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Objective: Sarcopenia is characterized by the loss of skeletal muscle mass, and is reported to appear
in patients with liver cirrhosis (LC). The aim of this study was to investigate the prevalence of
sarcopenia in patients with LC, and to test the association between sarcopenia and patient out-
comes. We also analyzed the effect of branched-chain amino acid (BCAA) supplementation on
sarcopenic LC.
Methods: Clinical and blood biochemical data of 130 patients with LC who underwent abdominal
computed tomography scan were analyzed in this retrospective study. The cross-sectional area of
skeletal muscles was measured at the level of the third lumbar vertebra on the scan. The skeletal
muscle index was calculated to identify sarcopenia. Cirrhotic patients who were treated with BCAA
supplementation of 12 g/d for �1 y were defined as the BCAA group, and the effect of BCAA on
sarcopenic LC was evaluated.
Results: Sixty-eight percent of all patients (82% of men and 50% of women) were diagnosed with
sarcopenia. Male sex (P ¼ 0.01) and body mass index (P < 0.0001) were predictors of sarcopenia.
The multivariate Cox proportional hazards model found BCAA supplementation (hazard ratio [HR],
0.38; P ¼ 0.01), sarcopenia (HR, 3.03; P < 0.01), and Child-Pugh classes B (HR, 2.39; P ¼ 0.03) and C
(HR, 5.49; P < 0.001) to be independently associated with mortality. The mortality of sarcopenic LC
was significantly higher than that of non-sarcopenic LC (P ¼ 0.01). Moreover, BCAA supplemen-
tation improved the survival of sarcopenic patients in subgroup analysis (P < 0.01).
Conclusions: Sarcopenia is significantly associated with mortality in patients with LC. BCAA sup-
plementation might be associated with improved survival of such patients.

� 2015 Elsevier Inc. All rights reserved.
Introduction

The liver is an organ central to nutrient metabolism and a
variety of nutritional disorders, such as protein–energy malnu-
trition (PEM), sarcopenia, or both, which are frequently observed
in patients with liver cirrhosis (LC) [1,2]. PEM is associated with
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high morbidity and mortality due to an increased risk for com-
plications in these patients [3–5]. Therefore, diagnosis of and
intervention for PEM are essential to improve the outcome of
patients with LC. Nutritional support, including branched-chain
amino acid (BCAA) supplementation and frequent meals, is rec-
ommended by current guidelines [6,7]. The effect of BCAA sup-
plementation on patients with LC is still quite controversial.
Some studies have failed to show any clinical benefit of BCAA
supplementation [8]. However, multiple reports regarding BCAA
supplementation have been shown to help patients recover from
PEM and, subsequently, to improve the quality of life and survival
in patients with LC [9–12].

Sarcopenia is characterized by the depletion of skeletal
muscle mass, and is a predictor of morbidity and mortality in
patients with LC [13–16]. Skeletal muscle mass is generally
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maintained by a balance between protein synthesis and protein
breakdown [17–19]. Cirrhotic patients have insufficient glycogen
stores due to liver atrophy, and their energy-generation pattern
after an overnight fast is equivalent to that observed in healthy
individuals after 2 to 3 d of starvation [20]. Such a catabolic state
increases the consumption of amino acids as an energy source
and accelerates the breakdown of skeletal muscle to release
amino acids, resulting in sarcopenia [18,19]. Hence, a nutritional
intervention can be an effective modality for improving sarco-
penia associated with LC [21–23].

In this regard, we particularly focused on BCAA supplemen-
tation because BCAA is an essential amino acid substrate for
protein synthesis and energy generation in skeletal muscle
[24–26].

Although it is well described that BCAA supplementation
remedies PEM and improves the prognosis in patients with LC,
its effect on sarcopenia remains unclear. Therefore, the aim of
this study was to investigate the prevalence and prognostic
significance of sarcopenia in LC, and to evaluate the effect of
BCAA supplementation on sarcopenic LC.
Methods

Study design

In this retrospective study, we analyzed 130 consecutive patients with LC
(age�18 y) who were admitted to Gifu University Hospital between March 2004
and December 2012 and met the inclusion criteria. The patient cohort consisted
of any cirrhotic patients who were not transplantation candidates. Liver biopsy
specimens, clinical and laboratory data, or a combination thereof, were used to
diagnose LC. The severity of liver disease was evaluated in each patient at entry
according to the Child-Pugh classification [27]. Cross-sectional abdominal im-
aging by computed tomography (CT) scan was used to measure skeletal muscle
area in patients with LC. In our hospital, CT scan was routinely conducted in
patients with LC for screening or surveillance of hepatocellular carcinoma (HCC).

Exclusion criteria included active malignant disease, HCC, acute liver failure,
renal failure, heart failure, and end-stage chronic obstructive lung disease.
Moreover, we excluded cirrhotic patients with a serum albumin of �3.6 g/dL
because the current guideline in Japan recommends the administration of BCAA
granules only for cirrhotic patients with a serum albumin of �3.5 g/dL [6]. We
classified the patients with LC into two groups according to the presence or
absence of BCAA supplementation. Cirrhotic patients treated with BCAA sup-
plementation for �1 y were defined as the BCAA group (n ¼ 94), and the other
cirrhotic patients as the non-BCAA group (n ¼ 36). Patients were enrolled in the
BCAA group if serum albumin level was �3.5 g/dL within 2 wk in advance of CT
examination. Even when albumin exceeded 3.5 g/dL after BCAA administration,
the patient was not excluded or BCAA was not discontinued. The BCAA granules
for supplementation contained 4 g of BCAA per sachet, which consisted of 952
mg L-isoleucine, 1904 mg L-leucine, and 1144 mg L-valine (LIVACT�; Ajinomoto
Pharmaceuticals Co., Ltd., Tokyo, Japan). Cirrhotic patients in the BCAA group
took one sachet three times daily aftermeals. All patients with albumin�3.5 g/dL
started BCAA. During the follow-up period, the total energy and protein intake
were kept at 25 to 35 kcal/kg standard body weight/d and 1 to 1.5 g/kg standard
body weight/d (including oral BCAA granules) as recommended in the guideline
for nutritional support of LC [6]. Protein and energy intake goals were set on ideal
body weight basis. Patient compliance with nutritional guidance was evaluated
by certified nutrition support dietitians (CNSDs) in the ward or at outpatient
visits approximately every 3 mo according to the patients’ dietary journal. The
purpose of each examination and treatment was fully explained, and informed
consent was obtained from all participants.

The study protocol was approved by the ethics committee of the Gifu Uni-
versity School of Medicine, and carried out in accordance with the 1975 Helsinki
Declaration as revised in 1983.
Clinical and laboratory assessments

Clinical and blood biochemical data, which were obtained within 2 wk of the
CT scan, were used for analysis in this study. Serum alanine aminotransferase,
albumin, total bilirubin, blood ammonia, and prothrombin time were examined
by standard clinical methods (Department of Clinical Laboratory, Gifu University
Hospital). We measured body weight and height, and calculated the body mass
index (BMI; kg/m2).
Diagnosis of sarcopenia

The cross-sectional area of the skeletal muscles (cm2) was measured on CT
imaging at the caudal end at the level of the third lumbar (L3) vertebra. The L3-
level skeletal muscle area provides a significant estimate of the total body skel-
etal musclemass from a single abdominal cross-sectional image [28]. The skeletal
muscles at this L3 level consist of the psoas, erector spinae, quadratus lumborum,
transversus abdominis, internal oblique, external oblique, and rectus abdominis.

The area was calculated on CT imaging by a trained operator, using image-
analysis software (sliceOmatic V4.3, TomoVision, Magog, Quebec, Canada),
which enables measurement of specific tissue demarcation by the Hounsfield
unit from �29 to þ150 [29]. The L3 skeletal muscle area was then normalized by
the height squared (m2) to give the skeletal muscle index (SMI) (cm2/m2). The
cutoff value of the SMI to identify sarcopenia is reported as�52.4 cm2/m2 in men
and �38.5 cm2/m2 in women, for cancer patients [30] and for patients with LC
[13,14].

Statistical analysis

Continuous variables were expressed as median (range). The Mann-
Whitney U test was used to evaluate the significance of differences in median
values. Either the c2 test or Fisher’s exact test was used to compare differences
in categorical variables between groups. Possible predictors of sarcopenia were
evaluated first with a univariate logistic regression analysis, and a multivariate
logistic analysis was then conducted with variables that were significant in the
univariate analysis. A Cox proportional hazards regression model was used to
analyze the prognostic factors of patients with LC. Survival rates were esti-
mated with the Kaplan-Meier method, and compared between groups
by the log-rank test. All analyses were carried out using JMP version 9.0.2
software (SAS Institute, Cary, NC, USA). P < 0.05 was considered statistically
significant.

Results

Patient characteristics

We enrolled 130 patients with LC in this retrospective study.
Patients’ baseline characteristics are shown in Table 1. The pa-
tients consisted of 76 men and 54 womenwith median age of 64
y. Ninety-four (72%) patients received BCAA supplementation.
The cross-sectional skeletal muscle area and SMI were higher in
men than in women, respectively (P < 0.001). There were no
significant differences in clinical characteristics and blood
biochemistry data between the BCAA group and the non-BCAA
group (Table 1).

Prevalence and risk factors for sarcopenia

Of the 130 patients with LC, 89 (68%) were diagnosed with
sarcopenia (Table 2). Although SMI was higher in men than in
women (Table 1), the prevalence of sarcopenia in men (62 of 76,
81.6%) was significantly higher than in women (27 of 54, 50%;
P < 0.001) (Fig. 1). There were no statistically significant dif-
ferences in age, etiology of LC, Child-Pugh class, BCAA supple-
mentation, or blood biochemistry between patients with or
without sarcopenia (Table 2). The mean BMI in patients with
sarcopenia was significantly lower than in patients without
sarcopenia, both in men and women (P < 0.001; P < 0.01,
respectively) (Fig. 2).

Next, we classified the patients with LC into three groups
according to BMI: BMI <18.5 kg/m2 as underweight, BMI 18.5 to
25 kg/m2 as normal weight, and BMI �25 kg/m2 as overweight.
The ratio of patients with sarcopenia among those who were
underweight, normal weight, and overweight in men and
women was 100% (6 of 6), 87.2% (41 of 47), and 65.2% (15 of 23),
respectively, and 100% (4 of 4), 54.1% (20 of 37), and 23.1% (3 of
13), respectively (Fig. 3).

The predictors of sarcopenia were evaluated by logistic
regression including 12 variables (Table 3). In the univariate



Table 1
Baseline characteristics of study patients with liver cirrhosis*

Total Non-BCAA group BCAA group P-valuey

(N ¼ 130) (n ¼ 36) (n ¼ 94)

Age (y) 66 (28–91) 64 (28–91) 66 (33–84) 0.42
Male sex [n (%)] 76 (58) 22 (61) 54 (57) 0.70
Etiology of cirrhosis
HBV 15 7 8 0.10
HCV 64 12 52
Alcohol 29 9 20
Other 22 8 14

Child-Pugh class
A 34 14 20 0.08
B 73 15 58
C 23 7 16

ALT (IU/L) 35 (9–174) 39 (13–172) 35 (9–174) 0.88
Albumin (g/dL) 3.0 (1.7–3.5) 3.0 (1.7–3.5) 3.1 (1.7–3.5) 0.96
Total bilirubin (mg/dL) 1.4 (0.4–8.6) 1.5 (0.4–8.6) 1.4 (0.4–7.6) 0.07
Ammonia (m/dL) 73 (5–249) 73 (30–249) 73 (5–214) 0.26
Prothrombin time (%) 74 (29–120) 73 (29–120) 74 (34–105) 0.94
Height (cm) 160 (131–183) 161 (133–178) 159 (131–183) 0.44
Weight (kg) 57 (36–124) 58 (36–124) 56 (36–120) 0.49
BMI (kg/m2) 23.0 (15.1–41.3) 23.1 (15.1–41.3) 23.0 (16.5–37.4) 0.90
Skeletal muscle area (cm2)
Men 119 (23–183) 127 (23–180) 117 (53–183) 0.88
Women 85 (49–110) 84 (61–101) 88 (49–110) 0.60

SMI (cm2/m2)
Men 45.2 (7.2–61.7) 44.9 (7.2–60.1) 45.4 (20.1–61.7) 0.45
Women 38.4 (23.9–50.1) 38.7 (28.8–47.5) 38.1 (23.9–50.1) 0.85

ALT, alanine aminotransferase; BCAA, branched-chain amino acid; BMI, body mass index; HBV, hepatitis B virus; HCV, hepatitis C virus; SMI, skeletal muscle index
Normal values: ALT (7–40 IU/L), albumin (3.9–4.9 g/dL), total bilirubin (0.2–1.2 mg/dL), ammonia (25–70 mg/dL), prothrombin time (70%–120%)

* Values are presented as median (range). Cirrhotic patients treated with the BCAA supplementation for �1 y were classified as the BCAA group.
y Comparison of clinical characteristics by BCAA supplementation. Statistical analysis was performed using the chi-square test or Mann-Whitney U test.
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analysis, male sex, height, and low BMI were significantly asso-
ciated with sarcopenia in patients with LC (Table 3). In the
multivariate analysis, only male sex and BMI remained as inde-
pendent sarcopenia predictors, whereas height did not remain as
an independent predictor with odds ratio at 1.04 (95% confidence
interval, 0.97–1.12) and P ¼ 0.31.
Table 2
Comparison of clinical characteristics between patients with and without
sarcopenia*

Non-sarcopenia Sarcopenia P-valuey

(n ¼ 41) (n ¼ 89)

Age (y) 65 (33–91) 64 (28–88) 0.58
Male sex [n (%)] 14 (34) 62 (70) <0.001
Etiology of cirrhosis
HBV 4 11 0.09
HCV 21 43
Alcohol 5 24
Other 11 11

Child-Pugh class
A 12 22 0.74
B 21 52
C 8 15

BCAA [n (%)] 30 (73) 64 (72) 0.88
ALT (IU/L) 40 (11–118) 34 (9–174) 0.58
Albumin (g/dL) 3.1 (1.8–3.5) 3.0 (1.7–3.5) 0.74
Total bilirubin (mg/dL) 1.4 (0.4–7.6) 1.4 (0.4–8.6) 0.59
Ammonia (mg/dL) 76 (30–214) 72 (5–249) 0.59
Prothrombin time (%) 70 (43–115) 76 (29–120) 0.94
BMI (kg/m2) 24.9 (19.1–41.3) 22.0 (15.1–37.4) <0.001

ALT, alanine aminotransferase; BCAA, branched-chain amino acid; BMI, body
mass index; HBV, hepatitis B virus; HCV, hepatitis C virus
Normal values: ALT (7–40 IU/L), albumin (3.9–4.9 g/dL), total bilirubin (0.2–1.2
mg/dL), ammonia (25–70 mg/dL), prothrombin time (70%–120%)

* Values are presented as median (range).
y Statistical analysis was performed by using the c2 test or Mann-Whitney U

test.
Prognostic factors in cirrhotic patients

We performed univariate and multivariate Cox proportional
hazards model analysis to identify the prognostic factors in pa-
tients with LC (Table 4). In the univariate analysis, Child-Pugh
class C, BCAA supplementation, serum albumin, blood
ammonia, prothrombin time, and sarcopenia were significantly
Fig. 1. Prevalence of sarcopenia in men (62 of 76) and women (27 of 54). P < 0.001
by c2 test.



Fig. 2. Comparison of BMI between patients with and without sarcopenia in men and women. Data were analyzed by Mann-Whitney U test. BMI, body mass index.
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associated with mortality in patients with LC (Table 4). In the
multivariate analysis, Child-Pugh class B and class C, BCAA sup-
plementation, and sarcopenia were independently associated
with mortality in patients with LC (Table 4).

Causes of death in cirrhotic patients

The mean follow-up period was 33 � 29 mo (median, 23 mo;
range, 1–104 mo). During the follow-up period, 35% of the pa-
tients (n ¼ 46) died; no patient received liver transplantation.
The causes of death were liver failure in 36 patients (78%), sepsis
in 4 (9%), HCC in 4 (9%), and other reasons (colon cancer and
unknown) in 2 (4%). No significant difference was seen in cause
of death between the patients with and without sarcopenia
(Table 5).

The survival rate of patients with LC was significantly lower in
those with sarcopenia than in those without (P ¼ 0.01) (Fig. 4A).
The 1-, 3-, and 5-y survival rates in patients with sarcopeniawere
Fig. 3. Prevalence of sarcopenia according to BMI in men and women. The statistical sign
groups by c2 test. BMI, body mass index.
85%, 63%, and 53%, respectively, whereas those of the patients
without sarcopenia were 97%, 79%, and 79%, respectively. The
survival rate of patients with LC based on BCAA supplementation
is shown in Figure 4B. The survival rate of the patients in the
BCAA group was significantly higher than that of the non-BCAA
group (P ¼ 0.02) (Fig. 4B). The 1-, 3-, and 5-y survival rates in
the BCAA group were 94%, 73%, and 67%, respectively, and those
in the non-BCAA group were 77%, 56%, and 49%, respectively.
Progressive disease severity, as defined by the Child-Pugh clas-
sification, was also seen to worsen the prognosis of patients with
LC (P ¼ 0.01) (Supplementary Fig. 1).

We further performed a subgroup analysis to examine the
effect of BCAA supplementation on prognosis in patients
with and without sarcopenia. Although no significant differ-
ence was observed in the non-sarcopenia group (P ¼ 0.95)
(Fig. 5A), the BCAA group had a significantly higher survival
rate than the non-BCAA group of sarcopenic patients (P < 0.01)
(Fig. 5B).
ificance was tested for the overall difference in patient distribution among the three



Table 3
Predictors of sarcopenia in patients with liver cirrhosis (N ¼ 130)

Univariate analysis Multivariate analysis

OR (95% CI) P-value OR (95% CI) P-
value

Age (y) 1.01 (0.98–1.04) 0.58
Male sex 4.43 (2.05–9.96) <0.001 5.65 (1.43–24.23) 0.01
Etiology of cirrhosis
HBV Reference –

HCV 0.74 (0.19–2.47) 0.64
Alcohol 1.75 (0.37–7.91) 0.47
Other 0.36 (0.08–1.43) 0.15

Child-Pugh class
A Reference –

B 1.35 (0.56–3.20) 0.49
C 1.02 (0.34–3.17) 0.97

ALT (IU/L) 0.99 (0.98–1.01) 0.58
Albumin (g/dL) 0.87 (0.36–1.98) 0.74
Total bilirubin

(mg/dL)
0.93 (0.74–1.20) 0.59

Ammonia (mg/dL) 0.99 (0.99–1.01) 0.59
Prothrombin time

(%)
0.99 (0.98–1.02) 0.94

Height (cm) 1.06 (1.02–1.10) <0.01
Weight (kg) 0.98 (0.96–1.01) 0.19
BMI (kg/m2) 0.83 (0.74–0.92) <0.001 0.77 (0.66–0.87) <0.0001

ALT, alanine aminotransferase; BMI, body mass index; HBV, hepatitis B virus;
HCV, hepatitis C virus; OR, odds ratio.

Table 5
Comparison of cause of death between patients with and without sarcopenia*

Non-sarcopenia Sarcopenia P-valuey

(n ¼ 11) (n ¼ 35)

Liver failure [n (%)] 9 (82) 27 (77) 0.74
Sepsis [n (%)] 0 4 (11) 0.24
Hepatocellular carcinoma [n (%)] 2 (18) 2 (6) 0.20
Others [n (%)] 0 2 (6) 0.42

* Values are presented as number of patients.
y Statistical analysis was performed by using the c2 test or Fisher’s exact test.
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Discussion

The present study revealed the high prevalence rate of sar-
copenia in patients with LC. The prevalence of sarcopenia rose in
patients with lower BMI, both in men and women (P < 0.05
each). The men with LC showed a higher prevalence of sarco-
penia than the women in both the normal BMI group (P< 0.005)
and the overweight group (P < 0.05). Additionally, this report
showed that the survival rate of patients with sarcopenic LC was
Table 4
Prognostic factors in patients with liver cirrhosis (N ¼ 130)

Univariate analysis Multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value

Age (y) 1.01 (0.98–1.04) 0.65
Male sex 1.21 (0.67–2.21) 0.53
Etiology of cirrhosis
HBV Reference –

HCV 1.18 (0.45–4.03) 0.76
Alcohol 2.22 (0.75–8.05) 0.15
Other 2.12 (0.66–7.96) 0.21

Child-Pugh class
A Reference – Reference –

B 1.95 (0.92–4.61) 0.08 2.39 (1.07–5.95) 0.03
C 3.61 (1.49–9.25) <0.01 5.49 (2.11–15.12) <0.001

BCAA
supplementation

0.45 (0.23–0.90) 0.03 0.38 (0.19–0.79) 0.01

ALT (IU/L) 0.99 (0.99–1.01) 0.95
Albumin (g/dL) 0.31 (0.17–0.59) <0.001
Total bilirubin

(mg/dL)
1.18 (0.99–1.38) 0.07

Ammonia (mg/dL) 1.01 (1.00–1.02) <0.01
Prothrombin time

(%)
0.97 (0.96–0.99) <0.01

Height (cm) 1.01 (0.98–1.04) 0.52
Weight (kg) 0.99 (0.97–1.02) 0.90
BMI (kg/m2) 0.96 (0.87–1.05) 0.41
Sarcopenia 2.34 (1.21–4.88) 0.01 3.03 (1.42–6.94) <0.01

ALT, alanine aminotransferase; BCAA, branched-chain amino acid; BMI, body
mass index; HBV, hepatitis B virus; HCV, hepatitis C virus; HR, hazard ratio
significantly lower than that of non-sarcopenic patients. We also
found that long-term BCAA supplementation significantly raised
the survival rate in sarcopenic LC but not in non-sarcopenic LC.
Sarcopenia and BCAA supplementation were identified as inde-
pendent prognostic factors in patients with LC.

We diagnosed 68% of the patients with LC as having sarco-
penia, whereas previous studies have found a prevalence of
w40% [13,14]. One reason for this discrepancy might be higher
age and lower BMI in our LC cohort. The present study
additionally revealed that much more skeletal muscle mass was
found in men than in women, whereas the prevalence of sarco-
penia was significantly higher in men. In this study, we had 29
patients with alcoholic cirrhosis (26 men and 3 women). Among
them, 24 (23 and 1, respectively) were sarcopenic. The incidence
of sarcopenia was higher in alcoholic cirrhosis than in patients
with other etiologies. Such skeletal muscle depletion has also
been identified by anthropometry, dual-energy X-ray absorpti-
ometry (DXA) and in vivo neutron activation analysis, regardless
of disease severity or etiology [1–3]. This sex difference might be
related to the abundance of fat stores in women, even in
advanced stages of liver disease, because women generate their
energy more preferentially from fat stores than from skeletal
muscle stores [31]. Another factor is the sex hormone difference
between men and women, which may contribute to the patterns
of skeletal muscle turnover [2,3]. However, such hypotheses for
the sex differences in skeletal muscle depletion in LC require
further confirmation.

Sarcopenia is one of the most common complications of a
number of chronic diseases including chronic liver disease,
chronic renal failure, chronic heart failure, and a variety of ma-
lignancies. Multiple mechanisms, such as alterations in sex
hormones, imbalance between protein synthesis and break-
down, changes in physical activity, and inadequate nutrition, are
involved in the development of sarcopenia. As a nutritional
intervention for sarcopenia, the effect of perioperative nutri-
tional therapy on sarcopenia in patients undergoing living-donor
liver transplantation (LDLT) has been reported [22]. The study
showed that sarcopenia was associated with mortality in pa-
tients undergoing LDLT, and perioperative nutritional therapy
significantly improved overall survival in patients with sarco-
penia. With regard to nutritional intervention for sarcopenia, we
particularly focused on BCAA supplementation because they are
an essential amino acid substrate for protein synthesis and
energy generation in skeletal muscles.

BCAAs are a group of three essential amino acids comprising
valine, leucine, and isoleucine; these account for 35% of the
essential amino acids in skeletal muscle proteins [32]. In patients
with LC, BCAA is not only a substrate of protein synthesis and
ammonia detoxification, but is also a source of energy for the
skeletal muscles [23,24]. Therefore, the consumption of BCAA by
skeletal muscle is accelerated in LC, leading to muscle protein
breakdown, and resulting in sarcopenia [15]. As an effect on



Fig. 4. (A) Survival rates of LC patients with sarcopenia and LC patients without sarcopenia (P ¼ 0.01). (B) Survival rates of the BCAA group and the non-BCAA group (P ¼
0.02). Survival rate was estimated with the Kaplan-Meier method, and comparison between groups was analyzed by the log-rank test. BCAA, branched-chain amino acid; LC,
liver cirrhosis.
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cirrhotic patients, BCAA supplementation has been demon-
strated to improve PEM, raise serum albumin levels, and subse-
quently improve quality of life and prognosis [9,10]. However,
serum albumin is not recognized as a strong nutritional param-
eter because its level is affected directly by a variety of organ
failures such as the liver, kidney, and heart.

A possible effect of BCAA on sarcopenia is that leucine pri-
marily activates the mammalian target of rapamycin signaling
pathway involved in muscle protein synthesis, and additionally
stimulates the pancreatic beta cells to release insulin, which has
an anabolic effect in skeletal muscle [33]. The present study
demonstrated that BCAA supplementation significantly im-
proves the prognosis of sarcopenic LC, but its direct effect on
sarcopenia itself remains unknown.

This study had several limitations. First, it was a retrospective,
single-center study; a larger prospective study is needed to
clarify the effect of BCAA supplementation on sarcopenic pa-
tients with LC. Second, the decision to administer BCAA granules
to each patient was made primarily by each attending physician;
this could have led to selection bias for patient inclusion in the
study. In our study, all patients with albumin �3.5 g/dL started
BCAA. No one stopped because of financial reasons but some
Fig. 5. (A) Survival rates in non-sarcopenic LC with or without BCAA supplementation (P
and the non-BCAA group (P < 0.01). Survival rate was estimated with the Kaplan-Meier
branched-chain amino acid; LC, liver cirrhosis.
discontinued because of gastrointestinal adverse effects such as
bloating or unfavorable taste. However, no significant differences
were found in clinical characteristics and blood biochemistry
between the BCAA group and the non-BCAA group. Moreover,
among the patients with sarcopenia, we compared the patient
profiles and severity of liver disease between the BCAA group (n
¼ 64) and the non-BCAA group (n ¼ 25), but no significant dif-
ferences were observed (data not shown). Therefore, any selec-
tion bias in the study might have been small. Third, the diagnosis
of sarcopenia was determined only by SMI estimated on CT scan.
Other methods, such as magnetic resonance imaging, DXA, and
bioelectrical impedance analysis (BIA) can also be used to assess
skeletal muscle mass [34,35]. However, BIA gives poor reliability
in patients with fluid overload such as decompensated liver
cirrhosis [15]. The reason for using the CT scan was that we
routinely use it to screen for HCC lesions in patients with LC, and
it simultaneously provides a precise, objective, and reproducible
quantification of skeletal muscle mass [36]. The further impor-
tant concern is that the definition of sarcopenia by only skeletal
muscle mass might not be sufficient. Several reports have
focused not only on low muscle mass, but also on low muscle
function (strength and performance) as criteria for defining
¼ 0.95). (B) Comparison of survival rates in sarcopenic LC between the BCAA group
method, and comparison between groups was analyzed by the log-rank test. BCAA,
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sarcopenia [36]. The reasons for adopting two criteria for
defining sarcopenia are that muscle strength does not solely
depend on skeletal muscle mass, and the relationship between
strength and mass is nonlinear [37]. Handgrip strength is a
simple, inexpensive, and reliable method to assess muscle
function, and also has been useful in evaluating a patient’s
nutritional status and for predicting morbidity and mortality
resulting from complications of LC [38,39]. A prospective study is
needed to address this concern regarding defining sarcopenia in
the future.
Conclusion

The present study showed that sarcopenia was highly prev-
alent in patients with LC, and was independently associated with
mortality. A possible association between BCAA administration
and improved outcome in sarcopenic patients with LC was
observed, but a larger prospective study is needed to confirm this
effect.
Supplementary data

Supplementary data related to this article can be found at
http://dx.doi.org/10.1016/j.nut.2014.07.005
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