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Abstract: We aimed to compare the prognostic impact among albumin-bilirubin (ALBI) grade, the
Child-Pugh classification and our proposed combined ALBI grade and skeletal muscle mass (SMM)
grading system in patients with liver cirrhosis (LC) (n = 468, 254 males and 214 females) using the
Akaike information criterion (AIC) and time-dependent receiver operating characteristics (ROC)
curve analysis. SMM was tested using bioimpedance analysis. Male subjects with skeletal muscle
mass index (SMI) <7.0 cm2/m2 and female subjects with SMI <5.7 cm2/m2 were defined as having low
SMM. Patients with ALBI grade 1, 2 and 3 were given 1, 2 and 3 points. Patients with and without low
SMM were given 1 and 0 point, respectively. The sum of the point of ALBI (1, 2, or 3) and SMM (0 or 1)
was defined as the ALBI-SMM grade. The value obtained with the AIC for survival by the ALBI-SMM
grade was the lowest among three assessment methods (AIC: 513.418 in ALBI grade, 533.584 in
Child-Pugh classification and 493.72 in ALBI-SMM grade). In time-dependent ROC analysis, all area
under the ROCs of the ALBI-SMM grade in each time point were the highest among three assessment
methods. In conclusion, the ALBI-SMM grading system can be helpful for LC patients.

Keywords: albumin-bilirubin grade; Child-Pugh classification; skeletal muscle mass; liver
cirrhosis; predictability

1. Introduction

Liver cirrhosis (LC) is an end-stage status in persistent liver damage and it is often complicated
by several clinical manifestations such as ascites, hepatic encephalopathy, varices due to portal
hypertension or hepatocellular carcinoma (HCC), all of which can cause unfavorable clinical
outcomes [1,2]. From the nutritional point of view, LC imitates starvation with an inadequate use of
bodily fat and protein preservation for gluconeogenesis [2,3].

The Child-Pugh classification is commonly used worldwide for the assessment of liver functional
reserve in LC patients [4]. However, the major drawback of the Child-Pugh classification is that
it involves several subjective factors (ascites and hepatic encephalopathy) and interrelated factors
(ascites and serum albumin) [4]. Ascites can be easily affected by diuretic use or a dehydration state.
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To overcome these limitations, a simple assessment method for liver functional reserve, called the
albumin-bilirubin (ALBI) grade, which is calculated by only serum albumin level and total bilirubin
level, has been recently proposed [5]. The predictability of ALBI grade has been verified in LC patients
with or without HCC, regardless of liver disease etiologies [6–12]. More recently, a combined ALBI
grade and other parameter grading systems has been proposed for the better prognostic ability over
the ALBI grade [13–16].

Sarcopenia, characterized by low skeletal muscle mass (SMM) and muscle strength or physical
inactivity, is currently accepted worldwide as a novel geriatric syndrome [17–19]. Recent studies have
acknowledged the close relations between sarcopenia and adverse clinical outcomes in inflammatory
diseases, malignancies, renal diseases and liver diseases [17–29]. Compelling evidence has shown
that low SMM is a major coincidence in LC patients because of protein metabolic disorder and energy
metabolic disorder (i.e., double metabolic burdens) regardless of age [17,18,23,25,30,31]. Low SMM may
also have relevant implications in favoring hyperammonemia caused by advanced LC status [30–32].

Several imaging modalities including computed tomography (CT) at the L3 level, bioimpedance
analysis (BIA, body composition analyzer) and dual X-ray absorptiometry can assess SMM [33,34]. BIA
has particularly gained popularity because BIA is suitable for testing SMM in daily clinical practice in
terms of its convenience for use, non-invasiveness, favorable cost performance, no radiation exposure
and diagnostic accuracy [18,19,23,34]. However, there have been no reports examining the impact of
combined ALBI grade and SMM as assessed by BIA on clinical outcomes in LC patients. In this study,
we sought to compare the impact on survival among ALBI grade, the Child-Pugh classification and
our proposed combined ALBI grade and SMM grading system in LC patients.

2. Patients and Methods

2.1. Patients

Six hundred and thirty-one LC individuals in whom BIA data were available were admitted at
our institution between October 2005 and July 2018. We have routinely performed BIA testing in LC
patients in whom we obtained consent for a nutritional evaluation. In this analysis, SMM was assessed
by means of BIA data. Subjects with massive ascites (n = 27) as identified by ultrasonography or
CT were excluded from this analysis because the body composition analyzer had the possibility of
overestimating SMM in LC patients with a severe edematous state [30,31]. Twenty-nine patients lost
prior to follow-up within 1 year after BIA were excluded from this analysis. Out of the remaining
575 subjects, 107 in whom HCC was confirmed on radiological findings at baseline or those with
previous treatment history for HCC were excluded. A total of 468 subjects were therefore included in
our study cohort.

During the follow-up period after BIA, hematological and radiological tests with the aim of
identifying cancer incidence or LC-related complications were periodically performed (at 3 to 6 months
interval). LC was determined considering pathological data, radiologic findings and/or laboratory
data [35–37]. When the serum albumin level showed less than 3.5 g/dL, nutritional supplementation
therapies were considered [38,39]. In cases with hepatitis virus-related liver diseases, antiviral
treatments such as nucleoside analogues or direct acting antivirals (DAAs) or interferon (IFN)-based
treatment regimens were also considered [38]. In principal, diagnosis for HCC and strategies for HCC
therapy were determined according to the current guidelines [40,41].

2.2. ALBI Score and ALBI Grade

The ALBI score in each subject was calculated by the following formula as reported previously [5]:
ALBI score = (log 10 total bilirubin [µmol/L] × 0.66) + (serum albumin [g/L] × −0.085), while ALBI
grade was classified into the following three grades: ALBI score ≤ −2.60 = grade 1, −2.60 < ALBI score
≤ −1.39 = grade 2 and ALBI score > −1.39 = grade 3 [5]. Patients with ALBI grade 1, 2 and 3 were
given 1, 2 and 3 points, respectively (Table 1).
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Table 1. Our proposed combined ALBI grade and skeletal muscle mass grading system.

Points

ALBI grade 1 2 3
Skeletal muscle mass (SMM) 0 1

ALBI-SMM grade 1 2 3 4

2.3. Skeletal Muscle Mass and ALBI-SMM Grade

The skeletal muscle mass index (SMI) was calculated according to previous reports [19,23]. Briefly,
the definition of SMI was “Sum of SMM in upper and lower extremities/(stature (m))2” [19,23]. Based
on the recommendations of Japanese Society of Hepatology, male subjects with SMI <7.0 cm2/m2 and
female subjects with SMI <5.7 cm2/m2 were defined as having low SMM [19,23]. Patients with low
SMM were given 1 point and those without low SMM were given 0 point (Table 1). The sum of the
point of ALBI (1, 2, or 3) and SMM (0 or 1) was defined as the ALBI-SMM grade. The ALBI-SMM grade
therefore ranged from 1 to 4 (Table 1). We compared the predictive ability for survival among the ALBI
grade, the Child-Pugh classification and the ALBI-SMM grade. This study protocol was acknowledged
by the institutional review board in the Hyogo College of Medicine (approval no 2082) and all clinical
investigations were done in compliance with the Declaration of Helsinki.

2.4. Statistical Analyses

Survival curves in the ALBI grade, the Child-Pugh classification and the ALBI-SMM grade
were made using the Kaplan-Meier method and compared in the log-rank test. Akaike information
criterion (AIC) with each assessment method was tested for comparison of survival. The fitness of
the models was compared based on the AIC and the lowest value of AIC provided the best fit to the
data. Furthermore, we analyzed time-dependent receiver operating characteristics (ROC) curves of
ALBI grade, the Child-Pugh classification and ALBI-SMM grade for survival and compared area under
the ROCs (AUCs) for these three assessment methods in each time point (1-, 2-, 3-, 4-, 5-, 6-, 7-, 8-, 9-
and 10-year) [42–44]. Data were shown as median value (interquartile range (IQR)). The significance
threshold in this analysis was p < 0.05 using the statistical analysis software (JMP 13 (SAS Institute Inc.,
Cary, NC, USA)).

3. Results

3.1. Baseline Characteristics

Demographic and clinical characteristics of the analyzed subjects (n = 468) were demonstrated
in Table 2. The study cohort included 254 males and 214 females with the median age (IQR) of 66
(60–73) years. The median follow-up duration was 4.0 years (IQR, 2.84–7.17 years). The median
(IQR) values in SMI for male and female were 7.40 (6.88–8.16) cm2/m2 and 6.0 (5.55–6.41) cm2/m2,
respectively. The proportions of patients with low SMM in male and female were 35.0% (89/254) and
33.6% (72/214), respectively. Regarding Child-Pugh classification and liver disease etiologies, subjects
were predominantly Child-Pugh A (341/468, 72.9%) and hepatitis C virus (HCV, 266/468, 56.8%). Small
ascites was identified on radiologic findings in 59 patients (12.6%). There were 150 patients (32.1%)
with ALBI grade 1, 286 patients (61.1%) with ALBI grade 2 and 32 patients (6.8%) with ALBI grade 3.
While there were 104 patients (22.2%) with ALBI-SMM grade 1, 230 patients (49.1%) with ALBI-SMM
grade 2, 121 patients (25.9%) with ALBI-SMM grade 3 and 13 patients (2.8%) with ALBI-SMM grade 4.
In patients with ALBI grade 1, 2 and 3, 46 patients (30.7%), 102 patients (35.7%) and 13 patients (40.6%)
had low SMM, respectively. The median age in patients with ALBI grade 1, 2 and 3 were 65, 67 and
67.5 years, respectively. The median age in patients with ALBI-SMM grade 1, 2, 3 and 4 were 64.5, 65,
70 and 76 years, respectively.
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Table 2. Baseline data (n = 468).

Variables Number or Median (Interquartile Range)

Age (years) 66 (60, 73)
Gender, male/female 254/214

Body mass index (kg/m2) 23.1 (20.5, 25.8)
Skeletal muscle mass index (cm2/m2), male 7.4 (6.9, 8.16)

Skeletal muscle mass index (cm2/m2), female 6.0 (5.55, 6.41)
Causes of liver disease 48/266/154

Hepatitis B/Hepatitis C/others
Child-Pugh classification, A/B/C 341/112/15

ALBI grade, 1/2/3 150/286/32
Total bilirubin (mg/dL) 1.0 (0.7, 1.4)
Serum albumin (g/dL) 3.7 (3.2, 4.1)

Prothrombin time (PT, %) 77.3 (66.65, 86.95)
PT-international normalized ratio (INR) 1.16 (1.08, 1.26)

Platelets (×104/mm3) 9.9 (7.1, 14.2)
Serum creatinine (mg/dL) 0.67 (0.57, 0.79)
Serum sodium (mmol/L) 140 (138, 141)
Total cholesterol (mg/dL) 152 (130, 177)

Triglyceride (mg/dL) 83 (62, 111)
AST (IU/L) 38 (27, 58)
ALT (IU/L) 30 (20, 49)

Fasting blood glucose (mg/dL) 102 (93, 119)
Branched-chain amino acid to tyrosine ratio 4.17 (3.265–5.445)

Ascites, yes/no 59/409

ALBI; albumin-bilirubin, AST; aspartate aminotransferase, ALT; alanine aminotransferase.

3.2. Cumulative Overall Survival Rates According to the Presence of Low SMM

Overall survival (OS) was our primary endpoint. The 3-, 5-, 7- and 10-year cumulative OS rates
were 79.5%, 60.3%, 49.5% and 31.8%, respectively, in patients with low SMM and 89.4%, 80.6%, 76.5%
and 59.7%, respectively, in patients without low SMM (p < 0.0001) (Figure 1). In patients with ALBI
grade 1 and grade 3, the difference of OS between the low SMM group and the non-low SMM group
did not reach significance (p = 0.1537 and 0.8059) (Figure 2A,C). While in patients with ALBI grade 2,
the low SMM group patients had significantly lower OS rate than the non-low SMM group (p < 0.0001)
(Figure 2B). In patients with ALBI-SMM grade 2 and 3, the difference in the two groups did not reach
significance (Figure 2D,E).J. Clin. Med 2018, 7, x FOR PEER REVIEW  5 of 13 

 

 
Figure 1. Kaplan-Meier curves in patients with low SMM (n = 161) and without low SMM (n = 307). 
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3.3. Causes of Death in the Low SMM Group and the Non-Low SMM Group  

In the low SMM group, during the observation period, 72 patients (44.7%) died. The causes of 
death were 51 patients for hepatic failure, 12 for advanced HCC status and 9 for other causes. In the 
non-low SMM group, during the observation period, 69 patients (22.5%) died. The causes of death 
were 45 patients for hepatic failure, 14 for advanced HCC status and 10 for other causes. 

3.4. Comparison of Prognostic Accuracy among Three Assessment Methods for All Cases 

Patient survival was well stratified by the ALBI grade (P < 0.0001), the Child-Pugh classification 
(P < 0.0001) and the ALBI-SMM grade (P < 0.0001) for all cases (Figure 3). We compared predictive 
accuracy among three assessment methods (i.e., ALBI grade, the Child-Pugh classification and ALBI-

Figure 1. Kaplan-Meier curves in patients with low SMM (n = 161) and without low SMM (n = 307).
The 3-, 5-, 7- and 10-year cumulative overall survival rates were: 79.5%, 60.3%, 49.5% and 31.8% in the
low SMM group, and 89.4%, 80.6%, 76.5% and 59.7% in the non-low SMM group (p < 0.0001).
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Figure 2. Kaplan-Meier curves in patients ALBI grade 1, 2 and 3 stratified by SMM (A–C) and
Kaplan-Meier curves in patients ALBI-SMM grade 2 and 3 stratified by SMM (D,E).

3.3. Causes of Death in the Low SMM Group and the Non-Low SMM Group

In the low SMM group, during the observation period, 72 patients (44.7%) died. The causes of
death were 51 patients for hepatic failure, 12 for advanced HCC status and 9 for other causes. In the
non-low SMM group, during the observation period, 69 patients (22.5%) died. The causes of death
were 45 patients for hepatic failure, 14 for advanced HCC status and 10 for other causes.

3.4. Comparison of Prognostic Accuracy among Three Assessment Methods for All Cases

Patient survival was well stratified by the ALBI grade (p < 0.0001), the Child-Pugh classification
(p < 0.0001) and the ALBI-SMM grade (p < 0.0001) for all cases (Figure 3). We compared predictive
accuracy among three assessment methods (i.e., ALBI grade, the Child-Pugh classification and
ALBI-SMM grade) for all cases. The AIC value for survival by ALBI-SMM grade was the lowest among
three assessment methods (AIC: 513.418 in the ALBI grade, 533.584 in Child-Pugh classification and
493.72 in the ALBI-SMM grade) (Figure 3).
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the ALBI-SMM grade (C).

3.5. Comparison of Prognostic Accuracy among Three Assessment Methods Stratified by Gender

We also performed subgroup analyses according to gender. In male patients (n = 254), the AIC
value for survival by the ALBI-SMM grade (AIC = 271.785) was lower than that of the Child-Pugh
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classification (AIC = 300.519) and the ALBI grade (AIC = 289.79) (upper part of Figure 4). Similarly, in
female patients (n = 214), the AIC value for survival by the ALBI-SMM grade (AIC = 225.741) was
lower than that of the Child-Pugh classification (AIC = 236.211) and the ALBI grade (AIC = 226.808)
(lower part of Figure 4).
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Figure 4. Kaplan-Meier curves in male patients (n = 254) according to the ALBI grade (A), the
Child-Pugh classification (B) and the ALBI-SMM grade (C), and Kaplan-Meier curves in female patients
(n = 214) according to ALBI grade (D), the Child-Pugh classification (E) and ALBI-SMM grade (F).

3.6. Comparison of Prognostic Accuracy among Three Assessment Methods in Patients with or without Ascites

In patients with ascites (n = 59), the AIC value for survival by the ALBI-SMM grade (AIC = 70.9984)
was lower than that of the Child-Pugh classification (AIC = 82.229) and the ALBI grade (AIC = 80.6438)
(upper part of Figure 5). Likewise, in patients without ascites, the AIC value for survival by the
ALBI-SMM grade (AIC = 418.759) was lower than that of the Child-Pugh classification (AIC = 452.844)
and the ALBI grade (AIC = 430.389) (lower part of Figure 5).
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Child-Pugh classification (B) and the ALBI-SMM grade (C), and Kaplan-Meier curves in patients
without ascites (n = 409) according to the ALBI grade (D), the Child-Pugh classification (E) and the
ALBI-SMM grade (F).
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3.7. Comparison of Prognostic Accuracy among Three Assessment Methods Stratified by Liver
Disease Etiologies

In patients with HCV (n = 266), the AIC value for survival by ALBI-SMM grade (AIC = 273.993)
was lower than that of the Child-Pugh classification (AIC = 284.187) and ALBI grade (AIC = 275.954)
(upper part of Figure 6). Likewise, in patients with hepatitis B virus (HBV, n = 48), the AIC value for
survival indicated by the ALBI-SMM grade (AIC = 47.7109) was lower than that of the Child-Pugh
classification (AIC = 53.9222) and ALBI grade (AIC = 54.1903) (middle part of Figure 6). In patients
with other liver disease etiologies (n = 154), the AIC value for survival indicated by the ALBI-SMM
grade (AIC = 177.8) was lower than that of the Child-Pugh classification (AIC = 197.783) and the ALBI
grade (AIC = 189.66) (lower part of Figure 6).J. Clin. Med 2018, 7, x FOR PEER REVIEW  8 of 13 
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Child-Pugh classification (B) and ALBI-SMM grade (C), and Kaplan-Meier curves in patients with HBV
(n = 48) according to the ALBI grade (D), the Child-Pugh classification (E) and the ALBI-SMM grade
(F), and Kaplan-Meier curves in patients with other liver disease etiologies (n = 154) according to ALBI
grade (G), the Child-Pugh classification (H) and ALBI-SMM grade (I).

In patients with HCV, 155 patients (58.3%) achieved a sustained virological response (SVR)
during the follow-up period: 44 patients received IFN-based therapies and 111 patients received
DAA-based therapies.

3.8. Comparison of Prognostic Accuracy among Three Assessment Methods According to Age

In patients aged 65 years or more (elderly persons, n = 273), the AIC value for survival by
ALBI-SMM grade (AIC = 287.206) was lower than that of the Child-Pugh classification (AIC = 326.9)
and ALBI grade (AIC = 309.907) (upper part of Figure 7). While in patients aged less than 65 years
(n = 195), the AIC value for survival indicated by the ALBI grade (AIC = 205.904) was lower than that
of the Child-Pugh classification (AIC = 208.653) and the ALBI-SMM grade (AIC = 209.155) (lower part
of Figure 7).
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Figure 7. Kaplan-Meier curves in patients aged 65 years or more (n = 273) according to the ALBI
grade (A), the Child-Pugh classification (B) and the ALBI-SMM grade (C), and Kaplan-Meier curves in
patients aged less than 65 years (n = 195) according to the ALBI grade (D), the Child-Pugh classification
(E) and the ALBI-SMM grade (F).

3.9. Comparison of Prognostic Accuracy among Three Assessment Methods Using Time-Dependent
ROC Analysis

Results for time-dependent ROC analyses at 1-, 2-, 3-, 4-, 5-, 6-, 7-, 8-, 9- and 10 year of the ALBI
grade, the Child-Pugh classification and the ALBI-SMM grade for all cases were shown in Table 3
and Figure 8. All AUCs of the ALBI-SMM grade in each time point were higher than those of the
Child-Pugh classification and the ALBI grade, indicating that the ALBI-SMM grade had superior
predictive ability for survival over the Child-Pugh classification and the ALBI grade.

Table 3. Area under the receiver operating characteristic curve (AUC) for each time point in the ALBI
grade, the Child-Pugh classification and the ALBI-SMM grade.

1-Year AUC 2-Year AUC 3-Year AUC 4-Year AUC 5-Year AUC

ALBI grade 0.76386 0.73252 0.71098 0.67643 0.64719
Child-Pugh

classification 0.73065 0.70642 0.69663 0.66004 0.63568

ALBI-SMM grade 0.76641 0.74486 0.72440 0.70407 0.68639

6-Year AUC 7-Year AUC 8-Year AUC 9-Year AUC 10-Year AUC

ALBI grade 0.64814 0.65992 0.66159 0.62852 0.66108
Child-Pugh

classification 0.63889 0.62503 0.64606 0.64540 0.64710

ALBI-SMM grade 0.70133 0.71813 0.72086 0.71265 0.71749



J. Clin. Med. 2019, 8, 782 9 of 13

J. Clin. Med 2018, 7, x FOR PEER REVIEW  9 of 13 

 

3.9. Comparison of prognostic accuracy among three assessment methods using time-dependent 
ROC analysis 

Results for time-dependent ROC analyses at 1-, 2-, 3-, 4-, 5-, 6-, 7-, 8-, 9- and 10 year of the ALBI 
grade, the Child-Pugh classification and the ALBI-SMM grade for all cases were shown in Table 3 
and Figure 8. All AUCs of the ALBI-SMM grade in each time point were higher than those of the 
Child-Pugh classification and the ALBI grade, indicating that the ALBI-SMM grade had superior 
predictive ability for survival over the Child-Pugh classification and the ALBI grade. 

Table 3. Area under the receiver operating characteristic curve (AUC) for each time point in the ALBI 
grade, the Child-Pugh classification and the ALBI-SMM grade. 

 1-year AUC 2-year AUC 3-year AUC 4-year AUC 5-year AUC 
ALBI grade 0.76386  0.73252  0.71098  0.67643  0.64719  

Child-Pugh classification 0.73065 0.70642 0.69663 0.66004 0.63568 
ALBI-SMM grade 0.76641  0.74486  0.72440  0.70407  0.68639  

 6-year AUC 7-year AUC 8-year AUC 9-year AUC 10-year AUC 
ALBI grade 0.64814  0.65992  0.66159  0.62852  0.66108  

Child-Pugh classification 0.63889 0.62503 0.64606 0.64540 0.64710 
ALBI-SMM grade 0.70133  0.71813  0.72086  0.71265  0.71749  

 

Figure 8. Area under the receiver operating characteristic curves (AUCs) in time-dependent ROC 
analysis in the ALBI grade, the Child-Pugh classification and the ALBI-SMM grade in each time point. 

4. Discussion 

Traditionally, the Child-Pugh scoring system has been used to evaluate the liver functional 
reserve. However, assessment of the severity of ascites and hepatic encephalopathy may be subjective 
and difficult to be consistently scored by different evaluators. Since the introduction of the ALBI 
grade, which is a simple objective assessment method, numerous studies have confirmed the better 
accuracy of the ALBI grade over the Child-Pugh classification in predicting liver functional reserve 
as well as in predicting clinical outcomes [6–12]. On the other hand, low SMM is currently accepted 
as an adverse predictor in LC patients [17–29]. As described above, predictive models combining the 
ALBI grade and other parameters such as PALBI (combined ALBI and platelet count) or ALBI-T 
(combined ALBI and tumor status) have been put forward [13–16]. The ALBI grade does not 
incorporate SMM and we hypothesized that combination of these have potential to exert more 
accurate predictability for LC patients. In this study, we demonstrated the superior predictive 
accuracy of our proposed ALBI-SMM grading system over the Child-Pugh classification and the 
ALBI grade not only by comparing AICs in three assessment methods but also using ROC analysis 

Figure 8. Area under the receiver operating characteristic curves (AUCs) in time-dependent ROC
analysis in the ALBI grade, the Child-Pugh classification and the ALBI-SMM grade in each time point.

4. Discussion

Traditionally, the Child-Pugh scoring system has been used to evaluate the liver functional reserve.
However, assessment of the severity of ascites and hepatic encephalopathy may be subjective and
difficult to be consistently scored by different evaluators. Since the introduction of the ALBI grade,
which is a simple objective assessment method, numerous studies have confirmed the better accuracy
of the ALBI grade over the Child-Pugh classification in predicting liver functional reserve as well as in
predicting clinical outcomes [6–12]. On the other hand, low SMM is currently accepted as an adverse
predictor in LC patients [17–29]. As described above, predictive models combining the ALBI grade
and other parameters such as PALBI (combined ALBI and platelet count) or ALBI-T (combined ALBI
and tumor status) have been put forward [13–16]. The ALBI grade does not incorporate SMM and we
hypothesized that combination of these have potential to exert more accurate predictability for LC
patients. In this study, we demonstrated the superior predictive accuracy of our proposed ALBI-SMM
grading system over the Child-Pugh classification and the ALBI grade not only by comparing AICs in
three assessment methods but also using ROC analysis with a consideration of time dependence. The
major strength of this study is its large sample size (n = 468).

Time-dependent ROC analysis appears to be useful for estimating the predictability of markers [44].
Tada, et al. demonstrated that HBV core-related antigen was an excellent predictor of HCC development
for chronic hepatitis B patients without nucleoside analogue therapy using time-dependent ROC
analysis [43]. In the conventional ROC curve analysis, the patient’s clinical outcome (i.e., alive or
dead) is defined once a marker value is tested and it is assumed to be fixed during the entire study
period. Most studies for survival analysis involve a long-time observation period and the status of an
individual (alive or dead) is updated at every time points in time-dependent ROC curve analysis [44].
An AUC can be calculated at each time point and the marker’s predictability can be compared. In our
analysis, AUCs in all time points of the ALBI-SMM grade was consistently higher than those of the
ALBI grade or the Child-Pugh classification, suggesting the excellent predictability of our proposed
grading system.

With regard to the comparison of predictability between the ALBI grade and the Child-Pugh
classification, all AICs in the ALBI grade were lower than those in the Child-Pugh classification except
for patients with HBV, while time dependent ROC analysis showed the almost consistent higher AUCs
of the ALBI grade compared with those of the Child-Pugh classification. Our current results were in
agreement with previous reports [5–12].

Recently, the advent of oral DAA agents has dramatically improved SVR rates for HCV therapy,
providing SVR rates over 95% with shorter treatment duration of HCV therapy and a favorable safety
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profile [45,46]. In this study, 155 LC patients (58.3%) achieved SVR during the follow-up period.
Increased serum albumin level and SMM can be observed in HCV patients with SVR [47]. Nevertheless,
the ALBI-SMM grade had the lowest AIC among three assessment methods in our HCV patients,
suggesting the robustness of our proposed grading system.

One weak point of our grading system is that its impact was diminished in patients aged less than
65 years as shown in Figure 7D–F. These results may be attributed to the difference of incidence of
low SMM in patients 65 years or more (43.2%, 118/273) and less than 65 years (22.1%, 43/195). The
incidence of low SMM can increase with aging [23]. Our proposed grading system may not be useful
in younger LC subjects.

Several limitations are inherent in the present analysis. First, this is a retrospective and single
center observational study and the usefulness of our proposed ALBI-SMM grading system should be
confirmed in other independent cohorts. Secondly, due to the limitation for evaluating SMM in BIA,
subjects with severe ascites who are highly suspected to be involved in low SMM were excluded from
our study cohort. Consequently, the number of our Child-Pugh C patients was pretty small compared
with that of Child-Pugh A or B patients, leading to bias. Thirdly, our study subjects were limited to LC
patients without HCC; whether our proposed grading system could be extrapolated to HCC patients
or non-LC patients requires additional research. However, our study results denoted that ALBI-SMM
will be a helpful grading system, at least in elderly LC patients.

In conclusion, we identified the ALBI-SMM grade as the strongest with ability to separate LC
patients into different prognostic groups. Our proposed ALBI-SMM grading system appears to be
helpful for estimating prognosis in LC patients.

Author Contributions: Data curation, H.N., H.E., K.Y., Y.I., Y.S., K.K., N.I. (Naoto Ikeda), T.T., N.A., R.T., K.H., N.I.
(Noriko Ishii), Y.Y., T.N., H.I. and S.N.; Formal analysis, H.N.; Funding acquisition, H.E. and S.N.; Investigation,
H.E.; Supervision, S.N.; Writing—original draft, H.N.; Writing—review & editing, H.N., H.E. and S.N.

Acknowledgments: The authors would like to thank all medical staff in our hospital for their support. This work
was partly granted by Hyogo Innovative Challenge, Hyogo college of medicine, Japan.

Conflicts of Interest: Nothing to declare.

Abbreviations

LC; liver cirrhosis, HCC; hepatocellular carcinoma, ALBI; albumin-bilirubin, SMM; skeletal muscle mass, CT;
computed tomography, BIA; bioimpedance analysis, DAA; direct acting antiviral, IFN; interferon, SMI; skeletal
muscle mass index, AIC; Akaike information criterion, ROC; receiver operating characteristics, AUC; area under
the ROC, IQR; interquartile range, HCV; hepatitis C virus, HBV; hepatitis B virus, OS; overall survival, SVR;
sustained virological response

References

1. Tsochatzis, E.A.; Bosch, J.; Burroughs, A.K. Liver cirrhosis. Lancet 2014, 383, 1749–1761. [CrossRef]
2. Thandassery, R.B.; Montano-Loza, A.J. Role of Nutrition and Muscle in Cirrhosis. Curr. Treat Opt. Gastroenterol.

2016, 14, 257–273. [CrossRef] [PubMed]
3. Gunsar, F.; Raimondo, M.L.; Jones, S.; Terreni, N.; Wong, C.; Patch, D.; Sabin, C.; Burroughs, A.K. Nutritional

status and prognosis in cirrhotic patients. Aliment. Pharmacol. Ther. 2006, 24, 563–572. [CrossRef] [PubMed]
4. Pugh, R.N.; Murray-Lyon, I.M.; Dawson, J.L.; Pietroni, M.C.; Williams, R. Transection of the oesophagus for

bleeding oesophageal varices. Br. J. Surg. 1973, 60, 646–649. [CrossRef]
5. Johnson, P.J.; Berhane, S.; Kagebayashi, C.; Satomura, S.; Teng, M.; Reeves, H.L.; O’Beirne, J.; Fox, R.;

Skowronska, A.; Palmer, D.; et al. Assessment of liver function in patients with hepatocellular carcinoma: A
new evidence-based approach-the ALBI grade. J. Clin. Oncol. 2015, 33, 550–558. [CrossRef] [PubMed]

6. Wang, Y.Y.; Zhong, J.H.; Su, Z.Y.; Huang, J.F.; Lu, S.D.; Xiang, B.D.; Ma, L.; Qi, L.N.; Ou, B.N.; Li, L.Q.
Albumin-bilirubin versus Child-Pugh score as a predictor of outcome after liver resection for hepatocellular
carcinoma. Br. J. Surg. 2016, 103, 725–734. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/S0140-6736(14)60121-5
http://dx.doi.org/10.1007/s11938-016-0093-z
http://www.ncbi.nlm.nih.gov/pubmed/27023701
http://dx.doi.org/10.1111/j.1365-2036.2006.03003.x
http://www.ncbi.nlm.nih.gov/pubmed/16827812
http://dx.doi.org/10.1002/bjs.1800600817
http://dx.doi.org/10.1200/JCO.2014.57.9151
http://www.ncbi.nlm.nih.gov/pubmed/25512453
http://dx.doi.org/10.1002/bjs.10095
http://www.ncbi.nlm.nih.gov/pubmed/27005482


J. Clin. Med. 2019, 8, 782 11 of 13

7. Toyoda, H.; Lai, P.B.; O’Beirne, J.; Chong, C.C.; Berhane, S.; Reeves, H.; Manas, D.; Fox, R.P.; Yeo, W.; Mo, F.;
et al. Long-term impact of liver function on curative therapy for hepatocellular carcinoma: Application of
the ALBI grade. Br. J. Cancer. 2016, 114, 744–750. [CrossRef]

8. Hiraoka, A.; Kumada, T.; Michitaka, K.; Toyoda, H.; Tada, T.; Ueki, H.; Kaneto, M.; Aibiki, T.; Okudaira, T.;
Kawakami, T.; et al. Usefulness of albumin-bilirubin grade for evaluation of prognosis of 2584 Japanese
patients with hepatocellular carcinoma. J. Gastroenterol. Hepatol. 2016, 31, 1031–1036. [CrossRef] [PubMed]

9. Edeline, J.; Blanc, J.F.; Johnson, P.; Campillo-Gimenez, B.; Ross, P.; Ma, Y.T.; King, J.; Hubner, R.A.; Sumpter, K.;
Darby, S.; et al. A multicentre comparison between Child Pugh and Albumin-Bilirubin scores in patients
treated with sorafenib for Hepatocellular Carcinoma. Liver Int. 2016, 36, 1821–1828. [CrossRef] [PubMed]

10. Fujita, K.; Oura, K.; Yoneyama, H.; Ting, T.S.; Takuma, K.; Nakahara, M.; Tadokoro, T.; Nomura, T.;
Morishita, A.; Tsutsui, K.; et al. Albumin-bilirubin score indicates liver fibrosis staging and prognosis in
chronic hepatitis C patients. Hepatol. Res. 2019. [CrossRef]

11. Wang, J.; Zhang, Z.; Yan, X.; Li, M.; Xia, J.; Liu, Y.; Chen, Y.; Jia, B.; Zhu, L.; Zhu, C.; et al. Albumin-Bilirubin
(ALBI) as an accurate and simple prognostic score for chronic hepatitis B-related liver cirrhosis. Dig. Liver
Dis. 2019. [CrossRef] [PubMed]

12. Hsieh, Y.C.; Lee, K.C.; Wang, Y.W.; Yang, Y.Y.; Hou, M.C.; Huo, T.I.; Lin, H.C. Correlation and prognostic
accuracy between noninvasive liver fibrosismarkers and portal pressure in cirrhosis: Role of ALBI score.
PLoS ONE 2018, 13, e0208903. [CrossRef] [PubMed]

13. Hiraoka, A.; Michitaka, K.; Kumada, T.; Izumi, N.; Kadoya, M.; Kokudo, N.; Kubo, S.; Matsuyama, Y.;
Nakashima, O.; Sakamoto, M.; et al. Validation and Potential of Albumin-Bilirubin Grade and Prognostication
in a Nationwide Survey of 46,681 Hepatocellular Carcinoma Patients in Japan: The Need for a More Detailed
Evaluation of Hepatic Function. Liver Cancer 2017, 6, 325–336. [CrossRef]

14. Guha, I.N.; Harris, R.; Berhane, S.; Dillon, A.; Coffey, L.; James, M.W.; Cucchetti, A.; Harman, D.J.; Aithal, G.P.;
Elshaarawy, O.; et al. Validation of a Model for Identification of Patients with Compensated Cirrhosis at
High Risk of Decompensation. Clin. Gastroenterol. Hepatol. 2019. [CrossRef] [PubMed]

15. Liu, P.H.; Hsu, C.Y.; Hsia, C.Y.; Lee, Y.H.; Chiou, Y.Y.; Huang, Y.H.; Lee, F.Y.; Lin, H.C.; Hou, M.C.; Huo, T.I.
ALBI and PALBI grade predict survival for HCC across treatment modalities and BCLC stages in the MELD
Era. J. Gastroenterol. Hepatol. 2017, 32, 879–886. [CrossRef]

16. Chedid, M.F.; Picon, R.V.; Chedid, A.D. ALBI and PALBI: Novel Scores for Outcome Prediction of Cirrhotic
Outpatients Awaiting Liver Transplantation. Ann. Hepatol. 2018, 17, 906–907. [CrossRef] [PubMed]

17. Cruz-Jentoft, A.J.; Landi, F.; Schneider, S.M.; Zúñiga, C.; Arai, H.; Boirie, Y.; Chen, L.K.; Fielding, R.A.;
Martin, F.C.; Michel, J.P.; et al. Prevalence of and interventions for sarcopenia in ageing adults: A systematic
review. Report of the International Sarcopenia Initiative (EWGSOP and IWGS). Age Ageing 2014, 43, 748–759.
[CrossRef]

18. Santilli, V.; Bernetti, A.; Mangone, M.; Paoloni, M. Clinical definition of sarcopenia. Clin. Cases Min. Bone
Metab. 2014, 11, 177–180. [CrossRef]

19. Chen, L.K.; Liu, L.K.; Woo, J.; Assantachai, P.; Auyeung, T.W.; Bahyah, K.S.; Chou, M.Y.; Chen, L.Y.; Hsu, P.S.;
Krairit, O.; et al. Sarcopenia in Asia: Consensus Report of the Asian Working Group for Sarcopenia. J. Am.
Med. Dir. Assoc. 2014, 15, 95–101. [CrossRef]

20. Berzigotti, A.; Saran, U.; Dufour, J.F. Physical activity and liver diseases. Hepatology 2016, 63, 1026–1040.
[CrossRef] [PubMed]

21. Sinclair, M.; Gow, P.J.; Grossmann, M.; Angus, P.W. Review article: Sarcopenia in cirrhosis-aetiology,
implications and potential therapeutic interventions. Aliment. Pharmacol. Ther. 2016, 43, 765–777. [CrossRef]
[PubMed]

22. Stangl, M.K.; Böcker, W.; Chubanov, V.; Ferrari, U.; Fischereder, M.; Gudermann, T.; Hesse, E.; Meinke, P.;
Reincke, M.; Reisch, N.; et al. Sarcopenia-Endocrinological and Neurological Aspects. Exp. Clin. Endocrinol.
Diabetes 2019, 127, 8–22. [CrossRef]

23. Nishikawa, H.; Shiraki, M.; Hiramatsu, A.; Moriya, K.; Hino, K.; Nishiguchi, S. JSH guidelines for sarcopenia
in liver disease (first edition): Recommendation from the working group for creation of sarcopenia assessment
criteria in the JSH. Hepatol. Res. 2016, 46, 951–963. [CrossRef] [PubMed]

24. Nardelli, S.; Lattanzi, B.; Torrisi, S.; Greco, F.; Farcomeni, A.; Gioia, S.; Merli, M.; Riggio, O. Sarcopenia is Risk
Factor for Development of Hepatic Encephalopathy After Transjugular Intrahepatic Portosysthemic Shunt
Placement. Clin. Gastroenterol. Hepatol. 2017, 15, 934–936. [CrossRef] [PubMed]

http://dx.doi.org/10.1038/bjc.2016.33
http://dx.doi.org/10.1111/jgh.13250
http://www.ncbi.nlm.nih.gov/pubmed/26647219
http://dx.doi.org/10.1111/liv.13170
http://www.ncbi.nlm.nih.gov/pubmed/27214151
http://dx.doi.org/10.1111/hepr.13333
http://dx.doi.org/10.1016/j.dld.2019.01.011
http://www.ncbi.nlm.nih.gov/pubmed/30765220
http://dx.doi.org/10.1371/journal.pone.0208903
http://www.ncbi.nlm.nih.gov/pubmed/30540824
http://dx.doi.org/10.1159/000479984
http://dx.doi.org/10.1016/j.cgh.2019.01.042
http://www.ncbi.nlm.nih.gov/pubmed/30716478
http://dx.doi.org/10.1111/jgh.13608
http://dx.doi.org/10.5604/01.3001.0012.7190
http://www.ncbi.nlm.nih.gov/pubmed/30600306
http://dx.doi.org/10.1093/ageing/afu115
http://dx.doi.org/10.11138/ccmbm/2014.11.3.177
http://dx.doi.org/10.1016/j.jamda.2013.11.025
http://dx.doi.org/10.1002/hep.28132
http://www.ncbi.nlm.nih.gov/pubmed/26313307
http://dx.doi.org/10.1111/apt.13549
http://www.ncbi.nlm.nih.gov/pubmed/26847265
http://dx.doi.org/10.1055/a-0672-1007
http://dx.doi.org/10.1111/hepr.12774
http://www.ncbi.nlm.nih.gov/pubmed/27481650
http://dx.doi.org/10.1016/j.cgh.2016.10.028
http://www.ncbi.nlm.nih.gov/pubmed/27816756


J. Clin. Med. 2019, 8, 782 12 of 13

25. Dasarathy, S.; Merli, M. Sarcopenia from mechanism to diagnosis and treatment in liver disease. J. Hepatol.
2016, 65, 1232–1244. [CrossRef]

26. Kalafateli, M.; Mantzoukis, K.; Choi, Y.Y.; Mohammad, A.O.; Arora, S.; Rodrigues, S.; de Vos, M.;
Papadimitriou, K.; Thorburn, D.; O’Beirne, J.; et al. Malnutrition and sarcopenia predict post-liver
transplantation outcomes independently of the Model for End-stage Liver Disease score. J. Cachexia
Sarcopenia Muscle 2017, 8, 113–121. [CrossRef]

27. Peterson, S.J.; Mozer, M. Differentiating Sarcopenia and Cachexia Among Patients with Cancer. Nutr. Clin.
Pract. 2017, 32, 30–39. [CrossRef] [PubMed]

28. Dos Santos, L.; Cyrino, E.S.; Antunes, M.; Santos, D.A.; Sardinha, L.B. Sarcopenia and physical independence
in older adults: The independent and synergic role of muscle mass and muscle function. J. Cachexia Sarcopenia
Muscle 2016, 8. [CrossRef] [PubMed]

29. Kalyani, R.R.; Corriere, M.; Ferrucci, L. Age-related and disease-related muscle loss: The effect of diabetes,
obesity, and other diseases. Lancet Diabetes Endocrinol. 2014, 2, 819–829. [CrossRef]

30. Dasarathy, S. Consilience in sarcopenia of cirrhosis. J. Cachexia Sarcopenia Muscle 2012, 3, 225–237. [CrossRef]
[PubMed]

31. Montano-Loza, A.J. Clinical relevance of sarcopenia in patients with cirrhosis. World J. Gastroenterol. 2014, 20,
8061–8071. [CrossRef] [PubMed]

32. Lattanzi, B.; D’Ambrosio, D.; Merli, M. Hepatic Encephalopathy and Sarcopenia: Two Faces of the Same
Metabolic Alteration. J. Clin. Exp. Hepatol. 2019, 9, 125–130. [CrossRef] [PubMed]

33. Ferreira, L.G.; Santos, L.F.; Anastácio, L.R.; Lima, A.S.; Correia, M.I. Resting energy expenditure, body
composition, and dietary intake: A longitudinal study before and after liver transplantation. Transplantation
2013, 96, 579–585. [CrossRef] [PubMed]

34. Van Vugt, J.L.; Levolger, S.; de Bruin, R.W.; van Rosmalen, J.; Metselaar, H.J.; IJzermans, J.N. Systematic
Review and Meta-Analysis of the Impact of Computed Tomography-Assessed Skeletal Muscle Mass on
Outcome in Patients Awaiting or Undergoing Liver Transplantation. Am. J. Transpl. 2016, 16, 2277–2292.
[CrossRef] [PubMed]

35. Kudo, M.; Zheng, R.Q.; Kim, S.R.; Okabe, Y.; Osaki, Y.; Iijima, H.; Itani, T.; Kasugai, H.; Kanematsu, M.; Ito, K.;
et al. Diagnostic accuracy of imaging for liver cirrhosis compared to histologically proven liver cirrhosis. A
multicenter collaborative study. Intervirology 2008, 51 (Suppl. 1), 17–26. [CrossRef] [PubMed]

36. Zarski, J.P.; Sturm, N.; Guechot, J.; Paris, A.; Zafrani, E.S.; Asselah, T.; Boisson, R.C.; Bosson, J.L.; Guyader, D.;
Renversez, J.C.; et al. ANRS HCEP 23 Fibrostar Group. Comparison of nine blood tests and transient
elastography for liver fibrosis in chronic hepatitis C: The ANRS HCEP-23 study. J. Hepatol. 2012, 56, 55–62.
[CrossRef] [PubMed]

37. Tsochatzis, E.A.; Gurusamy, K.S.; Ntaoula, S.; Cholongitas, E.; Davidson, B.R.; Burroughs, A.K. Elastography
for the diagnosis of severity of fibrosis in chronic liver disease: A meta-analysis of diagnostic accuracy.
J. Hepatol. 2011, 54, 650–659. [CrossRef]

38. Kumada, H.; Okanoue, T.; Onji, M.; Moriwaki, H.; Izumi, N.; Tanaka, E.; Chayama, K.; Sakisaka, S.;
Takehara, T.; Oketani, M.; et al. Study Group for the Standardization of Treatment of Viral Hepatitis Including
Cirrhosis, Ministry of Health, Labour and Welfare of Japan. Guidelines for the treatment of chronic hepatitis
and cirrhosis due to hepatitis C virus infection for the fiscal year 2008 in Japan. Hepatol. Res. 2010, 40, 8–13.

39. Kappus, M.R.; Mendoza, M.S.; Nguyen, D.; Medici, V.; McClave, S.A. Sarcopenia in Patients with Chronic
Liver Disease: Can It Be Altered by Diet and Exercise? Curr. Gastroenterol. Rep. 2016, 18, 43. [CrossRef]

40. Kokudo, N.; Hasegawa, K.; Akahane, M.; Igaki, H.; Izumi, N.; Ichida, T.; Uemoto, S.; Kaneko, S.; Kawasaki, S.;
Ku, Y.; et al. Evidence-based Clinical Practice Guidelines for Hepatocellular Carcinoma: The Japan Society of
Hepatology 2013 update (3rd JSH-HCC Guidelines). Hepatol. Res. 2015, 45. [CrossRef]

41. Omata, M.; Cheng, A.L.; Kokudo, N.; Kudo, M.; Lee, J.M.; Jia, J.; Tateishi, R.; Han, K.H.; Chawla, Y.K.;
Shiina, S.; et al. Asia-Pacific clinical practice guidelines on the management of hepatocellular carcinoma: A
2017 update. Hepatol. Int. 2017, 11, 317–370. [CrossRef] [PubMed]

42. Nishikawa, H.; Nishijima, N.; Enomoto, H.; Sakamoto, A.; Nasu, A.; Komekado, H.; Nishimura, T.; Kita, R.;
Kimura, T.; Iijima, H.; et al. Comparison of FIB-4 index and aspartate aminotransferase to platelet ratio
index on carcinogenesis in chronic hepatitis B treated with entecavir. J. Cancer 2017, 8, 152–161. [CrossRef]
[PubMed]

http://dx.doi.org/10.1016/j.jhep.2016.07.040
http://dx.doi.org/10.1002/jcsm.12095
http://dx.doi.org/10.1177/0884533616680354
http://www.ncbi.nlm.nih.gov/pubmed/28124947
http://dx.doi.org/10.1002/jcsm.12160
http://www.ncbi.nlm.nih.gov/pubmed/27897417
http://dx.doi.org/10.1016/S2213-8587(14)70034-8
http://dx.doi.org/10.1007/s13539-012-0069-3
http://www.ncbi.nlm.nih.gov/pubmed/22648736
http://dx.doi.org/10.3748/wjg.v20.i25.8061
http://www.ncbi.nlm.nih.gov/pubmed/25009378
http://dx.doi.org/10.1016/j.jceh.2018.04.007
http://www.ncbi.nlm.nih.gov/pubmed/30765945
http://dx.doi.org/10.1097/TP.0b013e31829d924e
http://www.ncbi.nlm.nih.gov/pubmed/23851933
http://dx.doi.org/10.1111/ajt.13732
http://www.ncbi.nlm.nih.gov/pubmed/26813115
http://dx.doi.org/10.1159/000122595
http://www.ncbi.nlm.nih.gov/pubmed/18544944
http://dx.doi.org/10.1016/j.jhep.2011.05.024
http://www.ncbi.nlm.nih.gov/pubmed/21781944
http://dx.doi.org/10.1016/j.jhep.2010.07.033
http://dx.doi.org/10.1007/s11894-016-0516-y
http://dx.doi.org/10.1111/hepr.12464
http://dx.doi.org/10.1007/s12072-017-9799-9
http://www.ncbi.nlm.nih.gov/pubmed/28620797
http://dx.doi.org/10.7150/jca.16523
http://www.ncbi.nlm.nih.gov/pubmed/28243319


J. Clin. Med. 2019, 8, 782 13 of 13

43. Tada, T.; Kumada, T.; Toyoda, H.; Kiriyama, S.; Tanikawa, M.; Hisanaga, Y.; Kanamori, A.; Kitabatake, S.;
Yama, T.; Tanaka, J. HBcrAg predicts hepatocellular carcinoma development: An analysis using
time-dependent receiver operating characteristics. J. Hepatol. 2016, 65, 48–56. [CrossRef] [PubMed]

44. Kamarudin, A.N.; Cox, T.; Kolamunnage-Dona, R. Time-dependent ROC curve analysis in medical research:
Current methods and applications. BMC Med. Res. Methodol. 2017, 17, 53. [CrossRef]

45. Ioannou, G.N.; Feld, J.J. What Are the Benefits of a Sustained Virologic Response to Direct-Acting Antiviral
Therapy for Hepatitis C Virus Infection? Gastroenterology 2019, 156, 446–460. [CrossRef] [PubMed]

46. Pradat, P.; Virlogeux, V.; Trépo, E. Epidemiology and Elimination of HCV-Related Liver Disease. Viruses
2018, 10, 545. [CrossRef] [PubMed]

47. Yoh, K.; Nishikawa, H.; Enomoto, H.; Ishii, A.; Iwata, Y.; Miyamoto, Y.; Ishii, N.; Yuri, Y.; Hasegawa, K.;
Nakano, C.; et al. Predictors Associated with Increase in Skeletal Muscle Mass after Sustained Virological
Response in Chronic Hepatitis C Treated with Direct Acting Antivirals. Nutrients 2017, 9, 1135. [CrossRef]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.jhep.2016.03.013
http://www.ncbi.nlm.nih.gov/pubmed/27034253
http://dx.doi.org/10.1186/s12874-017-0332-6
http://dx.doi.org/10.1053/j.gastro.2018.10.033
http://www.ncbi.nlm.nih.gov/pubmed/30367836
http://dx.doi.org/10.3390/v10100545
http://www.ncbi.nlm.nih.gov/pubmed/30301201
http://dx.doi.org/10.3390/nu9101135
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Patients and Methods 
	Patients 
	ALBI Score and ALBI Grade 
	Skeletal Muscle Mass and ALBI-SMM Grade 
	Statistical Analyses 

	Results 
	Baseline Characteristics 
	Cumulative Overall Survival Rates According to the Presence of Low SMM 
	Causes of Death in the Low SMM Group and the Non-Low SMM Group 
	Comparison of Prognostic Accuracy among Three Assessment Methods for All Cases 
	Comparison of Prognostic Accuracy among Three Assessment Methods Stratified by Gender 
	Comparison of Prognostic Accuracy among Three Assessment Methods in Patients with or without Ascites 
	Comparison of Prognostic Accuracy among Three Assessment Methods Stratified by Liver Disease Etiologies 
	Comparison of Prognostic Accuracy among Three Assessment Methods According to Age 
	Comparison of Prognostic Accuracy among Three Assessment Methods Using Time-Dependent ROC Analysis 

	Discussion 
	References

