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Abstract The amino acid metabolism in patients with
hepatitis B virus (HBV) infection is significantly changed.
In this study, we analyzed the relationship between the
amino acid profiles and varying clinical stages of HBV
infection, and investigated their significance. The plas-
ma amino acid concentrations in 115 patients with HBV
infection and 32 healthy donors were detected and an-
alyzed, and the main indicators of liver function were
measured. Correlation analysis was performed between
the amino acid profiles (Fischer’s ratio, branched-chain
amino acid to tyrosine ratio [BTR]) and the key indica-
tors of liver function in patients with HBV infection.
Fisher’s ratio and the BTR of patients with HBV infec-
tion was found to differ from that of the healthy con-
trols, and was also found to significantly correlate with
the stage of HBV infection. Changes in the BTR were
closely related to the level of key indicators of liver
function, and a significant relationship was detected be-
tween the Fischer’s ratio and the BTR (r00.928, p<
0.001). These results suggest that Fischer’s ratio and the
BTR can indirectly reflect the degree of liver cell injury.
Determining and tracking the plasma amino acid profiles
could, therefore, be used for the diagnosis, treatment

selection, and prognosis of patients with varying stages of
HBV infection.

Introduction

The liver is a vital organ that plays a major role in metab-
olism, including amino acid synthesis. The amino acid con-
tents of peripheral blood plasma are frequently changed in
patients with hepatitis B virus (HBV) infection. These
changes manifest as an increased concentration of aromatic
amino acids (AAAs) and a decreased concentration of
branched-chain amino acids (BCAAs). BCAAs have been
applied to the diagnosis of viral hepatitis B and as an
adjuvant therapy for liver disease [1–3].

Fischer’s ratio, an amino acid-based diagnostic index,
represents the ratio between BCAAs and AAAs, defined by
the formula (Leu+Val+Ile)/(Tyr+Phe). An abnormal Fischer’s
ratio has been reported in liver-related diseases [4, 5]. The
BCAA/AAA ratio is often significantly lower in patients
with HBV infection. However, how these changes in the
BCAA/AAA ratio correlate with the various stages of HBV
clinical disease has not been well described. Some reports
have suggested that, rather, than measuring the BCAA/AAA
ratio, it may be more appropriate and straightforward to mea-
sure the BCAA to tyrosine ratio (BTR), which correlates well
with the severity of liver disease [6, 7]. In this report, auto-
matic colorimetric determination was used to detect the con-
centration of amino acids in peripheral blood plasma from
patients with various degrees (clinical types) of HBV infec-
tion. Furthermore, the relationship between liver function
indicators in these patients and their amino acid profiles
(Fischer’s ratio, BTR) were also analyzed in order to confirm
the relationship between the amino acid profile and clinical
symptoms in patients with HBV infection.
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Subjects and methods

Subjects

All of the cases included in this study were hospitalized or
underwent a follow-up examination in our unit from October
2009 to April 2010. The diagnostic standards for various
stages of HBV infection were complied with the diagnostic
criteria of the 2000 Xi’an viral hepatitis management scheme
[8]. The standards for diagnoses of acute hepatitis B (AHB),
chronic hepatitis B (CHB), and chronic severe hepatitis B
(CSHB) have been described in detail previously [9–11].
Briefly, AHB patients are defined as those who displayed
hepatitis B surface Ag (HBsAg)-negative conversion within
6 months after the initial onset of symptoms due to HBV
infection.

Patients with CHB are defined as those who displayed
HBsAg-positive, HBeAg-positive, and HBV DNA detect-
able with abnormal liver function tests. To reflect the degree
of liver injury, CHB was subtyped as mild, moderate, and
heavy. Their ultrasound diagnostic references are as follows:
mild CHB, no significant abnormal evidences in the liver
and spleen; moderate CHB, enlargement of the liver echo,
slight enlargement of the liver and/or spleen; heavy CHB,
significantly enlarged liver echo and uneven distribution,
and spleen enlarged. Their laboratory test references are
shown in Table 1.

The diagnostic standard for CSHB is as follows: (1) a
history of CHB or liver cirrhosis; (2) serum HBsAg positivity
>6 months, serum total bilirubin (TBiL) >10 times the normal
level; (3) signs of chronic liver disease, such as liver palm and
spider angioma, ultrasound abnormal evidence, and so on; (4)
liver biopsy histology findings typical of chronic hepatitis.
Patients with decompensated liver cirrhosis are defined as
follows: advanced liver cirrhosis, Child–Pugh score being B
or C level, significant liver dysfunction, and signs of decom-
pensation (such as albumin [Alb]<35 g/L, A/G<1.0, signifi-
cant jaundice, TBiL>35 μmol/L, alanine transaminase [ALT]
and aspartate aminotransferase [AST] increased, prothrombin
activity [PTA]<60%), based on liver biopsy or obvious find-
ings on ultrasound imaging.

The total number of subjects included was 147, excluding
those displaying the combined effects of amino acid metab-
olism and those cases treated with amino acids or Alb.
Among these subjects, 86 were men and 61 were women.
Their ages ranged from 23 to 65 years, with an average of
48.2±15.5 years. There were 15 cases with AHB, 40 cases
with chronic hepatitis B (moderate CHB, 15 cases; heavy
CHB, 25 cases), 30 cases with CSHB, 30 cases with liver
cirrhosis (LC), including compensated LC (17 cases) or
decompensated LC (13 cases), and 32 healthy donors
(HDs) who were included as a control group. There were
no significant differences in the gender or age among these
groups.

The diagnosis of each liver disease case was based on
conventional clinical and biochemical data, histological
findings, and imaging and endoscopic criteria. None of the
recruited patients were co-infected with HIV-1, HIV-2,
HAV, HCV, HDV, HEV, or CMV. The 32 healthy donors
used as controls were negative for HBsAg and had no
clinical or laboratory evidence of other infectious diseases
or immunological disorders, and they were from the inter-
national health screening center in our unit (First Affiliated
Hospital, College of Medicine, Zhejiang University). This
study was conducted according to the guidelines laid down
in the Declaration of Helsinki and all procedures involving
human subjects were approved by the medical ethics com-
mittee in the First Affiliated Hospital, College of Medicine,
Zhejiang University. Verbal informed consent was obtained
from all subjects. Verbal consent was witnessed and formally
recorded.

Reagents and instruments

Plasma amino acid concentrations were measured by an
auto amino acid analyzer (L-8800; Hitachi, Tokyo, Japan)
with colorimetric analysis. Enzyme-linked immunosorbent
assay (ELISA) kits were used to detect HBV serological
markers (HBVMs) according to the manufacturer’s instruc-
tions (Kehua Industrial Biotechnology Co. Ltd., Shanghai,
China), and the PT (prothrombin time) was determined
using an automated coagulation analyzer (Sysmex CA-500
Series, USA). Biochemical indicators of liver function were
measured on an automatic biochemical analyzer (Abbott,
Chicago, IL, USA).

Specimen collection

Peripheral venous blood samples were obtained as soon as
the liver disease was diagnosed, before the anti-viral treat-
ment, from 115 patients with HBV infection after an over-
night fast, and the sera were tested for biochemical
indicators of liver function and HBV serum markers. Three
milliliters of venous blood was placed into a vacuum tube,

Table 1 References for the laboratory tests of chronic hepatitis B
(CHB; mild, moderate, and heavy)

Tests Mild Moderate Heavy

ALT/AST (IU/L) ≤120 >120 >120

TBiL (μmol/L) ≤42 >42~<105 >105

Alb (g/L) ≥35 <35~>32 ≤32

A/G ≥1.4 <1.4~>1 <1

ALT alanine transaminase, AST aspartate aminotransferase, TBiL total
bilirubin, Alb albumin, A/G albumin/globulin
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along with EDTA·Na2 anticoagulant (BD, New Jersey,
USA), and centrifuged at 1,100 × g for 10 min, to separate
the blood plasma. All samples were stored at −75°C prior to
measurement.

Determination of the amino acid spectra and HBV DNA
loading

The above cryopreserved plasma (0.5 ml) was added to 4%
sulfosalicylic acid (1.5 ml) and mixed well. This mixture
was centrifuged at 26,900 × g for 15 min, then 1 ml of the
supernatant was placed in a vial (UNK) and applied to an
amino acid analyzer (L-8800, HITACHI, Japan), which
automatically takes 0.02 ml for amino acid analysis with
spectrophotometrical detection after postcolumn reaction
with ninhydrin reagent, and the flushing fluid was
0.2 mmol/L citric acid buffer (pH 3.3). Standard products
and test kits were provided by Hitachi (Japan). The ammo-
nia is measured using an automatic biochemical analyzer
(CX9, Beckman, USA) with enzymatic ammonia determi-
nation, according to the manufacturer’s directions.

The serum HBV DNA loading in patients was quanti-
tated using a commercial polymerase chain reaction (PCR)
diagnostic kit (PG Biotech, Shenzhen, China), with a
minimal detection standard of 500 copies/ml, and the
HBV genotypes were determined as reported in a previous
paper [12].

Statistical analysis

All dosimetric values are presented and were analyzed using
SPSS version 16.0 software (SPSS Inc., Chicago, IL, USA),
and p-values less than 0.05 were considered to be statistically
significant. The correlation between the amino acid profiles

(Fischer’s ratio, BTR) and liver function indicators were ana-
lyzed using Spearman’s correlation coefficient (r-values) and
linear regression analysis.

Results

Characteristics of patients and healthy donors

The main clinical and laboratory key indicators for the
patients are shown in Table 2. Patients with HBV infection
showed lower Alb levels and higher PT values (p<0.01 or
0.05) compared with patients with AHB or HDs.

Plasma amino acid profiles

The concentrations of the 18 plasma amino acids in the 115
patients with various stages of HBV infection and the 32
HDs were detected automatically, and are shown in Table 3.
The results show that, compared with HDs, in most patients
with AHB, the three plasma amino acids Thr, Glu, and Met
were significantly increased (p<0.01 or 0.05), and the ami-
no acid Pro was significantly decreased (p<0.01); in
patients with CHB, the amino acids Thr, Glu, Met, Tyr,
and Phe were significantly increased (p<0.01 or 0.05), and
the amino acids Val, Ile, and Leu were significantly de-
creased (p<0.01 or 0.05). Furthermore, in heavy CHB
patients, the amino acids Lys and Arg were significantly
increased (p<0.01 or 0.05), and the amino acids Ala and
Gly were significantly decreased (p<0.05). In patients with
LC or CSHB, the amino acids Thr, Glu, Cys, Met, Tyr, and
Phe were significantly increased (p<0.01 or 0.05), and the
amino acids Ala, Gly, Val, Ile, and Leu were significantly
decreased (p<0.01 or 0.05). Furthermore, the amino acids

Table 2 Clinical characteristics of the populations at entry into the study

HD AHB CHB-m CHB-h LC CSHB

No. of patients 32 15 15 25 30 30

Sex ratio (male/female) 22/10 9/6 8/7 14/11 17/13 16/14

Age (years) 45±8 42±8 47±9 46±7 51±9 48±5

ALT (IU/L) <40 (17±8) >400 (1,082±415) >120 (175±71) >120 (195±83) >40 (162±66) >40 (63±39)

Alb (g/L) 43±10 41±9 35±8* 31±7** 26±7** 25±8**

TBiL (μmol/L) <21 (14±7) >21 (36±25) >42 (57±25) >105 (95±45) >105 (112±52) >210 (250±122)

PT (s) 8.3±3.8 10.2±3.8 16.5±3.7** 21.7±6.7** 20.3±5.9** 23.3±8.2**

HBV DNA (lg, copies/ml) ND 2.9±1.3 5.7±1.1 5.8±2.1 5.4±2.3 4.6±1.8

HBV genotype ND 5B, 10C 7B, 8C 11B, 14C 12B, 18C 10B, 20C

The values represent the mean±standard deviation (SD)

ALT alanine transaminase, Alb albumin, TBiL total bilirubin, PT prothrombin time, HBV hepatitis B virus, DNA deoxyribonucleic acid, HD healthy
donors, AHB acute hepatitis B, CHB-m moderate chronic hepatitis B, CHB-h heavy chronic hepatitis B, LC liver cirrhosis (compensated or
decompensated), CSHB chronic severe hepatitis B, ND not detected

*p<0.05; **p<0.01 vs. the HD group
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Lys and Arg were significantly increased (p<0.01) in CSHB
patients.

The BCAA/AAA ratio and the BTR were then calcu-
lated, and are shown in Fig. 1a, along with the Tyr
(tyrosine) concentration (Fig. 1b). When compared with
the control group (HDs), the concentration of AAA and
Tyr from patients with HBV infection showed significant
differences (p<0.05 or 0.01), with the exception of the
CHB-m group (p>0.05). Furthermore, a significant de-
crease (p<0.05 or 0.01) was recorded when the BCAA
concentration, the BCAA/AAA ratio, and the BTR from
patients with various clinical stages of HBV infection
(AHB, CHB-m, CHB-h, LC, and CSHB) were compared
with those of the HD group. Moreover, the BCAA/AAA
ratio and the BTR were most significantly decreased in
the CSHB group (p<0.001).

Amino acid profile associated with liver function

Correlation analysis between the amino acid profiles and the
key indicators of liver function in the patients with various
stages of HBV infection indicated a statistically significant
positive correlation between Tyr and PT, but no significant
difference between Tyr, TBiL, and Alb. Furthermore, the
BCAA/AAA ratio and the BTR showed a significant

positive correlation with Alb, and a significant inverse cor-
relation with TBiL and PT, as shown in Table 4.

Fischer’s ratio correlation with the BTR

The Fischer’s ratio for patients with different clinical stages
of HBV infection was determined by correlation analysis
with their BTR. A significant positive correlation was
detected (r00.928, p<0.001), as shown in Fig. 2.

Discussion

The liver plays a central role in amino acid metabolism, and
AAAs are mainly metabolized in the liver by the enzymes
phenylalanine hydroxylase and tyrosine aminotransferase in
hepatocytes. BCAAs, however, are mainly metabolized in
skeletal muscle, where they react with alpha-ketoglutaric
acid and are converted to glutamine by transamination
[13]. The plasma amino acid concentration is determined
by the rate at which amino acids appear in plasma and other
pools, as well as the rate at which they disappear via con-
version to other amino acids, breakdown, excretion, and
incorporation into proteins. Thus, HBV patients with liver
dysfunction frequently present with increased plasma AAA

Table 3 Profile of plasma amino acids in different types of patient with hepatitis B virus (HBV) infection (μmol/L)

AA HD AHB CHB-m CHB-h LC CSHB

Asp 12.81±7.32 13.11±6.23 13.69±1.59 15.15±9.12 12.62±3.24 14.63±6.86

Thr 230.71±90.61 291.21±98.25* 284.25±95.56* 312.51±105.65* 280.19±90.28* 335.57±111.81**

Ser 159.57±56.51 161.21±46.51 173.55±50.12 187.89±83.06 170.14±58.93 165.71±67.45

Glu 80.40±24.75 198.1±74.25** 125.64±51.53* 141.77±91.9** 125.89±46.35* 170.15±55.65**

Ala 332.86±147.90 332.86±147.90 295.08±70.58 278.33±93.00* 258.63±124.03** 239.29±86.70**

Gly 368.39±177.89 318.52±127.91 312.25±70.77 283.33±110.69* 277.74±98.42* 256.50±79.81*

Cys 86.11±36.31 91.11±26.31 92.78±15.60 109.06±35.63 112.44±21.99* 120.85±36.17**

Val 239.48±60.28 208.79±87.52 193.35±38.59* 187.48±41.03* 176.08±33.87** 177.41±41.28**

Met 45.82±33.07 72.67±41.59* 98.65±65.35** 156.79±102.2** 87.28±59.65** 155.78±152.27**

Ile 73.29±21.07 85.21±34.37 56.42±24.15** 55.14±12.91** 53.06±23.58** 56.05±22.82**

Leu 140.20±47.02 159.21±67.42 94.55±45.05** 104.88±62.46** 89.81±29.35** 102.66±42.46**

Tyr 88.69±22.67 108.54±51.48 121.67±42.79** 143.26±62.31** 143.41±64.01** 173.65±73.51**

Phe 93.80±25.39 108.41±46.31 124.11±21.09* 143.62±47.93** 123.31±41.02* 151.56±59.21**

Lys 169.83±38.67 172.83±38.67 188.72±58.68 229.19±131.49** 174.83±79.65 247.89±119.32**

NH3 55.85±9.21 65.21±11.61 82.62±13.92* 94.71±21.25** 216.69±68.12** 229.21±70.12**

His 100.18±28.30 87.32±23.53 78.02±26.83 94.38±38.47 82.28±25.48 96.36±39.91

Arg 67.93±33.33 77.93±33.33 78.57±34.60 103.51±75.48* 89.20±41.58 114.64±72.29**

Pro 181.25±55.62 126.47±58.79** 139.54±43.49** 172.05±86.47 159.32±60.81 205.35±84.5

The values represent the mean±standard deviation (SD)

AA amino acid, HD healthy donors, AHB acute hepatitis B, CHB-m moderate chronic hepatitis B, CHB-h heavy chronic hepatitis B, LC liver
cirrhosis (compensated or decompensated), CSHB chronic severe hepatitis B

The value of NH3 is determined by an automatic biochemical analyzer (CX9, Beckman, USA) with enzymatic ammonia determination

*p<0.05; **p<0.01 vs. the HD group
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levels; a large number of endogenous proteins decompose in
plasma, which further increases the plasma AAA levels [5].

In 1979, James et al. proposed a unified hypothesis on the
pathogenesis of hepatic encephalopathy (HE) [14], based on
the observation that, during hepatic failure, the plasma lev-
els of BCAAs decreased and those of AAAs increased.
Numerous literature reports have confirmed an imbalance
between AAA and BCAA in both experimental and clinical
liver failure, and this leads to a decrease in Fischer’s ratio [3,
12, 15]. However, there are few reports on detailed plasma
amino acid profiles in peripheral blood from patients with

various clinical types of chronic hepatitis B. Our results
show that the profile of 18 amino acids differed among
patients with various clinical types of hepatitis B compared
to healthy donors. These findings may help in diagnosing
and prescribing adjuvant therapy for patients with HBV
[2, 16, 17].

There was no significant difference in the PT between
AHB patients and HDs, although the plasma amino acid
profile of the HD group was altered, and AHB patients
showed increased BCAA and Try levels and lower BTR
and BCAA/AAA ratios compared to the HD group. This
may be because acute liver damage leads to increases in
BCAA levels and, to a larger extent, AAA levels in plasma.
This may be attributed to the following events [18]: (1)
when hepatocytes are damaged, they may not be able to
metabolize amino acids absorbed from the intestine; (2) the
capacity of the body to absorb sugar, protein, and fat is
decreased, which leads to decomposition of the body’s
own tissues to produce large amounts of amino acids for
energy metabolism; and (3) when heavier inflammation of
the liver occurs, leading to liver cell death, more amino
acids may be released into the blood.

Tyr concentrations in plasma from patients with moderate
chronic hepatitis B (CHB-m), heavy chronic hepatitis B
(CHB-h), or LC were higher than those in the HD group,
and the differences were significant. Furthermore, the Tyr
concentrations in plasma from patients with CSHB signifi-
cantly increased. Although there is a general opinion that a
decrease in Fischer’s ratio is a typical finding only in
patients with liver cirrhosis, the BCAA/AAA ratio and
BTR in patients with various stages of HBV infection were
significantly decreased. These two ratios were lowest for the
CSHB group among all of the groups, while the Tyr and PT
levels were significantly higher compared with the HD
group, which, to the best of our knowledge, has not been
reported previously. The discrepancy between previous
opinions and our findings may be attributed to differences
in technique, reagents, blood samples, and the potential
number of HE cases in the LC and CSHB groups. The
number of cases needs to be expanded in order to validate
our conclusion.

During HBV infection, histological changes occur in liver
cells that lead to the development of severe necrosis, necrotic
debris, bridging necrosis, and interstitial fibrosis. As liver
function decreases, plasma amino acid levels tend to increase,
especially AAAs. Plasma Thr levels were elevated in patients
with various clinical stages of HBV, which may be related to a
change in the activity of threonine-degrading enzymes. More-
over, when liver cells are damaged, their regeneration capacity
and, thus, the amount of amino acids needed for protein
synthesis decreases, which could explain the increase in Thr
levels in peripheral blood. A higher concentration of amino
acids induces the excitation of pancreatic alpha cells, leading

Fig. 1 Amino acid profile from various statuses of patients with
hepatitis B infection. In each cluster, columns from the left to the right
are, respectively, healthy donors (HD), acute hepatitis B (AHB), mod-
erate chronic hepatitis B (CHB-m), heavy chronic hepatitis B (CHB-h),
liver cirrhosis (LC) (compensated or decompensated), and chronic
severe hepatitis B (CSHB). Tyr tyrosine, BCAA branched-chain amino
acid, AAA aromatic amino acid, BTR branched-chain amino acid and
tyrosine ratio. #p>0.05; *p<0.05; **p<0.01; ***p<0.001 vs. the HD
group

Table 4 Relationships between the plasma amino acid spectrum and
changing biochemistry indicators of liver function

Aminogram Alb (g/L) TBiL (μmol/L) PT (s)

Tyr (μmol/L) −0.103# 0.184# 0.272*

BCAA/AAA 0.265* −0.372** −0.342**

BTR 0.370** −0.435** −0.403***

The values shown are correlation coefficients (r)

Aminogram amino acid spectrum, Tyr tyrosine, BCAA branched-
chain amino acid, AAA aromatic amino acid, BTR branched-chain
amino acid and tyrosine ratio, Alb albumin, TBiL total bilirubin, PT
prothrombin time

#p>0.05; *p<0.05; **p<0.01; ***p<0.001 vs. the HD group
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to an increase in blood glucagon and prompting muscle and
adipose tissues to increase their uptake of BCAAs. When the
liver is seriously damaged, inactivation of insulin in the liver is
decreased, resulting in a significant increase in glucagon lev-
els, which further promote BCAAmetabolism in muscle. This
results in a decrease in BCAA levels and a gradual decrease in
the BCAA/AAA ratio [19].

The decreased BCAA/AAA ratio observed in patients
with HBV infection positively correlates with the degree
of liver function damage [20]. Therefore, the BCAA/AAA
ratio may be used to judge disease severity and prognosis
for patients with HBV infection [2, 3]. In agreement with
this, the BTR in the present study was significantly
decreased in LC and CH patients compared with healthy
subjects. The findings suggest that BTR may be a useful
marker of the severity of liver dysfunction in patients
with chronic liver disease.

When chronic liver disease progresses to the LC stage,
the reduced ability of liver cells to dispose of ammonia is
compensated by increased metabolism in skeletal muscles.
Increased metabolism of BCAA in skeletal muscles causes a
reduction in the plasma levels of these amino acids and in
the BCAA/AAA ratio in patients with liver cirrhosis [21].

The capability of sclerotic liver to degrade AAAs
decreases, and this is accompanied by increased catabo-
lism of amino acids in patients with HBV infection,
resulting in a significant decrease in the BCAA/AAA
ratio and BTR. The change in amino acid content in
patients with liver cirrhosis is related to liver metabolism
changes, liver cell necrosis, and the presence of hormone
metabolic abnormalities [22, 23].

The results for amino acid profiles and key indicators of
liver function reveal that Tyr and Alb showed a significant
inverse correlation, and that Tyr was significantly positively
correlated with TBiL and PT. Tyrosine is the predominant
AAA, and Tyr concentrations correlate with liver disease
development [24, 25]. The relationship between the BCAA/
AAA ratio, BTR, and Alb showed a significant positive
correlation, whereas a significant inverse correlation was
observed for TBiL and PT. In the liver, Alb, PT, and TBiL
levels reflect the generation of liver cells and inflammation
and necrosis. The higher the level of TBiL and PT, the lower
the level of Alb, which usually implies more severe liver cell
damage [25]. Therefore, BTR also indirectly reflects the
degree of liver cell damage, and may be an alternative index
to the BCAA/AAA ratio.

Fig. 2 Positive correlation
between the Fischer’s ratio
(BCAA/AAA) and the BTR in
patients with HBV infection.
BCAA branched-chain amino
acid, AAA aromatic amino acid,
BTR branched-chain amino acid
and tyrosine ratio
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BTR can be used to determine the degree of liver fibrosis
in patients with HCV infection [6] and to evaluate liver
disease prognosis [26]. Furthermore, among patients with
HBV, changes in the BCAA/AAA ratio correlate well with
liver pathology, which may indirectly reflect the degree of
liver cell damage or clinical liver disease severity, and
could, thus, be used as an independent prognostic factor
[17, 27]. Therefore, for patients with HBV infection, the
measurement and monitoring of plasma amino acid profiles,
in particular, for BCAAs (Leu, Val, and Ile) and Try (BTR),
could be used not only for the typing and staging of HBV
diagnosis and evaluating the nutritional status of HBV
patients, but also to gain a better understanding of patho-
logical changes in the liver, especially in the scope of liver
cell necrosis. Plasma amino acid profiles and Tyr concen-
trations may be associated with fatigue in patients with
primary biliary cirrhosis and primary sclerosing cholangitis
[24]. For patients with hepatitis, BCAA supplementation
appears to be associated with a lower frequency of cirrhosis
complications and better nutritional status, and can signifi-
cantly improve the quality of life and the prognosis of
hepatic disease [16, 28].

In conclusion, plasma amino acid profiles or BTR for
patients with HBV infection vary depending on the degree
of liver damage. Liver cell inflammation, necrosis, and liver
function are all closely related to BTR changes, and this
ratio can, therefore, indirectly reflect the degree of liver cell
damage. The BTR is also simple to determine by an enzy-
matic method [29]. Therefore, the measurement and moni-
toring of plasma amino acid profiles or BTR is proposed as
a promising alternative method to aid in the clinical diagno-
sis, selection of appropriate nutritional adjuvant therapy, and
prognosis assessment for patients with HBV infection. This
method is also a suitable non-invasive approach for the
diagnosis of CHB [30].
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