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Abstract. The aim of the present study was to explore the 
clinical value of urinary retinol‑binding protein (RBP) level 
in the prognosis of cirrhotic ascites by assessment of the 
RBP levels prior to and following ascites treatment. The 
levels of urinary RBP, urinary microalbumin (mAlb), serum 
urea nitrogen (urea) and serum creatinine (Cr), and the 
estimated glomerular filtration rate (eGFR) were measured 
in 90 patients with cirrhosis and ascites hospitalized in a 
single institution between May 2011 and January 2012, and 
in 30 healthy controls. The levels of urinary mAlb, serum 
urea and serum Cr were higher in the cirrhotic patients 
compared with the healthy controls (P<0.05). Urinary RBP 
levels were significantly higher and eGFR was significantly 
lower in the liver cirrhosis group compared with the healthy 
control group (P<0.01). Urinary RBP, urinary mAlb, serum 
urea and serum Cr increased and eGFR decreased as the 
severity of the ascites increased (P<0.05). Urinary RBP was 
significantly higher in patients whose ascites did not respond 
or was refractory compared with those in whom it subsided 
(P<0.05), exhibiting a gradual increase over time in the 
former and a gradual reduction over time in the latter group 
(P<0.05). Increased urinary RBP and decreased eGFR 
in the early stage of cirrhosis ascites suggested impaired 
renal function, which serves a role in the process of ascites 

formation. These results indicated that urinary RBP is 
a sensitive indicator of early renal injury in patients with 
ascites due to cirrhosis and is closely associated with the 
progression of cirrhotic ascites.

Introduction

Cirrhosis is a chronic, progressive, diffuse disease caused by 
a variety of factors, including hepatitis B virus, alcoholic liver 
disease and autoimmune liver disease (1‑3). Liver cirrhosis 
mortality increased from 1.54% of global mortality in 1980 
to 1.95% in 2010 (4). Ascites is a common complication of 
cirrhosis decompensation. Approximately 50% of patients 
with compensated cirrhosis develop ascites within a period 
of 10 years  (5). The emergence of ascites predicts a poor 
prognosis of decompensated cirrhosis, with a mortality of 
15% after 1 year and 44% at the 2 year follow‑up. (6). In addi-
tion, the quality of life of patients with cirrhosis decreases 
following the formation of ascites and the 5‑year survival rate 
drops to 50% (7). When ascites progress to refractory ascites, 
if a liver transplant is not conducted, the prognosis worsens 
and the 2‑year survival rate falls to 35‑50% (8). Treatment of 
ascites not only improves the quality of life of patients, but also 
reduces the risk of progression to spontaneous bacterial peri-
tonitis, which is the most common fatal complication of liver 
cirrhosis (9). An improved understanding of the pathophysi-
ological mechanism for ascites in patients with liver cirrhosis 
is necessary to improve patient treatment and to assist the use 
of targeted therapies.

Ascites formation is the result of the combined action 
of many factors; however, the mechanism underlying the 
formation of cirrhotic ascites has not been fully eluci-
dated. The formation of ascites is a complex process that 
involves the liver, kidney, hemodynamics and neuro‑hormonal 
factors. The main pathophysiological theories of ascites 
formation include the underfill theory, the overfill theory and 
the peripheral artery expansion theory  (10). The underfill 
theory  (11) is a derivation of Starling's liquid equilibrium 
theory (12), which is based on the balance between the internal 
and external vessel hydrostatic pressure and colloid osmotic 
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pressure. According to this theory, liver cirrhosis leads to 
increased portal pressure. The increase of portal vein capil-
lary bed hydrostatic pressure and/or the drop of plasma colloid 
osmotic pressure disrupt the Starling balance of the capillary 
bed and endovascular liquid spills into the abdominal cavity. 
However, blocking and congestion reduce circulatory system 
resistance, and effective renal blood flow is reduced. In addi-
tion, ascites formation reduces effective renal blood flow. 
The activation of the renin‑angiotensin‑aldosterone system 
(RAAS), norepinephrine system and arginine vasopressin 
system then induce the absorption of sodium and water by 
the renal tubules, further promoting the formation of ascites. 
Therefore, sodium and water retention is secondary (13,14). The 
overfill theory (14) is based on the association between portal 
hypertension and low blood volume. Levy and Wexler (15) 
suggested that low pressure receptors in the liver send signals 
to the renal tubules indicating sodium retention. In cirrhotic 
portal hypertension, liver function changes and high hepatic 
sinus internal pressure lead to renal sodium retention by 
neuro‑humoral factors (16), and the expansion of blood volume 
then results in the formation of ascites. The peripheral artery 
expansion theory (17) states that patients with liver cirrhosis 
first develop sodium and water retention, followed by the 
formation of ascites. This theory was first proposed in 1988 
by Schrier et al (17), who hypothesized that the formation of 
cirrhosis‑related ascites was preceded by peripheral artery 
expansion resulting in the activation of vaso‑excitor material, 
including 5‑hydroxytryptamine and thromboxane A2, the 
sodium and water retention system, the sympathetic nerve, 
RAAS and vasopressin, leading to renal vasoconstriction, 
sodium and water retention, and ascites formation. The three 
theories are not completely conflicting, and have the same 
pathological physiological principles at certain levels; that is, 
when the body senses that the effective arterial blood volume 
has decreased, it is able to activate the sympathetic nerve, 
arginine‑vasopressin feedback system and RAAS, resulting 
in renal vasoconstriction, and increased sodium and water 
absorption by the renal tubules leading to ascites formation 
or aggravation. Studies have suggested that renal artery resis-
tance increases significantly in patients with cirrhosis and 
massive ascites (18‑20). Therefore, the process of formation 
of ascites as a complication of liver cirrhosis involves changes 
in the functional status of the liver, renal function, circulatory 
system disorders and neuro‑hormonal activation. These find-
ings indicate that renal dysfunction serves an important role in 
the formation and progression of cirrhotic ascites.

Retinol‑binding protein (RBP) is a small protein present 
at low levels in human urine. The ~90% of normal serum 
RBP that is combined with thyroxine‑binding protein is 
not filtered by the glomeruli, and the ~10% unbound RBP 
is absorbed by renal tubules following glomerular filtra-
tion (21,22). Urinary RBP level remains relatively stable at 
a pH of 4.5, and is not affected by gender or age (21,22). 
Urinary RBP is a sensitive marker of early renal tubular 
function damage, which is increased due to the disabsorption 
of RBP in the presence of renal tubular damage (23). Current 
research on urinary RBP in patients with cirrhosis is limited 
and there is no consensus with regard to its clinical value 
for the detection of kidney damage in patients with cirrhosis. 
The aim of the present study was to investigate renal injury 

in patients with liver cirrhosis and ascites, the association 
between renal injury and ascites classification, and the 
correlation of urinary RBP with urinary microalbumin 
(mAlb), serum urea nitrogen (urea), serum creatinine (Cr) 
and estimated glomerular filtration rate (eGFR). In addition, 
the association between urinary RBP and the curative effect 
of treatment was investigated by recording the changes in 
urinary RBP that occurred following treatment in patients 
with liver cirrhosis and ascites.

Subjects and methods

Study subjects. A total of 90 patients with liver cirrhosis 
and ascites hospitalized in Shanghai Tenth People's 
Hospital of Tongji University (Shanghai, China) between 
May 2011 and January 2012 were enrolled in the present 
study. They all conformed to the standard diagnosis of 
cirrhosis (24). The exclusion criteria used for the present 
study was as follows: Patients with diabetes and/or high 
blood pressure; ascites formed 7‑10  days after upper 
gastrointestinal bleeding; malignant ascites; and ascites 
were caused by right cardiac insufficiency and renal insuf-
ficiency. They were divided into three groups as follows: 
Mild ascites (ascites only detectable by ultrasound; n=27), 
moderate ascites (moderate symmetry of abdominal disten-
sion; n=45) and severe ascites (a large amount of ascites, 
apparent abdominal distension; n=18), according to the 
guidelines of the European Association for the Study of 
the Liver (EASL) (25). The patients comprised 58 women 
and 32 men with a mean age of 46.6±7.15 years (range, 
36‑75 years). There were 75 patients with cirrhosis caused 
by chronic hepatitis B, 10 patients with alcoholic cirrhosis 
and 5 patients with unexplained liver cirrhosis. A control 
group was also enrolled in the study, and consisted of 
30 healthy subjects including 20 women and 10 men with 
a mean age of 44.2±6.89 years. The study was approved 
by the ethics committee of the Shanghai Tenth People's 
Hospital of Tongji University. Written informed consent 
was obtained from the participants prior to the study.

Methods. The morning urine of the control group was 
collected and 5 ml of this was used for the measurement of 
urinary RBP and urinary mAlb. In patients with cirrhosis, 
24‑h urine samples were collected and 15 ml of each sample 
was used to measure urinary RBP and urinary mAlb. The 
urinary RBP (cat. no. E016) and urinary mAlb (cat. no. E038) 
were measured using ELISA kits (both Nanjing Jiancheng 
Bioengineering Institute, Nanjing, China). A total of 3 ml 

Table I. Characteristics of the control group and the cirrhotic 
ascites group.

Group	 Sex (male/female)	 Age (years)

Control 	 10/20	 44.2±6.89
Cirrhotic ascites	 32/58	 46.6±7.15

Age data are expressed as the mean ± standard deviation.
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fasting venous blood was collected from the patients each 
morning; serum urea and serum Cr were measured using 
an automatic biochemistry analyzer (7180; Hitachi, Ltd., 
Tokyo, Japan) and its built‑in measuring function in clinical 
laboratory. eGFR was calculated by Modification of Diet in 
Renal Disease Study equation (26). Ascites treatment was 
performed according to the 2010 EASL clinical practice 
guidelines on the management of ascites in cirrhosis (25). 
Urinary RBP was then measured 1, 2 and 4 weeks after treat-
ment. After 1 month, ultrasound of the ascites was performed 
and patients were divided into two groups according to the 
response of the ascites to treatment as follows: Responsive 
group (ascites could not be detected by ultrasound after 
1  month) and unresponsive group (no evident reduction 
in ascites after 1 month, or the development of refractory 
ascites).

Statistical analysis. All data are expressed as the 
mean ± standard deviation, and the Student's unpaired t‑test 
was used to analyze differences between two groups. One‑way 
analysis of variance was used to compare data among the 

groups and Bonferroni correction was used for post hoc tests. 
The Pearson's test was used for correlation analysis of urinary 
RBP and urine mAlb with serum urea, serum Cr and eGFR. 
P<0.05 was considered to indicate a statistically significant 
result.

Results

General information. The present study included 90 patients 
with liver cirrhosis and 30 healthy individuals. Table I presents 
the gender composition and the mean age of the two groups 
in detail, and neither parameter differed significantly between 
the groups.

Results of the analysis of urinary RBP, urinary mAlb, serum 
urea, serum Cr and eGFR in the liver cirrhosis and control 
groups. The results presented in Table II show that urinary 
RBP, urinary mAlb, serum urea and serum Cr in the liver 
cirrhosis group were significantly higher compared with 
those in the control group (P<0.05). Furthermore, eGFR was 
significantly lower in the cirrhosis group compared with the 
control group (P<0.01). It is evident that renal injury exists in 
the patients with liver cirrhosis and ascites, and is associated 
with the formation of the ascites.

Comparison of the results in the mild, moderate and severe 
ascites groups (Table III and Fig. 1) demonstrated that urinary 
RBP, urinary mAlb, serum urea and serum Cr increased and 
eGFR decreased as the severity of the ascites increased. This 
indicates that the degree of ascites in liver cirrhosis is propor-
tional to the renal injury.

Correlation of urinary RBP with urinary mAlb, eGFR, 
serum urea and serum Cr, and of urinary mAlb and eGFR, 
serum urea and serum Cr. The correlation of urinary RBP 
with urinary mAlb, eGFR, serum urea and serum Cr is 
presented in Figs.  2‑5, respectively, and the correlation 
of urinary mAlb with eGFR, serum urea and serum Cr is 
presented in Figs. 6‑8, respectively. The correlation coeffi-
cients for the correlation of urinary RBP with urinary mAlb, 
serum urea, serum Cr and eGFR were 0.836, 0.79, 0.826 and 
‑0.768, respectively; and those for the correlation of urinary 
mAlb with urinary RBP, serum urea, serum Cr and eGFR 
were 0.836, 0.666, 0.696 and ‑0.794, respectively. The results 
of these correlation analyses indicate a significant correlation 

Table III. Comparison of urinary RBP, urinary mAlb, serum 
urea, serum Cr and eGFR among the cirrhotic ascites groups.

		  Mild vs.	 Mild vs.	 Moderate vs.
		  moderate	 severe	 severe
Variable	 Statistics	 ascites	 ascites	 ascites

Urinary RBP	 Z	‑ 4.25	‑ 3.46	‑ 1.17
	 P‑value	 <0.01	 <0.01	 <0.05
Urinary mAlb	 Z	‑ 3.92	‑ 3.59	‑ 2.11
	 P‑value	 <0.01	 <0.01	 <0.05
eGFR	 Z	‑ 3.00	‑ 2.98	‑ 1.99
	 P‑value	 <0.01	 <0.01	 <0.05
Serum urea	 Z	‑ 3.20	‑ 2.94	‑ 1.36
	 P‑value	 <0.01	 <0.01	 <0.05
Serum Cr	 Z	‑ 4.31	‑ 3.07	‑ 1.152
	 P‑value	 <0.01	 <0.01	 <0.05

RBP, retinol‑binding protein; mAlb, microalbumin; eGFR, estimated 
glomerular filtration rate; Cr, creatinine.

Table II. Urinary RBP, urinary mAlb, serum urea, serum Cr and eGFR results.

		  Urinary RBP	 Urinary mAlb	 eGFR	 Serum urea	 Serum Cr
Group	 n	 (mg/l)	 (mg/l)	 (ml/min/1.73 m2)	 (mmol/l)	 (µmol/l)

Control	 30	 0.27±0.08	 12.47±5.12	 100.01±20.32	 5.22±1.73	 82.21±15.82
Cirrhotic ascites	 90	 2.02±1.03a	 18.56±6.87b	 70.52±15.39a	 6.20±1.93b	 94.45±17.01b

Mild ascites	 27	 0.91±0.41a	 13.68±4.31	 77.21±15.52a	 5.11±1.51	 81.21±11.31
Moderate ascites	 45	 2.21±0.72a	 17.44±4.34a	 68.43±16.52a	 6.49±2.04b	 90.99±13.35b

Severe ascites	 18	 3.17±0.64a	 26.17±7.58a	 60.11±13.27a	 7.53±2.11b	 99.15±17.51b

RBP, retinol‑binding protein; mAlb, microalbumin; eGFR, estimated glomerular filtration rate; Cr, creatinine. aP<0.01 and bP<0.05 vs.  the 
control group. 
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of urinary RBP and urine mAlb with serum urea, serum Cr 
and eGFR.

Comparison of urinary RBP prior to and following treatment. 
The results presented in Table IV show that the urinary RBP 
of the responsive group with cirrhotic ascites was reduced 
significantly at 2 and 4 weeks after treatment (P<0.01) and the 
urinary RBP of the unresponsive group with cirrhotic ascites 
increased significantly at 2 and 4  weeks after treatment 

(P<0.01) compared with the urinary RBP prior to treatment. 
The results presented in Fig. 9 show that the urinary RBP 
level of the unresponsive group with cirrhotic ascites exhib-
ited a gradual increase over time at 1, 2 and 4 weeks after 
treatment (P<0.05 vs. 0 weeks in the unresponsive group), 
whereas the urinary RBP level of the responsive group with 
cirrhotic ascites exhibited a gradual reduction over time at 
1, 2 and 4 weeks after treatment (P<0.05 vs. 0 weeks in the 
responsive group).

Figure 3. Correlation analysis of urinary RBP and eGFR (r=‑0.768, P<0.01). 
RBP, retinol‑binding protein; eGFR, estimated glomerular filtration rate.

Figure 2. Correlation analysis of urinary RBP and urinary mAlb (r=0.836, 
P<0.01). RBP, retinol‑binding protein; mAlb, microalbumin.

Figure 1. Results of urinary RBP, urinary mAlb, eGFR, serum urea and serum Cr according to the degree of cirrhotic ascites. *P<0.05 and **P<0.01 vs. the 
control group. RBP, retinol‑binding protein; mAlb, microalbumin; eGFR, estimated glomerular filtration rate; Cr, creatinine.
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Discussion

Ascites is a common complication of liver cirrhosis 
decompensation, and the prognosis of patients with 
cirrhosis and ascites is poor, with 2‑year mortality rates 
as high as 50%  (27). Therefore, the treatment of liver 
cirrhosis‑associated ascites is very important. However, 
there currently are no clinical indicators for use in evalu-
ation of the treatment of this condition. The current study 
presents some novel findings concerning urinary RBP in 
cirrhotic ascites.

In the group of 90 patients with cirrhotic ascites, urinary 
mAlb, serum urea and serum Cr were significantly higher 
compared with those in the healthy control group (P<0.05). 
Furthermore, eGFR was significantly lower in the cirrhosis 
group compared with the control group (P<0.01). This indicates 
that renal injury is present in the patients with liver cirrhosis 
and ascites, and may be involved in the formation of the 
ascites. As shown in Fig. 1, urinary RBP, urine mAlb, serum 
urea and serum Cr increased and eGFR gradually decreased 
as the severity of the ascites increased. This suggests that the 
degree of ascites is proportional to the renal injury. As the 

Figure 7. Correlation analysis of urinary mAlb and serum urea (r=0.666, 
P<0.01). mAlb, microalbumin.

Figure 6. Correlation analysis of urinary mAlb and eGFR (r=‑0.794, P<0.01). 
mAlb, microalbumin; eGFR, estimated glomerular filtration rate.

Figure 4. Correlation analysis of urinary RBP and serum urea (r=0.79, 
P<0.01). RBP, retinol‑binding protein.

Figure 5. Correlation analysis of urinary RBP and serum Cr (r=0.826, 
P<0.01). RBP, retinol‑binding protein; Cr, creatinine.
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ascites increase in severity, the Child‑Pugh classification will 
also increase; thus, it may be speculated that the Child‑Pugh 
classification is also proportional to the renal injury. The 
correlation coefficients of urinary RBP with urinary mAlb, 
serum urea, serum Cr and eGFR were 0.836, 0.79, 0.826 and 
‑0.768, respectively. The correlation coefficients of urinary 
mAlb with urinary RBP, serum urea, serum Cr and eGFR 
were 0.836, 0.666, 0.696, and ‑0.794, respectively, suggesting 
that urinary RBP and urinary mAlb are sensitive indicators of 
renal damage. Urinary RBP showed a good correlation with 
eGFR, serum urea, and serum Cr. It may be observed that in 
the mild ascites group, urinary RBP was higher and eGFR was 
lower compared those in the control group (P<0.01), whereas 
urinary mAlb, serum urea and serum Cr exhibited no differ-
ence compared with the control group (P>0.05), confirming 
that urinary RBP is a sensitive indicator of early renal damage 
in liver cirrhosis with ascites. The pathological classifica-
tion of renal damage during the course of liver cirrhosis is 
difficult to determine; hepatitis‑related IgA nephropathy 
and glomerular sclerosis are fairly common (28). A previous 
study including 65 cases with proteinuria >0.5 g/day, micro-
scopic hematuria or renal damage of unknown causes (serum 
creatinine >1.5 mg/dl) in patients with liver cirrhosis observed 

lesions of different degrees in glomerular and non‑glomerular 
structures, including renal blood vessels, renal tubules and 
renal interstitial fibrosis (29). Therefore, hepatic dysfunction, 
hemodynamic abnormalities, immune disorders and nervous 
system dysfunction are closely associated with renal damage 
in cirrhotic patients.

In the present study, urinary RBP was measured prior to 
treatment and 1, 2 and 4 weeks after treatment, and patients 
were divided into responsive ascites and unresponsive ascites 
groups according to the change of the ascites observed 
following 1 month of treatment. Urinary RBP increased as 
the severity of the ascites increased, and showed a tendency to 
increase in the unresponsive group and a tendency to decline 
in the responsive group. As shown in Table IV, an increase 
in urinary RBP at 2 and 4 weeks after treatment indicated a 
poor prognosis of ascites due to cirrhosis, which indicates the 
potential of urinary RBP to serve as a prognostic indicator 
in the clinical treatment of patients with liver cirrhosis and 
ascites.

In summary, urine RBP is a sensitive indicator of early renal 
damage in liver cirrhosis with ascites, which may be used to 
monitor the curative effect of treatment, and serve as a clinical 
indicator to evaluate the prognosis of patients with ascites due 
to cirrhosis. In addition, the results of the present study 
may prompt a novel method to study other complications of 
cirrhosis, including portal hypertension (30), hepatic encepha-
lopathy (31) and hepatocellular carcinoma (32,33).
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