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Abstract 
Bilirubin has both antioxidant activity and cardio-protective potential. Decreased levels are asso-
ciated with predicting CAD. Recent studies showed that bilirubin has inverse correlation with gly-
cemic status. So in this we evaluated the role of Hepato-biliary function as a marker of predictor 
CAD in patient with T2DM. Total 100 subjects included 50 T2DM patients with CAD and 50 T2DM 
without CAD. All the subject venous blood was collected after overnight fasting for biochemical 
analysis. After the statistical analysis, the results showed significant difference between two 
groups as follows total bilirubin (0.32 ± 0.15; 0.90 ± 032; p = 0.000), direct bilirubin, indirect bili-
rubibn, Total Protein, Albumin, ALT, AST, HbA1c. Our finding implies that decreased serum biliru-
bin increases the risk of CAD in patients with T2DM and it shows inverse correlation between 
HbA1c and bilirubin. 
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1. Introduction 
India is diabetic capital of the world over a decade and now it is heading to lead in Cardiovascular Disease also 
as both diabetes and coronary artery disease (CAD) shares several risk factors in common. Patients with Di-
abetes Mellitus (DM) are at four to five fold increased risk to CAD. Type 2 Diabetes Mellitus (T2DM) are 
commonly found in association with Non Alcoholic Fatty Liver Disease (NAFLD) [1], the mechanisms of liver 
injury in T2DM involve insulin resistance (IR), oxidative stress, apoptosis and adipokines [2]. IR results in 
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peripheral lipolysis and upregulates hepatic de novo lipogenesis. This increase in lipogenesis and lipid peroxida-
tion, and decrease in adiponectin which is protective adipokines make T2DM patients with NAFLD, vulnerable 
to Coronary Artery Disease (CAD) [3]. The Framingham risk score analysis conducted by Iognnou et al. 
showed that there exists an association between elevated serum alanine amino transferase (ALT) and 10 years of 
CAD [4]. Previous studies have demonstrated that circulating levels of ALT, aspartate aminotransferase (AST) 
and gamma-glutamyltransferase (GGT) are increased in individuals with IR and Metabolic Syndrome [5] [6]. 
Increased levels of GGT found to be associated with various atherosclerotic risk factors in T2DM and literatures 
are suggesting that De Ritis ratio (AST/ALT) could be used to assess the extent of hepto-biliary damage [7] [8]. 
Recent reviews state that bilirubin prevents lipid and lipoprotein oxidation and hence protects against CVD. Se-
rum bilirubin is inversely related to CAD and also increases in case of myocardial infarction [9] [10]. 

The oxidative stress contributed by hepatic steatosis in T2DM alters endothelial function and leads to de-
creased production of nitric oxide which may also contribute to the atherogenic effect of NAFLD in T2DM [11]. 
The NAFLD is also associated with increased free radical production as a result of alteration in iron metabolism 
and increased activation of Fenton’s reaction. This may further increase in glycation of various proteins includ-
ing hemoglobin. Hence our study is planned in order to assess the status of hepatobiliary function in CAD pa-
tients with T2DM and their correlation with glycemic status.  

2. Methodology 
Patients who visited the Department of Cardiology and General medicine OPD at Mahatma Gandhi Medical 
College and Research Institute and those whose are diagnosed as CAD was included in the study. Then the sub-
jects was divided into two groups by randomize sampling:Group 1 (Subjects)—Type 2 Diabetes Mellitus pa-
tients with confirmed CAD and Group 2 (Control)—Type 2 Diabetes Mellitus patients without CAD. The sub-
ject with chronic kidney disease, chronic hepatic disease, bypass surgery or percutaneous coronary intervention, 
chronic or current infections, presence of the thalassemia trait and any other hemoglobin disorder, any systemic 
disease that could cause high bilirubin concentrations, neoplastic disease and autoimmune disease where ex-
cluded from the study. 

After appropriate screening total 100 subjects (50 subjects and 50 controls) was included in the study between 
age group 30 to 60 yrs. 3 ml of blood was collected from the patient and the samples was processed for glucose, 
fasting plasma insulin, HbA1c, serum bilirubin, total protein, albumin, AST and ALT estimation using IFCC 
approved methods in fully automated chemistry analyzer. To find the significant difference in liver function test 
and glycemic status between two groups Student’s t Test was used and correlation analysis was performed to 
assess the association between bilirubin and glycemic status among groups. All these statistical analysis was 
performed by SPSS 20 software. 

3. Results 
The average age of the control (T2DM without CAD) and subject (T2DM with CAD) included in the study.  
Table 1 shows the mean and standard of the glycemic status of both groups. The mean fasting plasma glucose of 
T2DM with CAD group (160 mg/dl) has higher than T2DM without CAD (98.81 mg/dl). HbA1c levels also 
showed statistically significant difference between the two groups. The plasma insulin levels were lower in 
T2DM patients with CAD than without. Insulin resistance was more pounced in group who compared to group 
2. 

The hepatobiliary status of both groups is depicted in Table 2. The study (Figure 1) showed that bilirubin 
level were low in T2DM patient with CAD (0.32 ± 0.15) when compared with T2DM patients without CAD 
(0.90 ± 0.32). T2DM patients with CAD showed low levels of total protein and albumin when compared to 
T2DM patient without CAD. Liver enzymes like AST and ALT were increased significant in T2DM patient 
when compared to T2DM patient without CAD. De-ritis ratio also showed significant high in subjects (2.75 ± 
0.68) and in control (1.44 ± 0.46). Correlation analysis revealed an inverse relationship between bilirubin and 
glycemic indicator HbA1c and HOMAir with r value −0.334 and −0.360 respectively.  

The Table 3 depicts the odds ratio of altered hepatobiliary function associated with CAD in T2DM patients. 
The odds of decreased bilirubin level associate with subjects (odds ratio: 2.15) is about two times more when 
compared with controls. The odds that increased ALT are associates with T2DM with CAD is 2.7 time more 
than T2DM without CAD. 
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Table 1. Glycemic status in T2DM Patients with and without CAD.                                                   

Parameters 

Group 1 
Type 2 DM without CAD 

(n = 50) 
Mean ± SD 

Group 2 
Type 2 DM with CAD 

(n = 50) 
Mean ± SD 

“p” Value 

Fasting Plasma Glucose (mg/dl)* 98.81 ± 28.12 160 ± 54.28 0.000 

HbA1c (%)* 7.14 ± 1.73 8.90 ± 1.97 0.001 

Insulin (uIU/L)* 6.37 ± 1.35 8.62 ± 2.18 0.000 

Insulin Resistance (HOMAir)* 1.61 ± 0.14 3.41 ± 1.26 0.000 
*“p” Value is significant at the 0.001 level. 
 
Table 2. Hepato-biliray status in T2DM Patients with and without CAD.                                            

Parameters 

Group 1 
Type 2 DM without CAD 

(n = 50) 
Mean ± SD 

Group 2 
Type 2 DM with CAD 

(n = 50) 
Mean ± SD 

“p” Value 

Total Protein (g/dl)* 7.62 ± 0.46 6.89 ± 1.10 0.002 

Albumin (g/dl)* 4.43 ± 0.90 3.71 ± 0.62 0.001 

Globulin (g/dl) 3.19 ± 1.03 3.18 ± 0.58 0.949 

A/G ratio 1.18 ± 0.15 1.08 ± 1.20 0.669 

AST (U/L)* 28.79 ± 7.87 90.69 ± 36.64 0.000 

ALT (U/L)* 22.55 ± 13.30 34.42 ± 17.27 0.006 

De ritis ratio (AST/ALT)* 1.44 ± 0.46 2.75 ± 0.68 0.000 

Total Bilirubin (mg/dl)* 0.90 ± 0.32 0.32 ± 0.15 0.000 

Direct Bilirubin (mg/dl)* 0.28 ± 0.1 0.12 ± 0.05 0.000 

Indirect Bilirubin (mg/dl)* 0.60 ± 0.23 0.20 ± 0.12 0.000 
*“p” Value is significant at the 0.001 level. 
 

 
Figure 1. The distribution of serum bilirubin in type 2 diabetes mellitus patients with 
and without coronary artery disease.                                               

4. Discussion 
Bilirubin acts as a cardioprotective agent by scavenging lipid preoxides and other products of physiological 
oxidation. Schwether et al. in 1994 showed that plasma bilirubin concentration inversely correlated with CAD 
[12]. Masood et al. and Hopkin et al. also showed low level of bilirubin in CAD patients when compared with  
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Table 3. Odds ratio for ALT, De-ritis ratio and Serum Bilirubin.             

Parameters Odds ratio 0.95 confidence Interval 

ALT 2.75 0.27 - 2.61 

De ritis ratio 0.31 0.03 - 3.16 

Serum Bilirubin 2.15 0.36 - 1.27 

 
normal Subjects [13]. Our result was also in concodence with the above mentioned studies and showed low le-
vels of bilirubin in T2DM patient with CAD when compared with to T2DM without CAD. A survey conducted 
by National Health and Nutrition Examination from 1999-2004 reported that increased bilirubin levels are asso-
ciated with reduced prevalence of peripheral artery disease [14]. 

In our study we also compared total protein and albumin levels between the two groups and found their serum 
levels were decreased in T2DM patient with CAD [15]. De-ritis ratio which is used as surrogate marker for 
identifying non-alcoholic fatty liver disease was increased among T2DM with CAD when compared with 
T2DM without CAD [16]. Some other studies have also reported that NALFD and insulin resistance was an in-
dependent risk for CAD. The association between insulin resistance and NAFLD had already been established in 
many studies [1] [17]-[19]. The link between low serum bilirubin levels and CAD in T2DM can be explained by 
the increased oxidative stress associated with both the pathogenesis of T2DM and CAD. 

Present Study also showed an inverse correlation between HbA1c, Insulin resistance and serum bilirubin. This 
was in concordance with published results of Mayer et al. and Oda et al. which showed a negative correlation 
between HbA1c and cardiovascular risk factors [9] [20].  

5. Conclusion 
The study concluded that decreased level of serum bilirubin and increased HbA1c increases the risk factor for 
CAD in patient with T2DM. There is elevation of liver enzyme also seen in T2DM with CAD. 

6. Limitation of the Study 
The major limitation of this study is lesser number of participants. This was due to the lack of time as this was 
the ICMR short term student project. In this study, we could have compared the Intima media thickness of the 
coronary artery with serum biliurbin levels which could have been made serum biliurbin as a better maker. 
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