ORIGINAL ARTICLE

Check for
updates

Korean J Intern Med 2024;39:248-260
https://doi.org/10.3904/kjim.2023.005

Model for end-stage liver disease-3.0 vs. model
for end-stage liver disease-sodium: mortality
prediction in Korea

Jeong Han Kim'?, Yong Joon Cho!, Won Hyeok Choe', So Young Kwon', and Byung-Chul Yoo

'Department of Internal Medicine, Konkuk University School of Medicine, Seoul; 2Research Institute of Medical Science, Konkuk University School
of Medicine, Seoul, Korea

Model for end-stage liver disease-3.0 vs. model for end-stage liver
disease-sodium: mortality prediction in Korea

Patients Method Result

Comparison of AUROC of 3- and 6-months mortality.

MELD MELD-Na MELD-3.0
0.833 0.846 0.851
3-months p-value of AUROC comparison
(n=3,034) - MELD vs. MELD-Na: 0.01
. - MELD vs. MELD-3.0: <0.0001
R ) - MELD-Na vs. MELD-3.0: 0.03
I (\ ) Total patients
0.829 0.843 0.848
6-months p-value of AUROC comparison
" Organ allocation system (n=2,917) - MELD vs. MELD-Na: 0.01
3,034 patients 9 y : - MELD vs. MELD-3.0: <0.0001
with liver cirrhosis MELD 3.0 vs. MELD-Na - MELD-Na vs. MELD-3.0: 0.01

Our study found a significant difference between the performance of MELD-3.0 and MELD-

Conclusion Na in Korean patients with liver cirrhosis.

Background/Aims: The model for end-stage liver disease (MELD) serves as an indicator for short-term mortality among
patients diagnosed with liver cirrhosis (LC) and is used to prioritize patients for liver transplantation. In 2021, the updated ver-
sion of MELD, MELD-3.0, was introduced to improve the accuracy of the mortality prediction of MELD. Therefore, this study
aimed to compare the efficacy of MELD 3.0 and MELD-Na in predicting mortality among Korean patients with LC.
Methods: A retrospective review was conducted using the medical records of patients diagnosed with LC who were admit-
ted to Konkuk University Hospital From 2011 to 2021. The study calculated the predictive values of MELD-Na and MELD-3.0
for 3- and 6-months mortality using the area under the receiver operating curve (AUROC) and compared the results using
the Delong test.

Results: Of the 3,034 patients enrolled in the study, 339 (11.2%) died within 3 months and 421 (14.4%) died within 6
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months. The AUROCs values for predicting 3 months mortality were 0.846 for MELD-Na and 0.851 for MELD-3.0. The cor-
responding AUROC values for predicting 6 months mortality were 0.843 for MELD-Na and 0.848 for MELD-3.0. MELD-3.0
exhibited better discrimination ability than MELD-Na for both 3 (p = 0.03) and 6 months mortality (p = 0.07).

Conclusions: Our study found a significant difference between the performance of MELD-3.0 and MELD-Na in Korean pa-

tients with LC.

Keywords: Liver cirrhosis; End stage liver disease; Mortality; Sodium; Creatinine

INTRODUCTION

The model for end-stage liver disease (MELD) is an indicator
that can predict short-term mortality in patients with liver
cirrhosis (LC) and is used to assign priority to liver transplan-
tation in patients with LC in the United States [1,2]. It is
still used for liver transplantation in LC patients in Korea.
The MELD score is calculated using the serum concentration
of total bilirubin, the international normalized ratio (INR) of
prothrombin time, and creatinine as variables [1]. However,
there have been demands for the inclusion of serum sodium
concentration to calculate the MELD score, because hypo-
natremia reflects the vasodilation state in patients with LC
[3,4]. MELD-Na, which includes the serum sodium concen-
tration, is more effective than MELD in predicting mortality
rates [5-7]. In January 2016, the Organ Procurement and
Transplantation Network included the serum sodium level
as a factor in the calculation of the MELD score.

Recent discussions have raised concerns regarding the ac-
curacy of the MELD-Na score in predicting mortality. First,
there has been a shift in the etiology of LC with a decrease
in chronic viral hepatitis due to advances in treatment and
an increase in non-alcoholic fatty liver disease (NAFLD) due
to the increase in chronic diseases and life expectancy. In
addition, easy access to alcohol in modern society has led to
an increased incidence of alcoholic liver disease [8]. Second,
there is a sex discrepancy in using serum creatinine levels as
an indicator of kidney function, with women having lower
levels than men for the same function, resulting in an under-
estimation of mortality risk [9].

As a result, an updated MELD-3.0 was introduced in 2021
to improve mortality prediction [10]. Our goal was to in-
vestigate whether MELD 3.0 could better predict mortality
compared to MELD-Na in Korean patients with LC.
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METHODS

Patients diagnosed with LC and admitted to Konkuk Uni-
versity Hospital between January 2011 and December 2021
were enrolled and retrospectively reviewed. This study was
conducted after obtaining ethical approval from the Konkuk
University Hospital Internal Review Board (approval num-
ber: KUH1010647). To ensure the accuracy of our study,
we excluded patients under the age of 18 years, those who
had already received liver transplants, and those with ex-
ception points (e.g., hepatocellular carcinoma or Klatskin's
tumor) at the time of registration. In addition, patients with-
out medical records at 3 and 6 months after their initial
admission were excluded. A cohort was finally created to
obtain 3- and 6-months mortality rates, and the baseline
characteristics of the patients in the cohort were analyzed.
In addition, criticism was raised that women were at a dis-
advantage compared to men in the existing MELD score;
therefore, the mortality of men and women was also ana-
lyzed using the same MELD score. The MELD, MELD-Na, and
MELD-3.0 scores were calculated based on the clinical, lab-
oratory, and radiologic results on the first day of admission.
The 3- and 6-months mortality were the primary outcomes
of the study, and we compared the predictive values us-
ing the MELD, MELD-Na, and MELD-3.0 scores. In addition,
considering that MELD-3.0 has a sex variable and reflects a
recently changing etiology, a subgroup according to sex and
etiology was created. Each subgroup included male, female,
hepatitis B virus (HBV) + hepatitis C virus (HCV), and alco-
holic patients with LC, and we obtained and compared the
results for mortality prediction using MELD, MELD-Na, and
MELD-3.0 scores.

Calculation of the MELD, MELD-Na, and MELD-

3.0
For the calculation of MELD and MELD-Na, the following
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formulas were used [1,3]:
e MELD = 9.57 x log e(creatinine) + 3.78 x log e(biliru-
bin) + 11.20 x log e(INR) + 6.4
e MELD-Na=MELD +[1.32 x (137 - Na)] - [0.033 x MELD
x (137 - Na)]

When calculating MELD score, creatinine (mg/dL), bili-
rubin (mg/dL), and INR values < 1.0 were set to 1.0, and
creatinine values were set to 4.0 mg/dL if a patient’s serum
creatinine was > 4 mg/dL or the patient received two or
more dialysis treatments within the prior week. MELD-Na
was obtained by adding the variable Na to the MELD score.
The lower and upper bounds of serum sodium concentra-
tion (Na) were 125 and 137 mmol/L, respectively.

For the calculation of MELD-3.0, the following formula
was used [10]:

e MELD-3.0 = 11.14 x log e(creatinine) + 4.56 x log e

(bilirubin) + 9.09 x log e(INR) + 0.82 x (137 - Na) + 1.85
x (3.5 - albumin) - [0.24 x (137 - Na) x log e(bilirubin)]
—[1.83 x (3.5 - albumin) x log e(creatinine)] + 1.33 (if
female) + 6

When calculating the MELD-3.0 score, creatinine (mg/dL),
bilirubin (mg/dL), and INR values < 1.0 were set to 1.0 as in
the standard MELD calculation. However, creatinine values
were set to 3.0 mg/dL if serum creatinine was > 3 mg/dL or
the patient received two or more dialysis treatments within
the prior week. In the case of serum sodium, the lower and
upper bounds were 125 mmol/L and 137 mmol/L, respec-
tively, similar to that in MELD-Na. The definite difference be-
tween MELD-3.0 and MELD-Na is that serum albumin and
sex were added as variables and included a factor to indicate
the interaction between serum sodium and bilirubin, and
serum albumin and creatinine. In the case of albumin, the
lower and upper bounds were 1.5 g/dL mmol/L to 3.5 g/dL,
respectively. Furthermore, in the case of sex, the formula
included the addition of 1.33 points for female patients.

Statistical analysis

The Wilcoxon rank-sum test and chi-squared test were used
to compare baseline characteristics in patients. A compari-
son of the mortality between men and women in the same
MELD was obtained by the chi-squared test or Fisher's exact
test. The R software version 4.2.1 (R Foundation for Statis-
tical Computing, Vienna, Austria) was used. MELD, MELD-
Na, and MELD-3.0 scores were calculated, and their pre-
dictive values for 3- and 6-months mortality were assessed
using the area under the receiver operating curve (AUROC).
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A comparison of AUROCs was performed using the Delong
test in MedCalc version 12.7.2 (MedCalc Software, Mariak-
erke, Belgium). p < 0.05 indicated statistical significance.

RESULTS

Baseline characteristics

A total of 3,332 patients were enrolled in this study. After
applying the exclusion criteria, 3,034 and 2,917 patients
were included in the cohorts to obtain 3- and 6-months
mortality, respectively. A flow diagram of the inclusion of
participants is shown in Figure 1. Among the enrolled pa-
tients, 8 underwent liver transplantation. Five patients were
excluded from the cohort because they had already received
liver transplantation at the time of enrollment, and three
patients had received liver transplantation after 6 months.
Therefore, all were considered to have survived at 3 and 6
months.

The baseline characteristics of the patients are shown in
Table 1, with a majority of male participants (n = 2,060,
67.9%) and a median age of 57.0 years (interquartile range
[IQR]: 49.0-66.0 yr). The most common etiology of cirrhosis
was alcohol consumption (n = 1,586, 52.3%), followed by
HBV (n = 779, 25.7%) and HCV (n = 247, 8.2%). The oth-
er common causes included autoimmune hepatitis (n = 80,
2.7%), primary biliary cirrhosis (n = 46, 1.4%), and NAFLD/

Total enrolled patients
(n=3332)

Exclusion criteria
- Patients receiving liver transplant (n = 5)
- Patients with exception points (n = 191)
- Patients without medical records of
3 months (n = 102)

\ 4

3 months mortality cohort
(n =3,034)

Exclusion criteria
- Patients without medical records of
6 months (n = 117)

\/
6 months mortality cohort

(n=2917)

Figure 1. Flow diagram of the inclusion of participants.
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nonalcoholic steatohepatitis (NASH) (n = 40, 1.3%). In this
cohort, 1,007 (33.1%) patients had diabetes, and labora-
tory tests revealed median values of 1.7 mg/dL (IQR: 0.9-
3.7 mg/dL), 3.1 g/dL (IQR: 2.6-3.6 g/dL), 0.8 mg/dL (IQR:

Table 1. Baseline characteristics of the enrolled patients in the 3-months death & survivor groups

KJIM™

0.7-1.1 mg/dL), 136.0 mEg/L (IQR: 132.0-139.0 mEg/L),
and 1.3 (IQR: 1.1-1.5) for bilirubin, albumin, creatinine,
sodium, and INR, respectively. The median Child-Turcotte-
Pugh (CTP) score was 8.0 (IQR: 6.0-10.0) and there were

Total patients

3-months death group  3-months survivor group

Variable (n = 3,034) (n = 339) (n = 2,695) pvalue
Male 2,060 (67.9) 246 (72.6) 1,814 (67.3) 0.051
Age (yr) 57.0 (49.0-66.0) 58.0 (50.0-68.0) 57.0 (49.0-66.0) 0.189
Etiology 0.001
HBV 779 (25.7) 56 (16.5) 723 (26.8)
HCV 247 (8.2) 30 (8.8) 217 (8.0)
Alcohol 1,586 (52.3) 215 (63.4) 1,371 (50.9)
Autoimmune 80(2.7) 9(2.7) 71 (2.6)
PBC 46 (1.4) 0(0.0) 46 (1.7)
NAFLD/NASH 40(1.3) 0(0.0) 40 (1.5)
Unknown 256 (8.4) 29 (8.6) 227 (8.4)
Diabetes 1,007 (33.1) 120 (35.4) 887 (32.9) 0.360
Ascites < 0.001
Absent 1,445 (47.6) 48 (14.2) 1,397 (51.8)
Slight 971 (32.0) 131 (38.6) 840 (31.2)
Moderate 618 (20.4) 160 (47.2) 458 (17.0)
Encephalopathy <0.001
None 2,622 (86.4) 188 (55.5) 2,434 (90.3)
1-2 362 (11.9) 114 (33.6) 248 (9.2)
3-4 50 (1.7) 37 (10.9) 13(0.5)
Laboratory tests
Total bilirubin (mg/dL) 7(0.9-3.7) .6(2.0-10.3) 5(0.8-3.1) <0.001
Albumin (g/dL) 1(2.6-3.6) 6(2.2-2.9) 2(.7-3.7) < 0.001
Creatinine (mg/dL) .8(0.7-1.1) 3(0.8-2.0) .8(0.7-1.0) < 0.001
Sodium (mEq/L) 136.0 (132.0-139.0) 131.0 (126.0-135.0) 136.0 (133.0-139.0) < 0.001
Prothrombin time (INR) 3(1.1-1.5) 8(1.4-2.4) 3(1.1-1.5) <0.001
Mortality evaluation tool
CTP score 0 (6.0-10.0) 11.0 (9.0-12.0) 0(6.0-9.0) < 0.001
Class A 1,059 (34.9) 8(2.4) 1,051 (39.0) < 0.001
Class B 1,203 (39.7) 89 (26.3) 1,114 (41.3) < 0.001
Class C 772 (25.4) 242 (71.4) 530 (19.7) < 0.001
MELD score 12.4 (8.8-17.7) 22.1(16.2-29.0) 11.7 (8.6-16.1) < 0.001
MELD-Na score 14.3 (9.8-21.5) 26.1 (20.6-31.4) 13.2 (9.4-19.7) < 0.001
MELD-3.0 score 14.8 (9.8-21.8) 26.5(21.4-32.5) 13.7 (9.4-19.8) < 0.001

Values are presented as number (%) or median (interquartile range).
CTP, Child-Turcotte-Pugh; HBV, hepatitis B virus; HCV, hepatitis C virus; INR, international normalized ratio; NAFLD, non-alcoholic
fatty liver disease; NASH, nonalcoholic steatohepatitis; MELD, model for end-stage liver disease; PBC, primary biliary cirrhosis.
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1,059 (34.9%), 1,203 (39.7%), and 772 (25.4%) patients respectively. The baseline characteristics of patients who
with CTP class A, B, and C, respectively. The median MELD died within 3 and 6 months were shown in Table 1 and 2. It
scores were 12.4 (IQR: 8.8-17.7), 14.3 (IQR: 9.8-21.5), and was confirmed that the proportion of men in the 6-month
14.8 (IQR: 9.8-21.8) for MELD, MELD-Na, and MELD-3.0, deceased group was significantly higher than that in the

Table 2. Baseline characteristics of the patients in the 6-months death & survivor groups

6-months death group

6-months survivor group

Variable (h = 421) (n = 2.496) p value
Male 306 (72.7) 1,674 (67.1) 0.022
Age (yr) 58.0 (50.0-68.0) 57.0 (49.0-66.0) 0.210
Etiology < 0.001
HBV 60 (14.3) 699 (28.0)
HCV 39(9.3) 203 (8.1)
Alcohol 273 (64.8) 1,244 (49.8)
Autoimmune 10 (2.4) 67 (2.8)
PBC 0(0.0) 43(1.7)
NAFLD/NASH 0(0.0) 34(1.4)
Unknown 39(9.3) 206 (8.3)
Diabetes 150 (35.6) 827 (33.1) 0.315
Ascites < 0.001
Absent 66 (15.7) 1,341 (53.7)
Slight 169 (40.1) 753 (30.2)
Moderate 186 (44.2) 402 (16.1)
Encephalopathy <0.001
None 249 (59.1) 2,276 (91.2)
1-2 134 (31.8) 209 (8.4)
3-4 38(9.0) 11(0.4)
Laboratory tests
Total bilirubin (mg/dL) .6(2.0-10.2) 5(0.8-3.0) < 0.001
Albumin (g/dL) .6 (2.3-3.0) 2(2.7-3.7) < 0.001
Creatinine (mg/dL) 1(0.8-1.8) .8(0.7-1.0) < 0.001
Sodium (mEq/L) 132.0 (126.5-135.0) 137.0 (133.0-139.0) < 0.001
Prothrombin time (INR) 7(1.4-2.3) 3(1.1-1.5) < 0.001
Mortality evaluation tool
CTP score 11.0 (9.0-12.0) .0 (6.0-9.0) < 0.001
Class A 2(2.8) 1,026 (41.1) < 0.001
Class B 125 (29.7) 1,024 (41.0)
Class C 284 (67.5) 446 (17.9)
MELD score 21.0(15.4-27.8) 11.3 (8.4-15.6) <0.001
MELD-Na score 25.4(20.1-30.8) 12.9 (9.2-18.9) < 0.001
MELD-3.0 score 25.7 (20.6-31.5) 13.3(9.3-19.2) <0.001

Values are presented as number (%) or median (interquartile range).
CTP, Child-Turcotte-Pugh; HBV, hepatitis B virus; HCV, hepatitis C virus; INR, international normalized ratio; NAFLD, non-alcoholic
fatty liver disease; NASH, nonalcoholic steatohepatitis; MELD, model for end-stage liver disease; PBC, primary biliary cirrhosis.
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survivor group (p = 0.022). Regarding the etiology, the ra-
tio of alcohol consumption was higher in both the 3- and
6-month deceased groups than in the survivor group, which
made a significant difference (p = 0.001, p < 0.001). The
CTP and MELD scores in the deceased group were high, and
the variables constituting them were aggravated.

Table 3. Baseline characteristics of enrolled male and female patients

KJIM™

The baseline characteristics of the enrolled male and fe-
male patients are presented in Table 3, with women having
a higher median age than men (56.0 vs. 61.0, p < 0.001).
Alcohol consumption was high in both sexes, but the ratio
was higher in men (61.2% vs. 33.3%), which made a sig-
nificant difference to the etiology (p < 0.001). Also, there

Variable Male patients (n = 2,060) Female patients (n = 974) p value
Age (yr) 56.0 (49.0-63.0) 61.0 (49.0-72.0) <0.001
Etiology < 0.001
HBV 563 (27.3) 216 (22.2)
HCV 129 (6.3) 118 (12.1)
Alcohol 1,262 (61.2) 324 (33.3)
Autoimmune 7 (0.3) 73 (7.5)
Primary biliary cirrhosis 5(0.2) 41 (4.2)
NAFLD/NASH 14 (0.6) 26 (2.7)
Unknown 80 (3.9) 176 (18.1)
Diabetes 708 (34.4) 299 (30.7) 0.045
Ascites 0.083
Absent 1,006 (48.8) 439 (45.1)
Slight 634 (30.8) 337 (34.6)
Moderate 420 (20.4) 198 (20.3)
Encephalopathy 0.013
None 1,781 (86.5) 841 (86.3)
1-2 236 (11.4) 126 (12.9)
3-4 43 (2.1) 7(0.7)
Laboratory tests
Total bilirubin (mg/dL) .8(0.9-4.2) .7 (0.9-3.4) 0.028
Albumin (g/dL) 1(.6-3.7) .0(2.6-3.5) <0.001
Creatinine (mg/dL) 9 (0.7-1.1) .8(0.6-1.0) < 0.001
Sodium (mEq/L) 136.0 (132.0-138.0) 136.0 (132.0-139.0) <0.001
Prothrombin time (INR) 3(1.1-1.6) 3(1.1-1.5) 0.726
Mortality evaluation tool
CTP score 0(6.0-10.0) 8.0 (6.0-10.0) 0.257
Class A 758 (36.8) 301 (30.9) < 0.001
Class B 760 (36.9) 443 (45.5)
Class C 542 (26.3) 230 (23.6)
MELD score 12.6 (9.0-18.5) 12.6 (8.9-17.5) 0.116
MELD-Na score 14.7 (10.1-22.5) 14.5 (9.7-21.4) 0.027
MELD-3.0 score 14.6 (9.7-22.3) 16.2 (10.8-22.5) 0.001

Values are presented as median (interquartile range) or number (%).
CTP, Child-Turcotte-Pugh; HBV, hepatitis B virus; HCV, hepatitis C virus; INR, international normalized ratio; NAFLD, non-alcoholic
fatty liver disease; NASH, nonalcoholic steatohepatitis; MELD, model for end-stage liver disease.
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were significant differences in the serum total bilirubin
(p =0.028), albumin (p < 0.001), creatinine (p < 0.001), and
sodium (p < 0.001) levels. There were no significant differ-
ences in the CTP (p = 0.257) and MELD (p = 0.116) scores,
but there were significant differences in the MELD-Na
(p =0.027) and MELD-3.0 (p = 0.001) scores.

Clinical course of patients

The clinical courses of patients who died within 3 and 6
months of initial admission are shown in Table 4. Of the 3,034
patients, 339 (11.2%) died within 3 months; and among
the 2,917 patients, 421 (14.4%) died within 6 months.
The proportion of deaths was similar in both cohorts. The
most common cause of death was hepatic failure in the 3-
(n=128, 37.8%) and 6- (n = 143, 34.0%) months cohorts.
This was followed by variceal hemorrhage in the 3- (n =
79, 23.3%) and 6- (n = 101, 23.9%) months cohort. Other
causes of mortality included hepatorenal syndrome, spon-
taneous bacterial peritonitis, and hepatic encephalopathy.

The Korean Journal of Internal Medicine Vol. 39, No. 2, March 2024

Comparison of mortality according to sex in
the same MELD

A comparison of male and female mortality rates in the
same MELD is shown in Table 5. The MELD-Na score was
classified into five categories (6-9, 10-19, 20-29, 30-39,
and > 40), and the mortality of male and female patients in
each category was analyzed. There was no significant dif-
ference in mortality. However, the mortality rates increased
as the MELD-Na score increased, and male mortality was
higher in the MELD-Na score range of 20-29 (22.5% vs.
18.9%) and 30-39 (48.1% vs. 42.9%).

AUROC values and comparison

Three-months mortality

The ROC and AUROC values of the MELD, MELD-Na, and
MELD-3.0 scores for 3-months mortality are shown in
Figure 2A and Table 6. The AUROC of the MELD, MELD-Na,
and MELD-3.0 score was 0.833, 0.846, and 0.851, respec-

Table 4. Three- and six-months mortality and causes of death

Number of subjects

Variable

3-months 6-months

Mortality

Cause of death
Variceal hemorrhage
Hepatic encephalopathy
Spontaneous bacterial peritonitis
Hepatorenal syndrome
Hepatic failure
Other than liver disease
Unknown

339/3,034 (11.2)

421/2,917 (14.4)

79 (23.3) 101 (23.9)
17 (5.0) 29 (6.9)
27 (7.9) 37 (8.8)
29 (8.6) 34(8.1)

128 (37.8) 143 (34.0)

50 (14.7) 61 (14.5)

9Q27) 16 (3.8)

Values are presented as number (%).

Table 5. Comparison of mortality according to sex in the same MELD

Male patients

MELD-Na Total patients

Female patients

p value

Number 3-months mortality Number 3-months mortality
6-9 699 452 3(0.7) 247 3(1.2) 0.432
10-19 1,373 936 39(4.2) 437 21(4.8) 0.590
20-29 753 515 116 (22.5) 238 45(18.9) 0.260
30-39 182 133 64 (48.1) 49 21 (42.9) 0.528
>40 27 24 24.(100.0) 3 3(100.0) -

MELD, model for end-stage liver disease.
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Figure 2. Receiver operating characteristic curves (ROC) of 3- and 6-months mortality. (A) Three-months mortality for all patients. (B)
Six-months mortality for all patients. (C) Three-months mortality for male patients. (D) Six-months mortality for male patients. (E) Three-
months mortality for female patients. (F) Six-months mortality for female patients. MELD, model for end-stage liver disease.
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tively. The difference between the AUROC values was small,
but significant differences were observed in the 3-months
mortality prediction among the MELD, MELD-Na, and MELD-
3.0 scores. MELD-Na was confirmed to be better than
MELD (p = 0.01), and MELD-3.0 was better than MELD-Na
(p = 0.03) and MELD (p < 0.0001) in predicting mortality.
This means that the mortality prediction in the ascending
order of superiority is MELD, MELD-Na, and MELD-3.0.
Since sex was included as a variable in MELD-3.0, we cre-
ated a subgroup of men and women, and obtained the AU-
ROCs for their 3-months mortality. The ROCs for the male
subgroup are shown in Figure 2C, and those for the female
subgroup are presented in Figure 2E. In the male subgroup,
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the mortality prediction in the ascending order of superior-
ity was MELD, MELD-Na, and MELD-3.0. However, in the
female subgroup, it was confirmed that there was no signif-
icant difference between the mortality prediction of MELD
and MELD-Na (p = 0.314). However, the 3-months mortality
prediction of MELD-3.0 was significantly different from that
of MELD (p = 0.04) and MELD-Na (p = 0.02).

Six-months mortality

The ROCs and AUROC values of the MELD, MELD-Na,
and MELD-3.0 scores for 6-months mortality are shown in
Figure 2B and Table 6. Similar to the 3-months mortality pre-
diction, we observed a significant difference in the AUROC

Table 6. Comparison of and AUROC of 3- and 6-months mortality

Sex Period

MELD MELD-Na MELD-3.0

Total patients 3-months (n = 3,034)

0.833 0.846 0.851

p value of AUROC comparison
MELD vs. MELD-Na: 0.01
MELD vs. MELD-3.0: < 0.0001
MELD-Na vs. MELD-3.0: 0.03

6-months (n = 2,917)

0.829 0.843 0.848

p value of AUROC comparison
MELD vs. MELD-Na: 0.01
MELD vs. MELD-3.0: < 0.0001
MELD-Na vs. MELD-3.0: 0.01

Male patients 3-months (n = 2,060)

0.843 0.857 0.862

p value of AUROC comparison
MELD vs. MELD-Na: 0.02
MELD vs. MELD-3.0: 0.0006
MELD-Na vs. MELD-3.0: 0.02

6-months (n = 1,980)

0.847 0.856 0.862

p value of AUROC comparison
MELD vs. MELD-Na: 0.11
MELD vs. MELD-3.0: 0.002
MELD-Na vs. MELD-3.0: 0.002

Female patients 3-months (n = 974)

0.806 0.817 0.825

p value of AUROC comparison
MELD vs. MELD-Na: 0.314
MELD vs. MELD-3.0: 0.04
MELD-Na vs. MELD-3.0: 0.02

6-months (n = 937)

0.780 0.808 0.814

p value of AUROC comparison
MELD vs. MELD-Na: 0.02
MELD vs. MELD-3.0: 0.0003
MELD-Na vs. MELD-3.0: 0.09

AUROC, area under the receiver operating curve; MELD, model for end-stage liver disease.
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values. This means that mortality prediction superiority fol-
lows the order of MELD, MELD-Na, and MELD-3.0. In the
male subgroup, no significant difference was observed be-
tween MELD and MELD-Na (p = 0.11), and MELD-3.0 was
superior to MELD and MELD-Na in predicting mortality (p =
0.002 and p = 0.002, respectively). In the female subgroup,
there was a significant difference between both MELD-Na
and MELD-3.0 and MELD (p = 0.02 and p = 0.0003, re-
spectively), but there was no significant difference between
MELD-Na and MELD-3.0 (p = 0.09).
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Comparison of mortality prediction in subgroups
according to etiology

The ROCs and AUROC values of the MELD, MELD-Na, and
MELD-3.0 scores for 3- and 6-months mortality in sub-
groups categorized according to etiology are shown in
Figure 3 and Table 7. Among patients with HBV + HCV, the
3-months mortality AUROC of the MELD, MELD-Na, and
MELD-3.0 score was 0.839, 0.864, and 0.861, respectively.
The 6-months mortality AUROC for the MELD, MELD-Na,
and MELD-3.0 score was 0.840, 0.870, and 0.868, respec-
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Figure 3. Receiver operating characteristic curves (ROC) of 3- and 6-months mortality. (A) Three-months mortality for patients with
HBV + HCV. (B) Six-months mortality for patients with HBV + HCV. (C) Three-months mortality for alcoholic LC patients. (D) Six-months
mortality for patients with alcoholic LC. HBV, hepatitis B virus; HCV, hepatitis C virus; LC, liver cirrhosis; MELD, model for end-stage liver
disease.
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Table 7. Comparison of and AUROC of 3- and 6-months mortality in subgroups according to etiology
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Etiology Period

MELD MELD-Na

MELD-3.0

Patients with HBV + HCV 3-months (n = 1,026)

6-months (n = 1,001)

Patients with alcoholic LC

3-months (n = 1,586)

6-months (n = 1,517)

0.839 0.864

p value of AUROC comparison
MELD vs. MELD-Na: 0.02
MELD vs. MELD-3.0: 0.02
MELD-Na vs. MELD-3.0: 0.38

0.840 0.870

p value of AUROC comparison
MELD vs. MELD-Na: 0.02
MELD vs. MELD-3.0: 0.02
MELD-Na vs. MELD-3.0: 0.60

0.838 0.844

p value of AUROC comparison

MELD vs. MELD-Na: 0.35

MELD vs. MELD-3.0: 0.13

MELD-Na vs. MELD-3.0: 0.35

0.834 0.835

p value of AUROC comparison

MELD vs. MELD-Na: 0.87

MELD vs. MELD-3.0: 0.33

MELD-Na vs. MELD-3.0: 0.14

0.861

0.868

0.847

0.839

AUROC, area under the receiver operating curve; HBV, hepatitis B virus; HCV, hepatitis C virus; LC, liver cirrhosis; MELD, model for

end-stage liver disease.

tively. MELD-Na and MELD-3.0 were superior to MELD in
both 3- (p = 0.02, p = 0.02) and 6- (p = 0.02, p = 0.02)
months mortality predictions, but there was no significant
difference between MELD-Na and MELD-3.0 at 3- (p = 0.38)
and 6- (p = 0.60) months. In patients with alcoholic LC, the
3-months mortality AUROC of the MELD, MELD-Na, and
MELD-3.0 score was 0.838, 0.844, and 0.847, respectively.
The 6-months mortality AUROC of the MELD, MELD-Na, and
MELD-3.0 score was 0.834, 0.835, and 0.839, respectively.
However, there was no significant difference among MELD,
MELD-Na, and MELD-3.0 in both the 3- and 6-months mor-
tality predictions.

DISCUSSION

In this study, we investigated the accuracy of MELD-3.0
mortality prediction in Korean patients with LC. This study
confirmed that MELD-3.0 had a higher accuracy in mor-
tality prediction than MELD-Na and MELD, indicating that
MELD-3.0 reflects a more accurate mortality prediction for
the recently changing LC patient population. This result can
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be attributed to the characteristics of MELD-3.0. In addition
to updating the coefficient, MELD-3.0 has three differences
compared to the previous MELD system; (1) addition of two
variables, namely, female sex and serum albumin; (2) lower-
ing ceiling for serum creatinine from 4.0 to 3.0 mg/dL; and
(3) addition of two interaction terms between albumin and
creatine, and bilirubin and sodium [10].

The renal function, evaluated using serum creatinine level,
was overestimated in women and patients with malnutri-
tion and sarcopenia, which could be a disadvantage in pri-
oritizing patients for liver transplantation [11]. In addition,
the number of patients with NAFLD with diabetes mellitus
and hypertension has been increasing among patients with
LC, and the increase in their serum creatinine levels is indic-
ative of chronic kidney disease (CKD) rather than acute kid-
ney disease (AKD). The elevation of creatinine level in MELD
indicates AKD. Therefore, the elevation of creatinine level
due to CKD has a small effect on mortality [8,12]. Thus, it is
meaningful to lower the score given to the maximum creati-
nine level by lowering the ceiling of creatinine from 4 mg/dL
to 3 mg/dL in MELD-3.0.

To prove the superiority of MELD-3.0 against these
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changing etiologies, this study compared two subgroups
of patients: patients with HBV + HCV and those with alco-
holic LC. Patients with alcoholic LC were selected as a sub-
group because the number of cases in the NAFLD subgroup
was small, and most alcoholic patients, who have recently
been increasing in etiology, have DM and HTN. MELD-Na
and MELD-3.0 showed no significant differences in the 3-
and 6-months mortality predictions in the two subgroups.
However, the AUROC of 3-months mortality was greater
for MELD-Na than that for MELD-3.0 in patients with HBV +
HCV (0.864 vs. 0.861). In contrast, the AUROC of 3-months
mortality was greater for MELD-3.0 than that for MELD-Na
(0.844 vs. 0.847) in patients with alcoholic LC. Although
this difference was not significant, the analysis using MELD-
Na for patients with HBV + HCV and MELD-3.0 for patients
with alcoholic LC may be superior in mortality prediction.

Women are considered disadvantaged by the existing
MELD system compared to men. This is because the risk
of death could be underestimated by overestimating re-
nal function based on the serum creatinine concentration.
Moreover, women have a smaller abdominal cavity than
men; therefore, there is not enough space to receive a
large organ [13]. Therefore, MELD-3.0, attempted to over-
come this sex disparity by giving women an additional 1.3
points, thereby increasing prediction accuracy. This study
compared male and female mortality rates using the same
MELD score. Although the difference was not significant,
men had a higher mortality than women in the MELD-Na
score range of 20-29 and 30-39. This may be because most
male patients have alcoholic LC, and the uncontrolled desire
to drink affects their prognosis.

Albumin was included in the MELD-3.0 because it could
play a role as a variable in determining the mortality of pa-
tients with LC. However, there are side effects to refrain-
ing from albumin infusion, even if it is an indication. This
is because the administration of albumin may lower the
MELD-3.0 score, potentially resulting in disadvantages in
liver transplantation priority. However, the interaction term
between albumin and creatine, which is included in MELD-
3.0, can reduce the influence of albumin and may serve as a
solution to this problem. This is because creatinine levels are
generally high during albumin administration.

This study proved the superiority of MELD-3.0 in predict-
ing the mortality of Korean patients with LC, but it had sev-
eral limitations. First, the median MELD score was lower in
our study compared to that in the original article [10]: MELD
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(16.0 vs. 12.4), MELD-Na (18.0 vs. 14.3). The original article
focused on the patients on the liver transplantation waiting
list, whereas our study included hospitalized patients at an
earlier stage of LC. As a result, 34.9% of the patients in
our study were classified as CTP Class A. In addition, alco-
hol consumption accounted for 52.3% of the majority of
inpatients, and it could be considered that many HBV and
HCV patients were missing. In the case of alcoholic LC pa-
tients unable to control their drinking habits, there was a
high probability of hospitalization. However, in the case of
HBV and HCV patients, it can be considered that many cases
are not hospitalized because they do not deteriorate acutely
while taking anti-viral agents in the outpatient clinic.

In conclusion, the mortality prediction of the recently in-
troduced MELD 3.0 was compared with that of the existing
MELD and MELD-Na to confirm its superiority in Korean pa-
tients with LC. Despite the high proportion of patients with
alcoholic LC in the cohort and the selection bias caused by
not including patients waiting for liver transplantation in the
cohort, this study demonstrated that MELD-3.0 was superi-
or to MELD-Na and MELD. Currently, MELD is being used in
Korea to determine liver transplant priorities. However, this
tool was introduced more than 20 years ago and does not
reflect the currently changing etiology of patients or sever-
al variables, such as sodium levels, albumin levels, and sex
(female), which may be necessary for mortality prediction.
Therefore, it is expected that Korea will need to use MELD-
3.0 to prioritize liver transplantation.

KEY MESSAGE

1. MELD-3.0 proved its superiority and usefulness in
evaluating short-term (3- and 6-months) mortality
compared with MELD and MELD-Na in Korean pa-
tients with LC.

REFERENCES

1. Kamath PS, Wiesner RH, Malinchoc M, et al. A model to pre-
dict survival in patients with end-stage liver disease. Hepatolo-
gy 2001;33:464-470.

2. Wiesner R, Edwards E, Freeman R, et al.; United Network for
Organ Sharing Liver Disease Severity Score Committee. Model

www.Kjim.org 259


www.kjim.org

KJ

10.

1.

260

IM™

for end-stage liver disease (MELD) and allocation of donor liv-
ers. Gastroenterology 2003;124:91-96.

Leise MD, Kim WR, Kremers WK, Larson JJ, Benson JT, Ther-
neau TM. A revised model for end-stage liver disease opti-
mizes prediction of mortality among patients awaiting liver
transplantation. Gastroenterology 2011;140:1952-1960.

Kim WR, Biggins SW, Kremers WK, et al. Hyponatremia and
mortality among patients on the liver-transplant waiting list. N
Engl J Med 2008;359:1018-1026.

Luca A, Angermayr B, Bertolini G, et al. An integrated MELD
model including serum sodium and age improves the predic-
tion of early mortality in patients with cirrhosis. Liver Transpl
2007;13:1174-1180.

Ruf AE, Kremers WK, Chavez LL, Descalzi VI, Podesta LG,
Villamil FG. Addition of serum sodium into the MELD score
predicts waiting list mortality better than MELD alone. Liver
Transpl 2005;11:336-343.

Guy J, Somsouk M, Shiboski S, Kerlan R, Inadomi JM, Biggins
SW. New model for end stage liver disease improves prog-
nostic capability after transjugular intrahepatic portosystemic
shunt. Clin Gastroenterol Hepatol 2009;7:1236-1240.

Yoon JH, Jun CH, Kim JH, et al. Changing trends in liver cir-
rhosis etiology and severity in Korea: the increasing impact of
alcohol. J Korean Med Sci 2021;36:e145.

Locke JE, Shelton BA, Olthoff KM, et al. Quantifying sex-based
disparities in liver allocation. JAMA Surg 2020;155:€201129.
Kim WR, Mannalithara A, Heimbach JK, et al. MELD 3.0: the
model for end-stage liver disease updated for the modern
era. Gastroenterology 2021;161:1887-1895.e4.

Asrani SK, Jennings LW, Trotter JF, et al. A model for glomer-
ular filtration rate assessment in liver disease (GRAIL) in the

www.kjim.org

The Korean Journal of Internal Medicine Vol. 39, No. 2, March 2024

presence of renal dysfunction. Hepatology 2019;69:1219-
1230.

12. Musso G, Gambino R, Tabibian JH, et al. Association of
non-alcoholic fatty liver disease with chronic kidney dis-
ease: a systematic review and meta-analysis. PLoS Med
2014;11:1001680.

13. Lai JC, Terrault NA, Vittinghoff E, Biggins SW. Height con-
tributes to the gender difference in wait-list mortality under
the MELD-based liver allocation system. Am J Transplant
2010;10:2658-2664.

Received : January 6, 2023
Revised : April 11,2023
Accepted : September 1, 2023

Correspondence to

Jeong Han Kim, M.D., Ph.D.

Division of Gastroenterology and Hepatology, Department of Internal
Medicine, Konkuk University Medical Center, 120-1, Neungdong-ro,
Gwangjin-gu, Seoul 05030, Korea

Tel: +82-2-2030-7764, Fax: +82-2-2030-5029

E-mail: jhkim@kuh.ac.kr

https://orcid.org/0000-0002-8383-8524

CRedit authorship contributions

Jeong Han Kim: conceptualization, funding acquisition, methodology,
project administration, visualization; Yong Joon Cho: data curation,
formal analysis, writing - original draft, writing - review & editing; \Won
Hyeok Choe: conceptualization, project administration; So Young
Kwon: conceptualization, project administration; Byung-Chul Yoo:
conceptualization, project administration

Conflicts of interest
The authors disclose no conflicts.

Funding
None

https://doi.org/10.3904/kjim.2023.005


www.kjim.org

