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ABSTRACT

Background. The relationships between the metabolic parameters and the endoscopic findings of esophageal
varices have been poorly investigated. We investigated the association of the branched-chain amino acids to
tyrosine ratio (BTR) with the severity of liver fibrosis and esophageal varices. Material and methods. We stu-
died hepatitis C virus (HCV)-positive chronic liver disease patients who had undergone liver biopsy (n = 149).
The relationship between the BTR values and the liver fibrotic stage was investigated. We also studied whether
the BTR value was associated with the presence and bleeding risk of varices in patients with HCV-related
compensated cirrhosis. Results. The mean values of the BTR decreased with the progression of the fibrosis
(METAVIR score: FO-1: 6.40 + 1.19; F2: 5.85 + 1.33; F3: 5.24 + 0.97, F4: 4.78 + 1.14). In the 58 patients with HCV-
related compensated cirrhosis, the mean values of the BTR decreased with the severity of varices (patients
without varices: 5.01 + 1.15, patients with a low-risk varices: 4.42 + 1.06, patients with a high-risk varices: 3.86
+ 1.02). The BTR value was significantly lower in the patients with varices than in those without varices (4.17
+ 1.07 vs. 5.01 + 1.15, P < 0.01). The BTR value was also significantly lower in the patients with a high risk of
hemorrhage than in those with a low risk (3.86 + 1.02 vs. 4.78 + 1.14, P < 0.01). Furthermore, the BTR value
was the most significantly different parameter, with the smallest P-value among all the factors examined, in-
cluding the platelet count and albumin level. Conclusion. A decreased BTR value was found to be associated
with the progression of liver fibrosis and severity of varices.

Key words. Portal hypertension. Biomarker. Branched-chain amino acids to Tyr ratio. Metabolism.

INTRODUCTION

In patients with liver cirrhosis, variceal hemor-
rhage due to portal hypertension is a severe compli-
cation that can occasionally cause an unfavorable
prognosis. Three factors have been identified as
conditions that are associated with a high risk of
variceal bleeding: a large variceal size, red signs on
the varices, and advanced liver disease (Child-Pugh
class B or C status).! Since esophagogastroduode-
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noscopy (EGD) is the gold standard method of eva-
luating variceal size and the presence of red signs,
EGD should be performed in all cirrhotic pa-
tients.?3

Despite the importance of EGD examination, this
uncomfortable and expensive method is sometimes
difficult for patients to accept. Therefore, several no-
ninvasive biomarkers of liver fibrosis have so far
been proposed to predict the presence and bleeding
risk of varices in cirrhotic patients,*® because the
progression of liver fibrosis is thought to be a major
cause of portal hypertension. The major target po-
pulation for a screening test should be the compen-
sated cirrhotic patients without any clinical
symptoms, rather than patients with obvious cirr-
hosis-related symptoms.® However, in the case of ci-
rrhotic patients with well-maintained liver function
(Child-Pugh class A), there are few clinical parame-
ters that have been reported to be related to the pre-
sence of treatment-requiring high-risk varices.

© 2019, Fundacion Clinica Médica Sur, A.C. Published by Elsevier Espafa S.L.U. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).



472
[

BTR in patients with esophageal varices. Axnats of fepatology, 2013; 12 (3): 471-478

In particular, the relationships between the metabo-
lic parameters and the endoscopic findings of eso-
phageal varices have up to now been poorly
investigated, although the liver plays a central role
in various functions associated with the metabolism.

It is well known that cirrhotic patients have low
serum levels of branched-chain amino acids (BCAA),
such as valine, leucine and isoleucine, and high
serum levels of aromatic amino acids (AAA) such as
tyrosine (Tyr) and phenylalanine. Therefore, the de-
creased serum ratio of BCAA and AAA (the Fisher’s
ratio) in cirrhotic patients has been used as an indi-
cator of an amino acid imbalance.” The ratio of the
BCAA and Tyr level (BCAA to Tyr ratio: BTR) has
also been reported to decline in patients with liver
cirrhosis, and the BTR can therefore be used as an
easily measurable and inexpensive parameter to as-
sess the amino acid imbalance, and is currently used
in Japan.10:11

In the present study, we investigated the relation-
ship between the histological grading of liver fibro-
sis and the value of BTR in patients with
HCV-positive CLD. We further analyzed the values
of BTR in HCV-related compensated cirrhotic pa-
tients with Child-Pugh class A status.

MATERIAL AND METHODS

In order to examine the relationship between the
BTR value and the progression of liver fibrosis in
CLD patients, we studied 149 patients with HCV-
related disease who had undergone a percutaneous
liver biopsy from January 2008 to July 2011. The
HCYV infection was diagnosed by the detection of
HCV antibodies and HCV-RNA in serum, and liver
biopsy examinations were performed using the stan-
dard techniques. All liver samples were evaluated by
well-trained pathologists at this institute, with an
evaluation of the fibrosis stage and activity grade.
Fibrosis was staged on a scale of FO-F4 (FO: no fi-
brosis; F1: portal fibrosis without septa; F2: portal
fibrosis with rare septa; F3: numerous septa without
cirrhosis. F4: liver cirrhosis) according to the
METAVIR scoring system.'? The histological evaluation
of the biopsy samples was also routinely performed
in our department. All authors participated in the
conferences about the histological evaluation, and
the final results were confirmed by two authors (HE
and HI) who received training for histological stu-
dies.

EGD was routinely performed in CLD outpatients
at our institution according to the standard techni-
ques. Esophageal varices detected by EGD was gra-

ded as I-IV according to the Paquet grading sys-
tem,1% and the presence of red signs on the varices
was also evaluated. Patients with large varices (gra-
de ITI-IV) or small varices with red signs were cate-
gorized to be treatment-requiring (high-risk)
varices. All HCV-related compensated (Child-Pugh
class A) cirrhotic patients admitted to our depart-
ment for the treatment of esophageal varices from
January 2008 to July 2011 were included in the pre-
sent study as the high-risk varices group. Liver cirr-
hosis as the cause of portal hypertension was
diagnosed by histological criteria and/or by the cli-
nical (laboratory, endoscopic and/or ultrasonogra-
phic) findings.

In order to collect the BTR values in the compen-
sated (Child-Pugh class A) cirrhotic patients
without high-risk varices, we enrolled consecutive
HCV-positive CLD patients who had been diagnosed
with cirrhosis (F4 stage) by liver biopsy, but who
did not have treatment-requiring risky varices. The
evaluation by EGD was performed within two months
of the liver biopsy. The cirrhotic patients who did
not have high-risk varices were divided into two
groups; patients without detectable varices were
classified as the no varices group and patients with
small varices without red signs were classified as
the low-risk varices group.

All blood samples were obtained on the day of li-
ver biopsy or endoscopic treatment for esophageal
varices, and patients without a complete data set on
the day of the liver biopsy or the endoscopic treat-
ment were excluded from the study. Patients with
the following conditions were also excluded from the
study: the presence of other liver diseases, using im-
munosuppressive therapy, hepatitis B virus co-infec-
tion and cases with insufficient liver tissue available
for the evaluation of liver fibrotic staging. The study
conformed to the ethical guidelines of the Helsinki
declaration, and was approved by the ethics commit-
tees of the institutional review board. Written infor-
med consent was obtained from all patients on
admission.

Statistical analysis

In the present study, we attempted to clarify whe-
ther the BTR value was associated with the progres-
sion of liver fibrosis in HCV-related CLD. The data
for the comparisons among the groups F0-1 vs. F2
vs. F3 vs. F4 were analyzed by a non-repeated mea-
surements ANOVA, and statistical significance was
further examined with the Bonferroni correction.
We also investigated whether the BTR values diffe-
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red among the three groups (no varices group, low-
risk varices group and high-risk varices group). The
data for the comparisons among the groups were
analyzed by a non-repeated measurements ANOVA
with a subsequent Bonferroni correction. In addi-
tion, we investigated whether the BTR differed bet-
ween the groups with or without varices, and the
differences in the baseline characteristics of the two
groups were also investigated. We also evaluated
whether the BTR values were different between the
groups with and without high-risk (treatment-requi-
ring) varices. Numerical variables with a normal
distribution were expressed as the mean values *
SD, and the statistical significance of differences bet-
ween two groups was evaluated using Student’s
t-test. Numerical variables with an abnormal
distribution were expressed as the median values
(range) and the statistical analysis between two
groups was done using the Mann-Whitney U test.

RESULTS

The BTR values decreased with
the progression of liver fibrosis in patients
with HCV-related CLD

A total of 149 patients with HCV-related CLD
were included in this study to investigate the asso-
ciation between the BTR value and the histological
progression of liver fibrosis, based on the criteria
described in the Material and Methods section. The
characteristics of the enrolled patients are summari-
zed in table 1. The population included 63 (42%) ma-

Table 1. Characteristics of the 149 HCV-positive patients
who received liver biopsy.

Age (years) 61 (23-83)
Gender (male/female) 63/86
AST (IU/L) 38 (13-328)
ALT (IU/L) 35 (8-315)
v-GTP (IU/L) 32 (8-306)
ALP (IU/L) 222 (97-556)
Total bilirubin (mg/dL) 0.8 (0.1-2.1)
Albumin (g/dL) 3.94+0.36
Prothrombin time (%) 91.6 +9.8
White blood cell (mm?3) 4,200 (1,440-9,980)
Hemoglobin (g/dL) 13.3+£1.8
Platelet (x 104/mm?3) 15.6 + 5.7
BCAA treatment (present/absent) 5/144
Fibrosis stage: FO-1/F2/F3/F4 57/17/31/44

BCAA: branched-chain amino acids. Quantitative variables were expressed
as the mean values + SD or median (range).

les and 86 (58%) females, and the age of patients
ranged from 23 to 83 years of age (median 61). The
METAVIR liver fibrosis staging 12 showed that 92
(62%) patients had significant fibrosis (F2-F4), 75
(50%) patients had severe fibrosis (F3-F4) and 44
(830%) had cirrhosis (F4). Five out of a total of 149
patients were administered BCAA, and all five pa-
tients were histologically diagnosed to have cirrho-
sis by liver biopsy.

The values of the BTR were decreased with the
progression of the fibrosis (Figure 1), indicating
that the value of the BTR is associated with the de-
gree of liver fibrosis in HCV-associated CLD pa-
tients.

Characteristics of compensated
cirrhotic patients and clinical data

Since several biomarkers of liver fibrosis were re-
ported to be associated with the presence and/or
bleeding risk of esophageal varices,*® we examined
whether the values of BTR were related to the seve-
rity of esophageal varices in patients with HCV-rela-
ted compensated cirrhosis (Figure 2). In order to
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Figure 1. The values of BTR in relation to the METAVIR his-
tological grading for liver fibrosis in patients with HCV-positive
disease. The BTR value decreased as the fibrosis progressed.
There was a significant difference between the FO/1 vs. F4,
F3 and F2 groups. There was also a significant difference
between the F2 vs. F4 and F2 vs. F3 groups.
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Figure 2. Algorithm for the classification of the patients with HCV-related compensated (Child-Pugh class A) cirrhosis.
The 44 patients with a METAVIR score of F4 (shown in figure 1) were categorized as compensated cirrhotic patients with a low
risk of variceal bleeding; 27 patients were diagnosed with liver cirrhosis without detectable varices (no varices group) and the
remaining 17 patients had small varices without red signs (low-risk varices group). Of the CLD patients in our department, 43
HCV-positive patients were found to have a high risk of variceal bleeding because they had large varices (grade IlI-1V) or small
varices with red signs. In these HCV-related cirrhotic patients, the 14 patients with Child-Pugh class A were categorized as the

HCV-related compensated cirrhotic patients with a high risk of variceal hemorrhage (high-risk varices group).

ascertain the characteristics of compensated cirrho-
tic patients with a low risk of variceal bleeding, we
examined the 44 patients who were categorized as
compensated cirrhotic patients (44 patients with a
METAVIR score of F4, as shown in figure 1) with
a low risk of variceal bleeding; 27 patients were
diagnosed with liver cirrhosis without detectable
varices (no varices group) and the remaining 17
patients had small varices without red signs (low-risk
varices group). Of the CLD patients in our depart-
ment, 43 HCV-positive patients were found to have a
high risk of variceal bleeding because they had large
varices (grade III-IV) or small varices with red signs.
In these HCV-related cirrhotic patients, the Child-
Pugh classification was grade A in 14 patients,
grade B in 27 patients and grade C in two patients.
The 14 patients with Child-Pugh class A were cate-
gorized as the HCV-related compensated cirrhotic
patients with a high risk of variceal hemorrhage
(high-risk varices group).

The characteristics of all 58 compensated cirrho-
tic patients (27 patients in the no varices group, 17
patents in the low-risk varices group, and 14 pa-
tients in the high-risk varices group) are shown in
table 2. The population consisted of 30 males (52%)

and 28 females (48%), and the age of patients ran-
ged from 23 to 82 years old (median 64.5). BCAA
were administrated to none of the 27 patients (0%)
in the no varices group, 5 of 17 patients (29%) in
the low-risk varices group, and 5 of 14 (36%) pa-
tients in the high-risk varices group.

Table2. Characteristics of the total 58 patients with HCV-
positive compensated cirrhosis.

Age (years) 64.5 (23-82)

Gender (male/female) 30/28

AST (IU/L) 45.5 (25-328)
ALT (IU/L) 38.5 (12-315)
y-GTP (IU/L) 44.5 (12-259)
ALP (IU/L) 267.5 (133-556)
Total bilirubin (mg/dL) 0.8 (0.3-2.1)
Albumin (g/dL) 3.67 +0.39
Hemoglobin (g/dL) 12.3+2.0
Platelet (x10%/mm3) 12.7 £3.3
Prothrombin time (%) 84.6 £ 9.3
BCAA treatment (present/absent) 10/48

Severity of varices (no/low-risk/high-risk) 27/17/14

BCAA: branched-chain amino acids. BTR: BCAA to tyrosine ratio. Quantita-
tive variables were expressed as the mean values = SD or median (range).
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The BTR value is
associated with the severity of varices in
patients with HCV-related cirrhosis

Irrespective of the higher ratio of BCAA-treated
patients, the values of the BTR were decreased as
the bleeding risk increased, suggesting that the low
BTR value was correlated with the severity of portal
hypertension (Figure 3).

We also examined the differences in the BTR va-
lues between the patients with varices and patients
without varices. Comparing the 31 patients with va-
rices (the high-risk varices group and the low-risk
varices group) and 27 patients without varices (the
no varices group), the BTR value was significantly
lower in patients with varices than that in patients
without varices, although the percentage of BCAA-
treated patients was significantly higher in the
group with varices than in the patients without va-
rices, suggesting that the decreased BTR values was
associated with the presence of varices (Figure 4A).
The low BTR value was found to be significantly
different in the presence of varices, as well as a hig-
her ALT value and lower albumin and hemoglobin
values (Table 3).

When we compared the 14 patients in the high-
risk varices group with the 44 patients in the no va-
rices group or the low-risk varices group, the BTR
value was significantly lower in the patients in the
high-risk varices group, although the percentage of
BCAA-treated patients was higher in the patients
with high-risk varices than in patients without
high-risk varices (Figure 4B), thus suggesting that
a low BTR value is related to an increased risk of

variceal hemorrhage. We also found a significantly
higher ALT and lower hemoglobin level in the high-
risk varices group. Interestingly, the BTR value
showed the smallest p-value (P = 0.0093 < 0.01)
among all of the parameters examined (Table 4).
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Figure 3. The values of the branched-chain amino acids to
Tyr ratio (BTR) in patients with HCV-related compensated
(Child-Pugh class A) cirrhosis. The BTR values were reciprocally
decreased as the bleeding risk of esophageal varices increa-
sed. There was a significant difference between the no varices
group vs. the low-risk varices group, the no varices group vs.
the high-risk varices group and the low-risk varices group vs. the
high-risk varices group.

Table 3. Characteristics of the compensated cirrhotic patients with or without varices.

Varices detected by EGD

Absent (n = 27) Present (n = 31) P-value
Age (years) 65 (23-77) 64 (31-82) NS
Gender (male/female) 10/17 20/11 NS
AST (IU/L) 47 (25-328) 43 (27-251) NS
ALT (IU/L) 49 (12-315) 35 (18-160) <0.05
¥-GTP (IU/L) 52 (14-259) 44 (12-242) NS
ALP (1U/L) 269 (133-494) 266 (177-556) NS
Total bilirubin (mg/dL) 0.7 (0.3-1.7) 1.0 (0.3-2.1) NS
Albumin (g/dL) 3.85 + 0.31 3.52 +0.39 < 0.01
Hemoglobin (g/dL) 13.0+2.0 11.6 +1.8 < 0.05
Platelet (x10%/ mm3) 12.6 + 4.0 12.0+7.4 NS
Prothrombin time (%) 86.9 £9.2 82.6 +9.0 NS
BCAA treatment (present /absent) /127 10/21 < 0.01
BTR 5.01+1.15 4,17 +1.07 <0.01

BCAA: branched-chain amino acids. BTR: BCAA to tyrosine ratio. Quantitative variables were expressed as the mean values + SD or median (range).
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Figure 4. The decreased values of the branched-chain amino acids to Tyr ratio (BTR) in relation to the severity of varices in
patients with HCV-related compensated (Child-Pugh class A) cirrhosis. A. The branched-chain amino acids to Tyr ratio (BTR)
in patients with HCV-related compensated (Child-Pugh class A) cirrhosis with or without varices. A comparison between the
31 patients with varices (in the high-risk varices group or the low-risk varices group) and the 27 patients in the no varices group
is shown. The BTR value was significantly lower in the patients with varices than that in the patients without varices. B. The bran-
ched-chain amino acids to Tyr ratio (BTR) in patients with HCV-related compensated (Child-Pugh class A) cirrhosis with or
without high-risk varices. A comparison between the 14 patients in the high-risk varices group and the 35 patients without
high-risk varices (in either the no varices group or the low-risk varices group) is shown. The BTR ratio was significantly lower in
patients with high-risk varices than that in patients without high-risk varices.

DISCUSSION

EGD is the most reliable method to determine
whether a cirrhotic patient should receive a
prophylactic treatment for variceal hemorrhage.?3
However, patients with a well-maintained liver func-
tion (Child-Pugh class A) usually do not have any
clinical symptoms, sometimes leading to a negative
attitude toward undergoing the EGD examination.
Therefore, it should be attractive to find a biomarker
which is related to the presence and the bleeding risk
of varices even in compensated (asymptomatic)
cirrhotic patients.

Although several biomarkers of liver fibrosis have
been reported to predict the presence of varices,*%
there have been few studies that have investigated
the relationships between the endoscopic variceal
findings and the fibrosis-related markers in compen-
sated cirrhotic patients with well-maintained liver
function (Child-Pugh class A status). In particular,
there have been few studies that have investigated
the relationship between the metabolic parameters
and the severity of varices in compensated cirrhotic
patients.

We previously examined several biomarkers, in-
cluding the AST-to-ALT ratio (AAR),!* the FIB-4
indices!® and the AST-to-platelet count ratio index
(APRI)!® in HCV-related cirrhotic patients with
Child-Pugh class A status, and reported that the
AAR was associated with both with presence and the
bleeding risk of varices.!” In addition, we examined
the two glycated proteins (glycated albumin: GA and
glycated hemoglobin: HbAlc) proteins in patients
with CLD, and reported that the GA/HbAlc ratio
was correlated with the severity of the esophageal
varices in HCV-related cirrhotic patients.'®* We also
reported that this ratio (the GA/HbAlc ratio) was
increased with the progression of liver fibrosis in pa-
tients with HCV-related CLD and non-alcoholic
steatohepatitis.1%20

In the present study, we focused on the amino
acid imbalance in CLD and found the BTR to be de-
creased with the severity of varices. Amino acid im-
balances are well-known metabolic disorders in
patients with CLD, and a previous report examined
the relationship between the progression of liver fi-
brosis and the BTR value in CLD patients with va-
rious etiologies, including HCV infection, HBV
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Table 4. Characteristics of the compensated cirrhotic patients with or without high-risk varices.

High risk varices detected by EGD

Absent (n = 44) Present (n = 14) P-value
Age (years) 64 (23-78) 71.5 (31-82) NS
Gender (male/female) 18/ 26 12/2 NS
AST (IU/L) 44 (25-328) 47.5 (27-68) NS
ALT (IU/L) 45.5 (12-315) 35.5 (18-86) <0.05
y-GTP (IU/L) 51 (12-259) 29.5 (12-159) NS
ALP (IU/L) 262.5 (133-556) 281 (191-462) NS
Total bilirubin (mg/dL) 0.8 (0.3-2.1) 1.0 (0.6-1.4) NS
Albumin (g/dL) 3.71 £ 0.41 3.56 £0.27 NS
Hemoglobin(g/dL) 12.6 + 2.0 11.2+1.7 < 0.05
Platelet (x10*/mm3) 12.6 + 5.4 11.2+7.6 NS
Prothrombin time (%) 85.2+£9.3 82.7 £9.2 NS
BCAA treatment (present/absent) 5/39 5/9 NS
BTR 4.78 +1.14 3.86 +1.02 < 0.01

BCAA: branched-chain amino acids. BTR: BCAA to tyrosine ratio. Quantitative variables were expressed as the mean values + SD or median (range).

infection, autoimmune hepatitis and cryptogenic he-
patitis.2! Furthermore, Habu, et al.??2 showed that
there was an association between a low BTR value
and the presence of a porto-systemic shunt in pa-
tients with compensated liver cirrhosis. We herein
showed that the value of BTR decreased with the
progression of liver fibrosis and with the severity of
varices in HCV-related CLD patients, and these re-
sults were in agreement with previous reports
regarding CLD patients with various etiologies.2-22
Interestingly, despite the fact that the ratio of
BCAA-treated patients was increased with the seve-
rity of varices, the BTR value was inversely decrea-
sed with the severity. Therefore, if none of the
patients had received the BCAA treatment, the de-
crease of the BTR value with the progression of liver
fibrosis and the severity of varices would have been
even more remarkable. Our findings suggest that
the BTR value is a unique parameter that is stron-
gly associated with various clinical conditions in pa-
tients with HCV-positive CLD, including the degree
of liver fibrosis and the severity of varices, as well
as the amino acid imbalance. It is interesting to
note that recent reports.?324 suggest that the values
of BTR are associated with the prognosis of HCC.
Although the main focus of the disorders of amino
acid metabolism has been on patients with cirrhosis,
an evaluation of the amino acid imbalance by mea-
suring the BTR should provide new information
with regard to the various clinical statuses in pa-
tients with CLD, as well as in cirrhotic patients.

It is of interest to clinicians to determine cut-off
values of the BTR that can discriminate between com-
pensated cirrhotic patients with or without varices

and with or without high-risk varices. We performed
the receiver operating characteristic (ROC) analyses
and obtained possible cut-off values (BTR values of
4.39 and 3.93, respectively). However, it was not easy
to identify the cut-off values of the BTR that had a
sufficient diagnostic performance, perhaps because of
the relatively small number of patients in the present
study. Therefore, further investigations in a larger
number of patients are needed.

In summary, we showed that the BTR value is asso-
ciated with the progression of liver fibrosis and the se-
verity of esophageal varices. The liver plays an
important role in many aspects of metabolism, and va-
rious metabolic disorders involving glucose, amino
acids and lipids are observed in patients with CLD.2526
Therefore, it would be interesting and important to in-
vestigate the metabolic parameters, including the GA/
HbAlc ratio and the BTR value, for their correlations
with the presence of varices or the bleeding risk of va-
rices in a larger number of patients.

ABBREVIATIONS

* AAA: aromatic amino acids.

* BCAA: branched-chain amino acids.
* BTR: BCAA to Tyr ratio.

e CLD: chronic liver disease.

* EGD: esophagogastroduodenoscopy.
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