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Background and aims: Diagnosis of moderately impaired renal function is of particular importance
in patients with cirrhosis of the liver. Whereas patients with a markedly impaired glomerular filtration
rate can be diagnosed easily by elevated serum creatinine concentrations, moderately reduced renal
function may be missed by this conventional parameter. Recently, cystatin C has been suggested as a
sensitive marker of renal function, independent of sex or muscle mass. Therefore, the aim of this study
was to investigate the value of serum cystatin C concentration for the detection of moderately impaired
renal function.
Methods: Ninety seven inhospital patients with cirrhosis and a 24 hour creatinine clearance of at least
40 ml/min were investigated and divided into group 1 (creatinine clearance >70 ml/min; n=55) and
group 2 (creatinine clearance 40–69 ml/min; n=42).
Results: Serum cystatin C concentrations (mean (SD): 1.31 (0.51) v 1.04 (0.34) mg/l (p=0.008)) and
creatinine concentrations (1.03 (0.52) v 0.86 (0.22) mg/100 ml (p=0.03)) were higher in group 2
than in group 1; there was no significant difference in urea concentrations. Receiver-operator characteristics (ROC) revealed a differential diagnostic advantage of cystatin C over creatinine and urea. At
cut off concentrations of 1.0 mg/l, 0.9 mg/100 ml, and 28 mg/100 ml, respectively, cystatin C, creatinine, and urea exhibited 69%, 45%, and 44% sensitivity (p<0.05). As patients with a small muscle
mass or reduced physical activity could be particularly prone to overestimation of their renal function,
separate analyses were performed for the subgroups of female and Child-Pugh class C patients,
respectively. In both groups, discrimination between patients with moderately impaired and normal
renal function was best with cystatin C. In female patients, sensitivity of cystatin C (77.8%) was superior
(p<0.05) to that of creatinine (38.9%) and urea (41.2%). In Child-Pugh C patients, the ROC curve was
significantly better for cystatin C than for creatinine.
Conclusions: Serum cystatin C determination could be a valuable tool in patients with cirrhosis, particularly with Child-Pugh class C or in female patients, for early diagnosis of moderately impaired renal
function.

irrhosis of the liver is often accompanied by functional
renal failure. This is due to haemodynamic alterations,
mainly peripheral vasodilatation followed by activation
of vasoconstricting hormones and neurohumoral systems
such as renin-aldosterone, vasopressin, endothelin, and
increased activity of the sympathetic nervous system.1 2 These
alterations induce renal retention of water and sodium, and a
decrease in glomerular filtration rate.1 3 Typically, these
impairments in renal function in cirrhosis are of a functional
nature which means that they are not accompanied by
morphological changes and in the early stages can be reversed
by medical intervention.4–6 The extreme stage of this renal
failure however, the hepatorenal syndrome, is rarely reversible, and liver transplantation is the only established therapy.
Patients with functional renal failure of cirrhosis are
particularly sensitive to decreases in plasma volume.7 Therefore, monitoring renal function is pivotal. On diagnosis of
deterioration in renal function, appropriate measures such as
volume expansion can be taken to avoid further impairment
and development of hepatorenal syndrome. Thus indicators of
moderately impaired renal function are of great clinical
importance. Serum creatinine concentration, the best established simple parameter of glomerular filtration rate, has some
disadvantages: its concentration depends on sex and muscle
mass and shows marked increases only at severely reduced
creatinine clearance values.8 9 Thus while sufficient for the
diagnosis of hepatorenal syndrome,4 serum creatinine determination can miss less severely impaired renal function. Similar limitations apply for serum urea concentration. Therefore,
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rather than determination of serum parameters, measurement of clearance rates of exogenous or endogenous
substances has been introduced. Among these, inulin clearance is considered the gold standard but is rarely used because
of costs and inconvenience, except in experimental protocols.
Creatinine clearance is the most widely used parameter for
inhospital patients. It requires 24 hour urine collection and
may be inaccurate on an outpatient basis. Thus a simple serum
parameter is needed which is sensitive for slight deteriorations
in renal function and not influenced by the factors mentioned
above.
Recently, the protease inhibitor cystatin C has been
suggested as a sensitive marker of glomerular filtration rate
and as an early indicator of impaired renal function, possibly
superior to serum creatinine.10 11 Cystatin C is a nonglycosylated low molecular weight protein produced by nucleated cells at a constant rate, freely filtered by the glomeruli,
and catabolised in the tubuli. Its renal clearance was found to
be very similar to that of exogenous substances such as 51CrEDTA.12 Cystatin C serum concentration appears to be
independent of sex or muscle mass and determination is not
affected by hyperbilirubinaemia or haemolysis.13 14 Furthermore, very low intraindividual variation of cystatin C in
healthy controls15 argues against a significant impact of diet on
.............................................................
Abbreviations: ROC, receiver-operator characteristic; AUC, area under
the curve.
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Figure 1 Receiver-operator characteristic curves for detection of
patients with a creatinine clearance less than 70 ml/min. Sensitivity
and specificity are displayed at various discrimination levels for
serum concentrations of cystatin C, creatinine, and urea. Data were
obtained from a total of 97 patients investigated. With increasing
differential diagnostic efficiency, the curves approach the left upper
corner.

serum cystatin C concentrations. The aim of this study was to
investigate the value of serum cystatin C in patients with cirrhosis of the liver for detection of moderately impaired renal
function.

PATIENTS AND METHODS
Patients
Ninety seven inhospital patients with cirrhosis of the liver and
a 24 hour creatinine clearance16 of at least 40 ml/min were
investigated. The 24 hour urine collection on an inpatient basis
was carefully controlled. Patients with a creatinine clearance
of less than 40 ml/min, the upper limit of the definition of the
hepatorenal syndrome,4 were not included in the study. Mean
age was 50 (16) years, and there were 65 males and 32
females. Child-Pugh score was A/B/C in 23/49/25 patients.
Aetiology of cirrhosis was alcoholic/post hepatitic/other in
67/19/11 patients.
Laboratory analysis
Serum samples were obtained on the day of urine collection
for creatinine clearance and measurement of creatinine, urea,
and cystatin C concentrations. Creatinine was analysed by a
rate blanked modified Jaffé method.17 Urea was determined
using a kinetic urease method followed by a GLDH-UV test
where the decrease in NADH adsorbance is determined
photometrically.9 Both assays (Roche Diagnostic Systems,
Mannheim, Germany) were implemented on an Hitachi

Table 1 Sensitivity, specificity, positive and negative
predictive value, and efficiency of the serum
concentrations of creatinine, urea, and cystatin in
discriminating between 42 patients with reduced
(group 2) and 55 patients with normal (group 1)
creatinine clearance

Cut off value
Sensitivity (%)
Specificity (%)
Positive predictive value (%)
Negative predictive value (%)
Efficiency (%)

Creatinine

Urea

Cystatin C

0.9 mg/100 ml
45.2
70.9
54.3
62.9
59.8

28 mg/100 ml
43.9
65.5
48.6
61.0
56.3

1.0 mg/l
69.0* ††
56.4
54.7
70.5
61.9
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Figure 2 Receiver-operator characteristic curves for serum
concentrations of cystatin C, creatinine, and urea for the subgroup of
25 patients with Child-Pugh class C.

multianalyser system. The between run coefficient of variance
of these methods was constantly below 3%. Cystatin was
determined with the Dade Behring N Latex Cystatin C assay
(Dade Behring Diagnostics, Marburg, Germany),18 19 a particle
enhanced nephelometric immunoassay implemented on the
Dade Behring Nephelometer II. Intra and interassay coefficients of variation were always below 5% in accordance with
earlier reports.19
Statistical analysis
Patients were divided into two groups: group 1 had a
creatinine clearance of >70 ml/min (n=55) and group 2 a
creatinine clearance of 40–69 ml/min (n=42). Differences
between groups were analysed with the unpaired t test or the
Mann-Whitney U test, where appropriate. Data are presented
as mean (SD).
Sensitivity, specificity, and diagnostic efficiency were calculated for each value of cystatin C, creatinine, and urea after
classification into four categories20: true positive (a), true
negative (b), false positive (c), and false negative (d).
Sensitivity was calculated as a/(a+d)×100, specificity as

Table 2 Serum concentrations of creatinine, urea,
and cystatin C in female patients and in patients with
Child-Pugh class C
Female patients
Serum creatinine (mg/100 ml)
Creatinine Cl >70 ml/min
Creatinine Cl 40–69 ml/min
Serum urea (mg/100 ml)
Creatinine Cl >70 ml/min
Creatinine Cl 40–69 ml/min
Serum cystatin C (mg/l)
Creatinine Cl >70 ml/min
Creatinine Cl 40–69 ml/min
Child-Pugh class C patients
Serum creatinine (mg/100 ml)
Creatinine Cl >70 ml/min
Creatinine Cl 40–69 ml/min
Serum urea (mg/100 ml)
Creatinine Cl >70 ml/min
Creatinine Cl 40–69 ml/min
Serum cystatin C (mg/l)
Creatinine Cl >70 ml/min
Creatinine Cl 40–69 ml/min

n

Mean (SD)

p Value

14
18

0.8 (0.2)
0.9 (0.2)

0.035

14 21.6 (9.4)
17 31.9 (5.7)

0.131

14
18

0.9 (0.3)
1.4 (0.5)

0.005

11
14

1.0 (0.2)
1.3 (0.8)

0.223

11 29.6 (16.2)
14 42.5 (28.0)

0.190

11
14

0.039

1.1 (0.3)
1.6 (0.6)

Creatinine Cl, creatinine clearance.
*p<0.05 versus creatinine; ††p<0.01 versus urea; McNemar test.
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Table 3 Cystatin C for discrimination between normal and impaired creatinine
clearance in the subgroups of 32 female patients and 25 patients with Child-Pugh
class C
Creatine
0.9 mg/100 ml

Urea
28 mg/100 ml

Cystatin C
1.0 mg/l

Female Child-Pugh C

Female Child-Pugh C

Female

Child-Pugh C

Sensitivity (%)

38.9

60.0

41.2

53.3

77.8*†

86.7

Specificity (%)
Pos predictive value (%)
Neg predicitive value (%)
Efficiency (%)

92.9
87.5
54.2
72.5

60.0
69.2
50.0
60.0

78.6
70.0
52.4
58.1

60.0
66.7
46.2
56.0

64.3
73.7
69.2
71.9

60.0
76.5
75.0
76.0

*p<0.05 versus urea; †p<0.05 versus creatinine; McNemar test.

b/(b+c)×100, positive predictive value as a/(a+c)×100, negative predictive value as b/(b+d)×100, and diagnostic efficiency
as (a+b)/(a+b+c+d)×100. The cut off value was then determined at the maximum efficiency derived from analysing all
patients. The significance of differences in sensitivity, specificity, or efficiency between the parameters was evaluated by the
McNemar test with a two tailed probability. A p value <0.05
was considered statistically significant for all tests applied.
Receiver-operator characteristic (ROC) curves were calculated by standard procedures.21 The area under the curve
(AUC) and 95% confidence interval (CI) were calculated for
each plot. The statistical significance of differences between
AUC values was determined as proposed recently.22 Accordingly, a z value was calculated for each comparison and values
of z above 1.96 were taken as evidence that ROC areas were
different, assuming a two tailed probability.

RESULTS
Creatinine clearance was at least 70 ml/min in 55 patients
(group 1) and 40–69 ml/min in 42 patients (group 2). Mean
3.5
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Figure 3 Individual values of cystatin C (A) and serum creatinine
(B) in relation to creatinine clearance in 25 patients with Child-Pugh
class C. Cut off values are indicated by the broken lines.
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(SD) values for creatinine clearance were 107 (31) ml/min in
group 1 and 55 (9) ml/min in group 2 (p<0.0001). Serum
concentrations of urea were not significantly different
between the two groups: 31.7 (21.4) versus 27.3 (13.3) mg/100
ml. In contrast, serum cystatin C concentrations were higher
in group 2: 1.31 (0.51) versus 1.04 (0.34) mg/l (p=0.008). Creatinine concentrations in group 2 exceeded those of group 1:
1.03 (0.52) versus 0.86 (0.22) mg/100 ml (p=0.03).
As illustrated by the ROC curves (fig 1), the diagnostic
potential of cystatin C to detect patients with a creatinine
clearance of less than 70 ml/min was superior to that of
creatinine and urea. At equal specificity, the sensitivity of
cystatin C was increased almost throughout the ROC plot. The
AUC for cystatin (0.67 (95% CI 0.56–0.78)) was greater than
that for creatinine (0.62 (0.51–0.73); z=1.03; NS) and urea
(0.53 (0.42–0.66); z=2.68; significant), respectively. At cut off
concentrations of 1.0 mg/l, 0.9 mg/100 ml, and 28 mg/100 ml,
respectively, cystatin C exhibited significantly higher sensitivity than creatinine and urea (69%, 45%, and 44%; p<0.05)
(table 1). Specificity and efficiency were not significantly different between parameters.
Patients with small muscle mass or reduced physical activity could be particularly prone to overestimation of renal
function using conventional parameters. We therefore analysed the results in female patients and those with Child-Pugh
class C. As shown in table 2, neither serum creatinine nor urea
discriminated between Child C patients with a creatinine
clearance of more or less than 70 ml/min. In contrast, cystatin
C was significantly higher in Child C patients with impaired
renal function. ROC curves (fig 2) demonstrated the superiority of cystatin C determination in these patients. AUC for
cystatin was greater than that for serum creatinine (0.77 (95%
CI 0.58–0.97) v 0.61 (0.37–0.84); z=2.08; significant). Similarly, cystatin C concentrations were more markedly elevated
in female patients with a creatinine clearance below 70
ml/min than creatinine and urea (table 2). In this subgroup,
AUC for cystatin was also greater than for serum creatinine
(0.80 (95% CI 0.64–0.96) v 0.70 (0.60–0.81)) but this was not
statistically significant (z=1.82).
For further evaluation of the differential diagnostic value,
sensitivity, specificity, positive and negative predictive values,
and efficiency were calculated for the subgroups of female and
Child-Pugh C patients, respectively (table 3). In Child-Pugh C
patients, the sensitivity of cystatin C (86.7%) tended to be
higher than that of creatinine (60.0%; NS) and urea (53.3%;
NS) at equal specificity of 60%. Overall diagnostic efficiency of
cystatin C (76%) tended to be higher than that of creatinine
(NS) and urea. In female patients, sensitivity of cystatin C was
significantly higher (p<0.05) than that of urea and creatinine.
In Child-Pugh class C patients with a serum cystatin
concentration below the cut off value of 1.0 mg/l, no patient
had a creatinine clearance below 70 ml/min (fig 3A). In
contrast, two patients with a normal serum creatinine
concentration (cut off 0.9 ml/dl) exhibited reduced creatinine
clearance with values as low as 53 ml/min (fig 3B).
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DISCUSSION

•ROC curves support an advantage of cystatin C over serum
concentrations of urea and creatinine.
•In the subgroups of female patients and Child-Pugh C
patients, cystatin C was found to be particularly useful for
detection of impaired renal function.
Obviously, there was an overlap for concentrations of the
renal function parameters between the two groups investigated in our study. This overlap however was smallest for
serum cystatin C concentrations. Consequently, as was
demonstrated by ROC curves, cystatin C tended to be more
sensitive and specific than creatinine throughout almost the
whole range of possible cut off values. Urea was even less
diagnostically efficient than creatinine. This was further analysed by calculation of sensitivity, specificity, positive and
negative predictive values, and efficiency for the most suitable
cut off values. Analysis of the 97 patients showed that the
sensitivity of cystatin C was superior to that of creatinine and
urea. Specificity of cystatin C tended to be lower, but this was
not significant. Efficiency however was comparable with the
other parameters.
The advantage of cystatin C determination in patients with
normal serum creatinine is also supported by the following
analysis: 20 of 53 patients with a normal serum creatinine
concentration had a decreased creatinine clearance below 70
ml/min. This was the case only in 12 of 45 patients with a normal serum concentration of cystatin C. In addition, 11 of 20
patients with impaired renal function missed by serum creatinine were correctly analysed by cystatin C.
One may argue that renal function in our study was evaluated by 24 hour creatinine clearance rather than by clearance
of exogenously administrated substances (for example, inulin
clearance). Inulin clearance can reflect glomerular filtration
rate more precisely. However, its determination is more
cumbersome, requiring a continuous intravenous infusion
and urine sampling with a bladder catheter. Thus the majority
of clinical investigations of renal function in cirrhosis are
based on determination of creatinine clearance. Moreover,
recently a correlation between serum cystatin C concentrations and inulin clearance was demonstrated in patients with
cirrhosis.23 Furthermore, creatinine clearance can be as precise
as inulin clearance in patients with compensated cirrhosis.24
A clear advantage of cystatin C over creatinine or urea determination was found for Child-Pugh C patients. For this
subgroup, ROC curves showed a more marked superiority of
cystatin C than for the total population. This reflects a trend
towards increased diagnostic sensitivity of cystatin C in
Child-Pugh C patients at the same specificity levels achieved by
the other two parameters. Therefore, in Child-Pugh C patients,
cystatin C determinations seem to be of clinical benefit and

should be further investigated. In female patients, the differences in areas under the ROC curves were close to statistical
significance. Sensitivity of cystatin C however was significantly
higher than that of creatinine and urea at equal specificity. The
clear advantage of cystatin C compared with creatinine and urea
in these patients may be due to the fact that this parameter is
not dependent on muscle mass, activity, or nutritional status.
In summary, in patients with cirrhosis, particularly in
patients with Child-Pugh class C, cystatin C determination is
a valuable tool for the early diagnosis of moderately impaired
renal function.
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Cystatin C has recently been introduced as an excellent
marker of glomerular filtration rate11 that is not influenced by
several physiological and pathophysiological conditions.
While patients with severely impaired renal function exhibit
increased serum creatinine concentrations, detection of
slightly or moderately decreased glomerular filtration rate by
serum parameters is rather difficult.8 Creatinine clearance,
widely used in inhospital patients for estimation of glomerular filtration rate, requires 24 hour urine collection and lacks
sufficient reliability in outpatients. Early diagnosis of impaired
renal function is particularly important in patients with
cirrhosis of the liver. We therefore investigated the diagnostic
value of serum cystatin C concentrations in patients with cirrhosis. The following main results were found.
•Serum cystatin C concentrations are significantly increased
in patients with cirrhosis and moderately impaired renal
function (creatinine clearance 40–69 ml/min) compared with
those with creatinine clearance >70 ml/min. The difference
between these groups is less pronounced for serum creatinine
and not significant for serum urea concentrations.
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