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Abstract

Background: Sarcopenia is a prognostic factor for patients with liver 
cirrhosis and hepatocellular carcinoma, and it affects the onset of he-
patic encephalopathy. Therefore, the prevention of sarcopenia con-
tributes to the improvement of the prognosis of patients with chronic 
liver disease (CLD). We focused on changes of hand grip strength 
(HGS), one of the indicators of sarcopenia. However, there are little 
data investigating the impact of physical activity (PA) on HGS in pa-
tients with CLD. This study aimed to clarify whether PA contributes 
to the prevention of muscle weakness in patients with CLD.

Methods: This was a prospective observational study. We examined 
the effect of PA on changes in HGS from the baseline to the endpoint 
in each group. Metabolic equivalents-hour/week (METs-h/w) was 
used to evaluate PA. In total, 183 outpatients with CLD were ana-
lyzed. We divided participants into four groups (low PA in younger 
patients (n = 20), high PA in younger patients (n = 33), low PA in 
elderly patients (n = 47), and high PA in elderly patients (n = 83)).

Results: Fifty-eight percent of patients were men, and the median (in-
terquartile range) age was 69.0 (63.0, 75.0) years. The most common 
etiology of liver disease was hepatitis C (38%). The frequency of liv-
ing alone and low exercise habit was significantly high, and sarcopenia 
was more obvious in elderly patients with low PA than in those with 

high PA. Additionally, the elderly with low PA showed significantly re-
duced HGS compared to that of the elderly with high PA (-1.00 (-2.27, 
0.55) kg vs. 0.10 (-1.40, 1.10) kg, P < 0.05). However, changes in HGS 
in younger patients were not significant (-0.02 (1.83, 1.47) kg vs. 0.25 
(-2.45, 2.05) kg, P = 0.96). Logistic regression analyses identified PA 
as the independent factor for prevention of decrease in HGS (odds 
ratio: 1.91, 95% confidence interval: 1.00 - 3.62, P = 0.049).

Conclusions: Young patients with low PA were characterized by a 
long sedentary time; however, there was no loss of HGS. In contrast, 
elderly patients with CLD and low PA had significantly reduced HGS 
compared to that in elderly patients with CLD and high PA.

Keywords: Sarcopenia; Chronic liver disease; Physical activity; 
Skeletal muscle mass

Introduction

Sarcopenia is defined as a combination of low muscle mass 
and reduced muscle strength or impaired physical performance 
[1]. It is caused by malnutrition or low physical activity (PA) 
and a variety of clinical conditions, such as inflammatory dis-
ease, malignancy, and endocrine disease [2, 3]. Recent studies 
have revealed that sarcopenia is a prognostic factor for patients 
with liver cirrhosis (LC) and hepatocellular carcinoma (HCC), 
and it affects the onset of hepatic encephalopathy [4-8]. There-
fore, prevention of sarcopenia may contribute to the improve-
ment of the prognosis of patients with chronic liver disease 
(CLD). Recently, the Society on Sarcopenia, Cachexia and 
Wasting Disorders recommended performing exercise thrice 
weekly (aerobic and resistance exercise) and consuming suf-
ficient energy and protein and supplementing with leucine and 
vitamin D [9, 10].

Previous studies have reported improvements in physical 
function and quality of life in patients with LC upon adminis-
tration of branched-chain amino acids (BCAAs) and training 
by experts [11]. However, as many of them require training ac-
cording to experts, it is difficult for patients to do training on 
a daily basis on their own. Targeting PA may promote home-
based therapy for CLD patients. In Japan, guidelines for PA in 
everyday life are indicated as 23 metabolic equivalents-hour/
week (METs-h/w) for ages 18 - 64 years, and 10 METs-h/w 
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for ages 65 years and above [12]. However, there are little data 
investigating the impact of PA on sarcopenia in patients with 
CLD. Hand grip strength (HGS) is used in many sarcopenia 
diagnostic guidelines [2, 3, 13]. HGS is highly correlated with 
skeletal muscle mass by computed tomography (CT) and can 
be easily measured [14]. In this study, grip strength, an impor-
tant item for diagnosis of sarcopenia, was set the main outcome. 
Therefore, the purpose of this study was to clarify the impact of 
PA on the prevention of muscle weakness in patients with CLD.

Materials and Methods

Study population and design

This was a prospective observational study conducted at the 
CLD Outpatient Clinics, Saiseikai Niigata Hospital, Niigata, 
Japan. Ethical approval was obtained from the Ethics Commit-
tees of both Niigata University (approval number: 2017-0082) 
and Saiseikai Niigata Hospital (approval number: E17-06). 
Participants signed an informed consent before being enrolled 
into the study. This study was conducted in accordance with the 
Declaration of Helsinki. Inclusion criteria were outpatients with 
CLD who were: 1) Twenty years of age or older; 2) Those who 
were able to measure HGS. Exclusion criteria were as follows: 
1) No response to questionnaire; 2) Dementia. This study was 
conducted in two periods (from September 2017 to November 
2017 (baseline), and from January 1, 2018 to March 31, 2018 
(endpoint)). Patient characteristics were investigated at baseline. 
The second HGS measurement was performed at the endpoint.

Patient characteristics

Patient characteristics were obtained from questionnaires and 
medical records, namely age, sex, body mass index (BMI), eti-
ology of liver disease, existence of HCC, type of drug therapy, 
living alone or living together, smoking, drinking, frequency of 
driving a motor vehicle, employment status, home task, opin-
ions concerning diet, and exercise. Blood samples were obtained 
from each patient before the computed tomography (CT) exami-
nation for biochemical and hematological evaluation to meas-
ure the following: serum albumin (Alb), alkaline phosphatase 
(ALP), alanine transaminase (ALT), aspartate aminotransferase 
(AST), blood urea nitrogen (BUN), creatine kinase (CK), cre-
atinine (Cre), cholinesterase (ChE), estimated glomerular filtra-
tion rate (eGFR), hemoglobin (Hb), hemoglobin A1c (HbA1c), 
α-fetoprotein (AFP), prothrombin time-international normal-
ized ratio (PT-INR), total bilirubin (T-bil), total cholesterol (T-
cho), total protein (TP), triglyceride (TG), red blood cell count 
(RBC), white blood cell count (WBC), total lymphocyte count 
(TLC), and platelet count (Plt). HbA1c was expressed as a Na-
tional Glycohemoglobin Standardization Program (NGCP) unit. 
Malnutrition was evaluated by the controlling nutritional status 
index score (CONUT-score) [15]. CONUT-score was obtained 
based on the serum Alb and T-cho levels and TLC. The fibrosis 
4 index (Fib-4 index) which evaluates liver fibrosis was scored 
based on age, ALT, AST, and Plt [16-18]. The albumin-bilirubin 

(ALBI) grade, an objective measurement of liver function, was 
scored based on the Alb and T-bil levels [19, 20]. The definition 
of sarcopenia in this study followed the guidelines of the Japan 
Society of Hepatology [13].

Evaluation of PA

PA was evaluated using the International Physical Activity 
Questionnaire (usual 7 days, short version) (IPAQ), which 
comprises four questions: vigorous intensity, moderate inten-
sity, walking, sitting and lying down time in a day [21-23]. PA 
was estimated by adding the products of reported time for each 
item by the METs value that was specific to each PA category. 
In Japan, guidelines for routine PA are indicated as 23 METs-
h/w for individuals aged 18 - 64 years, and 10 METs-h/w for 
those aged 65 years and above [12]. Therefore, it was set as 
the cut-off point of physical activity (METs-h/w) in this study.

Measurement of HGS

The HGS was measured using a digital hand dynamometer 
(TKK 5401 Grip-D, Takei, Tokyo, Japan) with a precision of 
0.1 kg. With the patient standing upright, the left and right grip 
strength was measured twice, respectively, and the higher av-
erage was adopted. The first measurement was conducted from 
September to November 2017, and the second, from January 
to March 2018.

Statistical analysis

Participants were divided into four groups: younger (age < 65 
years): PA < 23 METs-h/w and PA ≥ 23 METs-h/w; elderly 
(age ≥ 65 years): PA < 10 METs-h/w and PA ≥ 10 METs-h/w. 
Changes in HGS from baseline to endpoint in each group were 
compared. Continuous variables were expressed as means ± 
standard deviation or median (interquartile range) and com-
pared using the Mann-Whitney U test. Categorical variables 
and nominal variables were expressed in frequency (percent-
age) and compared using the Fisher’s exact test. We performed 
multivariate analysis using the logistic regression model with 
age, sex, HCC, BCAAs supplementation, ALBI grade, and PA 
related to changes in grip strength as variables. Values of P < 
0.05 were considered statistically significant. Statistical anal-
yses were performed using EZR ver. 1.37 (Saitama Medical 
Center, Jichi Medical University, Saitama, Japan) [24].

Results

Patient characteristics at baseline

A total of 214 participants with CLD were enrolled into this 
study. During the study period, 31 participants were excluded: 
17 participants declined to participate, six participants could 
not measure HGS, four participants dropped out, two par-
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ticipants died, and two participants were transferred to other 
hospital. Finally, a total of 183 participants were analyzed 
in the present study (Fig. 1). Among them, 107 participants 
(58%) were men, and the median age was 69.0 years. The most 
common etiology of liver disease was hepatitis C in 69 cases 
(38%), and HCC existed in 42 participants (23%, Table 1).

Comparison of characteristics and biochemical measure-
ments in young patients

The sedentary time of low PA (PA < 23 METs-h/w) was signifi-
cantly longer than that of high PA (PA ≥ 23 METs-h/w) in young 
patients (Table 2). There were no other significant variables be-
tween the two groups. There were no significant differences in 
the biochemical measurements between the two groups (Table 3).

Comparison of changes in HGS between low PA and high 
PA in young patients

Changes in HGS in younger patients are shown in Table 4. 
There were no significant differences in changes of HGS (-0.02 
(-1.83, 1.47) vs. 0.25 (-2.45, 2.05), P = 0.956).

Comparison of characteristics and biochemical measure-
ments in elderly patients

Comparison of patient characteristics among the elderly is 
shown in Table 5. Patients with low PA (PA < 10 METs-h/w) 
had more sarcopenia (31.9% vs. 7.2%, P < 0.01) than patients 
with high PA (PA ≥ 10 METs-h/w). Patients with low PA had 
lower HGS (22.95 (17.82, 31.00) kg vs. 27.05 (21.80, 33.73) 
kg, P < 0.05) than those with high PA. In the elderly, the sed-
entary time of patients with low PA was significantly longer 
(7.0 (5.0, 10.0) h/day vs. 5.0 (3.0, 6.0) h/day, P < 0.01) than 
those with high PA. In addition, the frequency of living alone 
was significantly higher in patients with low PA compared with 
those with high PA (27.7% vs. 12.0%, P < 0.05). The frequency 

of exercise habit was significantly lower in patients with low 
PA compared to those with high PA (55.3% vs. 88.0%, P < 
0.01). Table 6 shows the comparison of the biochemical meas-

Figure 1. Flowchart indicating selection of participants and grouping according to age and PA. PA: physical activity.

Table 1.  Characteristics of Patients With Chronic Liver Dis-
ease (N = 183)

Age (years) 69.0 (63.0, 75.0)
Male 107 (58%)
Body mass index (kg/m2) 23.41 (20.69, 25.23)
Etiology of liver disease
  Hepatitis B 46 (25%)
  Hepatitis C 69 (38%)
  Alcoholic hepatitis 22 (12%)
  Nonalcoholic steatohepatitis 23 (13%)
  Autoimmune hepatitis 1 (< 1%)
  Primary biliary cirrhosis 2 (< 1%)
  Others 20 (11%)
Hepatocellular carcinoma 42 (23%)
Sarcopenia 22 (12%)
ALBI grade (1/2/3) 145/37/1
Branched-chain amino acids (intake) 67 (37%)
Living alone (yes) 32 (17%)
Currently smoking (yes) 32 (17%)
Currently drinking (yes) 41 (22%)
Driving of cars (usually) 149 (81%)
Employment status (retired) 94 (51%)
Do home tasks (yes) 100 (55%)
Healthy eating (yes) 157 (86%)
Exercise habits (yes) 133 (73%)
Observation period (days) 119 (96.5, 140)

Data were expressed as median (interquartile range) or as n (%). ALBI: 
albumin-bilirubin.
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urements in the elderly. The CK of patients with low PA was 
significantly lower than those with high PA.

Comparison of changes in HGS between low PA and high 
PA in elderly patients

Changes of HGS in the elderly are shown in Table 7. Patients 
with low PA had significantly reduced HGS compared to those 
with high PA (-1.00 (-2.27, 0.55) kg vs. 0.10 (-1.40, 1.10) kg, 
P < 0.05).

Factors related to prevention of decrease in HGS

We defined patients whose change in HGS was < 0 as those 
with a decrease in HGS. We divided them into decreased HGS 
(change in HGS < 0) and increased HGS (change in HGS ≥ 0) 
groups and analyzed the data using logistic regression analy-
sis. Logistic regression analyses identified PA as the independ-
ent factor for increased HGS (odds ratio: 1.91, 95% confidence 
interval: 1.00 - 3.62, P = 0.049) (Table 8).

Discussion

Our results showed that PA of 10 METs-h/w or more may pre-

vent a decrease in HGS in the elderly. To our knowledge, our 
study is the first report to examine changes in HGS and PA in 
patients with CLD. In our results, the HGS of low PA in elderly 
patients decreased by about 1 kg in around 4 months. No sig-
nificant effect of PA was observed on HGS change in young 
patients. A previous study reported that the average HGS wors-
ened by -0.38 kg per 3 months in patients with cirrhosis await-
ing liver transplantation [25]. This is partially consistent with 
our results that the HGS of patients with CLD decreases sig-
nificantly in only a few months. However, the previous study 
population had poor liver function; 65% of the study popu-
lation were Child-Pugh class B [25]. We did not assess liver 
function with Child-Pugh class, but at least 70% were ALBI 
grade 1, and the liver function was maintained. Our report ex-
plained that even though liver function was maintained, the 
decrease in HGS was caused by low PA. In our study, the HGS 
of the elderly with low PA was significantly lower than that 
of the elderly with high PA (22.95 (17.82, 31.00) vs. 27.05 
(21.80, 33.73), P < 0.01) at baseline. This is consistent with 
previous reports that have shown that female volunteers over 
60 years of age who did not meet the PA recommendations 
had low physical function [26]. Our finding that the HGS of 
elderly patients with CLD and low PA decreased significantly 
indicated that decrease in physical function and PA affect each 
other. Similar results were reported by Laddu et al [27]. In their 
study, the high PA groups (> 1,200 METs-min/w) had stronger 
grip strength than sedentary women (< 100 METs-min/w). 

Table 2.  Comparison of Patient’s Characteristics in Young Patients at Baseline

PA < 23 METs-h/w (n = 20) PA ≥ 23 METs-h/w (n = 33) P value
Age (years) 60.00 (50.25, 62.00) 56.00 (50.00, 60.00) 0.37
Male (n) 17 (85.0%) 22 (66.7%) 0.20
Body mass index (kg/m2) 22.74 (19.96, 25.69) 23.25 (20.07, 25.47) 0.84
Hepatocellular carcinoma (n) 2 (10.0%) 5 (15.2%) 0.70
Sarcopenia (n) 1 (5.0%) 0 0.38
ALBI grade (1/2/3) 16/4/0 30/3/0 0.41
Hand grip strength (kg) 34.33 (29.99, 37.09) 32.25 (25.90, 39.10) 0.20
Physical activity (METs-h/w) 6.60 (2.47, 14.32) 49.50 (28.00, 118.60) < 0.01
Sedentary time (h/day) 6.00 (4.00, 10.00) 4.00 (3.00, 6.00) 0.01
Branched-chain amino acids (intake) 4 (20.0%) 6 (18.2%) > 0.99
Living alone (yes) 3 (15.0%) 6 (18.2%) > 0.99
Currently smoking (yes) 6 (30.0%) 8 (24.2%) 0.75
Currently drinking (yes) 4 (20.0%) 9 (27.3%) 0.74
Driving of cars (usually) 18 (90.0%) 29 (87.9%) > 0.99
Employment status (retired) 4 (20.0%) 2 (6.1%) 0.18
Do home tasks (yes) 6 (30.0%) 19 (57.6%) 0.09
Healthy eating (yes) 14 (70.0%) 26 (78.8%) 0.52
Exercise habits (yes) 11 (55.0%) 23 (69.7%) 0.38
Observation period (days) 101.50 (70.00, 135.25) 119.00 (98.00, 151.00) 0.19

Data were expressed as median (interquartile range), or as n (%). Continuous variables were compared by Mann-Whitney U test. Categorical vari-
ables were compared by Fisher’s exact test. PA: physical activity; METS-h/w: metabolic equivalents-hour/week; ALBI: albumin-bilirubin.
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Furthermore, it was reported that maintaining high PA levels 
over time was associated with better lower extremity function 
[27]. Although different from the cut-off value of PA in our 
study, high PA was important for maintaining physical func-
tion, which is also true for patients with CLD. The cut-off value 
of PA in our study is recommended by the Ministry of Health, 
Labour and Welfare in Japan, so this cut-off value is appropri-
ate for the Japanese population. We examined the reason for 
the absence of a significant change in young patients. In this 
study, the total PA was calculated, but the intensity of activity 
was not considered. The World Health Organization (WHO) 
recommends that adults aged 18 - 64 years should perform at 
least 150 min of moderate-intensity aerobic PA throughout the 
week or engage in at least 75 min of vigorous-intensity aerobic 
PA throughout the week or an equivalent combination of mod-

erate- and vigorous-intensity activity [28]. Therefore, a future 
study is needed to consider the effect of exercise intensity on 
muscle strength.

The low PA group showed a longer sedentary time than 
the high PA group in both young and elderly patients in our 
results. The sedentary time of low PA in elderly patients was 
7 h/day. The sedentary time of general elderly people in Japan 
was about 420 min (= 7 h)/day [29], which was the same as 
the low PA in our study. Therefore, patients with CLD also had 
sedentary characteristics comparable to those of the general 
elderly population in Japan. Our study findings showed that 
low HGS and low PA and long sedentary time were identi-
cal in the elderly patients with low PA. The significant differ-
ences in each variable observed in our study were partially in 
agreement with the findings of previous studies. A previous 

Table 3.  Comparison of Biochemical Measurements in Young Patients at Baseline

PA < 23 METs-h/w (n = 20) PA ≥ 23 METs-h/w (n = 33) P value
Serum albumin (g/dL) 4.40 (4.18, 4.53) 4.30 (4.20, 4.50) 0.68
Alkaline phosphatase (U/L) 278.00 (222.50, 296.00) 212.00 (178.00, 284.00) 0.09
Alanine transaminase (U/L) 27.50 (20.00, 47.75) 23.00 (17.00, 32.00) 0.30
Aspartate aminotransferase (U/L) 29.50 (23.75, 34.25) 25.00 (22.00, 36.00) 0.23
Blood urea nitrogen (mg/dL) 14.05 (12.70, 15.28) 14.80 (12.50, 15.70) 0.70
Creatine kinase (U/L) 114.00 (84.75, 167.50) 0.71 (0.59, 0.80) 0.39
Creatinine (mg/dL) 0.78 (0.67, 0.84) 0.71 (0.59, 0.80) 0.11
Cholinesterase (U/L) 339.00 (249.50, 436.75) 340.00 (255.00, 380.00) 0.66
Estimated glomerular filtration rate (mL/min/1.73 m2) 78.53 (73.97, 92.24) 86.22 (73.65, 99.36) 0.22
Hemoglobin (g/dL) 14.10 (13.50, 15.45) 13.90 (13.20, 15.40) 0.59
HemogobinA1c (%) 5.70 (5.55, 5.93) 5.90 (5.50, 6.23) 0.34
Prothrombin time-international normalized ratio 0.99 (0.97, 1.05) 0.98 (0.97, 1.01) 0.53
Total bilirubin (mg/dL) 0.64 (0.54, 0.73) 0.64 (0.48, 0.78) 0.70
Total cholesterol (mg/dL) 163.00 (156.00, 179.50) 177.00 (163.00, 203.00) 0.14
Total protein (g/dL) 7.45 (6.97, 7.73) 7.20 (7.10, 7.60) 0.58
Triglyceride (mg/dL) 83.50 (55.75, 104.00) 94.00 (80.00, 115.00) 0.16
Red blood cell count (× 104/µL) 460.50 (430.75, 488.00) 455.00 (411.00, 497.00) 0.89
White blood cell count (× 102/µL) 54.50 (47.75, 62.75) 53.00 (42.00, 69.00) 0.77
Total lymphocyte count 1,573.60 (1,192.38, 1,980.75) 1,824.90 (1,167.90, 2,356.00) 0.26
Platelet count (× 104) 20.20 (17.72, 26.02) 21.90 (16.80, 24.50) 0.92
CONUT-score 1.00 (1.00, 2.25) 1.00 (0.00, 2.00) 0.56
Fib-4 index 1.40 (1.16, 1.89) 1.35 (0.96, 2.06) 0.78

Data were expressed as median (interquartile range). Continuous variables were compared by the Mann-Whitney U test. PA: physical activity; METS-
h/w: metabolic equivalents-hour/week; CONUT-score: controlling nutritional status index score; Fib-4 index: fibrosis 4 index.

Table 4.  Comparison of Changes in Hand Grip Strength From the Baseline to the Endpoint in Young Patients

PA < 23 METs-h/w (n = 20) PA ≥ 23 METs-h/w (n = 33) P value
Changes in hand grip strength (kg) -0.02 (-1.83, 1.47) 0.25 (-2.45, 2.05) 0.96
Rate of change (%) -0.06 (-5.85, 4.43) 0.69 (-6.76, 6.39) 0.99

Data were expressed as median (interquartile range). Variables were compared by the Mann-Whitney U test. PA: physical activity; METS-h/w: meta-
bolic equivalents-hour/week.
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study suggested that sedentary time was related to mortality 
and obesity in people over the age of 50 years independent 
of PA levels [30, 31]. Moreover, low PA and a long seden-
tary time in elderly people have been reported to be associated 
with high obesity rates and low HGS [32, 33]. However, in 
our study, BMI was not significantly different between elderly 
patients with low PA and high PA, which is inconsistent with 
the findings of previous reports. This result may suggest that 
loss of physical function or loss of PA may occur before weight 
loss. Our study showed that characteristics of low PA included 
more living alone and more sarcopenia than those of high PA 
in elderly patients. A previous study showed that the quality 
of life domain of social relationships is declining in the low 
PA population [26]. Our results partially explained the reality 
of the decline in the quality of life domain of social relation-
ships. In another previous study in Japan, it was found that 
community-dwelling women with sarcopenia lived with their 
children and/or grandchildren more than those without sarco-
penia, who lived alone [34]. Living alone requires adequate 
physical function. However, it is reported that the elderly who 
live and eat alone have a significantly lower food diversity 
and food intake frequency than those who eat together their 
family often [35], and have lower food accessibility, related 
to shopping difficulty [36]. Therefore, even if the elderly liv-
ing alone have independent lives, there is a concern that the 
quality of their food intake may deteriorate their nutritional 
status. Although the difference of CONUT-score was not sig-
nificant between the elderly patients with low PA and high PA, 

the elderly patients with low PA, who had a high frequency of 
living alone, had a CONUT-score of 2 points in our study. It 
showed mild malnutrition and may be associated with poor PA 
and decreased HGS.

Our results have shown that PA of 10 METs-h/w or more 
may prevent a decrease in HGS in elderly patients with CLD. 
The current study outcome (PA ≥ 10 METs-h/w for the elder-
ly) may be the target of home-based therapy for patients with 
CLD. Previous studies have reported that muscle mass, mus-
cular strength and physical function are improved by interven-
tion combined with exercise and nutrition in patients with cir-
rhosis [11]. These interventions differ from our observational 
study in that exercise programs were performed by experts. To 
date, there are reports on home-based therapy that state that 
HGS, leg strength, and muscle mass increased after 3 months 
of exercise therapy in cirrhotic patients, including due to 2,000 
steps per day and BCAA supplementation [37]. Additionally, 
patients with LC of less than 5,000 steps per day have been 
reported to have a high prevalence of sarcopenia, and sufficient 
PA may prevent sarcopenia [38]. However, attention should 
also be paid to routine PA (for example: household chores, gar-
dening, pet care) other than walking. Combining these PAs and 
building a sustainable individual PA program will lead to the 
prevention of sarcopenia in older patients with CLD.

Our study has three limitations. First, this study was per-
formed in a single institution, and a validation study in multi-
ple institutions is needed in the future. Second, as the etiology 
is not limited, lifestyles may differ depending on the cause of 

Table 5.  Comparison of Patient’s Characteristics in Elder Patients at Baseline

PA < 10 METs-h/w (n = 47) PA ≥ 10 METs-h/w (n = 83) P value
Age (years) 73.00 (68.50, 78.00) 71.00 (68.00, 77.00) 0.32
Male (n) 22 (46.8%) 46 (55.4%) 0.37
Body mass index (kg/m2) 22.91 (20.41, 24.75) 23.44 (21.09, 25.24) 0.34
Hepatocellular carcinoma (n) 14 (29.8%) 21 (25.3%) 0.68
Sarcopenia (n) 15 (31.9%) 6 (7.2%) < 0.01
ALBI grade (1/2/3) 34/12/1 65/18/0 0.42
Hand grip strength (kg) 22.95 (17.82, 31.00) 27.05 (21.80, 33.73) < 0.01
Physical activity (METS-h/w) 4.40 (1.65, 6.60) 25.10 (15.62, 49.70) < 0.01
Sedentary time (h/day) 7.00 (5.00, 10.00) 5.00 (3.00, 6.00) < 0.01
Branched-chain amino acids (intake) 19 (40.4%) 38 (45.8%) 0.59
Living alone (yes) 13 (27.7%) 10 (12.0%) 0.03
Currently smoking (yes) 5 (10.6%) 13 (15.7%) 0.60
Currently drinking (yes) 9 (19.1%) 19 (22.9%) 0.66
Driving of cars (usually) 35 (74.5%) 67 (80.7%) 0.51
Employment status (retired) 37 (78.7%) 51 (61.4%) 0.05
Do home tasks (yes) 30 (63.8%) 45 (54.2%) 0.36
Healthy eating (yes) 42 (89.4%) 75 (90.4%) > 0.99
Exercise habits (yes) 26 (55.3%) 73 (88.0%) < 0.01
Observation period (days) 126.00 (105.00, 147.00) 112.00 (91.00, 140.00) 0.05

Data were expressed as median (interquartile range), or as n (%). Continuous variables were compared by Mann-Whitney U test. Categorical vari-
ables were compared by Fisher’s exact test. PA: physical activity; METS-h/w: metabolic equivalents-hour/week; ALBI: albumin-bilirubin.
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Table 6.  Comparison of Biochemical Measurements in Elder Patients at Baseline

PA < 10 METs-h/w (n = 47) PA ≥ 10 METs-h/w (n = 83) P value

Serum albumin (g/dL) 4.10 (3.75, 4.30) 4.20 (3.90, 4.40) 0.20

Alkaline phosphatase (U/L) 246.00 (206.00, 323.00) 247.00 (196.50, 327.50) 0.97

Alanine transaminase (U/L) 14.00 (11.00, 19.50) 17.00 (13.50, 21.50) 0.08

Aspartate aminotransferase (U/L) 23.00 (19.50, 28.00) 25.00 (21.00, 31.00) 0.23

Blood urea nitrogen (mg/dL) 17.30 (13.85, 19.65) 15.50 (13.30, 18.10) 0.05

Creatine kinase (U/L) 90.00 (71.50, 124.50) 107.00 (76.50, 156.00) 0.048

Creatinine (mg/dL) 0.73 (0.57, 0.89) 0.71 (0.62, 0.81) 0.70

Cholinesterase (U/L) 270.00 (212.50, 326.00) 288.00 (243.00, 340.75) 0.29

Estimated glomerular filtration rate (mL/min/1.73m2) 68.79 (58.30, 85.77) 71.78 (65.50, 81.37) 0.36

Hemoglobin (g/dL) 13.30 (12.15, 14.75) 13.20 (12.20, 14.15) 0.46

HemogobinA1c (%) 5.90 (5.50, 6.30) 5.80 (5.60, 6.10) 0.12

Prothrombin time-international normalized ratio 0.98 (0.97, 1.07) 1.00 (0.97, 1.05) 0.46

Total bilirubin (mg/dL) 0.58 (0.46, 0.74) 0.66 (0.50, 0.88) 0.12

Total cholesterol (mg/dL) 180.00 (163.00, 200.00) 178.00 (159.50, 199.50) 0.67

Total protein (g/dL) 7.50 (7.00, 7.60) 7.30 (7.10, 7.75) 0.81

Triglyceride (mg/dL) 111.00 (74.50, 139.50) 92.00 (68.00, 129.00) 0.18

Red blood cell count (× 104/µL) 432.00 (394.00, 478.00) 421.00 (395.50, 458.00) 0.37

White blood cell count (× 102/µL) 52.00 (39.50, 63.00) 54.00 (42.50, 64.00) 0.66

Total lymphocyte count 1,348.10 (1,091.10, 1,754.40) 1,510.50 (1,176.10, 2,008.85) 0.13

Platelet count (× 104) 19.10 (14.00, 23.10) 19.10 (14.85, 23.60) 0.91

CONUT-score 2.00 (1.00, 3.00) 1.00 (1.00, 2.00) 0.26

Fib-4 index 2.48 (1.95, 3.60) 2.44 (1.85, 3.04) 0.76

Data were expressed as median (interquartile range). Continuous variables were compared by Mann-Whitney U test. CONUT-score: controlling 
nutritional status index score; Fib-4 index: fibrosis 4 index. PA: physical activity; METS-h/w: metabolic equivalents-hour/week.

Table 7.  Comparison of Changes in Hand Grip Strength From Baseline to Endpoint in Elder Patients

Low PA (n = 47) High PA (n = 83) P value
Changes in hand grip strength (kg) -1.00 (-2.27, 0.55) 0.10 (-1.40, 1.10) 0.02
Rate of change (%) -5.24 (-8.59, 2.94) 0.44 (-4.17, 4.66) 0.03

Data were expressed as median (interquartile range). Variables were compared by Mann-Whitney U test. PA: physical activity.

Table 8.  Logistic Regression Analysis of Variables Associated With Prevention of Decreased HGS

Variables
Univariate analysis Multivariate analysis

OR 95% CI P value OR 95% CI P value
Age (< 65/≥ 65) 1.15 0.58 - 2.31 0.74 1.09 0.55 - 2.17 0.80
Sex (male/female) 1.11 0.59 - 2.09 0.77 0.95 0.52 - 1.76 0.89
ALBI grade (1/2 or 3) 0.89 0.41 - 1.93 0.86 0.78 0.34 - 1.79 0.55
Branched-amino acids supplementation (yes/no) 1.03 0.54 - 1.97 > 0.99 1.09 0.53 - 2.24 0.82
Hepatocellular carcinoma (absence/presence) 1.12 0.53 - 2.36 0.86 0.86 0.41 - 1.79 0.69
Physical activity (≥ 10METs-h/w/< 10METs-h/w) 1.85 0.95 - 3.66 0.06 1.91 1.00 - 3.62 0.049

Data were analyzed by logistic regression analysis model. HGS: hand grip strength; OR: odds ratio; CI: confidence interval; ALBI: albumin-bilirubin; 
METs: metabolic equivalents-hour/week.
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the etiology. In particular, alcoholic hepatitis and nonalcoholic 
steatohepatitis are greatly affected by lifestyle habits. Finally, 
the amount of PA used in this study was based on a question-
naire and there might be a possibility that the accuracy was 
lower than the PA amount measured by triaxial accelerometers. 
Accurate amount of PA measurement by a wearable devise 
will lead to developments in exercise therapy in the future. A 
randomized controlled trial, with PA managed using triaxial 
accelerometers, is needed to clarify the effect of PA on muscle 
strength in patients with CLD.

In conclusion, young patients with low PA had the charac-
teristics of a long sedentary time; however, there was no loss of 
HGS. Elderly patients with CLD and low PA had significantly 
reduced HGS compared with elderly patients with CLD and 
high PA. Therefore, for elderly patients with CLD, PA above 
10 METs-h/w may prevent sarcopenia.
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