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Background: Sarcopenia leads to complications (infections, hepatic encephalopathy 
and ascites) and poor overall survival in patients with cirrhosis, in which the phenotypic 
presentation is loss of muscle mass. This study aimed to reveal the metabolic profile 
and identify potential biomarkers in cirrhotic patients with hepatitis B virus and 
muscle mass loss.

Method: Twenty decompensated cirrhotic patients with HBV and muscle mass loss 
were designated Group S; 20 decompensated cirrhotic patients with HBV and normal 
muscle mass were designated Group NS; and 20 healthy people were designated 
Group H. Muscle mass loss was defined as the skeletal muscle mass index less than 
46.96 cm2/m2 for males and less than 32.46 cm2/m2 for females. Gas chromatography–
mass spectrometry was used to explore the distinct metabolites and pathways in the 
three groups.

Results: Thirty-seven metabolic products and 25 associated metabolic pathways 
were significantly different in the Group S patients from Group NS patients. Strong 
predictive value of 11 metabolites (inosine-5′-monophosphate, phosphoglycolic 
acid, D-fructose-6-phosphate, N-acetylglutamate, pyrophosphate, trehalose-
6-phosphate, fumaric acid, citrulline, creatinine, (r)-3-hydroxybutyric acid, and 
2-ketobutyric acid) were selected as potential biomarkers in Group S patients 
compared with Group NS patients. Two pathways may be associated with loss of 
muscle mass in patients with liver cirrhosis: amino acid metabolism and central 
carbon metabolism in cancer.

Conclusion: Seventy differential metabolites were identified in patients who have 
liver cirrhosis and loss of muscle mass compared with patients who have cirrhosis 
and normal muscle mass. Certain biomarkers might distinguish between muscle 
mass loss and normal muscle mass in HBV-related cirrhosis patients.
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Introduction

Sarcopenia is a progressive and diffuse loss of muscle mass, strength, and function. Sarcopenia can 
be classified into age-related sarcopenia and secondary sarcopenia, the latter being caused by chronic 
diseases (1). The prevalence of sarcopenia in patients liver cirrhosis is about 40–70% (2). A consensus 
definition for sarcopenia in these patients is loss of muscle mass (3, 4), which is associated with poor 
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prognosis, including reduced quality of life, increased risk of infection, 
prolonged hospitalization, and increased rate of mortality (5, 6). Previous 
studies have focused on the pathology of sarcopenia and its associated 
factors. In patients with cirrhosis, abnormalities of the gut-liver-axis may 
be associated with the development of sarcopenia (4, 7). Cirrhosis itself 
leads to skeletal muscle disorders through several pathways: altered 
catabolic state, altered protein metabolism, and impaired hepatic ammonia 
clearance (8), and the metabolic disorders may be the root cause of the low 
muscle mass. Metabolomics, an emerging discipline, is frequently used to 
investigate pathophysiological processes involved in disease progression 
and the identification of new diagnostic or prognostic biomarkers (9, 10). 
Patients with alcoholic liver disease and cirrhosis have alterations in 
metabolites, as in nucleic acids and amino acids (11).  Patients with 
non-alcoholic steatohepatitis (NASH)-related cirrhosis have an increased 
risk of sarcopenia because of the additive effects of insulin resistance and 
chronic systemic inflammation (12). Cholestasis-predominant liver 
diseases, such as primary sclerosing cholangitis, have elevated serum bile 
acid levels, which may induce skeletal muscle atrophy through the bile 
acid receptor, TGR5, that is expressed in healthy muscles (13, 14). 
However, the differential metabolites in hepatitis B virus (HBV)-related 
decompensated liver cirrhosis with loss of muscle mass vs. normal muscle 
mass are mostly unknown. Therefore, our study aimed to characterize the 
metabolic profile and identify potential biomarkers of muscle mass loss in 
HBV-related decompensated liver cirrhosis.

Materials and methods

Study population

Patients with HBV-related liver cirrhosis were recruited between 
August 2021 and June 2022 at the Affiliated Hospital of Qingdao 
University. All participants provided written informed consent. The 
diagnosis of cirrhosis was made on the combination of clinical and 
laboratory features or by liver histopathology (15, 16). Decompensated 
cirrhosis was defined as patients symptomatic with ascites or 
gastrointestinal bleeding, or so on (17, 18). Patients were excluded for 
(1) causes of cirrhosis other than chronic HBV infection, such as 
alcoholic cirrhosis, autoimmune cirrhosis, and others, (2) age over 
65 years, (3) acute-chronic and acute liver failure, (4) other diseases that 
can lead to secondary muscle depletion, such as chronic diseases of the 
heart, lungs, kidneys, or brain, and malignant tumors (5) 
neurodegenerative or muscle degenerative diseases, (6) perioperative 
patients, (7) patients without computed tomography (CT) scan within 
3 months, (8) the Nutrition Risk Screening 2002 score of the patients was 
over 3 points (19), and (9) patients who have exercise habits with 
Physical Activity Rating Scale-3 > 19 points (20). Patients excluded from 
the healthy control group were those with metabolic diseases (diabetes, 
thyroid disorder, and others) and other chronic diseases, according to 
their ultrasound and laboratory assessments.

Skeletal muscle measurement and 
diagnostic criteria

Skeletal muscle mass index (SMI) is defined as the ratio of lean tissue 
area to body height. Lean tissue area is the skeletal muscle area (SMA) 
calculated according to CT readings at the level of the third lumbar 
vertebra (L3). Muscle attenuation (MA), which is associated with muscle 

density and intramuscular lipid content, is the mean Hounsfield unit 
(HU) of the entire SMA (21). All the recruited patients had abdominal 
CT scans at admission. Two sequential transverse CT images at the level 
of L3 were analyzed with SliceOmatic V5.0 software (Tomovision, 
Montreal, QB, Canada), which enables specific tissue demarcation using 
HU thresholds. The CT HU thresholds were −29 to 150 for quantifying 
muscle mass; −150 to −50 for visceral adipose tissue; and −190 to −30 
for subcutaneous fat tissue. The formula for SMI was SMI (cm2/
m2) = SMA (cm2)/height (m2). Muscle mass loss was defined as SMI less 
than 46.96 cm2/m2 for males and less than 32.46 cm2/m2 for females (22).

Clinical and laboratory assessments

Morning fasting blood was collected and centrifuged at 3000×g for 
15 min. The plasma was stored at −80°C until the gas chromatography–
mass spectrometry (GC–MS) analysis was conducted.

Preparation of samples

Samples were thawed at room temperature before analysis. 
One-hundred-and-fifty microliters of samples were placed in a 1.5-mL 
Eppendorf tube with L-2-chlorophenylalanine (0.06 mg/ml) dissolved 
in methanol as internal standard, and the tube was vortexed for 10 s. An 
ice-cold mixture of methanol and acetonitrile (vol:vol, 2:1) was added, 
and the mixtures were vortexed for 30 s. The whole samples were 
extracted by ultrasound for 10 min in ice-water bath and placed at 
−20°C for 30 min. The extract was centrifuged at 4°C (13,000 rpm) for 
10 min. 150 μl of supernatant in a glass vial were dried in a freeze-
concentration centrifugal dryer, and 80 μl of 15 mg/ml methoxyamine 
hydrochloride in pyridine was added. The mixture was vortexed 
vigorously for 2 min and incubated at 37°C for 90 min. 50 μl of 
bistrifluoroacetamide with 1% trimethylsilyl chloride and 20 μl n-hexane 
were added into the mixture, which was vortexed vigorously for 2 min 
and then derivatized at 70°C for 60 min. The samples were placed at 
ambient temperature for 30 min before GC–MS analysis.

Gas chromatography–mass spectrometry 
analysis

The derivatized samples were analyzed on an Agilent 7890B gas 
chromatography system coupled to an Agilent 5977A MSD system 
(Agilent Technologies Inc., Santa Clara, CA, United States). A DB-5MS 
fused-silica capillary column (30 m × 0.25 mm × 0.25 μm) (Agilent J & W 
Scientific, Folsom, CA, USA) was used to separate the derivatives. 
Helium (>99.999%) was used as the carrier gas at a constant flow rate of 
1 ml/min through the column. The injector temperature was maintained 
at 260°C. The initial oven temperature was 60°C, held at 60°C for 
0.5 min, ramped to 125°C at a rate of 8°C/min, to 210°C at a rate of 5°C/
min, to 270°C at a rate of 10°C/min, to 305°C at a rate of 20°C/min, and 
finally held at 305°C for 5 min. The temperature of MS quadrupole and 
ion source (electron impact) were set to 150°C and 230°C, respectively. 
The collision energy was 70 eV. Mass spectrometric data were acquired 
in a full-scan mode (m/z 50–500), and the solvent delay time was set to 
5 min. The quality control samples (QC) were injected at regular 
intervals (every 10 samples) throughout the analytical run to provide a 
set of data from which repeatability could be assessed.
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Statistical analysis

SPSS 26.0 software (International Business Machines Corp., 
Chicago, IL, United  States) was used for the statistical analyses. 
Mean ± standard deviation was used in quantitative variables, and the 
significance was determined with a Student’s t-test. Non-normally 
distributed variables are expressed as a median and interquartile range, 
and the significance was determined using a Mann–Whitney U test. p 
value <0.05 indicated statistically significant differences. A systematic 
analysis of the metabolites was identified and confirmed via searching 
the Kyoto Encyclopedia of Genes and Genomes (KEGG) database.1

1 https://www.kegg.jp

Ethics statement

The study protocol was approved by the ethics board of the affiliated 
hospital of Qingdao University (No. QYFYWZLL26461). We  also 
registered this study on ClinicalTrials.gov (NCT05041348).

Results

Baseline clinical characteristics of patients

The baseline clinical characteristics of the patients with HBV-related 
liver cirrhosis are summarized in Table  1. Twenty decompensated 
cirrhotic patients with HBV and muscle mass loss (Group S), 20 
decompensated cirrhotic patients with HBV and normal muscle mass 
(Group NS), and 20 healthy people (Group H) were included in this 

TABLE 1 Demographic and clinical characteristics of the study participants.

Cirrhosis with muscle 
mass loss (Group S)

N = 20

Cirrhosis with normal 
muscle mass (Group NS)

N = 20

Healthy (Group H)
N = 20

Value of p

Age 48 (29–62) 49.8 (32–61) 31 (22–42) <0.05

Gender (n)

Male/Female

16/4 14/6 9/11

BMI 23.17 (21.84–25.92) 25.63 (22.54–28.10) 23.45 (20.85–24.75) 0.06

Child-Pugh stage (n)

  A 8 6

  B 9 6

  C 5 8

MELD score 12.10 ± 3.42 12.55 ± 4.07 0.07

SMI 40.29 ± 4.85 50.32 ± 6.60 <0.05

SMA 121.06 ± 18.02 144.71 ± 27.45 <0.05

MA 39.81 ± 5.45 43.17 ± 5.20 0.053

SFA 99.29 ± 55.24 133.36 ± 64.75 0.081

VFA 83.13 ± 55.53 78.21 ± 55.17 0.780

Pre-albumin 75.59 ± 34.35 96.7 ± 58.69 0.174

Total protein 59.43 ± 8.83 60.97 ± 10.40 0.618

Albumin 31.60 ± 5.94 31.14 ± 6.63 0.817

Albumin/ Globulin 1.13 ± 0.26 1.07 ± 0.21 0.448

ALT 19 (14–29.75) 29.5 (24.5–55) <0.05

AST 27 (19.75–41.75) 34 (28–60.5) 0.053

GGT 16.5 (12.25–40.75) 30.5 (19.75–68.03) 0.064

ALP 76.5 (51–89) 101 (70–142) <0.05

Total bilirubin 29.47 ± 17.08 40.76 ± 27.83 0.132

Direct bilirubin 9.05 (6.68–11.13) 10.55 (5.53–27.95) 0.358

Creatinine 78.45 (72.5–89) 74.85 (68.25–95.25) 0.482

BUN 5.17 (3.90–7.52) 4.58 (3.67–6.10) 0.552

D-dimer 855 (322.5–1765) 525 (247.5–962.5) 0.133

PT 16.66 ± 2.52 15.76 ± 2.76 0.291

INR 1.41 ± 0.23 1.35 ± 0.24 0.421

Fibrinogen 2.00 ± 0.52 1.85 ± 0.52 0.432

BMI, body mass index; SMI, skeletal muscle mass index; SMA, skeletal muscle area; MA, muscle attenuation; VFA, visceral adipose tissue; SFA, subcutaneous fat tissue; ALT, alanine transaminase; 
AST, aspartate aminotransferases; GGT, gamma glutamyl transferase; ALP, alkaline phosphatase; BUN, blood urea nitrogen; PT, prothrombin time; INR, International Normalized Ratio.  The bold 
values means: p value <0.05 indicated statistically significant differences.
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study. There were no significant differences in BMI and the model for 
end-stage liver disease score (MELD score) among the groups (p > 0.05). 
The SMI and SMA in Group S were significantly lower than in Group 
NS (p < 0.05). Alanine transaminase and alkaline phosphatase values 
were significantly higher in Group NS than in Group S (p < 0.05).

Overall metabolomics analysis of samples

The unsupervised principal component analysis (PCA) revealed that 
the healthy control group (H) could be distinguished from other groups 
(Figure 1A). The QC samples clustered tightly, indicating stability of the 

method. PCA was used to reveal the overall distribution among the 
samples and the stability of the whole analysis. To exclude possible 
confounding variables, partial least-squares-discriminant analysis 
(PLS-DA) and orthogonal partial least-squares discriminant analysis 
(OPLS-DA) were used to distinguish the metabolites that differed 
between groups (Figures 1B,C). Although the distribution of Group S 
samples overlapped with the distribution of Group NS samples, the 
PLS-DA and OPLS-DA (R2Y = 0.958, Q2 = 0.683, and R2Y = 0.958, 
Q2 = 0.715, respectively) indicated high cross-validation predictability 
and goodness-of-fit. The OPLS-DA also revealed significant 
discrimination between Group S and Group H (Figure 1D, R2Y = 0.988 
and Q2 = 0.897) and between Group NS and Group H (Figure  1E, 

A B

C

E

D

FIGURE 1

Score plot. (A) Unsupervised principal component analysis (PCA) plots of all groups (QC, Quality control samples; H, Health control group; S, HBV-related 
decompensated liver cirrhosis patients with muscle mass loss; NS, liver cirrhosis patients with normal muscle mass), (B,C) Partial least-squares-discriminant 
analysis (PLS-DA) and orthogonal partial least-squares discriminant analysis (OPLS-DA) score plots of Group S and Group NS, (D) OPLS-DA score plots of 
Group S and Group H, and (E) OPLS-DA score plots of Group NS and Group H.
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R2Y = 0.99 and Q2 = 0.834.). The combined results indicated reliable 
differences among the three groups.

Metabolites profiling in the three groups

A total of 162 volatile metabolites were identified in the three 
groups, with variable importance on projection (VIP) scores >1 and p 
values <0.05. With Group S and Group H combined, 102 differential 
metabolites were detected. Ninety-three metabolites were found in 
Group NS and Group H. Information of the metabolites is illustrated 
in Supplemental Figure 1. To identify potential biomarkers that may 
be related to muscle mass loss, we compared the metabolite profile 
between Group S and Group NS. Seventy differential metabolites 
(consisting mainly of organic acids and derivatives, lipids, and lipid-like 
molecules, and organic oxygen compounds) were detected with VIP >1 
and p < 0.05. The visualized volcano plot (Figure  2A) showed the 
correlation of the metabolites between Group S and Group NS, 
including elevated levels of ethylamine, (r)-3-hydroxybutyric acid, 
3-hydroxymethylglutaric acid, 2-ketobutyric acid, 1,5-anhydroglucitol, 

and creatinine. The levels of 64 metabolites were downregulated in 
Group S. Correlation analysis illustrated the relationships among the 
metabolites (Figure 2B). A heatmap of the correlation analysis revealed 
the expression levels of the metabolites (Figure 2C).

Pathways related to liver cirrhosis with 
muscle mass loss

Twenty-five pathways were defined as disturbed in the plasma of liver 
cirrhosis patients who had muscle mass loss (10 pathways with p values 
<0.01 and 15 pathways with p value <0.05). Thirty-seven differential 
metabolites were enriched in the disturbed pathways; the corresponding 
KEGG map of these potential biomarkers, the value of fold change, and 
other information are presented in Supplemental Table 1. Most of the 
disturbed pathways were related to amino acid metabolism (Figure 3). 
Node color is based on the p value (red indicates a higher level of 
significance), and node radius is determined by the number of differential 
metabolites in this pathway. The relationships between metabolites and 
pathways are illustrated in Supplemental Table 2.

A

B

C

FIGURE 2

(A) The volcano plot of Groups S and NS, (B) Correlation analysis of metabolites in Group S and NS, and (C) The heatmap of the correlation analysis 
revealed the expression level of metabolites in Groups S and NS.
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Differential metabolites detected in group  
S and NS

Among the differential metabolites in the groups, three differential 
metabolites with enrichment pathways appeared in Group S compared 
with Group NS. Citrulline (VIP = 1.59, p = 0.003) and agmatine 
(VIP = 1.02, p = 0.039) were downregulated in Group S, and 2-ketobutyric 
acid (VIP = 1.73, p = 0.020) was upregulated in Group S. Creatinine 
(VIP = 1.473, p = 0.001) and (r)-3-hydroxybutyric acid (VIP = 2.02, 
p = 0.007) levels were elevated in Group S but not as unique metabolites. 
Inosine-5′-monophosphate (VIP = 2.24, p < 0.001), with the highest VIP 
score, was decreased in Group S. L-glutamic acid (VIP = 1.45, p = 0.028) 
and L-tyrosine (VIP = 1.16, p = 0.011), which appeared in almost all the 
enrichment pathways, may be the hub of various metabolic pathways 
related with muscle mass loss. All the results suggested that amino acid 
metabolism and central carbon metabolism in cancer are associated with 
muscle mass loss in patients with liver cirrhosis.

Potential biomarkers selected by receiver 
operator characteristic curve

To further identify the key metabolites that could distinguish liver 
cirrhosis with muscle mass loss from those with normal muscle mass, 
ROC curves were analyzed (Figures 4A,B). The area under the curve 
(AUC) was used to assess the potential diagnostic value: inosine-5′-
monophosphate, 0.9825 (95% confidence interval (CI) 0.946–1.000), 

phosphoglycolic acid, 0.975 (95% CI 0.937–1.000), D-fructose-6-
phosphate, 0.95 (95% CI 0.887–1.000); N-acetylglutamate, 0.9125 (95% 
CI 0.829–0.996); pyrophosphate, 0.905 (95% CI 0.806–0.988); trehalose-
6-phosphate, 0.87 (95% CI 0.752–1.000); fumaric acid, 0.82 (95% CI 
0.687–0.953); citrulline, 0.7725 (95% CI 0.627–0.918); creatinine, 0.815 
(95% CI 0.684–0.946); (r)-3-hydroxybutyric acid, 0.775 (95% CI 0.618–
0.932); 2-ketobutyric acid, 0.7275 (95% CI 0.559–0.896). The AUCs were 
>0.7, indicating the diagnostic accuracy of these metabolites.

Discussion

In this study, we  identified by GC–MS analysis the differential 
metabolites in cirrhotic patients with HBV and muscle mass loss. The 
results revealed clear separation of three groups (decompensated liver 
cirrhosis with muscle mass loss; decompensated liver cirrhosis with 
normal muscle mass; and healthy people). To the best of our knowledge, 
this is the first study that analyzed the plasma metabolic characteristics 
of patients with HBV-related liver cirrhosis and associated loss of muscle 
mass. We found that there were two pathways that may be associated 
with loss of muscle mass in patients with liver cirrhosis: amino acid 
metabolism, and central carbon metabolism in cancer. Moreover, 
inosine-5′-monophosphate, phosphoglycolic acid, D-fructose-6-
phosphate, N-acetylglutamate, pyrophosphate, trehalose-6-phosphate, 
fumaric acid, citrulline, creatinine, (r)-3-hydroxybutyric acid, and 
2-ketobutyric acid were found potential biomarkers in HBV-related liver 
cirrhosis with muscle mass loss.

FIGURE 3

Pathway enrichment and topology analysis.
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Arginine is a semi-essential amino acid that participates in the urea 
cycle, the nitric oxide (NO) cycle, and muscle protein synthesis. 
Citrulline, as a non-essential amino acid, can be metabolized to arginine 
in the urea and NO cycles and can control the delivery of arginine to the 
liver. However, higher levels of circulating arginine induce arginases, 
which result in rapid arginine clearance. Therefore, citrulline is arginine’s 
precursor (23, 24). Increased levels of citrullines may be  crucial in 
promoting muscle function (25). Bailey et al. (26) found that citrulline, 
an effective dietary supplement, is better than arginine in improving 
oxidative metabolism and exercise performance. Caballero-Garcia et al. 
(27) reported that muscle strength and endurance tended to increase 
with citrulline supplementation. In this study, citrulline, as a differential 
metabolite, was specifically downregulated in liver cirrhosis patients who 
had muscle mass loss. The corresponding arginine biosynthesis pathway 
was also found an enrichment pathway with a lower p value (p < 0.001). 
These results are consistent with previous research and confirmed that 
decreased plasma concentrations of citrulline are related to muscle mass 
loss. More studies to investigate the relationship between citrulline and 
muscle mass loss in patients with liver cirrhosis are needed.

(R)-3-hydroxybutyric acid, one of the ketone bodies in humans, is 
produced by the liver during carbohydrate deprivation to provide 
energy to brain, heart, and muscle cells (26). In the fasting state or with 
decreased oral intake, ketone bodies are increased to provide energy and 
regulate lipolysis, proteolysis, and ketogenesis (27–29). Studies of ketone 
body supplementation in athletes and healthy people found that the 
supplementation increases metabolic flexibility during exercise and 
enhances endurance exercise performance (30–32). However, we found 

that (r)-3-hydroxybutyric acid (VIP >2, and FC >2) were increased in 
liver cirrhosis patients with muscle mass loss. ROC analysis had an AUC 
of 0.775, implying high specificity and sensitivity. Liver cirrhosis disturbs 
energy synthesis and metabolism, which in turn influences the 
nutritional status (33). In disease states, the utilization efficiency of 
ketone bodies may decrease. Sasaki et  al. (32) found that high 
concentrations of venous ketone bodies in hepatocellular carcinoma 
patients were related with low skeletal muscle quality. The relationship 
between ketone bodies, liver cirrhosis, and muscle mass loss is still 
ambiguous. Our results provide directions for future research.

Creatinine (VIP =1.47, p < 0.05, and AUC = 0.815), detected as a 
biomarker, was increased in Group S. It is a breakdown product of 
creatine phosphate in muscle. Hence, under the state of stable renal 
function and normal nutrition intake condition, creatinine 
concentration can reflect muscle mass (34, 35). Some researchers 
combined creatinine and cystatin C as a novel index to evaluate muscle 
mass and a low serum creatinine level, most likely due to sarcopenia, is 
associated with a higher mortality rate (36, 37). In our study, we excluded 
patients with kidney disease that can lead to secondary muscle depletion. 
The method in our hospital to detect creatinine concentration is the 
Picric acid method which is different from GC–MS. The concentration 
of creatinine (μmol/L) in the cirrhotic group with and without loss of 
muscle mass was 78.45 (72.5–89) and 74.85 (68.25–95.25) respectively. 
It was consistent with the results of GC–MS. According to our results, 
creatinine may as a sensitive indicator to predict muscle mass loss.

Inosine-5′-monophosphate (IMP), which participates in purine 
metabolism, is generated by a de novo biosynthetic pathway in the liver 
(38). IMP can be converted to adenosine diphosphate or guanosine-5′-
diphosphate and then to adenosine triphosphate or guanosine 
trisphosphate (39). IMP is an important indicator of meat quality and 
freshness in animals (40, 41). However, the role of IMP in humans is 
rarely mentioned. One study concluded that IMP is in low amount in 
human skeletal muscle at rest and after low-intensity exercise, but it is 
formed after moderate and high-intensity exercise (42). We found that 
IMP was downregulated in patients with muscle mass loss. In the future, 
IMP, which can increase energy availability and protein synthesis, may 
be considered for use as a dietary supplement.

In this study, phosphoglycolic acid (VIP >2, p < 0.05, and 
AUC = 0.975), a differential metabolite, was decreased in patients with 
liver cirrhosis and muscle mass loss. Phosphoglycolic acid can 
be  regulated by phosphoglycolate phosphatase, which is a recently 
identified mammalian enzyme at the intersection of glucose metabolism, 
lipogenesis, lipolysis, and cellular nutrient-excess detoxification (43, 44). 
The relationship between phosphoglycolate phosphatase activity, liver 
function, and muscle mass was not clear. More studies are needed to 
determine the function of phosphoglycolic acid in muscle metabolism.

Our study has strengths: First, sarcopenia can be classified into 
age-related sarcopenia and secondary sarcopenia. Despite advanced 
cirrhosis, we excluded patients over 65 years old and other diseases that 
can lead to secondary muscle depletion, such as chronic diseases of the 
heart, lungs, kidneys, or brain, malignant tumors, and neurodegenerative 
or muscle degenerative diseases. In our study, patients with a single 
cause of liver cirrhosis (HBV infection) were studied, which favored 
increased homogeneity of the study population. Second, our results 
identified differential metabolites that may lead to liver cirrhosis-related 
muscle mass loss and, thus, provided directions for future research.

However, the study has limitations: Although, before we started 
this study, we calculated the skeletal muscle mass index of 101 liver 
cirrhosis patients at our hospital. 80 patients can be  defined as 

A

B

FIGURE 4

ROC curves of the diagnostic metabolites. (A) downregulated 
metabolites in Group S and (B) upregulated metabolites in Group S.
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having low muscle mass. The sample size that we  calculated 
according to the prevalence (79.21%) of liver cirrhosis with low 
muscle mass at our hospital was around 10.22. And we recruited 20 
patients from each group. The current sample size is sufficient to 
illustrate the conclusion of this manuscript. However, this is a 
single-center study with a small sample size, and the results will 
need testing on a larger series of patients. Second, we did not screen 
for branched chain amino acids as differential metabolites; the 
relationship of branched chain amino acids with sarcopenia seems 
clear from the results of recent research: some researchers have 
reported that branched amino acid treatment improves muscle mass 
of cirrhotic patients with sarcopenia (45). Finally, we  only 
investigated muscle mass loss through imaging features, not muscle 
strength, and decreased muscle strength is another characteristic of 
sarcopenia. Thus, the differential expression of metabolites in liver 
cirrhosis should be a subject of future research.

In conclusion, this is the first analysis of the plasma metabolic 
characteristics of HBV-related decompensated liver cirrhosis with 
accompanying loss of muscle mass. Through GC–MS studies, 37 metabolites 
with 25 pathways were found disturbed in the plasma of patients with 
cirrhosis. The potential value of 11 metabolites (inosine-5′-monophosphate, 
phosphoglycolic acid, D-fructose-6-phosphate, N-acetylglutamate, 
pyrophosphate, trehalose-6-phosphate, fumaric acid, citrulline, creatinine, 
(r)-3-hydroxybutyric acid, and 2-ketobutyric acid) as biomarkers of muscle 
mass was identified. Two pathways may be associated with loss of muscle 
mass in patients with HBV-related decompensated liver cirrhosis, i.e., amino 
acid metabolism and central carbon metabolism in cancer.
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