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Abstract
AIM: To evaluate the difference between the perfor-
mance of the   (CKD-EPI) and Modification of Diet in 
Renal Disease (MDRD) equations in cirrhotic patients.

METHODS: From Jan 2004 to Oct 2008, 4127 cirrhotic 
patients were reviewed. Patients with incomplete data 
with respect to renal function were excluded; thus, 
a total of 3791 patients were included in the study. 
The glomerular filtration rate (GFR) was estimated 
by the 4-variable MDRD (MDRD-4), 6-variable MDRD 
(MDRD-6), and CKD-EPI equations.

RESULTS: When serum creatinine was 0.7-6.8 mg/dL 
and 0.6-5.3 mg/dL in men and women, respectively, a 
significantly lower GFR was estimated by the MDRD-6 
than by the CKD-EPI. Similar GFRs were calculated by 
both equations when creatinine was > 6.9 mg/dL and 
> 5.4 mg/dL in men and women, respectively. In pre-
dicting in-hospital mortality, estimated GFR obtained 
by the MDRD-6 showed better accuracy [81.72%; 95% 
confidence interval (CI), 0.94-0.95] than that obtained 
by the MDRD-4 (80.22%; 95%CI, 0.96-0.97), CKD-EPI 
(79.93%; 95%CI, 0.96-0.96), and creatinine (77.50%; 
95%CI, 2.27-2.63).

CONCLUSION: GFR calculated by the 6-variable 
MDRD equation may be closer to the true GFR than 
that calculated by the CKD-EPI equation. 
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INTRODUCTION
Routine tests for serum creatinine (Scr) have been found 
to significantly improve the prognostic accuracy of  
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Child-Pugh score and to be an independent predictor 
of  survival in patients with end-stage liver disease[1]. In 
the early 2000s, the Model for End-stage Liver Disease 
(MELD) score emerged as a simple and more objec-
tive score than Child-Pugh score, with Scr as one of  
the 3 variables included [the other 2 being international 
normalized ratio (INR) and serum bilirubin][2-4]. Un-
like those of  the Child-Pugh score, the 3 variables of  
the MELD score are selected on the basis of  statistical 
analysis and not empirical analysis. Different from INR 
and serum bilirubin, which are the basic markers of  liver 
function, Scr is essentially a marker of  renal function; 
and highlights the prognostic significance of  the interac-
tions between liver and renal functions in patients with 
cirrhosis[5].

Kidney injury is an ominous and common event in 
cirrhotic patients[6]. Although Scr shows a strong prog-
nostic value in patients with cirrhosis, it is considered an 
insensitive predictor in such patients because of  reduced 
muscle mass, protein-deficient diet, severe hyperbiliru-
binemia, and diminished hepatic biosynthesis of  serum 
creatinine, all of  which lead to an overestimation of  
creatinine clearance as compared with inulin clearance[7]. 
Therefore, Scr level and creatinine-based equations also 
tend to overestimate glomerular filtration rate (GFR) in 
patients with cirrhosis.

Recently, a new creatinine-based equation known as 
the Chronic Kidney Disease Epidemiology Collabora-
tion (CKD-EPI) equation has been proposed as a more 
accurate formula than the Cockcroft and Modification 
of  Diet in Renal Disease (MDRD) equations[8]. How-
ever, the CKD-EPI equation has not been tested in 
patients with cirrhosis. The aim of  the present study was 
to evaluate the difference between the performance of  
the MDRD and CKD-EPI equations when evaluating 
renal function in a broader population of  patients with 
cirrhosis than liver transplant registries.

MATERIALS AND METHODS
Patient information and data collection
A retrospective, cross-sectional, single-center study design 
was used, and the study protocol was approved by the 
local ethics committee. Patients diagnosed with cirrhosis 
were selected from those admitted to Mackay Memorial 
Hospital between January 2004 and October 2008.

Of  a total of  228  345 admitted patients, the records 
of  4127 patients with cirrhosis were reviewed. Patients 
who survived and were followed up in the outpatient 
department were defined as survivors, and the most re-
cent laboratory data available for them were collected. 
Patients whose records indicated death any time during 
the hospital stay were defined as non-survivors (cases 
of  in-hospital mortality), and laboratory data for these 
patients were those collected during the admission in 
which death occurred. In the case of  patients with mul-
tiple admissions, the records before those of  the last ad-
mission were excluded. Demographic data, Child-Pugh 

scores, and information regarding underlying comor-
bidities were obtained from the most recent laboratory 
examinations. Patients with incomplete data with respect 
to Child-Pugh score and renal function or with cirrhosis 
due to congenital abnormality were excluded; thus, a to-
tal of  3791 patients were included in the study. None of  
the included patients had received liver transplants. The 
data on renal function in the common populace were 
based on the results of  health examinations conducted 
among the residents of  Taipei city, Taiwan, which were 
recently published as part of  an epidemiologic study 
conducted at our institution[9].

Laboratory methods
We calibrated serum creatinine values using the modified 
Jaffe method (Beckman Coulter, Inc. UniCel® DxC 800 
Synchron® Clinical System) which were further standard-
ized using the isotope dilution mass spectrometry (IDMS) 
reference method at Mackay Memorial Hospital Labora-
tory

Equations
The GFR was calculated according to the listed formu-
lae: MDRD-4 = 175 × (Scr)-1.154 × (Age)-0.203 × (0.742 if  
female) × (1.178 if  black)[10], MDRD-6 = 170 × (Scr)-0.999 
× (Age)-0.176 × (0.762 if  patient is female) × (1.180 if  
black) × (SUN)-0.170 × (Albumin)0.318[10], CKD-EPI = 141 
× min (Scr/κ, 1)α × max (Scr/κ, 1)-1.209 × 0.993Age × 1.018 
(if  female) × 1.159 (if  black)[8],where MDRD-4 is the 
4-variable MDRD, MDRD-6 is the 6-variable MDRD, 
age is given in years, albumin in g/dL, Scr is serum cre-
atinine (mg/dL), SUN is serum urea nitrogen concentra-
tion (mg/dL), κ is 0.7 for females and 0.9 for males, α 
is -0.329 for females and -0.411 for males, min indicates 
the minimum of  Scr/κ or 1, and max indicates the maxi-
mum of  serum creatinine/κ or 1.

Statistical analysis
Continuous variables are summarized as mean ± stan-
dard deviation unless otherwise stated. We initially com-
pared the demographic data and laboratory variables 
of  survivors, non-survivors, and the common populace 
using the analysis of  variance (ANOVA) test and chi-
square test. Student’s t test was used to assess differ-
ences in estimated GFR (eGFR) by CKD-EPI between 
cirrhotic patients and the common populace, and the 
difference in eGFR in cirrhotic patients calculated by 
MDRD6 or CKD-EPI, respectively. Logistic regres-
sion analyses were conducted to investigate the accu-
racy of  predicting in-hospital mortality by the different 
creatinine-based equations. The results of  these analyses 
were used to construct a receiver-operating characteristic 
(ROC) curve from which we sought the optimum cut-
off  point for predicting successful sites. The optimum 
cutoff  point was defined as the point on the ROC curve 
closest to the point (0.1), where the false-positive rate 
was zero and the sensitivity was 100%. The area under 
the curve (AUC) and 95% confidence interval (CI) were 
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Table 1  Demographic and laboratory data of 3791 cirrhotic patients and 4292 common populace  n  (%)

calculated. A P value of  less than 0.05 was considered 
statistically significant. All statistical analyses were per-
formed using SPSS software (version 17.0, SPSS Inc., 
Chicago, IL, United States).

RESULTS
Patient characteristics
Table 1 shows the demographic data, clinical character-
istics, and laboratory data of  patients with cirrhosis and 
the common populace. Older age, poorer renal function, 
and worse nutritional status were noted in the patients 
with cirrhosis than in the common populace. Thus, the 
average eGFR in patients with cirrhosis was significantly 
lower than that in the common populace, irrespective of  
the equation used for calculation (MDRD-4, MDRD-6, 
or CKD-EPI equation).

Difference between the performance of the MDRD-4, 
MDRD-6, and CKD-EPI equations in patients with ci
rrhosis and the common populace
Figure 1 shows the application of  the 3 creatinine-based 
equations for calculating GFR in the common popu-
lace. The slope of  the CKD-EPI equation was similar 
to that of  the MDRD-4 equation when the Scr level 
was > 0.8 mg/dL and > 0.6 mg/dL in men and women, 
respectively, but less steep below the knots, which leads 
to less overestimation of  GFR by the CKD-EPI equa-
tion at a lower Scr level[8]. Figure 2 shows the application 
of  the CKD-EPI equation in calculating GFR in both 
the patients with cirrhosis and the common populace. 
At the same Scr level, the CKD-EPI equation tended to 
estimate a significantly lower value of  GFR in patients 
with cirrhosis when the Scr level was 0.8-1.2 mg/dL and 
0.5-1.1 mg/dL in men and women, respectively. Figure 3  
shows the eGFR obtained by the 3 creatinine-based equa-
tions in patients with cirrhosis. The eGFRs obtained by 
the 3 equations were similar when the Scr level was > 6.9 
mg/dL and > 5.4 mg/dL in men and women, respective-

ly. Interestingly, significantly lower eGFR was obtained by 
the MDRD-6 equation than by the CKD-EPI equation 
when the Scr level was 0.7-6.8 mg/dL and 0.6-5.3 mg/dL 
in men and women, respectively. When the Scr level was 
< 0.5 mg/dL in men (1.8% of  men with cirrhosis) and 
< 0.4 mg/dL in women (1.4% of  women with cirrhosis), 
a lower eGFR was obtained by the CKD-EPI equation 
than by the MDRD-6 equation.

Prediction of in-hospital mortality by the different me
thods of renal function evaluation
The eGFR obtained by the MDRD-6 equation showed 
better accuracy (81.72%; 95% CI, 0.94-0.95) in pre-
dicting in-hospital mortality than that obtained by the 
MDRD-4 equation (80.22%; 95% CI, 0.96-0.97) and 
CKD-EPI equation (79.93%; 95% CI, 0.96-0.96). In 
general, eGFR showed a better prognostic value as a 
surrogate of  renal function than Scr level (accuracy, 
77.50%; 95% CI, 2.27-2.63). In the ROC curve (Figure 4),  
the cutoff  point for eGFR obtained by the MDRD-6 
equation was 41 (AUC, 0.85; 95% CI, 0.84-0.87). Inter-
estingly, the cutoff  point for Scr level was 1.3 mg/dL 
(AUC, 0.83; 95% CI, 0.81-0.84), which was lower than 
1.5 mg/dL, a value suggested to indicate renal failure in 
patients with cirrhosis and the threshold value for the 
diagnosis of  hepatorenal syndrome.

DISCUSSION
This retrospective, cross-sectional, single-center study in
volved a broader population of  patients with cirrhosis 
than liver transplant registries to obtain eGFR using dif-
ferent creatinine-based equations. A significantly lower 
eGFR was obtained by the MDRD-6 equation than by the 
CKD-EPI equation when the Scr level was 0.7-6.8 mg/dL 
and 0.6-5.3 mg/dL in men and women, respectively. In 
view of  the overall overestimation of  GFR by the cre-
atinine-based equations in patients with cirrhosis, eGFR 
obtained by the MDRD-6 equation may be closer to the 
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Variables (n , %) Survived cirrhotic patients
(n  = 2337)

Expired cirrhotic patients
 (n  = 1454)

Common populace 
(n  = 4292)

P  value

Age (yr) 59.03 ± 14.03 63.61 ± 13.62   52.11 ± 12.13 < 0.001
Gender (male/female) 1620/717 990/464 2270/2022 < 0.001
Albumin (3.5-5 g/dL) 3.24 ± 0.68 2.48 ± 0.55   4.50 ± 0.29 < 0.001
BUN (8-12 mg/dL) 17.31 ± 14.77 60.81 ± 40.77 13.39 ± 3.78 < 0.001
Creatinine (0.4-1.2 mg/dL) 1.20 ± 1.06 2.93 ± 1.99   0.89 ± 0.20 < 0.001
eGFR (MDRD4) 79.27 ± 35.43 36.75 ± 33.55   81.72 ± 16.38 < 0.001
eGFR (MDRD6) 65.70 ± 30.28 26.76 ± 24.63   69.65 ± 13.16 < 0.001
eGFR (CKD-EPI) 78.50 ± 29.82 36.03 ± 30.23   88.31 ± 15.78 < 0.001
Total bilirubin (0.3-1.2 mg/dL) 2.24 ± 3.58   9.76 ± 10.68 < 0.001
INR 1.36 ± 0.43 2.70 ± 2.53 < 0.001
Hepatoma 647 (27.69)   717 (49.31) < 0.001
Ascites 817 (34.96) 1018 (70.01) < 0.001
Hepatic encephalopathy 431 (18.44)   649 (44.64) < 0.001
Child-Pugh points 7.12 ± 1.97                  10.37 ± 2.09 < 0.001

BUN: Blood urea nitrogen; eGFR: Estimated glomerular filtration rate; MDRD: Modification of Diet in Renal Disease; MDRD4: 4-variable MDRD; MDRD6: 
6-variable MDRD: CKD-EPI: The Chronic Kidney Disease Epidemiology Collaboration; INR: International normalized ratio.
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Figure 2  Estimated glomerular filtration rate obtained by the Chronic Kidney Disease Epidemiology Collaboration equation in patients with cirrhosis and 
the common populace. eGFR: Estimated glomerular filtration rate; CKD-EPI: The Chronic Kidney Disease Epidemiology Collaboration. aP <0.05, eGFR between the 
CKD-EPI vs 6-variable MDRD equations.
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Figure 1  Estimated glomerular filtration rate obtained by the 4-variable Modification of Diet in Renal Disease, 6-variable Modification of Diet in Renal Dis-
ease, and the Chronic Kidney Disease Epidemiology Collaboration equations in the common populace. eGFR: Estimated glomerular filtration rate; MDRD: 
Modification of Diet in Renal Disease; MDRD4, 4-variable MDRD; MDRD6: 6-variable MDRD; CKD-EPI: The Chronic Kidney Disease Epidemiology Collaboration.
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true GFR than that obtained by the CKD-EPI equation. 
The use of  eGFR obtained by the MDRD-6 equation as a 
surrogate of  renal function offered better accuracy in pre-
dicting in-hospital mortality than that of  eGFR obtained 
by the MDRD-4 equation, CKD-EPI equation, or Scr 
level.

The prognostic significance of  renal function in pa-
tients with cirrhosis is reflected by the inclusion of  Scr 
in the MELD score, which predicts short-term mortality 

(3 mo) and is used for the prioritization of  transplant 
recipients in the United States[2-5,11]. However, it has re-
cently been suggested that Scr weighs too heavily on the 
MELD score[12]: the assumption that mortality is con-
stant at the Scr level of  < 1 mg/dL is likely to be false. 
On the other hand, Scr level and creatinine-based equa-
tions tend to overestimate GFR, and creatinine clearance 
from the time of  urine collection also leads to overes-
timation of  GFR. As a result, a modified MELD score 
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Figure 3  Estimated glomerular filtration rate obtained by the 4-variable Modification of Diet in Renal Disease, 6-variable Modification of Diet in Renal Dis-
ease, and the Chronic Kidney Disease Epidemiology Collaboration equations in patients with cirrhosis. eGFR: Estimated glomerular filtration rate; MDRD: 
Modification of Diet in Renal Disease; MDRD4: 4-variable MDRD; MDRD6: 6-variable MDRD; CKD-EPI: The Chronic Kidney Disease Epidemiology Collaboration.
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with a lower weighting for Scr than that in the current 
MELD score has been proposed and has been shown to 
be slightly superior[12]. However, even after these adjust-
ments, Scr is still a determinant of  prognosis.

The creatinine-based Cockcroft and MDRD equa-
tions are widely used to estimate GFR in the general 
population, and MDRD is considered the gold standard 
in nephrology[5,13]. However, both the Cockcroft and 
MDRD equations tend to overestimate GFR: a series 
has shown that only 66% of  estimates were within 30% 
of  the measured GFR[14,15]. Unfortunately, most of  the 
cited studies evaluated GFR in patients in liver transplant 
registries, who tend to have more advanced cirrhosis 
and decreased GFR, in part, due to the liver disease and 
malnourishment. The present study included a broader 
population that may have been better nourished or not 
as ill as that in previous studies.

The CKD-EPI equation, a newly developed equation 
for estimating GFR, has been proposed to be more ac-
curate than the MDRD equation, especially when GFR 
is high. Moreover, it shows less bias, improved precision, 
and greater accuracy[8]. Our study results agreed with 
this fact since the slope of  the CKD-EPI equation was 
less steep when the Scr level was < 0.8 mg/dL and < 
0.6 mg/dL in men and women, respectively. When the 
CKD-EPI equation was applied at the same Scr level 
in patients with cirrhosis and the common populace, a 
lower GFR was calculated in the former than in the lat-
ter. This result was probably related to the older age of  
the patients with cirrhosis, with the same Scr level. When 
the CKD-EPI, MDRD-4, and MDRD-6 equations were 
applied in the case of  patients with cirrhosis, the per-
formance of  the CKD-EPI and MDRD-4 equations 
was similar to that in the common populace. However, a 
significantly lower GFR was estimated by the MDRD-6 
equation than by the CKD-EPI equation when the Scr 
level was 0.7-6.8 mg/dL and 0.6-5.3 mg/dL in men and 
women, respectively. This result was probably related to 
the higher blood urea nitrogen (BUN) and lower albu-
min level-the additional 2 variables used in the MDRD-6 
equation-in patients with cirrhosis. Although the CKD-
EPI equation also yielded a lower eGFR than the 
MDRD-6 equation when the Scr level was < 0.5 mg/dL 
and < 0.4 mg/dL in men and women, respectively, the 
value was only found in 1.8% men and 1.4% women 
in all the study subjects. In view of  the overall overes-
timation of  GFR by the creatinine-based equations in 
patients with cirrhosis, eGFR obtained by the MDRD-6 
equation seemed to be closer to the true GFR than that 
obtained by the CKD-EPI equation.

Creatinine shows a significant prognostic value in 
patients with cirrhosis[2,5,11]. Theoretically, the creatinine-
based equations show a similar prognostic value. How-
ever, the Cockcroft equation is less accurate than the 
MDRD equation since it incorporates body weight, which 
is markedly biased in patients with edema and/or as-
cites[16]. The MDRD-4 (simplified MDRD) equation is 
usually and most often used to calculate GFR, since it 
is considered as accurate as the original MDRD-6 equa-
tion[17]. However, its usefulness has not been proved in 

healthy individuals, and its accuracy may be low in specif-
ic clinical settings[15,18]. Therefore, the MDRD-6 equation 
is considered the best, possibly because it incorporates 
BUN and albumin level, the 2 variables which are abnor-
mal in patients with cirrhosis[18]. Our data also showed 
that eGFR obtained by the MDRD-6 equation was more 
accurate than that obtained by the MDRD-4 equation, 
CKD-EPI equation, or even Scr level in predicting in-
hospital mortality. It is most likely that the improved 
predication due to BUN and albumin, in particular se-
rum albumin is an excellent predictor of  mortality. Thus, 
the use of  eGFR obtained by the MDRD-6 equation as 
a surrogate of  renal function offers a better prognostic 
value than that of  eGFR obtained by the other equa-
tions. However, the accuracy of  the MDRD equation 
has only been estimated on a large scale, in patients with 
chronic kidney disease. This suggests that a specific for-
mula should be derived for patients with cirrhosis.

The present study has several limitations. First, there 
was no comparison between the CKD-EPI equation and 
the gold standard for GFR estimation such as that using 
125I-iothalamate or inulin. Thus, the true performance of  
the CKD-EPI equation in patients with cirrhosis could 
not be evaluated. Second, due to the variation in assay of  
BUN and albumin across labs which is not standardized, 
these results may not be useful in other populations. 
Third, the study was retrospective and cross-sectional 
in nature, and therefore, a prospective, cohort study is 
needed to test and verify our conclusions.

In conclusion, in view of  the overall overestimation 
of  GFR in patients with cirrhosis by creatinine-based 
equations, GFR calculated by the MDRD-6 equation 
may be closer to the true GFR than that calculated by 
the CKD-EPI equation and, hence, more suitable as a 
surrogate of  renal function. However, a formula specifi-
cally derived for calculating GFR in patients with cirrho-
sis is warranted.
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mains the best way to calculate GFR in cirrhotic patients.
Applications
GFR should be calculated by the 6-variable MDRD equation in cirrhotic pa-
tients.
Peer review
It is a good study. However the authors have adequately mentioned the limitation.
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