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Background and study aim: Irrespective 

of etiology, liver cirrhosis together with 

its complications can affect other body 

organs and lead to a great morbidity and 

mortality. In Cirrhotic patients, Sarcopenia 

block normal life activities. Low serum 

testosterone has been reported in up to 

90% of men with liver cirrhosis. This 

study aimed to assess the correlation 

between serum testosterone level and 

sarcopenia in Egyptian male patients with 

liver cirrhosis. 

Patients and Methods: This prospective 

study included sixty cirrhotic males. 

Three groups were designed according to 

Child-Pugh classification. Twenty healthy 

males were included as control group. 

Patients and controls were subjected to 

complete blood picture, liver and kidney 

functions. Serum total & free testosterone 

was analyzed by specific enzyme-linked 

immunosorbent assay (ELISA) kit and 

Skeletal Muscle Index (L3 SMI) was 

assessed by CT scan. 

Results: There was significant decrease in 

serum levels of free and total testosterone in 

cirrhotic patients than controls, with 

lowest levels in child C cirrhotic males (p 

value <0.001). 32 (53.3%) cirrhotic patients 

were sarcopenic  At cutoff point 14.1 ‏.‏

nmol/L total testosterone level has Sensitivity 

91%, Specificity 94% and Accuracy 93.0% 

to predict sarcopenia in cirrhotic males 

with AUC = 0.938. There was significant 

positive correlation between total testosterone 

level and the L3 SMI (r= 0.819, P<0.001). 

In addition, a positive correlation was 

detected between total testosterone and 

hemoglobin (r= 0.668, P<0.001), serum 

Na (r= 0.846, P<0.001) and Platelet count 

(r= 0.904, P<0.001), also negative correlation 

with MELD score (r= - 0.928, P<0.001). 

Conclusion: Significant positive correlation 

between total testosterone level and 

Skeletal Muscle Index (L3 SMI) and low 

testosterone level is associated with 

sarcopenia in cirrhotic males. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

INTRODUCTION 

Cirrhosis is a progressive chronic liver 

disease characterized by diffuse fibrosis, 

severe interruption of the intrahepatic 

venous flow and portal hypertension 

[1].  

Clinical features of hypogonadism like 

gynecomastia, loss of libido and 

infertility are common in cirrhotic male 

patients [2]. In men with cirrhosis the 

more liver disease is severe the more 

testosterone levels decrease [3].  

Sarcopenia, defined as muscle loss 

and dysfunction, is a common feature 

of all chronic inflammatory diseases 

and involves impairment of either the 

contractile, metabolic or endocrine 

functions of skeletal muscle [4]. 

Sarcopenia is an important diagnostic 

lineament of malnutrition, a clinical 

condition that is often challenging to 

objectively define in cirrhotic patients 

[5]. Sarcopenia is common in cirrhotic 

patients and block normal life activities. 

Muscle weakness limits exercise 

capability, can profoundly impact simple 

activities of daily living and may also 

contribute to fatigue. These effects 

impact participation in the community, 

family and workforce. They also suffer 

from muscle cramps which have been 

identified as a major factor affecting 

quality of life [6].   
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Lumbar vertebrae-3 skeletal muscle index (L3 

SMI) was expressed as cross-sectional muscle 

area/height². The cutoff for sarcopenia was based 

on the study of Prado et al., 2008 [7]. It has been 

shown to be of higher accuracy and the most 

commonly employed method in studies 

investigating sarcopenia in cirrhosis [8]. 

Testosterone deficiency has been identified as an 

independent prognostic marker in liver cirrhosis. 

In addition, many clinical sequelae of advanced 

liver disease, as anemia, bone disease, gynecomastia 

and sarcopenia are also found in hypogonadism. 

Therefore, low testosterone levels may contribute 

to at least some of these manifestations [9]. This 

study aimed to assess the correlation between 

serum testosterone level and sarcopenia in 

Egyptian male patients with liver cirrhosis.   

  

  

PATIENTS AND METHODS 

Sixty men with liver cirrhosis were selected from 

inpatient and outpatient clinic of Tropical Medicine 

Department, Menofia University Hospital and the 

Hepatology Department, Al haram Specialized 

Hospital in the period between June 2016 to 

December 2016. Their ages ranged from 33 to 57 

years with a mean age of 46.5±6.53 years. Twenty 

healthy men as a control group of matched age 

were incorporated in the study. 

Two groups were designed including all 

participants: Group I: Included 60 patients with 

liver cirrhosis. They were subdivided according 

to child-Pugh classification into: Group Ia: included 

20 patients with Child-A liver cirrhosis. Group 

Ib: included 20 patients with Child-B. Group Ic: 

included 20 patients with Child-C. Group II: 

included 20 healthy subjects as a control group. 

Patients aged more than70 years, immobilized 

patients, patients with diabetes mellitus, renal 

impairment, hypogonadism, cancer prostate, 

previous or ongoing malignant disease including 

HCC were excluded. Also patients receiving 

medications that influence androgen levels, such 

as high dose opiates, glucocorticoids, or 

antiepileptic, etc. and obese & overweight 

patients were excluded from the study. 

Approved by the local ethics committee of 

Tropical Medicine Department of Faculty of 

Medicine Menoufia University and Hepatology 

Department, Al haram Specialized Hospital; and 

informed consent was taken from each patient to 

provide a blood sample and to review the 

medical record for research purposes. 

All patients and controls were subjected to 

proper and detailed history taking, general and 

local examination. Weight had two measures for 

assessment: objective scale weight (kg) and 

subjective estimation of dry weight. Estimated 

dry weight (kg) was calculated using scale 

weight minus ascites weight based upon severity 

(mild: 5%; moderate: 10%; severe: 15%). And 5% 

was subtracted for bilateral pedal edema. Body 

mass index (BМI) was measured using estimated 

dry weight divided by height² (kg/m²) [5]. 

Laboratory investigations: Complete blood count, 

fasting & 2hour post-prandial blood sugar, serum 

sodium, liver and kidney function tests were 

performed for all patients and controls. MΕLD 

score was calculated for all cirrhotic patients. 

Serological tests for viral markers (HBs Ag and 

HCV Ab by enzyme-linked immune sorbent assay 

and were confirmed by HCV RNA and HBV 

DNA by quantitative PCR. Serum free [10] & total 

testosterone [11] levels were done by ELISA.  

Radiological evaluation was in the form of 

abdominal ultrasonography to evaluate liver, 

spleen, portal vein, the amount of ascites and 

both kidneys. CT scan was done for Para spinal 

skeletal muscle at the level of the 3rd lumbar 

vertebral body (L3 SМI) [7]. The L3-L4 slice 

was selected for the quantitative analysis. Images 

were analyzed using a dedicated workstation 

(Leonardo Syngo; Siemens Medical System, 

Erlangen, Germany) that enabled specific tissue 

demarcation using thresholds of Hounsfield unit 

(HU) which was previously recorded. Skeletal 

muscle tissue was separated by using different 

density thresholds: using the density value from 

+35 HU to +150 HU was used to separate muscle 

tissue from fat and bone tissues [12]. By using a 

special computer software, cross-sectional areas 

(cm²) = tissue pixels × the pixel surface area. The 

skeletal muscle area and intramuscular adipose 

tissue was normalized by divided on height
2
 

(cm²/m²). Sarcopenia was diagnosed if the L3 

Skeletal Muscle Index (SМI) was ≤53 cm² /m² 

for men with BMI ≥25 and if SIM ≤43 cm² /m² 

for men with BМI <25) [13].  

Statistical Analysis 

Data was statistically analyzed using an ΙΒΜ 

compatible personal computer with ЅΡЅЅ statistical 

package version 20 (ЅΡЅЅ Inc. Released 2011. 

ΙΒΜ ЅΡЅЅ statistics for windows, version 20.0, 

Armnok, NY: ΙΒΜ Corp.), and for all the analysis 

a p value <0.05 was considered statistically 

significant.  
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RESULTS 

A total of 60 males with liver cirrhosis and 20 

healthy males as controls were enrolled in this 

study. Child A (GIa) were 20 males. Their ages 

ranged between 40 and 57 years with mean 49.40 

years and BMI ranged between 18.7 and 23.6 

kg/m². Child B (GIb) included 20 males. Their 

ages ranged between 36 and 56 years with mean 

45.70 years and BMI ranged between 17.50 and 

23.20 kg/m². Child C (GIc) included 20 males. 

Their ages ranged between 33 and 52 years with 

mean 44.40 years and BMI ranged between 17.1 

and 23.4 kg/m². Controls (GII) were 20 males. 

Their ages ranged between 38 and 57 years with 

mean 46.80 years and BMI ranged between 18.9 

and 24.9 kg/m². Age (p value <0.075) given that 

the null hypothesis is true but statistical 

significance difference (p value <0.05) between 

the studied groups regarding BMI (using 

estimated dry weight) Table (1).  

In cirrhotic patients, HCV was the etiology of 

cirrhosis in 93.3% of patients and the rest was 

caused by HBV & HCV co-infection. There was 

statistically significant difference between studied 

patients regarding history of hematemesis and/or 

melena, hepatic encephalopathy, edema of the 

lower limb, jaundice and muscle wasting, while 

there was no statistically significant difference as 

regard the presence of palmer erythema (p value 

<0.07) and spider naevi (p value <0.153). 

Gynecomastia, feminine hair distribution and 

abdominal wall hernia were statistically differed 

among studied patients Table (1).  

Regarding the free and total testosterone levels in 

all studied groups, there was significant decrease 

in cirrhotic patients than controls (p value <0.001). 

The mean value of free and total testosterone 

levels in controls (GII) (3.54± 0.86 ng/mL & 

18.68± 2.69 nmol/L respectively) is higher when 

compared with Child A (2.56± 0.66 ng/mL & 

16.13± 2.08 nmol/L) and Child B (1.56± 0.47 

ng/mL & 13.72±2.51 nmol/L) with the lowest 

levels in child-C cirrhotic patients (0.75± 0.15 

ng/mL & 6.21± 2.38 nmol/L) (Table 2).  

In studied groups the L3 skeletal muscle index 

(SMI) was significantly different (p value <0.001). 

It was higher in controls (44.6± 0.79) than in 

cirrhotic patients Child A, B and C (43.3± 0.66, 

42.4± 0.89 and 40.9± 2.26 respectively). The 

presence of sarcopenia was significantly different 

among studied groups. It was not detected in 

controls, and significantly increased with 

increasing child grade from child-A (15%) to 

child-B (55%) and highest in child-C (90%) of 

cirrhotic males (Table 3). 

Receiver operating curve to assess the best cut 

off point of total testosterone level to predict the 

presence of sarcopenia showed that at cutoff 

point 14.1 nmol/L, total testosterone level has 

sensitivity 91%, specificity 94% and accuracy 

93.0% to predict the presence sarcopenia in 

cirrhotic males (Figure 1). 

In cirrhotic males, serum total testosterone level 

showed high significant positive correlation with 

SMI (r= 0.819 and p value <0.001) (Figure 2). 

There was a statistical high significant positive 

correlation between serum total testosterone 

level (p value <0.001) with Body mass index, 

hemoglobin concentration, ALT, Serum albumin, 

serum Na & Platelets. There was high significant 

negative correlation between total testosterone 

and MELD score, INR & bilirubin in cirrhotic 

patients (Table 4 and Figure 3). Significant 

positive correlation (p value <0.001) was found 

between L3 SMI and Serum Na & Platelets in 

cirrhotic males, and significant negative correlation 

(p value <0.001) with MELD score (Table 4).   
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Table (1): Demographic data & General examination 

P 

value 
Test 

GII 

(N=20) 

GIc 

(N=20) 

GIb 

(N=20) 

GIa 

(N=20) 
Studied variables 

0.075  F (2.39) 46.80±5.91 44.40± 6.11 45.70± 6.87 49.40± 5.60 Age  ±SD) 

0.001  F (5.80) 
21.68±1.78 19.36± 1.88 20.00± 2.11 20.27± 1.44 

BMI (kg/m2) 

 ±SD) 

χ‏ 0.001
2 
(43.33)  19 (95%) 11 (55%) 0 (0%) Hepatic encephalopathy 

0.002  χ
2
 (26.47)  16 (80%) 9 (45%) 0 (0%) Muscle wasting 

χ‏ 0.012
2
 (8.88)  7 (35%) 3 (15%) 0 (0%) Gynecomastia 

χ‏ 0.007
2
 (23.75) 

 15 (75%) 9 (45%) 0 (0%) 
Feminine 

hair distribution 

 ±SD); mean ± standard deviation, F; ANOVA (analysis of variance) test of significance, χ
2
; chi 

square test, BMI; Body Mass Index.  

 

 

 
Table (2): Biochemical investigations of studied groups 

P 

value 

Test of 

significance 

GII 

(N=20) 

GIc 

(N=20) 

GIb 

(N=20) 

GIa 

(N=20) Studied variables 

 ±SD  ±SD  ±SD  ±SD 

<0.001 F (176.1) 0.94± 0.1 2.39± 0.30 1.80± 0.22 1.49± 0.13 INR 

<0.001  F (222.51) 4.33±0.21 

 

2.28±0.39 

 

2.98±0.24 

 

3.65±0.15 

 

Serum albumin 

(g/dl) 

 

<0.001  

 

F (622.56) 
0.71± 0.16 3.76± 0.39 2.87± 0.63 0.94± 0.17 

Total bilirubin 

(mg/dl) 

 

<0.001  

F (156.52) 
139.40±1.60 123.10±3.02 129.20±3.30 138.7±1.64 

Serum Na 

(mmol/L) 

<0.001  F (123.82)  22.20± 2.85 14.20± 2.28 11.00± 1.65 MELD score 

 

<0.001  
F (82.95) 3.54± 0.86 0.75± 0.15 1.56± 0.47 2.56± 0.66 

Free testosterone 

(ng/dl) 

 

<0.001  
F (98.09) 18.68± 2.69 6.21± 2.38 13.72±2.51 16.13± 2.08 

Total testosterone 

(nmol/L) 

 ±SD); mean ± standard deviation, F; ANOVA (analysis of variance) test of significance, INR; international 

normalized ratio, MELD; Model for End-Stage Liver Disease. 

 
 

 

 

Table (3): L3 Skeletal muscle index (SMI) & Sarcopenia in studied groups (No=80) 

P 

value 

Test of 

significance 

GII 

(N=20) 

GIc 

(N=20) 

GIb 

(N=20) 

GIa 

(N=20) Studied 

variables 
 ±SD  ±SD  ±SD  ±SD 

 

<0.001  
F (27.31) 

44.6± 0.79 

43.5-46.2 

40.9± 2.26 

37.8- 44.6 

42.4± 0.89 

40.6- 43.6 

43.3± 0.66 

41.8-43.9 
SMI (cm

2
/m

2
) 

range 

 

0.001  
χ

2 
(41.25)

 % No. % No. % No. % No. 
Sarcopenia 

 3‏15 11 55 18‏90 0‏0

 ±SD; mean ± standard deviation, SMI; Skeletal muscle index, F; ANOVA (analysis of variance) test of 

significance, χ2; chi square test  
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Cutoff point 

of total 

testosterone 

AUC Sensitivity Specificity Accuracy 

Positive 
predictive 

value (PPV) 

Negative 

Predictive 

value (NPV) 

14.1 nmol/L 0.938 91% 94% 93.0% 91.0% 94.0% 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. (1) : ROC curve of total testosterone level to predict sarcopenia in cirrhotic males 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. (2) : Correlation between total testosterone level and SMI in cirrhotic males 
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Table (4): Correlation between total testosterone level & SMI and other studied parameters among 

cirrhotic males 

Studied variables 
Total testosterone level 

(r) p value 

BMI 0.536 <0.001  

Hb 0.668 <0.001  

MELD score -0.928 <0.001  

INR -0.853 <0.001  

ALT 0.848 <0.001  

Serum albumin 0.848 <0.001  

Total bilirubin -0.795 <0.001  

Serum Na 0.846 <0.001  

Platelet count 0.904 <0.001  

 Skeletal muscle index (SMI) 

MELD score -0.698 <0.001  

Serum Na 0.630 <0.001  

Platelet count 0.705 <0.001  

BMI; Body Mass Index, Hb; hemoglobin concentration, MELD; The Model for End-Stage Liver Disease, INR; 

international normalized ratio, ALT; alanine aminotransferase, Na; serum sodium.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. (3) (a&b): Correlation between total testosterone level 

and MELD score & serum sodium in cirrhotic males 
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DISCUSSION 

Cirrhosis is considered as an increasing cause of 

morbidity and mortality in developed countries 

[14]. Cirrhotic males have clinical features of 

hypogonadism including gynecomastia, loss of 

libido and infertility while females may experience 

amenorrhea or oligomenorrhea [15].  

A decreased testosterone level has been detected 

in up to 90% of males with liver cirrhosis [16]. It 

is blamed to cause many of the clinical features 

of end stage liver disease in males, including 

altered body hair distribution, fatigue and impaired 

sexual function [17].  

In this study there was significant difference (p 

value <0.001) between cirrhotic groups regarding 

feminine hair distribution. This agreed with Yee 

and Lidofsky [18] and also with De Bruyn and 

Graviss [19] who reported that examination of 

cirrhotic patients may show diminished or 

feminine distribution of body hair.  

Our study revealed that there was statistical 

significant increase (p value <0.001) in both free 

and total testosterone levels in controls when 

compared with cirrhotic males. In addition there 

was significant decrease in free and total 

testosterone levels with increasing Child Pugh 

scores. These results agreed with Yurci et al. [20] 

who reported that in cirrhotic patients, low 

plasma testosterone levels was correlated with 

Child Pugh scores and express the severity of 

liver damage. Southren et al. [21] as well proved 

decreased plasma level and production rate of 

testosterone in cirrhotic males and that the 

mechanism is probably resulting from suppression 

of hypothalamic/pituitary function rather than 

testicular atrophy. 

Sarcopenia is one of the commonest complications 

of cirrhosis and can contribute significantly to 

morbidity and mortality in patients with liver 

cirrhosis [22]. It is defined as a muscle mass two 

standard deviations below the healthy young 

adult mean. The L3 Skeletal Muscle Index (SMI) 

was expressed as cross-sectional muscle area/ 

height² [23]. We measured BMI by using estimated 

dry weight divided by height² (kg/m2) [5]. The 

calculated BMI for all cirrhotic males was <25, 

at the same time we selected the controls with 

BMI <25 so we used L3 SMI≤43 cm2 /m2 as a 

cut off for detection of sarcopenia. This cutoff 

was also used by krell et al. [24] based on a CT-

based study in patients with solid tumors. In our 

study there was high statistical significant 

difference (p value <0.001) among studied 

groups regarding SMI with the lowest level in 

child-C cirrhotic patients.  

Sarcopenia was significantly different among 

studied groups in our study. It was not detected 

in control group, and significantly increased with 

increasing child grade from A to B and highest in 

child-C cirrhotic patients. The present study 

revealed that, sarcopenia was detected in 53.3% 

of cirrhotic patients (32 out of 60 patients). 

Cross-sectional imaging studies revealed that 

among patients with cirrhosis sarcopenia can be 

detected in 30%-70% [25].  

Many factors were reported to contribute to 

development of sarcopenia in cirrhosis, including 

elevated inflammatory mediators, malnutrition, 

reduced insulin-like growth factor-1 [26] and 

breakdown of muscle protein for energy use 

because of low hepatic glycogen synthesis and 

storage [27].  

In this research we found that at cutoff point 14.1 

nmol/L, total testosterone has sensitivity 91%, 

specificity 94% and accuracy 93% to predict 

sarcopenia in men with liver cirrhosis. Tandon et 

al. [28] has reported that male sarcopenic 

patients had lower total testosterone levels than 

non-sarcopenic patients (15±1 nmol/L versus 

22±1.2, P= 0.005) & low testosterone levels (OR 

0.95, 95% CI 0.91-0.99, P= 0.02) were associated 

with sarcopenia by multivariate regression analysis.  

The current study demonstrated that there was 

significant positive correlation between serum 

total testosterone and SMI (r =0.819, P<0.001) in 

agreement with Sinclair et al. [3] who reported 

that muscle mass was positively associated with 

serum total testosterone levels (tau 0.13, P = 0.02). 

Also we detected a significant positive correlation 

between serum total testosterone and hemoglobin 

concentration, serum albumin & serum sodium 

in cirrhotic patients. These results were in 

agreement with those reported by Sinclair et al. 

[29] who detected a positive association between 

total testosterone and hemoglobin concentration 

(P<0.001), serum sodium and albumin. Exogenous 

testosterone administration increases erythropoiesis, 

and predispose to polycythaemia thus, this 

relationship could plausibly be a causal one [30].  

We found significant positive correlation between 

serum total testosterone and platelets (r =0.904, 

P<0.001). However Sinclair et al. [29] demonstrated 

non-significant correlations between total 

testosterone levels and platelet count. The 
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present study revealed that, there was high 

significant negative correlation between total 

testosterone and MELD score (r -0.928, 

P<0.001), INR (r -0.853, P<0.001) & Bilirubin (r 

-0.795, P<0.001). This result agreed with Sinclair 

et al. [3] and Sinclair et al. [29].  

We found that SMI positively correlated with 

serum Na (r 0.630, P<0.001) in agreement with 

Sinclair et al. [3] who found a positive correlation 

between muscle mass & serum sodium (tau 0.18, 

P= 0.002). Also we found a positive association 

between SMI and Serum albumin (r 0.681, 

P<0.001), and a significant negative correlation 

between SMI and MELD score (r -0.698, 

P<0.001). This result agreed with Sinclair et al., 

[3] who reported that (SMI) muscle mass 

negatively correlated with MELD score (tau 

0.16, P= 0.007). On the other hand Montano loza 

et al [8] reported a poor correlation between 

sarcopenia and serum sodium (r= 0.11, P= 0.2), 

serum albumin (r 0.02, P=0.9) and MELD score 

(r= 0.04, P= 0.7). This disagreement may be due 

to difference in L3 SMI cutoff used in diagnosis 

of sarcopenia, as they depend on L3 SMI, ≤52.4 

cm2/m2 for men whatever their body mass 

index.  

CONCLUSION 

Our data demonstrated that serum levels of free 

and total testosterone were significantly lower in 

cirrhotic males than controls, with the lowest 

levels in child С cirrhotic patients. Additionally, 

serum testosterone level positively correlated 

with The L3 Skeletal Muscle Index (SMI) and the 

presence of sarcopenia in male patients with liver 

cirrhosis, with negative correlation with severity 

of liver cirrhosis as assessed by MELD score. 
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