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Objectives: To investigate the relationship between the psoas muscle cross-sectional area and physical performance in
patients with liver cirrhosis.
Methods: This study analyzed ambulatory patients with liver cirrhosis aged < 65 years, who underwent abdominal com-
puted tomography (CT) and Short Physical Performance Battery (SPPB) tests from December 2018 to December 2019.
A total of 46 patients (36 men, 10 women) were included. In abdominal CT scans, the psoas muscle cross-sectional area
(mm2) was measured at the distal end-plate level of the L4 vertebral body and normalized by dividing by height (m).
Physical performance was evaluated using SPPB. A correlation analysis between the psoas muscle cross-sectional area
and SPPB was performed. Kruskal-Wallis test was used to determine differences in the psoas muscle cross-sectional area
and SPPB according to the Child-Pugh classification. Multiple regression analysis was performed to determine factors
affecting SPPB.
Results: The correlation coefficient between the psoas muscle cross-sectional area and SPPB was 0.459 at the P < 0.01
level. No difference was observed in the psoas muscle cross-sectional area and SPPB according to the Child-Pugh clas-
sification. The psoas muscle cross-sectional area was a factor affecting SPPB in multiple regression analysis.
Conclusions: Abdominal CT is an essential diagnostic tool in patients with liver cirrhosis. Ambulatory patients with liver
cirrhosis aged < 65 years could have reduced physical performance. In this study, the psoas muscle cross-sectional area
was correlated with physical performance and was a factor affecting physical performance. The psoas muscle cross-sec-
tional area and physical performance should be evaluated in patients with liver cirrhosis. 
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Liver cirrhosis is a representative disease caus-
ing inadequate nutrition and protein depletion,
with a chronic disease course.1 In patients with
liver cirrhosis, micronutrient deficiency and in-
creased leptin and pro-inflammatory cytokines
lead to a decrease in taste acuity and appetite.
Moreover, reduced intestinal absorption results

in hypermetabolic conditions, which are associ-
ated with increased energy consumption and
high protein catabolism. As a result, skeletal
muscle loss and reduced physical performance
occur.2 Therefore, it is important to evaluate
skeletal muscle and physical performance in pa-
tients with liver cirrhosis. Several studies have
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evaluated skeletal muscle mass using computed
tomography (CT). Kalafateli et al. and Kim and
Jang evaluated skeletal muscle mass using cross-
sectional muscle areas measured in CT scans.2,3

Among the various methods for evaluating
skeletal muscle mass using CT scans, measure-
ment of the psoas muscle has recently attracted
attention. One previous study showed that the
psoas muscle area significantly increased after
the improvement of liver cirrhosis in patients
who underwent a stent procedure.4 Another study
reported a negative correlation between the psoas
muscle area and posttransplant mortality.5 The
psoas muscle has also been reported to be useful
in estimating skeletal muscle mass in patients
with liver cirrhosis, as well as for nutritional and
metabolic status assessment.6 In another study,
the psoas muscle thickness of patients with liver
cirrhosis was highly correlated with the skeletal
muscle index (SMI) and was reported to predict
mortality in this patient population.7 Similarly,
various other studies have demonstrated the clin-
ical importance of the psoas muscle in patients
with liver cirrhosis.

Physical performance is one of the important
factors predicting the prognosis of liver diseases.
In previous studies, higher physical performance
was observed in nonhospitalized patients with
liver cirrhosis than in hospitalized patients.8

Moreover, the Short Physical Performance Bat-
tery (SPPB) was found to be useful for the de-
velopment of a frailty index for predicting
mortality in patients with end-stage liver
disease.9

The cross-sectional area of the psoas muscle

can be easily obtained through abdominal CT,
which is an essential imaging method in patients
with liver cirrhosis. Assessing muscle mass
using the psoas muscle cross-sectional area and
analyzing its association with clinical parame-
ters that can affect physical performance are use-
ful. However, few studies have investigated the
relationship between the psoas muscle cross-
sectional area and physical performance in pa-
tients with liver cirrhosis. Moreover, few studies
have been published on the difference of the
psoas muscle cross-sectional area and physical
performance according to the severity of liver
cirrhosis.
The purpose of this study was to investigate the

relationship between the psoas muscle cross-sec-
tional area, which is a quantitative parameter of
muscle mass determined using abdominal CT
scans, and physical performance. Moreover, we
also investigated the relationship between phys-
ical performance and other clinical parameters
that can affect physical performance in liver cir-
rhosis, including SMI, grip strength, and serum
albumin level.

MATERIALS AND METHODS

Patients
This study involved a retrospective review of

medical charts of patients diagnosed with liver
cirrhosis at OO university hospital between De-
cember 2018 and December 2019. The inclusion
criteria were as follows: (1) an initial diagnosis
of liver cirrhosis based on abdominal CT and
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liver biopsy results; (2) ability to ambulate; and
(3) age < 65 years, to rule out low physical per-
formance due to aging. The exclusion criteria
were as follows: (1) advanced liver cancer at the
time of liver cirrhosis diagnosis; (2) a history of
neurologic disease that may affect physical per-
formance; (3) active encephalopathy due to liver
cirrhosis; and (4) inability to maintain a neutral
anteroposterior position because of a spinal dis-
ease, such as scoliosis. The severity of liver cir-
rhosis was determined according to the
Child-Pugh classification.10 The sample size was
obtained using the correlation coefficient be-
tween the psoas muscle cross-sectional area and
SPPB calculated with MedCalc (MedCalc Soft-
ware, Ostend, Belgium), with a power of 0.80
and a significance of 0.01. This study was ap-
proved by the Institutional Review Board of OO
university hospital.

Psoas muscle cross-sectional area
In this study, the abdominal CT scans of all pa-

tients, obtained using the same criteria and meth-
ods, were used to measure the psoas muscle
cross-sectional area. In a study on the psoas mus-
cle cross-sectional area, the psoas muscle at the
L4/5 level had the largest cross-sectional area
and showed the highest symmetry.11 In the cur-
rent study, we measured the psoas muscle cross-
sectional area at the distal end-plate level of the
L4 vertebral body, which is close to the L4/5 in-
tervertebral disc. The psoas muscle cross-sec-
tional area on the right side was measured by two
trained operators using FIJI/ImageJ software
(Laboratory for Optical and Computational In-
strumentation, University of Wisconsin-Madi-
son, Madison, WI, USA) (Fig. 1). Finally, the
average of the psoas muscle cross-sectional area
measurements by the two operators was calcu-

Fig. 1. Measurement of the psoas muscle cross-sectional area (arrow) at the distal end-plate level of the L4 ver-
tebral body.
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lated and normalized by dividing by the patient’s
height (m).

Skeletal muscle index
To obtain the SMI (kg/m2), the predicted skele-

tal muscle mass (kg) was divided by height
squared (m2). As this was a prospective study,
bioimpedance analysis (BIA) was selected to
measure the predicted skeletal muscle mass be-
cause it is quick to perform, cost-effective, and
safe compared with other evaluation methods.
BIA was performed using an Inbody S10 ma-
chine (Inbody, Seoul, South Korea). When per-
forming BIA, electrodes were attached to the
first and third fingers, as well as to the ankles of
the patient in the supine position. The SMI ob-
tained using BIA is considered to indicate low
muscle mass when the value is ≤ 8.87 kg/m2 in
men and ≤ 6.42 kg/m2 in women, according to a
representative study on SMI measurement using
BIA.12

Muscle strength
Muscle strength (kg) was evaluated by measur-

ing the isometric handgrip strength of the domi-
nant hand using a Jamar hydraulic hand
dynamometer (Jamar, Chicago, IL, USA). Tests
were performed two times at 5-min intervals, and
the higher value of the two tests was adopted for
the analysis.

Physical performance
SPPB was used as a measure of physical per-

formance. SPPB consists of balance, gait,
strength, and endurance, assessed by examining

a patient’s ability to stand with the feet together
in side-by-side, semi-tandem, and tandem posi-
tions; the time to walk 4 m; and the time to rise
from a chair and return to the seated position five
times.12 SPPB uses the total score of balance, gait
speed, strength, and endurance with a minimum
of 0 points and maximum of 4 points in each
component. 

Nutritional status assessment
The biochemical parameters used for nutri-

tional status assessment in patients with liver
diseases are albumin, pre-albumin, retinol-bind-
ing protein, and serum total protein.13 In this
study, we measured serum albumin, which is
used as a criterion of liver cirrhosis severity and
is commonly assessed in clinical practice. Serum
albumin was considered abnormal when the
level was < 3.5 g/dL, and the patients were di-
vided into the normal and abnormal groups ac-
cordingly. 

Statistical analysis 
Reliability analysis was performed to check the

inter-rater reliability of the psoas muscle cross-
sectional area. Bivariate correlation analysis was
performed to investigate the correlation between
SPPB and serum albumin, age, body mass index,
and SMI. The Mann-Whitney U-test was per-
formed to determine the effect of sex and serum
albumin on the SPPB test results. A Kruskal-Wal-
lis test was performed to determine differences in
the psoas muscle cross-sectional area, SMI,
serum albumin, and SPPB according to the sever-
ity of liver cirrhosis. Univariate analysis was per-



formed to select independent variables in multiple
regression analysis. Finally, multiple regression
analysis was performed to determine the factors
affecting SPPB.

RESULTS

A total of 46 patients (36 men, 10 women)
were finally included in this study (the sample
size calculated by MedCalc was 50 patients).
The number of patients with Child-Pugh class
A, B, and C was 25, 8, and 13, respectively
(Table 1). The inter-rater correlation coefficient
was 0.959, with a P-value of 0.000. In bivariate
correlation analysis, the psoas muscle cross-
sectional area was significantly correlated with
SPPB (r = 0.459, P < 0.01). SPPB had no sig-
nificant correlation with SMI, age, or body

mass index (Table 2). In the Mann Whitney U-
test, SPPB had a significant difference accord-
ing to serum albumin (P = 0.003) but showed
no significant difference according to sex
(Table 2). The mean value of serum albumin
was statistically significant according to the
severity of liver cirrhosis; however, the differ-
ences in the mean values of the psoas muscle
cross-sectional area, SMI, and SPPB according
to liver cirrhosis severity were not statistically
significant in the Kruskal-Wallis test (Table 3).
The psoas muscle cross-sectional area, grip
strength, and serum albumin showed signifi-
cance in univariate analysis. In multiple regres-
sion analysis, all independent variables were
entered into the equation. The psoas muscle
cross-sectional area, grip strength, and serum
albumin were identified as factors affecting
SPPB (Table 4).
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Variable

Psoas muscle cross-sectional area (mm2/m)
Skeletal muscle index (kg/m2)
Grip strength (kg)
Short Physical Performance Battery
Serum albumin (g/dL)
Body mass index
Age (years)
Child-Pugh classification
Class A
Class B
Class C

Men
(n = 36)

Value

652 ± 126
11.59 ± 1.78
31.5 ± 8.8
10.9 ± 1.9
3.38 ± 0.72
23.46 ± 3.67
56.2 ± 6.2

21 (58%)
5 (14%)
10 (28%)

Women
(n = 10)

456 ± 113
10.02 ± 1.08
17.8 ± 4.2
9.2 ± 2.6
3.11 ± 0.86
25.74 ± 6.0
55.8 ± 6.8

4 (40%)
3 (30%)
3 (30%)

Table 1. Demographic and baseline clinical characteristics

Values are presented as mean ± standard deviation or number (%).
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Bivariate correlation analysis
Psoas muscle cross-sectional area
Serum albumin
Grip strength
Age
Body mass index
Skeletal muscle index
Mann-Whitney U-test
Sex
Serum albumin

SPPB

Correlation coefficient
0.459**
0.415**
0.672**
-0.710
-0.810
0.018
P-value
0.093
0.003**

Table 2. Comparison of factors with SPPB

SPPB, Short Physical Performance Battery.

** P < 0.01. 

PMCSA 
(mm2/m)

SMI 
(kg/m2)

Serum albumin 
(g/dL)

Grip strength 
(kg)

SPPB

616 ± 141

11.32 ± 1.89

3.58 ± 0.72

29.9 ± 10.0

10.56 ± 1.85

579 ± 184

10.62 ± 1.32

2.90 ± 0.70

27.2 ± 12.0

9.87 ± 2.74

613 ± 146

11.46 ± 1.80

3.08 ± 0.73

26.6 ± 8.2

9.84 ± 2.07

0.674

0.370

0.042a)

0.601

0.359

A vs. B       A vs. C       B vs. C

A vs. B       A vs. C       B vs. C

A vs. Bb) A vs. C       B vs. C

A vs. B       A vs. C       B vs. C

A vs. B       A vs. C       B vs. C

P-valueChild-Pugh classification

Class A
(n = 25)

Class B
(n = 8)

Class C
(n = 13)

Across three
groups Between two groups

Table 3. Comparison of factors according to liver cirrhosis severity

Values are presented as mean ± standard deviation.
a) P < 0.05
b) P < 0.05 by Kruskal-Wallis test for continuous variables and Mann-Whitney U-test for post-hoc analysis.

PMCSA, psoas muscle cross-sectional area; SMI, skeletal muscle index; SPPB, Short Physical Performance Battery.

Standardized β

Psoas muscle cross-sectional area
Grip strength
Serum albumin

0.269
0.335
0.300

P-value

0.035*
0.016*
0.021*

Adjusted R2

0.463

Table 4. Multiple regression analysis of factors correlated with SPPB

*P < 0.05 by multiple regression analysis.
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DISCUSSION

In this study, the psoas muscle cross-sectional
area showed a statistical correlation with SPPB,
and was also identified as a factor affecting phys-
ical performance in patients with liver cirrhosis
in multiple regression analysis. In addition, the
psoas muscle cross-sectional area was a statisti-
cally more obvious factor than albumin. The SMI
had no significant correlation with physical per-
formance. Age, body mass index, and sex also
had no significant correlation with physical per-
formance. Therefore, the psoas muscle cross-sec-
tional area is a useful parameter for evaluating
physical performance in patients with liver cir-
rhosis.

Gu et al. previously suggested the clinical use-
fulness of the psoas muscle thickness for diag-
nosing sarcopenia in patients with liver cirrhosis,
and Kim et al. reported that the psoas muscle
thickness divided by the patient’s height is a use-
ful factor for predicting long-term mortality in
patients with liver cirrhosis with ascites.5,14

Therefore, various evaluations and predictions
using the psoas muscle have been attempted in
patients with liver cirrhosis. In the current study,
the psoas muscle cross-sectional area was iden-
tified as a useful factor that was not associated
with the severity of liver cirrhosis and was asso-
ciated with physical performance. Previous stud-
ies have demonstrated that the psoas muscle
cross-sectional area differs according to age and
sex; however, in this study, no differences in the
psoas muscle cross-sectional area were found ac-
cording to age and sex when the area was nor-

malized by the patient’s height.15 Few studies
have considered the association between the
psoas muscle cross-sectional area and physical
performance in ambulatory patients with liver
cirrhosis aged < 65 years. Therefore, this study
is valuable as a basic preliminary study on this
issue.

SPPB was used as a measure of physical per-
formance. According to the Asian Working
Group for Sarcopenia, the cutoff value of SPPB
was 8 points, based on which nine patients in this
study had low physical performance.16 All pa-
tients were aged < 65 years with no specific his-
tory that could affect physical performance. Low
physical performance may be considered a char-
acteristic sign in patients with liver cirrhosis,
raising the importance of physical performance
assessment in patients with liver cirrhosis and
suggesting that the psoas muscle cross-sectional
area is a clinically useful factor for evaluating
physical performance.
Further studies are needed in setting the cutoff

value of the psoas muscle cross-sectional area
normalized by the individual’s height depend-
ing on age and sex, which can be a clinically
useful indicator of physical performance in am-
bulatory patients with liver cirrhosis aged < 65
years.

In this study, the SMI was obtained using BIA
and had no significant correlation with physical
performance. In addition, all patients showed a
normal SMI, although some patients had low
handgrip strength and low physical performance.
Prior studies have shown that muscle mass was
not associated with physical performance in
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weak older adults and that handgrip strength was
clinically more important.17 This study found that
muscle mass was not associated with physical
performance in patients with liver cirrhosis aged
< 65 years.
In this study, nutrition represented by serum al-

bumin was found to affect physical performance.
Montano-Loza suggested using the psoas muscle
cross-sectional image for nutritional and meta-
bolic assessment in patients with liver cirrhosis
and sarcopenia.6 In this study, the psoas muscle
cross-sectional area had no significant associa-
tion with serum albumin. Several possible rea-
sons for this result can be suggested. First, all
patients had no sarcopenia. Second, as the rate of
muscle mass loss is estimated to be 1–2% per
year and the metabolism cycle of serum albumin
is 25 days, there was a difference in the rate of
change for these parameters.18-20 Nevertheless,
we suggest that there is a need to evaluate phys-
ical performance in cirrhotic patients with low
serum albumin because serum albumin was an
important factor affecting physical performance
in this study.
Whereas previous studies have focused on pre-

dicting the SMI in patients with liver cirrhosis,
the present study is a basic study on factors af-
fecting physical performance and provides evi-
dence on the clinical usefulness of the psoas
muscle cross-sectional area.
This study had some limitations. First, the SMI

is usually obtained using dual-energy x-ray ab-
sorptiometry (DEXA) and BIA; however, we
used only BIA in this study. Previous studies
have questioned the accuracy of BIA and indi-

cated that DEXA has a higher accuracy than
BIA.21-23 Further studies evaluating the SMI
using DEXA may provide clearer results about
the correlation between the SMI and physical
performance. Second, the value of the psoas
muscle cross-sectional area could have been be
overstated in this study. In bivariate correlation
analysis, grip strength had a higher correlation
coefficient with SPPB than the psoas muscle
cross sectional area. Therefore, besides the psoas
muscle cross-sectional area, focus should also be
directed to the clinical importance of grip
strength in evaluating physical performance in
patients with liver cirrhosis.
Abdominal CT is an essential diagnostic tool in

patients with liver cirrhosis. Therefore, the psoas
muscle cross-sectional area can be easily ob-
tained in these patients without additional exam-
ination and cost requirements. In this study, we
found a correlation between the psoas muscle
cross-sectional area and physical performance in
ambulatory patients with liver cirrhosis aged <
65 years. Therefore, upon the first diagnosis of
liver cirrhosis, evaluation of the psoas muscle
cross-sectional area using abdominal CT is im-
portant. Furthermore, it is also important to eval-
uate physical performance in patients with liver
cirrhosis with low psoas muscle cross-sectional
area even if the SMI is normal. These evaluations
may enable the early detection of deterioration
of physical performance and allow planning im-
mediate rehabilitation. 
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