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Abstract

Purpose: The aim of this study is to analyze the serum cystatin C (Cys C) and cystatin C/albumin (Alb)
ratio in patients with cirrhosis and evaluate the role of serum Cys C in the evaluation of liver function.
Methods: The liver function of patients was graded according to the Child-Pugh Score. According to the
serum Cys C levels (determined with particle-enhanced immunonephelometric assay), the patients were
divided into two groups: the high Cys C level group and normal Cys C level group. The correlation
between the Child-Pugh grades/scores and the serum Cys C level, Cys C/Alb ratio were investigated.
Results: The Cys C values were not correlated to Child-Pugh grades and scores. Besides, the Cys C/Alb
ratio of both groups had a linear regressive relationship with the Child-Pugh scores. Ninety-seven
percentage sensitivity and 100% specificity were achieved for the evaluation of liver function in cirrhosis
patients with high serum Cys C level.
Conclusion: Cys C value and Cys C/Alb ratio are accurate for liver function evaluation in the cirrhosis
patients with high serum Cys C levels. Compared with the Cys C value, the Cys C/Alb ratio is more
related to the liver function and can be used as an indicator in cirrhosis patients with normal serum Cys
C level for the evaluation of liver function.
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Introduction
Liver cirrhosis is a condition in which the normal liver tissue
was replaced by scar tissue and formation of regenerative
nodules. The gold standard for diagnosis of cirrhosis is a liver
biopsy, but a biopsy is not necessary if the laboratory data
suggests cirrhosis [1]. Recently, the evaluation of liver function
in patients with cirrhosis has been widely studied. Compared
with serum creatinine or creatinine clearance ratethe serum Cys
C reflects the glomerular filtration rate (GFR) more accurately
[2,3]. The Cys C, a cysteine protease inhibitor which belongs
to the super cystatin family, is a low molecular, basic and non-
glycosylated protein that exists in body fluid and various cells
and plays an important role in suppressing and regulating the
activity of cathepsin. The serum Cys C can only be cleared
through glomerular filtration which is independent of other
influences such as gender, age and diet. Therefore, serum Cys
C is treated as an optimal homologous marker to evaluate
glomerular filtration rate. In addition, compared with serum
creatinine, serum Cys C is a more sensitive indicator since
earlier increase of serum Cys C can be detected along with the
decrease of glomerular filtration rate. Futhermore, it is related
to the hepatic failure mediated renal function changes [4] and
thus a valid index for renal function evaluation and prognosis
in patients with cirrhosis [5]. In this study, we analyzed the
relationship between the Cys C/Alb ratio and the liver function

in patients with cirrhosis which provides a convenient and
efficient way for the evaluation of liver function in patients
with cirrhosis.

Methods

Materials
The clinical data involves 100 cases of patients with hepatic
cirrhosis aged from 29 to 83 (60.96 ± 10.93) with 54 male
cases and 46 female cases (sex ratio=1.17:1) which was
collected between August 2015 and July 2016 from Sichuan
Academy of Medical Sciences & Sichuan Provincial People’s
Hospital. Among the 100 cases, 36 cases were hepatitis B
cirrhosis, 25 cases were alcoholic cirrhosis, 6 cases were
hepatitis B cirrhosis combined with alcoholic cirrhosis, 1 case
was hepatitis C cirrhosis, 8 cases were primary biliary cirrhosis
and 24 cases were occult cirrhosis. The following are the
inclusion and exclusion criteria.

Inclusion criteria: 1. Patients with hypohepatia, portal
hypertension like ascites, gastroscope confirmed esophageal
varix, underlying cause of cirrhosis such as viral hepatitis,
long-term alcohol consumption and autoimmune liver disease,
ultrasound or CT confirmed cirrhosis. 2. Patients with
complete medical records.
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Exclusion criteria: 1. Patients without cirrhosis; 2. Patients
with both of liver cancer and cirrhosis; 3. Patients with
cirrhosis and other cancers; 4. Patients had liver or renal
surgical history; 5. Patients with primary renal diseases,
hypertension or diabetes; 6. Patients without complete medical
records.

Serum Cys C level detection
The serum Cys C level was detected by particle-enhanced
immunonephelometric assay (Roche Diagnostic, Barcelona,
Spain) (Normal serum Cys C ≤ 1.15 mg/L).

Liver function evaluation
The liver function was evaluated according to the Child-Pugh
scores [6], as shown in Table 1. In patients with primary biliary
cirrhosis (PBC) or primary sclerosing cholangitis (PSC),
according to the bilirubin level, the corresponding score is 1
(17-68 umol/L), 2 (68-170 umol/L), 3 (>170 umol/L)
respectively.

Table 1. Child-Pugh scoring.

Items
Score

1 2 3

Hepatic encephalopathy None I~II III~IV

Ascites None Mild Moderate, severe

Bilirubin (μmol/L) <34 34~51 >51

Albumin (g/L) ≥ 35 28~35 ≥ 28

Prothrombin time (s) ≤ 14 14~18 ≤ 18

Note: The grading is according to the total scores of the 5 items. Grade A: 5-6,
Grade B: 7-9, Grade C: 10-15.

Grouping and relationship analysis
According to the serum Cys C level, the patients were divided
into two groups: the high Cys C level group and the normal

Cys C level group. The relationship between the Child-Pugh
grades/scores and the Cys C value or Cys C/Alb ratio were
investigated. Analyze the the Cys C/Alb ratio and the Child-
Pugh scores though linear regression.

Statistical analysis
SPSS19.0 (SPSS Inc., Chicago, IL, USA) was used for
statistical analysis. The relationship between the Cys C value,
Cys C/Alb ratio and the Child-Pugh scores was analyzed by
Person correlation. The correlation between the Cys C/Alb
ratio and the Child-Pugh scores was determined through linear
regression. Receiver operating characteristic (ROC) curve was
used to evaluate the accuracy of diagnosis and the significance
level was set at p<0.05.

Results

Child-pugh grading
Among the 100 cases, 43 cases with increased serum Cys C
level (high Cys C level group) and 57 cases with normal serum
Cys C level (normal Cys C level group). According to the
Child-Pugh grading, there were 4 Child A cases, 19 Child B
cases and 20 Child C cases in the high Cys C level group. In
the normal Cys C level group, there were 8 Child A cases, 35
Child B cases and 14 Child C cases.

The relationship between the liver function and the
Cys C value, Cys C/Alb ratio
The Cys C value, Cys C/Alb ratio and the related Child-Pugh
grades/scores for patients with cirrhosis in two groups are
shown in Table 2.

Table 2. The relationship between the Child-Pugh grades/scores and Cys C value, or Cys C/Alb ratio.

Items Child A Child B Child C Rg Rs P value

High Cys C level group

(Cys C)/(mg/L) 1.25 ± 0.11 1.39 ± 0.17 1.59 ± 0.26 0.497 0.546 0.001

(Cys C/Alb)/(× 10-5) 3.59 ± 0.33 4.82 ± 0.62 6.50 ± 0.59 0.868 0.932 0

Normal Cys C level group

(Cys C)/(mg/L) 0.94 ± 0.11 0.95 ± 0.14 0.98 ± 0.16 0.087 0.091 0.521

(Cys C/Alb)/(× 10-5) 2.85 ± 0.39 3.04 ± 0.55 3.76 ± 0.60 0.486 0.548 0.501

Note: Rg is the coefficient between the Child grades and Rs is the coefficient between the Child scores.
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The linear regression relationship between the Cys
C/Alb ratio and the child scores
There is a linear regression relationship between the Cys C/Alb
ratio and the Child scores in two groups. Compared with the
normal Cys C level group, the Cys C/Alb ratio in the high Cys
C level group is more closely related to the Child grading
(Figure 1).

Figure 1. The linear regression relationship between the Cys C/Alb
ratio and the Child scores A. The linear regression relationship
between the Cys C/Alb ratio and Child scores in high Cys C level
group.B. The linear regression relationship between the Cys C/Alb
ratio and the Child scores in the normal Cys C level group.

The accuracy of liver function evaluation in patients
with cirrhosis by serum Cys C/Alb ratio
As the result shown in Table 3, the sensitivity and specificity of
liver function evaluation in patients with cirrhosis by serum
Cys C/Alb ratio. According to the maximum Youden's index,
the optimal critical value of serum Cys C/Alb ratio is 4.072 ×
10-5 for the evaluation of liver function in patients with
moderate or severe cirrhosis which exhibits higher sensitivity,
specificity and accuracy in the high Cys C level group.
However, ROC analysis doesn’t find the critical value of serum

Cys C/Alb ratio in the normal Cys C level group to distinguish
patients with moderate or severe cirrhosis (Figure 2).

Figure 2. A) The characteristic curve for the evaluation of liver
function in patients with moderate or severe cirrhosis (Grade ≥ B) by
serum Cys C/Alb ratio. B) The characteristic curve for liver function
evaluation in patients with moderate or severe cirrhosis (Grade ≥ B)
in the high Cys C level group by serum Cys C/Alb ratio.

Discussion
The renal function in patients with cirrhosis plays an important
role in disease prognosis. However, serum creatinine cannot
accurately reflect the glomerular filtration rate due to the
cirrhosis-mediated malnutrition and decreased muscle mass
[7,8]. Instead of serum creatinine, serum Cys C is universally
recognized as the indicator for the evaluation of glomerular
filtration rate in patients with cirrhosis [9]. Furthermore, serum
Cys C can also reflect the renal function in cirrhosis patients
with ascites and normal serum creatinine [10]. Since the
content of serum Cys C is stable and independent of other
influences, such as gender, age, muscle mass, drugs and
inflammation [11], it reflects the glomerular filtration rate more
precisely than serum creatinine [12-15].

Table 3. The sensitivity and specificity of liver function evaluation in patients with cirrhosis by serum Cys C/Alb ratio.

Cirrhosis type and optimal critical value Sensitivity (%) Specificity (%) AUC 95% confidence interval Youden's index

Patients with moderate or severe cirrhosis (including normal Cyc C and increased Cys C levels)

Cys C/Alb ≥ 4.072×10-5 50 100 0.748 0.638~0.858 0.5

Patients with severe cirrhosis in the high Cys C level group

Cys C/Alb ≥ 4.072 × 10-5 97.4 100 0.994 0.974~1.000 0.974

The serum Cys C not only reflects the renal function changes
in patients with cirrhosis [16,17], but also displays the
variation degree of portal hypertension and renal/systemic
hemodynamics [18,19]. Besides, studies have shown that
serum Cys C level is positively direct to the cirrhosis-mediated
inflammation and macrophage hypersecretion [20] and
increases significantly along with the increase of cathepsin
level in chronic liver disease [21]. Therefore, serum Cys C
increases with the development of chronic liver disease and is a
potential indicator for liver fibrosis [22]. Study has
demonstrated that serum Cys C level could even reflect the
degree of liver fibrosis and inflammation in animal chronic
liver disease models with normal renal function [23]. In
addition, serum Cys C level is related to prognosis such as the

survival rate, mortality rate [24-28]. Chlid-Pugh score is a
standard method for the evaluation of liver function in patients
with hepatic cirrhosis and mainly includes the index of liver
function [6]. With the development of cirrhosis, changes have
been occurred in the renal function, liver inflammation and the
degree of liver fibrosis. Serum Cys C level is closely related to
these changes and thus reflects the degree of hepatic cirrhosis.

The results in this study proved that serum Cys C value and
Cys C/Alb ratio are positively related to the Child grades and
scores in cirrhosis patients with high serum Cys C levels. On
the contrary, in cirrhosis patients with normal serum Cys C
levels, the serum Cys C value had no relationship with the
Child grade and scores, however, the Cys C/Alb ratio is
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positively related to the Child grades and scores. Compared
with the serum Cys C value, the Cys C/Alb ratio is better
related to the liver function. Besides, there is a linear
regression relationship between the Cys C/Alb ratio and the
Child scores in both groups. According to the linear regression
curve, a closer linear relationship is found between the Cys
C/Alb ratio and the Child scores in cirrhosis patients with high
Cys C level which reflects the degree of cirrhosis more
precisely. The Cys C value and Cys C/Alb ratio in cirrhosis
patients with increased serum Cys C level can better reflect the
degree of cirrhosis and the Cys C/Alb ratio is more closely
related to the liver function. In addition, it is more precise to
evaluate the liver function in patients with moderate or severe
cirrhosis (Grade ≥ B) with the critical value of serum Cys
C/Alb ratio ≥ 4.072 × 10-5, however, this critical value still
plays a certain role in the evaluation of liver function in
cirrhosis patients with normal serum Cys C level.
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