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ABSTRACT 

Objective: To investigate the frequency of sarcopenia in cirrhotic patients, the correlation of sarcopenia with conventional 
prognostic scores and its relationship with mortality by measuring the psoas muscle area at the level of mid-3rd lumbar (L3) 
vertebra on computed tomography (CT) scan. 

Materials and Methods: We included 229 cirrhotic patients who had undergone abdominal CT scan for hepatocellular 
carcinoma screening. A control group was formed in 204 healthy individuals who had undergone abdominal computed 
tomography examination due to trauma. 1- and 3-year follow-up results were recorded. Cross-sectional areas of the right 
and left psoas muscles were calculated in axial sections passing through the level of the mid-L3 in CT images. The cases with 
two standard deviations under the mean of the total psoas muscle area in control group were evaluated as sarcopenic. 

Results: Sarcopenia was detected in 39.7% of 229 cirrhotic patients. While a statistically significant difference was detected 
in the Child-Pugh prognostic score between cirrhotic patients with and without sarcopenia, there was a modest difference 
in the MELD score. The percentage of cirrhotic patients with sarcopenia who passed during 1- and 3- year follow-ups (28.6% 
and 40.7%, respectively) were significantly higher than non-sarcopenic patients (9.4% and 24.6%, respectively). 

Conclusion: The findings obtained in this study suggest that psoas muscle atrophy shown by CT scan image at the level of 
the mid-L3 vertebra has predictive value for mortality in cirrhotic patients. 
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INTRODUCTION 

Sarcopenia is a syndrome characterised by loss of skeletal 
muscle mass and strength associated with risks of functional 

capacity, declining life quality and death [1]. Sarcopenia is 
associated with aging, nonetheless it has been shown to 
have a critical relationship with various clinical conditions, 
like malnutrition, chronic diseases and malignancy [1]. 
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Overall, muscle mass in sarcopenia is defined as being below 
two standard deviations of an average healthy young adult 
[2]. 

Liver cirrhosis is one of major causes of death in many 
regions of the world and in our country. In cirrhotic patients, 
life threatening complications, for instance variceal bleeding 
due to portal hypertension, ascites and spontaneous 
bacterial peritonitis, hepatic encephalopathy and liver 
failure may occur if they are not treated promptly [3]. Indeed, 
skeletal muscle depletion is a common feature of 
malnutrition in cirrhotic patients [4].  

Despite high prevalence and important prognostic role of 
sarcopenia in cirrhosis, it often remains unnoticed. This is 
because nutritional assessment in these patients can be 
difficult due to fluid retention and/or patients’ overweight 
[5,6]. The evaluation of skeletal muscle wasting by 
computed tomography (CT) scan has several advantages 
over traditional diagnostic methods for sarcopenia. 
Apparently, it is objective and effortless and not influenced 
by hepatic synthetic dysfunction or salt and water retention 
[7-9]. CT is commonly used to screen hepatocellular 
carcinoma (HCC) in cirrhotic patients, and it provides higher 
reproducibility and objectiveness. 

In this study, our objectives were to evaluate the frequency 
of sarcopenia in cirrhotic patients, the correlation of 
sarcopenia with conventional prognostic scores and its 
relationship with mortality by measuring the total psoas 
muscle area (PMA) on CT scan at the level of mid-3rd lumbar 
(L3) vertebra. 

MATERIALS AND METHODS 

We evaluated 282 adult patients who had diagnosis of liver 
cirrhosis by liver biopsy and / or clinical, laboratory and 
radiological examination between September 2012 and 
April 2014 and underwent abdominal CT scan for HCC 

screening at the Black Sea Technical University, Faculty of 
Medicine, Farabi Hospital, Radiology Department. Fifty-
three patients with a concomitant primary malignancy were 
excluded from the study. A control group comprising 204 
age- and gender- matched healthy individuals was formed; 
these patients were those who did not have a known 
additional disease and had visited the emergency 
department for trauma. Local ethics committee approval 
was obtained for the study. Informed written consent was 
obtained from the patients. 

Age, gender, body weight, height, etiology of cirrhosis, 
presence of ascites and / or encephalopathy and presence 
of HCC and laboratory values were screened. In patients 
diagnosed as cirrhosis, Child-Pugh and MELD scoring 
systems were used to assess the severity of the liver disease. 
Clinical and laboratory data were obtained from records 
within 1 week of CT examination. The 1- and 3- year follow-
up results of the patients were obtained from file data. 
Patients were divided into two groups as alive and died 
during 1 and 3 years follow up.  

Computerized tomography examinations were performed 
with multi-section computed tomography (MSCT) devices 
with 16 detectors (Somatom Sensation, Siemens, Erlangen, 
Germany) and 160 detectors (Aquillion Prime, Toshiba 
Medical Systems, Tokyo, Japan). The images were analyzed 
through picture archiving and communication systems 
(PACS). In the CT images obtained in our study, the borders 
of the right and left psoas muscles were drawn in the axial 
sections passing through the middle part of the L3 vertebra. 
The total area of the resulting closed areas was automatically 
calculated to get cross-sectional area of the psoas muscles. 
Our morphometric measurements were calculated similarly 
in the control group of 204 trauma patients. Patients under 
two standard deviations of the mean of the total PMA in the 
control group were determined as sarcopenic (Figures 1 

and 2). 

 
Figure 1. Right (a) and left (b) psoas muscle areas at L3 vertebra level in a 50-year-old non-sarcopenic male patient with cirrhosis. Total 
PMA 2622 mm². 
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Statistical Analysis 

The research data were analyzed with SPSS 22 statistical 
software (SPSS Inc, Chicago, IL). Data were expressed as 
mean ± standard deviation, frequency distribution and 
percentage. Categorical variables were assessed using Chi-
Square and Fisher’s exact tests. The continuous variables 
were tested for normality using the Kolmogorov-Smirnov 
Test. For the statistical correlation between two 
independent groups Mann-Whitney U test was used for 
variables that do not show normal distribution, and 
Student’s T test was used for variables that show normal 
distribution. Statistically, P-values < 0.05 were considered 
significant. 

RESULTS 

The mean age of the patients in the study group was 59.29 
± 11.72 years (20-89 years), and the mean age of healthy 
individuals in the control group was 57.47 ± 14.99 years (21-
94 years). Of the 229 patients included in the study, 140 were 
male (61.1%) and 89 (38.9%) were female. Patient and 
control groups were comparable for age and gender 
(p>0.05). 

Patients under two standard deviations of the mean total 
PMA in the control group were termed as sarcopenic. 
Accordingly, the determined cut-off values and sarcopenic 
patient numbers are presented in Table 1. 

Demographic, clinical features and distribution of laboratory 
findings according to the presence of sarcopenia in patients 
with cirrhosis are presented in Table 2. 

Although there was a statistically significant difference 
between sarcopenic and non-sarcopenic cirrhotic patients 
in terms of Child-Pugh prognostic scoring (p <0.001); there 
was no significant difference for MELD scoring (p > 0.05). 

There was a statistically significant difference between the 
sarcopenic and non-sarcopenic cirrhotic patients in terms of 
1-year and 3-year mortality (p < 0.001 and p < 0.01, 
respectively). The rates of mortality at 1 and 3-year follow-
ups were significantly higher in sarcopenic cirrhotic patients 
(28.6%, 40.7%, respectively) than among non-sarcopenic 
cirrhotic patients (9.4 % vs. 24.6%, respectively). 

DISCUSSION 

Liver cirrhosis is an important cause of mortality in our 
country and diverse regions of the world. The most 
prevalent complications in cirrhosis are ascites, hepatic 
encephalopathy, varicose bleeding, susceptibility to 
infections, kidney dysfunction and HCC [3]. In addition, 
sarcopenia is another frequent complication of cirrhosis, 
which has a negative effect on survival, life quality and 
response to stress, such as infections and surgery [10]. Even 
though sarcopenia is mostly associated with aging, it can 
also result from chronic diseases, malignancy and 

 
Figure 2. Right (a) and left (b) psoas muscle areas at L3 vertebra level in a 52-year-old sarcopenic male patient with cirrhosis. Total PMA 
921 mm² 

Table 1. Sarcopenia Cut-Off Values Determined According to the Control Group and the Frequency of Sarcopenia in the Patient Group 

 
𝑿𝑿� 

(mm) 
-2S 

(mm) 
Cut-off 
(mm) 

Sarcopenic Patient 
n (%) 

Gender     

 Male 2412.9 -976.8 1436.1 51 (36,4) 
 Female 1406.1 -487.6 918.5 40 (44.9) 

TOTAL    91 (39.7) 
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malnutrition, resulting in reduced functional capacity and 
high mortality risk in different patient groups [1,11]. 

Malnutrition is among one of the most important causes of 
sarcopenia in patients with cirrhosis [12]. The prevalence of 
malnutrition in cirrhosis is 65% - 90%, and there are many 
reasons that cause malnutrition, of which low oral intake, 
malabsorption, metabolic abnormalities, increased energy 
requirement, accelerated protein degradation, insufficient 
protein synthesis and hypermetabolism are some of them 
[12]. However, evaluation of malnutrition status in cirrhotic 
patients is difficult due to the impact of hepatic synthetic 
dysfunction and salt\fluid accumulation in the body. Various 
methods have been developed to evaluate malnutrition in 

patients with cirrhosis; however, the shortage in objectivity, 
reproducibility and prognostic success restrict extensive 
implementation of those methods. Today, evaluating 
muscle mass with cross-sectional images acquired by CT or 
magnetic resonance imaging (MRI) is an objective and 
reproducible method for evaluating malnutrition and 
detecting sarcopenia [13]. It has been shown that the muscle 
area obtained from one abdominal section image acquired 
by CT or MRI has a strong correlation with the total body 
skeletal muscle mass measured on whole-body multi-slice 
imaging [14]. Cross-sectional muscle area calculated at the 
L3 level linearly associates with the whole-body muscle 
mass in the presence or absence of malignity, so the L3 
vertebra level has often been used to evaluate muscle mass 

Table 2. Distribution of Some Descriptive, Laboratory and Clinical Features According to the Presence of Sarcopenia in Patients with 
Cirrhosis 

 All patients (n=229) No sarcopenia (n=138) Sarcopenia (n=91) p 
Age (years) 59.29±11.72 (20-89) 57.38±10.88 (23-83) 62.20±12.40 (20-89) 0.002* 

Gender 

 Male 140 (61.1) 89 (64.5) 51 (56.0) 0.199** 

 Female 89 (38.9) 49 (35.5) 40 (44.0)  

BMI (kg/m2) 26.66±4.77 (17.30-44.08) 27.21±4.70 (18.37-44.08) 25.85±4.80 (17.30-38.57) 0.065*** 

Etiology of cirrhosis 

 HBV 86 (37.6) 54 (39.1) 32 (35.2) 

0.564** 

 HCV 68 (29.7) 38 (27.5) 30 (33.0) 
 Cryptogenic 51 (22.3) 30 (21.7) 21 (23.1) 

 Alcoholic 11 (4.8) 9 (6.5) 2 (2.2) 
 PBS 4 (1.7) 3 (2.2) 1 (1.1) 
 Wilson 3 (1.3) 2 (1.4) 1 (1.1) 

 Autoimmune hepatitis 2 (0.9) 1 (0.7) 1 (1.1) 
 Budd-Chiari 1 (0.4) 0 1 (1.1) 

 HDV 1 (0.4) 1 (0.7) 0 
 TBC 1 (0.4) 0 1 (1.1) 
 Congenital hepatic fibrosis 1 (0.4) 0 1 (1.1) 

HCC 48 (21.0) 25 (18.1) 23 (25.3) 0.193** 

Albumin 3.52±0.65 (1.60-5.20) 3.63±0.59 (1.60-4.61) 3.34±0.68 (1.70-5.20) <0.001*** 

Total Bilirubin 1.80±2.34 (0.3-21.6) 1.69±2.02 (0.3-15.9) 1.97±2.75 (0.3-21.6) 0.603*** 

PT 15.54±2.92 (8.1-34.3) 15.43±2.97 (8.1-34.3) 15.71±2.84 (12.1-28.7) 0.355*** 

INR 1.33±0.33 (0.62-3.44) 1.32±0.33 (0.62-3.44) 1.35±0.33 (0.99-3.15) 0.333*** 

Creatinine 0.77±0.46 (0.26-6.21) 0.73±0.22 (0.27-1.40) 0.82±0.68 (0.26-6.21) 0.830*** 

ALT 53.76±54.41 (6-625) 57.03±63.02 (10-625) 48.80±37.60 (6-201) 0.179*** 

AST 66.77±58.29 (17-573) 66.52±59.77 (17-573) 67.15±56.29 (19-380) 0.759*** 

Sodium 137.1±3.9 (111-144) 137.7±2.5 (130-144) 136.1±5.2 (111-144) 0.028*** 

Ascites 
 None 173 (75.5) 119 (86.2) 54 (59.3) 

<0.001**  Mild 37 (16.2) 14 (10.1) 23 (25.3) 
 Moderate to severe 19 (8.3) 5 (3.7) 14 (15.4) 

Encephalopathy 

 None 219 (95.7) 135 (97.8) 84 (92.3) 
0.110**  Grade 1-2 9 (3.9) 3 (2.2) 6 (6.6) 

 Grade 3-4 1 (0.4) 0 1 (1.1) 
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during the assessment of sarcopenia [14-20]. However, 
some studies have also measured the cross-sectional muscle 
area or psoas muscle area at the L4, L3-4 or umbilicus level 
[10,21-24]. Yoshizumi et al. demonstrated that body surface 
area, height, body weight and psoas muscle area at the L3 
level correlate with the total muscle area [25]. Measuring the 
psoas muscle area on CT scan is simple and applicable in 
daily practice. Since muscle evaluation based on the cross-
sectional muscle area is complex and requires special 
software, psoas muscle assessments were initiated and 
found to be related with waiting list mortality and post-
transplant mortality [24,26]. Therefore, in the present study, 
the psoas muscle area was measured at mid-L3 level on CT. 
However, due to differences in race and/or modalities, 
appropriate diagnostic cut-off values have not been 
established for existing methods. Unlike previous studies, 
we used a control group with similar race, age and gender 
distribution in this study to determine sarcopenic patients. 

In our study, sarcopenia was found in 39.7% of cirrhotic 
patients. The prevalence of sarcopenia was found to be 
between 22.2% and 70% in 17 studies [23,27]. Similar to our 
results, Montano-Loza et al. reported that approximately 
40% of cirrhotic patients had sarcopenia [16]. 

Prognostic evaluation is difficult in cirrhotic patients 
because the prognosis of these patients highly varies due to 
various factors, such as liver function capacity, presence and 
degree of portal hypertension, underlying cause of cirrhosis, 
reversibility of the underlying damage process and liver 
cancer formation [28]. Conventional prognostic scoring 
methods used for cirrhotic patients, such as CTP or MELD 
score, have limitations of including subjective data and not 
including extrahepatic prognostic data. In addition to these, 
the absence of malnutrition evaluation is an important 
deficit of those scoring methods. 

In the current study, a statistically significant difference was 
found between patients with cirrhosis and those with and 
without sarcopenia in terms of Child-Pugh prognostic 
scoring; however, no significant difference was found in 
terms of MELD scoring. In some studies, while CTP or MELD 
scores correlate with sarcopenia, there are publications 
reporting that there is no correlation between sarcopenia 
and the CTP or MELD score [15-19]. The reason for that non-
significant difference between sarcopenia and the MELD 
score in our study may be the lower average MELD scores. 

Evaluation of sarcopenia in cirrhotic patients is a new and 
important predictor of survival. Montano-Loza et al. 
demonstrated that sarcopenia is associated with mortality in 
cirrhotic patients [16]. Transplant waiting list mortality was 

higher in patients with sarcopenia compared to those 
without sarcopenia in the study of Tandon et al. [17]. 
Additionally, in the study of Meza-Junco et al. sarcopenia 
was an independent predictor of mortality in patients 
evaluated for liver transplantation [18]. In consistent to the 
literature, in our study, among patients with cirrhosis with 
sarcopenia, the percentage of those who died at the end of 
1 and 3 years of follow-up was significantly higher than that 
of patients without sarcopenia. 

There are some limitations to be mentioned; the most 
important limitation of our study was that the patient 
population was obtained from a single centre and the 
number of patients was small. Another limitation of our 
study was that muscle strength or physical performance 
could not be evaluated due to the retrospective design of 
the study. 

In conclusion, sarcopenia is one of the most common 
complications of cirrhosis and it is associated with increased 
mortality. While liver transplantation is the only treatment 
for cirrhosis, this is not possible in most of the patients. 
That’s why, the management of cirrhotic patients is often 
focused on the prevention and control of complications. The 
results of this study suggest that psoas muscle atrophy 
shown by CT scan image at the level of the mid-L3 vertebra 
has predictive value for mortality in cirrhotic patients. Early 
identification of sarcopenic patients and starting the 
treatment early is vital for long life expectancy, 
improvement in quality of life and reduction of 
complications. Further studies including sarcopenia in 
conventional scores seems to provide better determination 
of mortality in cirrhotic patients. 
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