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Abstract

Aims Cardiohepatic interactions have been a focus of attention in heart failure (HF). The model for end-stage liver disease
excluding international normalized ratio (MELD-XI) score has been shown to be useful for predicting poor outcomes in patients
with acute decompensated HF (ADHF). Furthermore, the fibrosis-4 (FIB-4) index, a simple marker to assess liver fibrosis, pre-
dicts adverse prognoses in patients with HF as well. However, there is little information available on the prognostic significance
of the combination of the MELD-XI score and FIB-4 index in patients with ADHF and its association with left ventricular ejec-
tion fraction (LVEF) subgroup.
Methods and results We prospectively studied 466 consecutive patients who were admitted for ADHF [HF with reduced
LVEF (LVEF < 40%): n = 164, HF with mid-range LVEF (40% ≤ LVEF < 50%): n = 104, and HF with preserved LVEF
(LVEF ≥ 50%): n = 198]. We calculated the MELD-XI score and FIB-4 indices at discharge. The primary endpoint was
all-cause death (ACD). During the mean follow-up period of 2.8 years, 143 patients had ACD. In the multivariate Cox analysis,
the MELD-XI score and FIB-4 index were independently associated with ACD. Patients were stratified into the following three
groups according to the median value of MELD-XI score (=11) and FIB-4 index (=2.13): Group 1 had both a low MELD-XI score
and a low FIB-4 index; Group 2 had either a high MELD-XI score (MELD-XI score ≥11) or a high FIB-4 index (FIB-4 index ≥2.13);
and Group 3 had both a high MELD-XI score and a high FIB-4 index. Kaplan–Meier analysis revealed that Group 2 and Group 3
had a significantly greater risk of ACD than Group 1 [Group 2 vs. Group 1: adjusted hazard ratio, 2.48 (95% confidence interval:
1.75–3.53), P < 0.0001; Group 3 vs. Group 1: adjusted hazard ratio, 7.03 (95% confidence interval: 3.95–13.7), P < 0.0001]. In
addition, the patients with both a higher MELD-XI score and FIB-4 index showed a significantly higher risk of ACD also in the
patients with HF with reduced LVEF, HF with mid-range LVEF, and HF with preserved LVEF (all P < 0.0001).
Conclusions The combination of MELD-XI score and FIB-4 index may be useful for stratifying patients at risk for ACD in
patients with ADHF, irrespective of LVEF.
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Introduction

Despite advances in modern cardiology, acute decompen-
sated heart failure (ADHF) has been an increasing clinical

and public health problem associated with unacceptably high
mortality and morbidity.1 Therefore, it is important to
identify high-risk patients in the management of heart failure
(HF).
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Systemic venous congestion due to HF is known to cause
multiple end-organ dysfunction or tissue damage. It has also
been reported that reduced arterial perfusion and passive
congestion cause liver dysfunction and fibrosis in HF.2,3 Liver
function test abnormalities have been shown to be com-
monly observed and to predict worse clinical outcome in pa-
tients with ADHF.4,5 Liver dysfunction and fibrosis in patients
with HF, a condition known as cardiohepatic syndrome,2,3,6

has a strong impact on clinical outcome and risk of death.
The model for end-stage liver disease excluding international
normalized ratio (MELD-XI) score, a robust scoring system of
liver dysfunction in patients with advanced liver disease,7,8

has been reported to predict poor outcomes in patients with
ADHF.9–11 The fibrosis-4 (FIB-4) index, a simple marker to as-
sess liver fibrosis,12,13 is also reported to be useful for prog-
nosis predictions in patients with HF.14–16 However, there is
little information available on the combination of prognostic
values of MELD-XI score and FIB-4 index in patients with
ADHF.

A new category of patients with HF with mid-range ejec-
tion fraction (HFmrEF) has recently been defined, separate
from reduced ejection fraction (HFrEF) and preserved ejec-
tion fraction (HFpEF).17 Although the prognostic value of
the MELD-XI score and FIB-4 index has been reported in
the previous studies, it remains to be fully elucidated
whether the MELD-XI score and FIB-4 index are useful in
assessing risk in patients with ADHF with each left ventricu-
lar ejection fraction (LVEF) subgroup. Therefore, the aim of
this study was to investigate the epidemiology and the prog-
nostic value of the MELD-XI score and FIB-4 index in patients
with ADHF, not only in total cohort but also in each LVEF
category.

Methods

Subject and study protocol

We analysed data from the Osaka Prefectural Acute Heart
Failure Syndrome Registry (UMIN 000015246), which is a sin-
gle-centre, observational, prospective cohort study.18,19 We
enrolled 507 consecutive patients with ADHF who were
discharged with survival in a prospective study that was
conducted between October 2011 and November 2019
(Figure 1). ADHF was diagnosed based on clinical signs and
symptoms according to the Framingham Heart Study criteria.
Patients were excluded from this study if they had chronic
liver disease (n = 8; portal hypertension, cirrhosis, hepatic
tumours, bile duct disease, etc.), were on maintenance
haemodialysis (n = 18), and had severe valvular or coronary
artery disease requiring urgent surgery during hospitalization
(n = 7). Patients who were lost to follow-up after discharge
(n = 8) were also excluded. Chronic liver disease was defined
based on clinical history of decompensated cirrhosis. After
excluding these patients, we studied 466 patients with ADHF
(mean age 74 ± 13, 270 men and 196 women). This study was
approved by the Osaka General Medical Center’s Review
Committee (approval number: UMIN 000015246). All pa-
tients provided written informed consent for participation
in this study. The investigation conforms to the principles
outlined in the Declaration of Helsinki.

Measurement

Baseline data of age, sex, New York Heart Association
functional class, body mass index, medical history, venous

Figure 1 Flow of patients through the study. HFmrEF, heart failure with mid-range ejection fraction; HFpEF, heart failure with preserved ejection
fraction; HFrEF, heart failure with reduced ejection fraction; LVEF, left ventricular ejection fraction.
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blood sampling, echocardiographic data, and current medica-
tions were collected during hospitalization. All patients
underwent testing for hepatitis B surface antigen and hepati-
tis C antibodies, and their medical histories were checked for
chronic liver disease (cirrhosis, hepatic tumours, etc.).
Echocardiography was performed by an experienced echocar-
diographer using the standard techniques. The echocardio-
graphic parameters measured included the left ventricular
end-diastolic dimension, left ventricular end-systolic dimen-
sion, and left atrial dimension. LVEF was measured using
the modified Simpson’s method. Blood sampling for assess-
ment of complete blood count, serum sodium, chloride,
potassium, creatinine, blood urea nitrogen, albumin, total
bilirubin, aspartate aminotransferase (AST), alanine amino-
transferase (ALT), cholinesterase, and plasma brain natri-
uretic peptide levels was obtained just before discharge in
the clinically stable phase. The MELD-XI and FIB-4 indices
were calculated at discharge, as well. The MELD-XI score
and FIB-4 index were calculated using the following formula,
as previously reported: MELD-XI score = 11.76 × ln (creatinine
[mg/dL]) + 5.11 × ln (total bilirubin [mg/dL]) + 9.44,8,20 where
ln means the natural logarithm. If a patient had a creatinine
or bilirubin level lower than 1.0 mg/dL, the value of 1.0 mg/dL
was entered into the calculations to prevent negative loga-
rithmic values in the formula, and the calculated score was
rounded. Thus, the minimum possible MELD score was 9.0.
The FIB-4 index = (age (years) × AST [U/L])∕(platelet count
[103/μL] × square root of ALT [U/L]).12

Clinical outcome

After discharge, all patients were followed up in our HF unit
at least every 1 or 2 months. Survival dates were obtained
by direct contact with patients by their physicians at the
hospital in an outpatient setting, by telephone interview with
their families, or by mail by dedicated coordinators and inves-
tigators. The primary endpoint of this study was all-cause
death (ACD). Secondary endpoints were cardiac death and
non-cardiac death.

Statistical analysis

Normally distributed data were expressed as mean ± standard
deviation, and non-distributed data are presented as medians
with inter-quartile ranges. Categorical variables are expressed
as numbers and percentages. Patients were stratified by LVEF
subgroup. The statistical significance of differences was
analysed using one-way analysis of variance for parametric
continuous variables and the Kruskal–Wallis rank-sum test
for non-parametric continuous variables. The χ2 test was used
to compare differences in categorical variables. The
event-free survival rates were calculated using the Kaplan–

Meier method, and the differences in survival rates were com-
pared between groups with the log-rank test. The prognostic
value of the baseline characteristics was assessed with a Cox
proportional hazards regression analysis. The Cox multivariate
model included established confounders, such as age, sex,
LVEF, haemoglobin level, serum sodium level, serum chloride
level, serum uric acid level, and plasma brain natriuretic
peptide level. These potential confounding variables were se-
lected from well-known HF risk models. The predictive value
of the MELD-XI score, FIB-4 index, and the combination of
MELD-XI score and FIB-4 index for the primary and secondary
endpoints were compared using receiver operating character-
istic (ROC) curve analysis, and results are expressed in terms
of the area under the curve and 95% confidence interval (CI)
for this area. A value of P < 0.05 was considered statistically
significant. All statistical analysis, except for ROC curve
analysis, was performed using JMP Version 13 (SAS Institute
Inc., Cary, NC, USA). ROC curve analysis was performed using
MedCalc statistical software Version 19.3.1 (MedCalc
Software Ltd, Ostend, Belgium).

Results

During the follow-up period of 2.8 ± 1.5 years, 143 patients
had ACD (HFrEF n = 49, HFmrEF n = 34, and HFpEF n = 60).
Cardiac death occurred in 62 patients: 34 patients had pump
failure death, and 28 patients had sudden cardiac death.
Non-cardiac death occurred in 81 patients (pneumonia,
n = 20; cancer, n = 15; infection/sepsis, n = 9; old age,
n = 7; renal failure, n = 6; stroke, n = 5; gastrointestinal bleed-
ing, n = 4; and other causes of death, n = 15).

Baseline patient characteristics among patients
with heart failure with reduced ejection fraction,
heart failure with mid-range ejection fraction,
and heart failure with preserved ejection fraction

The baseline clinical characteristics of the 466 patients with
ADHF were stratified by LVEF subgroup and are shown in
Table 1. The mean age was 74 years, and 58% were male.
There were 164 patients with HFrEF (LVEF < 40%), 104 pa-
tients with HFmrEF (40% ≤ LVEF < 50%), and 198 patients
with HFpEF (LVEF ≥ 50%). Patients with HFrEF and HFmrEF
were more frequently male and had a higher rate of ischae-
mic origin and beta-blocker use than those with HFpEF.
Patients with HFrEF were less likely to have atrial fibrillation
and hypertension and were younger than those with HFmrEF
and HFpEF. Patients with HFpEF were more anaemic than
those with HFrEF and HFmrEF. There was no difference in
the MELD-XI score among patients in the three groups. The
FIB-4 index was significantly lower in patients with HFrEF
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than in patients with HFmrEF and HFpEF. There was a weak
correlation between the MELD-XI score and FIB-4 index
(r = 0.182, P < 0.0001). No patients were on sacubitril/
valsartan because the drug had not yet been approved for
clinical use in Japan.

Prognostic analysis in overall cohort

In overall cohort, multivariate Cox proportional hazards anal-
ysis revealed that the MELD-XI score and FIB-4 index were
significantly and independently associated with ACD after
adjusting for the established confounders (Table 2).

Moreover, the MELD-XI score was also an independent pre-
dictor of cardiac death (Table 3). The FiB-4 index showed an
independent association with both cardiac and non-cardiac
death (Table 4).

Patients were stratified into the following three groups ac-
cording to the median value of MELD-XI score (=11) and FIB-4
index (=2.13): Group 1 had both a low MELD-XI score and a
low FIB-4 index; Group 2 had either a high MELD-XI score
(MELD-XI score ≥11) or a high FIB-4 index (FIB-4 index
≥2.13); and Group 3 had both a high MELD-XI score and a
high FIB-4 index. Kaplan–Meier analysis revealed that pa-
tients with both a high MELD-XI score and a high FIB-4 index
and those with either a high MELD-XI score or a high FIB-4

Table 1 Baseline characteristics at discharge in patients with acute decompensated heart failure stratified by LVEF subgroups

Overall (n = 466) HFrEF (n = 164) HFmrEF (n = 104) HFpEF (n = 198) P-value

Clinical data
Age (years) 74 ± 13 68 ± 14 75 ± 13 78 ± 9 <0.001
Gender (male, %) 58 71 66 42 <0.001
BMI 21.4 ± 4.3 21.5 ± 4.7 21.4 ± 3.8 21.2 ± 4.2 0.886
NYHA Class I/II/III (%) 30/53/17 30/56/14 42/32/26 24/61/15 0.258
SBP (mmHg) 115 ± 18 109 ± 18 116 ± 14 119 ± 18 <0.001
Heart rate (b.p.m.) 67 ± 11 67 ± 11 67 ± 11 66 ± 11 0.588
Ischaemic origin (%) 26 34 37 14 <0.001
Atrial fibrillation (%) 47 34 52 57 <0.001
Hypertension (%) 81 72 80 90 <0.001
Diabetes mellitus (%) 43 40 47 42 0.387
Dyslipidaemia (%) 50 50 44 53 0.518
Prior HF hospitalization (%) 19 24 17 16 0.551

Medications
ACEI or ARB (%) 55 57 54 54 0.789
Beta-blocker (%) 89 95 96 81 <0.001
Loop diuretics (%) 86 85 85 88 0.991
Spironolactone (%) 34 37 38 31 0.343
Tolvaptan (%) 6 7 2 7 0.529
Digitalis (%) 3 3 4 3 0.698
Statin (%) 36 40 36 33 0.526

Echocardiography
LVEF (%) 47 ± 15 31 ± 7 45 ± 3 61 ± 8 <0.001
LVDd (mm) 53 ± 10 61 ± 8 53 ± 7 47 ± 7 <0.001
LVDs (mm) 41 ± 11 51 ± 9 41 ± 6 31 ± 6 <0.001
LAD (mm) 43 ± 7 44 ± 8 43 ± 7 43 ± 7 0.142

Laboratory data
Haemoglobin (g/dL) 11.8 ± 2.2 12.5 ± 2.4 12.0 ± 2.0 11.2 ± 1.9 <0.001
Platelet count (× 103/μL) 208 ± 77 197 ± 80 207 ± 74 219 ± 76 <0.001
Sodium (mEq/L) 138 ± 3 138 ± 4 138 ± 3 139 ± 4 0.205
Chloride (mEq/L) 101 ± 5 101 ± 5 101 ± 5 101 ± 5 0.445
Potassium (mEq/L) 4.2 ± 0.5 4.3 ± 0.5 4.3 ± 0.5 4.1 ± 0.6 0.211
Creatinine (mEq/L) 1.13 (0.87–1.62) 1.11 (0.87–1.57) 1.15 (0.91–1.57) 1.11 (0.86–1.64) 0.979
BUN (mg/dL) 25 (18–36) 23 (16–33) 25 (18–35) 26 (19–39) 0.056
Uric acid (mg/dL) 7.0 (5.8–8.5) 7.1 (5.7–8.4) 6.6 (5.4–8.5) 7.0 (6.0–8.7) 0.3724
Albumin (g/dL) 3.5 (3.1–3.7) 3.6 (3.1–3.9) 3.4 (3.1–3.8) 3.4 (3.1–3.7) 0.068
Total bilirubin (mg/dL) 0.6 (0.5–0.8) 0.7 (0.5–1.0) 0.6 (0.5–0.7) 0.6 (0.4–0.8) <0.001
AST (U/L) 23 (18–30) 25 (18–32) 22 (19–31) 23 (18–29) 0.882
ALT (U/L) 17 (11–27) 19 (13–33) 17 (12–26) 16 (11–23) 0.199
BNP (mg/dL) 209 (104–435) 277 (131–510) 218 (113–475) 171 (77–333) <0.001
Cholinesterase (U/L) 225 ± 76 234 ± 83 223 ± 77 216 ± 67 <0.001

MELD-XI score 11 (9–15) 11 (9–15) 11 (9–15) 11 (9–15) 0.861
FIB-4 index 2.13 (1.47–2.97) 1.98 (1.24–3.21) 2.20 (1.49–3.04) 2.18 (1.60–2.82) <0.001

ACEI, angiotensin-converting enzyme inhibitor; ALT, alanine aminotransferase; ARB, angiotensin receptor blocker; AST, aspartate amino-
transferase; BMI, body mass index; BNP, brain natriuretic peptide; BUN, blood urea nitrogen; FIB-4, fibrosis-4; HF, heart failure; HFmrEF,
heart failure with mid-range ejection fraction; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejec-
tion fraction; LAD, left atrial dimension; LVDd, left ventricular end-diastolic dimension; LVDs, left ventricular end-systolic dimension; LVEF,
left ventricular ejection fraction; MELD-XI, model for end-stage liver disease excluding international normalized ratio; NYHA, New York
Heart Association; SBP, systolic blood pressure.
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Table 2 Univariate and multivariate Cox analysis for the prediction of all-cause death in patients with ADHF

Unadjusted Adjusted modela

HR (95% CI) P-value HR (95% CI) P-value

Overall cohort
MELD-XI score 1.0827 (1.0553–1.1090) <0.0001 1.0725 (1.0319–1.1137) 0.0003
FIB-4 index 1.3249 (1.2273–1.4218) <0.0001 1.2173 (1.1077–1.3278) <0.0001
Patients with HFrEF
MELD-XI score 1.1243 (1.0739–1.1721) <0.0001 1.0876 (1.0130–1.1646) 0.0179
FIB-4 index 1.2765 (1.2680–1.4242) <0.0001 1.2095 (1.0126–1.4165) 0.0248
Patients with HFmrEF
MELD-XI score 1.1661 (1.0961–1.2358) <0.0001 1.2101 (1.1137–1.3156) <0.0001
FIB-4 index 1.4184 (1.1736–1.6793) 0.0001 1.2685 (0.9941–1.5867) 0.0441
Patients with HFpEF
MELD-XI score 1.1350 (1.0956–1.1730) <0.0001 1.0435 (0.9765–1.1151) 0.2085
FIB-4 index 1.3618 (1.2020–1.5204) <0.0001 1.3454 (1.1521–1.5473) <0.0001

ADHF, acute decompensated heart failure; CI, confidence interval; FIB-4, fibrosis-4; HFmrEF, heart failure with mid-range ejection fraction;
HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; HR, hazard ratio; MELD-XI, model
for end-stage liver disease excluding international normalized ratio.
aAdjusted for age, sex, left ventricular ejection fraction, haemoglobin level, serum sodium level, serum chloride level, serum uric acid level,
and plasma brain natriuretic peptide level at discharge.

Table 3 Univariate and multivariate Cox analysis for the prediction of cardiac death in patients with ADHF

Unadjusted Adjusted modela

HR (95% CI) P-value HR (95% CI) P-value

Overall cohort
MELD-XI score 1.1032 (1.0632–1.1417) <0.0001 1.0975 (1.0391–1.1571) 0.0007
FIB-4 index 1.3227 (1.1778–1.4657) <0.0001 1.1764 (1.0175–1.3375) 0.0189
Patients with HFrEF
MELD-XI score 1.1429 (1.0737–1.2095) <0.0001 1.1163 (1.0154–1.2217) 0.0185
FIB-4 index 1.2712 (1.0690–1.4677) 0.0026 1.1279 (0.8791–1.4471) 0.3439
Patients with HFmrEF
MELD-XI score 1.1581 (1.0468–1.2690) 0.0023 1.1281 (0.9938–1.2804) 0.0623
FIB-4 index 1.2706 (0.8728–1.7034) 0.1509 1.0259 (0.6672–1.4689) 0.8949
Patients with HFpEF
MELD-XI score 1.0693 (1.0072–1.1271) 0.0181 1.0687 (0.9649–1.1836) 0.2023
FIB-4 index 1.3999 (1.1607–1.6393) 0.0001 1.3287 (1.0467–1.6371) 0.0110

ADHF, acute decompensated heart failure; CI, confidence interval; FIB-4, fibrosis-4; HFmrEF, heart failure with mid-range ejection fraction;
HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; HR, hazard ratio; MELD-XI, model
for end-stage liver disease excluding international normalized ratio.
aAdjusted for age, sex, left ventricular ejection fraction, haemoglobin level, serum sodium level, serum chloride level, serum uric acid level,
and plasma brain natriuretic peptide level at discharge.

Table 4 Univariate and multivariate Cox analysis for the prediction of non-cardiac death in patients with ADHF

Unadjusted Adjusted modela

HR (95% CI) P-value HR (95% CI) P-value

Overall cohort
MELD-XI score 1.0656 (1.0269–1.1017) 0.0004 1.0496 (0.9941–1.1065) 0.0753
FIB-4 index 1.3268 (1.1942–1.4583) <0.0001 1.2401 (1.0959–1.4032) 0.0006
Patients with HFrEF
MELD-XI score 1.1018 (1.0246–1.1716) 0.0041 1.0375 (0.9318–1.1511) 0.4926
FIB-4 index 1.2867 (1.0650–1.5074) 0.0040 1.2716 (0.9820–1.5922) 0.0463
Patients with HFmrEF
MELD-XI score 1.1742 (1.0836–1.2644) <0.0001 1.2706 (1.1338–1.4309) <0.0001
FIB-4 index 1.4867 (1.1768–1.8295) 0.0004 1.3938 (1.0201–1.8648) 0.0285
Patients with HFpEF
MELD-XI score 1.0211 (0.9577–1.0773) 0.4828 1.0252 (0.9336–1.1207) 0.5900
FIB-4 index 1.3312 (1.1151–1.5439) 0.0005 1.3324 (1.0708–1.6107) 0.0052

ADHF, acute decompensated heart failure; CI, confidence interval; FIB-4, fibrosis-4; HFmrEF, heart failure with mid-range ejection fraction;
HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; HR, hazard ratio; MELD-XI, model
for end-stage liver disease excluding international normalized ratio.
aAdjusted for age, sex, left ventricular ejection fraction, haemoglobin level, serum sodium level, serum chloride level, serum uric acid level,
and plasma brain natriuretic peptide level at discharge.
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index had a significantly greater risk of ACD than those with a
low MELD-XI score and a low FIB-4 index [50% vs. 28% vs.
10%, respectively; Group 3 vs. Group 1: adjusted hazard ratio
(HR), 7.03 (95% CI: 3.95–13.7), P < 0.0001; Group 2 vs. Group
1: adjusted HR, 2.48 (95% CI: 1.75–3.53), P < 0.0001]. There

was also a significant difference in the risk of cardiac death
and non-cardiac death among the three groups (Figure 2).

Receiver operating characteristic curve analysis showed
that combination of MELD-XI score and FIB-4 index had
higher C-statistic values for ACD, cardiac death, and

Figure 2 (A) All-cause, (B) cardiac, and (C) non-cardiac death free rate curves in patients with acute decompensated heart failure stratified by the me-
dian value of model for end-stage liver disease excluding international normalized ratio score (MELD-XI) and fibrosis-4 index (FIB-4) (overall cohort).
Median value of MELD-XI and FIB-4 was 11 and 2.13, respectively.

Figure 3 The receiver operating characteristic curve analysis for the prediction of (A) all-cause, (B) cardiac, and (C) non-cardiac death. CI, confidence
interval; FIB-4, fibrosis-4 index; MELD-XI, model for end-stage liver disease excluding international normalized ratio score.
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non-cardiac death than those calculated for MELD-XI score or
FIB-4 index in isolation (Figure 3).

Prognostic analysis in each left ventricular
ejection fraction subgroup

In multivariate Cox proportional hazards analysis, MELD-XI
score was independently associated with ACD in patients
with HFrEF and HFmrEF, but not in patients with HFpEF (P
for interaction = 0.0065). Conversely, FIB-4 index was associ-
ated with ACD regardless of LVEF category (P for interac-
tion = 0.8713, Table 2). Although MELD-XI score in patients
with HFrEF and FIB-4 index in patients with HFpEF were asso-
ciated with cardiac death, association between cardiac death
and MELD-XI score or FIB-4 index was not affected by LVEF

category (P for interaction = 0.2013 and 0.9681, respectively,
Table 3). MELD-XI score was associated with non-cardiac
death only in patients with HFmrEF (P for interac-
tion = 0.0408), while FIB-4 index showed a significant associ-
ation with non-cardiac death in patients with HFrEF, HFmrEF,
and HFpEF (P for interaction = 0.8324, Table 4).

Kaplan–Meier analysis showed that patients with both a
high MELD-XI score and high FIB-4 index and those with
either a high MELD-XI score or high FIB-4 index had a signifi-
cantly greater risk of ACD than those with a low MELD-XI
score and low FIB-4 index in the groups with HFrEF [47% vs.
28% vs. 10%, respectively, Group 3 vs. Group 1: adjusted
HR, 6.11 (95% CI: 2.52–18.2), P < 0.0001; Group 2 vs. Group
1: adjusted HR, 2.65 (95% CI: 1.73–4.13), P < 0.0001],
HFmrEF [58% vs. 29% vs. 6%, respectively, Group 3 vs. Group
1: adjusted HR, 7.72 (95% CI: 1.56–19.8), P = 0.0077; Group 2

Figure 4 (A–C) All-cause, (D–F) cardiac, and (G–I) non-cardiac death free rate curves in patients with acute decompensated heart failure with heart
failure with reduced ejection fraction (HFrEF), heart failure with mid-range ejection fraction (HFmrEF), and heart failure with preserved ejection frac-
tion (HFpEF) stratified by the median value of model for end-stage liver disease excluding international normalized ratio score (MELD-XI) and fibrosis-4
index (FIB-4). In patients with HFrEF, median value of MELD-XI and FIB-4 was 11 and 2.18, respectively. In patients with HFmrEF, median value of
MELD-XI and FIB-4 was 11 and 2.20, respectively. In patients with HFpEF, median value of MELD-XI and FIB-4 was 11 and 1.98, respectively.
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vs. Group 1: adjusted HR, 3.26 (95% CI: 1.71–6.24),
P < 0.0001], and HFpEF [48% vs. 25% vs. 12%, respectively,
Group 3 vs. Group 1: adjusted HR, 4.76 (95% CI: 2.16–12.6),
P < 0.0001; Group 2 vs. Group 1: adjusted HR, 3.41 (95%
CI: 1.90–6.42), P < 0.0001]. There was also a significant dif-
ference in the risk of cardiac death and non-cardiac death
among the three groups, except for the risk of cardiac death
in patients with HFmrEF (Figure 4).

Discussion

In the present study, the MELD-XI score and FIB-4 index were
shown to be independently associated with the risk of ACD,
and the patients with both a higher MELD-XI score and
FIB-4 index had a significantly higher risk of ACD. Moreover,
the MELD-XI score and FIB-4 index were also shown to be re-
lated to the risk of cardiac death and non-cardiac death, and
the patients with both a higher MELD-XI score and FIB-4 in-
dex showed a significantly higher risk of cardiac death and
non-cardiac death. As shown in the ROC curve analysis,
combination of MELD-XI score and FIB-4 index had higher
C-statistic values for ACD, cardiac death, and non-cardiac
death than those calculated for MELD-XI score or FIB-4 index
alone. Risk stratification using the MELD-XI score and FIB-4
index was also useful when the patients were analysed in
the each LVEF subgroup. To the best of our knowledge, this
is the first study to show that the combination of MELD-XI
score and FIB-4 index may be useful for stratifying patients
at risk for ACD in patients with ADHF, irrespective of LVEF
subgroup.

Liver dysfunction and cardiac dysfunction are thought to
interact mutually. Cardiac dysfunction, especially in the ADHF
phase, causes not only elevated venous pressure but also
reduced liver blood flow and arterial flow. Increased hepatic
venous pressure causes hepatocyte atrophy and oedema of
the peripheral area in the liver, which provokes liver damage.
The mechanism is known as hypoxic hepatopathy.21,22

Hypoxic hepatopathy leads to acute hepatocellular necrosis
and causes liver stiffness.23 It was reported that elevated
AST, one of the components of the FIB-4 index, is a sensitive
marker for hepatocellular necrosis and liver fibrosis.23

Stagnant flow caused by increased hepatic venous pressure
produces thrombosis within the liver lobules, which affects
platelet count.14 Furthermore, several bilirubin metabolic
processes, a component of the MELD-XI score, are attenuated
by hepatocellular hypoxia.24,25 The pathogenesis of hypoxic
hepatopathy might result in a weak correlation between
the FIB-4 index and the MELD-XI score. On the other hand,
elevation of the MELD-XI score, which is a score that allows
one to evaluate the functions of the two organs critical to
ADHF progression (the kidneys and liver), may result from
abnormalities of either bilirubin, creatinine, or both, which
suggests that the MELD-XI score and the FIB-4 index may pro-
vide independent prognostic information.

Recently, there has been an increase in patients with HF
who have multiple co-morbidities, such as hypertension and
diabetes mellitus, which may affect clinical outcomes. Thus,
identifying high-risk patients is clinically important in the
management of HF. Cardiohepatic syndrome is one of the
more important co-morbidities in patients with HF. Although
liver biopsies are the gold standard for the evaluation of liver
fibrosis, they are invasive and carry a risk of complications.
Transient elastography is also used to evaluate liver
dysfunction and fibrosis. Furthermore, transient elastography
predicts adverse prognoses in patients with HF.26 In the usual
clinical setting, as an alternative simple, quick, and
non-invasive marker for the measurement of liver dysfunc-
tion and fibrosis, the MELD-XI score and FIB-4 index may be
useful for patients with HF, although there exists no direct
evidence that supports significant correlation between these
two indices and the liver damage. Several previous studies
have demonstrated that a higher MELD-XI score and FIB-4 in-
dex were associated with adverse events, mainly in patients
with chronic HF.11,16 In addition, the MELD-XI score has been
shown to be useful for the prediction of prognosis in patients
with ADHF.9–11 Our study has expanded on these findings by
showing that the combination of the MELD-XI score and FIB-4
index is a useful tool for risk stratification also in patients
with ADHF.

Several limitations of this study should be acknowledged.
First, it was a single-centre observational study. The
small and empirically chosen population sample size was a
significant limitation, and the follow-up period was relatively
short. Second, although patients with ADHF with docu-
mented liver disease were excluded, we could not
completely deny the presence of liver disease. Third, as we
included patients with ADHF who survived to discharge, as-
sociation between the MELD-XI score and FIB-4 index and
the in-hospital mortality could not be examined. Fourth,
there were no prespecified time points for follow-up. Fifth,
confirmation of the endpoints might not have been suffi-
cient, because we could not use the national reporting data-
bases. Lastly, because the MELD-XI score includes serum
creatinine level and strongly correlates with indices of renal
function, it remains unclear if the MELD-XI score has an ad-
ditional value over serum creatinine level or renal function.

In conclusion, the combination of MELD-XI score and FIB-4
index may be useful for stratifying patients at risk for ACD in
patients with ADHF, irrespective of LVEF. Further larger
studies are needed to confirm our findings.
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