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Background and aims: Bilirubin has been considered an antioxidant that protects 

against atherosclerosis. The aim of this study was to evaluate the relationship of 

serum bilirubin level with the severity and complexity of coronary artery disease 

(CAD) and long-term outcome in the patients undergoing primary percutaneous 

coronary intervention (PCI). 

Materials and Methods: This prospective cohort study was performed on 136 

patients with STEMI undergoing PCI in Heshmat Hospital, Rasht, Iran during 2 years. 

The complexity was calculated by using dedicated software of the syntax score and the 

severity of CAD was determined based on the number of vessel involvement. Also, long-

term outcomes were evaluated by major adverse cardiac events (MACE) after one year.  

Results: The mean total bilirubin level was 0.95 ± 0.69 mg/dl; 60.3% of the 

patients were in the low range of syntax score (0-22) and 38.2 % had two vessels 

involved. In examining the relationship between serum bilirubin level with the 

severity and complexity of CAD and MACE, there was no statistically significant 

association (p>0.05); but, the majority of the patients with high bilirubin levels 

had a lower number of vessels involved and the complexity of the vessels; Also, 

MACE was observed in the patients with low bilirubin levels. 

Conclusions: According to the results, attention to serum bilirubin level could be 

important in CAD and the protective effect of bilirubin can be used for new 

therapeutic decisions. Further studies on a larger sample of patients have been 

recommended to confirm and complete these findings. 
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Introduction 

Coronary artery disease (CAD) is one of the 

most common causes of death worldwide. In 

2010, about 7 out of total 53 million deaths 

were due to ischemic heart disease [1]. Heart 

muscle as an oxidative tissue and with constant 

activity is one of the tissues susceptible to 

oxidative damage caused by reactive oxygen 

species such as superoxide, hydrogen peroxide 

and hydroxyl [2]. Oxidative stress plays an 

important role in the pathogenesis of 

degenerative diseases or chronic such as 

atherosclerosis, diabetes and cancer [3, 4]. 

Oxidative stress as a result of an imbalance 

between the production of free radicals and 

reactive oxygen species on the one hand and the 

antioxidant defense system on the other hand. 

In other words, aerobic biological systems in 

order to cope with free radicals and reactive 

oxygen species, antioxidant defense 

mechanisms designed to neutralize the 

deleterious effects of these factors attacker, or 

to a minimum [4].  

New scientific studies have suggested that 

bilirubin is a potential physiological antioxidant 

that can be an important protective role against 

atherosclerosis, CAD and inflammation take 

over [5]. Many factors increase the risk of 

CAD, including low serum bilirubin level, 

which is associated with increased risk of CAD 

[6]. Several studies have shown that bilirubin, 

the final product of hem metabolismhas potent 

antioxidant capacity [7]. A study performed on 

healthy individuals. Dividing them according to 

serum bilirubin levels into 3 groups of low, 

intermediate and high, has shown that high 

bilirubin level prevents coronary flow reserve 

impairment, microvascular dysfunction and 

probably coronary atherosclerosis [8]. 

Epidemiologic studies have indicated that the 

total bilirubin level is inversely related to 

diabetes mellitus, hypotension, CAD and 

metabolic syndrome [9-12]. Atherosclerosis 

and inflammation are associated with free 

oxygen and peroxyl radicals’ formation  

[13, 14]. Arterial protective responses and 

adjustment against oxidative stress have 

important roles in atherosclerosis prevention 

[15]. Studies have shown that different forms of 

circulating bilirubin and its precursor, 

biliverdin, have the ability to remove the 

reactive forms of oxygen. They also prevent the 

oxidation of low-density-lipoprotein particles 

and monocyte chemotaxis all which are 

considered as stages of atherosclerosis [16-20]. 

Considering the high prevalence of CAD and 

impact of bilirubin level on severity of the 

disease and its consequences, this study was 

performed to assess bilirubin levels in the 

patients with STEMI who underwent primary 

percutaneous coronary intervention (PCI), its 

relation with the complexity and severity of 

coronary vessel involvement and to determine 

its long-term effects in such patients. 

Materials and Methods 

The study was performed as a prospective 

cohort on 168 patients with STEMI who 

underwent primary PCI in the Heshmat 

Hospital (Rasht, Iran) during 2 years. The 

patients with hepatocellular disorder (LFT≥ 2 
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fold above the normal level), patients suffering 

from malignancy, those who had an alcohol 

abuse history and severe heart failure 

(EF≤30%), acute coronary syndrome in past 

three months, kidney problem (creatinine >2 

mg/dl), erythrocyte diseases and connective 

tissue diseases were excluded from the study. 

After performing the exclusion criteria, 136 

patients were registered. All the patients with 

diagnosis of STEMI, including: having chest-

pain for more than 20 minutes, ST segment 

elevation of more than 1 mm in at least 2 

adjacent leads on electrocardiography, or the 

patients with new LBBB, underwent primary 

PCI within 12 hours of the diagnosis. 

All these patients received stat dose of 325 mg 

aspirin and 600 mg clopedrogril. Maintenance 

dose: 150 mg clopedrogril for one week, then 75 

mg clopedrogil for the period of a month up to 1 

year, according to their stent type [21]. 

Angiography was done by femoral approach and 

a dose of 5000 IU heparin was given to all 

patients before the procedure. Successful PCI was 

defined as <50% residual of in-segment stenosis. 

The angiography films were studied and the 

number of vessels with ≥50% involvement  

and minimum diameter of 1.5 mm was 

determined. Syntax score was calculated 

separately for each patient according to the 

software (http://syntax.score.com).  

Total bilirubin level was measured by the 

standard method of photometry in the serum of 

all patients and then the patients were divided 

into two groups, according to their bilirubin 

levels: patients with high total bilirubin (>1 

mg/dl) and the patients with a low level total 

level (≤1 mg/dl). Demographic information, 

including age, gender, body mass index (BMI), 

diabetes mellitus, and hypercholesterolemia were 

initially obtained in specified forms. All the 

patients were followed up after a year by making 

phone calls, free visits and echocardiography. 

Long-term outcomes were evaluated by major 

adverse cardiac events (MACE), including 

death and myocardial infarction (re-MI), stroke 

and stent thrombosis. Death count was 

determined by death due to cardiovascular 

etiologies or death with no specific cause. Stent 

thrombosis was defined as complete occlusion 

on angiography. 

Re-MI was defined as creatine kinase-MB≥2 

folds above the upper normal limit. ST-segment 

elevation and stroke were described as physical 

disability related to neurologic issues. This study 

was confirmed by the Ethics Committee of 

Guilan University of medical sciences research 

and technology assistance and informed consent 

forms were obtained from each patient.  

Statistical analysis 

After collecting, the data were analyzed by 

descriptive and inferential statistics (Kolmogorov-

Smirnov, t-test, Chi-square test, Fisher exact test 

and logistic regression). P-value≤0.05 was 

considered statistically significant. 

Results 

Demographic characteristics of the patients with 

a high total bilirubin level and low total bilirubin 

level are shown in table 1. The findings revealed 

that the average age of patients being studied 

was 58.71±13.13 years. The average bilirubin 

level was 0.95±0.69 mg/dl. Most of the patients 

were male (70.6%), with bilirubin levels of less 
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than 1 mg/dl (70.6%), left ventricular ejection 

fraction of 30-45% (50%), mild complexity of 

coronary vessels, with a syntax score of 0.22 

(60.3%), two vessels disease (38.2%), did not 

suffer from diabetes mellitus (75%) and 

hypercholesterolemia (70.6%). 

After assessment of the relation between serum 

bilirubin level and demographic information 

associated with the disease, only left ventricular 

ejection fraction has a statistically significant 

relation with the serum total bilirubin level 

(p<0.03). Although no significant relation was 

observed between the severity of coronary 

vessel involvement, coronary vessel 

complexity and MACE, but the findings 

revealed that the majority of the patients with 

high serum total bilirubin levels had less 

number of coronary vessels involved (43.5% 

with one affected vessel) and less vessel 

complexity (syntax score 0-22 63.6%). 

MACEs did not occur in the patients with a 

high total bilirubin level, but were observed 

in 7.6% of the patients with a low total 

bilirubin level. In a regression logistic 

analysis (with Enter method) all demographic 

variables associated with the disease were 

analyzed. In this analysis, bilirubin level was 

not a predictive factor for any of the three 

variables: severity of coronary vessels 

involvement, complexity of coronary vessels 

and MACE; but BMI and left ventricular 

ejection fraction were known as predictive 

factors for severity of coronary vessels 

involvement, as well as hypercholesterolemia as 

a predictive factor for complexity of coronary 

vessels (Tables 2 and 3). 

Discussion 

Serum bilirubin level, as a potentially antioxidant 

endogenous compound, is related to a number 

of diseases associated with oxidative stress, 

including atherosclerosis cancer and 

neurodegenerative diseases [22]. This study 

was performed in order to determine the 

relation between serum bilirubin level with the 

complexity and severity of coronary vessels 

involvement and its long-term impacts on the 

patients suffering from STEMI underwent PCI. 

This study is among the few studies, which 

have explored the relation between total 

bilirubin levels and MACE, one year after PCI, 

and also its relation with complexity of vessels 

in the patients suffering from Acute STEMI. 

No statistical significant was observed in  

the present study during exploring the relation 

between severity of coronary vessel 

involvement and total bilirubin level, but most 

patients with high serum bilirubin level had less 

affected vessels. In this regard, the results of 

study conducted by Einollahi et al, revealed that 

the importance of measuring serum bilirubin 

levels as a predictor of coronary vessel disease, 

had no significant difference in verge, total 

bilirubin amount between the affected and the 

healthy groups, although a mild reverse relation 

between serum bilirubin and total bilirubin 

levels was observed [22], which were 

congruent with the results of the present study 

in a study conducted by Sadeghi et al. to 

evaluate the relation between serum bilirubin 

levels with coronary diseases based on 

angiographic findings, a significant difference 

was observed between verge total bilirubin 
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levels in two groups: patients with normal 

angiography and patients with 3 vessels 

involved. A reverse relation was observed in 

this study between total bilirubin levels, number 

of vessels affected the severity of stenosis and 

type of coronary vessel [23]. In a study 

conducted by Ghem et al. the average bilirubin 

level was higher in the control group as well. 

And bilirubin level reduction was related to 

severity and more prevalence of coronary 

vessel disease [15]. 

 

 

 

Table 1. Correlation of demographic and disease-related variables with bilirubin level in studied subjects 

Variables 
Low bilirubin N (%) 

90 (66.2%) 

High bilirubin N (%) 

46 (33.81%) 
P-value 

Gender 

Female 

Male 

 

26 (28.9) 

64 (71.1) 

 

14 (30.4) 

32 (69.6) 

 

 Chi-square 

0.85 

Age (Mean±SD) 59.55±13.28 57.04±12.97 
t-test 

0.29 

BMI (Mean±SD) 26.74±5.19 26.42±3.73 
t-test 

0.73 

Hypercholesterolemia 

Yes 

No 

 

30 (33.3) 

60 (66.7) 

 

10 (21.7) 

36 (78.3) 

 

Chi-square 

0.16 

Diabetes mellitus 

Yes 

No 

 

20 (22.2) 

70 (77.8) 

 

14 (30.4) 

32 (69.6) 

 

Chi-square 

0.29 

LVEF 

Less than 30 

30-45 

More than 45 

 

10 (11.1) 

38 (42.2) 

42 (46.7) 

 

2 (4.3) 

30 (65.2) 

14 (30.4) 

 

Chi-square 

0.03� 

Number of involved vessels 

1 

2 

3 

 

28 (31.1) 

34 (37.8) 

28 (31.1) 

 

20 (43.5) 

18 (39.1) 

8 (17.4) 

 

Chi-square 

0.17 

Complexity of coronary vessel 

0-22 

22.1-32 

More than 32 

 

54 (60) 

32 (35.6) 

4 (4.4) 

 

28 (63.6) 

16 (36.4) 

0 

 

Fisher exact test 

0.53 

MACE 

Yes 

No 

 

6 (6.7) 

84 (93.3) 

 

0 

46 (100) 

 

 Chi-square 

0.09 

�Significance level: P-value≤0.05; LVEF=Left ventricle ejection fraction; BMI=Body mass index 
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Table 2. Regression coefficients of severity of coronary vessels involvement predictors by Enter method 

Predictors B SE OR 
95% Confidence Interval of OR 

P-value 
Min Max 

LVEF 

Less than 30 -21.96 1.63 0.001 0.001 0.001  0.99 

30-45 -2.19 0.64 0.11  0.03  0.39   0.001� 

More than 45 Reference - - - - - 

BMI 0.13 0.07 1.14 0.99  1.029 0.05� 

�Significance level: P-value≤0.05; LVEF=Left ventricle ejection fraction; BMI=Body mass index 

 

Table 3. Regression coefficients of complexity of coronary vessels predictors by Enter method 

Predictors B SE OR 
95% Confidence Interval of OR 

P-value 

Min Max 

Hypercholesterolemia 

Yes -1.37 0.69 0.25 0.07 0.97 0.04� 

No Reference - - - - - 

�Significance level: P-value≤0.05 

 

Likewise, in the present study, in the regression 

model, total bilirubin level was not known as a 

predictor for severity of coronary disease. In 

this regard, the results of Einollahi et al. study 

revealed bilirubin measurement can be 

important as a predictive index for CAD 

incidents [22]. Also, in the study conducted by 

Ghem et al, bilirubin was known as a new 

predictive marker for CAD [15]. Also, Erdogan 

et al. showed that high levels of bilirubin can 

serve as a predictive factor for CAD [24]. These 

findings are different from the results of the 

present study.  

While studying the relation between coronary 

vessel complexity (according to syntax score) 

and serum total bilirubin level, no significant 

relation was found,  but most patients with 

bilirubin levels had less complexity of the 

vessels. Also, total bilirubin level was not 

known as a predictor for complexity of 

coronary vessels in the regression model. In this 

regard, the results of a study conducted by 

Sahin et al. on NSTEMI patients revealed that 

total bilirubin level was significantly higher in 

the group with a high syntax score, and a 

significant relation was observed between total 

bilirubin level and syntax score [25], which 

incongruent with the results of the present 

study. This incongruity may be justified by the 

difference in studying the patients group. In 

Turfan et al. study aligned with results of the 

present study, total bilirubin level in the group 

with a low Syntax score was significantly higher 

than other groups, and total bilirubin was known 

as an independent predictor for syntax score 

[26]. Also, in Nabatchian et al. study the results 

showed that measuring bilirubin as a marker 

for the prediction of CAD is important [5]. 

No significant relation was observed in 

reviewing the relation of MACE with serum 
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total bilirubin level, but no major cardiac events 

were seen in the patients with high bilirubin 

levels, but were observed in the patients with 

low bilirubin level. Total bilirubin was not 

known as a predictor for MACE as well. In this 

regard, in Sahin et al. study no significant relation 

was observed between the numbers of cardiac 

events in two groups with high and low bilirubin 

levels [25], which is congruent with the results of 

the present study. In contrast to the findings of this 

study, the results of Gul et al. revealed that 

number of hospital events was significantly higher 

in the group with high total bilirubin compared to 

the group with low total bilirubin. In regression 

analysis, it was observed a relation between high 

total bilirubin level and major hospital events. 

Total bilirubin was known as predictor for 

hospital events, but no significant relation was 

found between total bilirubin level and long-term 

outcomes [27]. In other study, it has been shown 

that total levels of bilirubin have a prognostic 

association with MACE in male patients with 

myocardial infarction [28]. 

One of the limitations of the present study was 

low number of the patients. It’s recommended 

that larger studies using more samples and more 

extensive clinical/laboratory parameters be 

conducted. That may lead to the bilirubin levels 

considered as a treatment goal as well as an 

index for determining CAD severity and 

controlling hospital events. Also, new markers 

for cardiovascular risk factor identification, 

predicting cardio vascular diseases and 

controlling outcomes could be identified; 

performing more studies is also recommended 

for confirming the results of the present study. 

Conclusions 

Although total bilirubin level in the present 

study was not known as a predictive factor for 

complexity and severity of coronary vessel 

involvement and MACE, but the results 

revealed that taking bilirubin levels under 

consideration according to less number of 

affected vessels, complexity of vessels and 

major hospital events in patience with higher 

bilirubin levels can be important. This 

predictive impact of bilirubin can be applied to 

new treatment plans. Furthermore, other factors 

such as, left ventricle ejection faction, BMI and 

hypercholesterolemia are known as predictors 

of complexity and severity of coronary vessel 

involvement and MACE; planning the 

treatment and preventive interventions 

accordingly can be helpful for the patients. 
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