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Abstract

Branched chain amino acids (BCAAs) have been shown
to affect gene expression, protein metabolism, apop-
tosis and regeneration of hepatocytes, and insulin
resistance. They have also been shown to inhibit the
proliferation of liver cancer cells /n vitro, and are essen-
tial for lymphocyte proliferation and dendritic cell matu-
ration. In patients with advanced chronic liver disease,
BCAA concentrations are low, whereas the concentra-
tions of aromatic amino acids such as phenylalanine
and tyrosine are high, conditions that may be closely
associated with hepatic encephalopathy and the prog-
nosis of these patients. Based on these basic observa-
tions, patients with advanced chronic liver disease have
been treated clinically with BCAA-rich medicines, with
positive effects.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: Advanced liver diseases are commonly accom-
panied by nutritional disturbances, which worsen the
prognosis of the patients. Serum levels of branched-
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chain amino acids (BCAAs) are decreased in patients
with liver cirrhosis, and the amino acids imbalance
could affect the clinical picture of the disease and the
prognosis of the patients. However, there are few com-
prehensive reviews on the biological activities of BCAAs.
In this review, we summarize the biological activities of
BCAAs, and discuss possible applications of BCAAs for
the management of patients with advanced liver dis-
eases with a list of clinical trials of BCAA administration.

Tajiri K, Shimizu Y. Branched-chain amino acids in liver dis-
eases. World J Gastroenterol 2013; 19(43): 7620-7629 Avail-
able from: URL: http://www.wjgnet.com/1007-9327/full/v19/
i43/7620.htm DOI: http://dx.doi.org/10.3748/wjg.v19.i43.7620

INTRODUCTION

The three branched chain amino acids (BCAAs), leucine,
isoleucine and valine, are among the nine essential amino
acids for humans. Recent studies have revealed the func-
tions of these BCAAs, and they have been administered
for the treatment of advanced liver diseases. In this re-
view, we summarize current understanding of the biologi-
cal properties of BCAAs and review the results of clinical
application of BCAAs to treat patients with liver diseases.

BASIC ASPECTS OF BCAAS IN LIVER

Serum concentration of BCAAs in patients with chronic
liver diseases and liver cirrhosis

Serum concentrations of BCAAs are decreased, while
the concentrations of the aromatic amino acids (AAAs)
phenylalanine and tyrosine are increased, in patients with
advanced liver diseases, resulting in a low ratio of BCAAs
to AAAs, a ratio called the Fischer ratio. A low Fischer
ratio has been associated with hepatic encephalopathy
(HE). The imbalance of amino acids tends to become
more marked with the progression of liver diseases, and
aminograms are useful for assessing the prognosis of cir-
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rhotic patients with or without hepatocellular carcinoma
(HCC)™. Moreover, a simplified Fischer ratio, the BCAA
to tyrosine ratio (BTR), has been reported useful for
predicting serum albumin concentration one year later™,
These data indicate that amino acid imbalance, either low
Fischer ratio or BTR, is a marker for progression of liver
diseases, and that correcting this ratio may have therapeu-
tic potential, not only for nutritional improvement, but
also for HE, in patients with advanced liver diseases.

Gene expression and mitochondrial biogenesis

In mice, BCAA-rich diets have shown to up-regulate the
expression of peroxisome proliferator-activated receptor
(PPAR) y coactivator-1o. (PGC-1ay), a master regulator of
mitochondrial biogenesis and the defense system against
reactive oxygen species (ROS), and of sirtuin-1, a mem-
ber of the sirtuin family linked to life span extension,
enhanced mitochondrial biogenesis, and decreased ROS
production, leading to the prolongation of the lifespan
of male mice”. BCAAs have also been shown to induce
the activation of genes involved in antioxidant defenses
and inhibition of ROS production, as well as to induce
the hepatic expression of mRNA encoding 8-oxyogua-
nine DNA glycosilase 1, an enzyme involved in repair
of oxidative DNA damage, in a rat model of liver injury,
indicating that BCAAs are involved in the induction of
antioxidant DNA repair'®.

In various cell lines, BCAAs, especially leucine, have
been shown to activate the mammalian target of rapamycin
(mTOR) signals, stimulating the synthesis of proteins, in-
cluding albumin, and of glycogenm. The ability of leucine to
enhance glucose metabolism was confirmed in normal rats
and in a rat cirrhosis model. BCAA activation of mTORC1
has also been associated with cell growth[sl and PGC-1la-
mediated mitochondrial gene expressionm. BCAAs have
been shown to up-regulate PPAR-y and uncouple (UCP)
2, reducing triglyceride concentrations in mouse livers'"”
These findings suggest that BCAAs may have a therapeutic
effect on metabolic disorders and/or obesity.

Apoptosis and regeneration of hepatocytes

BCAA supplementation was shown to delay the progres-
sion of CCls-induced chronic liver injury in a rat model
by reducing hepatic apoptosis“”. On the other hand,
BCAAs promoted hepatocyte regeneration in a rat model
of hepatectomymj. Moreover, BCAAs were reported to
stimulate the production of hepatocyte growth factor”.
Taken together, these findings indicate that supplementa-
tion with BCAAs, by reducing hepatocyte apoptosis and
promoting liver regeneration, may result in rapid recovery
from liver injury.

Albumin synthesis

BCAAs activate mTOR and subsequently increase the
production of eukaryotic initiation factor 4E-binding
protein-1 and ribosomal protein S6 kinase, which upregu-
late the synthesis of albumin"*"". Furthermore, leucine
stimulates the nuclear importation of polypyrimidine-
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tract-binding protein, which binds to albumin mRNA
and increases its translation'"”.

Insulin resistance

BCAAs were shown to improve homeostasis model as-
sessment scores for insulin resistance (HOMA-IR) and
beta cell function (HOMA-%B) in patients with chronic
liver disease, indicating that BCAAs can ameliorate in-
sulin resistance. In mice lacking the gene encoding
mitochondrial BCAA aminotransferase, an enzyme that
catalyzes BCAAs, serum BCAA concentrations were el-
evated. In those mice, fasting blood glucose and insulin
concentrations were decreased and HOMA-IR was sig-
nificantly lower than in wild-type mice”. Furthermore,
administration of leucine or isoleucine improved insulin
sensitivity in mice with high-fat diets™", BCAAs were
also shown to temporarily increase plasma insulin con-
centrations in healthy young men, although plasma glu-
cose concentrations wete not altered™.

Several organs are involved in the mechanism by
which BCAAs improve insulin resistance. In the liver,
BCAAs increase the liver X receptor/sterol regulatory
element binding protein-1c pathway and subsequently
activate liver-type glucokinase and glucose transporter.
Furthermore, BCAAs suppress hepatic expression of
glucose—6—phosphatasem]. In adipose tissue, leucine in-
creases insulin-induced phosphorylation of Akt and
mTOR, increasing glucose uptakem. In skeletal muscle,
BCAAs promote glucose uptake through activation of
phosphatidylinositol 3-kinase (PI3K) and protein kinase
C and subsequent translocation of glucose transporter
to the plasma membrane'™. In addition, BCAAs increase
PPAR-y and subsequent UCP2 in liver and UCP3 in
muscle, stimulating oxidation of free fatty acids. Thus,
BCAAs improve insulin resistance through interactions
in organs targeted by insulin.

Liver cancer cells

The direct effects of BCAAs on liver cancer cells have
been analyzed in culture systems. Increased concentra-
tions of BCAAs in culture medium were reported to
suppress the proliferation of HCC cell lines™. Moreover,
all three BCAAs were found to accelerate insulin-induced
vascular endothelial growth factor (VEGF) mRNA deg-
radation at the post transcriptional level, downregulating
VEGF expression during the development of HCCs?".
BCAAs were also shown to induce apoptosis of liver
cancer cell lines by inhibiting insulin-induced PI3K/Akt
and NFkB pathways through mTORC1- and mTORC2-
dependent mechanisms™. Moteover, BCAAs may inhibit
obesity-related hepatocarcinogenesis by suppressing the
stimulatory effect of visfatin, an adipokine with a critical
role in HCC proliferationml.

Insulin was found to induce cell proliferation through
activation of the mitogen-activated protein kinase path-
Waym, and BCAAs inhibit insulin signals by suppressing
the expression of insulin-like growth factor””, BCAAs
have been reported to decrease insulin resistance-induced
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expression of endothelial growth factor and to subse-
quently suppress tumor anglogenems | Collectively,
these data suggest that BCAAs inhibit the proliferation
of HCC cells or hepatocarcinogenesis through multiple
mechanisms.

Immunity
Immunity and nutrition are closely associated, and several
studies have indicated the importance of BCAAs during
lymphocyte proliferation or dendritic cell maturation.
Depletion of any of the three BCAAs from the culture
medium was shown to markedly inhibit phytohemagglu-
tinin-induced lymphocyte proliferation™, with removal
of valine from the culture medium completely abolishing
lymphocyte proliferation. In contrast, increased concen-
trations of BCAAs in the culture medium did not sig-
nificantly affect lymphocyte proliferation, indicating that,
although the BCAAs are requisite for lymphocyte prolif-
eration, there are optimal concentrations. On the other
hand, BCAAs have little effect on macrophage functions.
In vivo studies have also shown the importance of
BCAAs for immunity. We previously analyzed the effects
of a BCAA-rich diet on immune system functions in
the spleen and liver of rats”™. We found that addition of
BCAAs to the diet increased the numbers of intrahepatic
lymphocytes and stimulated natural killer (NK) cell activ-
ity and lectin-dependent cytotoxic activities in the liver.
Interestingly, the number of intrahepatic lymphocytes
was positively correlated with valine concentrations in
plasma and the liver. BCAAs, especially valine, are also in-
volved in the maturation of dendritic cells. For example,
valine was found to dose-dependently increase the allo-
stimulatory capacity of IL-12 production by monocyte-
derived dendritic cells (DCs) obtained from both healthy
volunteers and cirrhotic patients with chronic hepatitis
C virus (HCV) infection™. These findings suggest that
valine may have therapeutic potential in HCV-infected
cirrhotic patients by restoring immune system activities,
which may lead to inhibit hepatocarcinogenesis[35’36]. In
patients with cirrhosis, BCAA administration increases
the numbers of hepatic lymphocytes and restores the
phagocytic activity of neutrophils and the NK activity of
lymphocy tes””. In addition, BCAAs increased the num-
ber of blood lymphocytes in postsurgical patients™
and significant correlations were observed between the
serum concentration of BCAAs and the survival rates
of the patients with sepsism]. These data indicate that
BCAAs are closely associated with the maturation and
function of various immune cells.

CLINICAL APPLICATION OF BCAAS IN
LIVER DISEASES

BCAAEs for liver cirrhosis

The liver is a central organ for nutrient metabolism, and
patients with chronic liver diseases may develop various
metabolic and nutrition disorders*"!. Patients with cirrho-
sis frequently show protein and energy deficiency. Protein
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deficiency leads to hypoalbuminemia, inducing ascites
and edema, whereas energy deficiency decreases fat and
muscle mass and causes muscle weakness, decreasing the
quality of life of patients with cirrhosis™. Several clinical
trials have suggested that BCAA supplementation im-
proves the prognosis of cirrhotic patients"™>*!
ple, a multicenter randomized trial from Italy showed that
oral BCAA supplementation in patients with advanced
cirrhosis prevented progressive hepatic failure and im-
proved surrogate markers and perceived health status™,
Furthermore, a large scale post marketing clinical study in
Japan showed that oral BCAA administration significantly
reduced the occurrence of complications associated with

. For exam-

poor prognosis, such as liver failure, ruptured esophageal
varices, HCC, and death, compared with patients who re-
ceived diet therapy with defined daily food intake (HR =
0.67, 95%CI: 0.49-0.93)"". Furthermore, BCAA supple-
mentation in patients with advanced cirrhosis may im-
prove abnormal glucose tolerance in addition to improv-
ing serum albumin concentration™, and a randomized
study showed that oral BCAA was effective in patients
with both compensated and decompensated cirrhosis,
maintaining or increasing serum albumin concentra-
H Oral BCAA treatment has also been reported to
improve protein malnutrition in patients, especially during

tions

the carly stages of liver cirrhosis, increasing serum albu-
min level to 3.5-3.9 g/dL and increasing total hepatic pa-
renchymal cell mass" . BCAA treatment also improved
nutritional status and reduced the frequency of albumin
infusion in children with end-stage liver disease™. Taken
together, these findings indicate that BCAA supplementa-
tion is effective in improving nutritional status in cirrhotic
patients, regardless of patient age or disease stage.
Furthermore, BCAA supplementation was reported
to improve the quality of life in cirrhotic patients. Two
randomized trials showed that BCAA supplementation
improved the Short Form-36 scores of general health
petception compared with control groupsl43’44j. Another
randomized study showed that BCAA-enriched supple-
ments improved weakness and fatigue compared with
ordinary foods”". BCAA-enriched supplementation has
also been reported to improve sleep disturbance™.
Accelerated fat oxidation and a catabolic state after
fasting, represented as a decreased respiratory quotient
(RQ) are frequently observed in patients with cirrho-
| Late evening snack supplementation with a BCAA
mixture was found to 1mprove RQ), nutritional state and
glucose intolerance™". The energy efficiency of BCAAs
is higher than that of glucose or fatty acids, suggesting
that BCAAs may be the preferred energy substrate for
patients with cirrhosis'™. Others also reported that late
evening snacks with BCAAs were useful in improving
protein metabolism and lipolysis in cirrhotic patients’”.
Thus, BCAA supplementation for advanced cir-
thotic patients improves nutritional status and quality of
life. The guidelines of the European Society for Clinical
Nutrition and Metabolism and the Study Group for the
Standardization of Treatment of Viral Hepatitis Includ-
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ing Cirrhosis of the Ministry of Health, Labour and Wel-
fare of Japan recommend BCAA supplementation in the

treatment of patients with advanced cirrhosis”.

BCAAs for hepatic encephalopathy
HE is a major complication of cirrhosis associated with
poor prognosis and quality of life, and often occurs re-
peatedly. Elevated blood ammonia is seen in patients with
HE, and ammonia is one of the pathogenic factors for
the development of HE". Unfortunately, infusion of
BCAAs was reported to increase venous blood ammonia
in most patients with liver failure®”. Thus, the effects of
BCAAs on HE may not be associated with blood am-
monia levels, especially when administered intravenously.
HE may also be caused by a decreased plasma ratio of
BCAAs to AAAs. In patients with advanced cirrhosis,
HE frequently occurs after gastrointestinal bleeding, per-
haps due to an absence of isoleucine and an abundance
of leucine in hemoglobin molecules, leading to HE by
way of BCAA antagonism[()li. Treatment with BCAAs
may therefore have a beneficial effect on patients with
hepatic encephalopathy mainly by compensating de-
creased ratio of BCAAs to AAAs, but not by reducing
serum ammonia levels. A systematic review reported that
BCAAs appeared to have a modest effect in improving
encephalopathy without adverse events, although con-
vincing evidence was not suppliedm. Two randomized
studies also showed that BCAAs did not clearly prevent
HE in patients with advanced cirrhosis, although BCAAs
prevented the progression of hepatic failure>*, Fur-
thermore, postoperative BCAA treatment could not pre-
vent postoperative hepatic encephalopathy[“]. A recent
randomized, double-blind, multicenter study evaluating
the effect of BCAAs on HE found that BCAAs did not
decrease the recurrence of HE but improved minimal
HE and muscle mass. Moreover, a systematic review
showed that oral (RR = 1.44; 95%CI: 1.07-1.94) but not
intravenous (RR=1.12; 95%CI: 0.91-1.39) administra-
tion of BCAAs improved HE manifestations'. Non-
absorbable disaccharides such as lactulose or lactitol also
improved the manifestations of HE (RR = 1.99; 95%CI:
1.14-3.48) and prevented clinically overt HE (RR = 0.20;
95%CI: 0.17-0.41), suggesting that non-absorbable disac-
charides be used as the first line treatment of HE and
BCAAs may be considered as a second line treatment'*”,
Recently, a systematic review with meta-analyses on
the effect of oral BCAAs for the treatment of HE was
publishedm. The review has revealed that supplemen-
tation of oral BCAAs in cirrhotic patients inhibits the
manifestation of HE, especially in patients with overt
HE rather than those with minimal HE, but showed no
effect on the survival of those patients[“]. Thus, oral ad-
ministration of BCAAs is the treatment of choice in cir-
rhotic patients with HE, especially in combination with
non-absorbable disaccharides.

BCAAs for hepatocellular carcinoma
Clinical studies have suggested that BCAA supplementa-
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tion can help in the management of HCC. Prolonged
surgical stress and advanced malignancy can result in
systemic catabolism and muscle wasting, with BCAA
supplementation having the potential to improve these
conditions'”.

A randomized control trial in obese, HCV-infected
patients with cirrhosis showed that BCAA supplementa-
tion reduced the frequency of development of HCC, by
approximately 30% over 3 years'™. In addition, a second
randomized trial in patients with compensated liver cir-
rhosis due to HCV showed that oral BCAAs reduced the
incidence of HCC (15.8% »s 25.0%)[69]. A retrospective
analysis in patients with cirrhosis showed that the inci-
dence of HCC was significantly lower in patients who
did than did not receive BCAAs (HR = 0.416, 95%CI:
0.216-0.800, P = 0.0085) ™. Furthermore, combinations
of BCAAs and angiotensin-converting enzyme inhibitors
may prevent the development of HCC in patients with
insulin resistance’ .

Perioperative nutritional support, especially enteral
rather than parental nutrition, was found to improve the
prognosis of cirrhotic patients by reducing complica-
tions following hepatectomym’m. Recently, a randomized
trial showed that BCAA supplementation after hepa-
tectomy promoted rapid improvement in protein me-
tabolism and inhibited progression to liver cirrhosis'".
Furthermore, another randomized trial showed that oral
BCAA supplementation after hepatectomy for HCC
significantly reduced the 30 month recurrence of HCC
(28.5% »5 55.7%, P = 0.044)"”. Perioperative BCAA
treatment in patients undergoing hepatectomy was also
shown to contribute to shorter hospital stay and quicker
improvement of liver function during the early postop-
erative period” and to improve postoperative quality of
life by restoring and maintaining nutritional status and
whole-body kinetics .

The effect of BCAAs on HCC recurrence after radio-
frequency ablation (RFA) remains unclear. Two prospec-
tive studies showed that BCAA supplementation improved
nutritional state and liver function, but its effect on HCC
recurtence was not determined””””. However, a recent ret-
rospective study showed that oral BCAA supplementation
after RFA improved 1 year (61.8% »s 52.0%) and 3-year
(28.0% s 12.0%) progression-free survival rates compared
with a control group after RFA (P = 0.013) ™.

Oral BCAA supplementation after chemoemboliza-
tion also prevents the decrease of liver function after
treatment and improves the quality of life, although
its ability to prevent HCC recurrence was not detet-
mined®™ ™. Oral BCAA treatment before chemoemboli-
zation was found useful in maintaining hepatic functional
reserve . A randomized trial also found that oral BCAA
supplementation improved nutritional status by increas-
ing BCAA concentration during radiotherapy for HCC™,

Thus, BCAA supplementation for patients with HCC
is of clinical importance in the preservation of liver func-
tion and quality of life during treatment, although it is
unclear whether BCCAs directly prevent HCC.
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Induce mitochondrial biogenesis
Inhibit ROS production

Stimulate albumin and glycogen
synthesis

Inhibit hepatocyte apoptosis
Promote liver regeneration

< Stimulate HGF production

‘ Improve insulin resistance

J

Inhibit proliferation of HCC cells
and hepatocarcinogenesis

> Therapy for liver cirrhosis

Supportive for
HCC treatment

Requisite for lymphocyte proliferation
Induce dendritic cell maturation

Figure 1 Mechanism of action of branched chain amino acids in liver diseases. BCAAs: Branched chain amino acids; ROS: Reactive oxygen species; HGF:
Hepatocyte growth factor; HCC: Hepatocellular carcinoma.

Table 1 Prospective randomized trials of branched-chain amino acid administration for advanced liver diseases

Object Time No. Major outcome Ref.
Cirrhosis 2yr 646 Improve event-free survival and QOL. Increase serum albumin levels. [43]
Cirrhosis (advanced) lyr 174 Improve event-free survival. Lower hospital admission. Improve the [44]
Child-Pugh score and QOL.
Cirrhosis (decompensated) 24 wk 281 Increase serum albumin levels. [45]
Cirrhosis 2yr 65 Maintain serum albumin levels. [46]
Cirrhosis (early) 2yr 65 Maintain serum albumin levels. [49]
Cirrhosis 3 mo 48 Increase serum albumin levels. Improve energy metabolism. [51]
Cirrhosis (HCV) 168 wk 39 Reduce hepatic carcinogenesis in patients with compensated cirrhosis [69]
with a serum albumin level of <4.0 g/dL.
Cirrhosis (HCV, obese) 2yr 622 Reduce hepatic carcinogenesis in patients with BMI of 25 or higher and [68]
with an alpha-fetoprotein level of 20 ng/mL or higher.
Cirrhosis (pre liver transplant) 33yr 50 Preserve hepatic reserve functions. Lower complications associated with [99]
cirrhosis.
Cirrhosis after an episode of HE 56 wk 116 Not decrease recurrence of HE. Improve minimal HE and muscle mass. [64]
Cirrhosis after hepatectomy lyr 43 Improve hepatic metabolism after hepatectomy. Inhibit progression to [74]
cirrhosis.
HCC after hepatectomy 6.5 mo 56 Reduce early recurrence of HCC. [75]
HCC after hepatectomy 12 wk 44 Shorten hospital stay. Quicker improvement of liver functions. [76]
After hepatectomy 12 mo 76 Improve post operative QOL. [77]
HCC after RFA 12 mo 35 Improve nutritional state and QOL. [78]
HCC after RFA 12 wk 30 Improve liver functions. [79]
HCC undergoing chemoembolization 12 mo 84 Increase serum albumin levels, reduce morbidity, and improve QOL. [81]
HCC undergoing chemoembolization 2wk 56 Prevent reduction of liver functions. [82]
HCC during radiotherapy 10 wk 30 Increase serum albumin levels. [84]

QOL: Quality of life; HCV: Hepatitis C virus; HE: Hepatic encephalopathy; HCC: Hepatocellular caricinoma. RFA: Radiofrequency ablation.

Acute liver injury

Although BCAAs have no proven benefit in patients with
acute liver injury, enteric nutritional support is essential™.
Several animal studies have shown that BCAAs may pre-
vent acute liver injuryw()’w, although its effects in humans
are as yet undetermined. BCAA concentrations have
been reported to be increased, unaltered or decreased
following acute liver injurylsg’goj. In alcoholic hepatitis, pa-
rentally or enterally administered hyperalimentation with
or without BCAAs did not show survival benefits”".
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HCV infection

Insulin resistance occurs frequently in patients infected
with HCV and is associated with various complications,
such as steatosis, disturbances in glucose metabolism,
and carcinogenesislgzj. BCAAs, especially leucine or iso-
leucine, have been shown to have beneficial effects on
glucose metabolism””. A randomized study showed that
BCAA treatment of patients with chronic hepatitis C and
insulin resistance improved HbAlc concentrations in pa-
tients with marked peripheral insulin resistance, although
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BCAA did not significantly affect parameters of glucose
metabolism or lipid proﬁlesm]. A multicenter randomized
control trial showed that BCAAs prevented the develop-
ment of HCC in obese, HCV-infected patients[ﬁsl. Fut-
thermore, BCAA treatment can restore impaired interfer-
on signaling caused by malnutrition through the mTOR
and FoxO pathways in patients with chronic hepatitis
c™ Interestingly, valine was reported to reduce HCV
viral load, possibly by enhancing DC function or inter-
feron signaling[%l. Thus, BCAA supplementation may
be useful for adherence to interferon therapy in patients
with chronic hepatitis C and may enhance the effects of

. . . o7
interferon in these patlents[ 1,

Liver transplantation

Protein-energy malnutrition is commonly found in patients
with end-stage liver disease requiring liver transplantation
and is a risk factor for posttransplant morbidity. A report
of 50 recipients undergoing living donor liver transplanta-
tion (LDLT) showed that absence of preoperative BCAA
treatment was an independent risk factor for postopera-
tive severe infection and in-hospital death™. Kawamura ¢
al” reported that early interventional oral BCAAs might
prolong the liver transplant waiting period by preserving
hepatic reserve in patients with cirrhosis. A retrospective
analysis also showed that BCAA treatment before LDLT
may reduce the incidence of posttransplant bacteremia".

Other clinical problems related to management of liver
diseases

Insulin resistance: Increased insulin resistance is found
in patients with chronic liver diseases and is a therapeutic
target associated with malnutrition and hepatocarcinogen-
esis. BCAAs are thought to act on insulin target organs,
such as skeletal muscles, adipose tissue, and the liver™".
BCAA infusion was reported to decrease plasma glucose
concentrations in patients with advanced liver cirthosis"",
and oral BCAA administration was recently shown to re-
duce both blood glucose concentrations' '™ and insulin
resistance in patients with chronic liver diseases, especially
in men'"'". More recently, long-term BCAA supplemen-
tation was shown to improve glucose tolerance in patients
with nonalcoholic steatohepatitis (NASH)-related cirrho-
sis, and may be an alternative treatment for NASH".,

CONCLUSION

BCAAs are involved in various biological activities (Figure
1), and prospective randomized clinical trials showing
possible effectiveness of BCAAs in the management of
chronic liver diseases are summarized in Table 1. Supple-
mentation with BCAAs may be a promising therapeutic
option for patients with chronic liver diseases, although
more analyses are needed to determine their basic mecha-
nisms of action.
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