
Abstract. Background/Aim: This study aimed to assess the
clinical significance of measuring the arm skeletal muscle
mass in patients with cirrhosis. Patients and Methods: Using
body composition data measured with the bioimpedance
analysis (BIA) method, the skeletal muscle mass index (SMI)
values of the arm (arm skeletal muscle mass/height2) and leg
(leg skeletal mass muscle/height2) were calculated for 353
patients with cirrhosis, and the relationships of these indices
to their prognosis were assessed. In addition, overhydration
of the upper and lower limbs was compared. Results: Arm
SMI was significantly positively associated with the prognosis
of patients with cirrhosis (p=0.0002) but leg SMI was not
(p=0.0829). The rate of overhydration in the lower limbs was
significantly higher than that in the upper limbs (p<0.0001).
Conclusion: Arm SMI measured with the BIA method was
suggested to be minimally affected by water retention, and
might be clinically useful for patients with cirrhosis.

Sarcopenia was initially reported as the loss of muscle mass
in elderly individuals (1). However, sarcopenia occurs as a
complication in several diseases (‘secondary sarcopenia’)
and the presence of disease-related sarcopenia is associated
with a poor prognosis (2). Although patients with chronic
liver diseases (CLDs) often suffer from sarcopenia, these
patients have specific disease-related clinical characteristics.

Thus, the Japanese Society of Hepatology proposed a
guideline for the management of sarcopenia specifically for
patients with CLD (3). In the guideline, the skeletal muscle
mass index (SMI), which is calculated using the
appendicular skeletal muscle mass determined by
bioimpedance analysis (BIA), is used for the diagnosis of
sarcopenia. Thus, as in other guidelines (4-8), there is no
distinction between the upper and lower limbs. 

Patients with liver cirrhosis (LC) tend to develop an
overhydrated state (9, 10), and a report has suggested the
usefulness of muscle mass measurement in the upper limbs
alone, as the BIA-based muscle mass data in the lower limbs
may be susceptible to edema (11). However, whether the
skeletal muscle mass of the upper limbs and that of the lower
limbs have a different clinical impact on the prognosis of
patients with LC has not been clarified. In this study, we
measured the upper limb skeletal muscle mass and the lower
limb skeletal muscle mass separately, and evaluated their
association with the prognosis of patients with LC.

Patients and Methods
Out of patients who underwent a body composition assessment
using the BIA method from February 2006 to August 2011, those
with LC were enrolled. The diagnosis of LC was determined based
on clinical data, including the liver biopsy findings, laboratory data
and imaging data (ultrasound, computed tomography and endoscopy
findings) (12). In the present study, we evaluated the nutritional
status of patients with LC via both direct anthropometric
measurement and the BIA method on the same day. Patients whose
laboratory data were obtained on the same day as the nutritional
assessment were collected and a total of 353 patients were analyzed.
The study was approved by the Ethics Committee of our
Institutional Review Board (Approval No.: 1831). 

Body composition analysis. The body composition of the patients
was analyzed using the BIA method with an InBody720® instrument
(Inbody Japan, Tokyo, Japan). The BIA device can provide the
skeletal muscle mass values in the right arm, left arm, right leg and
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left leg separately. In the present study, we calculated the total
appendicular skeletal muscle mass index (SMI), which was
generally used for the evaluation of sarcopenia, and the arm and the
leg SMIs which were calculated using the following formulae:

Total SMI (kg/m2)=Total appendicular muscle mass (kg)/height (m)2
Arm SMI (kg/m2)=Total skeletal muscle mass of bilateral upper

limbs (kg)/height (m)2
Leg SMI (kg/m2)=Total skeletal muscle mass of bilateral lower

limbs (kg)/height (m)2
The Total SMI data were classified into two groups according to

the cutoff values of the Japanese guideline for the diagnosis of
sarcopenia (7.0 kg/m2 for men and 5.7 kg/m2 for women) (3). The
arm and leg SMI values were classified into two groups according
to the median value of each parameter. The state of edema was
determined as the ratio of extracellular water (ECW) to total body
water (TBW). The degree of overhydration was classified as
follows: No overhydration (ECW/TBW<0.39), mild overhydration
(0.39≤ECW/TBW<0.40), and moderate to severe overhydration
(ECW/TBW≥0.400) (10).

Determination of arm muscle circumference (AMC) and arm muscle
area (AMA) based on manual anthropometric measurements. In our
Department, the arm circumference (AC) (cm) and triceps skinfold
thickness (TSF) (cm) values were measured by a designated
dietician as described previously (13). Two commonly used indices
of the muscle mass, namely the arm muscle circumference (AMC)
and the arm muscle area (AMA), were calculated using the
following formulae: 

AMC (cm)=AC (cm)–π×TSF (cm) 
AMA (cm2)=[AMC (cm)]2/4π
Based on the standard AC and AMA values for Japanese people

(14), the %AC and %AMA values were then calculated.

Statistical analyses. The relationships of the arm SMI with the
muscle mass indices (%AMC and %AMA) obtained by manual
anthropometric measurements were determined using Spearman’s
correlation coefficient. Survival curves were obtained with the
Kaplan-Meier method, and the prognoses of the groups were
compared using the log-rank test. The differences in the paired
ECW/TBW data between the upper and lower limbs were evaluated
with Wilcoxon’s signed-rank test. For categorical variables, the
frequencies in two groups was compared by the chi-squared test. p-
Values of less than 0.05 were considered to indicate statistical
significance. 

Results

Basic clinical characteristics of the patients. The basic
clinical characteristics of the enrolled patients are shown in
Table I. We studied a total of 353 patients with LC
[male=59.8%; female=40.2%; median age=66 years
(range=24-85 years)]. The total numbers of patients with
hepatitis virus-related cirrhosis and those with non-viral
cirrhosis were 257 (72.8%) and 96 (27.2%), respectively.
The data of the BIA-based indices of skeletal muscle mass
(total, arm and leg SMIs) are shown in Table II. Regarding
all three indices of SMI, male patients had significantly
higher values than female patients (p<0.0001). In both
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Table I. The basic clinical characteristics of the study patients (N=353).

Characteristic Subgroup Value

Age, years Median (range) 66 (24-85)
Gender, n

Male 211
Female 142

Child-Pugh grade, n
A 191
B 135
C 27

Etiology, n
HBV 25
HCV 228
HBV+HCV 4
ALD 35
NASH 7
AIH 13
PBC 8
Other 33

Body mass index, kg/m2 Median (range) 22.7 (12.4-38.7)
AST, IU/l Median (range) 47 (12-577)
ALT, IU/l Median (range) 34 (9-437)
γ-GTP, IU/l Median (range) 41 (8-901)
ALP, IU/l Median (range) 320 (117-2193)
Total bilirubin, mg/dl Median (range) 1.1 (0.2-12.3)
Albumin, g/dl Median (range) 3.4 (2.0-4.9)
Platelet count, x103/μl Median (range) 82 (21-428)
Prothrombin time, % Median (range) 75.0 (37.6-115.6)
Glucose, mg/dl Median (range) 101 (59-296)
Total cholesterol, mg/dl Median (range) 145 (73-266)
Triglyceride Median (range) 75 (25-373)

AST: Aspartate aminotransferase; ALT: alanine aminotransferase; γ-
GTP: γ-glutamyl transpeptidase; ALP: alkaline phosphatase; HBV:
hepatitis B virus; HCV: hepatitis C virus; ALD: alcoholic-related liver
disease; NASH: nonalcoholic steatohepatitis; AIH; autoimmune
hepatitis; PBC: primary biliary cholangitis; IU: international unit.

Table II. The data of the three bioimpedance analysis-based indices of
skeletal muscle mass index (SMI) for the study patients. Regarding all
three indices of SMI, male patients had significantly higher values than
female patients (p<0.001). In both genders, the values of total SMI were
significantly higher than those of arm SMI (p<0.001) and those of leg
SMI (p<0.001). In addition, the values of leg SMI were significantly
higher than those of arm SMI (p<0.001). 

SMI Subgroup Median (range), kg/m2

Total Male 7.18 (4.41-10.21)
Female 6.03 (4.14-7.77)

Arm Male 1.84 (0.78-2.83)
Female 1.44 (0.84-2.09)

Leg Male 5.33 (3.63-8.19)
Female 4.53 (3.06-6.83)



genders, the values of total SMI were significantly higher
than those of arm SMI (p<0.0001) and those of leg SMI
(p<0.0001). In addition, the values of leg SMI were
significantly higher than those of arm SMI (p<0.0001). 

Association of the BIA-based arm SMI values with the
anthropometric indices of the arm skeletal muscle mass. A
previous report suggested that arm SMI was associated with
the prognosis of patients with LC (11). Thus, we first evaluated
whether the arm SMI was associated with the recognized
anthropometric indices of muscle mass (%AMC and %AMA),
the clinical utility of which had been already reported (15-17).
As shown in Figure 1, the arm SMI values positively correlated
well with both the %AMC (p<0.0001) and %AMA (p<0.0001).

Associations of the SMI values with the prognosis of the
patients with cirrhosis. We next evaluated the clinical
relevance of the three BIA-based indices of skeletal muscle
mass to the prognosis of patients with LC. The mean
observation period was 1,557 days (4.27 years). As expected,
a low total SMI (indicating sarcopenia), which was calculated
using the appendicular skeletal mass, was significantly
associated with poorer prognosis (p=0.0117) (Figure 2).
When we analyzed the muscle mass data of the upper limbs
and that of the lower limbs separately, a low arm SMI was
also significantly associated with poorer prognosis of patients
with LC (p=0.0002) (Figure 3A). However, while the patients
with a high leg SMI value tended to have a better prognosis,
the association was not statistically significant (p=0.0829)
(Figure 3B). 

Comparison of overhydration between the upper and lower
limbs. Since the presence of edema has been suggested to
influence the estimation of the muscle mass, we evaluated the
state of overhydration in each limb of the patients with LC.
The ECW/TBW values for the lower limbs were significantly
higher than those for the upper limbs (Figure 4). When we
classified the overhydrated states into three categories, as
described in the Patients and Methods section, the frequency
of overhydration for the lower limbs was significantly higher
than that for the upper limbs (Figure 5). There was no
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Figure 1. Correlation of arm skeletal muscle mass index (SMI) with arm muscle circumference (%AMC) (A) and arm muscle area (%AMA) (B)
values. Anthropometric values were obtained by manual measurements, and the two indices for the muscle mass (%AMC and %AMA) were then
calculated. The arm SMI values were significantly positively correlated with %AMC and %AMA values.

Figure 2. Survival according to total skeletal muscle mass index (SMI).
The total SMI was calculated using the bioimpedance analysis-based
total appendicular muscle mass. Patients with high total SMI (non-
sarcopenic group) had a significantly better survival in comparison to
those with low total SMI values (sarcopenic group). 



significant difference between sides, suggesting that lower
limbs are susceptible to oedema and overhydration. 

Discussion

Sarcopenia, which is diagnosed based on the appendicular
muscle mass, has been reported to be associated with the

prognosis of various diseases. In addition, the results of
several physical tests, such as grip strength and walking
speed, are included in the diagnostic procedures (3-8). Thus,
it is generally considered that both the upper and lower limbs
are suitable for evaluating the muscle mass and function. In
agreement with these guidelines, we previously reported the
value of the SMI determined with the appendicular muscle
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Figure 3. Survival curves according to arm (A) and leg (B) skeletal muscle mass index (SMI). Arm and leg SMI values were calculated using the
bioimpedance analysis-based arm skeletal mass and leg muscle mass, respectively. A: Survival was significantly better for patients with high arm
SMI values. B: Patients with high leg SMI values tended to have a better prognosis in comparison to those with low values, however, the difference
was not statistically significant (p=0.0829).

Figure 4. Extracellular water (ECW) to total body water (TBW) values for the lower and upper limbs of the right (A) and left (B) sides of the body.
The ECW/TBW values of the lower limbs were significantly higher than those of the upper limbs on both sides of the body. The symbols represent
the individual data. The boxes show the interquartile ranges (IQR); the upper lines, middle lines, and the lower lines represent the 75th percentiles,
the median values and the 25th percentiles, respectively. The bars show the ranges of the data from the 25th percentile−(1.5×IQR) to the 75th
percentile+(1.5×IQR).



mass in relation to the prognosis of patients with cirrhosis
(18), and the present study provided a consistent result
(Figure 2). However, we were concerned about the effect of
water retention/edema on the muscle mass data of patients
with cirrhosis, and consequently evaluated the upper and
lower limbs separately. Our results suggest that some
difference might exist between the upper and lower limbs
with regard to the association of the BIA-based SMI values
with the prognosis of patients with cirrhosis (Figure 3).

It is known that patients with LC are inclined to develop
water retention. We previously studied patients with hepatitis
virus-related CLDs and reported that overhydration was
suggested to increase in severity as the disease progressed
(10). According to a report that compared 20 patients with
compensated LC and 25 patients with decompensated LC
(19), the ECW/TBW ratio of the lower limbs in patients with
decompensated cirrhosis was higher than that in those with
compensated cirrhosis. However, the ECW/TBW ratios of
the upper limbs in these two patient groups did not differ to
a statistically significant extent. Consistent with these
findings, our results showed that water retention of the lower

limbs was higher than that in the upper limbs in the same
cases (Figures 4 and 5), suggesting that the muscle mass data
for the upper limbs would be less affected by water retention
than that for the lower limbs. 

It is generally considered that the %AMC and %AMA,
which are determined by physical assessments, can reflect
the muscle mass of the upper limbs with fair to good
reproducibility (15, 20). In the present study, the BIA-based
values of the arm SMI were well correlated with both the
%AMC and %AMA, which are calculated using directly
measured anthropometric data (Figure 1). In addition, the
arm SMI value seemed to be better associated with the
prognosis in comparison to the leg SMI value in our cohort
(Figures 3 and 4). In light of these results, the evaluation of
the upper limb muscle mass using the BIA method, which is
suggested to be minimally affected by edema, should be
clinically beneficial for patients with LC.

The present study was associated with some limitations.
Firstly, this was a retrospective study, and patients with
various etiologies and follow-up periods were included.
Secondly, the study population was limited to 353 patients
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Figure 5. Overhydration in the lower and upper limbs. When overhydration was classified into three categories according to the extracellular water
(ECW) to total body water (TBW) values (no overhydration: ECW/TBW<0.39; mild overhydration: 0.39≤ECW/TBW<0.40; and moderate to severe
overhydration: ECW/TBW≥0.400), the frequency of overhydration was significantly higher for the lower limbs than for the upper limbs. There was
no significant difference between sides.



with cirrhosis. Since sarcopenia also occurs in patients without
cirrhosis (3), our results should be evaluated in another cohort,
particularly a larger cohort that includes patients with non-
cirrhotic CLD. Thirdly, this study did not evaluate the
functional data of the upper and lower limbs (e.g. grip strength
and walking speed/chair stand test). In addition, a recent
article reported the utility of assessing the lower limb muscles
mass in patients with CLD (21). Our cohort was limited to
patients with cirrhosis, and the importance of estimating the
lower limb muscle mass for the diagnosis of sarcopenia in
patients with CLD should be further validated and debated.

In conclusion, despite the tendency for patients with
cirrhosis to develop edema/water retention, BIA-based data
of the skeletal muscle mass in the upper limbs were suggested
to be less affected in comparison to the lower limbs. The
estimation of the upper limb muscle mass may be useful for
evaluating the skeletal muscle mass in patients with cirrhosis.
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