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HDL-C levels added to the
MELD score improves 30-day
mortality prediction in Asian
patients with cirrhosis
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Abstract

Objectives: Lower high-density lipoprotein cholesterol (HDL-C) levels have been observed in

chronic liver disease patients. The aim of this study was to develop a model that incorporates

HDL-C levels and the Model for End-stage Liver Disease (MELD) score to predict 30-day mor-

tality in Asian cirrhosis patients.

Methods: Cirrhosis patients were recruited from two hospitals in this retrospective observa-

tional study. Propensity score matching was used. The model’s performance was evaluated,

including its ability to predict 30-day mortality, accuracy, and clinical utility. Net reclassification

improvement (NRI) and integrated discrimination improvement (IDI) were calculated.

Results: The HDL-CþMELD model showed good ability to predict 30-day mortality (area

under the curve, 0.784; sensitivity, 0.797; specificity, 0.632), which was better than that of the

MELD score alone. It also showed good calibration and a net benefit for all patients, which was

better than that of the MELD score, except at the threshold probability. NRI and IDI results

confirmed that adding HDL-C levels to the MELD score improved the model’s performance in

predicting 30-day mortality.

Conclusion: We added HDL-C levels to the MELD score to predict 30-day mortality in Asian

patients with cirrhosis. The HDLCþMELD model shows good ability to predict 30-day mortality

and clinical utility.
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Introduction

Cirrhosis involves necro-inflammation and
fibrosis that is caused by different types of
liver damage.1 With the development of cir-
rhosis, portal pressure increases and liver
function deteriorates, which leads to a
series of complications such as ascites,
portal hypertensive gastrointestinal bleed-
ing, spontaneous bacterial peritoneum,
and encephalopathy.2 Cirrhosis is widely
considered an end-stage liver disease that
frequently results in death. Early interven-
tion is required to stabilize cirrhosis pro-
gression and delay liver physiological
function decompensation.3

Chronic liver disease is related to a lower
level of serum high-density lipoprotein
(HDL) cholesterol (HDL-C), which is the
main protein component of HDL particles.4

Recent results show that decreased HDL-C
levels were significantly associated with
mortality in patients with non-cholestatic
cirrhosis.5 HDL was confirmed to bind
and neutralize bacterial lipopolysaccharide
and promote their excretion, which suggests
that HDL plays a key role in chronic liver
failure progression.6

Trieb et al.7 recently studied the prog-
nostic value of several HDL-related bio-
markers in advanced liver disease. They
suggested that HDL-C and other HDL-
related biomarker levels reflect liver func-
tion deterioration and could reliably predict
90-day and 12-month mortality in patients
with cirrhosis, regardless of their cirrhosis
etiology. HDL-C in combination with
the Model for End-stage Liver Disease

(MELD) score showed better performance
in predicting cirrhotic progression and
survival.

In this multi-center retrospective obser-
vational study, we aimed to evaluate
HDL-C levels in combination with the
MELD score for predicting 30-day mortal-
ity in Asian patients with cirrhosis.

Methods

Study design

This was a retrospective observational study.
Hospitalized patients with cirrhosis were
recruited from the following two hospitals:
i) the Department of Gastroenterology and
Hepatology, The First Affiliated Hospital of
Soochow University (center #1) between
1 January 2017 and 31 December 2020;
and ii) the Department of Hepatology, The
Fifth People’s Hospital of Suzhou (center
#2) between 1 March 2018 and 31
December 2020. This study was approved
by the local Institutional Review Boards
(IRBs; approval number 2022098) and con-
ducted in accordance with the Declaration
of Helsinki. All participants provided writ-
ten informed consent before they were
included in the study.

Study entry criteria

At both centers, cirrhosis was diagnosed on
the basis of either liver histology or
clinical presentation, liver function tests, and
abdominal imaging. Patients were excluded if
they had malignancy, severe
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cardiopulmonary, renal, endocrine, immune,
or inflammatory disease or cholestatic liver
disease; if they were pregnant; or if they
were taking lipid-lowering therapy. Figure 1
indicates the flowchart for the participants’
inclusion.

Clinical data collection

Each participant fasted overnight. Blood
samples were obtained from all participants.
Biochemical analyses were preformed using
a Hitachi 7600 Auto-Analyzer (Hitachi,
Tokyo, Japan) or an Abbott-Architect
Immunoanalyzer (Abbott Laboratories,
Abbott Park, IL, USA). Anthropometric
and biochemical examinations were per-
formed in accordance with the standard
procedures as previously reported.8 The out-
come variable was defined as mortality at 30
days after enrollment.

Statistical analysis

The reporting of this study conforms to the
STARD Initiative.9 Statistical analysis was
performed using R (version 4.0.4, R
Foundation for Statistical Computing,
Vienna, Austria). Propensity score

matching (PSM) analysis was used to
reduce bias by equating the two groups on
the basis of their age, sex, and cirrhosis eti-
ology (the “tableone” package). PSM was
performed using the nearest-neighbor 7:1
matching method with a caliper width of
0.1 of the pooled standard deviation of
the logit of the propensity score. The
binary logistic regression model was
used to develop a predictive model. A
nomogram was created using the “rms”
package, and calibration plots were used
to evaluate the nomogram accuracy. The
nomogram was constructed on the basis
of the independent risk factors in the
predictive model that were identified in
the multivariate analysis. The ability of
the nomogram to predict 30-day mortality
was evaluated using receiver operating char-
acteristic (ROC) curve analysis (the
“pROC” package) and the confusion
matrix (the “InformationValue” package).
Decision curve analysis (DCA) (the “rmda”
package) was performed to assess the clinical
usefulness of the nomogram. The net reclas-
sification improvement (NRI) and integrat-
ed discrimination improvement (IDI) were
also calculated (the “PredictABEL”

Figure 1. Flowchart of participants’ inclusion at two centers.
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package). A two-sided p value <0.05 was

considered statistically significant.

Results

Participant characteristics

The study enrolled 913 patients with cirrhosis

from two centers (center #1, n¼ 668 and

center #2, n¼ 245; Figure 1). The PSM pro-

cess is shown in Supplementary Figures 1 and

2 and Supplementary File 1. After PSM, 788

cirrhotic patients were included in the

analyses. The baseline data are presented in

Table 1. There were 399 men and 256 women

with an average age of 61.20� 12.95 years in

the survival group and 87 men and 46 women

with an average age of 63.17� 12.77 years in

the non-survival group.

Development of the HDLCþMELD

model and its nomogram

A model that included both the HDL-C

level and the MELD score was developed.

It showed a good fit (Hosmer–Lemeshow

Table 1. Characteristics of patients with cirrhosis analyzed on the basis of 30-day mortality after propensity
score matching.

Survival (n¼ 655) Non-survival (n¼ 133) p

Sex, n (%) 0.382

Men 399 (60.9) 87 (65.4)

Women 256 (39.1) 46 (34.6)

Age (years) 61.20 (12.95) 63.17 (12.77) 0.11

Cirrhosis etiology, n (%) 0.318

HBV 552 (84.3) 104 (78.2)

HCV 15 (2.3) 3 (2.3)

Schistosomiasis 34 (5.2) 9 (6.8)

Others 54 (8.2) 17 (12.8)

Child–Pugh score 7.00 [6.00, 8.00] 10.00 [8.00, 11.00] <0.001

Ascites (%) 467 (71.3) 87 (65.4) 0.211

188 (28.7) 46 (34.6)

Hepatic encephalopathy (%) 561 (85.6) 103 (77.4) 0.026

94 (14.4) 30 (22.6)

Gastrointestinal bleeding (%) 482 (73.6) 95 (71.4) 0.685

173 (26.4) 38 (28.6)

Body mass index (kg/m2) 22.86 (3.43) 22.24 (3.17) 0.055

PLT (109/L) 99.00 (70.44) 87.08 (62.33) 0.070

TBIL (mg/dL) 3.49 (4.72) 8.11 (8.66) <0.001

Creatinine (mg/dL) 0.85 (0.47) 1.14 (1.12) <0.001

ALT (U/L) 27.00 [18.20, 45.95] 42.00 [22.00, 109.40] <0.001

AST (U/L) 39.00 [28.70, 64.00] 57.00 [36.40, 110.90] <0.001

Albumin (g/L) 31.70 (5.98) 29.18 (5.87) <0.001

HDL-C (mg/dL) 36.59 (16.08) 21.23 (14.61) <0.001

PT (s) 14.90 [13.20, 16.85] 18.30 [15.60, 21.80] <0.001

INR 1.29 [1.15, 1.48] 1.59 [1.30, 1.93] <0.001

MELD 9.05 [5.41, 12.67] 15.12 [8.75, 21.99] <0.001

Normally distributed variables are presented as the mean� SD. Variables with a skewed distribution were presented as

the median value (interquartile range).

ALT, alanine transaminase; AST, aspartate aminotransferase; HBV, hepatitis B virus; HCV, hepatitis C virus; HDL-C,

high-density lipoprotein cholesterol; INR, international normalized ratio; MELD, Model for End-stage Liver Disease;

PLT, platelet count; PT, prothrombin time; SD, standard deviation TBIL, total bilirubin.
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goodness of fit test: v2¼�507.92; Wald
test: HDL-C, F¼ 32.96, p< 0.001; MELD
score, F¼ 19.29, p< 0.001; Supplementary
Figures 3 and 4), and its nomogram is pre-

sented in Figure 2. The units on the x-axis
indicate the probability of death at day 30.

A mortality risk nomogram was devel-

oped for the model incorporating both the
HDL-C level and the MELD score. The
points for the HDL-C level and MELD
score variables are shown on the y-axis.
The units on the x-axis indicate the percent
probability of death at day 30.

The HDLCþMELD model’s prediction

ability

The area under the ROC curve (AUC) is
shown in Figure 3. The HDLCþMELD
model showed good discriminative power
to predict 30-day mortality (AUC¼ 0.784,
sensitivity 0.797 and specificity 0.632),
which was better than that for the MELD

score alone (AUC¼ 0.716, sensitivity 0.737
and specificity 0.609; DeLong’s test
p¼ 0.0479). Misclassification error was
0.146 for the HDLCþMELD model and
0.152 for the MELD score model.

The AUC for the HDLCþMELD
model was better than that for the MELD
score alone (DeLong’s test, p¼ 0.0479).

The new model’s accuracy

The calibration curves are shown in Figure 4.
The U index was �0.003, while the Brier

score was 0.114. The HDLCþMELD
model showed good calibration, with no
significant difference between the observed
and the predicted probability.

The y-axis represents the actual outcome
(mortality), and the x-axis represents the pre-
dicted probability for the HDLCþMELD
model. The calibration test showed a U
index of �0.003 and a Brier score of 0.114.

Decision curve analysis

The DCA for the HDLCþMELD model
and the MELD score is presented in Figure
5. The models evaluated the net benefit that
patients could receive. As shown in Figure
5, the HDLCþMELD model had a net
benefit for all the patients. Additionally,
the HDLCþMELD model had a better
net benefit compared with that of the
MELD score alone, except at the threshold
probability of 30% to 35%.

The y-axis indicates the net benefit. The
blue line represents the MELDþHDL-C
model, and the red line represents the
MELD score alone. The “All” line repre-
sents the assumption that all cirrhotic
patients are mortal. The “None” line repre-
sents the assumption that all cirrhotic
patients will survive. The decision curve
showed that applying the HDLCþMELD
model had a benefit for all the patients.
Additionally, the HDLCþMELD model
showed better benefit compared with that
of the MELD score alone, except at the
threshold probability of 30% to 35%.

Figure 2. Nomogram to estimate the 30-day mortality risk.
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Figure 3. Receiver operating characteristic curve.

Figure 4. HDLCþMELD calibration curve for 30-day mortality.
HDLCþMELD, high-density lipoprotein cholesterol when added to the Model for End-stage Liver Disease.
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Net reclassification improvement and

integrated discrimination improvement

When HDL-C was added to the MELD

score, the performance of the model

improved compared with that of model

using the MELD score alone (NRI¼
0.1728, p< 0.001 and IDI¼ 0.0455, p<

0.001), as indicated in Supplementary File 2.

Discussion

Inspired by Trieb et al.’s study,7 a model

that incorporated the HDL-C level and

the MELD score was developed to predict

30-day mortality in patients with cirrhosis.

Our results showed that the model where

the HDL-C level was added to the MELD

score improved the ability to predict 30-day

mortality compared with using the MELD

score alone.
Several blood markers and scoring

systems have been developed to predict

mortality in patients with cirrhosis.10 The

Child–Pugh score was initially created to

improve the clinical management of cirrhot-
ic patients.11 The MELD score was

developed to predict the cirrhosis progres-
sion using serum creatinine and bilirubin

levels and the international normalized
ratio (INR).12

Recent evidence shows that the role of

HDL-C levels in cirrhosis patients might
be multifactorial. One of these roles is in

malnutrition. Chronic liver dysfunction
impairs lipoprotein composition and metab-

olism, which leads to hypercholesterolemia
and hyperlipidemia.5,13 Malnutrition is

more common at the advanced stage, and
it leads to decompensated cirrhosis. Thus,

deterioration of the nutritional status in cir-
rhotic patients is significantly associated

with disease progression because it usually
appears in the decompensated stage of

chronic liver disease.14–17 Insufficient protein
and calorie supplementation in patients with

chronic liver failure frequently results in
inadequate cholesterol and lipoprotein syn-

thesis. Bories and Campillo18 found that
nutritional supplementation in cirrhotic

Figure 5. Decision curve analysis for the nomogram.
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patients could increase HDL-C levels, which
was associated with improvements in other
liver function parameters. Additionally,
Wolf et al. reported that HDL-C levels
increased after liver transplantation,19

which suggests that HDL-C levels are relat-
ed to the degree and function of liver regen-
eration. Gao et al.20 found that the HDL-C
level was significantly correlated with liver
function in cirrhotic patients, and it was a
potential indicator for the prognosis of non-
malignant cirrhotic patients with portal vein
thrombosis. Habib et al.5 reported that the
HDL-C level, but not the cholesterol or
LDL-C level, was closely related to albumin,
bilirubin, INR, and MELD scores.
Moreover, HDL-C levels were suggested to
be an independent predictor of 6-month and
12-month mortality in non-cholestatic cir-
rhosis. Some studies have also focused on
the anti-inflammatory effect of HDL-C
because it can regulate cholesterol excretion
in macrophage foam cells, which leads to
decreased lipid-induced proinflammatory
cytokine secretion.21 Infection plays a vital
role in the prognosis for cirrhosis patients
and in these patients’ survival.22 Infection
results from immune dysfunction and dete-
rioration caused by liver disease, and it then
leads to acute–chronic liver failure.23,24

HDL may reduce inflammatory signaling
transmission and regulate cholesterol levels
in the cell membrane by clearing cholesterol
and other lipids from the cells.25,26

Additionally, HDL particles can reduce
inflammatory cytokine production by bind-
ing to lipopolysaccharide, and they can also
decrease mortality in various animal
models.27–29 Gao et al.20 reported that the
HDL-C level was inversely correlated with
the C-reactive protein level, which indicates
its potential anti-inflammatory role.

This was a multi-center retrospective
study to validate previous results. All par-
ticipants were recruited from two medical
centers and included in the analyses after
PSM was performed. A predictive model

including the HDL-C level and the MELD

score was developed, and a nomogram was

then created to assess the risk of mortality

in cirrhotic patients. An ROC curve showed

that the HDLCþMELD model had a good

ability to predict 30-day mortality, which

was better than that of the MELD score

alone. This result was in accordance with

the results reported in Trieb et al.’s study.7

Additionally, the new model showed good

calibration. A decision curve analysis was

also performed in our study, which assessed

the nomogram’s clinical utility on the basis

of the threshold probability.30,31 The

HDLCþMELD model had a net benefit

for all patients, and the HDLCþMELD

model showed a better net benefit com-

pared with that of the MELD score,

except at the threshold probability of 30%

to 35%. Finally, NRI and IDI results con-

firmed that adding HDL-C levels to the

MELD score improved the model’s perfor-

mance in predicting 30-day mortality com-

pared with that of the MELD score alone.
This study has several limitations. First,

there was likely selection bias because of the

study’s retrospective observational design.

Second, the study had a small sample size

despite recruiting participants from two

centers and using the PSM method. Third,

only one outcome, 30-day mortality, was

investigated, and further evaluation of

the patients’ long-term prognosis is

required, such as using the 90-day mortality

or investigation after a 12-month follow-up.

Finally, the study entry criteria excluded

patients with cardiopulmonary, renal, and

inflammatory diseases that are associated

with lipid metabolism, which limits the

generalizability of our study.
In conclusion, our study added HDL-C

levels to the MELD score to predict 30-day

mortality in Asian patients with cirrhosis.

The HDLCþMELD shows good ability

to predict 30-day mortality and good clini-

cal utility.
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