
Abstract. Background/Aim: The bioimpedance analysis
(BIA) can provide anthropometric data on patients. The aim
of the study is to evaluate the clinical relevance of these
automatically obtained values. Patients and Methods: We
studied the arm circumference (AC) and arm muscle
circumference (AMC) of 197 histologically proven cirrhotic
patients. The BIA-based anthropometric data were compared
to the manually measured data. In addition, we evaluated
whether or not the BIA-based anthropometric data were
associated with the prognosis of the patients. Results: The
data of %AC and %AMC obtained using the two methods
were well correlated (p<0.001) with relatively inconspicuous
differences (approximately 6.0% for %AC and 16.0% for
%AMC). The data of %AC and %AMC obtained from the
BIA method were significantly associated with the prognosis
of the patients. Conclusion: The BIA-based anthropometric
data were associated with the direct measurement data and
related to the prognosis of cirrhotic patients.

Patients with liver cirrhosis frequently suffer from protein-
energy malnutrition (PEM) and sarcopenia, and the severity of
these complications is associated with their prognosis (1,2).
Anthropometric measurement is a useful method for
noninvasively assessing the nutritious status of patients using
only a tape measure, and some variables, such as the arm
circumference (AC) or the arm muscle circumference (AMC),

can reflect the nutritional status without using any special
equipment (3,4). Although assessment of the nutrition based on
anthropometric measurements has been reported to show fair to
good reproducibility (5), such manual measurements may result
in some intra-measurer discrepancies. However, it is difficult to
establish an optimal system for evaluating all patients by
sufficiently qualified persons in daily clinical practice. 

According to Asian guidelines, including the Japanese
guideline regarding sarcopenia in patients with chronic liver
diseases (6-8), the bioimpedance analysis (BIA) is one
option for objectively assessing the muscle mass of patients.
In the BIA method, the estimated values of AC and AMC
can be automatically displayed; however, precisely how the
values are calculated remains a manufacturer’s secret, and
whether or not the automatically obtained values accurately
reflect the manually measured physical data is unclear. 

We assessed the nutritional status of cirrhotic patients
using various methods (9-11), and a dietitian in our
department took anthropometric measurements from all
patients. In this study, we evaluated the nutritional status of
histologically confirmed cirrhotic patients (F4 stage of the
METAVIR scoring system: liver cirrhosis with pseudo-
lobules) (12) and compared the physical data automatically
provided with the BIA method to the manually obtained ones
by a trained healthcare professional. In addition, we assessed
whether or not the automatically available data reflected the
prognosis of patients.

Patients and Methods
Liver biopsy and blood sample collection. Percutaneous liver biopsy
examinations were performed via ultrasound-guided standard
procedures. The stage of liver fibrosis was determined according to
the METAVIR scoring system (12): i) F0, no fibrosis, ii) F1 as
portal fibrosis without septa, iii) F2 as portal fibrosis with rare
septa, iv) F3 as fibrosis with numerous septa but without cirrhosis,
and v) F4 as liver cirrhosis with pseudo-lobules. All medical data,
including basic clinical variables, were collected under fasting
conditions on the same day as the liver biopsies. 
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The study conformed to the ethical guidelines of the Declaration
of Helsinki (13) and was approved by the ethics committee of the
institutional review board (Nos. Rin-Hi-92 and 1831). Written
informed consent with regard to the use of clinical data was
obtained from all patients before the liver biopsy.

Determination of %AC and %AMC. In the present study, we
evaluated a total of 197 patients who received a liver biopsy from
February 2006 to January 2012 and were histologically diagnosed
as having cirrhosis (F4). The nutritious status of the patients was
assessed via both manual anthropometric measurement and the
BIA method on the same day as the liver biopsy. Regarding the
manually obtained data, a designated dietitian directly measured
the values of the AC (cm) and the triceps skinfold thickness
(TSF) (cm). The AMC values were obtained using the following
formula: 

AMC (cm) = AC (cm) – π•TSF (cm) 

The body composition analyzer InBody720® (Inbody Japan, Tokyo,
Japan), was used for the BIA method in the current study. The
values of %AC and %AMC were determined with reference to the
standard values of AC and AMC in Japanese people (14).

Statistical analyses. The relationship between the data obtained
manually and those obtained via the BIA method were determined
using the Spearman’s correlation coefficient. We categorized the
quantitative parameters into two groups according to the median
value of each parameter, and the differences in the paired data
between two groups were evaluated with Wilcoxon’s signed-rank
test. Regarding the relationship between the nutritional data and the
prognosis, survival curves were generated using the Kaplan-Meier
method and compared using the log-rank test. A p-value <0.05 was
considered significant. 

Results

Basic characteristics of the histologically proven cirrhotic
patients. The survival of a total of 197 patients was
retrospectively analyzed, and the mean follow-up period was
around 4.2 years (1527.9 days). The basic clinical
characteristics of the enrolled patients are shown in Table I.
Among the 197 patients, 117 (59.3%) were men, and the age
ranged from 25 to 90 (median=68 years old). The total
number of hepatitis virus-related cirrhosis cases was 142
(72.1%), and that of non-viral cirrhosis was 55 (27.9%).

The comparison of the automatically calculated physical data
to the data obtained via manual measurement. In the present
study, we focused on two parameters (AC and AMC) and
compared the results measured by the BIA method with those
manually measured by a designated dietitian (Table II).
Because of the large number of data (N=197), the BIA method
provided significantly higher values of AC and AMC compared
to the manually measured data; however, the differences in the
values of AC and AMC between the two methods were
relatively small (mean differences=1.51 cm and 3.26 cm,
respectively) (Table II). When we calculated the values of
%AC and %AMC, the BIA-based data were significantly
higher compared to the manually measured data both for %AC
(Figure 1A) and %AMC (Figure 1B). However, the differences
between the BIA data and the directly measured data were also
relatively inconspicuous (approximately 6.0% for %AC and
16.0% for %AMC) (Figure 1C), and the data from the two
methods were significantly correlated for the AC, %AC, AMC
and %AMC values (Figures 2 and 3). 

The prognosis of cirrhotic patients in relation to the physical
data. We evaluated the prognosis of cirrhotic patients
according to the manually obtained anthropometric values of
%AC and %AMC (Figure 4). As predicted, the high-value
group of %AC had a significantly better prognosis compared
to the low-value group (p=0.0239). The high-value group of
%AMC also showed a significantly better prognosis compared
to the low-value group (p=0.0084). When we evaluated the
data of %AC and %AMC that had been automatically
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Table I. Characteristics of enrolled patients. 

Age (years)                                                                 68 (25-90)
Gender (Male/Female)                                                 117/80
Child-Pugh grade (A/B/C)                                          122/67/8
Etiology (HBV/HCV/HBV+
HCV/ALD NASH/AIH PBC/Others)            14/126/2/21/6/10/6/12

Body Mass Index (Kg/m2)                                   22.2 (13.6-38.7)
AST (IU/l)                                                                 46 (16-577)
ALT (IU/l)                                                                  33 (9-437)
γ-GTP (IU/l)                                                             43 (10-901)
ALP (IU/l)                                                              320 (112-2193)
Total bilirubin (mg/dl)                                            0.9 (0.2-12.3)
Albumin (g/dl)                                                          3.6 (2.4-4.9)
Hemoglobin (g/dl)                                                  12.0 (6.6-17.5)
Platelet count (×103/μl)                                            91 (24-428)
Prothrombin time (%)                                          77.0 (30.2-115.6)
Glucose (mg/dl)                                                       101 (59-296)
Total cholesterol (mg/dl)                                         150 (73-292)
Triglyceride                                                               75 (30-373)

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. Comparison the anthropometric data between the manually
measured and the BIA method.

              Manual measurement      BIA method      Difference   p-Value
                            (cm)                           (cm)                  (cm)

AC              26.7 (18.9-37.8)        28.2 (12.2-40.9)    1.51±0.13     <0.01
AMC         21.2 (13.6-31.3)        24.8 (18.8-33.3)    3.26±0.16     <0.01

AC: Arm circumference; AMC: arm-muscle circumference. 



obtained by the BIA method (Figure 5), the patients with high
%AC values had a significantly higher survival rate compared
to those with low %AC values (p=0.0358). In addition, the
high %AMC group had a favorable prognosis as compared to
the low %AMC group (p=0.0362).

Discussion

It has been reported that PEM and sarcopenia are related to
the prognosis of patients with cirrhosis. In the Japanese
guideline for the management of liver cirrhosis (3), measuring

the non-protein respiratory quotient (npRQ) with an indirect
calorimeter (15) is described as the gold-standard method for
assessing energy malnutrition. However, the indirect
calorimeter method requires special equipment and cannot be
easily performed in all patients. The Japanese guideline for the
management of liver cirrhosis mentions that the %AC value
can be used as a simple indicator of energy malnutrition
substituting the npRQ measurement, since the two are linked
and a low %AC is associated with a decrease in the npRQ (3).
A reduced muscle mass, including a decreased %AMC, is also
known to be associated with an unfavorable clinical course in
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Figure 1. Comparing the %AC and %AMC values between the BIA-based data and the manually obtained data. The %AC and %AMC data were
calculated with reference to the Japanese anthropometric data (15). (A) The %AC data obtained using the BIA and manual measurements are
shown. (B) The %AMC data obtained using the BIA and manual measurements are shown. Due to the large number of enrolled patients (N=197),
the values obtained with the BIA method were significantly higher compared to those obtained via manual measurements (**p<0.01). (C) The ratio
of the BIA-based data to the manually measured data is shown. The discrepancy in the data between the two methods was not marked (approximately
6.0% for %AC and 16.0% for %AMC). AC: Arm circumference; AMC: arm muscle circumference; BIA: bioimpedance analysis.



cirrhotic patients (16-20). In the present study, we showed that
the physical data automatically estimated with the BIA method
correlated well with the directly measured physical data and
were related to the prognosis of the cirrhotic patients as well
the directly measured anthropometric data.

The anthropometric measurement is a simple method that
requires no special resources. However, this noninvasive and
inexpensive method requires a certain amount of time and
effort, particularly for evaluating a large number of patients.
In addition, because of the risk of intra-measurer discrepancy,
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Figure 2. Relationships of the AC and %AC between the BIA-based data and the manually obtained data. (A) Relationships of the AC values between
the BIA-based data and the manually obtained data. (B) Relationships of the %AC values between the BIA-based data and the manually obtained
data. The anthropometric values obtained using the BIA-based method were significantly associated with those obtained using manual measurements.
AC: Arm circumference; BIA: bioimpedance analysis.

Figure 3. Relationships of the AMC and %AMC values between the BIA-based data and the manually obtained data. (A) Relationships of the AMC
values between the BIA-based data and the manually obtained data. (B) Relationships of the %AMC values between the BIA-based data and the
manually obtained data. The anthropometric values obtained by the BIA-based method were significantly associated with those obtained by manual
measurements. AMC: Arm muscle circumference; BIA: bioimpedance analysis.



stable measurement standards carried out by skilled personnel
are desired to achieve accurate evaluations. Therefore, in our
institution, a single dedicated dietitian has been collecting the
data of all patients. However, ideally, a tool should be
developed that can be easily used even by an untrained person
and provide reasonable diagnostic accuracy (2, 21, 22). 

The physical data collected using the BIA method can be
automatically obtained with little human burden even in the
absence of a trained healthcare expert. This is the first study
to compare manually measured physical data to BIA-based
data. In addition, the current study is unique in that the BIA-
based automatically obtained data for %AC and %AMC
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Figure 4. Comparing the survival curves according to the manually obtained data for %AC and %AMC. (A) Patients with high %AC values showed
a significantly better survival compared to those with low %AC values. (B) Patients with high %AMC values showed a significantly better survival
compared to those with low %AMC values. AC: Arm circumference; AMC: arm muscle circumference.

Figure 5. Comparing the survival curves according to the BIA-based data for %AC and %AMC. (A) Similar to the manually obtained data (Figure
4A), patients with high %AC values had a significantly better survival compared to those with low %AC values. (B) Similar to the manually obtained
data (Figure 4B), patients with high %AMC values showed a significantly better survival compared to those with low %AMC values. BIA:
Bioimpedance analysis; AC: arm circumference; AMC: arm muscle circumference.



were shown to be relevant for the prognosis of cirrhotic
patients. Despite the advantage of our accumulated data
being obtained by a designated skilled dietitian, we found
that the automatically available data correlated well with the
directly measured data and were associated with the
prognosis of cirrhotic patients. Our findings suggested that
the physical data obtained with the BIA method are thus
comparable to those obtained by a trained person for
anthropometric measurements and can be clinically useful. 

Several limitations associated with the present study warrant
mention. First, our study included all cirrhotic patients, and their
nutritious status may have differed depending on the etiologies.
Second, the study enrolled histologically proven cirrhotic
patients (F4 stage), and the number of patients was relatively
small. Finally, our directly measured anthropometric data were
obtained by a designated dietitian. The manually determined
values of AC and AMC were low compared to those determined
via the BIA method, although this discrepancy may simply have
been due to the standards set by the measurer. However, the
muscle volume estimated by the BIA method may have been
influenced by the fluid collection. Cirrhotic patients are known
to have a tendency to store fluid throughout their body (11, 23);
such cirrhosis-associated clinical characteristics may therefore
have influenced the discrepancy in the data between the manual
measurement and the BIA method. We showed the clinical
relevance of the BIA method when the data were analyzed;
however, we should take care not to combine anthropometric
data obtained using different methods.

In conclusion, we investigated the relationship of the
physical data obtained using the BIA method with those
directly measured in patients with histologically confirmed
cirrhosis using liver biopsy. The anthropometric data
obtained using the BIA method, particularly the AC and
%AC values, were well associated with those obtained using
direct measurement and were found to be related to the
prognosis of cirrhotic patients.
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