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Abstract: Computed tomography (CT) is often used in the diagnosis of sarcopenia. In this study, we
validated the assessment of sarcopenia by the psoas muscle volume using versatile software. The
study involved a retrospective analysis of data from 190 patients with liver disease who underwent
grip-strength testing and abdominal pelvic computed tomography. To assess sarcopenia, SYNAPSE
3D was used to obtain the skeletal muscle index, the psoas muscle index (PMI), and the simple
method. We also used the recently proposed PMI cutoff values, for which the usefulness has been
evaluated (O-PMI). The cutoff value of the psoas muscle volume index (PMVI) was determined using
one of the diagnostic methods as the gold standard. All diagnostic methods showed that patients
with sarcopenia had shorter survival, with O-PMI having the highest hazard ratio (HR) (HR, 6.12;
95% confidence interval [CI], 2.6–14.41; p < 0.001). Even when sarcopenia could not be diagnosed by
O-PMI, low PMVI was associated with shorter survival (HR, 3.53; 95% CI, 1.34–9.32; p = 0.01). PMVI
may be useful in the evaluation of sarcopenia, including the identification of poor overall survival in
cases that cannot be diagnosed by O-PMI, which is considered more useful than PMI.

Keywords: liver diseases; muscle strength dynamometer; psoas muscles; sarcopenia; SYNAPSE 3D

1. Introduction

Sarcopenia is characterized by age-related loss of muscle mass and was first proposed
by Rosenberg [1]. Recently, attention has focused on sarcopenia secondary to factors
other than aging [2], and in the field of hepatology, Montano-Loza et al. reported that the
prognosis of liver cirrhosis associated with sarcopenia was poor [3]. Sarcopenia has been
reported to be associated with mortality and tumor recurrence in hepatocellular carcinoma
(HCC) [4]. It has also been suggested that sarcopenia is associated with liver fibrosis in
chronic liver disease [5]. Since then, the importance of diagnosing sarcopenia in patients
with liver disease has been widely reported [4,6–9]. Recently, the Asian Working Group
for Sarcopenia (AWGS) and the European Working Group on Sarcopenia have revised
their diagnostic criteria and cutoff values for sarcopenia [10–15]. The second edition of the
Japanese guidelines (Japan Society of Hepatology [JSH]), similarly to those of the AWGS,
now requires a male grip strength of 28 kg instead of 26 kg [16]. In addition, the JSH
guidelines state that computed tomography (CT) can also be used to diagnose sarcopenia,
and there are numerous reports on its usefulness [17–19]. The diagnosis of sarcopenia by
CT is generally based on the amount of skeletal muscle mass in the lumbar spine at the
third lumbar (L3) level, evaluated in terms of cross-sectional area.
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The volume analyzer SYNAPSE 3D (Fujifilm, Tokyo, Japan) is an image analysis system
that allows users to quickly and easily obtain high-resolution three-dimensional (3D) images
of organs, muscles, bones, and blood vessels using CT and MRI images taken in the past [20].
SYNAPSE 3D is popular and widely used software in Japan. Recently, servers on which
SYNAPSE 3D can quickly be used from a screen of an image list used in routine medical
treatment have become common, and SYNAPSE 3D, with more than 200 electronic medical
records, can be used any time in hospitals for 24 h a day, and the iliopsoas muscle can easily
be measured. There are also many recent reports on the usefulness of therapy support
tools for HCC and the diagnosis of sarcopenia using SYNAPSE 3D [21–23].Therefore, in
this study sarcopenia was evaluated from three-dimensional (3D) configuration data of the
psoas muscle using the versatile image analysis software SYNAPSE 3D (Fujifilm, Tokyo,
Japan). Recently, Ohara et al. recommended a cutoff value for psoas muscle mass of
3.74 cm2/m2 for Japanese men and 2.29 cm2/m2 for Japanese women [24]. In this study, we
validated this cutoff value by comparing it with the conventional JSH diagnostic criteria.

2. Materials and Methods
2.1. Patients

This was a retrospective study of 213 patients with liver disease who underwent grip-
strength measurements and abdominal pelvic CT within 2 months before and after the date
of the measurements at Takamatsu Red Cross Hospital from February 2018 to May 2022.
Of the 213 patients in the study, 190 were validated after excluding those who had been
under observation for less than 2 months or who did not die from liver-related causes, such
as hepatocellular carcinoma (HCC) progression or liver failure. The diagnosis of cirrhosis
was based on CT imaging findings, platelet count, the Fibrosis-4 index, esophagogastric
varices, and the presence of collateral blood vessels. HCC was diagnosed histologically
or radiologically.

2.2. Sarcopenia

On the basis of the JSH guidelines (2nd edition), patients who met the criteria for
grip strength and skeletal muscle index (SMI), psoas muscle index (PMI), and a simple
method (described later in the text) were diagnosed with sarcopenia. Grip strength was
measured using a Smedley grip dynamometer in accordance with the new muscle strength
test guidelines of the Japanese Ministry of Education. The cutoff values for grip strength
were 28 kg for men and less than 18 kg for women [16]. SMI was calculated by dividing
the total muscle mass at the L3 level (rectus abdominis, transverse abdominis, internal
oblique, external oblique, psoas, quadratus lumborum, and erector spinae muscles) by the
square of the height. The cutoff values for SMI were 42 cm2/m2 for men and 38 cm2/m2

for women [18]. PMI was determined by dividing the area of the iliopsoas muscle at the
L3 level by the square of the height and by a simple method, which was calculated as the
sum of the left and right long axis × short axis of the iliopsoas muscle at the L3 level. The
cutoff values for PMI and the simple method were 6.36 cm2/m2 and 6.0 cm2/m2 for men
and 3.92 cm2/m2 and 3.4 cm2/m2 for women [21,25,26]. Sarcopenia was also evaluated
using diagnostic criteria in accordance with the PMI cutoff values (3.74 cm2/m2 for men
and 2.29 cm2/m2 for women) proposed by Ohara et al. (O-PMI) [24].

2.3. Muscle Mass Measurement and Equipment

CT was performed using a 64-slice multidetector-row CT scanner (Aquilion 64, Toshiba
Medical Systems, Tokyo, Japan; Discovery CT750HD, GE Healthcare, Milwaukee, WI, USA)
with the following scan parameters: reconstructed slice thickness = 1 mm.

SYNAPSE 3D software version 6.4 (Fujifilm) was used to measure muscle mass. Skele-
tal muscle was identified and quantified within a range of −29 to 150 Hounsfield units.
Using this software, values for SMI, PMI, and the simple method were calculated (Figure 1).
This software can also automatically measure the volume of the psoas major muscle. In
this study, we evaluated sarcopenia using the psoas muscle volume index (PMVI) as well
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as SMI and PMI. The volume of the psoas muscle divided by the cube of the height was
used to calculate PMVI.
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simplified method value was 4.29 cm2/m2. (d) The volume of the psoas major muscle was 201.89 
cm3. Abbreviations: CT, computed tomography. 
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All values are expressed as the mean ± standard deviation. Overall survival (OS) 

was defined as the interval between the date of grip-strength measurement and the date 
of death from liver disease, and data were censored at the last follow-up. Kaplan–Meier 
curves and the log-rank test were used to determine OS, and a Cox proportional hazards 
model was used to evaluate the associated factors. The method with the highest hazard 
ratio (HR) among SMI, PMI, the simple method, and O-PMI diagnostic methods was 
used as the gold standard, and the receiver operating characteristic (ROC) curve was 

Figure 1. Skeletal muscle volume assessment images in a representative patient. (a) Abdominal CT
image (horizontal section) showing the third lumbar vertebra; green indicates skeletal muscle. The
skeletal muscle index was 34.34 cm2/m2. (b) The psoas muscle index was 3.38 cm2/m2. (c) The
simplified method value was 4.29 cm2/m2. (d) The volume of the psoas major muscle was 201.89 cm3.
Abbreviations: CT, computed tomography.

2.4. Statistical Analysis

All values are expressed as the mean ± standard deviation. Overall survival (OS)
was defined as the interval between the date of grip-strength measurement and the date
of death from liver disease, and data were censored at the last follow-up. Kaplan–Meier
curves and the log-rank test were used to determine OS, and a Cox proportional hazards
model was used to evaluate the associated factors. The method with the highest hazard
ratio (HR) among SMI, PMI, the simple method, and O-PMI diagnostic methods was used
as the gold standard, and the receiver operating characteristic (ROC) curve was used to
obtain the PMVI cutoff value. The optimal cutoff value on the ROC curve was determined
on the basis of the Youden index. Positive diagnoses were evaluated using the area under
the ROC curve (AUC). Pearson’s correlation coefficient was calculated to determine the
correlation between PMVI and each diagnostic method. The correlation was examined
using a fixed coefficient; p < 0.05 was considered statistically significant. All statistical
analyses were performed using EZR (Saitama Medical Center, Jichi Medical University,
Saitama, Japan), which is a graphical user interface for R (The R Foundation for Statistical
Computing, Vienna, Austria) [27].
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3. Results

Of the 213 patients in this study, 23 were excluded. The 23 cases that were excluded
included 14 cases with an observation period of less than 2 months. The causes of death
other than liver disease were cardiac disease in 3 cases, malignancy other than HCC
in 3 cases, unknown cause in 3 cases, and cerebral hemorrhage in 1 case. The median
observation period was 764.5 days. Of the 190 patients, 114 (60%) were male and 76 (40%)
were female. The mean age of the patients was 69 ± 13.4 years. Mean grip strength was
29.4 kg for men and 18.6 kg for women; 150 patients had Child–Pugh class A, accounting
for the majority of patients (79%). The underlying disease was cirrhosis in half of the
patients (n = 105; 55%), and 82 (43%) patients had HCC. Stage 1 was the most common
stage of HCC (n = 29; 15%); however, Stage 4 was observed as being present in 15 patients
(8%) (Table 1).

Table 1. Patients’ characteristics.

n = 190

Men, n (%) 114 (60)
Mean (SD) age, years 69 (13.4)
Mean (SD) BMI, kg/m2 23.7 (4.3)
Mean (SD) grip strength, kg, male/female 29.4 (9.2)/18.6 (5.7)
Mean (SD) albumin, g/dL 3.8 (0.6)
Etiology: HBV/HCV/alcohol/other (%) 19/69/31/36 (10/36/16/19)
Taking diuretic: n (%) 31 (16)
Taking BCAA: n (%) 32 (17)
Taking L-carnitine: n (%) 6 (3)
Child–Pugh class: A/B/C: n (%) 150/35/5 (79/18/3)
With chronic liver disease: n (%) 66 (35)
With liver cirrhosis: n (%) 105 (55)
With hepatocellular carcinoma (HCC): n (%) 82 (43)
HCC stage: 1

2 /3/4: n (%) 29/25/13/15 (15/13/7/8)
BCAA, branched-chain amino acid; BMI, body mass index; HBV, hepatitis B virus; HCV, hepatitis C virus; SD,
standard deviation.

The median (range) SMI for men was 44.9 cm2/m2 (range, 20.43–72.75) and 39.77 cm2/m2

(range 23.83–61.38) for women. The mean (range) PMI for men was 5.3 cm2/m2 (range
2.18–10.63) and 3.69 cm2/m2 (range 1.55–5.84) for women. For the simple method, the
mean value was 5.95 cm2/m2 (range 2.4–12.55) for men and 4.32 cm2/m2 (range 1.5–8.05)
for women. The mean volume of the psoas muscle was 295.8 cm3 (range, 114.03–587.79) for
men and 171.12 m3 (range, 58.02–308.37) for women. The mean PMVI was 64.59 cm3/m3

(range, 26.33–133.26) for men and 48.19 cm3/m3 (range, 16.52–81.8) for women (Table 2).

Table 2. Measurement results for SMI, PMI, the simple method, PMV, and PMVI.

Men (n = 114) Women (n = 76)

Mean (SD) SMI, cm2/m2 44.9 (8.58) 39.77 (6.9)
Mean (SD) PMI, cm2/m2 5.3 (1.59) 3.69 (0.94)
Mean (SD) simple method, cm2/m2 5.95 (1.99) 4.32 (1.4)
Mean (SD) PMV, cm3 295.8 (96.16) 171.12 (52.18)
Mean (SD) PMVI, cm3/m3 64.59 (1.744) 48.19 (12.47)

SMI, skeletal muscle index; PMI, psoas muscle index; PMV, psoas muscle volume; PMVI, psoas muscle volume
index; SD, standard deviation.

Patients diagnosed with sarcopenia by each of the diagnostic criteria (SMI, PMI, the
simple method, and O-PMI) had significantly shorter survival times than those without
sarcopenia. Each diagnostic method indicated a poor prognosis with sarcopenia. For
SMI, 5.75 HR; 95% confidence interval (CI), 2.6–12.67; p < 0.05. For PMI, 4.85 HR; 95% CI,
2.04–11.54; p < 0.05. For the simple method, 5.63 HR; 95% CI, 2.52–12.59; p < 0.05. For
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O-PMI, 6.12 HR; 95% CI, 2.6–14.41; p < 0.05 (Figure 2). Furthermore, O-PMI showed a
higher HR than that for the PMI cutoff value in the JSH guidelines (2nd edition).
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Figure 2. (a–d) Overall survival curves by each diagnostic method for sarcopenia. Patients with
sarcopenia had significantly shorter survival compared to patients without sarcopenia for all methods.
O-PMI is PMI calculated in accordance with the cutoff value proposed by Ohara et al [24]. The cutoff
value was 3.74 cm2/m2 for men and 2.29 cm2/m2 for women. All diagnostic methods indicated
significantly shorter survival in patients with sarcopenia compared to patients without sarcopenia.
CI, confidence interval; HR, hazard ratio; PMI, psoas muscle index; SMI, skeletal muscle index.

Of the four sarcopenia diagnostic methods used in this study, O-PMI had the highest
HR. Therefore, we used O-PMI as the gold standard to obtain a cutoff value for PMVI
and evaluated the results using that cutoff value. The optimal cutoff value for PMVI was
55.422 cm3/m3 for men (sensitivity 0.938, specificity 0.796, AUC 0.906) and 31.879 cm3/m3

(sensitivity 0.959, specificity 1, AUC 0.977) for women (Figure 3). In this study, patients
who met the definition of adequate grip strength as reported in the JSH guidelines and
were below the optimal PMVI values were defined as sarcopenia patients. Regarding OS,
patients with sarcopenia had a poor prognosis, and low PMVI was also a poor prognostic
factor (HR 4.66; 95% CI, 2.18–9.99; p < 0.001; Figure 4). The correlations between PMVI and
SMI, PMI, and the simple method were strong, and the correlation between PMVI and PMI
was the strongest (Figure 5). We also evaluated the impact of PMVI and the combination
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of PMVI and O-PMI among the four diagnostic methods. First, when the patients were
divided into those with and without sarcopenia on the basis of O-PMI, the HR was even
higher when the sarcopenia criteria were also met for PMVI compared with O-PMI alone
(HR, 7.65; 95% CI, 2.95–19.83; p < 0.001; Figure 6a). Additionally, in patients without
sarcopenia on the basis of O-PMI, OS was shorter in patients with a low PMVI compared to
those with a high PMVI (HR, 3.53; 95% CI, 1.34–9.32; p = 0.01; Figure 6b). However, there
was no significant difference between patients diagnosed with sarcopenia by PMVI and
those diagnosed with or without sarcopenia by O-PMI (Figure 6c). Furthermore, there was
no significant difference between patients diagnosed with sarcopenia by O-PMI and those
diagnosed with or without sarcopenia by PMVI (Figure 6d).
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Figure 3. (a,b) ROC curves for PMVI by sex. The cutoff value was 55.422 cm3/m3 (sensitivity 0.938,
specificity 0.796, AUC 0.906) for men and 31.879 cm3/m3 (sensitivity 0.959, specificity 1, AUC 0.977)
for women. AUC, area under the ROC curve; PMVI, psoas muscle volume index; ROC, receiver
operating characteristic.
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≤31.879 cm3/m3 for women. Patients with sarcopenia had shorter survival compared with patients
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CI, confidence interval; HR, hazard ratio; PMVI, psoas muscle volume index.
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Figure 5. Correlations between PMVI and SMI, PMI, and the simple method. PMVI showed a strong
correlation with each of the diagnostic methods. PMI, psoas muscle index; PMVI, psoas muscle
volume index; SMI, skeletal muscle index.
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Figure 6. (a–d) Overall survival curves based on PMVI combined with O-PMI. Patients diagnosed
with sarcopenia by O-PMI and PMVI together had a higher HR compared with patients diagnosed
with sarcopenia using either method alone. Sarcopenia patients who were not diagnosed by O-PMI
also had shorter survival when PMVI was low. Low O-PMI was defined as 3.74 cm2/m2 for men
and ≤2.29 cm2/m2 for women; high O-PMI was defined as greater than these values. Low PMVI
was defined as 54.22 cm3/m3 for men and ≤31.879 cm3/m3 for women; high PMVI was defined as
greater than these values. CI, confidence interval; HR, hazard ratio; O-PMI, PMI calculated using the
cutoff proposed by Ohara et al.; PMI, psoas muscle index; PMVI, psoas muscle volume index.

4. Discussion

Sarcopenia is a subject of interest in not only liver disease but also many other con-
ditions [28–31]. Therefore, the diagnosis of sarcopenia is important. Recently, sarcopenia
guidelines have changed the diagnostic criteria and cutoff values for sarcopenia. In the
AWGS regarding grip strength, the cutoff for women remained the same, but that for men
increased from 26 kg to 28 kg [10]. Additionally, facilities without medical equipment
such as dual-energy X-ray absorptiometry and bioelectrical impedance analysis (BIA) can
now diagnose the possibility of sarcopenia based on case extraction, grip strength, and
gait speed [11]. The JSH guidelines state that BIA and CT can be used to diagnose sar-
copenia [18]. However, there are some caveats when measuring muscle mass with BIA.
First, BIA generally cannot be performed in patients with an implanted pacemaker (PM)
or implantable cardioverter defibrillator [32], and the present study included cases with
implanted PMs. There are reports stating that BIA can be performed safely in patients
with implanted PMs, and the number of patients with PMs and implantable cardioverter
defibrillators in daily practice is increasing; therefore, further validation is needed [33,34].
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In the case of end-stage cirrhosis, which is often complicated by sarcopenia, edema and
ascites are common barriers to the acquisition of accurate BIA values [18].

CT and magnetic resonance imaging are performed in patients with chronic liver
disease and cirrhosis for surveillance of liver cancer; therefore, it is appropriate to evaluate
sarcopenia with CT [35]. The usefulness of CT-based assessment of sarcopenia has been
described in many reports [21,25,36–39]. This study reaffirmed that all of the diagnostic
methods for sarcopenia using CT that are recommended by the JSH are associated with
prognosis. There are also reports that SMI cannot be substituted for PMI [40]. The cutoff
values for SMI and PMI in that report were 50 cm2/m2 and 5.1 cm2/m2 for men and
39 cm2/m2 and 4.3 cm2/m2 for women, which are slightly closer to the cutoff values
recommended by the JSH. As reported in this study, SMI is a better prognostic marker of
survival than PMI, possibly because SMI has a higher proportion of total muscle mass than
PMI, and therefore SMI has a higher predictive accuracy. However, in this study, O-PMI was
a better prognostic marker of survival than SMI. The cutoff value of O-PMI is approximately
half that of the previous PMI cutoff value, which is probably more appropriate for Japanese.
In fact, the cutoff value of PMI proposed by Ohara et al. is reported to be more useful than
the cutoff value of PMI in the JSH guidelines [24]. PMI cutoff values are also required in
regions other than Japan and vary from 3.2~5.9 cm2/m2 for men and from 2.6~4.0 cm2/m2

for women [41]. The JSH guidelines state that the cutoff value may be changed in the future.
In sarcopenia guidelines, the recommended assessment of muscle mass on CT is gener-

ally the cross-sectional area. The SMI, PMI, and simple method recommended by the JSH are
all cross-sectional. There is also another method that uses the thickness of the psoas muscle
at the level of the umbilicus, which is also a cross-sectional evaluation [42]. However, the
assessment of muscle mass by cross-sectional area may be inadequate because the site of
measurement varies among reports, and the vertebral level is not always the largest area [43].
In comparison, the evaluation of muscle volume with 3D images is more accurate than that
with one- or two-dimensional images in assessing nodules and muscles [44–47], which is
the method used in this study. Notably, there are reports of the usefulness of measurements
using the volume of the psoas muscle with respect to the liver region [48]. Additionally, in
areas other than liver disease, measurement of psoas muscle volume has been reported to
be useful as a prognostic marker of survival and progression-free survival in patients with
malignant tumors as well as in relation to postoperative complications [49–52]. There have
been reports that psoas muscle volume does not play a role in the prognosis of sarcopenia,
but unlike the study, psoas muscle volume was not corrected for height [53]. Correcting
muscle mass for height minimizes the effects of height changes from youth to old age, but
few studies have actually demonstrated the effectiveness of the correction method [54].
Recently, advances in image analysis software have made it possible to easily construct 3D
images. In this study, we used the general-purpose image analysis software SYNAPSE 3D,
which has been introduced in more than 1350 facilities in Japan under the name SYNAPSE
VINCENT and is sold worldwide, to evaluate sarcopenia from 3D configuration data of the
psoas major muscle. This software can automatically calculate the 3D volume of the psoas
muscle in approximately 1–2 min and is easily calculated even by new users, a feature that
makes this method highly reproducible. Furthermore, the software automatically calculates
the area of the psoas muscle, making it easy to measure PMI. Additionally, because of
this automatic calculation, there is no variation in values between users, and the volume
calculation is also highly reproducible.

In this study we used O-PMI, which had the highest HR for OS, as the gold standard
and determined the optimal cutoff value for PMVI. The results showed that as with other
diagnostic methods, sarcopenia was significantly associated with shorter survival compared
to the absence of sarcopenia, and sarcopenia was identified as a poor prognostic factor.
SMI, PMI, and the simple method were strongly correlated with PMVI. Furthermore, the
combined diagnostic criteria of PMVI and O-PMI were even more strongly related to the
prognosis of sarcopenia compared with other methods. It should be noted that even in
patients for whom sarcopenia was not detected by O-PMI, there was a significant difference
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in OS in patients with low PMVI. This finding suggests that the prognosis of sarcopenia
patients not diagnosed by O-PMI could also be measured. Therefore, PMVI was considered
clinically useful to detect patients who are not diagnosed with sarcopenia by conventional
methods but have a poor prognosis. PMVI had a strong correlation with SMI, PMI, and the
simple method and may become a new diagnostic criterion for sarcopenia.

There are several limitations in this study. Data for patients with chronic hepatitis,
cirrhosis, and liver cancer were not evaluated separately in this study. However, we
examined OS in the cirrhosis-only group for PMVI and found significant differences (HR,
2.86; 95% CI, 1.31–6.26; p = 0.008). Similarly, significant differences were observed in the
HCC-only group (HR, 2.57; 95% CI, 1.07–6.2; p = 0.03). Although this was a single-center
retrospective study, the SYNAPSE 3D software is now widely used in numerous hospitals
in Japan, which may make it relatively easy to validate the results in larger studies in
the future.

5. Conclusions

PMVI obtained with SYNAPSE 3D is simple and reproducible. PMVI may also be
useful in the evaluation of sarcopenia, including the identification of poor OS in patients
who cannot be diagnosed by O-PMI, which is considered more useful than PMI.

Author Contributions: Conceptualization, C.O.; methodology and validation, K.T., M.N., K.O., T.T.,
K.F., J.T., A.M. and M.S.; collection and analysis of the clinical data, T.M. (Takushi Manabe); writing—
original draft preparation, T.M. (Takushi Manabe); writing—review and editing, C.O.; supervision,
M.K. and T.M. (Tsutomu Masaki) All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The protocol for this research project has been approved by
the Committee of Takamatsu Red Cross Hospital Clinical Research Ethics, Approval No. 22-032, and
it conforms to the provisions of the Declaration of Helsinki.

Informed Consent Statement: Informed consent was obtained from all the subjects involved in
this study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy restrictions.

Acknowledgments: The Authors thank the radiological technologists and secretaries of Takamatsu
Red Cross Hospital for their kind cooperation.

Conflicts of Interest: Masatoshi Kudo has received honoraria from Eli Lilly, Bayer, Eisai Chugai,
Takeda, and MSD and research funding from Chugai, Otsuka, Sumitomo Dainippon Pharma, Eisai,
Abbvie, GE Healthcare, EA Pharma, Takeda, Gilead Sciences, and Taiho. The other authors report no
conflicts of interest.

Abbreviations

AWGS = Asian Working Group for Sarcopenia, BIA = bioelectrical impedance anal-
ysis, CT = computed tomography, DXA = Dual-energy X-ray absorptiometry, EWG-
SOP = European Working Group on Sarcopenia, JSH = Japan Society of Hepatology,
HCC = hepatocellular carcinoma, L3 = lumbar segment 3, PMI = psoas muscle index,
PMV = psoas muscle volume, PMVI = psoas muscle volume index, SD = standard de-
viation, SMI = skeletal muscle index, 2D = two-dimensional, 3D = three-dimensional.

References
1. Rosenberg, I.H. Summary comments: Epidemiologic and Methodologic Problems in Determining Nutritional Status of Older

Persons. Am. J. Clin. Nutr. 1989, 50, 1231–1233. [CrossRef]

http://doi.org/10.1093/ajcn/50.5.1231


Diagnostics 2023, 13, 1245 11 of 13

2. Cruz-Jentoft, A.J.; Baeyens, J.P.; Bauer, J.M.; Boirie, Y.; Cederholm, T.; Landi, F.; Martin, F.C.; Michel, J.P.; Rolland, Y.; Schneider,
S.M.; et al. Sarcopenia: European consensus on definition and diagnosis: Report of the European Working Group on Sarcopenia
in Older People. Age Ageing 2010, 39, 412–423. [CrossRef] [PubMed]

3. Montano-Loza, A.J.; Meza-Junco, J.; Prado, C.M.; Lieffers, J.R.; Baracos, V.E.; Bain, V.G.; Sawyer, M.B. Muscle wasting is associated
with mortality in patients with cirrhosis. Clin. Gastroenterol. Hepatol. 2012, 10, 166–173.e1. [CrossRef] [PubMed]

4. Chang, K.V.; Chen, J.D.; Wu, W.T.; Huang, K.C.; Hsu, C.T.; Han, D.S. Association between Loss of Skeletal Muscle Mass and
Mortality and Tumor Recurrence in Hepatocellular Carcinoma: A Systematic Review and Meta-Analysis. Liver Cancer 2018, 7,
90–103. [CrossRef]

5. Han, E.; Lee, Y.H.; Kim, B.K.; Park, J.Y.; Kim, D.Y.; Ahn, S.H.; Lee, B.W.; Kang, E.S.; Cha, B.S.; Han, K.H.; et al. Sarcopenia is
associated with the risk of significant liver fibrosis in metabolically unhealthy subjects with chronic hepatitis B. Aliment. Pharm.
Ther. 2018, 48, 300–312. [CrossRef]

6. Hanai, T.; Shiraki, M.; Ohnishi, S.; Miyazaki, T.; Ideta, T.; Kochi, T.; Imai, K.; Suetsugu, A.; Takai, K.; Moriwaki, H.; et al. Rapid
skeletal muscle wasting predicts worse survival in patients with liver cirrhosis. Hepatol. Res. 2016, 46, 743–751. [CrossRef]

7. Moriwaki, H.; Miwa, Y.; Tajika, M.; Kato, M.; Fukushima, H.; Shiraki, M. Branched-chain amino acids as a protein- and
energy-source in liver cirrhosis. Biochem. Biophys. Res. Commun. 2004, 313, 405–409. [CrossRef]

8. Nishikawa, H.; Osaki, Y. Clinical significance of therapy using branched-chain amino acid granules in patients with liver cirrhosis
and hepatocellular carcinoma. Hepatol. Res. 2014, 44, 149–158. [CrossRef]

9. Shirai, H.; Kaido, T.; Hamaguchi, Y.; Kobayashi, A.; Okumura, S.; Yao, S.; Yagi, S.; Kamo, N.; Taura, K.; Okajima, H.; et al.
Preoperative Low Muscle Mass and Low Muscle Quality Negatively Impact on Pulmonary Function in Patients Undergoing
Hepatectomy for Hepatocellular Carcinoma. Liver Cancer 2018, 7, 76–89. [CrossRef]

10. Auyeung, T.W.; Arai, H.; Chen, L.K.; Woo, J. Letter to the editor: Normative data of handgrip strength in 26344 older adults—A
pooled dataset from eight cohorts in Asia. J. Nutr. Health Aging 2020, 24, 125–126. [CrossRef]

11. Chen, L.K.; Woo, J.; Assantachai, P.; Auyeung, T.W.; Chou, M.Y.; Iijima, K.; Jang, H.C.; Kang, L.; Kim, M.; Kim, S.; et al. Asian
Working Group for Sarcopenia: 2019 Consensus Update on Sarcopenia Diagnosis and Treatment. J. Am. Med. Dir. Assoc. 2020, 21,
300–307.e2. [CrossRef]

12. Cruz-Jentoft, A.J.; Bahat, G.; Bauer, J.; Boirie, Y.; Bruyere, O.; Cederholm, T.; Cooper, C.; Landi, F.; Rolland, Y.; Sayer, A.A.; et al.
Sarcopenia: Revised European consensus on definition and diagnosis. Age Ageing 2019, 48, 16–31. [CrossRef] [PubMed]

13. Ishii, S.; Tanaka, T.; Shibasaki, K.; Ouchi, Y.; Kikutani, T.; Higashiguchi, T.; Obuchi, S.P.; Ishikawa-Takata, K.; Hirano, H.; Kawai,
H.; et al. Development of a simple screening test for sarcopenia in older adults. Geriatr. Gerontol. Int. 2014, 14 (Suppl. S1), 93–101.
[CrossRef] [PubMed]

14. Locquet, M.; Beaudart, C.; Reginster, J.Y.; Petermans, J.; Bruyere, O. Comparison of the performance of five screening methods for
sarcopenia. Clin. Epidemiol. 2018, 10, 71–82. [CrossRef] [PubMed]

15. Malmstrom, T.K.; Miller, D.K.; Simonsick, E.M.; Ferrucci, L.; Morley, J.E. SARC-F: A symptom score to predict persons with
sarcopenia at risk for poor functional outcomes. J. Cachexia Sarcopenia Muscle 2016, 7, 28–36. [CrossRef]

16. Nishikawa, H.; Shiraki, M.; Hiramatsu, A.; Hara, N.; Moriya, K.; Hino, K.; Koike, K. Reduced handgrip strength predicts poorer
survival in chronic liver diseases: A large multicenter study in Japan. Hepatol. Res. 2021, 51, 957–967. [CrossRef]

17. Kaido, T.; Tamai, Y.; Hamaguchi, Y.; Okumura, S.; Kobayashi, A.; Shirai, H.; Yagi, S.; Kamo, N.; Hammad, A.; Inagaki, N.; et al.
Effects of pretransplant sarcopenia and sequential changes in sarcopenic parameters after living donor liver transplantation.
Nutrition 2017, 33, 195–198. [CrossRef]

18. Nishikawa, H.; Shiraki, M.; Hiramatsu, A.; Moriya, K.; Hino, K.; Nishiguchi, S. Japan Society of Hepatology guidelines for
sarcopenia in liver disease (1st edition): Recommendation from the working group for creation of sarcopenia assessment criteria.
Hepatol. Res. 2016, 46, 951–963. [CrossRef]

19. Yoh, K.; Nishikawa, H.; Enomoto, H.; Iwata, Y.; Ishii, A.; Yuri, Y.; Ishii, N.; Miyamoto, Y.; Hasegawa, K.; Nakano, C.; et al. Clinical
influence of exercise therapy on sarcopenia in patients with chronic pancreatitis: A study protocol for a randomised controlled
trial. BMJ Open Gastroenterol. 2018, 5, e000190.

20. Ohshima, S. Volume analyzer SYNAPSE VINCENT for liver analysis. J. Hepatobiliary Pancreat. Sci. 2014, 21, 235–238. [CrossRef]
21. Hamaguchi, Y.; Kaido, T.; Okumura, S.; Kobayashi, A.; Hammad, A.; Tamai, Y.; Inagaki, N.; Uemoto, S. Proposal for new

diagnostic criteria for low skeletal muscle mass based on computed tomography imaging in Asian adults. Nutrition 2016, 32,
1200–1205. [CrossRef]

22. Ogawa, C.; Minami, Y.; Morita, M.; Noda, T.; Arasawa, S.; Izuta, M.; Kubo, A.; Matsunaka, T.; Tamaki, H.; Shibatoge, M.; et al.
Prediction of Embolization Area after Conventional Transcatheter Arterial Chemoembolization for Hepatocellular Carcinoma
Using SYNAPSE VINCENT. Dig. Dis. 2016, 34, 696–701. [CrossRef] [PubMed]

23. Ogawa, C.; Minami, Y.; Noda, T.; Arasawa, S.; Izuta, M.; Kubo, A.; Matsunaka, T.; Tamaki, H.; Shibatoge, M.; Kudo, M. Initial
Experience Performing Percutaneous Ultrasound Examination with Real-Time Virtual Sonography with Color Display. Oncology
2015, 89 (Suppl. S2), 11–18. [CrossRef]

24. Ohara, M.; Suda, G.; Kimura, M.; Maehara, O.; Shimazaki, T.; Shigesawa, T.; Suzuki, K.; Nakamura, A.; Kawagishi, N.; Nakai,
M.; et al. Analysis of the optimal psoas muscle mass index cut-off values, as measured by computed tomography, for the diagnosis
of loss of skeletal muscle mass in Japanese people. Hepatol. Res. 2020, 50, 715–725. [CrossRef] [PubMed]

http://doi.org/10.1093/ageing/afq034
http://www.ncbi.nlm.nih.gov/pubmed/20392703
http://doi.org/10.1016/j.cgh.2011.08.028
http://www.ncbi.nlm.nih.gov/pubmed/21893129
http://doi.org/10.1159/000484950
http://doi.org/10.1111/apt.14843
http://doi.org/10.1111/hepr.12616
http://doi.org/10.1016/j.bbrc.2003.07.016
http://doi.org/10.1111/hepr.12194
http://doi.org/10.1159/000484487
http://doi.org/10.1007/s12603-019-1287-6
http://doi.org/10.1016/j.jamda.2019.12.012
http://doi.org/10.1093/ageing/afy169
http://www.ncbi.nlm.nih.gov/pubmed/30312372
http://doi.org/10.1111/ggi.12197
http://www.ncbi.nlm.nih.gov/pubmed/24450566
http://doi.org/10.2147/CLEP.S148638
http://www.ncbi.nlm.nih.gov/pubmed/29343989
http://doi.org/10.1002/jcsm.12048
http://doi.org/10.1111/hepr.13679
http://doi.org/10.1016/j.nut.2016.07.002
http://doi.org/10.1111/hepr.12774
http://doi.org/10.1002/jhbp.81
http://doi.org/10.1016/j.nut.2016.04.003
http://doi.org/10.1159/000448859
http://www.ncbi.nlm.nih.gov/pubmed/27750240
http://doi.org/10.1159/000440626
http://doi.org/10.1111/hepr.13499
http://www.ncbi.nlm.nih.gov/pubmed/32202371


Diagnostics 2023, 13, 1245 12 of 13

25. Durand, F.; Buyse, S.; Francoz, C.; Laouenan, C.; Bruno, O.; Belghiti, J.; Moreau, R.; Vilgrain, V.; Valla, D. Prognostic value of
muscle atrophy in cirrhosis using psoas muscle thickness on computed tomography. J. Hepatol. 2014, 60, 1151–1157. [CrossRef]
[PubMed]

26. Masuda, T.; Shirabe, K.; Ikegami, T.; Harimoto, N.; Yoshizumi, T.; Soejima, Y.; Uchiyama, H.; Ikeda, T.; Baba, H.; Maehara, Y.
Sarcopenia is a prognostic factor in living donor liver transplantation. Liver Transpl. 2014, 20, 401–407. [CrossRef]

27. Kanda, Y. Investigation of the freely available easy-to-use software ‘EZR’ for medical statistics. Bone Marrow Transpl. 2013, 48,
452–458. [CrossRef]

28. Fulster, S.; Tacke, M.; Sandek, A.; Ebner, N.; Tschope, C.; Doehner, W.; Anker, S.D.; von Haehling, S. Muscle wasting in patients
with chronic heart failure: Results from the studies investigating co-morbidities aggravating heart failure (SICA-HF). Eur. Heart J.
2013, 34, 512–519. [CrossRef]

29. Ida, S.; Watanabe, M.; Yoshida, N.; Baba, Y.; Umezaki, N.; Harada, K.; Karashima, R.; Imamura, Y.; Iwagami, S.; Baba, H.
Sarcopenia is a Predictor of Postoperative Respiratory Complications in Patients with Esophageal Cancer. Ann. Surg. Oncol. 2015,
22, 4432–4437. [CrossRef]

30. Jones, S.E.; Maddocks, M.; Kon, S.S.; Canavan, J.L.; Nolan, C.M.; Clark, A.L.; Polkey, M.I.; Man, W.D. Sarcopenia in COPD:
Prevalence, clinical correlates and response to pulmonary rehabilitation. Thorax 2015, 70, 213–218. [CrossRef]

31. Rossi, A.P.; Burris, D.D.; Lucas, F.L.; Crocker, G.A.; Wasserman, J.C. Effects of a renal rehabilitation exercise program in patients
with CKD: A randomized, controlled trial. Clin. J. Am. Soc. Nephrol. 2014, 9, 2052–2058. [CrossRef]

32. Cornier, M.A.; Despres, J.P.; Davis, N.; Grossniklaus, D.A.; Klein, S.; Lamarche, B.; Lopez-Jimenez, F.; Rao, G.; St-Onge, M.P.;
Towfighi, A.; et al. Assessing adiposity: A scientific statement from the American Heart Association. Circulation 2011, 124,
1996–2019. [CrossRef]

33. Buch, E.; Bradfield, J.; Larson, T.; Horwich, T. Effect of bioimpedance body composition analysis on function of implanted cardiac
devices. Pacing Clin. Electrophysiol. 2012, 35, 681–684. [CrossRef]

34. Nogami, A.; Kurita, T.; Abe, H.; Ando, K.; Ishikawa, T.; Imai, K.; Usui, A.; Okishige, K.; Kusano, K.; Kumagai, K.; et al. JCS/JHRS
2019 Guideline on Non-Pharmacotherapy of Cardiac Arrhythmias. Circ. J. 2021, 85, 1104–1244. [CrossRef] [PubMed]

35. Hiraoka, A.; Aibiki, T.; Okudaira, T.; Toshimori, A.; Kawamura, T.; Nakahara, H.; Suga, Y.; Azemoto, N.; Miyata, H.; Miyamoto,
Y.; et al. Muscle atrophy as pre-sarcopenia in Japanese patients with chronic liver disease: Computed tomography is useful for
evaluation. J. Gastroenterol. 2015, 50, 1206–1213. [CrossRef] [PubMed]

36. Begini, P.; Gigante, E.; Antonelli, G.; Carbonetti, F.; Iannicelli, E.; Anania, G.; Imperatrice, B.; Pellicelli, A.M.; Fave, G.D.; Marignani,
M. Sarcopenia predicts reduced survival in patients with hepatocellular carcinoma at first diagnosis. Ann. Hepatol. 2017, 16,
107–114. [CrossRef] [PubMed]

37. Fujiwara, N.; Nakagawa, H.; Kudo, Y.; Tateishi, R.; Taguri, M.; Watadani, T.; Nakagomi, R.; Kondo, M.; Nakatsuka, T.; Minami,
T.; et al. Sarcopenia, intramuscular fat deposition, and visceral adiposity independently predict the outcomes of hepatocellular
carcinoma. J. Hepatol. 2015, 63, 131–140. [CrossRef] [PubMed]

38. Kamachi, S.; Mizuta, T.; Otsuka, T.; Nakashita, S.; Ide, Y.; Miyoshi, A.; Kitahara, K.; Eguchi, Y.; Ozaki, I.; Anzai, K. Sarcopenia is a
risk factor for the recurrence of hepatocellular carcinoma after curative treatment. Hepatol. Res. 2016, 46, 201–208. [CrossRef]
[PubMed]

39. Salman, A.; Salman, M.; Moustafa, A.; Shaaban, H.E.; El-Mikkawy, A.; Labib, S.; Youssef, A.; Omar, M.G.; Matter, M.; Elkassar, H.
Impact of Sarcopenia on Two-Year Mortality in Patients with HCV-Associated Hepatocellular Carcinoma After Radiofrequency
Ablation. J. Hepatocell. Carcinoma 2021, 8, 313–320. [CrossRef]

40. Ebadi, M.; Wang, C.W.; Lai, J.C.; Dasarathy, S.; Kappus, M.R.; Dunn, M.A.; Carey, E.J.; Montano-Loza, A.J. Poor performance of
psoas muscle index for identification of patients with higher waitlist mortality risk in cirrhosis. J. Cachexia Sarcopenia Muscle 2018,
9, 1053–1062. [CrossRef]

41. Bahat, G.; Turkmen, B.O.; Aliyev, S.; Catikkas, N.M.; Bakir, B.; Karan, M.A. Cut-off values of skeletal muscle index and psoas
muscle index at L3 vertebra level by computerized tomography to assess low muscle mass. Clin. Nutr. 2021, 40, 4360–4365.
[CrossRef]

42. Gu, D.H.; Kim, M.Y.; Seo, Y.S.; Kim, S.G.; Lee, H.A.; Kim, T.H.; Jung, Y.K.; Kandemir, A.; Kim, J.H.; An, H.; et al. Clinical
usefulness of psoas muscle thickness for the diagnosis of sarcopenia in patients with liver cirrhosis. Clin. Mol. Hepatol. 2018, 24,
319–330. [CrossRef]

43. Matsubara, Y.; Nakamura, K.; Matsuoka, H.; Ogawa, C.; Masuyama, H. Pre-treatment psoas major volume is a predictor of poor
prognosis for patients with epithelial ovarian cancer. Mol. Clin. Oncol. 2019, 11, 376–382. [CrossRef]

44. Amini, N.; Spolverato, G.; Gupta, R.; Margonis, G.A.; Kim, Y.; Wagner, D.; Rezaee, N.; Weiss, M.J.; Wolfgang, C.L.; Makary,
M.M.; et al. Impact Total Psoas Volume on Short- and Long-Term Outcomes in Patients Undergoing Curative Resection for
Pancreatic Adenocarcinoma: A New Tool to Assess Sarcopenia. J. Gastrointest. Surg. 2015, 19, 1593–1602. [CrossRef] [PubMed]

45. Bonekamp, S.; Halappa, V.G.; Geschwind, J.F.; Li, Z.; Corona-Villalobos, C.P.; Reyes, D.; Bhagat, N.; Cosgrove, D.P.; Pawlik, T.M.;
Mezey, E.; et al. Unresectable hepatocellular carcinoma: MR imaging after intraarterial therapy. Part II. Response stratification
using volumetric functional criteria after intraarterial therapy. Radiology 2013, 268, 431–439. [CrossRef]

46. Bonekamp, S.; Li, Z.; Geschwind, J.F.; Halappa, V.G.; Corona-Villalobos, C.P.; Reyes, D.; Pawlik, T.M.; Bonekamp, D.; Eng, J.;
Kamel, I.R. Unresectable hepatocellular carcinoma: MR imaging after intraarterial therapy. Part I. Identification and validation of
volumetric functional response criteria. Radiology 2013, 268, 420–430. [CrossRef] [PubMed]

http://doi.org/10.1016/j.jhep.2014.02.026
http://www.ncbi.nlm.nih.gov/pubmed/24607622
http://doi.org/10.1002/lt.23811
http://doi.org/10.1038/bmt.2012.244
http://doi.org/10.1093/eurheartj/ehs381
http://doi.org/10.1245/s10434-015-4559-3
http://doi.org/10.1136/thoraxjnl-2014-206440
http://doi.org/10.2215/CJN.11791113
http://doi.org/10.1161/CIR.0b013e318233bc6a
http://doi.org/10.1111/j.1540-8159.2012.03377.x
http://doi.org/10.1253/circj.CJ-20-0637
http://www.ncbi.nlm.nih.gov/pubmed/34078838
http://doi.org/10.1007/s00535-015-1068-x
http://www.ncbi.nlm.nih.gov/pubmed/25820219
http://doi.org/10.5604/16652681.1226821
http://www.ncbi.nlm.nih.gov/pubmed/28051799
http://doi.org/10.1016/j.jhep.2015.02.031
http://www.ncbi.nlm.nih.gov/pubmed/25724366
http://doi.org/10.1111/hepr.12562
http://www.ncbi.nlm.nih.gov/pubmed/26223826
http://doi.org/10.2147/JHC.S300680
http://doi.org/10.1002/jcsm.12349
http://doi.org/10.1016/j.clnu.2021.01.010
http://doi.org/10.3350/cmh.2017.0077
http://doi.org/10.3892/mco.2019.1912
http://doi.org/10.1007/s11605-015-2835-y
http://www.ncbi.nlm.nih.gov/pubmed/25925237
http://doi.org/10.1148/radiol.13121637
http://doi.org/10.1148/radiol.13122307
http://www.ncbi.nlm.nih.gov/pubmed/23616631


Diagnostics 2023, 13, 1245 13 of 13

47. Gowdra Halappa, V.; Corona-Villalobos, C.P.; Bonekamp, S.; Li, Z.; Reyes, D.; Cosgrove, D.; Pawlik, T.M.; Diaz, L.A.; Bhagat, N.;
Eng, J.; et al. Neuroendocrine liver metastasis treated by using intraarterial therapy: Volumetric functional imaging biomarkers of
early tumor response and survival. Radiology 2013, 266, 502–513. [CrossRef] [PubMed]

48. Valero, V., III; Amini, N.; Spolverato, G.; Weiss, M.J.; Hirose, K.; Dagher, N.N.; Wolfgang, C.L.; Cameron, A.A.; Philosophe, B.;
Kamel, I.R.; et al. Sarcopenia adversely impacts postoperative complications following resection or transplantation in patients
with primary liver tumors. J. Gastrointest. Surg. 2015, 19, 272–281. [CrossRef]

49. Hori, Y.; Nishii, T.; Kono, A.K.; Ohta, Y.; Inoue, Y.; Omura, A.; Seike, Y.; Uehara, K.; Matsuda, H.; Fukuda, T. Does Endovascular
Abdominal Aortic Repair Change Psoas Muscle Volume? Ann. Vasc. Surg. 2020, 63, 162–169. [CrossRef]

50. Noguchi, G.; Kawahara, T.; Kobayashi, K.; Tsutsumi, S.; Ohtake, S.; Osaka, K.; Umemoto, S.; Nakaigawa, N.; Uemura, H.; Kishida,
T.; et al. A lower psoas muscle volume was associated with a higher rate of recurrence in male clear cell renal cell carcinoma.
PLoS ONE 2020, 15, e0226581. [CrossRef]

51. Sakamoto, T.; Yagyu, T.; Uchinaka, E.; Miyatani, K.; Hanaki, T.; Kihara, K.; Matsunaga, T.; Yamamoto, M.; Tokuyasu, N.; Honjo,
S.; et al. The prognostic significance of combined geriatric nutritional risk index and psoas muscle volume in older patients with
pancreatic cancer. BMC Cancer 2021, 21, 342. [CrossRef]

52. Yuzuriha, S.; Hasegawa, M.; Nakajima, N.; Shimizu, Y.; Otaki, T.; Umemoto, T.; Kawakami, M.; Kim, H.; Nitta, M.; Kawamura,
Y.; et al. Effects of psoas major muscle volume in predicting the prognosis of patients with upper urinary tract urothelial carcinoma
treated with radical nephroureterectomy. Jpn. J. Clin. Oncol. 2021, 51, 1672–1679. [CrossRef] [PubMed]

53. Paternostro, R.; Lampichler, K.; Bardach, C.; Asenbaum, U.; Landler, C.; Bauer, D.; Mandorfer, M.; Schwarzer, R.; Trauner, M.;
Reiberger, T.; et al. The value of different CT-based methods for diagnosing low muscle mass and predicting mortality in patients
with cirrhosis. Liver Int. 2019, 39, 2374–2385. [CrossRef] [PubMed]

54. Melton, L.J., III; Khosla, S.; Crowson, C.S.; O’Connor, M.K.; O’Fallon, W.M.; Riggs, B.L. Epidemiology of sarcopenia. J. Am. Geriatr.
Soc. 2000, 48, 625–630. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1148/radiol.12120495
http://www.ncbi.nlm.nih.gov/pubmed/23192780
http://doi.org/10.1007/s11605-014-2680-4
http://doi.org/10.1016/j.avsg.2019.07.022
http://doi.org/10.1371/journal.pone.0226581
http://doi.org/10.1186/s12885-021-08094-y
http://doi.org/10.1093/jjco/hyab127
http://www.ncbi.nlm.nih.gov/pubmed/34363081
http://doi.org/10.1111/liv.14217
http://www.ncbi.nlm.nih.gov/pubmed/31421002
http://doi.org/10.1016/S0025-6196(19)30635-4
http://www.ncbi.nlm.nih.gov/pubmed/10855597

	Introduction 
	Materials and Methods 
	Patients 
	Sarcopenia 
	Muscle Mass Measurement and Equipment 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

