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Abstract. Background/Aim: This study aimed to assess the
association of the modified albumin-bilirubin (mALBI) grade
with the endoscopic findings of gastroesophageal varices
(GEVs). Patients and Methods: A total of 141 patients with
histologically proven cirrhosis who underwent a liver biopsy
and esophagogastroduodenoscopy were enrolled. The
relationships between the mALBI grade and endoscopic
findings were evaluated. Results: The incidence of GEVs and
high-risk GEVs differed among mALBI grades. Patients with
mALBI grades of 2b-3 had higher rates of GEVs and high-
risk GEVs in comparison to those with mALBI grades of 1-
2a (p<0.0001). In addition, patients with mALBI grade 2b
or grade 3, but not those with mALBI grade 2a, had
significantly higher rates of complicated GEVs and high-risk
GEVs in comparison to those with mALBI grade 1.
Conclusion: The mALBI grade may be useful in predicting
the presence of GEVs and for stratifying their bleeding risk.

Gastroesophageal varices (GEVs) are an important
complication in patients with liver cirrhosis (1-3).
Esophagogastroduodenoscopy (EGD) is the most reliable
method for evaluating GEVs; however, from the viewpoint
of the burden on patients, a non-invasive method for
predicting the presence of varices, particularly those with a
risk of hemorrhage, is desired (4, 5). Currently, a

combination of liver stiffness data with transient
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elastography (Fibroscan®) and the platelet count is widely
used as the established criteria (Baveno VI criteria) to
determine the indication for EGD (6). However, the
institutions that are able to perform transient elastography
are limited; thus, the evaluation of varices based on blood
test parameters is still clinically relevant. In particular, an
accurate method of evaluation based on daily clinical data
would be ideal.

The albumin-bilirubin (ALBI) grade is a newly reported
classification that can be used to classify the liver reserve
function into three grades (ALBI grades 1-3: i.e. from better
to poorer function) using two commonly measured variables:
The serum values of albumin and total bilirubin (7).
However, ALBI grade 2 includes a wide-range of patients in
whom the liver function is relatively heterogeneous, and a
scoring system that combines the ALBI grade and platelet
count (ALBI-PLT score) was reported to be useful for
predicting the presence of high-risk GEVs in patients with
hepatocellular carcinoma and compensated cirrhosis (8).

In order to alleviate the heterogeneity of patients with
ALBI grade 2, a modified classification that divides ALBI
grade 2 into two categories (a and b) was recently proposed
as the ‘modified ALBI grade’ (mALBI grade) (9). However,
the relationship between mALBI grade and the endoscopic
findings of GEVs has not been clarified. In the present study,
we assessed the mALBI grade, and evaluated their
association with the endoscopic findings of GEVs.

Patients and Methods

We retrospectively studied a total of 141 patients who underwent a
percutaneous liver biopsy at our Institution from October 2008 to
December 2015 and who were pathologically confirmed to have
liver cirrhosis. The etiologies of liver cirrhosis were determined and
classified as described previously (10). Liver biopsy studies were
conducted using standard techniques (11, 12). All blood data were
obtained on the same day as the liver biopsies. The albumin level,
total bilirubin level, and platelet count were measured in routine
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blood tests. The ALBI score (7), ALBI grade (7), ALBI-PLT score
(8) and mALBI grade (9) were determined as follows:

ALBI score: [log; bilirubin (umol/1)x0.66]—-[albumin (g/1)x0.085]

ALBI grade by ALBI score: Grade 1: <-2.60; 2: >-2.60 to
—-1.39; 3: >-1.39

ALBI-PLT score: Sum of points for ALBI grade (1-3 points) and
platelet count (1 point: >150x103/mm3; 2 points: <150x103/mm3).
ALBI-PLT score ranged from 2 to 5.

mALBI grade: Grade 1: <-2.60; 2a: >-2.60 to <-2.27; 2b:
=-2.27 to -1.39; 3: >-1.39

GEVs were evaluated by EGD according to the current Japanese
guidelines for the management of liver cirrhosis, as previously
described (3, 13). Endoscopically detected GEVs were classified
into three grades (F1, F2, or F3), and the presence of red signs on
the varices was also investigated. Patients with F2 varices with red
signs, and those with F3 varices were considered to have high-risk
varices (13). Evaluation by EGD was conducted within 6 months of
the liver biopsy. Patients who had previously received endoscopic
treatment for varices were considered to have varices with a high-
risk of bleeding.

Patients who had undergone splenectomy or partial splenic
arterial embolization were excluded from the study, as such methods
influenced the ALBI-PLT score. The study conformed to the ethical
guidelines of the Helsinki declaration. The current study was
approved by the Ethics Committee of the Institutional Review
Board (No. 3431).

Statistical analysis. Frequencies were compared among the groups
by the chi-squared test. Odds ratios between groups were
determined with a logistic regression model (14). p-Values of less
than 0.05 were considered to indicate statistical significance.

Results

Basic characteristics of patients with cirrhosis. A total of
141 patients with cirrhosis who were diagnosed by liver
biopsy were enrolled; their basic characteristics are shown
in Table I. The median age of the patients was 63 years. The
study population included 73 men and 68 women. The
distribution of the ALBI-PLT scores was as follows: score 2
in 10, 3 in 31,4 in 95, and 5 in five. The distribution of the
ALBI grades was as follows: Grade 1 in 25, grade 2 in 109,
and grade 3 in seven. The 109 patients classified as grade 2
were further subdivided by the mALBI grade system into
grade 2a in 40 and grade 2b in 69 (Table I).

Association of the ALBI-PLT score with the endoscopic
findings of GEVs. The incidence of GEVs increased as the
ALBI-PLT score increased (overall: p<0.01) (Figure 1A).
The incidence of high-risk varices also increased as the score
increased, and among the patients with ALBI-PLT score 2,
only one patient had high-risk varices; however, the
differences among the groups (score 2-5) did not reach
statistical significance (overall: p=0.222) (Figure 1B).

Association of the ALBI and mALBI grades with the
endoscopic findings of GEVs. In the evaluation of ALBI
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Table 1. Characteristics of the enrolled patients with liver cirrhosis
(N=141).

Characteristic Value
Age, years Median (IQR) 63 (54-70)
Gender, n Male 73

Female 68
Etiology, n HBV 9

HCV 96

HBV+HCV 1

ALD 13

NASH 6

ATH 7

PBC 1

AIH+PBC 4

Other 4
Child-Pugh Score, n 5 58

6 29

7 40

8 12

9 2
Past history of (+) 33
hepatocellular carcinoma,n  (-) 108
AST (1U/1) Median (IQR) 48 (36-73.5)
ALT (IU/1) Median (IQR) 41 (26-64.5)
v-GTP (1U/1) Median (IQR) 47 (30-89.5)
ALP (IU/1) Median (IQR) 290 (219.5-387.5)
Albumin (g/dl) Median (IQR) 3.6 (3.1-3.85)
Total bilirubin (mg/dl) Median (IQR) 1.0 (0.7-1.4)

Median (IQR)
Median (IQR)

100 (76.5-139)
76.4 (66.4-83.85)

Platelet count (x103/pl)
Prothrombin time (%)

ALBI score Median (IQR) -2.218 (-2.518-1.811)
ALBI grade, n 1 25
2 109
3 7
mALBI grade, n 1 25
2a 40
2b 69
3 7
ALBI-PLT score, n 2 10
3 31
4 95
5 5

AIH: Autoimmune hepatitis; ALBI: albumin-bilirubin; ALBI-PLT:
ALBI-platelet; ALD: alcoholic-related liver disease; ALP: alkaline
phosphatase; ALT: alanine aminotransferase; AST: aspartate
aminotransferase; y-GTP: y-glutamyl transpeptidase; HBV: hepatitis B
virus; HCV: hepatitis C virus; IQR: interquartile range mALBI:
modified ALBI; NASH: nonalcoholic steatohepatitis; PBC: primary
biliary cholangitis.

grade alone, the incidence of GEVs statistically significantly
differed among the groups, increasing with increasing grade
(overall: p<0.05) (Figure 2A). The incidence of high-risk
varices also statistically significantly increased as the grade
increased (overall: p<0.05) (Figure 2B). When the mALBI
grade was used, statistically significant differences were
observed among the groups in the incidence of GEVs
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Figure 1. Association of the albumin-bilirubin (ALBI)-platelet (PLT) score with the endoscopic findings of gastroesophageal varices (GEVs). A:
The incidence of GEVs increased as the score increased (overall: p<0.01). B: The incidence of high-risk varices also increased as the score
increased; however, the differences among the groups (score 2-5) did not reach statistical significance (overall: p=0.222).
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Figure 2. Association of the albumin-bilirubin (ALBI) grade with the endoscopic findings of gastroesophageal varices (GEVs). A: The incidence of
GEVs among the ALBI grade groups differed statistically significantly (overall: p<0.05). B: The incidence of high-risk varices was statistically

significantly increased as the grade increased (overall: p<0.05).

(overall: p<0.01) (Figure 3A) and the incidence of high-risk
varices (overall: p<0.05) (Figure 3B). We further evaluated
the relevance of the sub-classification of ALBI grade 2 to the
endoscopic findings. The incidence of GEVs in patients with
grade 2b or 3 was significantly higher in comparison to those
with grades 1 or 2a (p<0.0001) (Figure 4A). Similar results
were observed regarding the incidence of high-risk GEVs
(p<0.001) (Figure 4B).

The incidence rates of GEVs in patients with ALBI grades
2 or 3 were significantly higher in comparison to those with
ALBI grade 1 (Table II); however, when the enrolled patients
were classified according to the mALBI grade, the incidence
rates in patients with mALBI grade 2b or grade 3, but not those
with mALBI grade 2a, were significantly higher in comparison
to that of patients with grade 1. Similar results were also
observed regarding the incidence of high-risk GEVs (Table III).
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Figure 3. Association of the modified albumin-bilirubin (mALBI) grade with the endoscopic findings of gastroesophageal varices (GEVs). A: The
incidence of GEVs among the mALBI grade groups was statistically significantly different (overall: p<0.01). B: Similarly, the incidence of high-
risk varices among the groups differed statistically significantly (overall: p<0.05).
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Figure 4. Comparison of the endoscopic findings of gastroesophageal varices (GEVs) between patients with albumin-bilirubin (ALBI) grade 1-2a
and those with ALBI grade 2b-3. A: The incidence of GEVs in patients with grades 2b and 3 was significantly higher than that in those with grades
1 and 2a (p<0.0001). B: Similar results were observed regarding the incidence of high-risk GEVs (p<0.001).

Discussion

Variceal bleeding is a serious complication in patients with
liver cirrhosis. However, EGD is relatively burdensome, and
the ability to predict GEVs using noninvasive biomarkers
would be useful. The ALBI score is suggested to be a more
useful evaluation than the Child-Pugh classification,
especially in patients with compensated cirrhosis (7, 9). On
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the other hand, the ALBI score alone seems to have a
limitation in that a large number of patients are classified
into ALBI grade 2, and therefore the mALBI grade was
proposed as a more detailed classification for patients with
cirrhosis (9).

In 2018, a score that combined ALBI with the platelet count
was proposed, and it was found that GEVs with a bleeding
risk were rarely detected in patients with an ALBI-PLT score
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Table II. Association of the albumin-bilirubin (ALBI) grade and
modified ALBI (mALBI) grade with the presence of gastroesophageal
varices. ALBI grades and modified mALBI grades were entered as
categorical variables, and odds ratios were determined.

Table III. Association of the albumin-bilirubin (ALBI) grade and
modified ALBI (mALBI) grade with the presence of high-risk
gastroesophageal varices. ALBI grades and mALBI grades were entered
as categorical variables, and odds ratios were determined.

Grade Odds ratio (95% CI) p-Value Grade Odds ratio (95% CI) p-Value

ALBI grade 1 1 (Reference) ALBI grade 1 1 (Reference)
2 2931 (1.211-7.274) 0.0173 2 4.571 (1.247-29.54) 0.0190
3 7.636 (1.083-155.7) 0.0405 3 15.33 (2.127-156.5) 0.0066

mALBI grade 1 1 (Reference) mALBI grade 1 1 (Reference)
2a 0.764 (0.275-2.127) 0.6034 2a 2.875 (0.646-20.23) 0.1748
2b 9.705 (3.397-29.99) <0.0001 2b 5.750 (1.516-37.78) 0.0077
3 7.636 (1.083-155.7) 0.0405 3 15.33 (2.127-156.5) 0.0066

CI: Confidence interval. Statistically significant p-values are shown in
bold.

of 2 points (8). This suggested that the ALBI-PLT score can
be used for the risk stratification of patients with ALBI grade
2, which includes a wide range of patients. The report focused
on compensated cirrhosis with liver cancer; however,
consistent results were obtained in the current cohort of
patients without liver cancer (Figure 1). We herein used the
mALBI classification to avoid the problem that a large number
of patients were classified into ALBI grade 2. To our
knowledge, this is the first report to study the association of
endoscopic findings with mALBI grades. The endoscopic
findings of GEVs were considered to differ between patients
with mALBI grade 2a and those with grade 2b (Figure 4). The
differences between the patients with mALBI grade 1 and
those with grade 2a did not reach statistical significance
(Tables II and III). Our findings suggest that the mALBI
grade, in which grade 2 is divided into grade 2a and grade 2b,
may be useful in predicting the presence of GEVs and for
stratifying the bleeding risk of GEVs.

The present study was associated with several limitations.
Firstly, the study population was limited to patients who
underwent a liver biopsy and who had histologically proven
cirrhosis. Thus, the study population was relatively small. In
addition, we did not conduct liver biopsies for patients with
highly advanced cirrhosis with signs of hepatic failure, such
as ascites, and the study population only included a relatively
small number of patients with ALBI grade 3. Secondly, all
chronic liver diseases were included, and the difference due
to etiology was not evaluated. Finally, in general, no single
biomarker was able to completely predict the endoscopic
findings of GEVs (15-17), and a combination of mALBI
with other variable/parameter(s) should be considered.

In summary, we evaluated the association of the mALBI
score with the endoscopic findings of GEVs. The endoscopic
findings of GEVs were considered to differ between patients
with mALBI grade 2a and those with grade 2b. The
incidence of GEVs predicted by the mALBI score, with the

CI: Confidence interval. Statistically significant p-values are shown in
bold.

sub-classifications of grade 2a and 2b, may differ from that
predicted by ALBI grade 2.
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