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Abstract

Background: In patients with chronic liver diseases (CLDs), hepatitis C virus (HCV) infection in particular may cause various
metabolic disorders. We previously reported that the value of the ratio of branched-chain amino acids to tyrosine (BTR) decreased
with the progression of liver fibrosis.
Objectives: We investigated the changes in clinical variables during interferon (IFN) treatment and assessed whether HCV eradica-
tion improved the amino acid imbalance in HCV infected patients.
Patients andMethods: We retrospectively collected the clinical data of HCV-related CLD patients whose BTR values had been mea-
sured both pre- and post-IFN treatment. A total of 17 patients with a sustained viral response (SVR) (mean observational period:
1085.0 days) and 19 patients without an SVR (Non-SVR) (mean observational period: 1002.5 days) were studied.
Results: In patients with an SVR, the serum levels of aminotransferases were decreased after HCV eradication. Although general
liver functional tests (albumin and total bilirubin) did not significantly change, the BTR values significantly increased. However, in
patients without an SVR, an improvement in the BTR value was not observed after IFN treatment.
Conclusions: HCV eradication can improve the amino acid imbalance in HCV infected patients.
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1. Background

In patients with liver cirrhosis, the serum levels
of branched-chain amino acids (BCAAs), such as valine,
leucine and isoleucine, are decreased, while those of aro-
matic amino acids (AAAs), such as tyrosine and phenylala-
nine, are increased. A decline in Fisher’s ratio (serum ratio
of BCAAs to AAAs) is thus considered to reflect the amino
acid imbalance in cirrhotic patients (1, 2). The ratio of
BCAAs to tyrosine (BTR) has also been shown to decrease in
cirrhotic patients, and BTR is widely used in Japan as an eas-
ily measurable indicator of amino acid imbalance (3, 4).

In patients with chronic liver diseases (CLDs), hepati-
tis C virus (HCV) infection in particular may cause vari-
ous metabolic disorders. Regarding the amino acid imbal-
ance, we previously reported that the BTR value decreased
with the progression of liver fibrosis in patients with HCV-
related CLD (5). However, the changes in the BTR values af-
ter HCV eradication by interferon (IFN) treatment have not
yet been clarified.

2. Objectives

In the present study, we investigated the changes in
patients’ BTR pre- and post-IFN treatment and assessed
whether HCV eradication could improve the amino acid
imbalance in HCV-infected patients.

3. Patients andMethods

3.1. Patients

We retrospectively collected the clinical data of 36 HCV-
related CLD patients who completed IFN treatment from
December 2006 to August 2012 and whose BTR values had
been measured at two time-points (within six months be-
fore the initiation of IFN treatment and more than one
year after the completion of IFN treatment). HCV infection
was diagnosed by the detection of HCV antibodies and HCV
RNA in the patient’s serum. Patients with undetectable lev-
els of HCV RNA at 24 weeks after the end of IFN treatment
were defined as patients with a sustained viral response
(SVR) and were regarded as those who achieved HCV eradi-
cation. A total of 36 HCV-positive patients treated with IFN
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therapy were included in the present study (PEGylated IFN
plus ribavirin therapy: 22 patients; IFN plus ribavirin ther-
apy: 3 patients; PEGylated IFN monotherapy: 4 patients;
and IFN monotherapy: 7 patients). Patients who received
BCAA treatment were not included in the study. The BTR
values were measured using a commercially available kit
(Daiyacolor-BTR, Toyobo, Osaka, Japan) (6, 7). In addition to
the BTR values, basic clinical variables were also collected
and changes in the values pre- and post-IFN therapy were
investigated. This study conformed to the ethical guide-
lines of the Declaration of Helsinki, and written informed
consent was obtained from all patients.

3.2. Statistical Analysis

In the present study, we attempted to clarify whether
the BTR value improved after the achievement of SVR. We
also assessed the changes in general clinical variables in
patients with CLDs. numerical variables were expressed as
the median values (range) and their changes pre- and post-
IFN therapy were evaluated using the Wilcoxon signed-
rank test.

4. Results

A total of 36 patients (including 11 cirrhotic patients)
were studied; 17 patients achieved an SVR (“SVR” patients),
while the remaining 19 patients did not (“non-SVR” pa-
tients). Twenty-eight patients and eight patients, respec-
tively, presented with infections of the genotype 1 virus
and genotype 2 virus. The characteristics of the enrolled
patients and changes in the general laboratory data are
shown in Table 1. When we investigated non-SVR patients,
the levels of various CLD-related variables did not improve
after receiving IFN treatment (mean observational period:
1002.5 days), perhaps due to liver inflammation during
continual HCV infection. When we evaluated SVR patients
(mean observational period: 1085.0 days), the levels of
aminotransferases and gamma-glutamyl transpeptidase
were significantly decreased after HCV eradication. The
serum levels of general liver functional tests (albumin and
total bilirubin) were maintained but did not significantly
improve even after HCV eradication. However, the BTR val-
ues were significantly increased in SVR patients, but not in
patients without an SVR (Figure 1).

5. Discussion

As the liver plays a principal role in metabolism, sev-
eral metabolic functions have been shown to deteriorate
with the progression of CLDs (8). Amino acid imbalance is
one such metabolic disorder in patients with CLD (9), and

Figure 1. The Values of BTR Pre- and Post-IFN Treatment
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The BTR values in patients with an SVR significantly increased (A), while those in pa-
tients without an SVR did not significantly change (B). Box plots: 10th percentile, 25th

percentile; median, 75th percentile and 90th percentile.

previous studies, including from our group, showed that a
decreased BTR value was related to the severity of liver fi-
brosis in CLD patients (5, 10, 11). In 2007, Kawaguchi et al.
showed that insulin resistance was improved in patients
with an SVR (12). In this study, we showed that the BTR
value increased in response to HCV eradication following
IFN treatment, suggesting that the BTR value may be a sen-
sitive indicator of metabolic change in SVR patients. This
is the first report, to our knowledge, to show the improve-
ment in the amino acid imbalance after HCV elimination
by IFN therapy.

There are some limitations associated with the present
study. First, this is a retrospective study, and the treat-
ment protocol and observational period differed for each
patient. Second, the BTR value, the indicator of the amino
acid imbalance, is not routinely measured before and af-
ter IFN therapy, so the number of patients included in this
study was small. However, irrespective of various clinical
conditions, SVR patients showed increased BTR values fol-
lowing IFN therapy, unlike non-SVR patients. Therefore,
the improvement in the amino acid balance may be a gen-
erally observed condition in SVR patients. Although we
were unable to evaluate the association between changes
in the BTR and changes in the histological findings because
of the limited number of patients with liver biopsy after
HCV eradication, it would be interesting if the increased
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Table 1. Basic Clinical Information and Changes in the Laboratory Variables Pre- and Post-Interferon Treatmenta , b

Basic Clinical Information Changes of Laboratory Variables Between the Pre- and Post-Interferon Treatment

Age at the
Initiation

of
Treatment

(yr)

Gender
(Male/Female)

DM (+/-) HT (+/-) Dyslipidemia
(+/-)

Days After
the End of
Treatment

AST (IU/L) ALT (IU/L) GGT (IU/L) Total
Bilirubin
(mg/dL)

Albumin
(g/dL)

Platelet
Count

(×103/mm3)

SVR (N = 17) 60 (31 - 79) 8/9 1/16 4/13 3/14 1065 (588 -
1657), Mean:

1085.0

49 (22 - 111)
→ 23 (13 -

52) **

43 (21-122)
→ 15 (6-56)

**

25 (11 - 62)
→ 16 (10 -

50) *

0.8 (0.4 - 1.4)
→ 0.9 (0.6 -

1.8)

4.1 (2.7 - 4.7)
→ 4.1 (3.1 -

4.6)

183 (101 -
224)→ 176

(103 - 261)

Non-SVR ( N
= 19)

61 (31 - 74) 12/7 2/17 4/15 2/17 800 (385 -
1783), Mean:

1002.5

49 (9 - 158)
→ 50 (20 -

143)

42 (20 - 183)
→ 40 (12 -

188)

35 (18 - 247)
→ 31 (14 -

184)

0.8 (0.6 - 2.3)
→ 0.8 (0.4 -

1.9)

3.9 (2.9 - 4.9)
→ 3.7 (2.3 -

5.0)

136 (64 - 341)
→ 156 (68 -

400)

Abbreviations: AST/ALT, alanine/aspartate aminotransferase; DM, diabetes mellitus; GGT, gamma-glutamyl transpeptidase; HT, hypertension; SVR, Sustained viral response.
a Data were expressed as median (range), unless particularly mentioned.
b **, P < 0.01 and *, P < 0.05 determined using the Wilcoxon signed-rank test.

BTR values were related to histological improvement. A
prospective study with a greater accumulation of cases will
provide definitive information.

In summary, we showed that the BTR value was in-
creased in HCV-eliminated patients. Although several
metabolic disorders develop in CLD patients, the amino
acid imbalance has not been sufficiently studied, partic-
ularly in non-cirrhotic patients. Our findings provide
new information regarding metabolic disorder in non-
cirrhotic HCV infected patients.

Acknowledgments

We are grateful to Tawara N., Nakatani R., Wasai K.,
Kanazawa N., Matsushita Y., Fujii S., Kido H. and Minemoto
K. (Hyogo College of Medicine) for their technical and sec-
retarial assistance.

Footnotes

Authors’ Contribution: Hirayuki Enomoto and Shuhei
Nishiguchi: designed and proposed the research; Hi-
rayuki Enomoto, Hiroki Nishikawa, Naoto Ikeda, Nobuhiro
Aizawa, Yoshiyuki Sakai, Kazunori Yoh, Ryo Takata, Kuni-
hiro Hasegawa, Chikage Nakano, Takashi Nishimura, Akio
Ishii, Tomoyuki Takashima, Yoshinori Iwata, and Hiroko
Iijima: participated in the clinical practice and acquisi-
tion of data; Hirayuki Enomoto and Hiroki Nishikawa: per-
formed the statistical analysis. Hirayuki Enomoto and
Shuhei Nishiguchi: drafted the manuscript. All authors
were involved in the manuscript revision and approved the
final version of the manuscript.

Financial Disclosure: Shuhei Nishiguchi received finan-
cial support from Chugai Pharmaceutical, MSD, Dainippon
Sumitomo Pharma, Ajinomoto Pharmaceuticals and Ot-
suka Pharmaceutical.

References

1. Fischer JE, Yoshimura N, Aguirre A, James JH, Cummings MG, Abel RM,
et al. Plasma amino acids in patients with hepatic encephalopathy.
Effects of amino acid infusions. Am J Surg. 1974;127(1):40–7. [PubMed:
4808685].

2. James JH, Ziparo V, Jeppsson B, Fischer JE. Hyperammonæmia,
plasma aminoacid imbalance, and blood-brain aminoacid trans-
port: A unified theory of portal-systemic encephalopathy. Lancet.
1979;2(8146):772–5. doi: 10.1016/s0140-6736(79)92119-6.

3. Tada T, Kumada T, Toyoda H, Kiriyama S, Tanikawa M, Hisanaga Y, et
al. Impact of the branched-chain amino acid to tyrosine ratio and
branched-chain amino acid granule therapy in patients with hepato-
cellular carcinoma: A propensity score analysis. J Gastroenterol Hepa-
tol. 2015;30(9):1412–9. doi: 10.1111/jgh.12954. [PubMed: 25799910].

4. Suzuki K, Suzuki K, Koizumi K, Ichimura H, Oka S, Takada H, et al.
Measurement of serum branched-chain amino acids to tyrosine ratio
level is useful in a prediction of a change of serum albumin level in
chronic liver disease.Hepatol Res. 2008;38(3):267–72. doi: 10.1111/j.1872-
034X.2007.00268.x. [PubMed: 18021234].

5. Enomoto H, Sakai Y, Aizawa N, Iwata Y, Tanaka H, Ikeda N, et al. Associ-
ation of amino acid imbalance with the severity of liver fibrosis and
esophageal varices.AnnHepatol. 2013;12(3):471–8. [PubMed: 23619265].

6. Oono T, Yamasaki T, Zaitsu J, Saeki I, Iwamoto T, Harima Y, et al.
Association of tyrosine with insulin resistance in hepatitis C virus-
related chronic liver disease. Hepatol Res. 2014;44(10):E54–62. doi:
10.1111/hepr.12213. [PubMed: 23905687].

7. Enomoto H, Aizawa N, Nakamura H, Takata R, Sakai Y, Iwata Y, et al.
A new metabolism-related index correlates with the degree of liver
fibrosis in hepatitis C virus-positive patients. Gastroenterol Res Pract.
2015;2015:926169. doi: 10.1155/2015/926169. [PubMed: 25861264].

8. Mukherjee S, Gollan JL. Assessment of Liver Function. In: Dooley JS,
Lok AS, Burroughs AK, Heathcote EJ, editors. Sherlock’s Diseases of the
Liver and Biliary System. 12 ed. London: Wiley-Blackwell; 2011. pp. 20–
35.

9. Morgan MY, Marshall AW, Milsom JP, Sherlock S. Plasma amino-acid
patterns in liver disease. Gut. 1982;23(5):362–70. [PubMed: 7076013].

10. Nakamura Y, Mizuguchi T, Kawamoto M, Meguro M, Harada K, Ota S,
et al. Cluster analysis of indicators of liver functional and preopera-
tive low branched-chain amino acid tyrosine ration indicate a high
risk of early recurrence in analysis of 165 hepatocellular carcinoma
patients after initial hepatectomy. Surgery. 2011;150(2):250–62. doi:
10.1016/j.surg.2011.06.001. [PubMed: 21801962].

11. Ishikawa T. Early administration of branched-chain amino
acid granules. World J Gastroenterol. 2012;18(33):4486–90. doi:
10.3748/wjg.v18.i33.4486. [PubMed: 22969221].

Hepat Mon. 2016; 16(6):e35824. 3

http://www.ncbi.nlm.nih.gov/pubmed/4808685
http://dx.doi.org/10.1016/s0140-6736(79)92119-6
http://dx.doi.org/10.1111/jgh.12954
http://www.ncbi.nlm.nih.gov/pubmed/25799910
http://dx.doi.org/10.1111/j.1872-034X.2007.00268.x
http://dx.doi.org/10.1111/j.1872-034X.2007.00268.x
http://www.ncbi.nlm.nih.gov/pubmed/18021234
http://www.ncbi.nlm.nih.gov/pubmed/23619265
http://dx.doi.org/10.1111/hepr.12213
http://www.ncbi.nlm.nih.gov/pubmed/23905687
http://dx.doi.org/10.1155/2015/926169
http://www.ncbi.nlm.nih.gov/pubmed/25861264
http://www.ncbi.nlm.nih.gov/pubmed/7076013
http://dx.doi.org/10.1016/j.surg.2011.06.001
http://www.ncbi.nlm.nih.gov/pubmed/21801962
http://dx.doi.org/10.3748/wjg.v18.i33.4486
http://www.ncbi.nlm.nih.gov/pubmed/22969221
http://hepatmon.com


Enomoto H et al.

12. Kawaguchi T, Ide T, Taniguchi E, Hirano E, Itou M, Sumie S, et al.
Clearance of HCV improves insulin resistance, beta-cell function,
and hepatic expression of insulin receptor substrate 1 and 2. Am J

Gastroenterol. 2007;102(3):570–6. doi: 10.1111/j.1572-0241.2006.01038.x.
[PubMed: 17222321].

4 Hepat Mon. 2016; 16(6):e35824.

http://dx.doi.org/10.1111/j.1572-0241.2006.01038.x
http://www.ncbi.nlm.nih.gov/pubmed/17222321
http://hepatmon.com

	Abstract
	1. Background
	2. Objectives
	3. Patients and Methods
	3.1. Patients
	3.2. Statistical Analysis

	4. Results
	Table 1
	Figure 1

	5. Discussion
	Acknowledgments
	Footnotes
	Authors' Contribution
	Financial Disclosure

	References

