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ABSTRACT 

Background: Cardiovascular risk factors for ACS are on the rise in people of Indian 
origin and ACS is now the leading cause of death. More recent evidence suggests that 
bilirubin is a potent physiological antioxidant that may provide important protection 
against atherosclerosis and inflammation. Substantial evidence has documented that 
the development of CAD involves lipid oxidation and formation of oxygen radicals as 
atherosclerosis and inflammation are associated with formation of oxygen and peroxyl 
radicals. Keep of these points in mind, the present study was undertaken to find 
relation between Serum Bilirubin and Acute Coronary Syndrome. 

Methods: The present descriptive cross sectional study conducted at A.J Institute of 
Medical Sciences and Research Centre, Mangaluru from October 2016 to April 2017. 
A detailed history, general physical examination, systemic examination and 
investigations was performed on all patients who fulfill the inclusion criterion and age 
>18yrs, both sexes who are admitted in CCU. 

Results: Hypertension had statistically significant correlation with ACS. All risk 
factors were more associated with STEMI compared to unstable angina or NSTEMI. 
On Correlation of LDL and Total leucocyte count with bilirubin both were 
statistically significant when compared to bilirubin levels.  

Conclusions: The study showed an inverse correlation of bilirubin with ACS, which 
in shows fact that bilirubin acts as an antioxidant and has cardioprotective action and 
patients with ACS have lower levels of bilirubin. This can use as a factor for 
screening individuals who have high risk for ACS and preventive strategies applied in 
them before the onset of overt ACS. 
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Introduction: 

It is predicted that more than half the worldwide cardiovascular disease (CVD) 
risk burden will be borne by the Indian subcontinent in the next decade according to 
recent epidemiological studies and will be the largest cause of death and disability in 
India by 2020.1,2  Coronary Artey disease (CAD) accounts for the greatest proportion 
of CVD3 and  Acute Coronary Syndrome (ACS) a common complication of CAD4. 
Cardiovascular risk factors for ACS are on the rise in people of Indian origin, and 
ACS is now the leading cause of death.5 

Most cases of ACS are caused by rupture of an atherosclerotic plaque in a 
coronary artery, resulting in the formation of a thrombus.6 Atherosclerosis appear to 
result from an over balance between  radical generating, compared  with  radical 
scavenging systems, a condition called Oxidative stress.7,8 Reactive Oxygen Species 
(ROS) can damage endothelial cells in many ways, either directly or indirectly.9 They 
can also increase endothelial cell permeability and there by accelerate the 
accumulation of atherogenic factors, such as Low Density Lipoprotein (LDL) in the 
sub endothelial space.10 

Total anti-oxidant status (TAS) in human serum reflects the balance between 
oxidants and antioxidants in each system. Oxidative stress has been implicated in the 
pathogenesis of Coronary diseases.11,12 Increased production of ROS will result in 
reduced antioxidant levels.13 

Bilirubin was considered to be a waste product of the Heme Oxygenase action 
but now among various benefits, it is found to have strong relation with coronary 
artery lesion types.14 This is because of its major antioxidant action under 
physiological conditions by inhibiting both lipid and protein oxidation.15As little as 
10nM of bilirubin is enough to protect cells against a 10000-fold higher concentration 
of oxidants through rapid generation of bilirubin by biliverdin reductase.16 
Additionally, bilirubin exerts anti-inflammatory effects on vasculature and inhibits 
proliferation of vascular smooth muscle cells.17,18 

Hence Bilirubin was proved to act against plaque formation and subsequent 
atherosclerosis.19  

The recently concluded INTERHEART study emphasized on early detection 
of persons with risk factors20 and as reduced levels of bilirubin were shown to be 
associated with higher prevalence of coronary artery disease21 vice versa as 
Individuals with Gilbert syndrome who have mildly elevated bilirubin levels were 
found to have ischemic heart disease rate of 2% compared with 12.1% in general 
population.22  

Treatment and outcomes of Acute Coronary Syndromes in India (CREATE) 
registry has provided contemporary data on 20,468 patients with ACS from 89 centers 
from 10 regions and 50 cities in India and found higher 30 day mortality than 
developed countries.23 

For many years, the bile pigment bilirubin was considered a toxic waste 
product formed during heme catabolism. However more recent evidence suggests that 
bilirubin is a potent physiological antioxidant that may provide important protection 
against atherosclerosis and inflammation. It is generally accepted that oxidative 



 
 

reactions are involved in the pathophysiology of these disease processes. Substantial 
evidence has documented that the development of CAD involves lipid oxidation and 
formation of oxygen radicals as atherosclerosis and inflammation are associated with 
formation of oxygen and peroxyl radicals. 7-12,14,17-19,24-27 

Hence making Bilirubin as emerging  potential risk factor marker. 

 

Objective: To find relation between total serum bilirubin levels and acute coronary 
syndrome, and associated risk factors with its components. 
 

Material and methods : 
 
The present descriptive cross sectional study conducted at A.J Institute of Medical 
Sciences and Research Centre, Mangaluru from October 2016 to April 2017. 
Institutional ethical clearance was obtained prior beginning of the study and informed 
consent was obtained from patients. The patients who fulfill the selection criteria were 
included in the present study during study duration. 
A detailed history, general physical examination, systemic examination and 
investigations was performed on all patients who fulfill the inclusion criterion and age 
>18yrs, both sexes, who are admitted in CCU. 
 
Inclusion criteria: 

1. The non-ST segment elevation MI, ST segment elevation MI and Unstable 
anginas are selected on basis of history, examination and relevant 
investigations. 
 

Exclusion criteria: 

1. Hepatitis of any cause. 
2. On drugs like Vitamin C, Amiodarone 

Oral Hypoglycemics: Acarbose, Pioglitazone,  
Anti-seizure drugs: Carbamazepine, Felbamate, ValproicAcid, and   
Phenobarbitol 
Anti fungal Drugs: Itraconazole, Ketoconazole and Terbinafine 
Anti Tuberculosis: Isoniazid, Pyrazinamide, and Rifampicin 
 Antiretroviral Drugs: Ritonavir, Nevirapine 
                            

3. Non cardiac chest Pain. 
4. Cirrhosis of Liver 
5. Bile duct obstruction 
6. Recent (less than 3 months old) 
       Major Trauma 

       Surgery 

       Burns    

7. Myocardial Re-Infarction patient 
8. Haemolytic jaundice 



 
 

 

SAMPLE SIZE: 

The prevalence of coronary artery disease in India is 8%20. At 95% confidence 
interval and margin error + 5, the sample size is 113 using the statistical formula 

n = (1.96)2 × p × q 

               d2      

p= prevalence of  Acute Coronary Syndromes 

q= (100 – p) 

d= Margin error + 5 

 

 

LABORATORY 

PRINCIPLE: 

Sulfanilic acid reacts with sodium nitrite to form diazotized sulfanilic acid. 
Total Bilirubin reacts with diazotized sulfanilic acid in the presence of DMSO (Di 
Methyl Sulf Oxide) to form azobilirubin 

NORMAL RANGE: 

 0.2 to 1.0 mg/dl,  Mean 0.6 mg/dl 
SAMPLE: 
 Serum/plasma (free of haemolysis) 
PROCEDURE: 
 Total bilirubin reagent-1000L 
           Serum-50L 

Mix well and incubate for 5 minutes exactly. Measure the absorbance of the 
sample against the respective sample blank at 546 or 532nm 
CALCULATION: 

For semi auto with factor: 
Total bilirubin                  =  OD of test – OD of sample blank × Factor 
With artificial standard: 
Total bilirubun concentration = OD of test – OD of sample blank 

                             OD of standard  

 

Statistical Analysis: 

Descriptive statistics such as mean, SD and percentage was used to present the data. 
Correlation between the variables was evaluated by Pearson’s correlation coefficient 
and association risk factors were assessed by chi-square test. A p-value less than 0.05 
were considered as significant. Data analysis was performed by using software SPSS 
v16.0 . 



 
 

Results: 

 
Table- 1: Basic characteristics 
 

Characteristics Frequency Percentage 
Gender   

Male 82 72.6 
Female 31 27.4 

Age (years)   
25-35 7 6.2 
35-45 12 10.6 
45-55 19 16.8 
55-65 36 31.9 
65-75 30 26.5 
>=75 9 8.0 

 
In the 113 patients with Acute Coronary Syndrome (ACS) studied 72.6% were male 
and 27.4 % females. 
 
The age ranged from 26 to 95 years of age. The mean age of the group was 54.5 + 
13.19 SD. The patients in the age group of 55 to 65 years had the highest incidence of 
ACS. Mean (SD) = 54.5 (13.19) (Table-1) 
 

Correlation of LDL and Total leucocyte count with Bilirubin: 

Table-2 : Distribution of LDL, TC and Total Bilirubin. 

Variable Minimum Maximum Mean SD 

LDL 70 291.8 172.07 46.57 

TC 2000 30730 13785.7 5140.27 

Total Bilirubin 0.1 2.1 0.48 0.28 

 

Total Leucocyte count (TC) in ACS is usually high as infarction of the 
myocardium is an inflammatory  process. In our study the mean TC was 13785.7 + 
5140.27 SD. The minimum TC was 2000 cells/cumm and maximum was 30730 
cells/cumm. 

Mean LDL was 172.07 + 46.57 which was higher than the normal considering 
the cut off value with existing risk factors. The minimum LDL value was 70 mg/dl 
whereas the maximum was 291.8mg/dl 

Both TC and LDL were statistically significant when compared to bilirubin levels 
(Table-2).  

 



 
 

 

Table- 3 : Correlation between Total Bilirubin with LDL ad TC 

 Pearson’s correlation 
coefficient value (r) 

p-value 

LDL -0.755 <0.0001 
TC -0.787 <0.0001 

 

There was statistically strong negative correlation between total Bilirubin with LDL 
(p<0.0001) and TC (p<0.0001) (Table-3 and Figure 1 & 2) 

 

 

Figure-1: Correlation between Total Bilirubin and LDL 
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Figure-2: Correlation between Total Bilirubin and TC 

 

 

Relation of Total Bilirubin with ACS 

 

Table-4 : Distribution of Total Bilirubin with components of ACS  

Total Bilirubin N Mean Std. Deviation Minimum Maximum 

STEMI 82 .484146 .3069039 .1000 2.1000 

NSTEMI 21 .452381 .1691717 .2000 .8000 

Unstable 10 .530000 .2869379 .1000 1.0000 

Total 113 .482301 .2832308 .1000 2.1000 

 

The table-4 shows, the average total Bilirubin value in ACS components. For STEMI, 
the mean Total Bilirubin value was 0.48 ± 0.3, for NSTEMI the mean Total Bilirubin 
value was 0.45±0.17 whereas for unstable the mean Total Bilirubin value was 0.53 ± 
0.29.  

 

Total Bilirubin

TC

2.01.51.00.50.0

30000

20000

10000

0

-10000

Correlation between TC and Total Bilirubin



 
 

One-sample comparison with standard normal mean bilirubin value = 0.6 

 

Table- 5: Comparision of Total Bilirubin in patients with ACS and standard normal 
mean Bilirubin (=0.6)  

 ACS Mean 
difference 

95% CI of 
difference 

t-value p-value 

Total 
Bilirubin 

0.48 + 0.28 0.12 0.06 – 0.17 4.42 P<0.0001 

 

There is statistically highly significance, less total bilirubin of ACS than 
standard normal mean bilirubin value (0.6) (p<0.0001) (Table-5).  

 

Risk Factors: 

Table- 6: Relation of risk factors with components of ACS 

 ACS   

Parameters Unstable NSTEMI STEMI Total 
χ2 

value 
p-value 

Smoking 3 3 36 42 5.80 0.02 

Tobacco 
chewer 

5 9 21 35 
4.18 0.12 

Diabetes status 3 7 18 28 1.32 0.52 

Family 
History 

1 3 5 9 
1.42 0.23 

HTN 8 12 16 36 22.62 <0.0001 

 

The known risk factors of ACS like smoking status, tobacco chewing, diabetes 
mellitus, family history of ACS and hypertension were studied and correlated. 37.2 % 
of all ACS patients were smokers, 31% chewed tobacco, 24.7 % had diabetes 
mellitus, 8 % had family history of ACS and 31.8% were hypertensive. 

Hypertension and smoking had statistically significant associated risk factors with 
ACS. All risk factors were more associated with STEMI compared to unstable angina 
or NSTEMI (Table-6). 

 

Discussion: 

This study was conducted on 113 patients admitted with acute coronary 
syndrome at A.J Institute of Medical Sciences and Research Centre, Mangaluru from 
October 2016 to April 2017.  



 
 

Gender: 

Of the study group 72.6% were male and 27.4% were female. The male 
preponderance was similar to other studies like Sahen O et al28  were 66% of 
participants were male and 34% were female. Hopkins et al29  had 75.6% males and 
24.4% females. 

Age: 
The age ranged from 26 to 95 years of age. The mean age of the group was 

54.5 + 13.19 SD. The patients in the age group of 55 to 65 years had the highest 
incidence of ACS. This finding was similar to other studies and accepted fact that the 
incidence of ACS increases with age. 

Relation of Total Bilirubin with ACS: 

Total Leucocyte count (TLC) in ACS is usually high as infarction of the 
myocardium is an inflammatory process. In our study the mean TLC was 13785.7 + 
5140.27 SD. 

Mean LDL was 172.07 + 46.57 which was higher than the normal considering 
the cut off value with existing risk factors. 

Both TLC and LDL were statistically significant when compared to Bilirubin 
levels and hence our study was similar to other studies in this regard. 

Bilirubin has been long postulated to have antioxidant properties and thus its 
correlation with ACS is of interest. This study tried to find association of serum total 
bilirubin levels in patients with acute coronary syndrome. 

The mean bilirubin values in mg/dl for STEMI was 0.48 + 0.30 SD ,for  
NSTEMI it was 0.45 + 0.16 and for unstable angina it was 0.28 + 0.1 SD. 

The mean total bilirubin in patients with ACS was 0.48 + 0.28 SD mg/dl 
compared to  bilirubin levels of 0.6mg/dl in normal population. 

There is statistically significance less total bilirubin of ACS than normal 
standard mean value (0.6) (p<0.0001). Hence our research hypothesis accepted. 

The results were comparable to Sahin O et al28 and Hopkins P N et al29  who 
also had decreased bilirubin levels in patients with ACS. 

Substantial evidence has documented that the development of CAD involves 
lipid oxidation and formation of oxygen radicals as atherosclerosis and inflammation 
are associated with formation of oxygen and peroxyl radicals. 7-12,14,17-19,24-27 

Bilirubin has proven to be a potent antioxidant under physiological conditions 
by inhibiting both lipid and protein oxidation.15 In several studies it was found that 
different circulating forms of bilirubin are powerful antioxidants: Free bilirubin, 
albumin-bound bilirubin, conjugated bilirubin, and unconjugated bilirubin were all 
noted to be effective scavengers of peroxyl radicals and to be able to protect human 
LDL against peroxidation19.Additionally, bilirubin exerts anti-inflammatory effects on 
vasculature and inhibits proliferation of vascular smooth muscle cells.17,18  



 
 

This has led to suggestions that mildly increased circulatory bilirubin may 
have a physiologic function to protect against disease processes that involve oxygen 
and peroxyl radicals or vice versa and many studies have shown relation with    
CAD.25-26 

Reduced levels of bilirubin were shown to be associated with higher 
prevalence of coronary artery disease emerging as new potential risk factor     
marker.20 

The inverse association between serum bilirubin concentrations and CAD has 
been found in several studies 

Troughton JA et al.30  found bilirubin is a novel coronary heart disease risk 
marker in middle-aged men, with a U-shaped relationship observed 
between bilirubin concentration and coronary heart disease risk. 

Sahin O et al.28  found high serum total bilirubin level is independently 
associated with severity of coronary artery disease in patients with NSTEMI.  

Kim KM et al.31 did cross-sectional study on 19,792 Koreans and found Serum 
total bilirubin concentration inversely correlated with Framingham risk score and it 
may be helpful to decrease the future risk of Coronary artery disease. 

In India, Veerendra Kumar Arumalla et al.32 found plasma bilirubin 
concentration could act  as a provisional new marker of atherogenic risk that can be 
measured easily in the clinical laboratory and applied in medical practice. 

Also Simmi Kharb found an inverse relationship between increase in total 
bilirubin and serum levels of LDL-C in Myocardial Infarction. Giving a  possibility of 
bilirubin playing a role in the pathogenesis of coronary heart disease through LDL-C 
levels.33 

Song YS et al.34  with the objective to investigate the effects of low serum 
bilirubin levels on the risk for future coronary artery disease (CAD) in a prospective 
cohort of 8,593 subjects found the addition of low serum bilirubin levels to the 
traditional risk factors for CAD, such as metabolic syndrome, may yield an 
improvement of risk prediction. 

The same association was also reported in a recent Taiwanese prospective 
study by Huang et al35  on Patients with cardiac X syndrome followed for 5 years, in 
which patients with the lowest serum bilirubin levels had a higher incidence of non-
fatal myocardial infarction, ischemic stroke, rehospitalization for unstable angina and 
coronary revascularization procedures. 

Glucuronidation by UGT1A1 has a controlling effect on serum bilirubin 
levels.36 Because the UGT1A1*28 Gilbert syndrome polymorphism results in higher 
(protective) serum bilirubin levels, it is expected to be associated with reduced CVD 
risk. Seven studies have addressed this, and all confirmed the association of 
UGT1A1*28 with higher bilirubin levels.37 

Among them the strongest protective effect of elevated bilirubin on CVD was 
reported in a prospective population-based cohort study In the Framingham Heart 
Study by Jing-ping et al38  which included 1780 unrelated individuals who had been 



 
 

followed up for 24 years found Homozygotes with UGT1A1*28 allele carriers with 
higher serum bilirubin concentrations exhibited a strong association with lower risk 
for Cardiovascular disease. 

Also in the large study by Horsfall et al39 demonstrated the association 
between reduced serum bilirubin levels and increased CVD risk is strong in both 
sexes and could act as an independent risk factor. It seems likely that several factors 
are playing a role; antioxidant effects of bilirubin, heme oxygenase activity and 
consumption of bilirubin by oxidative processes could all be involved. 

 

Risk factors: 

The known risk factors of ACS like smoking status, tobacco chewing, diabetes 
mellitus, family history of ACS and hypertension were studied and correlated. 37.2 % 
of all ACS patients were smokers, 31% chewed tobacco, 24.7 % had diabetes 
mellitus, 8 % had family history of ACS and 31.8% were hypertensive. 

Hypertension and smoking had statistically significant associated risk factors 
for ACS. All risk factors were more associated with STEMI compared to unstable 
angina or NSTEMI. On comparing with similar studies all risk factors had positive 
correlation with ACS. In a study done by Hopkins P N et al29 52.2 % were smokers, 
47.2 % had hypertension and 14.3 % had diabetes mellitus. Sahin O et al28 in their 
study had 36% smokers, 50 % were hypertensive and 26 % were diabetics. 

 

Conclusion: 

The present study revealed that, an inverse correlation of bilirubin with ACS. 
This reinforces the fact that bilirubin acts as an antioxidant and has cardioprotective 
action and patients with ACS have lower levels of bilirubin. This can use as a factor 
for screening individuals who have high risk for ACS and preventive strategies 
applied in them before the onset of overt ACS. 

 

DECLARATIONS 

Funding: Nil 

Conflict of interest: Nil 

Ethical approval: Taken 

 

 

 

 



 
 

Reference: 

 

1. Gupta R, Joshi P, Mohan V, Reddy KS, Yusuf S. Epidemiological and causation of 
coronary heart disease  & stroke in India. Heart 2008;94:16-26. 

2. The World Health Report-Reducing Risks, Promoting Healthy Life. WHO 
2002.[Internet].Geneva, Switzerland:2002 Available from  

www.who.int/whr/2002/en/whr02_en.pdf 

3. Leeder S, Raymond S, Greenberg H, Liu H, Esson K. A race against time: the 
challenge of cardiovascular disease in developing economies. Columbia University  
New York. 2004 Available from 

 www.earth.columbia.edu/news/2004/.../raceagainsttime_FINAL_051104.pdf 

4. Grech ED, Ramsdale DR. Acute coronary syndrome: unstable angina and non-ST 
segment elevation myocardial infarction. BMJ 2003;326:1259–1261 

5. Gupta M, Singh N, Verma S. South Asians and cardiovascular risk: what clinicians 
should know? Circulation 2006;113:e924-9. 

6. Mackman N. Triggers, targets and treatments for thrombosis. Nature 
2008;451:914–918 

7. Wang XL, Rain water DL, Vande Berg JF, Mitchel BD, Mahaney MC. Genetic 
contribution to plasma antioxidant activity. Arterioscler Thromb Vasc Biol 
2001;21:1190-1195 

8. Fukagawa NK. Aging: is oxidative stress a marker or is it causal? Proc Soc  Exp 
Biol Med 1999;222:293-298 

9. Harrison DG. Endothelial function and oxidant stress Clincardiol 1997;20:11-17 

10. Marui N, Offermann MK, Swerlick R, Kunsch C, Rosen CA, Ahmad M et al. 
Vascular cell adhesion molecule-1(VCAM-1) Gene transcription and expression are 
regulated through an  Antioxidant-sensitive mechanism in human vascular endothelial  
cells. J Clin Invest 1993;92:1866-1874 

11. Alho H, Leinonen J. Total antioxidant activity measured by chemiluminescence 
methods. Methods Enzymol 1999;299:3-15 

12. Trapani L, Segatto M, Incerpi S, Pallottini V. 3-hydroxy 3-Methylglutaryl 
Coenzyme A Reductase Regulation by Antioxidant Compound: New Therapeutic 
Tools for Hypercholesterolemia? Curr Mol Med 2011;11:790-797 

13. Karihtala P, Soini Y Reactive oxygen species and antioxidant mechanisms in 
human tissues and their relation to malignancies. APMIS. 2007 Feb;115:81-103 

14. Wei S, Gao C, Wei G, Chen Y, Zhong L, Li X. The level of serum  Bilirubin 
associated with coronary lesion types in patients with Coronary artery disease. J 
Cardiovasc Med (Hagerstown) 2012;13:432-438 



 
 

15. Minetti M, Mallozzi C, Di Stasi AM,Pietraforte D. Bilirubin is an effective 
antioxidant of peroxynitrite-mediated protein oxidation in human blood plasma. Arch 
BiochemBiophys 1998;352:165-174 

16. Baranano DE, Rao M, Ferris CD, Snyder SH. Biliverdin reductase: a major 
physiologic cytoprotectant. ProcNatlAcadSci U S A 2002;99:16093-16098 

17.  HO, Oh GS, Lee BS, Rim JS, Kim YM, Chung HT. 3-Hydroxyanthranilic acid, 
one of L-tryptophan metabolites, inhibits monocyte chemoattractant protein-1 
secretion and vascular cell adhesion molecule-1 expression via heme oxygenase-1 
induction in human umbilical vein endothelial cells.  Atherosclerosis 2006;187:274-
284 

18. Kawamura K, Ishikawa K, Wada Y, Kimura S, Matsumoto H, Kohro T et al.  
Bilirubin from heme oxygenase-1 attenuates vascular endothelial activation and 
dysfunction. Arterioscler ThrombVasc Biol 2005;25:155-160 

19. Stocker R, Yamamoto Y, McDonagh AF, Glazer AN, Ames BN.  Bilirubin is an 
antioxidant of possible physiological importance. Science 1987;235:1043-1046 

20. Vamadevan S.Ajay, Dorairaj Prabhakaran. Coronary heart disease in Indians: 
Implications of INTERHEART study. Indian J Med Res 2010;132:561-566 

21. Ghem C, Sarmento-Leiye RE, De Quadros AS, Rosesetto S, Gottschall CA. 
Serum bilirubin concentration in patients with an established coronary artery disease. 
Int Heart J 2010;51:86-91 

22. Vitek L, Jirsa M, Brodanová M, Kalab M, Marecek Z, Danzig V et al. Gilbert 
syndrome and ischaemic heart disease: a protective effect of elevated bilirubin levels. 
Atherosclerosis 2002;160:449-456. 

23. Denis Xavier, Prem Pais, P J Devereaux, Changchun Xie, D Prabhakaran, K 
Srinath Reddy et al. Treatment and outcomes of acute coronary syndromes in India 
(CREATE): a prospective analysis of registry data. Lancet.2008;371:1435-1442. 

 

24. O Malley SS, Wu R, Mayne ST, Jatlow PI Smoking cessation is followed by 
increases in serum bilirubin, an endogenous antioxidant associated with lower risk of 
lung cancer and cardiovascular disease. Nicotine Tob Res. 2014;16:1145-9 

25. Kimm H, Yun JE, Jo J, Jee SH. Low serum bilirubin level as an independent 
predictor of stroke incidence: a prospective study in Korean men and women. Stroke 
2009;40:3422–3427. 

26. Erdogan T, Ciçek Y, Kocaman SA, Canga A, Cetin M, Durakoglugil E et al. 
Increased serum bilirubin level is related to good collateral development in patients 
with chronic total coronary occlusion. Intern Med 2012; 51:249-255. 

27. Robert P. Giugliano, Christopher P. Cannon, and Eugene Braunwald. Non–ST 
Elevation Acute Coronary Syndromes. In : Douglas L. Mann, Douglas P. Zipes, Peter 
Libby, Robert Bonow, editors. Braunwald's Heart Disease: A Textbook of 
Cardiovascular Medicine.10th edition. Philadelphia. Elseiver; 2014.P.1155-1174 



 
 

28. Sahin O, Kaya MG, Akpek M, Duran M, Uysal OK, Karadavut S et al. Relation 
between serum total bilirubin levels and severity of coronary artery disease in patients 
with non-ST-segment elevation myocardial infarction. Angiology.2014;65:245-9 

29. Hopkins PN , Wu LL , Hunt SC , James BC , Vincent GM , Williams RR. Higher 
serum bilirubin is associated with decreased risk for early familial coronary artery 
disease. Arterioscler Thromb Vasc Biol.1996;16:250 – 5. 

30. Troughton JA, Woodside JV, Young IS, Arveiler D, Amouyel P, Ferrières J et al; 
PRIME Study Group. Bilirubin and coronary heart disease risk in the Prospective 
Epidemiological Study of Myocardial Infarction (PRIME). Eur J Cardiovasc Prev 
Rehabil 2007;14:79-84. 

31. Kim KM, Kim BT, Park SB, Cho DY, Je SH, Kim KN. Serum total bilirubin 
concentration is inversely correlated with Framingham risk score. Arch Med Res 
2012;43:288-293. 

32. Veerendra Kumar Arumalla, Niranjan Gopal, Rao BN. Role of Serum Bilirubin in 
Coronary Artery Disease, Int J Med Health Sci. 2012;2:56-62 

33. Simmi Kharb Association of Serum Concentration of Total Bilirubin and Low 
Density Lipoprotein Cholesterol with Myocardial Infarction World Journal of 
Medical Sciences 2006;1:93-94 

34. Song YS, Koo BK, Cho NH, Moon MK .Effect of Low Serum Total Bilirubin 
Levels (≤0.32 mg/dl) on Risk of Coronary Artery Disease in Patients With Metabolic 
Syndrome.2014. Am J Cardiol. 2014;114:1695-700. 

35. Huang S. S, Huang P. H, Leu H. B, Wu T. C, Lin S. J, Chen J. W. Serum bilirubin 
predicts long-term clinical outcomes in patients with cardiac syndrome X. Heart 2009; 
96: 1227–1232. 

36. Jaundice. In : Sherlock Sheila and Dooley James editors. Diseases of the liver and 
Biiary system, 11th edition Oxford,UK: Blackwell Science; 2002.P.-205-207 

37. Lin JP, Vitek L, Schwertner HA. Serum bilirubin and genes controlling bilirubin 
concentrations as biomarkers for cardiovascular disease. Clin Chem. 2010;56:1535–
1543 

38. Lin JP, O'Donnell CJ, Schwaiger JP, Cupples LA, Lingenhel A, Hunt SC et al. 
Association between the UGT1A1*28 Allele, Bilirubin Levels, and Coronary Heart 
Disease in the Framingham Heart Study. Circulation 2006; 114:1476-1481 

39. Horsfall LJ, Nazareth I, Petersen I : Cardiovascular events as a function of serum 
bilirubin levels in a large, statin-treated cohort Circulation. 2012  27; 126(22):2556-64 


