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Abstract
AIM: To incorporate estimated glomerular filtration 
rate (eGFR) into the model for end-stage liver disease 
(MELD) score to evaluate the predictive value. 

METHODS: From January 2004 to October 2008, 
the records of 4127 admitted cirrhotic patients were 
reviewed. Patients who survived and were followed 
up as outpatients were defined as survivors and their 
most recent available laboratory data were collected. 
Patients whose records indicated death at any time 
during the hospital stay were defined as non-survivors 
(in-hospital mortality). Patients with incomplete data 
or with cirrhosis due to a congenital abnormality such 
as primary biliary cirrhosis were excluded; thus, a total 
of 3857 patients were enrolled in the present study. 

The eGFR, which was calculated by using either the 
modification of diet in renal disease (MDRD) equation 
or the chronic kidney disease epidemiology collabora-
tion (CKD-EPI) equation, was incorporated into the 
MELD score after adjustment with the original MELD 
equation by logistic regression analysis [bilirubin and 
international normalized ratio (INR) were set at 1.0 for 
values less than 1.0].

RESULTS: Patients defined as survivors were signifi-
cantly younger, had a lower incidence of hepatoma, 
lower Child-Pugh and MELD scores, and better renal 
function. The underlying causes of cirrhosis were 
very different from those in Western countries. In Tai-
wan, most cirrhotic patients were associated with the 
hepatitis virus, especially hepatitis B. There were 16 
parameters included in univariate logistic regression 
analysis to predict in-hospital mortality and those with 
significant predicting values were included in further 
multivariate analysis. Both 4-variable MDRD eGFR and 
6-variable MDRD eGFR, rather than creatinine, were 
significant predictors of in-hospital mortality. Three 
new equations were constructed (MELD-MDRD-4, 
MELD-MDRD-6, MELD-CKD-EPI). As expected, original 
MELD score was a significant predictor of in-hospital 
mortality (odds ratio = 1.25, P  < 0.001). MELD-
MDRD-4 excluded serum creatinine, with the coeffi-
cients refit among the remaining 3 variables, i.e., total 
bilirubin, INR and 4-variable MDRD eGFR. This model 
represented an exacerbated outcome over MELD score, 
as suggested by a decrease in chi-square (2161.45 vs  
2198.32) and an increase in -2 log (likelihood) (2810.77 
vs  2773.90). MELD-MDRD-6 included 6-variable MDRD 
eGFR as one of the variables and showed an improve-
ment over MELD score, as suggested by an increase 
in chi-square (2293.82 vs  2198.32) and a decrease in 
-2 log (likelihood) (2810.77 vs  2664.79). Finally, when 
serum creatinine was replaced by CKD-EPI eGFR, it 
showed a slight improvement compared to the original 
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MELD score (chi-square: 2199.16, -2 log (likelihood): 
2773.07). In the receiver-operating characteristic 
curve, the MELD-MDRD-6 score showed a marginal 
improvement in area under the curve (0.909 vs  0.902), 
sensitivity (0.854 vs  0.819) and specificity (0.818 vs  
0.839) compared to the original MELD equation. In pa-
tients with a different eGFR, the MELD-MDRD-6 equa-
tion showed a better predictive value in patients with 
eGFR ≥ 90, 60-89, 30-59 and 15-29.

CONCLUSION: Incorporating eGFR obtained by the 
6-variable MDRD equation into the MELD score showed 
an equal predictive performance in in-hospital mortal-
ity compared to a creatinine-based MELD score.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
For over 30 years, the Child-Pugh score, which is based 
on 5 variables (ascites, encephalopathy, serum total bili-
rubin, serum albumin and prothrombin time), has been 
the main prognostic tool and has proved to be a robust 
prognostic predictor in different situations[1]. However, 
the value of  this score is limited due to subjective inter-
pretation of  ascites and encephalopathy and an inap-
propriate classification of  serum bilirubin. Increasing 
evidence in the literature suggests that the development 
of  acute kidney injury is an ominous and common event 
in cirrhotic patients[2]. Therefore, routine serum creati-
nine tests have been found to significantly improve the 
prognostic accuracy of  the Child-Pugh score and serum 
creatinine is an independent predictor of  survival in 
cirrhotic patients[3]. In fact, renal function is 1 of  the 3 
variables [serum bilirubin, international normalized ratio 
(INR) and serum creatinine] in the model for end-stage 
liver disease (MELD) score, which is a good predictor 
for assessing 3 mo mortality and is currently used to de-
termine priority for orthotopic liver transplantation[1,4,5].

Unlike the Child-Pugh score, the 3 variables of  the 
MELD score are selected on the basis of  statistical analy-
sis and not empirical analysis. Even although serum creat-
inine has a strong prognostic value in cirrhotic patients, it 

is considered an insensitive predictor in such patients be-
cause of  the patient’s reduced muscle mass; this may lead 
to an overestimation of  creatinine clearance compared to 
inulin clearance[1,6,7]. Thus, serum creatinine is not a very 
accurate gauge, especially in detecting early loss of  renal 
function in cirrhotic patients[1,6,8], and there are approxi-
mately 15% to 20% of  patients whose survival cannot be 
accurately predicted by the MELD score[6,9]. 

Recently, Lim et al[10] suggested that there was a signif-
icant association between measured glomerular filtration 
rate (GFR) and survival after adjustment for MELD; 
however, estimated GFR (eGFR) calculated by the 
modification of  diet in renal disease (MDRD) equation 
was only moderately correlated with measured GFR in 
cirrhotic patients[10]. The creatinine-based MDRD equa-
tion is widely used in the general population for calculat-
ing GFR and is considered a gold standard in nephrol-
ogy[8,11]. It is also the best formula for the detection of  
moderate renal dysfunction in advanced liver disease[12,13]. 
Nowadays, most publications that mention the eGFR of  
cirrhotic patients have been using databases from liver 
transplant registries. The aim of  the present study was to 
evaluate the difference between eGFR obtained either by 
MDRD or by the new creatinine-based equation, known 
as the chronic kidney disease epidemiology collaboration 
(CKD-EPI) formula[14], when eGFR was incorporated 
into the MELD score to predict in-hospital mortality in 
a broad population of  cirrhotic patients.

MATERIALS AND METHODS
Ethics
This work was carried out in accordance with the Decla-
ration of  Helsinki (2000) of  the World Medical Associa-
tion and the institutional review board. 

We performed a retrospective, cross-sectional study 
on Taiwanese cirrhotic patients in the Mackay Memorial 
Hospital. Mackay Memorial Hospital is a tertiary referral 
center for liver disease. This study is a single center inves-
tigation and all patients of  the study were afferent, directly 
diagnosed and followed-up in Mackay Memorial Hospital.

Patient information and data collection
The design of  this single-center study was retrospective 
and cross-sectional and the 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.

The records of  4127 cirrhotic patients from a total 
of  228 345 admitted patients were reviewed. Patients 
who survived and were followed up as outpatients were 
defined as survivors and their most recent available 
laboratory data were collected. Patients whose records 
indicated death at any time during the hospital stay were 
defined as non-survivors (cases of  in-hospital mortality) 
and laboratory data for these patients comprised the data 
collected during their admission. In the case of  patients 
with multiple admissions, the records before those of  
the last admission were excluded. Demographic data, 
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Child-Pugh scores and information regarding underly-
ing comorbidities were obtained from the most recent 
laboratory examinations. Patients with incomplete data 
or with cirrhosis due to congenital abnormality such as 
primary biliary cirrhosis were excluded; thus, a total of  
3857 patients were enrolled in the present study. None 
of  these patients had received liver transplants.

Equations for estimated GFR
The eGFR was calculated according to the formula be-
low: 
MDRD-4[11] = 175 × (Scr)-1.154 × (age)-0.203 × (0.742 if  fe-
male) × (1.178 if  black), 
MDRD-6[11] = 170 × (Scr)-0.999 × (age)-0.176 × (0.762 if  fe-
male) × (1.180 if  black) × (SUN)-0.170 × (albumin)0.318, 
CKD-EPI[14] = 141 × min (Scr/κ, 1)α × max (Scr/κ, 
1)-1.209× 0.993age × (1.018 if  female) × (1.159 if  black), 
where MDRD-4 is 4-variable MDRD, MDRD-6 is 
6-variable MDRD, age is given in years, albumin in g/
dL, Scr is serum creatinine (mg/dL), SUN is serum urea 
nitrogen concentration (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 maximum of  serum creatinine/κ or 1.

Statistical analysis
Continuous variables were summarized as mean ± SD 
unless otherwise stated. We initially compared the de-
mographic data and laboratory variables of  survivors 
and non-survivors using Student’s t test and χ 2 test. 
To formally examine the relationship among different 
means of  eGFR and MELD as predictors of  in-hospital 
mortality, several multivariate models were constructed. 
MELD score was calculated according to the original de-
scription: MELD = 11.2 LN (INR) + 3.78 LN (bilirubin) 
+ 9.57 LN (creatinine) + 6.43[15].

After adjustment with the original MELD equation 
by logistic regression analysis (bilirubin and INR were 
set at 1.0 for values less than 1.0), new MELD equations 
which incorporate eGFR to replace serum creatinine 
were constructed and listed below:  
MELD-MDRD-4 = 8.82 LN (INR) + 4.07 LN (bilirubin) 
+ (-5.13) LN [eGFR (MDRD-4)] + 30.57,
MELD-MDRD-6 = 8.78 LN (INR) + 383 LN (bilirubin) 
+ (-5.14) LN [eGFR (MDRD-6)] + 30.05,
MELD-CKD-EPI = 8.80 LN (INR) + 4.01 LN (biliru-
bin) + (-5.37) LN [eGFR (CKD-EPI)] + 31.93.

The new MELD equations were rounded to the nearest 
integer for easy use. Unlike the original MELD equation, 
there was no preinstall upper limit in these new equations. 

Logistic regression analysis were conducted for in-
vestigating the odds ratios (OR) of  predicting in-hospital 
mortality by different models, different new MELD equa-
tions, and MELD equations in patients with different 
eGFR levels. The difference in different MELD equa-
tions in predicting in-hospital mortality was investigated 
by logistic regression analysis. The results of  these analy-
ses were used to construct a receiver-operating charac-

teristic (ROC) curve from which we sought the optimum 
cutoff  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 and 95% CI were calculated. A P value of  less 
than 0.05 was considered statistically significant. All sta-
tistical analysis were performed using SPSS software (ver-
sion 17.0, SPSS Inc., Chicago, IL, United States).

RESULTS
Patient characteristics
Table 1 presents the clinical characteristics, demographic 
data and laboratory data of  the study subjects. Patients 
defined as survivors were significantly younger, had a 
lower incidence of  hepatoma, lower Child-Pugh and 
MELD scores, and better renal function. The underly-
ing causes of  cirrhosis were very different from those 
in Western countries. In Taiwan, most cirrhotic patients 
were associated with the hepatitis virus, especially hepa-
titis B. Diagnoses such as non-alcoholic steatohepatitis 
or cholestatic liver disease were seldom confirmed and 
were classified as unknown. 

Relationship between estimated GFR, total bilirubin, INR 
and MELD score as a predictor of in-hospital mortality 
There were 16 parameters included in univariate logistic 
regression analysis to predict in-hospital mortality. Those 
with a significant predicting value are listed in Table 2 
and were further evaluated by multivariate logistic re-
gression analysis. Both eGFR (MDRD-4) and eGFR 
(MDRD-6), rather than creatinine, were significant pre-
dictors of  in-hospital mortality. 

Table 3 shows several multivariate models for the 
prediction of  in-hospital mortality. As expected, model 
1, containing the MELD score only, was a significant 
predictor of  in-hospital mortality (OR = 1.25, P < 0.001). 
Model 2 excluded serum creatinine, with the coefficients 
refit among the remaining 3 variables, i.e., total bilirubin, 
INR and eGFR (MDRD-4). This model represented an 
exacerbated outcome over model 1, as suggested by a 
decrease in χ 2 (2161.45 vs 2198.32) and an increase in -2 
log (likelihood) (2810.77 vs 2773.90). Model 3 included 
eGFR (MDRD-6) as one of  the variables and showed an 
improvement over model l, as suggested by an increase 
in chi-square (2293.82 vs 2198.32) and a decrease in -2 
log (likelihood) (2810.77 vs 2664.79). Finally, when serum 
creatinine was replaced by eGFR (CKD-EPI), it showed 
a slight improvement compared to model 1 [χ 2: 2199.16, 
-2 log (likelihood): 2773.07]. 

Incorporation of estimated GFR into the MELD score to 
replace serum creatinine 
The efficacy of  new MELD equations for the prediction 
of  in-hospital mortality is listed in Table 4. Compared 
to the original MELD equation, only MELD-MDRD-6 
showed a better predictive value, as suggested by an in-
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crease in chi-square (2254.88 vs 2198.32) and a decrease 
in -2 log (likelihood) (2703.72 vs 2773.90). In the ROC 
curve (Figure 1), the MELD-MDRD-6 score showed a 
marginal improvement in area under the curve (0.909 vs 
0.902), sensitivity (0.854 vs 0.819) and specificity (0.818 vs 
0.839) compared to the original MELD equation. Table 

5 compares the MELD and MELD-MDRD-6 equations 
in patients with different eGFR. The MELD-MDRD-6 
equation showed a better predictive value in patients 
with eGFR ≥ 90, 60-89, 30-59 and 15-29. 

DISCUSSION
This retrospective, cross-sectional study involved a broad-
er population of  cirrhotic patients than only data from 
liver transplant registries. We attempted to incorporate 
eGFR obtained by different creatinine-based equations 
into the MELD equation to replace serum creatinine and 
predict in-hospital mortality. The new equation “MELD-
MDRD-6”, which incorporates eGFR obtained by the 
6-variable MDRD equation, only marginally improves the 
predictive value compared to the original MELD score. 

The MELD score was initially created to predict 
survival following the elective transjugular intrahepatic 
portosystemic shunts procedure[4]. This model was sub-
sequently validated as a predictor of  survival in several 
cohort studies for various severities of  liver disease. It 
is also used to determine the prioritization of  transplant 
recipients in the United States[1,4,5]. The existing MELD 
equation contains 3 variables, each of  which was selected 
on the basis of  statistical analysis: INR and total bilirubin, 
both markers of  liver function, and serum creatinine as 
the third variable, a marker of  renal function. This high-
lights the prognostic value of  renal function in cirrhotic 
patients. In the existing MELD equation, however, the 
values of  bilirubin, INR and creatinine < 1.0 mg/dL are 
set to 1.0 mg/dL in order to avoid a negative value after 

294 November 27, 2012|Volume 4|Issue 11|WJH|www.wjgnet.com

  Parameter All patients (n  = 3857) Survivors (n  = 2375) Non-survivors (n  = 1482) P  value 

  Age, yr             60.73 ± 14.05               59.02 ± 14.02                63.48 ± 13.65 < 0.001
  Male, n (%)         2665 (69.1)           1651 (69.52)            1014 (68.42) NS (0.474)
  Hepatoma, n (%)         1385 (35.9)             653 (27.5)              732 (49.4) < 0.001
  Cause of liver cirrhosis, n (%) < 0.001
     Hepatitis C           930 (24.1)             568 (23.9)              362 (24.4) -
     Hepatitis B         1090 (28.3)             631 (26.6)              459 (31) -
     Alcoholic           813 (21.1)             580 (24.4)              233 (15.7) -
     Hepatitis C + hepatitis B           106 (2.7)               70 (2.9)                36 (2.4) -
     Hepatitis C + alcohol             60 (1.6)               39 (1.6)                21 (1.4) -
     Hepatitis B + alcohol           191 (5)             127 (5.3)                64 (4.3) -
     Hepatitis C + hepatitis B + alcohol             33 (0.9)               19 (0.8)                14 (0.9) -
     Not hepatitis C, hepatitis B or alcohol           634 (16.4)             341 (14.4)              293 (19.8) -
  Ascites, n (%)         1861 (48.2)             825 (34.7)            1036 (69.9) < 0.001
  Hepatic encephalopathy, n (%)         1097 (28.4)             434 (18.3)              663 (44.7) < 0.001
  Child–Pugh points               8.36 ± 2.57                 7.11 ± 1.97                10.37 ± 2.1 < 0.001
  MELD score               18.9 ± 10.26               13.15 ± 5.57                27.98 ± 9.36 < 0.001
  Albumin, 3.5-5 g/dL               2.95 ± 0.73                 3.24 ± 0.68                  2.49 ± 0.55 < 0.001
  Total bilirubin, 0.3-1.2 mg/dL               5.18 ± 8.16                 2.24 ± 3.57                  9.89 ± 10.81 < 0.001
  INR               1.89 ± 1.75                 1.43 ± 0.43                  2.72 ± 2.55 < 0.001
  BUN, 8-12 mg/dL             34.47 ± 35.55               17.63 ± 15.52                61.44 ± 41.49 < 0.001
  Creatinine, 0.4-1.2 mg/dL               1.94 ± 1.91                 1.27 ± 1.35                  3.01 ± 2.17 < 0.001
  eGFR, mL/(min∙1.73 m-2) (MDRD-4)             63.17 ± 46.12               79.14 ± 37.4                37.57 ± 47.24 < 0.001
  eGFR, mL/(min∙1.73 m-2) (MDRD-6)             54.87 ± 38.25               70.85 ± 33.29                29.32 ± 31.16 < 0.001
  eGFR, mL/(min∙1.73 m-2) (CKD-EPI)             65.39 ± 37.49               82.11 ± 30.28                38.59 ± 31.99 < 0.001

Table 1  Clinical characteristics, demographic data and laboratory data of 3857 cirrhotic patients

Values were expressed as mean ± SD unless otherwise defined. Statistical comparison was performed with Student’s t and χ 2 test. MELD: Model for end-stage 
liver disease; INR: International normalized ratio; BUN: Blood urea nitrogen; eGFR: Estimated glomerular filtration rate; MDRD: Modification of diet in renal 
disease; MDRD-4: 4-variable MDRD; MDRD-6: 6-variable MDRD; CKD-EPI: The chronic kidney disease epidemiology collaboration; NS: Not significant.
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Figure 1  Receiver-operating characteristic curve of the original model 
for end-stage liver disease and the model for end-stage liver disease-
6-variable model for end-stage liver disease score for the prediction of 
in-hospital mortality. MELD: Model for end-stage liver disease; MDRD: Modi-
fication of diet in renal disease; MDRD-6: 6-variable MDRD; AUC: Area under 
curve; Sen: Sensitivity; Spe: Specificity.
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natural logarithmic transformation[16]. Additionally, serum 
creatinine values > 4.0 mg/dL are capped at 4.0 mg/dL. 
Setting bilirubin, INR and creatinine levels < 1.0 mg/dL 
to 1.0 mg/dL implicitly assumes that mortality at 1.0 mg/
dL is the same as at levels < 1.0 mg/dL. This assumption 
is problematic since the increase in serum creatinine from 
0.3 mg/dL to 0.6 mg/dL usually reflects a 50% decrease 
in the eGFR, which could be defined as acute kidney 
injury. On the other hand, 45.81% of  all patients (1767 
patients) and 15.52% of  all non-survivors (230 patients) 
had a creatinine value of  < 1.0 mg/dL in this study and it 
is therefore unreasonable to neglect this group. 

When incorporating eGFR into the MELD equation 
to replace serum creatinine, we set bilirubin and INR to 1.0 
mg/dL when the value was < 1.0 mg/dL for the purpose 
of  comparison with the original MELD equation. How-
ever, there was no adjustment of  the eGFR value when 

using it for reconstructing new formulas. Compared 
to the original MELD equation, the new MELD equa-
tions preserve the “non-negative property” that MELD-
MDRD-4 ranged from 1 to 60, MELD-MDRD-6 ranged 
from 2 to 60, and MELD-CKD-EPI ranged from 1 to 
61. Furthermore, the original MELD score classified pa-
tients from 6 to 40; we did not preinstall the upper limit 
when using them to predict in-hospital mortality. None-
theless, it might be more accurate or easier to preinstall 
the upper limit in these new MELD equations.     

Serum creatinine, a marker of  renal function, is a 
well-recognized predictor of  survival in patients with 
liver disease and outcome after liver transplantation[6,17,18]. 
It has been suggested that renal function should be rou-
tinely monitored in all patients with advanced cirrhosis, 
especially those with ascites[17]. Although serum creati-
nine is the most useful and widely accepted indicator for 
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  Parameter Beta coefficient Standard error Odds ratios (95% CI) P  value

  Univariate logistic regression analysis
     Age, yr  0.02 0.00 1.02 (1.02-1.03) < 0.001
     Hepatoma  0.95 0.07 2.57 (2.25-2.95) < 0.001
     Ascites  1.47 0.07 4.36 (3.80-5.02) < 0.001
     Hepatic encephalopathy  1.29 0.07 3.62 (3.13-4.19) < 0.001
     Cause of liver cirrhosis (reference group: NBNCNA)
        Hepatitis C -0.30 0.10 0.74 (0.61-0.91)    0.004
        Hepatitis B -0.17 0.10 0.85 (0.70-1.03)        NS (0.098)
        Alcoholic -0.76 0.11 0.47 (0.38-0.58) < 0.001
        Hepatitis C + hepatitis B -0.51 0.22 0.60 (0.39-0.92)    0.020
        Hepatitis C + alcoholic -0.53 0.17 0.59 (0.42-0.82)    0.002
        Hepatitis B + alcoholic -0.15 0.36 0.86 (0.42-1.74)        NS (0.670)
        Hepatitis C + hepatitis B + alcoholic -0.47 0.28 0.63 (0.36-1.09)        NS (0.098)
        Child–Pugh points  0.67 0.02 1.95 (1.87-2.03) < 0.001
        MELD score  0.22 0.01 1.25 (1.23-1.27) < 0.001
        BUN, mg/dL  0.07 0.00 1.07 (1.06-1.07) < 0.001
        Creatinine, mg/dL  0.72 0.03 2.05 (1.93-2.18) < 0.001
        eGFR, mL/(min∙1.73 m-2) (MDRD-4) -0.04 0.00 0.97 (0.96-0.97) < 0.001
        eGFR, mL/(min∙1.73 m-2) (MDRD-6) -0.05 0.00 0.95 (0.95-0.96) < 0.001
        eGFR, mL/(min∙1.73 m-2) (CKD-EPI) -0.04 0.00 0.97 (0.96-0.96) < 0.001
        Albumin, g/dL -1.97 0.07 0.14 (0.12-0.16) < 0.001
        Total bilirubin, mg/dL  0.20 0.01 1.22 (1.20-1.25) < 0.001
        INR  1.74 0.08 5.70 (4.87-6.67) < 0.001
  Multivariate logistic regression analysis
     Age, yr  0.03 0.01 1.03 (1.01-1.04) < 0.001
     Hepatoma  0.95 0.13 2.60 (2.02-3.34) < 0.001
     Cause of liver cirrhosis (reference group: NBNCNA)
        Hepatitis C -0.19 0.18 0.83 (0.58-1.18)        NS (0.299)
        Hepatitis B -0.28 0.19 0.76 (0.52-1.10)        NS (0.139)
        Alcoholic -0.21 0.22 0.81 (0.52-1.25)        NS (0.342)
        Hepatitis C + hepatitis B -1.03 0.40 0.36 (0.16-0.78)    0.010
        Hepatitis C + alcoholic -0.79 0.35 0.46 (0.23-0.90)    0.023
        Hepatitis B + alcoholic  0.32 0.57 1.38  (0.45-4.22)        NS (0.576)
        Hepatitis C + hepatitis B + alcoholic  0.54 0.47 1.71 (0.68-4.29)        NS (0.354)
        MELD score  0.14 0.03 1.14 (1.09-1.20) < 0.001
        BUN, mg/dL  0.04 0.00 1.05 (1.04-1.05) < 0.001
        eGFR, mL/(min∙1.73 m-2) (MDRD-4)  0.03 0.01 1.03 (1.02-1.04) < 0.001
        eGFR, mL/(min∙1.73 m-2) (MDRD-6) -0.03 0.01 0.97 (0.95-0.99) < 0.001
        Albumin, g/dL -1.24 0.13 0.29 (0.22-0.38) < 0.001
        INR  0.24 0.10 1.27 (1.04-1.54)    0.019

Table 2  Univariate and multivariate logistic regression analyses of the various parameters in predicting in-hospital mortality

MELD: Model for end-stage liver disease; BUN: Blood urea nitrogen; eGFR: Estimated glomerular filtration rate; MDRD: Modification of diet in renal dis-
ease; MDRD-4: 4-variable MDRD; MDRD-6: 6-variable MDRD; CKD-EPI: The chronic kidney disease epidemiology collaboration; INR: International nor-
malized ratio; NS: Not significant.
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estimating renal function in cirrhotic patients[19], it is less 
sensitive because of  the associated reduced muscle mass, 
severe hyperbilirubinemia and diminished hepatic biosyn-
thesis of  creatinine, as well as the low-protein diet given 
to such patients[1,6,17]. In addition, the original MELD 
equation regards serum creatinine of  < 1.0 mg/dL as 
1.0 mg/dL, which leaves approximately 15% to 20% of  
patients whose survival cannot be accurately predicted 
by this score[6,9]. For that reason, we replaced serum cre-
atinine by eGFR in the MELD equation. Cystatin C, in 
contrast to serum creatinine, is a more accurate surrogate 
marker of  renal function since its serum concentration is 
independent of  muscle mass or gender and can be reli-
ably determined in patients with hyperbilirubinemia[20-22]. 
Theoretically, including cystatin C in a modified MELD 
score should increase the predictive performance. How-
ever, a clinical study in 429 cirrhotic patients showed that 
a cystatin C-based MELD score has an equal predictive 
performance compared to the creatinine-based model[23]. 
In the view of  the high cost of  cystatin C, more than 
10-fold higher than enzymatic creatinine measurement, 
eGFR probably is more suitable than cystatin C to be in-
corporated into the MELD equation clinically.

To evaluate the predictive value of  the new MELD 
equation in cirrhotic patients with normal renal function, 
we grouped patients into 5 groups according to their 
eGFR (Table 5). MELD-MDRD-6 was more accurate 
than the original MELD when eGFR was > 15 mL/(min

∙1.73 m2) but not when it was < 15 mL/(min∙1.73 m2). 
There might be 3 reasons for this. Firstly, the MDRD 
equation tends to overestimate the GFR, especially when 
GFR was < 40 mL/(min∙1.73 m2)[24]. Secondly, patients 
receiving renal replacement therapy, whose eGFR is usu-
ally < 15 mL/(min∙1.73 m2), were not excluded in the 
present study. Thirdly, we did not preinstall the upper 
limit of  these new equations which may make a differ-
ence for the predictive value. 

How about incorporating the measured GFR into 
the MELD equation? Direct measurement of  GFR using 
exogenous markers remains the major method to assess 
renal function in cirrhotic patients[1]. In these patients, 
inulin clearance has been considered the “gold standard” 
for measuring GFR. Although one study has shown that 
measured GFR is superior to both serum creatinine and 
eGFR at predicting outcome in cirrhotic patients[10], this 
technique requires a continuous intravenous infusion, 
takes more time for urine collections, is costly and poten-
tially invasive. It is therefore impractical for the repeated 
assessments of  renal function[1,7,17]. 

Theoretically, estimated GFR calculated by the creat-
inine-based equations should show a similar prognostic 
value to serum creatinine. However, both the Cockcroft-
Gault and MDRD equations tend to overestimate GFR 
in patients with cirrhosis; a series has shown that only 
66% of  estimates were within 30% of  the measured 
GFR[12,24-26]. The Cockcroft-Gault equation is thought to 
be less accurate than the MDRD equation since it incor-
porates body weight, which is markedly biased in patients 
with edema and/or ascites[25]. The MDRD-4 (simplified 
MDRD) equation is most often used to calculate GFR 
because it is considered to be as accurate as the original 
MDRD-6 equation[27]. However, its usefulness has not 
been proved in healthy individuals and its accuracy may 
be low in specific clinical settings[26,28]. Therefore, the 
MDRD-6 equation is considered the best, possibly be-
cause it incorporates blood urea nitrogen (BUN) and al-
bumin levels, 2 variables which are abnormal in cirrhotic 
patients[28]. The CKD-EPI equation, a newly developed 
equation for estimating GFR, has been proposed as more 
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  Model Variable Odds ratio (95% CI) P  value χ 2 -2 Log Likelihood

  Model 1 MELD 1.25 (1.23-1.27) < 0.001 2198.32 2773.90
  Model 2 Total bilirubin1 2.25 (2.05-2.48) < 0.001 2161.45 2810.77
  INR1 6.14 (4.56-8.27) < 0.001

eGFR (MDRD-4)1 0.22 (0.20-0.25) < 0.001
  Model 3 Total bilirubin1 2.17 (1.97-2.40) < 0.001 2293.82 2664.79

INR1 5.95 (4.39- 8.06) < 0.001
eGFR (MDRD-6)1 0.19 (0.17-0.22) < 0.001

  Model 4 Total bilirubin1 2.26 (2.05-2.48) < 0.001 2199.16 2773.07
INR1 6.28 (4.65-8.49) < 0.001

eGFR (CKD-EPI)1 0.20 (0.18-0.23) < 0.001

Table 3  Relationship between estimated glomerular filtration rate, total bilirubin, international normalized ratio and model for end-
stage liver disease score as a predictor of in-hospital mortality

1Loge value. Statistical comparison was performed with logistic regression analysis. MELD: Model for end-stage liver disease; INR: International normal-
ized ratio; eGFR: Estimated glomerular filtration rate; MDRD: Modification of diet in renal disease; MDRD-4; 4-variable MDRD; MDRD-6: 6-variable 
MDRD; CKD-EPI: The chronic kidney disease epidemiology collaboration. 

  Equations Odds ratio (95% CI) P value χ 2 -2 Log Likelihood

  MELD 1.25 (1.23-1.27) < 0.001 2198.32 2773.90
  MELD-MDRD-4 1.27 (1.26-1.29) < 0.001 2147.93 2824.30
  MELD-MDRD-6 1.29 (1.27-1.31) < 0.001 2254.88 2703.72
  MELD-CKD-EPI 1.28 (1.26-1.30) < 0.001 2185.01 2787.21

Table 4  Comparison of different models for end-stage liver 
disease equations for the prediction of in-hospital mortality

Statistical comparison was performed with logistic regression analysis. 
MELD: Model for end-stage liver disease; MDRD: Modification of diet in 
renal disease; MDRD-4: 4-variable MDRD; MDRD-6: 6-variable MDRD; 
CKD-EPI: The chronic kidney disease epidemiology collaboration.
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accurate than the MDRD equation, especially when GFR 
is high. It shows less bias, improved precision and greater 
accuracy[14]. However, it also has not been used in pa-
tients with cirrhosis. In the present study, despite the fact 
that MELD-CKD-EPI showed a better prognostic value 
than MELD-MDRD-4, it was not better than the original 
MELD equation or MELD-MDRD-6. Our data showed 
that MELD-MDRD-6 has the better predictive value for 
in-hospital mortality compared to other equations. We 
suppose that it may be associated with the insertion of  
BUN and albumin as variables; in particular, serum albu-
min is an excellent predictor of  mortality. 

Findings about incorporated eGFR into the MELD 
equation to predict in-hospital mortality, however, need to 
be interpreted with caution. On the one hand, although 
statistically significant, the value added from MDRD-6 
was limited (increase in the ROC from 0.902 to 0.909). 
This limited value may not add much to a treatment or 
decision algorithm or in predicting events. On the other 
hand, we did not further classify in-hospital mortality ac-
cording to the causes since the predicted value might be 
different in different outcomes. Furthermore, the results 
here might not suitable for patients on the liver transplant 
waiting list or who are followed up long-term.  

It was suggested the presence of  diabetes increases 
the 5 year mortality rate up to 2.52-fold in cirrhotic pa-
tients[29]. The previous reports have reported that up to 
96% of  cirrhotic patients may have glucose intolerance 
and 30% could be clinically diagnosed as diabetes[30-32]. 
The etiology of  cirrhosis is frequently associated with 
the prevalence of  diabetes, such as non-alcoholic fatty 
liver disease, alcoholic hepatitis, hepatitis C virus infec-
tion and hemochromatosis[33]. Hepatitis C infection 
could down-regulate insulin receptors and enhance in-
sulin resistance. Although hepatitis C related cirrhosis 
showed significant impact on in-hospital mortality in our 
series (Table 2), it lost its significance after entering mul-
tivariate analysis. Further prospective study is warranted 
to confirm the impact of  hepatitis C related insulin re-
sistance in cirrhotic patients. 

The present study has several limitations. Firstly, the 
construction of  new MELD equations was dependent on 
logistic regression analysis but not on a time-dependent 

Cox regression model, which is more appropriate for 
evaluating patients with continuously changing laboratory 
data. Secondly, the existing creatinine-based eGFR equa-
tions were not constructed for cirrhotic patients. Thus, a 
specific formula for incorporation into the MELD equa-
tion needs to be derived for calculating GFR in these 
patients in order to provide prognostic values with better 
accuracy. Thirdly, the study was retrospective and cross-
sectional in nature and therefore a prospective cohort 
study is warranted to test and verify our conclusions.

In conclusion, renal function is an important prog-
nostic factor for patients with cirrhosis and therefore the 
MELD score showed a good correlation with mortality 
risk in the patients included in the present study. How-
ever, the unreliability of  serum creatinine in measuring 
renal function and the problematic assumption of  serum 
creatinine in the MELD score makes it inaccurate when 
evaluating cirrhotic patients with early renal function 
impairment. Although incorporated estimated GFR ob-
tained by the 6-variable MDRD equation into the MELD 
equation showed an improvement in predicting in-hospi-
tal mortality statistically, clinical superiority is negligible. 
Thus, the important issue is how to better assess true 
GFR when evaluating renal function in cirrhotic patients.

COMMENTS
Background
Serum creatinine is an unreliable marker for renal function in cirrhotic patients; 
therefore, the creatinine-based end-stage liver disease (MELD) score may be inac-
curate for evaluating cirrhotic patients with normal or mild impaired renal function. 
Research frontiers
A specific formula derived for calculating glomerular filtration rate (GFR) in cir-
rhotic patients is warranted.
Innovations and breakthroughs
Incorporated estimated GFR (eGFR) which is obtained from the 6-variable diet 
in renal disease [modification of diet in renal disease (MDRD)] equation into the 
MELD formula has an equal predictive performance to the original creatinine-
based MELD formula.
Applications
eGFR which is obtained by the 6-variable MDRD equation could replace serum 
creatinine in the MELD score. 
Terminology
MELD score: A scoring system for assessing the severity of chronic liver 
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  eGFR Equations Odds ratio (95% CI) P  value χ 2 -2 Log Likelihood

  ≥ 90 MELD 1.17 (1.13-1.21) < 0.001   99.45 609.51
MELD-MDRD-6 1.20 (1.16-1.24) < 0.001 114.55 588.67

  60-89 MELD 1.22 (1.18-1.26) < 0.001 185.77 636.17
MELD-MDRD-6 1.27 (1.22 -1.32) < 0.001 214.60 606.45

  30-59 MELD 1.21 (1.17-1.24) < 0.001 283.21 755.92
MELD-MDRD-6 1.26 (1.22-1.30) < 0.001 312.75 725.22

  15-29 MELD 1.25 (1.19-1.30) < 0.001 163.72 369.37
MELD-MDRD-6 1.31 (1.24-1.39) < 0.001 182.49 350.59

  < 15 MELD 1.36 (1.27-1.45) < 0.001 190.62 311.89
MELD-MDRD-6 1.30 (1.23-1.39) < 0.001 164.66 337.42

Table 5  The difference between the model for end-stage liver disease and model for end-stage liver disease-modification of diet in 
renal disease-6 scores of differentially obtained estimated glomerular filtration rate for the prediction of in-hospital mortality

Statistical comparison was performed with logistic regression analysis. MELD: Model for end-stage liver disease; eGFR: Estimated glomerular filtration 
rate; MDRD: Modification of diet in renal disease; MDRD-4: 4-variable MDRD; MDRD-6: 6-variable MDRD.
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disease, useful in determining prognosis and prioritizing for liver transplant; 
MDRD: The most widely used equation to calculate GFR.
Peer review
This is a unique paper that investigated whether bone marrow derived cells can 
contribute to liver fibrosis. The results are easy to understand and very persua-
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