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of the patients were male. Within the initial 3 months, 220 patients (6.6%) died, and the MELD3.0
had the best predictive performance among the tested models, with an AUROC of 0.851, out-
performing the Child-Pugh classification, ALBI grade, MELD, and MELDNa. A high MELD3.0
score was associated with an increased risk of mortality. Compared with that of the group with a
MELD3.0 score <10 points, the adjusted hazard ratio of the group with a score of 10-20 points
was 2.176, and that for the group with a score of 220 points was 4.892. Each 1-point increase in
the MELD3.0 score increased the risk of cirrhosis-related complications by 1.033-fold. The risk
of hepatorenal syndrome showed the highest increase, with an adjusted hazard ratio of 1.149,
followed by hepatic encephalopathy and ascites.

Conclusions: The MELD3.0 demonstrated robust prognostic performance in predicting mortality
in patients with cirrhosis. Moreover, the MELD3.0 score was linked to cirrhosis-related complica-
tions, particularly those involving kidney function, such as hepatorenal syndrome and ascites.
(Gut Liver, 2025;19:427-437)
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INTRODUCTION is important, as prognosis depends on the residual liver

function. Various endeavors have been made to develop
Evaluating liver function in patients with liver cirrhosis dependable models for predicting prognosis including
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short-term survival in patients with liver cirrhosis. The
Child-Pugh classification has been extensively utilized to
evaluate liver function across all etiologies of liver diseases."
However, two of its five constituent factors, encephalopa-
thy and ascites, can be subjectively interpreted. To over-
come the limitation of Child-Pugh classification, which is
the arbitrary definition of disease severity, albumin-biliru-
bin (ALBI) grade was suggested.” This measure uses only
albumin and bilirubin to assess liver function, and its use-
fulness was validated in classifying prognosis across a wide
range of populations. Several issues have been raised with
the ALBI grade: it was originally developed for patients
with hepatocellular carcinoma (HCC), the calculation is
complex, and the patient distribution is skewed, with only
a few patients classified as ALBI grade 3.’ In addition, the
European Association introduced the Chronic Liver Fail-
ure model, a Chinese group developed the Chinese Group
on the Study of Severe Hepatitis B model, and an Ameri-
can group established the North American Consortium for
the Study of End-stage Liver Disease.”® However, all these
models, due to their complexity and potential subjectivity,
have limitations for wide applicability.”

The Model for End-Stage Liver Disease (MELD) has
emerged as a widely applicable model for predicting short-
term survival in patients with cirrhosis. It has been adopted
as a liver allocation model for patients awaiting liver trans-
plantation because of its objectivity and enhanced usability,
which result from the inclusion of serum creatinine, bili-
rubin, and prothrombin time.*'* Since the inception of the
original MELD model, several modified versions have been
proposed to improve accuracy."' In 2016, MELD sodium
(MELDNa) was introduced, as low serum sodium concen-
tration was independently associated with increased risk of
mortality, because lower sodium concentration reflects the
severity of liver cirrhosis complication including ascites.'*"’
However, the predictive power for short-term survival of
the MELD and MELDNa declined, with the c-statistics
decreasing from 0.80 to 0.71. This is probably because both
the age and comorbidity burden of patients with liver cir-
rhosis are increasing over time, alongside a noticeable shift
in etiology."* MELD3.0, the most recent model of MELD,
was introduced in 2021. MELD3.0 included sex and serum
albumin as additional variables, accounted for relevant
interactions among variables, and capped the upper value
of serum creatinine at 3 mg/dL."” As MELD3.0 has been
recently proposed, thorough external validations across re-
gions and populations are necessary to establish it as a pri-
mary surrogate marker for predicting prognosis in patients
with cirrhosis.

We aimed to compare the prognostic ability of MELD3.0
with other liver function assessment models in terms of sur-
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vival rates among patients with cirrhosis and to investigate
its role in predicting cirrhosis-related complications.

MATERIALS AND METHODS

1. Study design and population

This multicenter, retrospective cohort study recruited
patients with liver cirrhosis who had visited one of the
eight affiliated hospitals of College of Medicine, The Cath-
olic University of Korea, Republic of Korea, from January
2013 to December 2019. All consecutive patients were
identified in the electronic clinical data warehouse, and
clinical and laboratory data were retrieved from the elec-
tronic medical record system.

A total of 6,667 patients aged 19 to 80 years with liver
cirrhosis at baseline were enrolled. Liver cirrhosis was
defined using a combination of claimed history of liver cir-
rhosis (K74), based on the International Statistical Classifi-
cation of Diseases and Related Health Problems-10 (ICD-
10). We excluded (1) 1,832 patients who were diagnosed
with malignancies, including HCC, before or within 30
days of enrollment and (2) 1,521 patients with incomplete
clinical data. A total of 3,314 patients were included in
the final analysis. The index date for our current analysis
was the date of liver cirrhosis diagnosis. All patients were
observed until they reached 1 of the following endpoints:
death, their last hospital visit, or the end date of the study,
which was December 2023. Approval for this study was ob-
tained from the Institutional Review Board of The Catholic
University of Korea (IRB number: DC23WIDI0053). The
study was conducted in accordance with both the Declara-
tions of Helsinki and Istanbul. Informed consent was not
required due to the utilization of de-identified data.

2. Data collection

The baseline demographic characteristics of the patients
in our study encompassed sex and age. Laboratory assess-
ments comprised variables necessary for MELD calculation
including creatinine, bilirubin, prothrombin time, serum
sodium, platelet count, aspartate aminotransferase, and ala-
nine aminotransferase levels. Based on the gathered data,
we assessed several scoring systems including Child-Pugh
class, ALBI, MELD, MELDNa, and MELD3.0. The ALBI
score was derived from the formula, (log,, bilirubin [pmol/
L]x0.66)+ (albumin [g/L]x—-0.0852), yielding ALBI grades
1, 2, and 3 as follows: ALBI score <-2.60 (ALBI grade 1),
>-2.60 to <-1.39 (ALBI grade 2), and >-1.39 (ALBI grade
3).> The MELD score was calculated using the formula
6.43+9.57xlog, creatinine (mg/dL) +3.78xlog, bilirubin
(mg/dL)+11.2xlog, INR.* The MELDNa score was deter-
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mined as MELD+1.32x(137-Na)—[0.033xMELDx(137-
Na)].'* The MELD3.0 was computed as 1.33 (if female)
+4.56xlog, (bilirubin)+0.82x(137-Na)—-0.24x(137-
Na) xlog, (bilirubin)+9.09xlog. (INR)+11.14xlog,
(creatinine)+1.85x(3.5-albumin)—1.83x(3.5-albumin)
xlog, (creatinine)+6." Bilirubin, international normalized
ratio (INR), and creatinine values less than 1.0 were ad-
justed to 1.0. Sodium levels were confined within the range
of 125 to 137 mmol/L, while albumin levels ranged from 1.5
to 3.5 g/dL.

Ascites were defined based on imaging findings or a
history of paracentesis. Hepatic encephalopathy was diag-
nosed in individuals who were hospitalized for this condi-
tion and received treatment with lactulose enemas and
rifaximin. Gastrointestinal variceal bleeding was defined
as endoscopic variceal ligation or obliteration. Hepatorenal
syndrome was identified by a medication history including
terlipressin and albumin replacement for more than 5 days.
HCC was identified based on a history of claimed HCC
ICD-10 code, C220.

3. Study aims

The primary outcome of this study was to assess the
performance of the Child-Pugh class, ALBI grade, MELD,
MELDNa, and MELD3.0 in predicting survival, particular-
ly within the 3-month window after enrollment. Addition-
ally, the secondary aim was to explore the clinical relevance
of MELD3.0 concerning cirrhosis-related complications,
including the emergence or exacerbation of ascites, gas-
trointestinal variceal bleeding, hepatorenal syndrome, and
hepatic encephalopathy.

4. Statistical analysis

Categorical variables are presented as frequencies and
percentages, while continuous variables are expressed as
means and standard deviations. The chi-square test or
Fisher exact test, and Student t-test were employed for
analyzing categorical and continuous variables, respec-
tively. Patients were stratified into 10-point intervals to
depict changes in patient distribution based on the MELD
model. We reported the number of patients at enrollment,
the number of deaths, and the proportion of deaths at 3
months.

The MELD scores were grouped into 10-point intervals
for patient classification (e.g., 6-9, 10-19, 20-29, 30-39,
240). Patients who moved to a higher score category were
labeled as “up-categorized,” indicating potentially increased
clinical risk. Conversely, those who moved to a lower score
category were designated as “down-categorized,” suggest-
ing an improvement in prognosis. This terminology high-
lights clinically meaningful changes in patient status. This

classification was proposed by Kim et al. in their study on
developing the MELD3.0 model.”

To compare the performance of the Child-Pugh class,
ALBI grade, MELD, MELDNa, and MELD?3.0 in predicting
survival, we performed receiver operating characteristic
curve analyses and calculated the area under the receiver
operating characteristic curve (AUROC). Comparison
between MELD?3.0 and other models was performed using
the DeLong test. Cox proportional hazard models were uti-
lized to predict mortality and cirrhosis-related complica-
tions during our study period; outcomes were summarized
as hazard ratios (HRs) and 95% confidence intervals (CIs).
For the outcome with low incidence, we applied Firth Cor-
rection. Kaplan-Meier curves and log-rank tests were em-
ployed to assess cirrhosis-related complications according
to the MELD3.0 score. Statistical significance was defined
as p-values <0.05. Statistical analyses were performed us-
ing R (4.3.3 packages timeROC, survival; R Foundation for
Statistical Computing, Vienna, Austria) and SAS (9.4 SAS
Institute Inc., Cary, NC, USA).

RESULTS

1. Baseline characteristics of the study population

A total of 3,314 patients was included in this study, and
patient’s baseline characteristics are summarized in Table
1. The mean age of the patients was 55.9+11.3 years, and
2,326 (70.2%) were male. Of the patients, 1,354 were diag-
nosed with liver cirrhosis because of alcohol, and 701 were
infected with hepatitis B virus. The prevalence of patients
with cirrhosis-related complications was 21.8%. Gastro-
esophageal varix bleeding was the most common compli-
cation (18.6%) followed by ascites (5.2%) and hepatic en-
cephalopathy (1.8%). The mean score of Child-Pugh was
7.4+1.6, with 35.0% of class A, 53.7% of class B, and 11.4%
of class C. Likewise, the mean score of ALBI was —1.5+0.7
with 7.5% of patients with grade 1, 42.9% of grade 2, and
49.7% of grade 3, respectively. The mean values of MELD,
MELDNa, and MELD3.0 were 14.7+6.3, 15.7+7.1, and
16.8+7.1, respectively.

2. Reclassification of patients according to MELD,
MELDNa, and MELD3.0 score and mortality at 3
months
Fig. 1 shows the distribution of patients according to the

score of MELD, MELDNa, and MELD3.0 and mortality at

3 months. In our study, 220 patients (6.6%) were dead at 3

months. Both MELDNa and MELD3.0 scores exhibited a

positively skewed distribution, with 69.1% of patients hav-

ing scores below 20 for both MELDNa and MELD3.0. Of
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Table 1. Baseline Characteristics of the Study Population

Characteristic Total (n=3,314)

Demographic characteristics

Age, yr 55.9+11.3
Male sex 2,326 (70.2)
Etiology of liver disease
HBV 701 (21.1)
HCv 199 (6.0)
Alcohol 1,354 (40.9)
Others 1,060 (32.0)
Laboratory findings
Platelets, 10°/uL 102.8+62.3
AST, IU/L 143.4+442.2
ALT, IU/L 70.5+218.3
Prothrombin time, INR 1.6+0.9
Albumin, g/dL 2.9+0.7
Total bilirubin, mg/dL 4.145.5

Creatinine, mg/dL 1.0+0.9

Sodium, mmol/L 136.7+8.0
Cirrhosis-related complication 723 (21.8)
Ascites 171(5.2)

Gastroesophageal varix bleeding 616(18.6)
Hepatorenal syndrome 1(0.03)
Hepatic encephalopathy 59 (1.8)

Models
Child-Pugh score 7.4%1.6
Child-Pugh class
Class A 1,159 (35.0)
Class B 1,779 (53.7)
Class C 376(11.4)
ALBI score -1.5+0.7
ALBI grade
Grade 1 248 (7.5)
Grade 2 1,420 (42.9)
Grade 3 1,646 (49.7)
MELD 14.7£6.3
MELDNa 15.7+7.1
MELD3.0 16.8+7.1

Data are presented as meanzSD or number (%).

HBV, hepatitis B virus; HCV, hepatitis C virus; AST, alanine amino-
transferase; ALT, aspartate aminotransferase; INR, international nor-
malized ratio; ALBI, albumin-bilirubin; MELD, Model for End-Stage
Liver Disease; MELDNa, MELD sodium; MELD3.0, MELD 3.0.

3,314 patients, 84.1% remained in the same score catego-
ries in both MELDNa and MELD3.0. Up-categorized pa-
tients comprised 14.2% of the total, while 1.7% were down-
categorized.

Higher score categories of both MELDNa and MELD3.0
exhibited an increase in the 3-month mortality rate. Out
of the 220 deceased patients, 187 (85.0%) remained in the
same category, while 29 (13.2%) were up-categorized in
MELD3.0 compared to MELDNa, and four (1.8%) were
down-categorized. The 3-month mortality rates for the
patients in the same category, up-categorized, and down-
categorized were 6.7%, 7.0%, and 6.1%, respectively. Up-
categorized patients exhibited a higher 3-month mortality
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A

. MELD3.0
Patients (n)
6-9 10-19 20-29 30-39 240
6-9 613 279 2
10-19 15 1,383 165
MELDNa |20-29 32 664 20
30-39 10 17 4
240 10
MELD3.0
Deaths (n)
6-9 10-19 20-29 30-39 240
6-9 3 5
10-19 1 33 16
MELDNa |20-29 1 88 6
30-39 2 57 2
240 6
MELD3.0
Deaths (%)
6-9 10-19 20-29 30-39 240
6-9 0.5% 1.8% 0%
10-19| 6.7% 2.4% 9.7%
MELDNa |20-29 3.1% 13.3% 30.0%
30-39 20.0% 48.7% 50.0%
>40 60.0%

Fig. 1. Reclassification of patients with liver cirrhosis between MELD-
Na and MELD3.0 scores. (A) the number of patients, (B) the number
of deaths at 3 months and (C) the proportion of death at 3 months (B
divided by A). Red-demarcated areas indicate higher score categories
in MELD3.0 and blue-demarcated areas the lower score categories
in MELD3.0 than MELDNa. MELDNa, Model for End-Stage Liver Dis-
ease (MELD) sodium; MELD3.0, MELD 3.0.

rate (7.0%) compared to those in the same score category
(6.7%) or with down-categorized status (6.1%).

When comparing MELD3.0 with MELD, 77.2% of pa-
tients stayed in the same score category, 21.8% were up-
categorized, and 1.0% were down-categorized (Supplemen-
tary Fig. 1). Among the 2,558 patients with the same score
category, the 3-month mortality rate was 6.1%. For the 724
up-categorized patients, this rate was higher at 8.8%, while
it decreased to 3.1% in the 32 down-categorized patients.

When comparing MELD with MELDNa, 91.5% of
patients maintained the same score category, 8.4% of pa-
tients were up-categorized, and no patients were down-
categorized (Supplementary Fig. 2). Among the patients
with the same score category, 6.0% died; 13.6% of patients
up-categorized died.

3. Performance of MELD3.0 and other models
The predictive performance of Child-Pugh class, ALBI
grade, and MELD models for 3-month mortality was sum-
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Table 2. The AUROC of Models in Predicting Mortality in Patients with Liver Cirrhosis
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Child-Pugh class 0.754

0.704
0.846
0.849
0.851

ALBI grade

MELD

MELDNa

MELD3.0
AUROC, area under the receiver operating characteristic curve; Cl, confidence interval; ALBI, albumin-bilirubin; MELD, Model for End-Stage Liver Disease; MELDNa, MELD sodium; MELD3.0, MELD 3.0.

*Each model was compared with MELD3.0, and p-values were calculated using the DeLong method.

marized in Table 2 and Fig. 2. The MELD3.0 score dem-
onstrated superior predictive performance for 3-month
mortality (AUROC, 0.851; 95% CI, 0.822 to 0.880) com-
pared to the Child-Pugh class (AUROC, 0.754; 95% ClI,
0.725 to 0.783; p<0.001) and ALBI grade (AUROC, 0.704;
95% CI, 0.680 to 0.728; p<0.001). In comparison to both
MELD (AUROC, 0.846; 95% CI, 0.816 to 0.876; p=0.235)
and MELDNa (AUROC, 0.849; 95% CI, 0.819 to 0.878;
p=0.584), MELD3.0 exhibited improved predictive ac-
curacy for 3-month mortality, although the difference was
not significant (Fig. 2A). Among male patients, MELD3.0
exhibited the highest AUROC of the models. Conversely,
for female patients, MELDNa demonstrated the highest
AUROC for predicting 3-month mortality (Supplementary
Table 1, Fig. 2B and C). According to the etiology of liver
disease, the AUROC for 3-month mortality was high-
est with MELDNa in cases of chronic viral hepatitis and
alcohol-related liver disease, while MELD3.0 had the high-
est AUROC for other etiologies, without statistical signifi-
cance (Supplementary Table 2). When predicting 6- and
12-month mortality, MELD3.0 displayed the most robust
performance in terms of AUROC. Nevertheless, statistical
significance was not observed compared with MELD and
MELDNa (Table 2, Supplementary Fig. 3).

4. Association of models and overall mortality

During the median follow up of 11,247 person-years in
our study cohort, 1,041 patients died, representing an an-
nual mortality rate of 92.6 per 1,000 person-years. Using
multivariable Cox regression analysis, elevated Child-Pugh
class (class B adjusted HR, 2.133; 95% CI, 1.836 to 2.478;
p<0.001 and class C adjusted HR, 4.841; 95% CI, 3.985 to
5.880; p<0.001), ALBI grade (grade 2 adjusted HR, 2.041;
95% CI, 1.436 to 2.901; p<0.001 and grade 3 adjusted HR,
4.203; 95% CI, 2.974 to 5.940; p<0.001), MELD group
(score 10 to <20 adjusted HR, 2.225; 95% CI, 1.870 to 2.647;
p<0.001 and score >20 adjusted HR, 4.859; 95% CI, 4.006
to 5.894; p<0.001), MELDNa group (score 10 to <20 adjust-
ed HR, 2.077; 95% CI, 1.739 to 2.481; p<0.001 and score
220 adjusted HR, 4.420; 95% ClI, 3.676 to 5.315; p<0.001),
and MELD?3.0 (score 10 to <20 adjusted HR, 2.176; 95%
CI, 1.758 to 2.693; p<0.001 and score =20 adjusted HR,
4.892; 95% CI, 3.941 to 6.072; p<0.001) were independently
associated with mortality. This risk remained regardless of
age, sex, and underlying etiology of liver disease (Table 3).

In both male and female patients, higher values in each
model were associated with an elevated risk of mortality
(Supplementary Table 3). In the male cohort, MELD3.0
(score 10 to <20 adjusted HR, 2.054; 95% CI, 1.616 to 2.611;
p<0.001 and score 220 adjusted HR, 4.691; 95% CI, 3.679
to 5.982; p<0.001) was independently associated with mor-
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tality after adjustment for age and etiology of liver disease.
Similarly, in the female cohort, higher class of MELD3.0
was associated with an increased risk of overall mortality
(score 10 to <20 adjusted HR, 2.659; 95% CI, 1.649 to 4.287;
p<0.001 and score >20 adjusted HR, 5.678; 95% CI, 3.499
t0 9.214; p<0.001).

5. Associations of MELD3.0 and liver cirrhosis-related

complication

Patients were categorized into three groups based on
MELD?3.0 score: 19.0% of patients had MELD3.0 scores
below 10, 51.1% had scores between 10 and 20, and 29.9%
had scores of 20 or higher. The incidence rate of liver
cirrhosis-related complications within 3 months was com-
pared among the three groups (Table 4). The most com-
mon cirrhosis-related complication was ascites (20.4%),
followed by gastroesophageal varix bleeding (5.1%). The
highest incidence rate of cirrhosis-related complications
occurred in patients with MELD3.0 scores of 20 or higher
(32.6%), followed by those with MELD3.0 scores between
10 and 20 (26.5%) and, finally, those with MELD3.0 scores
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Fig. 2. Comparison of the models predicting 3-months mortality in
(A) the entire cohort, (B) the male cohort, and (C) the female cohort.
ALBI, albumin-bilirubin; MELD, Model for End-Stage Liver Disease;
MELDNa, MELD sodium; MELD3.0, MELD 3.0.

below 10 (15.6%). As depicted in Table 5, the risk of cir-
rhosis-related complications was independently associated
with an elevated MELD3.0 score after adjustment, with an
adjusted HR of 1.033 (95% CI, 1.025 to 1.041; p<0.001).
As the MELD3.0 score increased, the risk of hepatorenal
syndrome showed the largest increase (adjusted HR, 1.149;
95% CI, 1.111 to 1.188; p<0.001), followed by that of he-
patic encephalopathy (adjusted HR, 1.077; 95% CI, 1.063
to 1.090; p<0.001) and then that of ascites (adjusted HR,
1.040; 95% CI, 1.028 to 1.053; p<0.001) (Fig. 3).

DISCUSSION

In this comprehensive multicenter cohort study, we
found that MELD3.0 demonstrated the highest accuracy,
with an AUROC of 0.851, in predicting 3-month mortal-
ity for patients with liver cirrhosis. Previously utilized
models such as Child-Pugh class, ALBI grade, MELD,
and MELDNa also demonstrated acceptable predictive
performance. Moreover, for every 1-point increase in the
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Table 3. Risks of Overall Mortality in Patients with Liver Cirrhosis According to the Models

Unadjusted HR

Adjusted HR*

Adjusted HR'

Adjusted HR*

Model (95% Cl) p-value (95% Cl) p-value (95% Cl) p-value (95% Cl) p-value

Child-Pugh class
Class A (Ref) (Ref) (Ref) (Ref)

Class B 2.040(1.758-2.368]  <0.001 2.160(1.860-2.509) <0.001 2.164(1.864-2.514) <0.001 2.133(1.836-2.478) <0.001
Class C 4.334(3.580-5.247) <0.001  4.974(4.096-6.039) <0.001 4.979 (4.101-6.046) <0.001  4.841(3.985-5.880) <0.001

ALBI grade
Grade 1 (Ref) (Ref) (Ref) (Ref)

Grade 2 2.125(1.496-3.020) <0.001 2.104(1.481-2.989) <0.001 2.100(1.478-2.983) <0.001 2.041(1.436-2.901) <0.001
Grade 3 4.144(2.935-5.852)  <0.001 4.374(3.096-6.179) <0.001 4.370(3.094-6.173)  <0.001  4.203 (2.974-5.940)  <0.001

MELD
<10 (Ref) (Ref) (Ref) (Ref)

10 to <20 2.148(1.806-2.554)  <0.001 2.251(1.892-2.677) <0.001 2.249(1.890-2.675) <0.001 2.225(1.870-2.647) <0.001
=20 4.449 (3.675-5.386)  <0.001  4.901(4.042-5.942)  <0.001 4.894(4.035-5.934) <0.001 4.859 (4.006-5.894)  <0.001

MELDNa
<10 (Ref) (Ref) (Ref) (Ref)
10to <20 2.008 (1.682-2.397)  <0.001 2.095(1.754-2.502) <0.001 2.094(1.754-2.501) <0.001 2.077(1.739-2.481] <0.001
>20 4.064(3.387-4.877) <0.001 4.487(3.733-5.392) <0.001 4.483(3.729-5.389) <0.001 4.420(3.676-5.315)  <0.001

MELD3.0
<10 (Ref) (Ref) (Ref) (Ref)
10to <20 2149 (1.737-2.658)  <0.001  2.163(1.749-2.676) <0.001 2.191(1.771-2.711)  <0.001 2.176 (1.758-2.693)  <0.001
220 4560 (3.679-5.652)  <0.001 4.913(3.961-6.094) <0.001  4.984(4.016-6.185) <0.001  4.892(3.941-6.072)  <0.001

HR, hazard ratio; Cl, confidence interval; ALBI, albumin-bilirubin; MELD, Model for End-Stage Liver Disease; MELDNa, MELD sodium; MELD3.0,

MELD 3.0.

*Adjusted for age; "Adjusted for age and sex; *Adjusted for age, sex, and etiology of liver disease.

Table 4. Risk of Cirrhosis-Related Complications According to MELD3.0 within the Enrollment of the First 3 Months

MELD3.0
p-value
<10 (n=628) 10 to <20 (n=1,694) >20 (n=992)

Cirrhosis-related complication, No. (%) 98 (15.6) 449 (26.5) 323 (32.6) <0.001
New onset or uncontrolled ascites 75(11.9) 346 (20.4) 155 (25.9) <0.001
Gastroesophageal varix bleeding 27 (4.3) 102 (6.0) 41 (4.1) 0.058
Hepatorenal syndrome 0(0.0) 2(0.1) 18(1.8) <0.001
Hepatic encephalopathy 3(0.5) 45(2.7) 58 (5.9 <0.001

MELD3.0, Model for End-Stage Liver Disease 3.0.

Table 5. Risk of Cirrhosis-Related Complications According to MELD3.0

Unadjusted HR Adjusted HR* Adjusted HR" Adjusted HR*
(95% CI) p-value (95% CI) p-value (95% CI) p-value (95% CI) p-value

Cirrhosis-related 1.038 (1.030-1.046) <0.001 1.039(1.031-1.047) <0.001 1.039(1.031-1.048) <0.001 1.033(1.025-1.041) <0.001
complication

New onset or 1.041(1.029-1.053) <0.001 1.041(1.029-1.053) <0.001 1.041(1.029-1.053) <0.001 1.040(1.028-1.053) <0.001
uncontrolled ascites

Gastroesophageal varix  1.008 (0.997-1.019)  0.178 1.005(0.994-1.017)  0.361 1.006(0.995-1.018) 0.270 1.006 (0.995-1.017)  0.301
bleeding

Hepatorenal syndrome® 1.143 (1.106-1.180) <0.001 1.145(1.108-1.184) <0.001 1.148(1.110-1.186) <0.001 1.149(1.111-1.188) <0.001

Hepatic encephalopathy 1.068 (1.054-1.081) <0.001 1.078 (1.064-1.091) <0.001 1.077 (1.064-1.091) <0.001 1.077 (1.063-1.090) <0.001

MELD3.0, Model for End-Stage Liver Disease 3.0; HR, hazard ratio; Cl, confidence interval.
*Adjusted for age; "Adjusted for age and sex; *Adjusted for age, sex, and etiology of liver disease; °*Firth correction was applied for analyzing hepa-

torenal syndrome.
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Fig. 3. Cumulative risk of cirrhosis-related complications according to the MELD3.0 score; (A ascites, (B) gastroesophageal varix bleeding, (C)
hepatorenal syndrome, and (D) hepatic encephalopathy. MELD3.0, Model for End-Stage Liver Disease 3.0.

MELD3.0 score, the risk of cirrhosis-related complications
increased by 1.033-fold. Specifically, the risk of hepatorenal
syndrome, ascites, and hepatic encephalopathy increased
with higher MELD3.0 score.

MELD3.0 improved accuracy with following methods:
(1) incorporation of two new variables—serum albumin
and female sex—with a notable inclusion of 1.33 points
for female sex; (2) reduction in the upper limit for se-
rum creatinine from 4.0 to 3.0 mg/dL; and (3) inclusion
of two interactions between albumin and creatinine and
between bilirubin and sodium.”” MELD3.0, the most re-
cently developed model, exhibited greater predictive po-
tential for short-term mortality compared to both MELD
and MELDNa. However, external validation results have
been variable, and concerns have been raised regarding
the lack of model calibration reporting, potential biases
of reclassification methods, and the use of a lower limit
of 1 for bilirubin, creatinine, and INR, which may affect
the accuracy and generalizability of MELD3.0."” Yoo et
al."® also reported that MELD3.0 outperformed MELD or
MELDNa in predicting prognosis. Their study, which en-
compassed 2,153 Korean patients with liver cirrhosis from
two hospitals, revealed an integrated time-dependent AUC
of 0.759 for MELD3.0 in predicting 3-month transplant-
free survival, compared to 0.748 for MELD and 0.761
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for MELDNa. On the other hand, Diaz et al."” reported
that for 2,124 patients with alcoholic hepatitis, MELD3.0
(AUROC, 0.744) exhibited superior predictive capability
for 3-month mortality compared to MELDNa (AUROC,
0.721) but was comparable to MELD (AUROC, 0.731). In
a Chinese study involving 576 patients with alcohol-related
liver disease, the AUC of MELD3.0 (0.713) was lower than
that of MELD (0.740) or MELDNa (0.758) for predicting
3-month mortality.” Also, MELD3.0 was not superior to
MELDNa in a multinational study of 519 patients wait-
ing liver transplantation.” In our comprehensive cohort
of 3,314 individuals with various etiologies, we compared
several assessment methods for liver function other than
MELD, including Child-Pugh class and ALBI. MELD3.0
demonstrated better performance in predicting 3-, 6-, and
12-month mortality in patients with cirrhosis compared to
previous models including Child-Pugh class, ALBI grade,
MELD, and MELDNa. Indeed, the AUROC of MELD3.0
for predicting 3-month mortality in patients with liver
cirrhosis was 0.851, which is higher than that of previ-
ous studies (AUROC, 0.744 to 0.776)."***** In our study,
MELD3.0 was an effective method for evaluating liver
function and predicting related prognosis in patients with
liver cirrhosis.

One of the most notable features of MELD3.0 is that
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it differentiates between sexes. Kim et al.”* addressed sex
disparity by adding 1.3 points to female patients, who were
found to have an increased risk of mortality compared to
male patients even with same MELD scores. This might
be associated with their relatively lower creatinine values
compared to males, even when renal function, expressed as
estimated glomerular filtration rate, is similar.”* The in-
herent limitations of serum creatinine—being influenced
by age, sex, muscle mass, and protein intake—might have
resulted in lower MELD scores in previous models, po-
tentially reducing the accuracy of prognostic assessments.
By accounting for sex disparity, which probably originated
from serum creatinine, MELD3.0 demonstrated better per-
formance than MELD or MELDNa. On the other hand, in
our study, MELD3.0 did not provide a substantial improve-
ment over MELDNa in female patients. Among female
patients, given additional 1.3 points may lead to an overes-
timation of the MELD score, potentially affecting the ac-
curacy of MELD3.0. Furthermore, the inclusion of serum
albumin as an additional variable in MELD3.0 might not
be effective as estrogen reduces albumin synthesis, which
may diminish the discriminative power of MELD3.0.”
Future studies exploring sex-specific calibration of scor-
ing systems or the inclusion of alternative biomarkers less
influenced by sex-based physiological factors may improve
the equity and accuracy of prognostic models.

Previous studies suggested the association of MELD3.0
and various liver-related complications. In Diaz et al.,"”
MELD3.0 was a reliable prediction model for 1-month
renal replacement therapy. Buckholz et al.”* reported that
MELD3.0 can serve as a predictive tool for mortality after
variceal bleeding. In a study reported by Verma et al.,”’
MELD?3.0 was associated with the increased risk of acute
on chronic liver failure. In our study, MELD3.0 was an
independent risk factor for cirrhosis-related complications
mainly associated with kidney dysfunction such as ascites,
hepatorenal syndrome, and hepatic encephalopathy.” The
incidence of cirrhosis-related complications, reflecting
the disease burden, was highest in ascites within the first
3 months of enrollment. Nevertheless, the risk of hepa-
torenal syndrome exhibited the most significant increase,
with a 1.149-fold increase for each one-point increment
of the MELD3.0 score. Hepatorenal syndrome is a severe
complication of cirrhosis with high mortality, driven by
mechanisms such as circulatory dysfunction and systemic
inflammation. The survival rate of patients with hepatore-
nal syndrome ranges from 27% to 59%, even with appro-
priate management involving vasoconstrictors.”” Serum
creatinine, a key component of the MELD3.0, serves as a
valuable biomarker for the early prediction of hepatorenal
syndrome.” Patients with elevated MELD3.0, particularly

those with concurrent increases in creatinine, should be
considered at heightened risk for hepatorenal syndrome,
and careful monitoring with short-term interval of renal
function in these patients is advisable. Our findings could
provide insight into the role of MELD3.0 as both a sur-
rogate marker for liver cirrhosis severity and a prognostic
factor for cirrhosis-related complications, in particular,
hepatorenal syndrome.

One of the strengths of our study was the use of real-
world data, including those of 3,314 patients from multiple
centers. These patients with liver cirrhosis had various
etiologies, including chronic viral hepatitis, alcoholic hepa-
titis, and others. This multidimensional evaluation pro-
vides a broader perspective on liver function and patient
prognosis. We also demonstrated that MELD3.0 was an
effective surrogate for predicting cirrhosis-related com-
plications, particularly those involving kidney function,
such as ascites and hepatorenal syndrome. We compared
MELD3.0 with other assessment tools, including not only
MELD models but also ALBI and Child-Pugh scores.
However, there are some limitations. First, due to the
retrospective nature of our study, there is a possibility of
biases and confounders influencing the results. Therefore,
we tried to minimize potential biases by employing multi-
variable analysis. Also, the results were consistent in vari-
ous subgroup analyses. Second, the score or grade of each
model can be influenced by changes in patient condition
over time, although this likely had little effect as we utilized
results from a single timepoint. We used findings at the
time of enrollment, which may reflect the patient's over-
all condition outside the hospital. Lastly, other potential
confounding factors, such as comorbidities or treatment
history, which might affect survival or cirrhosis-related
complications, were not considered in this study. Further
studies addressing these factors are needed.

In conclusion, our study highlights that MELD3.0 ex-
hibits good prognostic performance in predicting mortal-
ity and cirrhosis-related complications in patients with cir-
rhosis. Patients with a MELD3.0 score of 20 or higher had
a 4.892 times greater risk of overall mortality compared to
those with a MELD3.0 score of 10 or lower. Each 1-point
increase in MELD3.0 increases the risk of cirrhosis-related
complications by 1.033-fold. Based on these insights, we
advocate for a thorough evaluation of liver function, in-
cluding assessment of the MELD3.0 score, in patients with
cirrhosis. This comprehensive approach can facilitate ap-
propriate treatment strategies aimed at preventing cirrho-
sis-related complications and improving survival.
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