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Abbreviations: VTB, variance of TB; DB, direct bilirubin; TP, 
total proteins; JGLMs, joint generalized linear models; AIC, akaike 
information criterion; ALP, alkaline phosphatase; MTB, mean total 
bilirubin

Introduction 
Liver is a vital organ of human being which performs many 

important functions such as glycogen storage, protein synthesis, 
detoxification, decomposition of red blood cells, and production of 
biochemical & hormone. It has multidimensional functions, and it is 
also prone to many diseases. There are many risk factors which are 
responsible for developing more than 100types of liver disease.1‒4 
Over the world, liver disease is the most common disease which is 
developed due to inflammation hepatocyte in liver.5‒8 The incidence of 
new liver cancer disease patients in every year throughout the world is 
more than one million.9,10 Liver disease is very hard to detect, as liver 
is capable to maintain its normal activity even it is partially damaged. 
The early stage diagnosis of hepatic fibrosis, hepatitis, and hepatic 
cirrhosis is very complicated as their morphological changes are not 
always visible. However, some hemodynamic liver disease changes 
are observed in practice.10‒12 Therefore, the early diagnosis of the liver 
disease is the fundamental steps for its treatment. 

Our body sometimes breaks down old red blood cells; consequently 
a substance is produced known as bilirubin. It is a product of heme 
catabolism that may have potent cytoprotective and antioxidant 
properties.13,14 A little amount of bilirubin in our blood is normal 

(0.22–1mg/dl), but a higher amount may be a sign of liver disease. 
Earlier research articles have pointed that higher levels of bilirubin 
for a healthy body are negatively associated with the prevalence 
of diabetes, insulin levels, and cardiovascular disease.15,16 Dietary 
factors such as fat, alcohol have significant effects on liver disease 
markers.17‒19 In animals or healthy humans, fat ingestion has been 
identified to elevate serum ALP levels. It is happened either if a high-
fat diet is absorbed or if fat is included in a test meal.20‒22 Intravenous 
infusion of glucose in rabbits develops an increase in the hepatic 
excretion of conjugated bilirubin.23 Some medium-chain fatty acids 
reduce in binding of bilirubin to albumin in vitro.24 More alcohol 
consumed (>80g/day for more than 5years) (without other causes of 
cirrhosis) may develop alcoholic cirrhosis.25,26

The role of explanatory factors of total bilirubin for the liver 
patients is little known in the literature, considering the practical 
situations that the total bilirubin is positive, heteroscedastic and 
non-normal continuous random variable. Based on the appropriate 
characteristics of total bilirubin, it may be properly analyzed by joint 
generalized linear models (JGLMs), specifically; joint Log-normal 
or gamma models.27‒30 These two analysis methods are applied to 
analyze the present considered data set, and it is found that the joint 
Log-normal models fit gives better results than joint gamma models, 
so only the results of joint Log-normal models fit are displayed in 
Table 1. The following hypotheses are aimed to examine in the report. 
What are the determinants of total bilirubin? What is the role of the 
explanatory factors on TB? How are the determinants associated with 
TB? With the help of a real data set containing 579 liver & non-liver 
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Abstract

Objectives: Total bilirubin and direct bilirubin are known as liver disease biomarkers. The 
report aims to identify the explanatory factors of total bilirubin of some liver patients based 
on appropriate probabilistic modeling. 

Background: Liver disease biomarkers are interrelated, and the associations of total 
bilirubin with the other liver disease markers are little known in the literature. 

Materials and Methods: A real data set of 579 liver & non-liver disease patients, along 
with 2 attribute characters and 9 continuous variables is considered, which was obtained 
from the North-East of Andhra Pradesh, India. The interested response total bilirubin is 
continuous, heterogeneous, positive, and non-normally distributed which is generally 
analyzed by joint generalized linear statistical Log-normal or Gamma models.

Results: Total bilirubin (TB) is higher for male liver patients (P=0.0543) than female. 
Mean TB is higher at older ages (P=0.0400). It increases as alkaline phosphatase (ALP) 
(P<0.0001), or direct bilirubin (DB) (P<0.0001), or alanine aminotransferase (SGPT) 
(P=0.1233), or albumin (ALB) (P=0.0101) increases. Mean TB decreases as the total proteins 
(TP) (P=0.0942), or albumin to globulin ratio (A/G) (P=0.0239), or joint interaction effect 
of ALP & DB (ALP*DB) (P<0.0001), or interaction effect of aspartate aminotransferase 
(SGOT) & SGPT (SGOT*SGPT) (P=0.0856), or interaction effect of DB & TP (DB*TP) 
(0.0389) increases. Variance of TB is higher for male liver patients (P=0.0051) than female, 
and it increases as DB (P<0.0001), or ALP (P=0.0327) increases. 

Conclusions: Total bilirubin has a complex association with all liver disease markers. 
Age, ALP, DB, SGPT, ALB are directly correlated with the mean TB, while sex, A/G, 
ALP*DB, SGPT*SGOT, DB*TP are inversely correlated with the mean TB. These findings 
are completely new in the liver disease literature. 

Keywords: alanine aminotransferase; direct bilirubin; joint log normal model; liver 
disease markers; total bilirubin
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patients with 2 categorical characters and 9 continuous variables, the 
above hypotheses are examined in the report. 

Materials & statistical methods 
Materials

The report considers a real data set containing 579 liver & non-
liver patients which has been collected from the North-East of 
Andhra Pradesh, India. The data is given in the site http://archive.
ics.uci.edu/ml/machine-learning-databases/00225/”. It contains 
9 continuous variables and 2 categorical characters which are age, 
alkaline phosphatase (ALP), direct bilirubin (DB), total bilirubin 
(TB), aspartate aminotransferase (SGOT), alanine aminotransferase 
(SGPT), albumin (ALB), total proteins (TP), and albumin and 
globulin ratio (A/G), sex (male = 0, female =1), subject type (liver 
patient=0, non-liver patient=1) (CLUSTER). In the given data set, 
there are 28.5% non-liver and 71.5% liver patients, and also 24.18% 
female and 75.83% male subjects. The summarized statistics of the 
variables are given in Hastie T et al.,31 (Table 1).

Statistical methods

For some continuous positive response variable, variance is not 
constant always in its range of variation. In practice, physiological 
data such as total bilirubin, direct bilirubin, alkaline phosphatase are 
non-constant variance response. They are generally analyzed by joint 
generalized linear Log-normal or gamma models, and their detailed 
discussions are given in.27‒30 The response total bilirubin is analyzed 
by both the joint Log-normal and gamma models, and it is found that 
joint fitted Log-normal models give better results than joint gamma 
fitted models. Therefore, only the joint Log-normal models are shortly 
described herein. 

For the positive response random variable Yi ’s, with 

 ( )i i
E Y µ=  and ( ) 2 2  i i i

Var Y µσ=

The log transformation Zi=log(Yi) is applied to stabilize the 
variance Var (Zi)≈ 

2
iσ  . In order to obtain better models, an improved 

statistical technique is applied. In practice, a simple log transformation 
does not stabilize the variance always.28 Then Nelder and Lee32 have 
proposed to apply joint generalized linear models (JGLMs). 

For the positive dependent continuous variable Yi, generally the 
log transformation Zi=logYi is applied. The JGLMs (under Log-
normal distribution) for the mean and variance are given by 

 ( ) ( ) 2     izi zi
E Z µ and Var Zi σ= = ,

 
( )2         t t

zizi i i
µ x and log gβ σ γ= = ,

Where xi
t and gi

t denote respectively, the row vectors for the 
regression coefficients β (mean model) and γ (variance model). Note 
that the mean parameters β’s are estimated by maximum likelihood 
method (MLE), and the variance parameters γ’s are estimated by 
restricted likelihood method (REML). 

In GLMs, the variance consists of two parts which are )( iV µ  
(depending on mean) and 

2
iσ  (independent of mean). Note that 

)( iV µ  (known as variance function) identifies the GLMs family 
distributions. For example, the distribution is gamma if ( )V µ µ= , 
Poisson if ( )V µ µ=  and Normal if ( ) 1V µ = , etc.

In the present article, it is aimed to examine the determinants of 
total bilirubin which is a liver disease marker. Higher level of TB 
may suggest some liver problems such as gall bladder, cirrhosis 
(scarring), hepatitis (infection), gallstones, liver cancer etc. The report 
tries to identify the determinants of TB using the above stated joint 
Log-normal models as they give better results than the joint gamma 
models. Using the joint Log-normal models, the estimated models of 
total bilirubin have been derived in the report which is displayed in 
Table 1. Based on the derived models in Table 1, the determinants, and 
their effects on TB have been identified in the report.  

Table 1 Fitted joint Log-normal models of total bilirubin

Model Covariate Estimate Standard error t-value P-value

Mean Constant -0.4706 0.11253 -4.182 P<0.0001

Model Sex -0.0333 0.01728 -1.928 P=0.0543

 Age 0.001 0.00051 2.058 P=0.0400

 Alkaline phosphatase (ALP) 0.0003 0.00007 4.122 P<0.0001

 Direct bilirubin (DB) 1.2563 0.11811 10.636 P<0.0001

 ALP*DB -0.0004 0.00008 -4.349 P<0.0001

 
Alamine aminotransferase 
(SGPT) 0.0003 0.0002 1.543 P=0.1233

 
Aspartate aminotransferase 
(SGOT)

0.0001 0.00014 0.781 P=0.4351

 SGPT*SGOT -0.0001 0.00001 -1.722 P=0.0856

 Total protein (TP) -0.051 0.03042 -1.676 P=0.0942

 DB*TP -0.0373 0.01802 -2.07 P=0.0389

 Albumin (ALB) 0.1457 0.05648 2.579 P=0.0101

 Albumin and globulin ratio (A/G) -0.1918 0.08472 -2.264 P=0.0239

Variance model Constant -3.69 0.12905 -28.6 P<0.0001

 Sex -0.403 0.14344 -2.81 P=0.0051

 CLUSTER -0.193 0.14156 -1.36 P=0.1743

 Direct bilirubin 0.746 0.03543 21.04 P<0.0001

 Alkaline phosphatase (ALP) 0.001 0.0003 2.14 P=0.0327
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Total bilirubin (TB) analysis, results and 
interpretations 
Total bilirubin analysis

Total bilirubin is a positive, continuous and heteroscedastic 
response variable, which is to be modeled using the remaining 2 
attribute and 8 continuous variables. TB is modeled using the joint 
Log-normal models as stated above. On the basis of lowest Akaike 
information criterion (AIC) value, the final joint Log-normal fitted 
models (with AIC=699.3) have been selected which are displayed in 
Table 1. Note that AIC identifies a model that minimizes squared error 
loss and predicted additive errors.33 Based on marginality rule (if an 
interaction term is significant in the model all its related lower-order 
interactions and main effects should be included in the model34) two 
insignificant effects are included in the mean model (Table 1). One 
insignificant effect is included in the dispersion model (Table 1) for 
better fitting.29 Absolute residuals and normal probability plots are 
used as the model checking diagnosis plots. 

For the fitted Log-normal models (Table 1), absolute residuals are 
plotted with respect to fitted values in Figure 1(a), which is almost flat 
except the right tail. The right tail of Figure 1(a) is decreasing as the 
smallest absolute residual is located at the right boundary. Figure 1(a) 
is almost flat indicating that the variance is constant with the running 
means. Figure 1(b) reveals the normal probability plot of the fitted 
mean model in Table 1, which does not show any lack of fit due to 
outliers, or model selection, or distribution (Figure 1). 

 Figure 1(a)                                             Figure 1(b)

Figure 1 For the fitted Log-normal models of TB (Table 1), the (1A) absolute 
residuals plot with respect to fitted values, and the (2B) normal probability 
plot of the mean model.

Analysis results of total bilirubin

The mean total bilirubin (TB) is directly correlated with the age 
(P=0.0400), or alkaline phosphatase (ALP) (P<0.0001), or direct 
bilirubin (DB) (P<0.0001), or alanine aminotransferase (SGPT) 
(P=0.1233), or albumin (ALB) (P=0.0101). Also mean TB is inversely 
correlated with the sex (P=0.0543), or joint interaction effect of 
ALP & DB (ALP*DB) (P<0.0001), or interaction effect of aspartate 
aminotransferase (SGOT) & SGPT (SGOT*SGPT) (P=0.0856), 
or total proteins (TP) (P=0.0942), or interaction effect of DB & TP 
(DB*TP) (0.0389), or albumin to globulin ratio (A/G) (P=0.0239). 
The variance of TB is directly correlated with DB (P<0.0001), or ALP 
(P=0.0327), and it is inversely correlated with the sex (P=0.0051). 

Interpretations of total bilirubin analysis:

Table 1 presents the summarized results of TB analysis. The 
following interpretations are obtained from Table 1. The mean 

total bilirubin (MTB) is inversely significantly correlated with the 
sex (male=0, female=1) (P=0.0543), indicating that MTB is higher 
for male liver patients than female. MTB is directly significantly 
correlated with the age (P=0.0400), indicating that MTB is higher 
for older liver patients than younger. MTB is directly significantly 
correlated with alkaline phosphatase (ALP) (P<0.0001), or direct 
bilirubin (DB) (P<0.0001), or albumin (ALB) (P=0.0101), indicating 
that MTB increases as ALP, or DB, or ALB increases. MTB is 
inversely significantly correlated with the interaction effects of ALP 
& DB (ALP*DB) (P<0.0001), indicating that MTB increases as 
ALP*DB decreases. Note that the marginal effects ALP & DB are 
directly correlated with MTB, while their interaction effect ALP*DB is 
inversely correlated with MTB. MTB is directly partially significantly 
correlated with alanine aminotransferase (SGPT) (P=0.1233), 
indicating that MTB increases as SGPT increases. Note that SGPT 
is partially significant with MTB, which is known as confounder in 
epidemiology. In addition, MTB is directly insignificantly correlated 
with aspartate aminotransferase (SGOT) (P=0.4351), indicating that 
MTB increases as SGOT increases. It is included in the model due 
to marginality rule.34 MTB is inversely significantly correlated with 
the interaction effects of SGPT & SGOT (SGPT*SGOT) (P=0.0856), 
indicating that MTB increases as SGPT*SGOT decreases. Here 
also the marginal effects SGPT & SGOT are directly correlated 
with MTB, while their interaction effect SGPT*SGOT is inversely 
correlated with MTB. MTB is inversely significantly correlated with 
the total proteins (TP) (P=0.0942), or albumin to globulin ratio (A/G) 
(P=0.0239), indicating that MTB increases as TP, or A/G decreases. 
MTB is inversely significantly correlated with the interaction effects 
of DB & TP (DB*TP) (P=0.0389), indicating that MTB increases as 
DB*TP decreases. Note that the marginal effect DB is directly, while 
TP is inversely correlated with MTB.

The variance of TB (VTB) is inversely significantly correlated 
with the sex (male=0, female=1) (P=0.0051), indicating that VTB is 
higher for male liver patients than female. VTB is directly significantly 
correlated with the DB (P<0.0001), or ALP (P=0.0327), indicating 
that VTB increases as DB, or ALP increases. VTB is inversely 
partially significantly correlated with the subject type (liver patient=0, 
non-liver patient=1) (CLUSTER)(P=0.1743), indicating that VTB is 
higher for liver patients than non-liver patients. Note that CLUSTER 
is a confounder in the dispersion model according to epidemiology. 
The derived fitted Log-normal mean and variance models (Table 1) of 
total bilirubin of the liver patients, respectively, are 

Conclusions and discussions
The explanatory factors of total bilirubin of liver patients have 

been derived (Table 1). The derived results and their interpretations 
are given above. Many factors such as sex, age, ALP, DB, (ALP*DB), 
SGPT, SGOT, (SGPT*SGOT), TP, (DB*TP), ALB, A/G are the 
explanatory factors of mean total bilirubin, while sex, patients type, 
DB and ALP are the explanatory factors of variance of total bilirubin. 
Note that the liver disease markers such as ALP, DB, SGPT, SGOT, 
ALB are positively associated with TB. In addition, some of their 
interaction effects such as (ALP*DB), (SGPT*SGOT), (DB*TP) are 
negatively associated with the mean total bilirubin. It is observed herein 
that liver disease markers are positively associated with the mean total 
bilirubin, while their interaction effects are negatively associated with 
the mean total bilirubin. As a result, the functional relationship of TB 
with other liver disease markers is very complicated. Consequently, it 
is very difficult to identify a patient with liver disease. 
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Earlier reports have shown that TB is associated with diabetes 
mellitus,33 cardiovascular disease,34 serum iron,35 and there is no 
significant association in connection to other parameters in groups of 
male and female.35 The present report has identified many determinants 
of total bilirubin. It (Table 1) has shown that mean and variance of TB 
are higher for male liver patients than female. Mean TB increases at 
older ages. Mean TB has positive significant association with direct 
bilirubin, alkaline phosphatase, aspartate aminotransferase, albumin. 
It has three negative significant two factor interaction effects. In 
addition, variance of TB has three significant determinants.

The fitted mean and variance models of TB are given above. Note 
that the estimate of regression coefficients have very small standard 
errors (Table 1) indicating that estimates are stable. Final models 
have been selected on comparison of Log-normal and gamma fitted 
models. Model fitting diagnostic plots do not show any lack of fit. 
Therefore, research should have more faith in the present results 
(Table 1) than any other results using the Log-Gaussian and gamma 
constant variance models. Many determinants of total bilirubin have 
been identified in the fitted models. These results can help the medical 
practitioners to take necessary action to control the bilirubin level. 
Care should be taken on bilirubin level at older ages. 
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