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ABSTRACT

This paper attempts to estimate the pdf probability density
function of various parameters of liver disease with cirrhosis
or without cirrhosis. Some parameters are analysed and out of
those best four parameters are taken into consideration.
Parameters include ratio of ALT and AST (alanine
aminotransferases and aspartate aminotransferases), ALB
(serum Albumin), Bil (bilirubin), Prot (total protein) Patients
belonging to different age groups are analysed. The pdf has
been carried out in time domains. Various distributions have
been tested to get a good fit for most of the data. It is observed
that there is different distribution for different parameters.

General Terms

This method is used for classification purpose. This is the
another method of classification of data set in probability
density function. It is used as a clinical data to design liver
disease cirrhosis detection system.
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1. INTRODUCTION

Liver is a vital organ of human’s body. It is located in
upper right quadrant of Abdomen. The liver has wide
range of functions generally cite it being around 500. Liver
plays an important role in human body like decomposition of
red blood cells, protein production, blood clotting to
cholesterol, produce bile which helps indigestion. Many bio
chemical reactions occur in liver like synthesis and
breakdown of small and complex molecules. A variety of
illness can affect the function of liver. One of the disease is
Cirrhosis which occurs when normal liver replaced by scar
tissues as a result of chronic liver disease. Cirrhosis is caused
by alcoholism, hepatitis b, hepatitis ¢, and fatty liver.
Cirrhosis is irreversible. Treatment usually focuses on
preventing progress. Liver transplantation is the only option
of advance stage of cirrhosis.

In this paper we have attempted to estimate the Probability
Density Function (pdf) of different parameters. In this we
have Probability Density Function for parameters of liver
disease. Probability density function (PDF), or density of a
continuous random variable, is a function that describes the
relative likelihood for this random variable to take on a given
value. Probability distribution is defined as a function over
general sets of values. The probability density function is
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nonnegative everywhere, and its integral over the entire space
is equal to one.

Hence, if Fx is the cumulative distribution function of X, then:
FX (X) = [© fX (u) du
And (if fX is continuous at x)

The probability density function is:
fX() = <= FX(x)

This paper is organized into the following five sections. The
first section describes parameters of liver disease with no
cirrhosis used in this study. In the same section results from
the time domain estimation has been shown. The second
section describes parameters of liver disease with cirrhosis
used in this study. In the same section results from the time
domain estimation has been shown. Then conclusions are
summarized then finally acknowledgement is mentioned.

2. ESTIMATION OF PARAMETERS
RESULTS IN LIVER DISEASE WITH
NO CIRRHOSIS IN THE TIME
DOMAIN

2.1 Data Description

The present study has been done on patients having liver
disease with cirrhosis and without cirrhosis. Data set include
one hundred three patients. Data is taken from Department of
Gastroenterology and Department of Hepatology, Nehru
Hospital, PGIMER, Chandigarh. Patients are of different ages.
In this routine blood tests including serum alanine and
aspartate aminotransferases (ALT and AST), alkaline
phosphatase (ALP), direct and total serum bilirubin, total
protein and albumin, prothrombin time and other
hematological parameters including hemoglobin, platelets,
white blood cell counts, red blood cell indices and peripheral
blood film were obtained from PGIMER laboratories. On the
basis of clinical and biochemical evidence 80 out of 103
alcoholics (77.6 %) were found to have liver disease. Out of
80 alcoholic patients 16 (20 %) had fatty liver disease, 5
(6.2%) had hepatitis and 58 (72.5 %) had liver cirrhosis. 46
(57.5 %) patients with liver cirrhosis had decompensate
cirrhosis and 12 (15 %) patients had acute chronic liver failure
(ACLF). 67 (74.4 %) alcoholics had liver disease and 47 (52.2
%) of them had liver cirrhosis.

Out of 103 patients 68 (66 %) alcoholics had education level
of high school or below. Binge drinking was observed in 71
(68.9 %) cases. 37 (35.9 %) alcoholics had history of a drink
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first thing in the morning to steady nerves or get rid of a
hangover (eye-opener).

Regarding the type of liquor most commonly consumed,
about 55 (53.4 %) alcoholics consumed only foreign liquor,
34 (33 %) consumed locally-made liquor, and 14 (13.6 %)
consumed both the types of liquor. The most common type of
alcoholic beverage for drinkers in this study was whisky,
followed by locally-made liquor

Dataset include various parameters and PDF estimation of
following parameters is calculated:

()Ratio of ALT and AST (alanine and aspartate
aminotransferases) (ii) Bil (bilirubin) (iii) ALB (serum
Albumin) (iv) Prot (total protein) (v) ALP (Alkaline
Phosphatase) (vi) PTI (Prothrobin index) (vii) TLC

2.2 Goodness of Fit Test

Data is divided into three categories as liver disease with
cirrhosis, liver disease without cirrhosis, and patients having
no liver disease. In the time domain, Chi-squared, Anderson
Darling, and Kolmogorov-Smirnov tests are applied on the
dataset containing patients having liver disease with or
without cirrhosis

The histogram plots of liver disease with no Cirrhosis have
been depicted in Figs. 2(a)-2(d).
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Fig.2.Histogram Plots and Best Fitting Curves in Time

Domain for the liver disease with no cirrhosis having

following parameters are shown (a) Ratio of ALT and

AST (alanine and aspartate aminotransferases) (b) ALB

(serum Albumin) (c) Bil (bilirubin) (d) Prot (total
protein).
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It is observed that every parameter necessary for liver disease
have different distribution. For ratio of AST and ALT
parameter, Log Logistic and Gen. Pareto are best
distributions. Formula for these distributions is as follows:
The formula for Log Logistic:

o- continuous shape parameter (0>0)
B- continuous scale parameter (>0)

.y = B/
B )

Whose expectation is

E(X) = ab/sinb, p>1,




The pdf for Gen. Pareto:

_sl K=h\A 1 _
f(x)—{c(1+1< = W-1—-1/k k#0
)= exp(-5H k=0

k- Continuous shape parameter

p- Continuous scale parameter ( U= ﬂ)
o- Continuous location parameter

Pdf for Fatigue Life (3P):

X— \/ X—
F00 = [x=v)/B+VB/( y).(p(i(\/,%y_(\/ 8

2a(x-y) (x—y

)

Pdf for Gamma 3P is:
109 = 52 exp((x~ )/B)

Brar(a)
Pdf for Beta:
a 1-  continuous  shape  parameter (o 1>0)
a 2- continuous shape parameter (a 2>0) (a,b)-continuous
boundary parameters (a<b)

Domain
a<x<b
_ 1 (x—a) "a1-1 (b—x) %2 -1
f(x) = B (a1,a2) (b—a)*+a2—1
Y <X <+o0

Pdf for Lognormal:
Domain
Y <x < 400

o 22

)= —evem

Table 1. Goodness of fit test results in time domain

Sr Distribution | Kolmogoroov | Anderson | Chi-
no. Smirnov Darling Squared
(Test statistic) | (Test (Test
statistic) statistic
AST/ ALT
1 Log- 0.1462 0.53417 1.1006
Logistic
2 Gen. Pareto 0.14737 4.222 N/A
ALB
1 Gamma 0.09734 0.38178 0.30121
(3P)
2 Fatigue 0.10283 0.40146 0.25064
Life(3P)
Bil
1 Pearson | 0.14571 0.60796 0.96156
2 Lognor 0.15009 0.78377 2.1222
mal
Prot
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1 Johnson | 0.0878 7.3697 N/A
SB

2 Beta 0.1000 | 1.1733 0.00796

3. ESTIMATION OF PARAMETERS
RESULTS IN LIVER DISEASE WITH
CIRRHOSIS IN THE TIME DOMAIN

On the basis of clinical and biochemical evidence 80 out of 103
alcoholics (77.6 %) were found to have liver disease. Out of 80
alcoholic patients 16 (20 %) had fatty liver disease, 5 (6.2%)
had hepatitis and 58 (72.5 %) had liver cirrhosis. 46 (57.5 %)
patients with liver cirrhosis had decompensate cirrhosis and 12
(15 %) patients had acute chronic liver failure (ACLF). 67
(74.4 %) alcoholics had liver disease and 47 (52.2 %) of them
had liver cirrhosis. The histogram plots of liver disease with no
Cirrhosis have been depicted in Figs. 3(a)-3(d).
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Fig 3 Histogram Plots and Best Fitting Curves in Time
Domain for liver disease with cirrhosis having following
parameters are shown (a) Ratio of ALT and AST (alanine
and aspartate aminotransferases) (b) ALB (serum
Albumin) (c) Bil (bilirubin) (d) Prot (total protein).

It is observed that every parameter necessary for liver disease
have different distribution. For ratio of AST and ALT
parameter, Pearson 6 (4P) and Burr are best distributions.

The pdf for Pearson 6 (4P) is:

(x=y)/By e+t
BB(al,a2)(1+(x-y)/B) al+a2

f(x) =

Pdf for Burr is:

_ (/B
fe) = T ramym o

K- continuous shape parameter (k >0 )

a- continuous shape parameter ( >0 )
B- continuous scale parameter ($>0)

y- continuous location parameter (y =0 continuous location
parameter)

Pdf for Weibull:

100 =5 (559) 2“7 exp ((x=)/B)"®)
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Pdf for Kumaraswamy:

ala2z@1-1 (1—za1)az-1
(b—a)

f(x) =

Domain:
a<x<b
Pdf for Reciprocal:

a,b- continuous boundary parameters (0 <a < b)

1
x(In(b)-In(a))

f(x) =

The results are shown in TABLE Il in which the test statistic
of liver disease with cirrhosis is shown against a particular
parameter and a particular test.

Fig.3. Histogram Plots and Best Fitting Curves for Time
Domain Samples of LATERAL movements (a) female 1 (b)
female 2(c) male 1 (d) male 2

Both the distributions fitted the data slightly better than each
another. The results are shown in TABLE | in which the test
statistic is shown against a particular gender and a particular
test. However, a better fitting Burr (4P) distribution in
sometimes can be a good alternative for hand movements
EMG signals.

Table 2. Goodness of fit test results in time domain

Sr Distributi | Kolmogoroov Anderson | Chi-
no. on Smirnov (Test | Darling Squared(
statistic) (Test Test
statistic) statistic
AST/ ALT
1 Pearson 0.0567 0.21938 6.4088
6(4P)
2 Burr 0.05801 0.24359 6.3109
ALB
1| Weibull 0.06791 0.48758 4.0503
2 | Log-Pearson 3 | 0.07009 0.31619 3.168
Bil
1 Kumarasw | 0.07521 8.0632 N/A
amy
2 Reciprocal | 0.07559 1.2973 1.3793
Prot
1 Johnson 0.08384 4.1228 N/A
SB
2 Gen. 0.08441 41348 N/A
Pareto




4. CONCLUSION

This paper attempts to estimate the pdf probability density
function of various parameters of liver disease with cirrhosis
or without cirrhosis. In this paper our objective is to apply
best distribution over various parameters. Pdf is a function
that describes the relative likelihood for random variable to
take on a given value. Various distributions have been tested
to get a good fit for most of the data. It is observed that there
is different distribution for different parameters. Further work
can be done to predict the main target by applying various
methods.
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