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Background: This study sought to examine the association between the albumin-bilirubin (ALBI) score 
and short-term and 4-year all-cause mortality in critically ill patients with heart failure (HF), and to build a 
simple and effective new predictive model.
Methods: The Monitoring in Intensive Care Database III was used to identify patients with HF who had 
been admitted to the intensive care unit (ICU) from 2001 to 2012. Correlations between ALBI scores and 
other commonly used risk-scoring methods and short-term and 4-year all-cause mortality were examined 
using the Kaplan-Meier method and Cox proportional hazards-regression models.
Results: The data of 3,381 ICU patients were included in the study, of whom 53.7% were male. The 
patients had a mean age of 70.02±12.55 years, and a short-term mortality rate of 27.7%. The ALBI score of 
survivors [−1.80 (−2.09 to −1.44)] was significantly lower than that of non-survivors [−1.43 (−1.80 to −0.99)] 
(P<0.001), and independently predicted short-term all-cause mortality and higher 4-year mortality. The area 
under the receiver operating characteristic curve (AUC) of the ALBI score for short-term mortality was 0.676, 
and that of the Get With the Guidelines-Heart Failure (GWTG-HF) score was 0.643. The new model, 
which combined the ALBI and GWTG-HF (the GWTG-HF-ALBI), had an AUC of 0.713. The AUC of 
the ALBI score for predicting 4-year all-cause mortality was 0.596, that of the GWTG-HF score was 0.638, 
and that of the GWTG-HF-ALBI risk score was 0.650.
Conclusions: The ALBI score is useful at predicting the mortality of patients with HF requiring ICU 
admission. The GWTG-HF-ALBI model is simpler to use than other models that contain subjective items, 
such as the Glasgow Coma Score, and can be used to predict the short-term and 4-year all-cause mortality of 
these patients.
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Introduction

Heart failure (HF) is a condition that occurs when the 
heart is unable to pump enough oxygen-rich blood to 
the rest of the body. It can be caused by heart conditions, 
and non-cardiac diseases, such as a critical illness, severe 
pneumonia, bacterial sepsis, and chronic and acute 
renal failure (1). HF affects approximately 26 million 
people worldwide, and results in more than 1 million 
hospitalizations annually in both the United States (US) 
and Europe (2,3). HF is associated with high morbidity 
and mortality rates, and places high socioeconomic 
burdens on healthcare systems (4). Thus, it is important 
to develop reliable methods to identify the risk factors of 
death among critically ill patients with HF.

A number of clinical risk prediction models have been 
designed to predict adverse outcomes in hospitalized HF 
patients and estimate mortality risk, including the Acute 
Physiology and Chronic Health Evaluation-Heart Failure 
(APACHE-HF) (5), the AHEAD (A: atrial fibrillation; H: 
hemoglobin; E: elderly; A: abnormal renal parameters; D: 
diabetes mellitus) (6), the Acute Decompensated Heart 
Failure National Registry (ADHERE) (7), the Enhanced 
Feedback for Effective Cardiac Treatment (EFFECT) (8), 
the Organized Program to Initiate Lifesaving Treatment 
in Hospitalized Patients With Heart Failure (OPTIMIZE-
HF) (9), and the Get With the Guidelines-Heart Failure 
(GWTG-HF) (10) models. Of these methods, the GWTG-
HF model is the most recently published and externally 
validated risk model (11). It uses simple variables, and 
has been shown to be reasonably effective at predicting 
inpatient mortality in hospitalized patients with acute HF 
and 1-year mortality in a heterogeneous cohort of cardiac 
intensive care unit (ICU) patients (11). However, the 
GWTG-HF model does not perform well in critically ill 
patients with HF, presumably because of the complex and 
heterogeneous disease conditions of such patients, and it 
remains unclear if the GWTG-HF model is suitable for use 
in these patients.

A number of risk-scoring systems are used to predict 
adverse outcomes in critically ill patients, such as the 
Simplified Acute Physiology Score II (SAPSII) (12), the 
Acute Physiology Score III (ASPIII) (13), and the Sequential 
Organ Failure Assessment (SOFA) score (14). However, the 
value of these methods at predicting outcomes in patients 
with HF is unclear. Additionally, these methods use items 
such as the Glasgow Coma Score (GCS) (15) which are 

subjective and time-consuming to administer.
The albumin-bilirubin (ALBI) score was developed to 

assess liver function and predict survival in patients with 
hepatocellular carcinoma (HCC) (16). In addition to its 
use in predicting liver failure (17), the ALBI score has been 
used to predict acute kidney injury after chemotherapy (18).  
HF is usually complicated by liver dysfunction, and liver 
dysfunction can cause adverse cardiac reactions (19). 
Thus, the ALBI score has been reported to have clinical 
and prognostic value among patients with acute HF (20). 
However, it is still unknown whether the ALBI score is 
useful at predicting short- and long-term mortality in 
critically ill patients with HF. This study sought to use the 
data of HF patients admitted to the ICU to examine the 
predictive value of the ALBI score and other risk-factor 
scoring systems, and to develop a new model that combined 
ALBI and GWTG-HF to predict short-term and 4-year all-
cause mortality in these patients. We present the following 
article in accordance with the STARD reporting checklist 
(available at https://dx.doi.org/10.21037/apm-21-3424).

Methods

Database

This study was based on data derived from the Medical 
Information Mart for Intensive Care III (MIMICIII) 
research database developed by researchers at the 
Laboratory for Computational Physiology at Massachusetts 
Institute of Technology (MIT), Cambridge, MA, USA, and 
the Department of Medicine at the Beth Israel Deaconess 
Medical Center (BIDMC) Boston, MA, USA (21,22). 
The database contains detailed information about patient 
ICU treatment, including data related to the International 
Classification of Diseases, 9th Revision (ICD-9) codes, 
age, sex, vital signs, laboratory results, radiology reports, 
therapeutic interventions, discharge summaries, and 
outcomes during the follow-up period (21,22). The data of 
58,976 patients treated at the ICU at BIDMC from 2001 
to 2012 are available in the database (21,22). The database 
is accessible to researches who have completed ‘protecting 
human subjects’ training. The Carevue system and the 
Metavision system are the 2 systems in the database from 
which follow-up data can be extracted, and both were 
used in this study. The study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013). Data 
extraction was performed using PostgreSQL tools V.1.12.3. 

https://dx.doi.org/10.21037/apm-21-3424
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Study population and variables

Patients treated in the ICU between 2001 and 2012 who 
met all of the following criteria were included in the 
analysis: (I) were aged ≥18 years; (II) had a primary diagnosis 
of HF (ICD-9 code =40201, 40211, 40291, 40401, 0403, 
40411, 40413, 40491, 40493, 4280, 4281, 42820, 42822, 
42823, 42830, 42832, 42833, 42840, 42842, and 4289); (III) 
had an ICU stay ≥24 hours; and (IV)had Bilirubin level 
measurement data available. PostgreSQL tools V.1.12.3. 
was used to extract the following data from the first  
24 hours after ICU admission: (I) the primary admission 
unit; (II) demographic information, including age, weight, 
high, sex, ethnicity, heart rate, and blood pressure; 
(III) disease severity as assessed by the SAPSII (12),  
the APSIII (13), the SOFA score (14), and GWTG-HF 
risk scores (10); and (IV) laboratory measurement data, 
including aspartate aminotransferase (AST) level, the 
international normalized ratio (INR), red cell volume 
distribution width (RDW), serum sodium level, serum 
blood urea nitrogen (BUN) level, serum albumin level, and 
serum total bilirubin level data. ALBI was calculated using 
the following equation: ALBI = [log10bilirubin (µmol/L) × 
0.66 − 0.085 × albumin (g/L)] (12).

The presence of comorbidities related to HF, including 
diabetes, heart disease, chronic obstructive pulmonary 
disease (COPD), liver disease, chronic kidney disease, 
and cerebrovascular disease, were also extracted from the 
database.

Study outcomes

The study outcomes were short-term and 4-year all-cause 
mortality. Short-term mortality was defined as death after 
ICU admission to 28 days after discharge. In-hospital 
mortality was also included in the category of short-term 
mortality for the analysis. Date of death was obtained 
from the Social Security Death Index records of the US 
government.

Statistical analysis and model building

The continuous variables are presented as the mean ± 
standard deviation or the median with the interquartile 
range (IQR). The categorical variables are presented as 
the number and percentage (%). Group means were tested 
using a Student’s independent t-test, Wilcoxon rank-
sum test, or Kruskal-Wallis test according to the number 

of patients in the group and the normality assumption. 
Categorical variables were compared using the chi-square 
test or Fisher’s exact test.

Of all the variables in the data set, the missing value 
ratio of each variable was <20%. Any missing values were 
imputed using the expectation-maximization method using 
SPSS version 26 (IBM, Armonk, NY, USA).

A bar chart was used to illustrate the relationship between 
the ALBI score and the mortality rate, and a quadratic 
linear formula was used to fit the trend. Survival analyses 
were conducted using the Kaplan-Meier method and the 
log-rank test, and Cox proportional hazards-regression 
models were used to evaluate the relationship between 
the ALBI score and short-term and 4-year mortality. A 
univariate logistic regression analysis was used to screen risk 
factors, and factors with a P value <0.05 were used for the 
multivariate Cox proportional hazards-regression models. 
The final models were selected by stepwise selection.

Multivariate logistic regression models using a forward-
selection modeling process were built to construct simpler 
and more effective clinical predictive models for predicting 
the short term and 4-year mortality of critically ill HF 
patients. The final logistic regression predictive model 
used the adjusted covariates of GWTG-HF and ALBI 
(GWTG-HF-ALBI) to predict mortality. A receiver 
operating characteristic (ROC) curve analysis was used 
to evaluate the ability of the ALBI and the new model to 
discriminate between survivors and non-survivors. The 
Hosmer and Lemeshow Goodness-of-fit test was performed 
to test the fitness of the models. All the statistical analyses 
were performed using Stata version 14.0 software, SPSS 
statistical software version 26.0, and R statistical software 
version 3.5.2). Two-tailed P values <0.05 were considered 
statistically significant.

Results

Baseline characteristics of study population

Of the 58,976 ICU patients included in the database for 
the study period, 12,456 were excluded because of data 
duplication. An additional 7,847 patients were excluded 
because they were aged <18 years old, and 29,797 were 
excluded because they had a diagnosis other than HF. 
Additionally, 346 patients with an ICU stay <24 hours, and 
5,149 patients for whom no bilirubin data were available 
were excluded. Thus, ultimately 3,381 ICU patients who 
met the inclusion criteria were included in the analysis. In 
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Figure 1 Flow diagram of patient inclusion. ICU, intensive care unit. 

Enrolled from admissions
N=58,976 (100%)

Patients with heart failure
N=8,876 (15.1%)

Patients for analysis
N=3,381 (38.1%)

Patients followed up for 90 days
N=1,395 (41.3%)

Patients followed up for 4 years
N=1,986 (58.7%)

Patient’s age <18 year N=7,847 (13.3%)

Remove duplication N=12,456 (21.1%)

Patients without heart failure N=29,797 (50.5%)

Patients with missing bilirubin results N=5,149 (58.0%)

Patients’ length of ICU less than 24 h N=346 (3.9%)

total, 1,986 patients from the Carevue system were followed 
up with for 4 years, and 1,395 patients from Metavision 
system were followed up with for 90 days after discharge. 
A flow diagram of patient inclusion is shown in Figure 1. 
In total, there were 937 non-survivors and 2,444 survivors, 
and the short-term mortality rate was 27.7%. Patients had a 
mean age of 70.02±12.55 years, and 1,817 (53.7%) patients 
were male.

The characteristics of all the patients, and those of 
survivors and non-survivors, are shown in Table 1. The 
ALBI score of survivors [−1.80 (−2.09 to −1.44)] was 
significantly lower than that of non-survivors [−1.43 (−1.80 
to −0.99)] (P<0.001). Non-survivors were significantly older 
than survivors (73.12±11.46 vs. 68.83±12.75 years; P<0.001). 
Additionally, non-survivors had significantly higher SOFA 
score, SAPSII, and APSIII than survivors [i.e., 7 (4 to 10) vs. 
4 (3 to 7), P<0.001; 49 (41 to 59) vs. 38 (30 to 47), P<0.001; 
60 (47 to 77) vs. 45 (35 to 58), respectively, P<0.001]. 
Significant differences between survivors and non-survivors 
were also observed in the parameters, including differences 
in mean arterial pressure (MAP), AST, INR, and RDW (all 
P<0.001; Table 1).

Comparisons based on ALBI quartiles

A quadratic linear relationship between the ALBI score and 
short-term mortality was found (Figure 2). Based on the 
relationship, the patients were divided into the following 3 
groups: (I) Group A (ALBI score <−2.0); (II) Group B (ALBI 
score from −2.0 to −1.25); and (III) Group C (ALBI score 
>−1.25). Unadjusted outcomes according to the ALBI scores 
are shown in Table 2. Without adjusting for covariates, the 
in-hospital (11.39%, 19.57%, and 41.35%, respectively; 
P<0.001) and short-term (15.19%, 25.48%, and 48.35%, 
respectively; P<0.001) mortality rates increased significantly 
as ALBI scores increased. ICU length of stay, hospital 
length of stay, and the SOFA score, SAPSII, and APSIII also 
increased as ALBI scores increased (all P<0.001; Table 2).

Associations between the ALBI score and outcomes

Of the 3381 patients, 937 all-cause deaths were observed 
from admission to 28 days after discharge; thus, the short-
term all-cause mortality rate was 27.71%. Kaplan-Meier 
survival curves for short-term mortality were constructed 
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Table 1 Patient baseline characteristics

Parameters All (N=3,381) Survivor (n=2,444) Non-survivor (n=937) P

Age, years 70.02±12.55 68.83±12.75 73.12±11.46 <0.001

Sex 0.378

Male 1,817 (53.74) 1,302 (53.27) 515 (54.96)

Female 1,564 (46.26) 1,142 (46.73) 422 (45.04)

BMI, kg/m2 28.67±7.84 28.85±7.84 28.22±7.80 0.036

Smoking 178 (5.26) 137 (5.61) 41 (4.38) 0.152

Ethnicity <0.001

White 2,410 (71.28) 1,756 (71.85) 654 (69.80)

Black 265 (7.84) 216 (8.84) 49 (5.23)

Hispanic 61 (1.80) 47 (1.92) 14 (1.49)

Asian 74 (2.19) 60 (2.45) 14 (1.49)

Other 571 (16.89) 365 (14.93) 206 (21.99)

ICU type <0.001

CCU 1,007 (29.78) 768 (31.42) 239 (25.51)

MICU 1,558 (46.08) 1,062 (43.45) 496 (52.93)

SICU 300 (8.87) 218 (8.92) 82 (8.75)

CSRU 369 (10.91) 293 (11.99) 76 (8.11)

TSICU 147 (4.35) 103 (4.21) 44 (4.70)

Comorbidities

AMI 314 (9.29) 237 (9.70) 77 (8.22) 0.185

Coronary heart disease 1,274 (37.68) 991 (40.55) 283 (30.20) <0.001

Hypertension 1,283 (37.95) 986 (40.34) 297 (31.70) <0.001

Atrial fibrillation 1,460 (43.18) 997 (40.79) 463 (49.41) <0.001

Diabetes 1,160 (34.31) 856 (35.02) 304 (32.44) 0.157

Liver cirrhosis 163 (4.82) 86 (3.52) 77 (8.22) <0.001

CKD 639 (18.90) 487 (19.93) 152 (16.22) 0.014

Cerebrovascular disease 196 (5.80) 119 (4.87) 77 (8.22) <0.001

COPD 169 (5.00) 122 (4.99) 47 (5.02) 0.977

Scorning system

SOFA 5 (3–8) 4 (3–7) 7 (4–10) <0.001

SAPSII 41 (33–51) 38 (30–47) 49 (41–59) <0.001

APSIII 49 (38–62) 45 (35–58) 60 (47–77) <0.001

GWTG-HF 45 (39–50) 44 (38–49) 48 (42–53) <0.001

MAP 80.67 (70–92.33) 81.67 (71.67–93.33) 77.33 (67–89.50) <0.001

ALBI –1.72 (–2.04 to –1.32) –1.80 (–2.09 to –1.44) –1.43 (–1.80 to –0.99) <0.001

Table 1 (continued)
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Figure 2 Association the ALBI and short-term mortality (a quadratic linear relation was found). ALBI, albumin-bilirubin score. 
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Table 1 (continued)

Parameters All (N=3,381) Survivor (n=2,444) Non-survivor (n=937) P

AST 69 (32–232) 64 (31–198.75) 99 (36–358.07) <0.001

INR 1.40 (1.20–1.96) 1.40 (1.20–1.82) 1.60 (1.30–2.30) <0.001

RDW 16.10 (14.90–17.70) 15.86 (14.70–17.20) 16.90 (15.50–19.10) <0.001

Data are presented as the mean ± standard deviation, count (percentage), or median (interquartile range). BMI, body mass index; ICU, 
intensive care unit; CCU, cardiovascular care unit; MICU, medical intensive care unit; SICU, surgery intensive care unit; CSRU, cardiac 
surgery intensive care unit; TSICU, trauma surgery intensive care unit; AMI, acute myocardial infarction; CKD, chronic kidney disease; 
COPD, chronic obstructive pulmonary disease; SOFA, sequential organ failure assessment; SAPSII, simplified acute physiology score II; 
ASPIII, acute physiology score III; GWTG-HF, Get With the Guidelines-Heart Failure risk score; MAP, mean arterial pressure; ALBI, albumin-
bilirubin score; AST, aspartate aminotransferase; INR, international normalized ratio; RDW, red cell volume distribution width.

for each ALBI group (Figure 3A), and the log-rank test 
revealed statistically significant differences among the 
groups (P<0.001). Of the patients, 1,986 were followed 
up with for 4 years. During the 4-year follow-up period 
there were 1,089 all-cause deaths; thus, the 4-year all-
cause mortality rate was 54.83%. A higher ALBI score 
was associated with an increasing risk of 4-year all-
cause mortality (Figure 3B). The same trend was also 
observed when patients with liver cirrhosis were excluded  
(Figure 3C,3D).

A multivariate logistic regression analysis was performed 
to assess potential risk factors for short-term all-cause 
mortality and 4-year all-cause mortality (Table 3). The 
multivariate analysis was adjusted for age, sex, body mass 

index, smoking, coronary heart disease, hypertension, 
diabetes, liver cirrhosis, acute myocardial infarction, 
atrial fibrillation, liver disease, chronic kidney disease, 
cerebrovascular disease, COPD, ALBI, MAP, AST, INR, 
RDW, and SAPSII. The odds ratio (OR) for the short-
term all-cause mortality of ALBI Group B was 1.42 [95% 
confidence interval (CI): 1.13 to 1.77, P=0.002] and the 
OR for ALBI Group C 2.41 (95% CI: 1.85–3.15, P<0.001) 
(Group A as the reference). The OR for 4-year all-cause 
mortality of ALBI Group B was 1.17 (95% CI: 0.92–1.48, 
P=0.213) and for ALBI Group C was 1.37 (95% CI: 1.00–
1.86, P=0.048) (Group A as the reference).

The Kaplan-Meier survival curves showed a cross 
between ALBI Group B and ALBI Group C in relation 
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Table 2 Unadjusted outcomes according to ALBI score

Parameters Group A (n=948) Group B (n=1,676) Group C (n=757) P

ICU LOS, days 3.02 (1.92–5.09) 3.66 (2.03–7.05) 6.40 (3.12–13.71) <0.001

Hospital LOS, days 6.92 (4.34–10.66) 8.88 (5.26–14.45) 15.58 (7.98–25.38) <0.001

In-hospital mortality 108 (11.39%) 328 (19.57%) 313 (41.35%) <0.001

Follow-up, days 34 (31.22–37.96) 34.92 (30.13–40.32) 35.21 (14.79–48.60) 0.016

Short-term mortality 144 (15.19%) 427 (25.48%) 366 (48.35%) <0.001

SOFA 4 (2–6) 5 (3–7) 8 (5–10) <0.001

SAPSII 37 (29–45) 41 (33–50) 48 (38–59) <0.001

APSIII 42 (33–55) 48 (37–60) 61 (48–77.50) <0.001

GWTG-HF 43 (38–48) 45 (39–50) 47 (41–52) <0.001

The in-hospital mortality and short-term mortality data are the presented as count (percentage); the other data presented as the median 
(interquartile range). LOS, length of stay; SOFA, sequential organ failure assessment; SAPSII, simplified acute physiology score III; APSIII, 
acute physiology score III; MAP, mean arterial pressure; GWTG-HF, Get With the Guidelines-Heart Failure risk score; ALBI, albumin-
bilirubin score. Group A, ALBI score <−2.0, Group B, ALBI score ≥−2.0 and ALBI score <−1.25, Group C, ALBI score ≥−1.25.

to both short-term mortality and 4-year mortality, which 
indicates that the data did not meet the proportional-
hazards assumption. Thus, a time-dependent Cox regression 
model was used to evaluate the relationship between the 
ALBI score and short-term and 4-year all-cause mortality 
that included time-dependent covariates. The results 
showed that the ALBI score exhibited good predictive 
value, and was an independent predictive factor for short-
term all-cause mortality (Table 4). The hazard ratio (HR) 
for ALBI Group B was 1.26 (95% CI: 1.04–1.53, P=0.020) 
and for ALBI Group C was 1.43 (95% CI: 1.13–1.83, 
P=0.004) (Group A the reference). The results also showed 
that a higher SAPSII was associated with higher short-term 
mortality (HR =1.04, 95% CI: 1.03–1.04, P<0.001) (Table 5).

A higher ALBI score was also an independent risk 
factor for higher 4-year all-cause mortality. The HR for 
ALBI Group B was 1.34 (95% CI: 1.13–1.59, P<0.001) 
and for ALBI Group C was 1.63 (95% CI: 1.32–2.00, 
P<0.001) (Group A the reference). The results also showed 
that a higher SAPSII was predictive of higher 4-year all-
cause mortality (HR =1.03, 95% CI: 1.03–1.03, P<0.001). 
However, the presence of hypertension was associated with 
a lower 4-year all-cause mortality rate (HR =0.82, 95% CI: 
0.72–0.93, P=0.001; Table 4).

New models and evaluation of predictive value 

The ROC curves showing the performance of the ALBI 
score, the GWTG-HF score, the GWTG-HF-ALBI risk 

score, the SOFA score, the APSIII, and the SAPSII in 
predicting short-term and 4-year all-cause mortality are 
shown in Figure 4, and the area under the ROC curves 
(AUCs) of these methods are shown in Table 5. The results 
showed that the ALBI score and the GWTG-HF score 
exhibited the best predictive value for short-term all-cause 
mortality [ALBI score AUC =0.676 (95% CI: 0.655–0.696, 
P<0.001]; GWTG-HF score AUC =0.643 (95% CI: 
0.622–0.664; P<0.001)]. After adjusting for the ALBI score, 
the new GWTG-HF-ALBI model exhibited the highest 
predictive value (AUC =0.713, 95% CI: 0.0.693–0.732, 
P<0.001). The AUC of the SOFA score for predicting 
short-term mortality was 0.673 (95% CI: 0.653–0.693, 
P<0.001), that of the APSIII was 0.711(95% CI: 0.691–
0.730, P<0.001), and that of the SAPSII was 0.733 (95% CI: 
0.715–0.752, P<0.001). Of these 3 methods, the predictive 
value of the SAPSII was significantly greater than that of the 
SOFA and the APSIII (P<0.001 and P=0.008, respectively). 
The predictive value of the GWTG-HF-ALBI model was 
higher than that of the ALBI score, GWTG-HF score, and 
SOFA core (all; P<0.001), and similar to that of the APSIII 
and the SAPSII (P=0.876 and P=0.059, respectively).

The ALBI score and GWTG-HF-ALBI score exhibited 
good predictive value for 4-year all-cause mortality; 
however, the predictive values of all the score systems used 
to predict 4-year all-cause mortality were generally lower 
than those used to predict short-term all-cause mortality. 
The AUC of the ALBI score for predicting 4-year all-cause 
mortality was 0.596 (95% CI: 0.571–0.622, P<0.001), that 



12734 Luo et al. Using the ALBI score to predict HF mortality

© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2021;10(12):12727-12741 | https://dx.doi.org/10.21037/apm-21-3424

Figure 3 Kaplan-Meier plots of short-term survival (A) (n=3,381), 4-year survival (B) (n=1,986), short-term survival excluding liver crrihosis 
(C) (n=3,218), and 4-year survival, excluding liver crrihosis (D) (n=1,903). Differences between the 4 groups were significant (log-rank test; 
P<0.001). ALBI, albumin-bilirubin score.
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of the GWTG-HF model was 0.638 (95% CI: 0.613–0.663, 
P<0.001), that of the GWTG-HF-ALBI model was 0.650 
(95% CI: 0.626–0.675, P<0.001), that of SOFA score was 
0.592 (95% CI: 0.0.567–0.618, P<0.001), that of the APSII 
was 0.644 (95% CI: 0.620–0.669, P<0.001), and that of 
the SAPSII was 0.681 (95% CI: 0.657–0.705, P<0.001). 
The predictive values of the GWTG-HF-ALBI model 
and the SAPSII for 4-year all-cause mortality were similar 
(P=0.204).

Nomograms for the GWTG-HF + ALBI model and 
single GWTG-HF-ALBI model are shown in Figure 5, 
respectively. Through the nomograms, the predictive value 
for mortality was constructed according to the ALBI and 
GWTG-HF scores. A goodness-of-fit test was performed 
to determine any discrepancy between the observed values 

and those that would be expected of the GWTG-HF-ALBI 
in a normal distribution. The results showed that GWTG-
HF-ALBI exhibited good fitness for predicting short-
term and 4-year all-cause mortality (P=0.392 and P=0.302, 
respectively).

Discussion

In this study we used a large ICU dataset (from MIMICIII) 
to determine the predictive value of the ALBI score in 
critically ill patients with HF. The results showed that the 
ALBI score was predictive of both short-term and 4-year 
all-cause mortality in critical ill patients with HF, but its 
predictive value was higher for short-term mortality than 
4-year mortality. The findings were similar when patients 
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Table 3 Multivariate logistic regression analysis of risk factors for short-term and 4-year all-cause mortality

Parametersa
Short-term mortality 4-year mortality

OR (95% CI) P OR (95% CI) P

ALBI group <0.001 0.138

A Ref. – Ref. –

B 1.42 (1.13–1.77) 0.002 1.17 (0.92–1.48) 0.213

C 2.41 (1.85–3.15) <0.001 1.37 (1.00–1.86) 0.048

Age 1.03 (1.02–1.04) <0.001 1.05 (1.04–1.06) <0.001

Sex

Male Ref. –

Female 0.82 (0.69–0.97) 0.024

Smoking

No Ref. –

Yes 0.51 (0.23–1.11) 0.091

Coronary heart disease

No Ref. – Ref. –

Yes 0.75 (0.63–0.90) 0.002 0.70 (0.56–0.87) 0.001

Hypertension

No Ref. – Ref. –

Yes 0.71 (0.59–0.86) <0.001 0.78 (0.63–0.96) 0.020

Liver cirrhosis

No Ref. –

Yes 1.72 (1.18–2.49) 0.005

CKD

No Ref. –

Yes 0.59 (0.46–0.74) <0.001

Cerebrovascular disease

No Ref. –

Yes 2.20 (1.57–3.09) <0.001

COPD

No Ref. –

Yes 1.74 (1.08–2.81) 0.022

AST 1.00 (1.00–1.00) <0.001

RDW 1.13 (1.09–1.17) <0.001 1.18 (1.13–1.24) <0.001

SAPSIIb 1.05 (1.04–1.05) <0.001 1.03 (1.02–1.04) <0.001
a, only variables with a P value <0.05 in the logistic regression analysis are presented in this table. b, SAPSII includes age, heart rate, 
systolic blood pressure, body temperature, PaO2/FiO2, urine volume, white blood cell count, blood potassium concentration, serum 
sodium concentration, blood HCO−3

 concentration, blood bilirubin concentration, Glasgow Coma Scale score, chronic disease, and the 
type of ICU. To avoid including too many repetitive variables, SOFA score, APSIII, GWTG-HF score, and age were not included in the 
multivariate linear logistic regression analysis. AST, aspartate aminotransferase; CKD, chronic kidney disease; RDW, red cell volume 
distribution width; OR, odds ratio; CI, confidence interval; ICU, intensive care unit. 
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Table 4 Time-dependent Cox proportional hazards-regression analysis of short-term and 4-year mortality

Parameters β (SE) HR (95% CI) P

Short-term mortality

ALBI group

A – Ref. 0.014

B 0.23 (0.10) 1.26 (1.04–1.53) 0.020

C 0.36 (0.12) 1.43 (1.13–1.83) 0.004

SAPSII 0.04 (0.00) 1.04 (1.03–1.04) <0.001

4-year mortality

ALBI group

A – Ref. <0.001

B 0.30 (0.09) 1.34 (1.13–1.59) <0.001

C 0.49 (0.11) 1.63 (1.32–2.00) <0.001

SAPSII 0.03 (0.00) 1.03 (1.03–1.03) <0.001

Hypertension −0.20 (0.07) 0.82 (0.72–0.93) 0.002

T_COV_ −0.19 (0.05) 0.82 (0.74–0.91) <0.001

Omnibus test of model coefficients, P<0.001. ALBI, albumin-bilirubin score; SAPSII, simplified acute physiology score II; HR, hazards 
ratio; SE, standard error; CI, confidence interval.

Table 5 AUCs of different risk scores for short-term and 4-year all-cause mortality

Score system AUC (SE) 95% CI of AUC Pa Pb Pc Suggestive cut-off Sensitivity Specificity Youden index

Short-term mortality

ALBI 0.676 (0.010) 0.655–0.696 <0.001 <0.001 <0.001 −1.745 0.71 0.55 0.26

GWTG-HF-ALBI 0.713 (0.010) 0.693–0.732 <0.001 0.059 – 0.288 0.65 0.69 0.34

GWTG-HF 0.643 (0.011) 0.622–0.664 <0.001 <0.001 <0.001 47.5 0.52 0.70 0.22

SOFA 0.673 (0.010) 0.653–0.693 <0.001 <0.001 <0.001 6.5 0.52 0.73 0.25

APSIII 0.711 (0.010) 0.691–0.730 <0.001 0.008 0.876 51.5 0.68 0.64 0.32

SAPSII 0.733 (0.009) 0.715–0.752 <0.001 – 0.059 42.5 0.70 0.65 0.35

4-year mortality

ALBI 0.596 (0.013) 0.571–0.622 <0.001 <0.001 <0.001 −1.812 0.68 0.48 0.15

GWTG-HF-ALBI 0.650 (0.013) 0.626–0.675 <0.001 0.204 – 0.288 0.53 0.69 0.23

GWTG-HF 0.638 (0.013) 0.613–0.663 <0.001 0.004 0.002 45.5 0.55 0.66 0.22

SOFA 0.592 (0.013) 0.567–0.618 <0.001 <0.001 <0.001 4.5 0.63 0.50 0.13

APSIII 0.644 (0.013) 0.620–0.669 <0.001 0.001 0.219 48.5 0.61 0.61 0.23

SAPSII 0.681 (0.012) 0.657–0.705 <0.001 – 0.204 39.5 0.68 0.60 0.29

Pa: AUC progressive significance of each score system; Pb: comparison of the AUC of the SAPSII with that of other scoring systems (chi-
square test); Pc: comparison of the AUC of the GWTG-HF-ALBI score with that of other scoring systems (chi-square test). ALBI, albumin-
bilirubin score; AUC, area under the receiver operating characteristic curve; GWTG-HF-ALBI, logistic regression predictive model with 
adjusted covariates combining GWTG-HF and ALBI; GWTG-HF, Get With the Guidelines-Heart Failure risk score; SOFA, sequential organ 
failure assessment; APSIII, acute physiology score III; SAPSII, simplified acute physiology score II.
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Figure 4 Performance in predicting short-term (A) and 4-year (B) mortality using the ALBI score, GWTG-HF score, GWTG-HF-
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with liver cirrhosis were excluded. Further, a high ALBI 
score was an independent risk factor for both short-term 
and 4-year all-cause mortality. We also found that the 
predictive value of the GWTG-HF score for short-term 
mortality was not as high as previously reported (10,11). 
When we developed a new model that included both the 
ALBI and GWTG-HF (GWTG-HF-ALBI) scores, we 
found that its predictive value for short-term all-cause 
mortality was higher than that of the GWTG-HF model 
alone, the ALBI score alone, and the SOFA score alone, and 
was equally as good as the APSIII and SAPS II at predicting 
short-term all-cause mortality. The predictive value of the 
GWTG-HF-ALBI model for 4-year all-cause mortality 
was lower than for short-term all-cause mortality, but 
comparable to that of other scoring systems.

Hepatomegaly, elevated bilirubin and hypoalbuminemia 
usually accompany advanced HF because of passive 
conges t ion  (23 ,24 ) ,  and  e l eva ted  b i l i rub in  and 
hypoalbuminemia are associated with increased risk of death 
in HF patients (25-27). The ALBI score, which includes 
serum bilirubin and albumin levels, was developed as a 
new model to assess liver function and predict the survival 
of patients with liver disease. Since it was first reported 
in 2015, the ALBI score has been widely used in clinical 
practice (16). Research has shown that the ALBI score can 
reliably predict the prognosis and overall survival of patients 
with liver disease (28). Other research has shown that a high 
ALBI score is related to elevated serum creatinine levels 
in patients with HCC after arterial chemoembolization 
and arterial implantation chemotherapy (18). It has also 

been shown to be associated with in-hospital mortality in 
critically ill patients with acute pancreatitis (29). However, 
few studies have examined the predictive value of the ALBI 
score in critically ill patients with HF.

Recently, Matsue et al. (20) conducted a prospective, 
multi-center registry study on the prognostic value of the 
ALBI score in relation to acute HF presentation in the 
emergency department. The results showed that the ALBI 
score is a promising marker for predicting the prognosis of 
such patients, as it includes information on fluid overload. 

Our results showed that a high ALBI score was associated 
with higher short-term and 4-year all-cause mortality 
in critically ill patients with HF. We also found that the 
predictive value of the ALBI score in relation to short-term 
and 4-year all-cause mortality in critically ill patients with 
HF was better than that of the GWTG-HF score, which is 
the method commonly used to predict in-hospital mortality 
in patients with HF (10).

The GWTG-HF risk-score model uses race (black vs. 
non-black), age, heart rate, COPD, blood pressure, BUN 
level, and serum sodium level. It was developed using 
GWTG-HF program data from the American Heart 
Association to predict the in-hospital mortality of patients 
with acute HF (10). Compared to other HF scoring 
systems (5,7-9), the items in the GWTG-HF are easy to 
administer; however, its predictive value has been shown 
to vary with the study population. Based on data from 
the American Heart Association, the GWTG-HF risk-
score AUC was reported to be 0.75 for the mortality of in-
hospital patients with HF (10). In unselected cardiac ICU 
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patients, the GWTG-HF risk-score AUC for the hospital 
mortality of all HF patients was 0.73, the GWTG-HF risk-
score AUC for patients with a discharge diagnosis of HF 
was 0.69, and the GWTG-HF risk-score AUC for patients 
with a no discharge diagnosis of HF was 0.75; values which 
were similar to those of the EFFECT, OPTIMIZE-HF, 
and ADHERE risk scores (11). Another study reported 
the AUC of the GWTG-HF risk score for all-cause death 
in patients with HF after discharge was 0.687 (30). In our 
study, we found that the AUC of the GWTG-HF risk 

score for short-term mortality was 0.643 and for 4-year all-
cause mortality was 0.638 in critically ill patients with HF; 
however, it should be noted that these values are lower than 
those previously reported. The lower prediction values of 
our study may be due to the more complicated medical 
conditions and complications of ICU patients.

Based on the high predictive value of the ALBI score, 
we developed a new model that combined the ALBI score 
and the GWTG-HF (GWTG-HF-ALBI) score to predict 
short-term and 4-year all-cause mortality in critically ill 
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patients with HF. After adjusting for covariates, the AUC of 
the GWTG-HF-ALBI risk score was 0.713 for short-term 
all-cause mortality and 0.650 for 4-year all-cause mortality; 
values which were higher than those of the GWTG-HF, 
ALBI, and SOFA scores alone, and similar to those of the 
APSIII and SAPSII scores.

Our study also showed that the SOFA score, the APSIII, 
and the SAPSII were relatively accurate at predicting 
short-term all-cause mortality in our patient population 
(AUCs =0.673, 0.711, and 0.733, respectively), but were 
less accurate at predicting 4-year all-cause mortality (AUCs 
=0.592, 0.644, and 0.681, respectively). Thus, the SAPSII 
had the highest predictive value for both short-term and 
4-year all-cause mortality and was similar to that of the 
new GWTG-HF-ALBI risk score. However, the SAPSII 
contains 15 items (12), 1 of which is the GCS (15) which is 
subjective and time-consuming to administer. Conversely, 
the GWTG-HF-ALBI risk-score model contains only 9 
items, all of which are easy to obtain and not subjective. 
Thus, the GWTG-HF-ALBI risk score is much simpler to 
derive and may be more suitable than SAPSII at predicting 
short-term and 4-year all-cause mortality in critically ill 
patients with HF.

This study had several limitations. First, it was a 
retrospective cohort study; thus, the results need to be 
verified in future prospective studies. Second, because of 
the nature of the database and follow-up systems, it was 
not possible to distinguish between chronic and acute HF 
patients; thus, we studied “HF” as a whole. In addition, 
due to database limitations, we could only extract all-cause 
mortality data. Based on the results of this study, we plan 
to conduct a prospective cohort study to examine the use of 
the ALBI score and GWTG-HF-ALBI risk score in chronic 
and acute HF patients, and specifically examine short- and 
long-term cardiovascular death rates.

Conclusions

An elevated ALBI score is a readily available independent 
predictor of short-term and 4-year all-cause mortality 
in critically ill patients with HF. The newly developed 
model that combines the ALBI score and GWTG-HF 
score (i.e., the GWTG-HF-ALBI risk-score model) has 
good predictive value for short-term and 4-year all-cause 
mortality for critically ill patients with HF. Notably, the 
GWTG-HF-ALBI risk score is based on data that are easy 
to obtain and not subjective, making it more convenient 
than other risk-scoring systems. Future prospective studies 

should be conducted on the GWTG-HF-ALBI risk score.
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