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Rezumat

Aspecte anatomice si moleculare ale sarcopeniei in ciroza hepatica:
studiu caz-control bazat pe tomografia computerizatd si biomarkeri serici

Introducere: Sarcopenia reprezinta o complicatie frecventa si un factor prognostic
negativ la pacientii cu ciroza hepatica, fiind asociata cu sciderea masei si functiei
musculare, precum si cu o mortalitate crescuta. Desi tomografia computerizata este
considerata standardul de referinta pentru evaluarea masei musculare, exista un
interes tot mai mare pentru identificarea unor biomarkeri serici care sa permita
diagnosticul precoce si monitorizarea evolutiei bolii. Scopul studiului a fost
evaluarea valorii diagnostice a osteonectinei, fragmentului C-terminal al agrinei
(CAF), propeptidei N-terminale a procolagenului de tip III (P3NP) si miostatinei
la pacientii cu ciroza hepatica si sarcopenie, in corelatie cu parametrii imagistici
determinati prin CT.

Material si Metode: A fost realizat un studiu observational prospectiv de tip caz-
control, care a inclus 60 de participanti, dintre care 30 de pacienti cu ciroza
hepaticd (cu sau fara carcinom hepatocelular) si sarcopenie si 30 de subiecti
martor sanatosi. Diagnosticul sarcopeniei s-a bazat pe criteriile EWGSOP2 si pe
determinarea indicelui masei musculare scheletice (SMI) si a indicelui muschiului
psoas (PMI) prin tomografie computerizati. Concentratiile serice ale osteonectinet,
CAF, P3NP si miostatinei au fost determinate prin metoda ELISA. Analiza
statistica a inclus teste parametrice s neparametrice, precum si analiza
corelatiilor Pearson.

Rezultate: Pacientii cu cirozad hepatica si sarcopenie au prezentat valori
semnificativ crescute ale osteonectinei, CAF, P3NP si miostatinei comparativ cu
lotul martor (p<0,001 pentru toate comparatiile). Indicele masei musculare
scheletice a fost semnificativ redus la pacientii cu ciroza, confirmand pierderea
masel musculare. Analiza corelationald a evidentiat asocieri pozitive intre
osteonectind si CAF (r=0,441; p<0,001), osteonectini si P3NP (+r=0,313; p=0,016),
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osteonectind si miostating (r=0,444; p<0,001), precum si o corelatie puternica intre CAF si miostatind (r=0,882; p<0,001). Nu
s-au identificat corelatii semnificative intre biomarkeri si etiologia virala sau clasa Child-Pugh.

Concluzii: Determinarea simultana a osteonectinei, CAF, P3NP si miostatinei, impreuna cu evaluarea imagisticd prin
tomografie computerizata, poate imbunatati diagnosticul sarcopeniei asociate cirozei hepatice g1 poate contribui la
identificarea precoce a pacientilor cu risc crescut de deteriorare musculara. Sunt necesare studii prospective multicentrice,
pe loturi mai mari, pentru validarea utilitatii clinice a acestor biomarkeri in practica medicala curenta.

Cuvinte cheie: sarcopenie, ciroza hepaticd, biomarkeri serici, osteonectina, fragment C-terminal al agrinei, P3NP,
miostating, tomografie computerizata, indicele masei musculare scheletice, carcinom hepatocelular

Abstract

Background: Sarcopenia is a common complication and an important negative prognostic factor in patients with liver cirrhosis,
being associated with reduced muscle mass and function, as well as increased mortality. Although computed tomography (CT)
is considered the gold standard for assessing muscle mass, there is growing interest in identifying serum biomarkers that may
facilitate the early diagnosis and monitoring of disease progression. The aim of this study was to evaluate the diagnostic value
of osteonectin, the C-terminal agrin fragment (CAF), the N-terminal propeptide of type III procollagen (P3NP), and myostatin
in patients with liver cirrhosis and sarcopenia, in correlation with CT-derived imaging parameters.

Materials and Methods: A prospective observational case—control study was conducted, including 60 participants: 30 patients
with liver cirrhosis (with or without hepatocellular carcinoma) and sarcopenia, and 30 healthy control subjects. Sarcopenia was
diagnosed according to the European Working Group on Sarcopenia in Older People 2 (EWGSOP2) criteria, using the skeletal
muscle index (SMI) and psoas muscle index (PMI) measured by computed tomography. Serum concentrations of osteonectin,
CAF, P3NP, and myostatin were determined using enzyme-linked immunosorbent assay (ELISA). Statistical analyses
included parametric and non-parametric tests, as well as Pearson correlation analysis.

Results: Patients with liver cirrhosis and sarcopenia exhibited significantly higher serum levels of osteonectin, CAF, P3NP, and
myostatin compared with healthy controls (p < 0.001 for all comparisons). The skeletal muscle index was significantly lower in
cirrhotic patients, confirming the presence of muscle wasting. Correlation analysis demonstrated positive associations between
osteonectin and CAF (r = 0.441, p < 0.001), osteonectin and P3NP (r = 0.313, p = 0.016), osteonectin and myostatin (r = 0.444,
p < 0.001), as well as a strong correlation between CAF and myostatin (r = 0.882, p < 0.001). No significant associations were
observed between biomarker levels and viral etiology or Child—Pugh class.

Conclusions: Simultaneous assessment of osteonectin, CAF, P3NP, and myostatin, combined with computed tomography-based
imaging evaluation, may improve the diagnosis of sarcopenia associated with liver cirrhosis and facilitate the early identifica-
tion of patients at increased risk of muscle deterioration. Larger multicenter prospective studies are warranted to validate the
clinical utility of these biomarkers in routine medical practice.

Key words: sarcopenia, liver cirrhosis, biomarkers, osteonectin, myostatin, C-terminal agrin fragment, P3NP, muscle
wasting, fibrosis, computed tomography

comorbidities, particularly musculoskeletal and
neurological disorders, which are highly prevalent
in this population (3). Consequently, increasing
attention has been directed toward the identification

Introduction

Sarcopenia represents a major determinant of frailty
in the elderly population and is defined by the

progressive loss of skeletal muscle mass accompanied
by reduced muscle strength and/or impaired physical
performance (1,2). The assessment of muscle
mass relies on imaging modalities such as magnetic
resonance imaging (MRI), computed tomography
(CT), dual-energy X-ray absorptiometry (DEXA), and
bioelectrical impedance analysis (BIA). However,
functional tests, including handgrip strength and
gait speed, are often influenced by coexisting

of circulating molecular biomarkers that may
facilitate early diagnosis and improve prognostic
stratification in sarcopenia (4).

In the context of liver cirrhosis, sarcopenia has
emerged as an independent prognostic factor associated
with adverse clinical outcomes. It has been linked to a
higher risk of postoperative complications, including
infections and the need for mechanical ventilation
following liver transplantation, and is reported to
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affect up to 656—-100% of patients with advanced liver
disease (5).

CT is widely regarded as one of the most reliable
methods for evaluating skeletal muscle mass and
quality, owing to its extensive use in the diagnosis and
monitoring of both acute and chronic conditions. A
commonly applied approach involves the quantifica-
tion of the skeletal SMI and PMI at the level of the
L3-L4 vertebrae, based on muscle attenuation values
ranging from 29 to 150 Hounsfield Units (HU) (6).
These measurements are typically obtained by
manually delineating regions of interest (ROI) on non-
contrast images, as contrast-enhanced scans may
artificially increase attenuation values due to the
1odophilic properties of the tissue and are therefore not
recommended for analysis (7).

Established cut-off values for SMI range between
52-55 cm?/m? in males and 39-41 cm?/m? in females,
while PMI thresholds are reported at approximately
6.31 cm?m? in males and 3.91 em?m? in females (8,9).
However, the lack of universally accepted reference
standards remains a significant limitation in the
clinical application of these indices.

The pathogenesis of sarcopenia is complex and
multifactorial, involving both intrinsic mechanisms,
such as inflammation, apoptosis, autophagy, and
alterations in calcium homeostasis, and extrinsic
factors, including nutritional deficiencies, reduced
physical activity, and endocrine dysregulation. These
processes collectively impair myogenesis and promote
progressive muscle atrophy (3). Given this biological
complexity, no single biomarker is sufficient to
accurately capture the full spectrum of sarcopenia.
Accordingly, the present study aims to perform a
comparative evaluation of circulating biomarkers in
both healthy individuals and patients with sarcopenia,
with the objective of identifying candidates with
potential diagnostic and prognostic utility.

Materials and Methods
Study Design

This prospective observational study included a total
of 60 participants evaluated at the County Emergency
Clinical Hospital of Constanta, Romania, between
January 2022 and December 2023. The study was
conducted in accordance with the Declaration of
Helsinki and approved by the Ethics Committee of Sf.
Apostol Andrei County Emergency Clinical Hospital
(approval no. 05/04.02.2022).

Study Population and Eligibility Criteria

Participants were eligible if they were admitted during

the study period, aged between 39 and 82 years, and
had complete clinical and paraclinical data available.
The study cohort was divided into two groups: 30
patients diagnosed with liver cirrhosis (+HCC) and
sarcopenia, based on the criteria of the European
Working Group on Sarcopenia in Older People (EWG-
SOP), and 30 control subjects without known chronic
diseases.

Baseline clinical data, including age, sex, body
weight, height, and comorbidities such as diabetes
mellitus, chronic obstructive pulmonary disease, and
smoking status, were collected from medical records.

Exclusion criteria included patients with severe
immobilization, autoimmune diseases, uncontrolled
endocrine disorders, and conditions significantly
affecting overall health status, such as malignancies,
advanced heart failure, uremia, or septic shock.

Biomarker Assessment and Imaging Analysis

Venous blood samples were collected from all
participants, and biomarker measurements were
performed immediately after collection. Remaining
plasma samples were stored at —80°C for subsequent
analyses. Circulating levels of osteonectin (SPARC), C-
terminal agrin fragment (CAF), N-terminal propeptide
of type III procollagen (P3NP), and myostatin (MSTN)
were determined using enzyme-linked immunosorbent
assay (ELISA) kits, in accordance with the manufac-
turer’s protocols.

Muscle mass and quality were assessed using CT
scans of the upper abdomen. The skeletal muscle index
(SMI) and psoas muscle index (PMI) were measured at
the level of the L3 vertebral body on non-contrast
images by manually delineating regions of interest
(ROD).

The following cut-off values were applied: 52-55
cm?m? for males and 39-41 cm?m? for females for
SMI, and <6.31 cm?*m? for males and <3.91 cm?»m? for
females for PMI.

Sarcopenia was defined according to the revised
European Working Group on Sarcopenia in Older
People (EWGSOP2) criteria, integrating both imaging-
based muscle assessment and clinical evaluation.
Patient selection was performed consecutively during
the study period based on predefined inclusion and
exclusion criteria.

The presence of ascites was evaluated clinically and
radiologically at the time of assessment. Patients with
clinically significant or tense ascites were considered
unsuitable for reliable bioelectrical impedance-derived
body composition measurements because of the
potential influence of fluid overload on impedance
parameters. In these cases, CT-based skeletal muscle
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evaluation, including SMI and PMI, was preferentially
used, as these measurements are less affected by extra-
cellular fluid retention.

Body composition parameters, including body
weight, body mass index (BMI), visceral fat level, total
body water, muscle mass, and body fat percentage,
were assessed using a multifrequency bioelectrical
impedance analyzer (Tanita BC-401, Tanita
Corporation, Tokyo, Japan). Measurements were
performed with participants in standing position, bare-
foot, under standardized conditions, in the morning
and after a fasting period of at least 8 hours whenever
possible. Participants were instructed to avoid intense
physical activity and excessive fluid intake prior to
evaluation. All measurements were obtained using
the manufacturer’s standard protocol. In cases of
inconsistent readings, measurements were repeated
and the final value was recorded after confirmation of
reproducibility.

Statistical Analysis

Statistical analyses were performed using IBM SPSS
Statistics version 25 and Microsoft Office Excel/Word
2021. Categorical variables were expressed as absolute
numbers and percentages, and differences between
groups were evaluated using Fisher’s exact test. When
appropriate, Z-tests with Bonferroni correction were
applied for post hoc comparisons.

Continuous variables were reported as mean =+
standard deviation or median with interquartile
range, depending on data distribution, which was
assessed using the Shapiro-Wilk test. Normally
distributed variables were compared using one-way
ANOVA or Welch ANOVA, based on variance homo-
geneity assessed by Levene’s test, followed by Games-
Howell post hoc analysis. Non-normally distributed
variables were analyzed using the Kruskal-Wallis H
test, with Dunn—Bonferroni correction applied for
multiple comparisons.

Results

Distribution According to Population Characteristics

The study population was evenly distributed between
the control group (49.2%) and patients with HCC and
liver cirrhosis (50.8%). A clear predominance of male
participants was observed (61.0% vs. 39.0% females)
(Table 1).

Regarding viral etiology, hepatitis B infection was
present in 30.0% of cases, while hepatitis C was
identified in 23.3% of patients. Coinfection with hepa-
titis B and D viruses was relatively uncommon (6.7%).

Assessment of liver disease severity, based on the
Child-Pugh classification, revealed that the majority of
patients were classified as stage B (50.0%), followed by
stage A (33.3%) and stage C (16.7%).

The descriptive analysis revealed a cohort with a
mean age of 60 years, predominantly characterized by
moderate alterations in both metabolic and nutritional
parameters (Table 2).

Biomarker analysis revealed markedly elevated
mean levels of osteonectin (602.76 ng/mL), CAF
(1784.23 pg/mL), and P3NP (5.54 ng/mL), with median
values closely aligned with central tendencies. In
contrast, myostatin exhibited a notable discrepancy
between mean (27.72 ng/mL) and median values (7.65
ng/mL). Inflammatory and metabolic markers further
supported a state of systemic dysfunction. Elevated
mean C-reactive protein levels (3.46 mg/dL) indicate
an underlying inflammatory burden, while reduced
albumin levels (mean 2.97 g/dL) suggest impaired
hepatic synthetic function and potential malnutrition.
Renal function remained relatively preserved, as
reflected by stable creatinine values, whereas glycemic
levels showed mild elevation. The mean skeletal
muscle index (42.48 cm?m?) approaches diagnostic
thresholds for sarcopenia, while muscle mass values
(47.5 kg) and psoas muscle density (65 HU) indicate
reduced muscle quality. Concurrently, increased
visceral fat (mean 11.3) and body fat percentage
(29.7%) suggest a redistribution toward adiposity.

Additionally, there is a markedly reduced vitamin
D levels (mean 11.40 ng/mL). The relatively narrow
confidence intervals for most median values indicate
acceptable variability; however, wider dispersion

Table 1.  Baseline demographic and clinical characteristics of the study
population
Count Table N %

Group

Control 30 49.2%

HCC and cirrhosis 30 50.8%
Sex

Female 23 39.0%

Male 36 61.0%
Hepatitis B

No 21 70.0%

Yes 9 30.0%
Hepatitis C

No 23 76.7%

Yes 7 23.3%
Hepatitis B+D

No 28 93.3%

Yes 2 6.7%
Child-Pugh_class

A 10 33.3%

B 15 50.0%

C 5 16.7%
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Table 2.  Descriptive statistics of clinical, biochemical, and body composition parameters in the study population
Mean Standard Error Median 95.0% Lower 95.0% Upper
of Mean CL for Median CL for Median
Age (years) 60 1 61 57 66
Osteonectin (ng/mL) 602.76 19.24 576.35 529.63 622.44
C-terminal agrin fragment (pg/mL) 1784.23 169.35 1417.37 1245.20 1711.07
P3NP (ng/mL) 5.54 12 5.62 5.38 6.01
Myostatin (ng/mL) 27.72 6.05 7.65 6.36 9.26
Insulin-like growth factor 1 (ng/mL) 111.42 4.67 104.67 96.35 118.67
C-reactive protein (mg/dL) 3.46 .53 1.20 71 2.87
Creatinine (mg/dL) 1.00 .05 .85 .78 1.15
Albumin (g/dL) 2.97 .08 2.90 2.70 3.30
Blood glucose (mg/dL) 103.16 3.42 95.00 93.00 100.00
Vitamin D (ng/mL) 11.40 .69 10.40 8.77 11.30
Psoas muscle density 65 3 67 57 82
Skeletal muscle index (cm?/m?) 42.48 1.25 44.00 42.10 48.70
Body weight (kg) 81.2 2.1 81.5 74.9 87.0
Body mass index (kg/m?) 26.44 .52 25.76 25.40 27.74
Visceral fat level 1.3 5 11.0 10.5 124
Total body water (%) 48.3 .6 48.5 46.0 50.0
Muscle mass (kg) 47.5 .8 48.6 47.5 50.0
Body fat (%) 29.7 .8 28.5 27.5 30.0
observed in selected biomarkers (e.g., CAF, myostatin)
highlights inter-individual heterogeneity, which may 1000 eeale
reflect differences in disease severity or comorbidity ENale
burden. 800
This boxplot in Fig. I illustrates the distribution of g
osteonectin levels stratified by sex across the control = 00
group and patients with liver cirrhosis with or without & ‘
hepatocellular carcinoma. £ 400 =
The data presented, illustrate the comparison of °
osteonectin levels across the study groups. The distri- 200
bution of osteonectin values was non-parametric
according to the Shapiro-Wilk test (p<Q.O5). 0 P e
Differences between groups were statistically Wi
significant based on the Kruskal-Wallis H test (p <
0.001), and post hoc analysis revealed the following: Figure 1. Comparison of osteonectin levels according to the study groups

Patients in the control group had significantly lower
osteonectin levels (median = 539.9, IQR = 482.7-635)
compared to patients with liver cirrhosis, with or
without hepatocellular carcinoma (median = 927.8,
IQR = 807.7-1244.5) (p < 0.001).

The data presented in Table 3 and Fig. 2,
illustrate the comparison of CAF levels across the
study groups.

The distribution of CAF values was non-parametric

in all groups according to the Shapiro-Wilk test (p <
0.05). Differences between groups were statistically
significant based on the Kruskal-Wallis H test (p <
0.001), and post hoc analysis showed that patients in
the control group had significantly lower CAF levels
(median = 1165.5, IQR = 1024.6-1369.4) compared
to patients with liver cirrhosis, with or without

Table 3.  Comparison of CAF values

) Group Mean + SD Median (IQR) Mean Rank p*
according to the study -~
groups Control (p<0.001**) 1580.4 + 1687.6 1165.5 (1024.6-1369.4) 25.78 <0.001
Cirrhosis = HCC (p<0.001**) 2290 + 14291 1781.3 (1612.6-2388.6) 72.45
*Kruskal-Wallis H Test, **Shapiro-Wilk Test
Chirurgia, 121 (3), 2026 www.revistachirurgia.ro 313
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Table 4.  Comparison of P3NP levels

) Group Mean + SD Median (1QR) Mean Rank p*
according to the study -~
aroups Control (p=0.548**) 5.25 + 0.86 5.34 (4.6-5.9) 20.28 <0.001
Cirrhosis+ HCC (p=0.216**) 735+12 7.16 (6.3-8.08) 68.88
*Kruskal-Wallis H Test, **Shapiro-Wilk Test
E
— 8000 mFemale =)
% '24 W Male E, 8 HEFemale
E 4 E i -T-m B Male
=3 — —_ L]
< 6000 18 =6 - I =
5 g '
g L 2 I + : “
£ 4000 — Z 4 - )
g 55 E 1 24
= ° _ = '
£ 2000 = [ S 2
: = 5 B8 :
& - N 3
0 =)
Control HCC and cirrhosis 8 Control HCC and cirrhosis
Group - Group
Figure 2. Comparison of CAF levels according to the study groups Figure 3. Comparison of P3NP levels according to the study groups
hepatocellular carcinoma (median = 1781.3, IQR =
1612.6-2388.6) (p < 0.001). o 200| 2w mremale
The data presented in Table 4 and Fig. 3, illustrate 2 4 ' H Male
the comparison of P3NP levels across the study : 18
groups. ;E 150
The distribution of PSNP values was non-parametric =
in all groups according to the Shapiro—Wilk test (p < E 100
0.05). Differences between groups were statistically T
significant based on the Kruskal-Wallis H test (p < £ 54
0.001), and post hoc analysis showed that patients in & 50 ]
the control group had significantly lower P3NP levels : i
(median = 5.34, IQR = 4.6-5.9) compared to patients ol = = =
with liver cirrhosis, with or without hepatocellular Contral ; HCC and cirrhosis
carcinoma (median = 7.16, IQR = 6.3—-8.08) (p < 0.001). el
The data presented in Table 5 and Fig. 4, illustrate  Figure 4. Gomparison of myostatin levels according to the study groups

the comparison of myostatin levels across the study
groups.

The distribution of myostatin values was non-
parametric in all groups according to the Shapiro-Wilk
test (p < 0.05). Differences between groups were
statistically significant based on the Kruskal-Wallis H
test (p < 0.001), and post hoc analysis showed that
patients in the control group had significantly lower

myostatin levels (median = 7.85, IQR = 6.02-15.78)
compared to patients with liver cirrhosis, with or
without hepatocellular carcinoma (median = 35.86,
IQR = 18.18-61.1) (p < 0.001).

Table 6 presents the Pearson correlation coeffi-
cients assessing the relationships between viral

Table 5.  Comparison of myostatin

- Group Mean + SD Median (1QR) Mean Rank p*
levels according to the -~
study groups Control (p<0.001**) 20 + 31.73 7.85 (6.02-15.78) 30.27 <0.001
Cirrhosis = HCC (p<0.001**) 47.8 = 4517 35.86 (18.18-61.1) 70.85
*Kruskal-Wallis H Test, **Shapiro-Wilk Test
314 www.revistachirurgia.ro Chirurgia, 121 (3), 2026



Anatomical and Molecular Insights into Sarcopenia in Liver Girrhosis: A CT-Based and Biomarker Case-Control Study

Table 6.  Pearson correlation analysis between viral hepatitis status, Child-Pugh class, and serum biomarkers
Hepatitis B Hepatitis C Hepatitis B+D  Child-Pugh class Ostenectin ng/ml CAF pg/ml P3NP ng/ml MSTN ng/ml

Hepatitis B

Pearson Correlation 1 -.361* -175 .053 -.264 -.301 -.098 -.249

Sig. (2-tailed) .050 .355 781 158 .106 .607 184
Hepatitis C

Pearson Correlation -.361* 1 - 147 .019 .032 113 .051 133

Sig. (2-tailed) .050 437 .920 .865 .553 .790 485
Hepatitis B+D

Pearson Correlation -175 -147 1 .065 154 -.026 .066 .011

Sig. (2-tailed) .355 437 734 416 .892 729 .953
Child-Pugh class

Pearson Correlation .053 .019 .065 1 -.072 -101 -.074 -213

Sig. (2-tailed) 781 920 734 705 .596 .699 259
Ostenectin ng/ml

Pearson Correlation -.264 .032 154 -.072 1 A41%* .313* A44%*

Sig. (2-tailed) .158 .865 416 .705 <.001 .016 <.001
CAF pg/ml

Pearson Correlation -.301 113 -.026 -101 A41** 1 -.051 .882**

Sig. (2-tailed) .106 553 .892 .596 <.001 702 <.001
P3NP ng/ml

Pearson Correlation -.098 .051 .066 -.074 313 -.051 1 -222

Sig. (2-tailed) .607 790 729 .699 .016 702 .092
MSTN ng/ml

Pearson Correlation -.249 133 .011 =213 A444%* .882%* -.222 1

Sig. (2-tailed) 184 485 .953 .259 <.001 <.001 .092

*. Correlation is significant at the 0.05 level (2-tailed). **. Correlation is significant at the 0.01 level (2-tailed).

hepatitis types (HBV, HCV, HBV+D co-infection),
Child-Pugh class, and serum biomarkers (osteonectin,
CAF, P3NP, and MSTN).

Significant negative correlation was observed
between Hepatitis B and Hepatitis C (r = —0.361, p =
0.050), suggesting an inverse distribution of these
infections within the study population. No significant
correlations were identified between viral hepatitis
variables or Child—Pugh class and the evaluated bio-
markers (p > 0.05), indicating that liver disease
etiology and severity were not directly associated with
biomarker levels in this cohort.

In contrast, several significant positive correlations
were observed among the biomarkers themselves.
Osteonectin demonstrated moderate positive correla-
tions with CAF (r = 0.441, p < 0.001), P3NP (r = 0.313,
p = 0.016), and MSTN ( = 0.444, p < 0.001). CAF
showed a strong positive correlation with MSTN
(r = 0.882, p < 0.001), representing the most robust
association identified in the analysis.

Fig. 5 presents a scatterplot matrix depicting the
pairwise relationships between clinical variables
(Hepatitis B, Hepatitis C, Hepatitis B+D co-infection,
Child-Pugh class) and serum biomarkers (osteonectin,
CAF, P3NP, and myostatin).

Visual inspection suggests a lack of strong linear
relationships between viral hepatitis types or Child-
Pugh class and the evaluated biomarkers, as indicated
by the dispersed and non-patterned distribution of
points. In contrast, moderate positive associations can
be observed between certain biomarkers, particularly
between osteonectin, CAF, and myostatin, where clus-
tering of values suggests potential interdependence.
The relationship between CAF and myostatin appears
especially pronounced, supporting the strong correla-
tion identified in the statistical analysis.

Fig. 6 shows the axial native CT images at the level
of the L3 vertebral body illustrate the quantitative
assessment of skeletal muscle mass using region-of-
interest (ROI) segmentation. In image (A), both the
total abdominal skeletal musculature and paraspinal
muscle groups are delineated, allowing for the calcula-
tion of the skeletal muscle index (SMI). In image (B), a
focused segmentation of the psoas muscles is
performed to determine the psoas muscle index (PMI).

The reduced cross-sectional muscle area observed
in both images is indicative of decreased muscle
mass, consistent with sarcopenia. The attenuation
values within the defined ROIs fall within the
expected range for skeletal muscle (29-150 HU),

Chirurgia, 121 (3), 2026
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Figure 5.  Scatterplot matrix illustrating relationships between clinical variables and serum biomarkers. The diagonal plots illustrate the distribution of each variable,

while the off-diagonal panels display scatterplots reflecting potential associations between variables.

supporting accurate tissue characterization.

In image (A) of Fig. 7, the contouring includes the
entire abdominal skeletal musculature, while in image
(B), segmentation is limited to the bilateral psoas
muscles for the determination of the PMI.

Compared to normal anatomical expectations, both
images reveal a reduced cross-sectional muscle area
and diminished muscle bulk, suggestive of sarcopenia.
The attenuation values within the segmented regions
remain within the typical range for skeletal muscle
tissue, supporting the reliability of the measurements.

Table 7 presents the comparison of SMI levels
according to the study grops.

This boxplot in Fig. 8 illustrates the distribution of
SMI values stratified by sex across the groups. In
both groups, males exhibit higher median SMI values
compared to females, reflecting the expected sex-
related differences in skeletal muscle mass.

Within the control group, SMI values are
generally higher and more homogeneous, whereas in
the cirrhosis /HCC group, a downward shift in
median values is observed, particularly among

Figure 6.

Native axial CT images demonstrating SMI values of 25.56 cm?/m? (A) and PMI values of 3.27 cm?m? (B).
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Figure 7.  Native axial CT images demonstrating SMI values of 30 cm¥m? (A) and PMI values of 2.35 cm?m? (B).
Table 7. Compa_rison of SMi levels Group Mean + SD Median (IQR) Mean Rank p*
according to the study
grops Group (p=0.014**) 46.2 = 6.2 45.88 (39.7-52.2) 87.95 <0.001
Girrhosis = HCC (p<0.001**) 38.1 + 6.62 41.3 (34.6-42.78) 54.83

*Kruskal-Wallis H Test, **Shapiro-Wilk Test

females, suggesting a greater degree of muscle mass
depletion.

Discussion

Sarcopenia is a serious global condition encountered in
elderly patients, characterized by a disabling course,
with its morbidity increasing significantly with
advancing age, particularly in individuals over 60
years. In the present study, no significant differences
in sarcopenia incidence were observed between male
and female patients.

Currently, skeletal muscle is no longer regarded as
merely a contractile tissue, but rather as an interface

60.00 W Female

HMale
50.00
40.00 4

30.00

SHI (cm2)

20.00 A

10.00

.00

Control HCC and cirrhosis

Group

Figure 8. Comparison of SMI evels according to the study groups

of complex interactions. In addition to the loss of
muscle mass and the development of contractile
dysfunction, sarcopenia also involves metabolic and
endocrine alterations, as well as a state of systemic
inflammation commonly present in elderly patients.
The process of muscle tissue loss involves a significant
decline in protein regeneration, associated with
accelerated apoptosis and increased proteolysis
(13-15).

In patients with liver cirrhosis, sarcopenia is
secondary to the underlying disease, reduced physical
activity, and/or malnutrition (protein deficiency)
(16,17).

A biomarker has been defined as “a characteristic
that is objectively measured and evaluated as an
indicator of normal biological processes, pathogenic
processes, or pharmacologic responses to a therapeutic
intervention” (18). Therefore, a biomarker may
represent a clinical tool, a specific molecule, or a bio-
logical characteristic that can be detected through
medical imaging techniques. Sarcopenia-specific bio-
markers may enable the identification of patients who
already have this condition or are at risk of developing
it, as well as the monitoring of therapeutic and
preventive interventions.

Osteonectin, also known as SPARC (secreted pro-
tein acidic and rich in cysteine), is an extracellular
matrix glycoprotein secreted by most tissues and
involved in bone mineralization and cell-matrix
interactions (3). Elevated osteonectin levels have been
reported in patients with various myopathies, such as
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Duchenne muscular dystrophy and congenital muscu-
lar dystrophy (19). Increased osteonectin levels in
cirrhotic patients are associated with hepatic fibrosis,
with studies demonstrating that reduced SPARC
expression ameliorates liver fibrosis in vivo in murine
models (23).

The C-terminal agrin fragment has been extensively
studied as a biomarker of muscle dysfunction, with
increased circulating levels representing an early
indicator of neuromuscular junction impairment and
muscle fiber denervation (24,25). Previous studies
have reported elevated circulating CAF levels in
sarcopenic patients (26-28), findings that are consis-
tent with our results. It should be noted that CAF
levels may also be elevated in other conditions
associated with muscle mass loss (such as diabetes
mellitus, chronic obstructive pulmonary disease,
chronic heart failure, and stroke). However, the
literature identifies CAF as one of the key potential
biomarkers for differentiating sarcopenic from non-
sarcopenic patients (29).

The N-terminal propeptide of type III procollagen
is released into circulation during the final stage of
collagen biosynthesis (30). Elevated P3NP levels
have been observed in abnormal collagen synthesis
processes and soft tissue fibrosis (31,32). Given that
muscle mass declines with age, increased P3NP levels
in elderly individuals may indicate skeletal muscle
fibrosis (33). Similar to previous studies (34), elevated
plasma P3NP levels were also identified in the
sarcopenic patients included in our study.

Several studies have demonstrated increased
serum P3NP levels in patients with liver disease
(35,36), a finding that was also observed in the
cirrhotic patient group in our study.

Myostatin, also known as growth differentiation
factor-8 (GDF-8), is a negative regulator of muscle
growth and was first described by McPherron et al.,
who demonstrated that suppression of the myostatin
gene in mice leads to a hypermuscular phenotype (37).
Myostatin is predominantly expressed in skeletal
muscle tissue, although its expression has also been
identified in cardiac muscle and adipose tissue (38).
Consistent with findings from the literature, myo-
statin levels were elevated in sarcopenic patients
compared to the control group (39).

Beyond their diagnostic relevance, the evaluated
biomarkers may also have important clinical applica-
tions in routine practice. The combined assessment of
osteonectin, CAF, P3NP, and myostatin alongside
CT-based muscle evaluation could facilitate earlier
identification of patients at increased risk for
sarcopenia and progressive functional decline. These
biomarkers may serve as complementary non-

invasive tools for risk stratification and longitudinal
monitoring, particularly in cirrhotic patients under-
going nutritional, physical, or pharmacological inter-
ventions. Early recognition of muscle deterioration
may support timely implementation of individualized
therapeutic strategies and potentially improve clini-
cal outcomes in patients with advanced liver disease.

Although the findings in the literature are contra-
dictory, with studies reporting variable levels in
elderly patients (38,40), a recent study suggests a
decrease in serum myostatin levels with the progres-
sion of liver cirrhosis and associates this finding with
decompensation and increased mortality (41). Even
though myostatin does not appear to be a wvalid
standalone biomarker for sarcopenia, its measurement
should be considered in combination with other bio-
markers.

Only <1 mL of plasma is required for biomarker
assessment, and this small volume can be obtained
during routine blood tests, thereby reducing patient
discomfort and the need for multiple venipunctures.
Biomarker measurement and analysis can be completed
within a few hours, providing timely information for
rapid clinical decision-making.

The analysis of multiple biomarkers for the diagno-
sis of sarcopenia should not be limited to the four
examples used in this study. Further investigations
are needed to identify optimal combinations with novel
biomarkers that more accurately reflect the entire bio-
logical cascade associated with sarcopenia.

Our study has several limitations. First, it is a
single-center study with a relatively small sample size.
Larger prospective studies are required to confirm the
association between serum biomarker levels and
sarcopenia in liver cirrhosis, as the influence of
undiagnosed conditions at the time of evaluation
cannot be excluded. Additionally, certain factors such
as physical activity, cognitive status, nutrition, and
medication were not included in the analysis due to
lack of available data, although they may influence the
variability of serum biomarker levels. The relatively
small sample size represents an important limitation
of the present study and may reduce the overall
statistical power and generalizability of the findings.
Consequently, larger prospective multicenter studies
involving more heterogeneous patient populations are
required to validate the observed associations and
further clarify the clinical utility of these biomarkers
in cirrhosis-associated sarcopenia.

Also, the inclusion of patients with liver cirrhosis
both with and without hepatocellular carcinoma may
have introduced a degree of heterogeneity within the
study cohort, potentially influencing biomarker
profiles and the interpretation of the results. This
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aspect was considered during data interpretation and
1s acknowledged as a study limitation.

Although multivariate analyses could have provided
additional adjustment for potential confounding factors,
the relatively small sample size and the uneven distri-
bution of certain clinical variables limited the feasibility
of constructing statistically robust multivariable models
without a substantial risk of overfitting.

Conclusions

Sarcopenia frequently accompanies advanced liver
disease, is rarely reversible, and represents a negative
prognostic factor. The pathogenic mechanisms under-
lying sarcopenia in patients with liver cirrhosis are
complex and include malnutrition, anabolic resistance,
and metabolic imbalances (hyperammonemia, hor-
monal instability, and chronic inflammation). Serum
biomarkers provide a convenient, non-invasive, and
rapid method for assessing the risk of sarcopenia,
making them an excellent option for screening at-risk
populations.

Our study identified higher levels of CAF, P3NP,
osteonectin, and myostatin in sarcopenic patients
compared to the control group. It is important to
emphasize that further studies on much larger cohorts
are essential to explore and clarify the role of
biomarkers in the molecular mechanisms underlying
sarcopenia associated with liver cirrhosis.
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