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Editorial
Bilirubin is a product formed when our body breaks down 

old red blood cells. It is a substance of heme catabolism that may 
have potent antioxidant and cytoprotective properties [1,2]. A little 
amount of bilirubin in our blood is normal (0.22 – 1 mg/dl), but a 
high level may be a sign of liver disease. Therefore, total bilirubin is 
a biochemical liver disease marker. Literature shows that a growing 
body with higher bilirubin levels is negatively correlated with insulin 
levels, the prevalence of diabetes and cardiovascular disease [3-5]. The 
report examines the explanatory factors of total bilirubin. The present 
hypotheses are: What are the risk and protective factors of liver disease 
based on total bilirubin? These hypotheses are examined based on a real 
data set given in [6,7].

The considered real data set was obtained from the North-East 
of Andhra Pradesh, India. The data set contains 579 subjects with 2 
attribute characters, and 9 continuous variables. It is available in the 
site http://archive.ics.uci.edu/ml/machine-learning-databases/00225/”. 
The two attribute characters are sex (male = 0, female =1), selected field 
used to split the data into two sets (liver patient=1, non-liver patient=2) 
(CLUSTER), and their proportions are displayed in (Table 1) [8]. 
Note that the data set contains 71.5% liver patients, and 28.5% non-
liver patients. The nine continuous variables are age, total bilirubin 
(TB), direct bilirubin (DB), alkaline phosphatase (ALP), alanine 
aminotransferase (SGPT), aspartate aminotransferase (SGOT), total 
proteins (TP), albumin (ALB), and albumin and globulin ratio (A/G), 
and their mean, standard deviation, and normal ranges are given in 
(Table 1) [8]. Recently, the determinants of ALP are derived in [8]. The 
above data set has been analyzed based on both joint generalized linear 
Log-normal and Gamma models [9,10], as the response total bilirubin 
is heteroscedastic. It is observed that the joint Log-normal models give 
better results than Gamma fitted models, and the following results are 
reported based on the fitted joint Log-normal models.  

The data set contains 11 explanatory variables/factors on 579 
subjects. Total bilirubin (TB) is considered as the response variable, 
and the remaining others are considered as the explanatory variables. 
Based on the fitted joint Log-normal models, it is observed that sex 
(P=0.024) is inversely associated the mean TB. Therefore, total 
bilirubin is lower for female patients than male. It indicates that male 
liver patients are at higher risk than female patients. Total bilirubin 
is higher at older ages (P=0.0722). TB increases as ALP (P<0.0001) 
or direct bilirubin (DB) (P<0.0001) increases. The interaction effect 
of ALP & DB (ALP*DB) (P<0.0001) is inversely associated with the 
mean TB. It shows that even though the marginal effects of ALP & DB 
increases the mean TB, but their joint interaction effect decreases the 
mean TB. TB increases as the SGPT (P=0.1146) increases. Note that the 
SGOT is not associated with the mean TB, but the joint effect of SGPT 
& SGOT (SGPT*SGOT) (P=0.0331) is negatively associated with the 
mean TB. Total protein (TP) (P=0.1111) is negatively associated with 
the mean TB. It shows that total bilirubin is higher at lower value of TP. 
Also the interaction effect of DB & TP (DB*TP) (P=0.0227) is inversely 

associated with the mean TB. It shows that if the interaction effect of 
DB & TP is lower, the mean TB is higher. The mean TB increases as the 
albumin (ALB) (P=0.0169) increases. Also the albumin and globulin 
ratio (A/G) (P=0.0359) is inversely associated with the mean TB. 
The variance of TB is inversely associated with the sex (P=0.0051). It 
shows that the variance TB is higher for male patients than female. TB 
variance increases as the DB (P<0.0001) or ALP (P=0.0327) increases. 
The summarized association of the explanatory variables/factors with 
total bilirubin is displayed in Table 1.

The association of total bilirubin with the other biochemical 
liver disease markers, and other explanatory factors/ variables 
is shown above Table 1. It is shown above that total bilirubin is 
positively associated with the direct bilirubin, alkaline phosphatase, 
alanine aminotransferase, and albumin, which are liver disease 
markers. So, care should be taken if one liver disease marker 
increases, the other should be increased. Note that their interaction 
effects have opposite roles. For confirmation that a patient is having 
liver disease, all liver disease’s markers need to be tested. At older 
ages, care should be taken that liver diseases markers should be 
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Response Associated with following Association 
type P-value

Mean Total 
Bilirubin (TB)

Sex negative P=0.0245
Age positive P=0.0722

Alkaline phosphatase (ALP) positive P<0.0001
Direct bilirubin (DB) positive P<0.0001

ALP*DB negative P<0.0001
Alamine aminotransferase 

(SGPT) positive P=0.1146

Aspartate aminotransferase 
(SGOT) no P=0.3394

SGPT*SGOT negative P=0.0331
Total protein (TP) negative P=0.1111

DB*TP negative P=0.0227
Albumin (ALB) positive P=0.0169

Albumin and globulin ratio (A/G) negative P=0.0359

Variance of TB
Sex negative P=0.0051

Direct bilirubin positive P<0.0001
Alkaline phosphatase (ALP) positive P=0.0327

Table 1: Association of total bilirubin with different factors/ variables.
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increased. Medical practitioners take care that interaction effects of 
liver disease markers have opposite role than the marginal effects 
of the markers. As a result it is difficult to identify a patient with 
liver disease.
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