
    Chronic total occlusion 4.57 1.77-11.81 0.002
    Elderly 3.39 1.31-8.82 0.012
    Diabetes mellitus 2.87 1.21-6.79 0.017
MACCE
    Low STB 1.59 1.04-2.41 0.031
    Left main coronary lesion 3.03 1.32-6.95 0.009
    Multivessel disease 1.27 1.12-4.23 0.021
    Chronic total occlusion 2.11 1.8-5.21 0.033
MACE: major cardiovascular adverse events; STB: serum total 
bilirubin.
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some 2q telomere. A gene in this locus encodes 
hepatic bilirubin uridine diphosphate-glucuro-
nosyltransferase (UGT1A1). An allele of this 
gene, designated UGT1A1*28, decreases tran-
scription of the gene. Individuals homozygous 
for UGT1A1*28 have higher serum bilirubin 
concentrations. In an analysis of 1,780 unre-
lated individuals from the Framingham 
Offspring cohort who had been followed up for 
24 years, homozygote UGT1A1*28 allele carri-
ers with higher serum bilirubin concentrations 
had significantly lower risk of cardiovascular 
disease [29].

In our study, we showed that low STB was an 
independent predictor of long term MACE in 
patients with angina pectoris after PCI, but was 
not associated with in hospital mortality and 
myocardial infarction. All cause death, cardiac 
death, nonfatal myocardial infarction, nonfatal 
stroke and any revascularization were higher in 
the low STB group but did not reach signifi-
cance. It might be due to the lower incidence of 
events in our study. Therefore, longer follow up 
was required to make sure the issue.

Previous studies [30, 31] demonstrated that 
anemia was associated with increased adverse 
clinical outcomes in patients after PCI. In our 
study, the percentage of anemia was significant 
higher in the low STB group than in the high STB 
group, and the level of haemoglobin was signifi-
cant lower in the low STB group than in the high 
STB group. We could not make clear whether 
low STB was contribute to the adverse clinical 
outcomes in patients with animia. Further stud-
ies are required to make clear of the question.

Kuwano et al. [32] reported that there was a 
significant negative correlation between the 
STB level and the in-stent restenosis. In our 
study, the rate of in-stent stenosis was also 
higher in the low STB group but did not reach 
significance. The possible explanation for such 
difference might be due to the following rea-
sons: First, in our study, almost all of the 
patients (over 98% patients, data not shown) 
were implanted drug-eluting stent, which was 
associated with a significantly reduced inci-
dence of in-stent restenosis and need for 
revascularization of the target lesion. Second, 
the percentage of follow up angiography was 
low (22%, data not shown), which might render 
an underestimation of the incidence of in-stent 
restenosis.

The present study has the well-known limita-
tions of retrospective design, and it was a sin-
gle-center study. However, our population con-
tains homogeneous consecutive patients with 
angina pectoris, therefore mirroring a real-
world scenario. We did not examine HO-1 activ-
ity, high-sensitivity C-reactive protein, markers 
of oxidative stress, and inflammation. In addi-
tion, bilirubin was assessed only once. We have 
no data on any changes in bilirubin levels dur-
ing the course of the hospital stay and 
follow-up. 

Conclusion

To the best of our knowledge, our study is the 
first to demonstrate that low STB levels before 
PCI is an independent predictor of long term 
adverse clinical outcomes in patients with angi-
na pectoris. However, no association was found 
with in hospital mortality and myocardial infarc-
tion. STB has the potential for use as a tool for 
risk stratification.
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