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Abstract  Background: Early diagnosis of liver cirrhosis in chronic hepatitis C patients is important because cirrhosis 
per se is an independent predictor of mortality. Cirrhosis is diagnosed clinically, the use of laboratory and imaging data, 
and liver biopsy. However, these methods have their limitations. These findings suggest the need for diagnostic biomarkers 
that could add to the sensitivity and accuracy. Serum Kallistatin and cholinesterase may fall into this category of bio 
markers as the liver represents the major site of synthesis and secretion of both of them and their levels reflect the synthetic 
function of liver. Objective: To assess serum Kallistatin and cholinesterase levels in cases of liver cirrhosis due to hepatitis C 
viral infection and correlates their levels with compensated liver cirrhosis and decompensated cirrhosis, and their serum 
levels with incidence of hepatocellular carcinoma. Methods: Forty-five patients who were included and classified into 15 
patients with compensated liver cirrhosis, 15 patients with decompensated liver cirrhosis and 15 patients with hepatocellular 
carcinoma. They were compared with 15 sex and age matched healthy individuals for control. Levels of serum kallistatin 
was measured by enzyme-linked immunosorbent assay and serum cholinesterase was measured using colorimetric assay. 
Results: There was a highly significant decrease in serum Kallistatin and cholinesterase in patients with compensated 
cirrhosis when compared with control (P<0.000) and decreased levels in decompensated cirrhotic patients. The lowest levels 
of serum kallistatin and cholinesterase were found in decompensated cirrhotic patients as compared to compensated and HCC 
patients (P <0.000- P <0.000), respectively. Conclusion: Both serum kallistatin and cholinesterase can be used as reliable 
biomarkers for the diagnosis of, evaluation of the extent of liver cirrhosis and progression to hepatocellular carcinoma. 
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1. Introduction 
Liver cirrhosis (LC) is the 14th most common cause of 

death all over the world that has a high morbidity and 
mortality. The prevalence of liver cirrhosis is underestimated, 
because patients at the early phase of liver cirrhosis are often 
asymptomatic, and most of patients with liver cirrhosis are 
admitted to hospital due to its related complications [1]. 

The majority of patients with LC die from life-threatening 
complications, which occurred relatively early in the course 
of the disease. Thus, the early diagnosis of LC is important 
for patients with chronic liver disease [2]. 

Liver biopsy remains the gold standard method for the 
diagnosis of liver fibrosis/cirrhosis [3], and the main 
disadvantages of  liver biopsy are  that  it is an  invasive  
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method, with risk of bleeding, with a mortality rate of 1 in 
10,000 [4] and the interpretation of biopsy findings have 
significant variability in 20% of cases [5]. Also, liver biopsy 
has the possibility of sampling error which can vary between 
33% and 50% as it represents only a small part of the liver [6]. 
Besides that, liver biopsy increases the economic costs of 
those patients [7]. For these reasons, many researchers are 
trying to replace the liver biopsies with noninvasive methods 
such as serum biomarkers [3]. Moreover, Child–Pugh and 
MELD (Model of End Stage Liver Diseases) Scores have 
been widely used to predict the outcomes of cirrhotic 
patients. However, they have some drawbacks. First, 2 
variables (i.e., ascites and hepatic encephalopathy) included 
in Child–Pugh score are subjective and variable according to 
the physicians’ judgment and the use of diuretics and 
lactulose. Second, INR (international normalized ratio), 
which is one component of both Child-Pugh and MELD 
scores, does not sufficiently reflect coagulopathy and 
consequently liver function in liver cirrhosis [8]. Third, there 
is an inter laboratory variation in INR value [8]. These 
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findings suggest the need to extend the battery of serum 
markers that could add to the sensitivity and accuracy of 
currently employed diagnostic and prognostic markers. 

Kallistatin was first purified and characterized from 
human plasma as a novel serine proteinase inhibitor (Serpin) 
and a specific tissue kallikrein inhibitor. Kallistatin has 
vasodilatory, anti-angiogenic, anti-inflammatory, anti-tumor 
and anti-oxidant effects. It is present in many human tissues, 
including the eye, kidney, liver, heart, arteries and veins, 
blood cells and body fluids. Several studies have shown that 
the liver represents the major site of synthesis and secretion 
of kallistatin, which could be a potential biomarker for liver 
cirrhosis [9]. 

Cholinesterase is an enzyme synthesized by hepatocytes 
and its serum levels reflect the synthetic function of liver 
[10]. It catalyzes the hydrolysis of the neurotransmitter 
acetyl choline into choline and acetic acid; a reaction 
necessary to allow a cholinergic neuron to return to its 
resting state after activation [10]. Its activity is reduced in 
liver dysfunction due to reduced synthesis. The main hepatic 
source of serum cholinesterase, the marked reduction in its 
synthesis with hepatocytes dysfunction and restoration of 
synthesis with hepatocytes recovery proposes that its serum 
activity might be a more specific indicator of liver 
dysfunction [11]. Serum cholinesterase is not easily affected 
by treatment with albumin and blood transfusion in cases of 
ascites and bleeding tendency which may affect other 
laboratory markers as serum proteins and blood clotting 
factors [12]. 

In the light of these data, the aim of this study was to 
assess serum levels of kallistatin and cholinesterase in cases 
of LC post hepatitis C viral infection and correlates their 
serum levels with the progression of cirrhosis from 
compensated into decompensated and hepatocellular 
carcinoma (HCC). 

2. Patients and Methods 
Forty-five patients were recruited from inpatient of 

Tropical and Internal Medicine departments at Al-Zahraa 
University Hospital during the period from October 2015 to 
December 2015 along with 15 ages and sex matched healthy 
subjects assessed by full clinical history, clinical 
examination, laboratory investigations and ultrasound 
examination were allocated to the study as control group. An 
informed consent was taken from each patient and healthy 
control after explaining the purpose and implication of the 
study which was approved by the local ethics committee. 
The patients were classified into 15 patients with 
compensated liver cirrhosis, 15 patients with decompensated 
liver cirrhosis and 15 patients with hepatocellular carcinoma 
(HCC). The patients were 24 female and 21 male and their 
age ranged from 45–65 years with mean 53.27 SD± (5.17) 
years. 

The patients inclusion criteria were chronic hepatitis C 

infected patients diagnosed by hepatitis C virus antibodies by 
ELISA and quantitative polymerase chain reaction and 
assessed by clinical examination, ultrasound evaluation for 
signs of liver cirrhosis, decompansation and. Also, chronic 
hepatitis C infected patients diagnosed HCC by ultrasound 
examination, alpha-fetoprotein ≥ 400 and triphasic computed 
tomography (C.T) was included. 

Exclusion criteria were any chronic liver diseases other 
than hepatitis C virus infection, history of albumin or blood 
transfusion four weeks prior to enrolment in the study, 
history or clinical evidence of variceal bleeding at enrolment. 
Patients with age <20 or >70 years, or patients with acute 
infection, chronic malnutrition. Also, pregnant females and 
those using oral contraceptive pills were excluded from the 
study. 

All groups were subjected to the following: A) Careful 
history taking and thorough Clinical examination, B) 
Abdominal ultrasonography for all groups, C) Triphasic C.T. 
for suspected cases of HCC, and D) Laboratory 
investigations: Liver function tests, Complete blood count, 
Hepatitis markers (HCV Abs, HBs Ag) using third 
generation enzyme-linked immunosorbent assay (ELISA) 
test., Polymerase chain reaction for HCV and HBV to 
confirm the diagnosis and alpha-feto-protein. 

Seven mL of venous blood were withdrawn from each 
subject and divided into two portions: 2 mL of whole blood 
was collected in evacuated tube containing trisodium citrate 
as anticoagulant which was sent immediately for the lab for 
prothrombin concentration measurements which was done 
on diagnostic stago. The remaining part was centrifuged and 
serum was separated and divided into two portions. The first 
portion used for liver function tests assessments which were 
done on Cobas C 311. The second portion was stored at -20 
until be used for cholinesterase and kallistatin measurement. 
Cholinesterase was measured colorimetrically on 
biochemistry autoanalyzer Chem 100 (using 
butyrylthiocholiniodide as substrate) using kit supplied by 
Centronic GmbH, Germany. Kallistatin was measured by 
enzyme linked immunosorbant assay (ELISA) technique 
using kit supplied by Bioassay Technology Laboratory 
according to manufacture instructions with detection range 
0.5-200 ng/ml and sensitivity 0.22 ng/ml [13]. ELISA 
system used was (Reader A3 1851 & Washer 909) from Das 
(Italy). ELISA assay employs the quantitative sandwich 
enzyme immunoassay technique. A monoclonal antibody 
specific for kallistatin has been pre-coated onto a microplate. 
Standards and samples are pipetted into the wells and any 
kallistatin present is bound by the immobilized antibody. 
After washing away any unbound substances, an 
enzyme-linked polyclonal antibody specific for kallistatin is 
added to the wells. Following a wash to remove any 
unbound antibody–enzyme reagent, a substrate solution is 
added to the wells and color develops in proportion to the 
amount of Kallistatin bound in the initial step. The color 
development is stopped and the intensity of the color is 
measured which reflect the concentration of kallistatin [14]. 
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Statistical Analysis 
We calculate sample size according to Raosoft and All 

statistical calculations were done using SPSS (statistica 
package for the social science version 22.00) statistical 
program. at 0.05, 0.01 and 0.001 level of probability [15]. 
Quantitative data with parametric distribution were done 
using Analysis of variance. Independent t-test and One Way 
ANOVA test followed by post hoc analysis using LSD. The 
confidence interval was set to 95% and the margin of error 
accepted was set to 5%. The p-value was considered non 
significant (NS) at the level of > 0.05, significant at the level 
of <0.05, 0.01 and highly significant at the level of < 0.001. 
Pearson linear correlation coefficient (r) was estimated to 
show the relationship between quantitative parameters, 
Receiver operating characteristic curve (ROC) was used to 
assess the best cut off point with its sensitivity, specificity, 
positive and negative predictive values and area under curve 
(AUC). AUC was interpreted as follow 0.9-1 mean 
excellent biomarker, 0.8-0.9 good 0.70–0.80 fair and 
0.60–0.70 poor. The confidence interval was set to 95% and 
the margin of error accepted was set to 5%. So, the p-value 
was considered significant at the level of < 0.05 [16]. 

3. Results 
3.1. Kallistatin Results 

The mean serum kallistatin levels were (30.66 ± 3.67 
ng⁄ml), (17.53 ± 5.15 ng⁄ml) and (46.27 ± 5.97 ng⁄ml) in 
compensated group, decompensated group and HCC group 
respectively, while it was (89.67 ± 21.99 ng⁄ml) in control 
group with highly statistically significant decrease in serum 
kallistatin levels in all patients groups (45 patients) in 
comparison to control group (15 volunteers) (Tables 1, 2, 3).  

There was highly significant decrease in kallistatin serum 
levels in decompensated group (15 patients) in comparison 
to compensated group (15 patients) (Table 1), while there 
was highly significant increase in kallistatin serum levels in 
HCC group (15 patients) in comparison to compensated 
group (15 patients) and decompensated group (15 patients), 
respectively (Table 4). 

Kallistatin serum level at ≤ 40.6 ng ⁄ml (cutoff) can 
diagnose compensated cirrhosis by 93.33% sensitivity,  
86.67% specificity, 87.50% positive predictive value and 
92.85% negative predictive value (Table 5, Figure 1). 

While, kallistatin serum level at ≤ 24 ng⁄ml (cutoff) can 
diagnose decompensated cirrhosis by 80% sensitivity, 100% 
specificity, 100% positive predictive value and 83.33% 
negative predictive value (Table 6, Figure 3). 

Moreover, kallistatin serum level at ≤ 53.6 ng⁄ml (cutoff) 
can diagnose hepatocellular carcinoma by 86.67% sensitivity, 
93.33% specificity and 92.85% positive predictive value and 
87.50% negative predictive value (Table 7, Figure 5). 

There was a significant negative correlation between 
serum kallistatin levels and ALT, AST and bilirubin levels 
respectively while there was a significant positive correlation 
between serum kallistatin levels and albumin, prothrombin 
concentration and cholinesterase serum levels respectively in 
compensated and decompensated groups. On the other hand, 
there was a highly positive strong correlation between serum 
kallistatin levels and cholinesterase serum levels in 
hepatocellular carcinoma, compensated and decompensated 
group (Table 8).  

3.2. Cholinesterase Results 

The mean serum cholinesterase levels were (3484.00 ± 
651.73 u⁄l), (1629.33 ± 382.89 u⁄l) and (5069.07 ± 247.01 u⁄l) 
in compensated group, decompensated group and HCC 
group respectively, while it was (8055.13 ± 1412.65 u⁄l) in 
control group, with highly statistically significant decrease in 
serum cholinesterase levels in all patients groups (45 patients) 
in comparison to control group (15 volunteers) (Tables 1, 2, 
3). 

There was highly significant decrease in cholinesterase 
serum levels in decompensated group (15 patients) in 
comparison to compensated group (15 patients) (Table 4), 
while there was highly significant increase in cholinesterase 
serum levels in HCC group (15 patients) in comparison to 
compensated group (15 patients) and decompensated group 
(15 patients) respectively (Table 4). 

Cholinesterase serum level at ≤ 4210 u⁄l (cutoff) can 
diagnose compensated cirrhosis by 86.67% sensitivity,    
100% specificity, 100% positive predictive value and  
88.24% negative predictive value (Table 5, Figure 2). 

While, cholinesterase serum level at ≤ 2152 u⁄l (cutoff) 
can diagnose decompensated cirrhosis by 93.33% sensitivity, 
100% specificity, 100% positive predictive value and  
93.75% negative predictive value (Table 6, Figure 4). 

Moreover, cholinesterase serum level at ≤ 5601 u⁄l (cutoff) 
can diagnose hepatocellular carcinoma by 86.67% sensitivity, 
100% specificity and 100% positive predictive value and 
69.77% negative predictive value (Table 7, Figure 6). 

There was a significant negative correlation between 
cholinesterase serum levels and ALT, AST and bilirubin 
levels respectively. while there was a significant positive 
correlation between cholinesterase serum levels and albumin 
serum levels, prothrombin concentration and Kallistatin 
serum levels in compensated and decompensated groups, 
respectively. 

On the other side, there was a highly positive strong 
correlation between serum cholinesterase serum levels and 
Kallistatin serum levels in hepatocellular carcinoma, 
compensated and decompensated groups (Table 9). 
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Table 1.  Results of serum kallistatin, serum cholinesterase levels and liver function tests and their comparison between compensated group and control 
group 

 
Control Compensated 

t test P-value 
No.= 15 No.= 15 

Alt u/l 
Range 36-39 24-47 

0.502 0.622 ns 
Mean ± SD 37.00 ± 0.58 36.73 ± 7.14 

AST u/l 
Range 36-38 27-80 

2.475 0.023 S 
Mean ± SD 37.73 ± 0.46 48.13 ± 14.85 

Bilirubin mg/dl 
Range 0.6-1 0.5-2 

3.296 0.004 S 
Mean ± SD 0.80 ± 0.14 1.30 ± 0.50 

Albumin gm/dl 
Range 3-5 2.6-4.2 

2.273 0.002 S 
Mean ± SD 4.00 ± 0.03 3.37 ± 0.48 

Prothrombin Concentration% 
Range 90-100 57-100 

3.499 0.003 S 
Mean ± SD 94.67 ± 5.16 81.27 ± 11.98 

Kallistatin ng⁄ml 
Range 53-115 25.20-38.50 

10.251 0.000 HS 
Mean ± SD 89.67 ± 21.99 30.66 ± 3.67 

Cholinesterase u⁄ l 
Range 6553-11200 2323-4300 

11.380 0.000 HS 
Mean ± SD 8055.13 ± 1412.65 3484.00 ± 651.73 

NS= Non significant at p value > 0.05 
HS: Highly significant at p value ≤ 0.001 
S: significant at p value ≤ 0.05 

 
Table 2.  Results of serum kallistatin, serum cholinesterase levels and liver function tests and their comparison between decompensated group and control 
group 

 
Control Decompensated 

t test P-value 
No.= 15 No.= 15 

Alt u/l 
Range 36-39 29-56 

0.359 0.724 ns 
Mean ± SD 37.00 ± 0.58 37.90 ± 7.93 

AST u/l 
Range 36-38 45-87 

5.389 0.000 HS 
Mean ± SD 37.73 ± 0.46 58.90 ± 12.43 

Bilirubin mg/dl 
Range 0.6-1 1.5-3.00 

6.491 0.000 HS 
Mean ± SD 0.80 ± 0.14 2.08 ± 0.60 

Albumin gm/dl 
Range 3-5 2.00-2.90 

21.395 0.000 HS 
Mean ± SD 4.00 ± 0.03 2.38 ± 0.40 

Prothrombin Concentration% 
Range 90-100 40.00-66.00 

13.945 0.000 HS 
Mean ± SD 94.67 ± 5.16 54.00 ± 7.66 

Kallistatin ng⁄ml 
Range 53-115 9.95-25.20 

12.372 0.000 HS 
Mean ± SD 89.67 ± 21.99 17.53 ± 5.15 

Cholinesterase u⁄l 
Range 6553-11200 1113-2121 

17.004 0.000 HS 
Mean ± SD 8055.13 ± 1412.65 1629.33 ± 382.89 

NS= Non significant at p value > 0.05 
HS: Highly significant at p value ≤ 0.001 
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Table 3.  Results of serum kallistatin, serum cholinesterase levels and liver function tests and their comparison between hepatocellular carcinoma group and 
control group 

 
Control HCC 

t test P-value 
No.= 15 No.= 15 

Alt u/l 
Range 36-39 26-70 

1.807 0.088 ns 
Mean ± SD 37.00 ± 0.58 45.80 ± 15.40 

AST u/l 
Range 36-38 35-101 

4.828 0.000 HS 

Mean ± SD 37.73 ± 0.46 72.60 ± 22.85 

Bilirubin mg/dl 
Range 0.6-1 0.7-4 

4.185 0.001 HS 
Mean ± SD 0.80 ± 0.14 2.29 ± 1.11 

Albumin gm/dl 
Range 3-5 1.90-4 

6.112 0.000 HS 
Mean ± SD 4.00 ± 0.03 2.76 ± 0.64 

Prothrombin Concentration% 
Range 90-100 45-80 

9.789 0.000 HS 
Mean ± SD 94.67 ± 5.16 58.70 ± 10.48 

Kallistatin ng⁄ml 
Range 53-115 37-.60-53.60 

12.372 0.000 HS 
Mean ± SD 89.67 ± 21.99 46.27 ± 5.97 

Cholinesterase u⁄l 
Range 6553-11200 4321-5501 

17.004 0.000 HS 
Mean ± SD 8055.13 ± 1412.65 5069.07 ± 247.01 

HS: Highly significant at p value ≤ 0.001 

 
Table 4.  Results of serum kallistatin, serum cholinesterase levels and liver function tests in HCC group in comparison to compensated group and 
decompensated group  

 
HCC Compensated Decompensated 

F ratio P-value 
No.= 15 No.= 15 No.= 15 

Alt u/l 
Range 26-70 24 – 47 29-56 

1.747 0.193ns 
Mean ± SD 45.80 ± 15.40 a 36.73 ± 7.14 a 37.90 ± 7.93 a 

AST u/l 
Range 35-101 27-80 45-87 

5.365 0.011 S 
Mean ± SD 72.60 ± 22.85 b 48.13 ± 14.85 a 58.90 ± 12.43 ab 

Bilirubin mg/dl 
Range 0.7-4 0.5-2 1.5-3.00 

4.539 0.020 S 
Mean ± SD 2.29 ± 1.11 a 1.30 ± 0.50 b 2.08 ± 0.60 a 

Albumin gm/dl 
Range 1.90-4 2.6-4.2 2.00-2.90 

11.848 0.000 HS 
Mean ± SD 2.76 ± 0.64 a 3.37 ± 0.48 b 2.38 ± 0.40 a 

Prothrombin 
Concentration% 

Range 45-80 57-100 40.00-66.00 
23.119 0.000 HS 

Mean ± SD 58.70 ± 10.48 a 81.27 ± 11.98 b 54.00 ± 7.66 a 

Kallistatin ng⁄ml 
Range 37-.60-53.60 25.20-38.50 9.95-25.20 

123.079 0.000 HS 
Mean ± SD 46.27 ± 5.97 a 30.66 ± 3.67 b 17.53 ± 5.15 c 

Cholinesterase u⁄ l 
Range 4321 – 5501 2323 – 4300 1113 – 2121 

210.919 0.000 HS 
Mean ± SD 5069.07 ± 247.01 a 3484.00 ± 651.73 b 1629.33 ± 382.89 c 

NS: Non significant at p value > 0.05, HS: Highly significant at p value ≤ 0.001, the bars with the different letters are significantly different at P ≤ 0.05 

 
Table 5.  Serum kallistatin and cholinesterase levels sensitivity and specificity to diagnose compensated cirrhosis and ROC curve 

Cut off point AUC Sensitivity Specificity +PV -PV Z test P value 

Kallistatin level 
≤ 40.6 * ng ⁄ml 

0.969 93.33 86.67 87.50 92.85 18.018 0.000 

Cholinesterase level 
≤ 4210 * u ⁄l 

0.969 86.67 100 100 88.24 17.110 0.000 
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Figure 1.  Serum kallistatin levels can accurately diagnose compensated cirrhosis. The AUC is shown for the performance of the serum kallistatin levels 
for discriminating compensated cirrhosis from the healthy control groups. The vertical axis represents the sensitivity and the horizontal axis represents the 
100-specificity 

 

 

Figure 2.  Serum cholinesterase levels can accurately diagnose compensated cirrhosis. The AUC is shown for the performance of the serum 
cholinesterase levels for discriminating compensated cirrhosis from the healthy control groups. The vertical axis represents the sensitivity and the 
horizontal axis represents the 100-specificity 

 

Table 6.  Serum kallistatin and cholinesterase levels sensitivity and specificity to diagnose decompensated cirrhosis and ROC curve 

Cut off point AUC Sensitivity Specificity +PV -PV Z test P value 

Kallistatin level 
≤ 24 * ng ⁄ml 

0.916 80 100 100 83.33 7.786 0.000 

Cholinesterase level 
≤ 2152 * u ⁄l 

0.991 93.33 100 100 93.75 41.515 0.000 
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Figure 3.  Serum kallistatin levels can accurately diagnose decompensated cirrhosis. The AUC is shown for the performance of the serum kallistatin 
levels for discriminating decompensated cirrhosis from the healthy control groups. The vertical axis represents the sensitivity and the horizontal axis 
represents the 100-specificity 

 

 

Figure 4.  Serum cholinesterase levels can accurately diagnose decompensated cirrhosis. The AUC is shown for the performance of the serum 
cholinesterase levels for discriminating decompensated cirrhosis from the healthy control groups. The vertical axis represents the sensitivity and the 
horizontal axis represents the 100-specificity 

 

Table 7.  Serum kallistatin and cholinesterase levels sensitivity and specificity to diagnose hepatocellular carcinoma and ROC curve 

Cut off point AUC Sensitivity Specificity +PV -PV Z test P value 

Kallistatin level 
≤ 53.6 * ng ⁄ml 

0.953 86.67 93.33 92.85 87.50 13.335 0.000 

Cholinesterase level 
≤ 5601 * u ⁄l 

0.956 86.67 100 100 69.77 12.971 0.000 
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Figure 5.  Serum kallistatin levels can accurately diagnose hepatocellular carcinoma. The AUC is shown for the performance of the serum kallistatin 
levels for discriminating hepatocellular carcinoma from the healthy control groups. The vertical axis represents the sensitivity and the horizontal axis 
represents the 100-specificity 

 

 

Figure 6.  Serum cholinesterase levels can accurately diagnose hepatocellular carcinoma. The AUC is shown for the performance of the serum 
cholinesterase levels for discriminating hepatocellular carcinoma from the healthy control groups. The vertical axis represents the sensitivity and the 
horizontal axis represents the 100-specificity 

 

Table 8.  Correlation of kallistatin and other studied parameters in all patient groups 

 

HCC group Compensated group Decompensated group 

r P-value r P-value r P-value 

Alt -0.160 0.568 -0.570 0.021* -0.677 0.009* 

AST -0.222 0.427 -0.617 0.011* -0.782 0.000** 

BIL -0.138 0.623 -0.767 0.000** -0.689 0.004* 

Alb 0.293 0.290 0.675 0.009** 0.522 0.039* 

PC 0.220 0.431 0.711 0.001** 0.738 0.000** 

Cholinesterase 0.640 0.000** 0.639 0.000** 0.611 0.000** 

* significant correlation 
** Highly significant correlation 
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Table 9.  Correlation of cholinesterase and other studied parameters in all patient groups 

 

HCC  group Compensated  group Decompensated  group 

r P-value r P-value r P-value 

Alt -0.395 0.146 -0.694 0.005* -0.634 0.005* 

AST -0.506 0.054 -0.536 0.022* -0.561 0.022* 

BIL -0.055 0.847 -0.871 0.000** -0.549 0.034* 

Alb 0.538 0.038 0.700 0.003* 0.722 0.000** 

PC 0.102 0.717 0.822 0.000** 0.621 0.007* 

Kallistatin 0.640 0.000** 0.639 0.000** 0.611 0.000** 

* significant correlation 
** Highly significant correlation 

 
4. Discussion 

Liver cirrhosis is the most frequent long term consequence 
of all chronic liver diseases. The annual incidence rates of 
liver failure (decompansation), HCC, and death in patients 
with cirrhosis associated with chronic hepatitis B or C 
infection are approximately 4%, 3% and 3%, respectively 
[1]. 

Kallistatin, a tissue-kallikrein is present in many human 
tissues but numerous studies have shown that the liver 
represents the main site of synthesis and secretion of 
kallistatin explaining significantly decreased levels of serum 
kallistatin in patients with LC [9]. In the presented study, 
kallistatin serum levels were significantly reduced in 
cirrhotic patient especially decompensated group when 
compared with normal controls and HCC patients. These 
results were in consistent with Cheng et al. [9], they showed 
that serum kallistatin levels in patients with LC were 
significantly lower than those in healthy controls, 
demonstrating a close correlation between the reduction in 
serum kallistatin levels and severity of hepatic disease. They 
concluded that serum kallistatin levels might therefore offer 
an additional biomarker for the detection of LC and 
progressive loss of liver function. 

Kallistatin is known to play an important role in 
prevention of cancer, probably through inhibition of tumor 
growth, anti- angiogenic effects and anti-oxidative effect [9]. 
Regarding HCC patients in the presented study, serum 
kallistatin levels were higher in HCC group in comparison to 
cirrhotic groups (compensated and decompensated patients) 
but lower than healthy controls. It was expected to found 
lower levels but not as in cirrhotic patients this could be due 
to the fact that the human body can up regulate Kallistatin 
expression when cancers occur in a self- protective 
mechanism [9]. 

Cheng et al. [9] found an optimal cut-off value for LC 
diagnosis was 21.64 μg/mL of kallistatin, with sensitivity, 
specificity, positive predictive value and negative predictive 
value values were 87.1%, 74.2%, 91% and 62.3%, 
respectively but with insignificant values in predicting 
decompansation and hepatocellular carcinoma. On the other 
hand ,our results had more better predictive values as we 
found that, Kallistatin serum level ≤ 40.6 ng ⁄ml (cutoff) 

diagnose compensated cirrhosis by 93.33% sensitivity,  
86.67% specificity, 87.50% positive predictive value and 
92.85% negative predictive value, while, kallistatin serum 
level ≤ 24 ng ⁄ml (cutoff) diagnose decompensated cirrhosis 
80% sensitivity, 100% specificity, 100% positive predictive 
value and 83.33% negative predictive value, moreover, 
kallistatin serum level ≤ 53.6 ng ⁄ml (cutoff) diagnose 
hepatocellular carcinoma by 86.67% sensitivity, 93.33% 
specificity and 92.85% positive predictive value and 87.50% 
negative predictive value. 

These differences may be related to inclusion criteria of 
our patients groups as we choose homogenous chronic liver 
disease patients diagnosed as chronic hepatitis C infected 
patients and subdivided into compensated, decompensated 
and hepatocellular carcinoma groups, on the other hand 
Cheng et al. [9] choose compensated, decompensated and 
hepatocellular carcinoma groups with different etiologies 
(viral hepatitis C and B, alcoholic hepatitis and uncertain 
etiology). 

Cholinesterase is synthesized in the liver to be transported 
into the circulation which may provide useful information 
concerning the state of a cirrhotic patient's liver [10]. In the 
presented study, serum cholinesterase was significantly 
reduced in cirrhotic patients especially decompensated group 
when compared with normal controls and HCC patients. 
These results in agreement with Meng et al. [11], they 
reported that serum cholinesterase tended to decrease 
significantly with the progression of cirrhosis and that the 
level of cholinesterase was closely correlated with the 
damage severity of liver cells. They recommended that the 
combination of cholinesterase with the Child-Pugh score 
may be more subjective and precise in assessing the liver 
reserve function of cirrhotic patients. 

Ramachandran et al. [10], they reported that 
cholinesterase is an excellent biomarker of cirrhosis with 
good sensitivity and specificity and a good correlation with 
liver function tests. They also concluded that cholinesterase 
distinguishes compensated from decompensated and its low 
levels in cirrhosis may serve as a useful prognostic marker of 
advanced liver disease. The presented study showed that 
kallistatin was correlated with liver function tests in cirrhotic 
patients and this was previously reported by Cheng et al. [9]. 
Cholinesterase also correlated with other liver function tests 
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in cirrhotic patients  in our study which was in consistent 
with results reported by Ramachandran et al. [10], they 
found correlation between cholinesterase activity and serum 
bilirubin, albumin and INR and also, with Meng et al. [11], 
where they reported that cholinesterase was correlated with 
albumin and plasma prothrombin time in the cirrhotic 
patients, confirming that those substances were synthesized 
in the liver and reduced in liver dysfunction, due to reduced 
synthesis. 

Ramachandran et al. [10] concluded that serum 
cholinesterase levels below 3506 IU/L had 98.7% sensitivity 
and 80.3% specificity in predicting cirrhosis. While serum 
cholinesterase levels less than 2385 IU/L had 80.1% 
sensitivity and 88.2% specificity in predicting 
decompensated cirrhosis. Moreover, Gokani et al. [12] 
reported that difference between the mean serum 
cholinesterase activity of liver diseases and control group 
was statistically significant with 90% sensitivity and 100% 
specificity, suggesting that reduced serum cholinesterase 
activity strongly indicate liver dysfunctions. 

Our results showed more better figures as we found that 
cholinesterase serum level ≤ 4210 u ⁄l (cutoff) can diagnose 
compensated cirrhosis by 86.67% sensitivity, 100% 
specificity, 100% positive predictive value and 88.24% 
negative predictive value. While, cholinesterase serum level 
≤ 2152 u⁄l (cutoff) diagnose decompensated cirrhosis by 
93.33% sensitivity, 100% specificity, 100% positive 
predictive value and 93.75% negative predictive value. 
Moreover, cholinesterase serum level ≤ 5601 u⁄l (cutoff) 
diagnose hepatocellular carcinoma by 86.67% sensitivity, 
100% specificity and 100% positive predictive value and 
69.77% negative predictive value.   

5. Conclusions 
Both serum kallistatin and cholinesterase can be used as 

reliable biomarkers for the diagnosis, and evaluation of the 
LC extent as well as progression to hepatocellular 
carcinoma. 

6. Recommendations 
Another large study to confirm our results in chronic 

hepatitis C infected patients. Repeat this study on other 
different chronic liver diseases.  
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