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Abstract

Background Previous studies have indicated that sarcopenia is associated with poor post-operative outcomes in liver
cancer patients, but the studies are limited by confounding from mixed diseases, retrospective data, and
non-standardized measurement methods. At present, there is no research with both muscle mass and strength as pre-
dictors for hepatocellular carcinoma (HCC) outcomes. We studied the impact of sarcopenia on post-operative outcomes
in HCC patients in a cohort study designed according to the European Working Group on Sarcopenia in Older People
standards.
Methods A total of 781 consecutive patients admitted to our centre were registered from May 2020 to August 2021.
All participants submitted questionnaires and underwent handgrip strength, chair stand test, physical performance,
and computed tomographic evaluation. Then, they were divided into three groups according to muscle mass and
strength: Group A (reduced muscle mass and strength), Group B (reduced muscle strength or reduced muscle mass),
and Group C (normal muscle mass and strength). The baseline data and post-operative outcomes were compared and
analysed. The primary outcome variable in this study was the presence of a major post-operative complication, and the
secondary outcome was the 90-day re-admission rate.
Results A total of 155 patients [median age, 60.00 (IQR, 51.00–66.00) years; 20 females (12.90%)] were included
after strict exclusion. The mean (SD) BMI was 23.37 ± 0.23 kg/m2. The mean (SD) SMI of all participants was
47.05 ± 0.79 cm2/m2, and the mean (SD) handgrip strength was 32.84 ± 0.69 kg. Among them, 77 (49.68%) patients
underwent laparoscopic hepatectomy, and 73 (47.10%) patients received major hepatectomy. Regarding the
post-operative results, Group A had a higher rate of major complications [40.91% (9 of 22) vs. 11.94% (8 of 67) in
Group B and 6.06 (4 of 66) in Group C; P = 0.001], higher rate of blood transfusion (77.27% vs. 46.27% in Group B
and 42.42% in Group C; P = 0.015), higher hospitalization expenses (P = 0.001), and longer hospital stay
(P < 0.001). There was no difference in 90-day re-admission rates among the three groups. Sarcopenia (hazard ratio,
10.735; 95% CI, 2.547–45.244; P = 0.001) and open surgery (hazard ratio, 4.528; 95% CI, 1.425–14.387; P = 0.010)
were independent risk factors associated with major complications.
Conclusions Sarcopenia is associated with adverse outcomes after liver resection for HCC. It should be evaluated upon
admission to classify high-risk patients and reduce the risk of major complications.

Keywords Sarcopenia; Hepatocellular carcinoma; Muscle strength; Muscle mass; Liver resection

Received: 28 March 2022; Revised: 7 June 2022; Accepted: 13 June 2022
*Correspondence to: Gang Chen, Department of Hepatobiliary Surgery, The First Affiliated Hospital of Wenzhou Medical University, Wenzhou, Zhejiang 325035, China.
Email: chen.gang@wmu.edu.cn;
Yi Wang, Department of Epidemiology and Biostatistics, School of Public Health and Management, Wenzhou Medical University, Chashan High Education Zone, Wenzhou,
Zhejiang 325035, China. Email: wang.yi@wmu.edu.cn
Jinhuan Yang and Kaiwen Chen have contributed equally to this work and share the first authorship.

ORIG INAL ART ICLE

© 2022 The Authors. Journal of Cachexia, Sarcopenia and Muscle published by John Wiley & Sons Ltd on behalf of Society on Sarcopenia, Cachexia and Wasting Disorders.
This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the
original work is properly cited.

Journal of Cachexia, Sarcopenia and Muscle 2022; 13: 2383–2392
Published online 19 July 2022 in Wiley Online Library (wileyonlinelibrary.com) DOI: 10.1002/jcsm.13040

https://orcid.org/0000-0003-2394-3266
mailto:chen.gang@wmu.edu.cn
mailto:wang.yi@wmu.edu.cn
http://creativecommons.org/licenses/by/4.0/


Introduction

Liver cancer is the sixth most commonly diagnosed cancer
worldwide and the third leading cause of cancer-related
death,1 with the most common primary hepatic malignancy
being hepatocellular carcinoma (HCC). Currently, surgical
resection is still the primary treatment for liver cancer,2,3

and many factors have been associated with the short-term
and long-term post-operative outcomes in these patients.
An increased number of hepatic segments resected,4,5

increased operative blood loss,4,6,7 severe liver cirrhosis,8,9

and muscle depletion (reduced muscle mass or strength)10–12

lead to reduced survival; blood transfusion9 and a longer
operative time13 increase the risk of post-operative complica-
tions; and general anaesthesia, high doses of opiates, and
open surgery increase the possibility of post-operative
recurrence.14,15 Some factors affecting post-operative
outcomes, such as the number of hepatic segments resected,
operative blood loss, and the severity of liver cirrhosis, are
objective factors for which post-operative interventions are
difficult to administer. Therefore, it is more practical to iden-
tify strong prognostic predictors during the pre-operative
evaluation, which can help to improve clinical management
during the perioperative period.

Sarcopenia is a progressive systemic skeletal muscle
disease that includes a decrease in muscle strength and a de-
crease in muscle mass.16 Studies have found that sarcopenia
is associated with poorer outcomes in patients with chronic
respiratory disease,17 liver cirrhosis,18 lung cancer,19 liver
cancer,20 and colorectal cancer.21 Patients with sarcopenia
have a higher risk of falls and fractures,16 a higher cancer
recurrence rate,20 lower overall survival,18 and more severe
complications19 after surgery. Patients who undergo major
abdominal surgery experience further loss in muscle mass,
which can lead to worse post-operative outcomes.22,23 Some
studies have shown that pre-operative exercise,24 nutritional
intervention,25 supplementation with leucine,26 etc., can
decrease sarcopenia, improving short-term post-operative
outcomes in patients with sarcopenia. Therefore, if we can
accurately detect or identify patients with sarcopenia at the
first clinical encounter, it is expected that intervention
measures could be applied before surgery to improve
post-operative outcomes.

Although previous studies could distinguish sarcopenic
and non-sarcopenic liver cancer patients using imaging in-
dicators and scholars also noted that this classification ap-
proach has obvious discrimination, there are disadvantages
in the use of retrospective data, such as small sample size,
mixed disease, and lack of assessment of muscle
strength,12,27,28 resulting in poor clinical applicability for
specific diseases. The recent EWGSOP (European Working
Group on Sarcopenia in Older People) expert consensus
states that muscle strength is better for predicting adverse
outcomes than muscle mass.16 Moreover, no prospective

databases have focused on HCC patients (Table S1). In
other words, based on the latest EWGSOP definition,16

there is no research on how to accurately target specific
types of liver cancer by combining muscle mass and
strength. Therefore, this cohort study aimed to investigate
the effect of sarcopenia as an independent factor in pa-
tients with primary HCC after liver resection under the lat-
est EWGSOP definition.16

Methods

A total of 781 patients who received consecutive treatment
at our study centre were prospectively registered from May
2020 to August 2021. All patients accepted the SARC-F
questionnaire, lifestyle questionnaire, muscle strength test
(grip strength and chair stand test), physical performance
(gait speed), and imaging evaluation following the EWGSOP
standard when first admitted to the hospital did not receive
any treatment.16 Patient demographics, co-morbidity, ASA
score, first haematological index after admission (before
taking medication), type of surgical approach and type of
resection performed, intra-operative data (blood loss, blood
transfusions, and operative time), tumour-related factors
[type of tumour, tumour size, number of tumours, microvas-
cular invasion (MVI), degree of differentiation, TNM stage,
presence of satellite nodules, lymph node metastases, and
tumour markers], post-operative outcomes (haematological
index on the first and seventh day after operation, blood
transfusions, complication, hospital stay, hospitalization
expenses, and 90-day re-admission rate), etc., were recorded.
The prospective database was then used for retrospective
analysis.

The patients were further screened according to the
following exclusion criteria: (i) those who did not accept liver
resection, (ii) those who were diagnosed with non-HCC
(benign lesions, metastatic liver cancer, and mixed liver
cancer) by pathology, (iii) those who had other concomitant
pre-operative causes of muscle weakness (injury, fracture,
stroke, etc.), (iv) those who missing CT data or CT scans did
not reach the level of the third lumbar vertebra (L3), (v) those
who accepted adjuvant therapy such as chemotherapy and
abdominal surgery within 1 year before surgery, and (vi)
those who could not complete the standard tests and
questionnaires (Figure 1).

The primary outcome of this cohort study was
post-operative complications. The 90-day re-admission rate
was investigated as a secondary outcome. We obtained
written informed consent from each patient before the
research.

The study protocol (Data S1) was approved by Ethics
Committee in Clinical Research of the First Affiliated Hospital
of Wenzhou Medical University.

2384 J. Yang et al.

Journal of Cachexia, Sarcopenia and Muscle 2022; 13: 2383–2392
DOI: 10.1002/jcsm.13040



Definitions

HCC was graded according to the 8th Edition American
Joint Committee on Cancer staging definition for hepato-
pancreato-biliary cancer.[S1]. Patient co-morbidities were
graded using the age-adjusted Charlson comorbidity score.[S2]

Liver function and short-term survival rates were evaluated
with the MELD classification, BCLC, and Child–Pugh score.[S3,
S4] SARC-F scale scores ranged from 0 to 10 (i.e. 0–2 points
for each component; 0 = best to 10 = worst) and were dichot-
omized to represent symptomatic (≥4) vs. healthy (<4)
status.[S5] Physical activity was defined as moderate-to-high
intensity exercise performed for ≥1–2 h/week or

light-intensity exercise performed for >4 h/week.[S6] Patients
were divided into groups based on their diet: vegetarian (ex-
cluding meat, poultry, and fish in the diet), semi-vegetarian
(excluding red meat in the diet), and meat eater (including
red meat in the diet).[S7] Complications were defined accord-
ing to the Clavien–Dindo classification.[S8] Grade 1–2 compli-
cations were defined as minor complications and included
wound infection (bedside), nausea, vomiting, and elevated
blood pressure; Grade 3 or higher complications were de-
fined as major complications and included post-operative
pleural effusion (excluding reactive pleural effusion in pa-
tients undergoing right liver resection), bile leakage,
post-operative bleeding, liver failure, and death. Bile leakage,

Figure 1 Flow chart of research design.
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post-operative bleeding, and liver failure post-hepatectomy
were assessed according to the International Study Group
of Liver Surgery.[S9–11] Removing three or more segments
and laparoscopic resections of posterior superior segments
were considered major resections.[S12]

Characteristic parameters of sarcopenia

Two researchers independently measured the total
cross-sectional skeletal muscle area, visceral adipose tissue
area, and subcutaneous fat area at level L3 for each patient
in a blinded fashion on the most recent pre-operative CT
image (image and surgery time interval within 7 days) to
obtain the mean skeletal muscle cross-sectional area, mean
visceral fat area, and mean subcutaneous fat area. Skeletal
muscle, subcutaneous adipose tissue, and visceral adipose
tissue were identified and quantified in Hounsfield units
(HU) using ImageJ 1.53e (Figure 2). A threshold range of �29
to 150 HU was used to define skeletal muscle, a range of
�150 to �50 HU was used to define visceral adipose tissue,
and a range of �190 to �30 HU was used to define subcuta-
neous adipose tissue. BMI was calculated as weight
(kg)/height (m2). SMI was calculated as the total
cross-sectional skeletal muscle area in the L3 plane (cm2) /
height (m2). SMI is an internationally recognized gold standard
for assessing sarcopenia,16 and a low SMI is considered a sign
of low muscle mass. Therefore, in this research, we used SMI
as an indicator to judge patients’ muscle mass. When the
patient was admitted but did not receive any invasive treat-
ment, muscle strength, including the grip strength test,16,29

chair stand test,16 and physical performance assessment (gait
speed test16), was assessed. In the grip strength test, the
dominant hand and the nondominant hand were measured
twice intermittently (kg), and an average value of four values
was obtained. The latest data from the Asian sarcopenia grip

test indicated that 28 kg and 18 kg were the critical values
for males and females, respectively.30 Based on the ROC curve
of SPSS, cut-off values for SMI were defined as 51.1 cm2/m2 in
males and 37.2 cm2/m2 in females. The chair stand test was
administered, and the time required for the patient to stand
five times from a sitting position without using the arms was
measured. For the gait speed test, the time patients spent
walking 8 m on a flat indoor floor at their usual walking speed
was measured.

Finally, we divided the patients into three groups according
to their muscle strength (grip strength) and muscle mass
(SMI): Group A (low muscle strength and low muscle mass),
Group B (low muscle strength or low muscle mass), and
Group C (normal muscle strength and normal muscle mass).

Statistical analysis

The Kolmogorov–Smirnov test and the Shapiro–Wilk test
were used to assessing the distribution of variables. We used
the mean (SD) and the median [interquartile range (IQR)] to
express parametric continuous variables and non-parametric
distribution of data, respectively.

If the variables conformed to a normal distribution, an
analysis of variance was used for comparisons. If not, the
Kruskal–Wallis test was used. When the variable was categor-
ical, we used the χ2 test or Fisher’s exact test with Yates
correction to compare differences. If there were statistically
significant differences among the three groups, we used
Bonferroni correction to perform a post hoc analysis.

We performed multivariate logistic regression on risk
factors that were statistically significant in the univariate
analysis and several universally acknowledged factors to
predict the occurrence probability of major complications
(Figure 3). We used SPSS software, Version 21.0 (IBM Corp)
for MacOSX, to perform statistical analysis and R (4.1.2) to

Figure 2 Computed tomographic scans showing areas of skeletal muscle (red), visceral adipose tissue (yellow), and subcutaneous adipose tissue
(green) in patients with (A) and without sarcopenia (B).
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draw the calibration curve in this study. Two-sided P < .05
was considered statistically significant.

Results

A total of 155 patients [median age, 60.00 (IQR, 51.00–66.00)
years; 20 females (12.90%)] were included after strict exclu-
sion (Figure 1). The baseline characteristics of the included
population are provided in Table 1. The mean (SD) BMI was
23.37 (0.23) kg/m2, and the median abdominal circumference
was 87.20 (IQR, 83.00–91.00) cm. Among them, two (1.29%)
had a SARCF score ≥4, and 100 patients (64.52%) were
diagnosed with liver cirrhosis. In this cohort, 148 patients
(95.48%) had Child–Pugh Stage A disease, and 138 patients
(89.03%) had TNM Stage I–II disease.

The included patients were then divided into three groups
according to the SMI and grip strength. For muscle mass,
Group A (low muscle mass and low muscle strength) had a
statistically significantly lower SMI [mean (SD), 42.20 (1.55)
vs. 41.80 (0.93) cm2/m2 in Group B and 54.00 (1.04)
cm2/m2 in Group C; P < 0.001] than Group B and Group C.
Meanwhile, Group A had a lower abdominal circumference
[86.00 (IQR, 80.50–87.40) vs. 87.20 (IQR, 82.00–90.00) cm
in Group B and 87.20 (IQR, 85.00–95.25) cm in Group C;
P = 0.017] and lower BMI [mean (SD), 21.80 (0.46) vs. 22.40
(0.35) kg/m2 in Group B and 24.80 (0.30) kg/m2 in Group C;
P < 0.001]. In terms of muscle strength, Group A had weaker
handgrip strength [mean (SD), 21.60 (1.09) vs. 34.40 (0.75) kg
in Group B and 35.00 (1.08) kg in Group C; P < 0.001] and a
worse chair stand test [16.42 (IQR, 13.83–19.15) vs. 13.40
(IQR, 11.35–14.95) s in Group B and 13.65 (IQR,
11.30–15.14) s in Group C; P = 0.001] than Group B and

Group C. In addition, the visceral adipose tissue [102.68
(IQR, 59.07–138.29) in Group A vs. 103.54 (IQR, 61.23–
127.14) cm2 in Group B and 144.01 (IQR, 116.69–164.63)
cm2 in Group C; P < 0.001] and subcutaneous adipose tissue
[113.72 (IQR, 92.06–151.06) in Group A vs. 103.37 (IQR,
82.58–113.23) cm2 in Group B, and 137.91 (IQR, 112.48–
145.83) cm2 in Group C; P < 0.001] were significantly
different among the groups. According to the questionnaire
results, Group A had a higher proportion of vegetarians
[50.00% (11 of 22) in Group A vs. 13.43% (9 of 67) in Group
B and 19.70% (13 of 66) in Group C; P = 0.014] than Group
B and Group C. Most haematological indicators of the first
admission (Table S2) were similar among the three groups,
except for albumin level (P = 0.025), neutrophils (P = 0.046),
and haemoglobin level (P = 0.041). No differences were ob-
served in terms of gait speed, cirrhosis, age-adjusted Charlson
co-morbidity index score, or MELD score.

In total, 73 patients (47.10%) underwent major hepatec-
tomy, and 78 patients (50.32%) underwent open surgery.
The rate of blood loss (≥400 mL) was higher in Group A than
in the other groups [36.36% (8 of 22) in Group A vs. 10.45%
(7 of 67) in Group B and 9.09% (6 of 66) in Group C;
P = 0.003]. Regarding the post-operative results (Table 2),
21 patients had major complications (13.55%), and 76
patients (49.03%) received blood transfusions after surgery.
Within 90 days after discharge, 14 patients (9.03%) were
hospitalized again. Specifically, Group A had a statistically
significant difference in major complications [40.91% (9 of
22) in Group A vs. 11.94% (8 of 67) in Group B and 6.06%
(4 of 66) in Group C; P < 0.001], a higher transfusion ratio
[77.27% (17 of 22) in Group A vs. 46.27% (31 of 67) in Group
B and 42.42% (28 of 66) in Group C; P = 0.015], longer
hospital stay [14.50 (IQR, 10.75–20.50) in Group A vs. 12.00
(IQR, 9.00–14.00) d in Group B and 10.50 (IQR, 9.00–13.00)
d in Group C; P = 0.001], and higher hospitalization expenses
[57374.12 (IQR, 45104.47–90485.91) in Group A vs. 50987.00
(IQR, 39663.30–63580.67) yuan in Group B and 44874.83
(IQR, 38980.34–57529.52) yuan in Group C; P = 0.001]
compared with Group B and Group C. Accordingly, the hae-
matological indexes at different time after operation showed
that RBC (Days 1 and 7, P = 0.003), platelet (Day 7, P = 0.037),
total bilirubin (Day 7, P = 0.015), and ALB (Day 1, P < 0.001)
level in sarcopenia group were also different from other
groups (Table S3), which were related to blood loss. No
differences were observed in the 90-day re-admission rate
(P = 0.999), type of hepatectomy (P = 0.330), operative
time (P = 0.077), or operation mode (P = 0.785), among
the groups.

According to the univariable logistic regression results, the
following factors were statistically significantly associated
with an increased risk of major complications: sarcopenia,
open surgery, WBC, and PLT level. In the multivariable analy-
sis, sarcopenia (hazard ratio, 10.735; 95% CI, 2.547–45.244;
P = 0.001) and open surgery (hazard ratio, 4.528; 95% CI,

Figure 3 Calibration plots for pre-operative factors models associated
with the prediction of the complication incidence.
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1.425–14.387; P = 0.010) were independent risk factors asso-
ciated with major complications (Table S4). Calibration plots
showed good agreement between the observed outcomes
and predicted incidence (Figure 3).

Discussion

To the best of our knowledge, this is the first cohort study
based on our prospective kept database to investigate the re-
lationship between sarcopenia and short-term post-operative
outcomes of patients with HCC under the EWGSOP
definition.16 Unlike all previous retrospective studies in which
sarcopenia was defined by CT imaging, in this study, sarcope-
nia was defined by standard metrics, namely, considering
both muscle mass and strength. The only prospective study
in the literature is limited due to the inclusion of patients
with different diseases,20 including HCC, metastatic liver can-
cer, cholangiocarcinoma, and gallbladder cancer. Differences
in the pathological features and invasiveness of these
diseases mean that surgical resection ranges, anatomical
resections, and even surgical options (open or laparoscopic)
also differ, which results in differences in intraoperative data
(operation time, blood loss, etc.) and post-operative out-
comes (complications, blood transfusion, etc.). Generally,
cholangiocarcinoma patients are more likely to undergo ma-
jor liver resection or biliary reconstruction than HCC patients,
resulting in more severe post-operative complications, higher
recurrence rates, and lower survival rates. Therefore, the
precise location of the disease is beneficial for obtaining
disease-specific and reliable data.

In recent years, studies on sarcopenia have revealed that
low muscle strength is a better predictor of poor
post-operative outcomes than low muscle mass.31,32 Physical
performance has been less predictive value than muscle mass
and strength.20 The Asian Working Group for Sarcopenia pro-
posed that a Short Physical Performance Battery (SPPB) < 9
points and five sit-ups (chair stand test) > 12 s can be used
instead of pace as a threshold for reflecting the decline in
physical performance.30 This study found that the grip
strength and chair stand test accurately predicted adverse
short-term post-operative outcomes. However, there was no
significant difference in physical performance (gait speed)
among the three groups, so it has limited predictive value.
At the same time, we found that Group A, which is defined
by muscle mass and muscle strength, had a higher incidence
of major complications, a higher rate of post-operative
blood transfusion, and longer hospital stays than Group B,
which was defined by a single measurement. Therefore,
pre-operative localization by measuring muscle mass and
muscle strength can better identify sarcopenic patients in
the clinic. The most reliable method is screening and detect-
ing sarcopenia in patients through the F-A-C-S (Find-cases-Ta
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Assess-Confirm-Severity) approach is recognized as the most
reliable method.16 In this study, strictly following the F-A-C-S ap-
proach, consecutively admitted patients were first administered
the SARC-F questionnaire and lifestyle questionnaire, followed
by the assessment of muscle strength (grip strength test and
chair stand test), muscle mass (L3 plane total skeletal muscle
area), and physical performance (gait speed test) to detect pa-
tients with sarcopenia accurately. Then, we excluded patients
who did not undergo surgery and samples that could have im-
paired muscle mass or strength for other reasons to ensure
greater homogeneity and good representativeness of the in-
cluded samples. Chemotherapy, a history of moderate or major
surgery, injury, stroke, etc., can lead to low muscle strength or
low muscle mass. Studies have shown that chemotherapy can
cause a persistent decrease in muscle mass and strength in can-
cer patients who lasts for over 4 months and stabilizes after
10 months.33,34 Excluding patients with a history of
chemotherapy within 1 year from the study cohort can
effectively prevent the interference caused by chemotherapy.
Similarly, surgery can also cause the loss of muscle mass and
muscle strength, such as acute loss of skeletal muscle mass after
major hepatectomy22; the surgery-related muscle loss is as high
as 7.1% (±5.7%) after liver resection for colorectal liver
metastases.23 However, there is no relevant evidence
regarding whether it can be recovered or how long it
would take. Therefore, there is no suitable exclusion
criterion for this issue. However, patients with a previous
surgical history were excluded from the previous screening.
Finally, we screened patients diagnosed with HCC confirmed
by pathology among the patients undergoing hepatectomy.

Epidemiological data suggest that the prevalence of
sarcopenia increases with age and is more prevalent in men
than in women.[S13, S14] Hypertension and diabetes have also
been linked to sarcopenia,[S15, S16] resulting in lower muscle
strength and lower muscle mass. In our study, age, sex,
hypertension, and diabetes were balanced across groups,
avoiding biases that these factors may cause. Some studies have
found that lifestyle is closely related to muscle condition; for ex-
ample, smoking and drinking can accelerate muscle loss in
patients,[S17, S18] and prolonged sleep increases the risk of
sarcopenia.[S19] More frequent exercise could prevent frailty
and may benefit sarcopenia prevention.35 Although no signifi-
cant differences among patients were observed in terms of
smoking status, drinking status, sleeping habits, or physical ac-
tivity level in our study, most of the patients in Group A were
vegetarians with little or no meat intake so vegetarianism may
be a characteristic of sarcopenia. Studies have shown that low
nutrient levels can lead to low haematopoietic function36; there-
fore, the low RBC count and slow recovery in Group A patients
may be related to their low nutritional status.

The extent of sarcopenia is a strong prognostic factor for
cancer, and a worse skeletal muscle condition is related to a
worse prognosis.10,37 Therefore, reducing muscle loss or in-
creasing muscle mass through pre-operative interventionsTa
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can improve the prognosis of cancer patients. Some studies
have found that reducing the consumption of skeletal muscle
before surgery can be achieved in a short time before surgery
by leucine/creatine supplementation and other methods. A
leucine diet (27% of calories as total protein, 44% of calories
as carbohydrate, and 30% of calories as fat, with fish oil, high
protein, leucine, and specific oligosaccharides) consumed be-
fore surgery can effectively strengthen muscle synthesis in a
few hours26 and maintain long-lasting effects.38 These com-
petitive pre-operative nutritional choices are also suitable
for cancer patients who have undergone limited operations.
For patients who undergo elective surgery or receive adju-
vant therapy, short-term and medium-term creatine therapy
can effectively increase muscle strength,39 and 30–40 min
of exercise three to four times a week or 2000 extra steps
daily over 2–4 months or nutritional support can significantly
decrease sarcopenia.20,24,25 Therefore, early detection and
targeted interventions for sarcopenic patients in the HCC
population before surgery are meaningful and necessary to
improve post-operative outcomes.

This is the first study thus far to investigate the effect of
sarcopenia on short-term post-operative outcomes in HCC
patients based on the EWGSOP,16 combining muscle mass
and muscle strength. The number of HCC cases involved in
this study is advantageous when solely comparing the num-
ber of HCCs (Table S1). Such a large sample size is still rare,
whether retrospective or prospective. However, this study
has a certain limitation. That is, it included liver cirrhosis pa-
tients and non-cirrhosis patients. Although the groups were
well balanced, it is still necessary to conduct further research
on patients with or without cirrhosis separately in the future
to guide targeted differential interventions.

Conclusions

Sarcopenia is associated with poor short-term outcomes after
hepatectomy in patients with primary HCC and is an indepen-

dent risk factor for major post-operative complications.
Assessments combining muscle mass and muscle strength
at the first clinical visit can accurately identify sarcopenia pa-
tients. They may provide an effective time window for drug
or nutritional intervention to improve short-term post-opera-
tive outcomes.
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