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Introduction 

The incidence of liver diseases is increasing, and it may be a severe subsequent lifestyle disease [1]. About 

50-90% of patients with cirrhosis can have malnutrition. Managing this malnutrition is vital to facilitate 

clinical outcomes among cirrhotic patients. Sarcopenia is also associated with poor outcomes among patients 

with cirrhosis [2]. The pathogenesis of sarcopenia is multifactorial. Nutritional imbalances need to be treated 

with physical and pharmacological interventions to reverse sarcopenia and to improve their outcomes [3]. 

Despite the great relevance of malnutrition, its diagnosis can be troublesome in patients with cirrhosis and 

may go unrecognized. Sarcopenia in CLD is the most common and frequently unseen complication, has a 

negative impact on quality of life, survival, and response to a stressor, such as infections and surgeries in 

patients with liver cirrhosis [4]. Sarcopenia assessment and intervention for improving performance status 

should be essential in managing patients with liver cirrhosis. The clinical significance of sarcopenia and its 

correlation with the severity of liver disease is little explored in the Indian context. It is easier to acquire 

details among Child A and Child B cirrhotics and knowledge of their nutritional status and severity of liver 

disease can help guide early interventions and patient care. 

 

Aims and Objectives 

1. To assess the nutritional status in patients with Child-Pugh A and B cirrhosis of the liver. 

2. To assess the proportion of sarcopenia in patients with Child-Pugh A and B cirrhosis of the liver. 

3. To study the correlation of sarcopenia with the severity of liver cirrhosis. 

 

Table 1 The sarcopenia-disability cascade [9] 

Term Definition Measurement 

Sarcopenia Loss of muscle mass not because of 

cachexia or peripheral vascular disease 

Dual-energy X-ray absorptiometry 

MRI/CT 

Ultrasound 

Bioelectrical impedance Midarm 

muscle circumference Calf 

circumference 
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Kratopenia Loss of force, i.e., strength Isometric (dynamometry) 

Isotonic 

Dynapenia Loss of power, i.e., force x velocity Walking speed 

  Walking distance 

Stair climbing Jebsen hand function 

Frailty Physical phenotype (fatigue, resistance, 

aerobic, illness, loss of weight) 

CHS (fried) criteria FRAIL 

questionnaire 

Study of osteoporotic fractures criteria 

Canadian (Rockwood) criteria  

Disability Loss of activities of daily living (ADLs) Katz ADLs Barthel index 

Functional index measure 

 

 

Fig 1 Lifestyle factors affecting sarcopenia [12] 
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Fig 2 Factors involved in the Pathophysiology of Sarcopenia [13] 

Table 2 Measurement of muscle mass, strength, and physical performance in research and practice [8] 

Criteria Clinical practice Research 

Muscle mass BIA DEXA 

Anthropometry 

IVNAA CT/MRI DEXA BIA 

Total body potassium 

Ultrasound  

Muscle strength Handgrip strength Handgrip strength 

Knee flexion/extension Peak 

expiratory flow 

Physical performance SPPB 

Gait speed test Get-up-and-go test 

Stair climb power test 

Six-minute walk distance 

SPPB 

Gait speed test Get-up-and-go 

test Sit-to-stand test 

Six-minute walk distance 
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Table 3 Characteristics of techniques for the diagnosis of sarcopenia [29] 
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Materials and Methods 

Materials 

Study design: Cross-sectional study 

Study duration: October 2019 to December 2020 

Study population: 100 

Study Site: Outpatients and inpatients of the Department of Medical Gastroenterology at King George 

Hospital, Andhra Medical College, Visakhapatnam 

 

Inclusion and Exclusion Criteria 

Inclusion criteria 

•All adult patients aged 18 - 65 years evaluated for cirrhosis of the liver and found to have Child-Pugh A and 

B severity 

 

Exclusion criteria 

• Liver Cirrhosis patients with Child Pugh-C 

• Active comorbid disease, e.g., pulmonary, cardiovascular, renal disease (especially hepatorenal syndrome) 
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• Malignancy 

• HIV 

•Hepatic encephalopathy 

• Pregnancy 

• Acute hepatitis 

• Refusal of consent 

 

Methodology 

• Written and informed consent of the patients was taken for the clinical examination and lab investigations. 

We took a detailed clinical history, and a routine physical examination was performed. 

• Blood investigations like Complete blood picture, renal function tests, liver function tests were done for all 

the patients. 

• Assessment of nutritional status by anthropometry 

• Assessment of sarcopenia by Computed tomographic (CT) scan of the abdomen (Psoas muscle thickness 

for height value at L3 vertebra), handgrip strength, and muscle performance 

• Sarcopenia was correlated with the severity of the liver disease. 

 

Anthropometric evaluation 

• Height, weight, mid-arm muscle circumference (MAMC), mid-arm circumference (MAC), and triceps 

skinfold thickness (TST) were measured on the right arm. 

• The triceps skinfold was measured as the mean of three measurements using the skinfold caliper midpoint 

between the acromion and tip of the olecranon. 

• TST <12.5mm for males and <18mm for females [63]. 

• Arm circumference was evaluated at the right arm, at a midpoint between the acromion and tip of the 

olecranon. The patient in the upright position, and the arm flexed at 90 degrees. 

• MAMC was calculated by the formula MAMC (cm) = MAC - [3.14 * TST (cm)].[62] 
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• MAMC values <21.1cm for males and <19.2cm for females were considered as abnormal and patients were 

diagnosed to have malnutrition 

• BMI values < 18.5 kg/m2 were considered abnormal [64] 

 

Assessment of Sarcopenia 

• Muscle mass - L3 Vertebral level CT scan(PMTH) <16.8mm/m is considered as abnormal) [65] 

• PMTH- psoas muscle thickness/patient height - 

 well correlated with Sarcopenia-used in researches. 

 It does not require special software for assessment 

 Digital CT scan images were accessed from the radiology department, CT slice closest to the mid-

L3 vertebrae was selected, and a single observer analyzed all images. 

 Psoas muscle thickness – transverse diameter of psoas muscle (left-right) perpendicular to axial 

diameter 

 Cut-off of PMTH <16.8 mm/m2was taken for sarcopenia. 

• Muscle strength – Handgrip strength (<27kg for men and < 16kg for women) [4] 

• It was done using a Handgrip dynamometer (HGD) 

• The patient sits comfortably on a chair advised to hold the handgrip dynamometer in the dominant hand 

and compress the dynamometer's handle with as much strength as possible. 

• Three readings will be noted with a gap of > 30 sec. The mean of the three recordings was taken into 

consideration. 

• Muscle performance – Gait speed [Baseline gait speed (<0.8m/sec)] [66] 

 

The test was performed with any patient able to walk 4 meters using the instructions below: 

1. Instruct the patient to walk at their average pace. Patients are advised to use an assistive device if needed. 

2. The patient was asked to walk down a hallway through a 1-meter zone - acceleration, a central 4-meter 
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"testing" zone, and a 1-meter zone - deceleration. 

3. The timer started with the first footfall after the 0-meter line of the testing zone. 

4. The timer stopped with the first footfall after the 4-meter line of the testing zone. 

5. SCORING: Gait speed of more than 5 seconds to walk 4 meters (<0.8 m/s) suggests poor muscle 

performance 

 

Severity grading of cirrhosis 

The severity of cirrhosis was graded as per Child-Turcotte Pugh score [67] 

Table 7 Child Turcotte Pugh Scoring System 

Factor 1 point 2 points 3 points 

Total Bilirubin 

(mg/dL) 

< 2 2-3 >3 

Serum albumin 

(mg/dL) 

>3.5 2.8-3.5 <2.8 

PT INR <1.7 1.71-2.3 >2.3 

Ascites None Mild (or suppressed 

with medication) 

Moderate to Severe (or 

 refractory) 

Hepaticencephalopathy None Grade I-II Grade III-IV 

 Class A Class B Class C 

Total Points 5-6 7-9 10-15 

1-year survival 100% 80% 45% 

2-year survival 85% 60% 35% 

 

The MELD score [68] has also been shown to predict survival in patients with cirrhosis. The estimated 3 

month mortality based on MELD score is as follows. 

MELD = 3.78×ln[serum bilirubin (mg/dL)] + 11.2×ln[INR] + 9.57×ln[serum creatinine (mg/dL)] + 6.43 

Meld Score Mortality 

40   71.3% mortality 

30-39   52.6% mortality 

20-29   19.6% mortality 
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10-19   6.0% mortality 

9 or less 1.9% mortality 

 

Ethical Justification 

• Institutional ethics committee approval was taken for the study (Approval no: 184/IEC AMC/DEC/2020). 

 • This study involved clinical evaluation, routine lab investigations, ultrasound of the abdomen, upper 

gastrointestinal endoscopy, and CT scan of patients. 

• All patients were given the standard of care with no changes in therapy. 

• Patients were included in the study after informed consent and had the right to opt- out at any time without 

giving any reason. 

• We conducted this study considering the Helsinki Declaration of Human Rights; the most important factors 

taken into account were the well-being and safety of patients. 

 

Statistical Analysis 

• The data were entered into a Microsoft Excel worksheet (Office 2016 Professional for Windows; Microsoft) 

and IBM Statistical Package for the Social Sciences (SPSS) for Windows [version 20, Professional] (IBM 

Corp., Armonk, NY, USA) was used for analysis. 

• Descriptive statistics are presented in frequency, percentages, mean, standard deviation, median, and 

quartiles. 

• When the data was following the normal distribution, a parametric test like an independent sample t-test 

was used to compare the means between the two groups. 

• Pearson correlation test was used to find the correlation between sarcopenia and severity of the liver disease. 

• Results are graphically represented where deemed necessary. 

• A p-value of < 0.05 was considered to be statistically significant. 
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Results 

A total of 100 consecutive patients with cirrhosis of the liver were enrolled over 15 months in this prospective 

study. The detailed characteristics and outcomes of patients are mentioned below. 

 

Table 8 General characteristics of patients (n=100) 

Parameter  Result 

Age in years, Mean (Range)  47.9(18-65) 

Gender % Male 69 

Female 31 

Ascites % Present 50 

Absent 50 

 

Note: Since the number of patients is 100, I have refrained from quoting numbers with percentages. As the numbers 

and percentage, both will be the same wherever appropriate number is mentioned with percentage. 

In the present study, the age of patients ranged from 18 to 65 years. The mean ± standard deviation age of 

the patients was 47.9±11.5 years. The majority of the 34(34%) patients were in the age group of 41-50 years. 

Male predominance was seen in this study, with 69(69%) of patients being males, with a male: female ratio 

of 2.2:1. History of ascites was present in 50% of patients. 

  

Table 9 Distribution of patients according to etiology of cirrhosis (n=100) 

Etiology Number of patients 

Alcohol 51 

Hepatitis B 14 

Hepatitis C 10 

Unknown 12 

NASH 10 

AIH 3  
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The etiology of cirrhosis was alcohol-related cirrhosis in 51% patients, NASH in 10% patients, Hepatitis B 

virus-related cirrhosis in 14% patients, hepatitis C virus-related cirrhosis in 10%, autoimmune hepatitis in 

3%, while it was unknown in 12% of patients. No significant association was seen between various etiologies 

for chronic liver disease and sarcopenia (p=0.655). 

 

Fig 3 Etiology of Cirrhosis 

Table 10 Severity grading of cirrhosis 

Parameter  Number of patients (n=100) Male n(%) Female n (%) 

CTP class CTP class A 41 33(80) 8(20) 

CTP class B 59 36(61) 23(39) 

MELD 

 

score 

<15 72 46(64) 26(36) 

>15 28 23(82) 5(18) 

 

The Child-Turcotte-Pugh (CTP) score was child class A in 41% of patients, while Child class B was in 59% 

of patients. MELD score<15 was seen in 72% of patients. The majority of the males, 23(82%), had MELD 

score > 15. 
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Table 11 Anthropometry parameters of patients 

Variables Minimum Maximum Mean±SD Below normal cut- off(%) 

Triceps skinfold (mm) 10 22 14.1±2.4 46 

MAMC (mm) 11.1 27.3 19.9±3 45 

BMI (kg/m2)
 15.4 31.3 21.4±3.1 33  

 

Anthropometric indicators Triceps skin fold, Mid arm muscle circumference, and Body mass index were 

used for nutrition assessment. Mean±SD of TSF was 14.1±2.4 with the range of 10-22mm. MAMC ranged 

from 11.1-27.3 mm with a mean±SD of 19.9±3. BMI ranged from 15.4-31.3 kg/m2 with a mean±SD of 

21.4±3.1. A total of 46 patients had below normal TSFT. MAMC was below the usual cut-off in 45 patients. 

BMI was low in 33 patients. 

  

Nutritional Assessment 

Table 12 Association of Triceps skinfold thickness with other parameters 

Parameter Triceps skinfold thickness P-value 

Reduced n=46(%) 

Gender Male 17(37) 0.001 

Female 29(63) 

Ascites Present 25(54) 0.42 

Absent 21(46)  

CTP Class A 15(32) 0.11 

Class B 31(68) 

MELD score <15 38(82) 0.03 

>15 8(18) 

The Association of TSFT with gender, alcohol intake, and MELD score was significant(P<0.05). In contrast, 

the association of TSFT with Ascites and CTP score was not significant. 
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Table 13 Association of Mid arm muscle circumference with other parameters 

Parameter MAMC P-value 

Reduced % n=45 

Gender Male 34(76) 0.20 

Female 11(24) 

Ascites Present 17(38) 0.027 

Absent 28(62) 

CTP Class A 22(49) 0.14  

Class B 23(51) 

MELD score <15 33(73) 0.78 

>15 12(27) 

The association of MAMC was significant only with ascites (P<0.05), whereas it was not significant with 

gender, alcohol intake, CTP, and MELD score. 

Table 14 Association of Body Mass Index with other parameters 

Parameter BMI P-value 

Reduced % n=33 

Gender Male 20(61) 0.20 

Female 13(39) 

Ascites Present 17(51.5) 0.83 

Absent 16(48.5) 

CTP Class A 11(33) 0.27 

Class B 22(67) 

MELD score <15 24(73) 0.9 

>15 9(27) 
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The Association of BMI was not significant with any of the above parameters. 

 

Sarcopenia 

Sarcopenia was seen in 27/100(27%) patients in the study population. 

 

Fig 4 Bar diagram for presence of sarcopenia 

 

Table 15 Association of age with sarcopenia 

Variable Sarcopenia Present n=27 Sarcopenia Absent N=73 

Age in years, Mean ±SD 52.77±9.86 46.24±11.75 

 

The mean age of patients with sarcopenia was 52.77±9.86 years and this was significant;p =0.012 
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Table 16 Sarcopenia Assessment parameters 

 

Variables Mean±SD Min Max % abnormal of total patients 

Handgrip strength (kg) 25.8±6.3 11.6 36 31 

Gait Speed (m/sec) 0.87±0.19 0.6 1.3 26 

CT PMTH (mm/m) 17±2.2 13.2 22.1 44 

 

The handgrip strength was abnormal in 31/100 (31%) patients. Gait speed was reduced in 26/100 (26%) 

patients, and CT PMTH was abnormal in 44 patients. The mean of handgrip strength was 25.8±6.3 kg, the 

mean of Gait speed was 0.87±0.19 m/sec, and the mean of CT PMTH was 17±2.2 mm/m. 

 

Table 17 Association of gender with sarcopenia 

Gender Sarcopenia Present, n (%) Sarcopenia Absent, n (%) 

Females 9 (33.3) 22(30.1) 

Males 18(66.7) 51(69.9) 

 

In females, sarcopenia was present in 9/31(33.3%) patients, while in males, sarcopenia was seen in 

18/69(66.7%) patients, with no significant association between gender and sarcopenia with p= 0.759. 
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Fig 5 Bar diagram for association of gender with sarcopenia 

 

Table 18 Association of etiology with sarcopenia 

Etiology Sarcopenia Present, n (%) Sarcopenia Absent, n (%) 

Alcohol 16(59.3) 35(47.9) 

Hepatitis B virus 2(7.4) 12(16.4) 

Hepatitis C virus 3(11.1) 7(9.6) 

Autoimmune hepatitis 0 3(4.1) 

NASH 2(7.4) 8(11) 

Unknown 4(14.8) 8(11) 

The proportion of sarcopenia in patients with alcohol intake was 16(59.3%), in HBV+ patients was 2(7.4%), 

HCV+ patients were 3(11.1%), NASH related patients was 2(7.4%), and with unknown etiology patients was 

4(14.8%). None of the patients with AIH had sarcopenia. 
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Table 19 Association of ascites with sarcopenia 

Ascites Sarcopenia Present, n (%) Sarcopenia Absent, n (%) 

Present 21(77.8) 29(39.7) 

Absent 6(22.2) 44(60.3) 

In patients with ascites, 21(77.8%) patients had sarcopenia. In patients without ascites, sarcopenia was seen 

in 6(22.2%) patients. Presence of ascites was significantly associated with sarcopenia with p=0.001. 

 

Table 20 Association of Child-Turcotte-Pugh class with sarcopenia 

CTP Sarcopenia Present, n (%) Sarcopenia Absent, n (%) 

A 4(14.8) 27(50.7) 

B 23(85.2) 36(49.3) 

In CTP class A, 4(14.8%) patients had sarcopenia. In CTP class B, sarcopenia was seen in 23(85.2%) patients. 

There was a significant association seen between Child- Turcotte-Pugh class and sarcopenia with p=0.001. 

 

 

Fig 6 Bar diagram for association of Child-Turcotte-Pugh class with sarcopenia 
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Table 21 Association of MELD Score with sarcopenia 

MELD Score Sarcopenia Present, n (%) Sarcopenia Absent, n (%) 

< 15 15(55.6) 57(78.1) 

> 15 12(44.4) 16(21.9) 

In patients with a MELD score of <15, sarcopenia was seen in 15(55.6%) patients, and 12(44.4%) patients 

had sarcopenia with MELD >15. There was a significant association seen between MELD score and 

sarcopenia with p = 0.026. 

 

 

Fig 7 Bar diagram for association of MELD score with sarcopenia 

Handgrip Strength 

Table 22 Association of Handgrip Strength grading with sarcopenia 

HGS grading Sarcopenia Present, n (%) Sarcopenia Absent, n (%) 

Reduced 27(100) 4(5.5) 

Normal 0 69(94.5) 
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The handgrip strength was reduced in 27(100%) patients with sarcopenia. Handgrip strength was 

significantly associated with sarcopenia p=0.001. 

  

ROC of Handgrip Strength grading with sarcopenia 

The ROC curve of handgrip strength for predicting sarcopenia had an area under the curve of 0.85 (excellent) 

with a cut-off of 27kg. It showed a sensitivity of 64% and a specificity of 100%. 

 

Fig 8 ROC curve of handgrip strength for predicting sarcopenia 

 

Table 23 Association of Child-Turcotte-Pugh class with Handgrip strength 

CTP HGS n (%)  

Reduced 

HGS n (%) 

Normal 

A 5(16.1) 36(52.2) 

B 26(83.9) 33(47.8) 

The handgrip strength was reduced in 5(16.1%) patients of CTP class A and 26(83.9%) patients with CTP 

class B. There was a significant association between Child-Turcotte-Pugh class and handgrip strength in 

chronic liver disease patients with p=0.001. 
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Fig 9 Bar diagram for association of Child-Turcotte-Pugh class with handgrip strength grading 

 

Table 24 Correlation of Hand Grip Strength with MELD score, triceps skinfold thickness, mid-arm muscle 

circumference, Body Mass Index, Gait Speed, and Psoas Muscle thickness per height Measured with 

Computed Tomography 

  MELD TSFT MAMC BMI Gait speed CTPMTH 

HGS R-value -0.170 -0.188 0.260** 0.373 0.561 0.843 

P value 0.091 0.062 0.009 0.000 0.000 0.000 

A significant correlation was seen between Handgrip strength and MAMC, BMI, Gait Speed, and CT PMTH 

(p<0.05) 

Gait Speed 

Table 25 Association of Gait speed with sarcopenia 

Gait speed (m/sec) Sarcopenia Present, n (%) Sarcopenia Absent, n (%) 

< 0.8 18(66.7) 8(11) 

> 0.8 9(33.3) 65(89) 



Dr Panchalingappa Betageri, MAR Gastroenterology (2024) 3:7 Page 21 of 44 

Dr Panchalingappa Betageri, (2024). Assessment of Nutritional Status and Sarcopenia in Child Pugh A and B 

Cirrhosis Patients and Correlating Sarcopenia with Severity of Liver Cirrhosis. MAR Gastroenterology. 3:7. 

 

 

 

Gait speed was reduced in 18(66.7%) patients with sarcopenia. Gait Speed was significantly associated with 

sarcopenia p=0.001. 

 

Fig 10 Bar diagram for association of Gait speed with sarcopenia 

  

ROC of GS grade with sarcopenia 

The ROC curve of gait speed for predicting sarcopenia had an area under the curve of 0.75 (acceptable) with 

a cut-off of 0.75 m/sec and showed a sensitivity of 89% and specificity of 67%. 



Dr Panchalingappa Betageri, MAR Gastroenterology (2024) 3:7 Page 22 of 44 

Dr Panchalingappa Betageri, (2024). Assessment of Nutritional Status and Sarcopenia in Child Pugh A and B 

Cirrhosis Patients and Correlating Sarcopenia with Severity of Liver Cirrhosis. MAR Gastroenterology. 3:7. 

 

 

 

 

Fig 11 ROC curve of gait speed grade for predicting sarcopenia 

 

Table 26 Association of Child-Turcotte-Pugh class with Gait Speed 

CTP Gait speed, n (%) Reduced Gait speed, n (%) Normal 

A 6(23.1) 35(47.3) 

B 20(76.9) 39(52.7) 

Gait speed was reduced in 6(23.1%) patients of CTP class A and 20(76.9%) patients with CTP class B. There 

was a significant association between Child-Turcotte-Pugh class and gait speed in chronic liver disease 

patients with p=0.031. 

  

Table 27 Correlation of Gait Speed with MELD score, triceps skinfold thickness, mid-arm muscle 

circumference, Body Mass Index, handgrip strength, and Psoas Muscle thickness per height Measured with 

Computed Tomography 

  MELD TSFT MAMC BMI HGS CT 

PMTH 

GAITSPEED R- 

value 

-0.222 -0.142 0.245 0.222 0.561 0.497 

P 

value 

0.027 0.160 0.014 0.027 0.000 0.000 

 



Dr Panchalingappa Betageri, MAR Gastroenterology (2024) 3:7 Page 23 of 44 

Dr Panchalingappa Betageri, (2024). Assessment of Nutritional Status and Sarcopenia in Child Pugh A and B 

Cirrhosis Patients and Correlating Sarcopenia with Severity of Liver Cirrhosis. MAR Gastroenterology. 3:7. 

 

 

 

A significant correlation was seen between Gait speed and MELD score, MAMC, BMI, HGS, and CT PMTH 

(p<0.05). 

 

CT PMTH 

Table 28 Association of CT psoas muscle thickness per height with sarcopenia 

CT PMTH Sarcopenia Present, n (%) Sarcopenia Absent, n (%) 

<16.8mm 27(100) 17(23.3) 

>16.8mm 0 56(76.7)  

CT PMTH was reduced in 27(100%) patients with sarcopenia. There was a significant association between 

psoas muscle thickness per height and sarcopenia with p=0.001. 

 

ROC of CT PMTH with Sarcopenia 

The ROC curve of psoas muscle thickness per height measured with CT for predicting sarcopenia had an 

area under the curve of 0.89 (excellent) with a cut-off of 16.52mm. It showed a sensitivity of 75% and a 

specificity of 100%. 

 

Fig 12 ROC curve of psoas muscle thickness per height measured with CT for predicting sarcopenia 
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Table 29 Association of CTP class with CT psoas muscle thickness per height 

CTP PMTH n (%) Reduced PMTH n (%) Normal 

A 9(20.5) 32(57.1) 

B 35(79.5) 24(42.9) 

PMTH was reduced in 9(20.5%) of CTP class A and 35(79.5%) with CTP class B. There was a significant 

association seen between Child-Turcotte-Pugh class and CT psoas muscle thickness per height in chronic 

liver disease patients with p=0.001. 

 

 

Fig 13 Bar diagram for association of Child-Turcotte-Pugh class with CT psoas muscle thickness per height 

 

Table 30 Correlation of Psoas Muscle thickness per height Measured with Computed Tomography with 

MELD score, triceps skinfold thickness, mid-arm muscle circumference, Body Mass Index, handgrip 

strength, and Gait Speed 
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  MELD TSFT MAMC BMI HGS Gait speed 

CTPMTH R- value -0.191 -0.222* 0.238* 0.412** 0.843** 0.497** 

P value 0.056 0.026 0.017 0.000 0.000 0.000 

There was a significant correlation of CT PMTH with TSFT, MAMC, BMI, HGS, and Gait Speed (p<0.05). 

 

Discussion 

Sarcopenia is defined as reduced skeletal muscle strength, mass, and function that often occurs in cirrhotic 

patients [4]. It is associated with increased mortality, a higher rate of complications and poorer outcomes in 

patients with hepatocellular carcinoma. 

Nutritional status in patients with Child-Pugh A and B cirrhosis was assessed in this study. We also studied 

the proportion of sarcopenia in patients with Child-Pugh A and B cirrhosis of the liver and the correlation of 

sarcopenia with the severity of liver cirrhosis. 

 

General characteristics of patients 

The outcomes of 100 patients were studied. The Mean age of patients studied was 47.9±11.5 years with a 

range of 18-65 years. The majority of the 34(34%) patients were in the age group of 41-50 years. This means 

that the commonest group of individuals affected are those who were in their prime working life. Male 

predominance was seen in this study, with 69(69%) of patients being males, with a male: female ratio of 

2.2:1. The mean ± SD of BMI was 21.4±3.1 kg/m2. The results are almost similar to those seen across the 

world. 

Table 31 Demographic characteristics of different studies 

Study Mean age (years) Males 

Dae Hoe Gu et al., 2018 [41] 53.6 76.4% 

Tae Yeob Kim et al., 2014 [70] 55 63.1% 

Hari et al, 2019 [71] 63 52% 
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Durand et al, 2014 [65] 53 80.9% 

Hou et al., 2020 [72] 62.6 51.4% 

Present study 47.9 69% 

 

Distribution of patients concerning etiology of cirrhosis 

The etiology of cirrhosis was alcohol-related cirrhosis in 51% of patients; NASH in 10% of patients; Hepatitis 

B virus-related cirrhosis in 14% of patients; hepatitis C virus- related cirrhosis in 10%; autoimmune hepatitis 

in 3%. In comparison, it was unknown in 12% of patients. There was no significant association between the 

various etiologies for chronic liver disease and sarcopenia (p=0.655). 

 

Table 32 Etiology of patient population across different studies 

Study Patient Population Etiology 

Dae Hoe Gu et al., 2018 

[41] 

Cirrhotic 49.9% Alcoholic liver disease 

41% Chronic viral hepatitis 

Tae Yeob Kim et al., 

2014 [70] 

Cirrhotic Cirrhosis 

56.9% alcohol 

26.1% viral 

9.3% mixed 

7.7% other 

Hari et al., 2019 [71] Cirrhotic 67% alcohol 

15% NAFLD 

18% other 

Durand et al., 2014 

[65] 

End-stage liver disease 42% alcohol 

15% HBV, 30% HCV 

5% biliary disease 

8% others 

Hou et al., 2020 [72] Cirrhotic 38.3% viral 

15.9% alcohol 

8.4% autoimmune 

37.5% other 
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Present study Cirrhotic 51% Alcohol 

24% Viral 

10% NASH 

3% Autoimmune 

12% Unknown 

 

Severity grading of cirrhosis 

CTP and MELD scores have been widely used as prognostic indicators of liver disease in all the studies. The 

Child-Turcotte-Pugh (CTP) score was child class A in 41% of patients, while Child class B was in 59% of 

patients. MELD score<15 was seen in 72% of patients. The majority of the males, 23(82%), had MELD 

score > 15. 

Table 33 Severity grading of cirrhosis (CTP and MELD) across different studies 

Study CTP MELD (Mean) 

Dae Hoe Gu et al., 2018 [41] - 11.4 

Tae Yeob Kim et al., 2014 [70] CP A 4.6 

 

CP B 56.9 

 

CP C 38.5 

12 

Hari et al., 2019 [71] Mean 8±2 15 (Meld Na) 

Durand et al., 2014  [65] - 20 (Meld Na) 

Hou et al., 2020 [72] CP A 41.4 

 

CP B 44.2 

 

CP C 14.3 

11.1 

Kang SH et al., 2018 [55] CP A 47.6 

 

CP B 44.2 

 

CP C 8.2 

9 
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Present study CP A 41 

 

CP B 59 

13.03 

 

Anthropometry parameters 

We used anthropometric indicators, namely triceps skinfold thickness, mid-arm muscle circumference, and 

body mass index, for nutritional assessment. TSFT ranged from 10-22 mm with a mean±SD of 14.1±2.4. 

MAMC ranged from 11.1-27.3 mm with a mean±SD of 19.9±3. BMI ranged from 15.4-31.3 kg/m2 with a 

mean±SD of 21.4±3.1. A total of 46 patients had below normal TSFT (TST <12.5mm for males and <18mm 

for females were considered abnormal). MAMC was below the normal cut-off in 45 patients [MAMC values 

<21.1cm for males and <19.2cm for females were considered abnormal, and patients were diagnosed with 

malnutrition]. BMI was low in 33 % patients [BMI values < 18.5 kg/m2 were considered abnormal]. 

The Association of TSFT with gender, alcohol intake, and MELD score were significant (P<0.05). In 

contrast, the association of TSFT with Ascites and CTP score was not significant. The association of MAMC 

was significant only with ascites (P<0.05), whereas it was not significant with gender, alcohol intake, CTP, 

and MELD score. In contrast, the association of BMI was not significant with any of the above parameters. 

As reported in the literature, patients with sarcopenia can have inadequate nutrients intake and result in 

muscle weakness, limiting physical exercise, and perpetuating the reduction of muscle mass [4]. In a recent 

north Indian study in 2018, the authors studied malnutrition in patients with liver disease. Patients with 

cirrhosis (n = 352), chronic hepatitis (n = 189) and healthy controls (n = 159) were enrolled in study. 

Malnutrition was diagnosed based on a subjective global assessment (SGA) score. According to SGA, 24% 

of patients with chronic hepatitis and 56% of patients with cirrhosis had malnutrition (P = 0.001). The 

prevalence of malnutrition according to MAMC was 12% and according to TST was 31% in chronic hepatitis 

patients [73]. 

 Nunes G et al. in 2017 [74] studied nutritional assessment of CLD patients using anthropometry. A total of 

130 CLD patients (80 men) aged 22-89 years (mean 60 years) were included. Most suffered from alcoholic 

cirrhosis (45%). Hospitalized patients presented more severe disease (P <0.001) and worst nutritional status 

defined by BMI (P =0.002), mid-upper arm circumference (P <0.001), mid-arm muscular circumference (P 

<0.001), triceps skinfold (P =0.07), and subjective global assessment (P<0.001). A third presented 
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deficient/low handgrip strength. Alcohol consumption (P=0.03) and malnutrition detected by BMI (P =0.03), 

mid-upper arm circumference (P=0.001), triceps skinfold (P =0.06), mid-arm muscular circumference 

(P=0.02) were associated with CLD severity. The authors concluded that triceps skinfold is the most efficient 

anthropometric parameter and is associated with mortality. 

A study by Teiusanu A et al. in 2012 [75] studied nutritional Status in Cirrhotic Patients. In a series of 176 

hospitalized patients with cirrhosis, 114 (65%) males, median age 52 years, commonest etiology of liver 

disease was alcohol in 98 (56%) patients. Malnutrition was correlated with the severity of liver disease. The 

mild-moderate malnourished patients were 88% Child B, over 58% with viral etiology. 22% of these patients 

were alcoholics, and 11% had Child C score (p<0.01). In the severely malnourished group, 43% had the 

alcoholic disease, and 31% were Child C classification (p<0.01). Triceps skinfold thickness (mm) and mid-

arm circumference(cm) decreased significantly according to the Child score; a positive correlation was found 

between Triceps skinfold and MAMC with the severity of cirrhosis. 

  

Sarcopenia parameters 

Sarcopenia is seen in about 50% of the patients with liver cirrhosis and common among alcohol-related liver 

disease, ascites, and encephalopathy. The present study as well tried to evaluate these facts. Cirrhotic patients 

underwent abdominal computed tomography (CT) scan, including L3 and umbilical levels, to measure 

transverse psoas muscle thickness per height. 

 

Table 34 Body Composition methods and outcomes of cirrhosis across different studies 

Study No of 

patients 

Mean 

age 

Body Composition 

Methods 

Outcomes 

Tae Yeob Kim 

et al., 2014 [70] 

562 55 CT, L4,  

TPMT/height 

Mortality with TPMT/height  ≥14 mm/m 

was higher than TPMT/height <14 mm/m  

(HR = 5.4, p < 0.001) 

Durand et al., 

2014 

[65] 

65 53 CT at the level of 

umbilicus, 

TPMT/height 

TPMT/height was an  independent 

predictive factor of waiting list mortality 

(HR = 0.87, p = 0.001) 
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Sarcopenia was seen in 27/100(27%) patients in the present study population. The mean age of patients with 

sarcopenia was 52.7±9.8 years. In a South Korean study by Bae EJ et al. in 2017, the rate of sarcopenia 

increased with age (19.2%, 29.1%, and 42.3% among the 20–39, 40–64, and 65 and older age groups, 

respectively). In the 20–39 age group, the prevalence of sarcopenia was higher in men. In the 40–64 age 

group, the prevalence of sarcopenia was higher in women. The overall estimates of the prevalence of 

sarcopenia in the general population were 10% (95% CI: 8-12%) in men and 10% (95% CI: 8-13%) in 

women, respectively. The Sarcopenia prevalence in cirrhosis ranges from 30–70% in previous studies, 

depending on the diagnostic tools utilized and the severity of the liver disease, with a higher prevalence in 

men (61.6%) than in women (36%). 

 

Sarcopenia and etiology 

Severity and etiology of underlying liver disease, age, duration of illness, and comorbidities contribute to the 

sarcopenia severity [76]. Sarcopenia is a well- recognized complication of cirrhosis, and in cases of NASH 

and NAFLD, it can contribute to accelerating liver fibrosis to cirrhosis [77]. In this study, the proportion of 

sarcopenia in patients with alcohol intake was 16(59.3%), in HBV+ patients was 2(7.4%), HCV+ patients 

were 3(11.1%), NASH related patients was 2(7.4%), and with unknown etiology patients was 4(14.8%). 

None of the patients with AIH had sarcopenia. 

 

Table 35 Prevalence of sarcopenia in cirrhosis across different studies 

Study No of 

patients 

Males Prevalence Predictors 

Cruz et al 

 

[78] 

234 157 

 

(67) 

70% (men 76%) - 

DiMartini et al 

[79] 

338 223 

 

(66) 

68% (men 76%, 

 

women 51%) 

80% prevalence in 

alcoholic liver disease vs 31%-

71% in other diseases 80% 

prevalence 

in normal-weight vs 62% in obese 

Hanai et al 

[80] 

130 76 (58) 68% (men 82%, 

 

women 50%) 

Male gender and BMI were 

independent predictors of 

sarcopenia 
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Montano- 

Loza et al [81] 

112 78 (70) 40% (men 50%, 

women 18%) 

Sarcopenia was more frequent in 

men and patients with a low BMI 

Montano- 

Loza et al [82] 

248 169  

(68) 

5% (men 52%,  

women 30%) 

Sarcopenia was more common in 

men, patients with ascites, patients 

with low BMI, and patients with 

higher CTP scores and 

MELD scores 

Tandon et al 

[83] 

142 85 (60) 41% (men 54%,  

women 21%) 

Male sex, CTP class C, and BMI 

were independent 

predictors of sarcopenia. 

 

In our study, among patients with ascites, 21(77.8%) patients had sarcopenia. In patients without ascites, 

sarcopenia was seen in 6 (22.2%) patients. There was a significant association between the presence of ascites 

and sarcopenia with p=0.001. 

  

Association of Child-Turcotte-Pugh and MELD with sarcopenia 

In CTP class A, 4(14.8%) patients had sarcopenia. In CTP class B, sarcopenia was seen in 23(85.2%) patients. 

There was a significant association seen between Child- Turcotte-Pugh class and sarcopenia with p=0.001. 

In patients with a MELD score of <15, sarcopenia was seen in 15(55.6%) patients, and 12(44.4%) patients 

had sarcopenia with MELD >15. There was a significant association seen between MELD score and 

sarcopenia with p = 0.026. 

Despite certain advantages of the MELD and CTP scores, the major limitation of these scores is the lack of 

evaluation of the nutrition and functional status of patients with cirrhosis. However, estimation of the 

nutritional status in patients with cirrhosis is difficult because of fluid collection caused by impaired protein 

synthesis [84]. Therefore, objective assessment of nutritional status needs to be established in cirrhotic 

patients. 

The study by Durand et al [65] showed that the MELD-sarcopenia score, which combines MELD and psoas 

muscle area scores, is superior to that of the MELD score. These findings suggest that sarcopenia is an 

attractive prognostic factor to improve organ allocation in patients with cirrhosis. However, Tandon et al 

noted that the impact of sarcopenia was significant in patients with low MELD scores (<15; P = .02) but not 



Dr Panchalingappa Betageri, MAR Gastroenterology (2024) 3:7 Page 32 of 44 

Dr Panchalingappa Betageri, (2024). Assessment of Nutritional Status and Sarcopenia in Child Pugh A and B 

Cirrhosis Patients and Correlating Sarcopenia with Severity of Liver Cirrhosis. MAR Gastroenterology. 3:7. 

 

 

 

in patients with higher MELD scores (<15; P = .59) [83]. These results are consistent with data from Merli 

et al, who demonstrated that muscle loss was predictive of mortality in CTP class A and CTP class B patients 

but not in patients with CTP class C cirrhosis [85]. Taken together, these results suggest that further validation 

is needed. If validated, clinical trials are warranted to explore whether transplantation in sarcopenic patients 

with lower MELD scores may be superior. 

 Romagna ES et al in 2020, found no correlation between Child-Pugh and MELD severity scores, and 

presence of sarcopenia [86]. Montano-Loza AJ et al, [81] studied 112 patients with cirrhosis who were 

consecutively evaluated for liver transplant and who had a CT scan at the third lumbar (L3) vertebrae were 

selected. Correlations between sarcopenia and MELD and CTP and between sarcopenia were studied. A poor 

correlation between sarcopenia and MELD score (r = 0.04, P .7) and Child–Pugh score (r = 0.01, P .9) was 

observed. Also, there was a poor correlation between sarcopenia and serum albumin (r = -0.02, P .9) and 

serum sodium (r = -0.11, P .2). 

 

Association of Handgrip Strength with sarcopenia and its correlation with other parameters 

The handgrip strength was reduced in 27(100%) patients with sarcopenia [<27kg for men and < 16kg for 

women]. Handgrip strength was significantly associated with sarcopenia p=0.001. The ROC curve of 

handgrip strength for predicting sarcopenia had an area under the curve of 0.85 (excellent) with a cut-off of 

27kg. It showed a sensitivity of 64% and a specificity of 100%. 

The handgrip strength was reduced in 5(16.1%) patients of CTP class A and 26(83.9%) patients with CTP 

class B. There was a significant association between Child-Turcotte-Pugh class and handgrip strength in 

chronic liver disease patients with p=0.001. A significant correlation was seen between handgrip strength 

and MAMC, BMI, Gait Speed, and CT PMTH (p<0.05). 

In a prospective study from North India, the authors showed that compared to MAMC, Handgrip strength 

showed the highest area under curve 0.82 (95% confidence interval (CI) 0.78–0.86, P = 0.001). The authors 

concluded that handgrip strength is an excellent tool to assess the nutrition status in patients with cirrhosis at 

the bedside and  has the highest diagnostic accuracy than other anthropometric tests such as MAMC and TST 

[73]. 
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Association of gait speed with sarcopenia and its correlation with other parameters 

We studied muscle performance in terms of Gait speed, and it was reduced in 18(66.7%) of patients with 

sarcopenia. Gait Speed was significantly associated with sarcopenia p=0.001. The ROC curve of gait speed 

for predicting sarcopenia had an area under the curve of 0.75 (acceptable) with a cut-off of 0.75 m/sec and 

showed a sensitivity of 89% and specificity of 67%. 

Gait speed was reduced in 6(23.1%) patients of CTP class A and 20(76.9%) patients with CTP class B. There 

was a significant association between Child-Turcotte- Pugh class and gait speed in chronic liver disease 

patients with p=0.031. A significant correlation was seen between Gait speed and MELD score, MAMC, 

BMI, HGS, and CT PMTH (p<0.05). 

4-m gait speed – duration <1 min - This test is one of the best predictors of disability, morbidity, mortality, 

and fall risk across various chronic diseases and the elderly [87,88]. It is recommended by the ACSM 

guidelines as a basic test of function before exercise initiation.1 In 373 patients with cirrhosis, gait speed was 

independently associated with hospitalization rate after adjusting for covariates such as MELD and Child-

Pugh score [66]. Mean gait speed was 0.95 m/s with every 0.1 m/s decreases in gait speed associated with a 

22% increase of hospital day stay with significant projected cost implications. Gait speeds of less than 0.6 to 

less than 0.8 m/s have been associated with poor outcomes in older adults [89]. 

  

Association of CT PMTH with sarcopenia and its correlation with other parameters 

CT PMTH was reduced in 27(100%) of patients with Sarcopenia [Cut-off of PMTH <16.8 mm/m2 was taken 

for sarcopenia]. There was a significant association between psoas muscle thickness per height and 

sarcopenia with p=0.001. The ROC curve of psoas muscle thickness per height measured with CT for 

predicting sarcopenia had an area under the curve of 0.89 (excellent) with a cut-off of 16.52mm. It showed 

a sensitivity of 75% and a specificity of 100%. 

PMTH was reduced in 9(20.5%) of CTP class A and 35(79.5%) with CTP class B. There was a significant 

association seen between Child-Turcotte-Pugh class and CT psoas muscle thickness per height in chronic 

liver disease patients with p=0.001. There was a significant correlation of CT PMTH with TSFT, BMI, HGS, 

and Gait Speed (p<0.05). We also found that muscle mass area measured through CT analysis correlated 

with the MAMC at anthropometry. 
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It is vital to measure the dimensions and surface area of the psoas major. It has the great advantage of being 

easily feasible because it does not require special software. Durand et al. [65] also found a significant 

association between transversal psoas muscle thickness normalized to height and mortality on the liver 

transplantation waiting list, independently of MELD. CT scan can identify the highest percentage of 

sarcopenia in cirrhosis. CT scan is the first technique that enables evaluation of the central muscle wasting, 

which might be less affected by sex, physical activity, and water retention. It is essential to recognize that 

the high cost, the possible limited access to the equipment, and the concern in terms of radiation exposure 

may limit the use of this technique for routine clinical practice unless the patient needs to perform a CT scan 

for other purposes. 

A prospective observational study from South Korea in 2018 included 653 cirrhotic patients and studied the 

Clinical usefulness of psoas muscle thickness for the diagnosis of sarcopenia [41]. The average age was 53.6 

± 10.2 years, and 499 patients (76.4%) were men. PMTH correlated well with SMI in both men and women 

(P<0.001). 241 (36.9%) patients met the criteria for SMI-sarcopenia. The best PMTH cut-off values for 

predicting SMI-sarcopenia were 17.3 mm/m in men and 10.4 mm/m in women, and these were defined as 

sex-specific cut-offs of PMTH (SsPMTH). Two hundred thirty (35.2%) patients were diagnosed with 

SsPMTH-sarcopenia, and 280 (44.4%) patients were diagnosed with SnPMTH-sarcopenia [41]. 

The present study corroborates with observations of previous studies that malnutrition is prevalent in patients 

with sarcopenia. There was a significant association seen between sarcopenia and Handgrip Strength, Gait 

Speed, and Psoas Muscle thickness per height measured with Computed Tomography. Sarcopenia represents 

an essential prognostic factor in cirrhotic patients and can assess the advanced liver disease. Hence, it is vital 

to study interventions to improve sarcopenia among cirrhotic patients in well-controlled studies. 

  

Strengths and Limitations 

Strengths 

1. This is a prospective observational study with a large number of cases. 

2. We assessed all possible parameters of anthropometry, including BMI, triceps skinfold thickness, mid-

arm circumference, and mid-arm muscle circumference, to look for nutritional assessment. 

3. Muscle strength is the measure of age-related muscle change. To assess this, we did a CT scan on all 
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patients. In addition to this, we studied Handgrip Strength, Gait Speed, and Psoas Muscle thickness height 

measured with Computed Tomography. 

 

Limitations 

1. The study results are from a single-center, with a noncomparative study design; hence, the findings cannot 

be generalized. 

2. Being a tertiary referral center, the study includes a selected subset of referred patients; thereby, an element 

of referral bias might exist, the results of which may not be generalizable outside of this environment. 

3. There were no interventions and follow-ups due to the limited time frame available during the study tenure. 

Treatment was not part of the study, so further improvement could not be assessed. 

4. Quality of Life was not assessed. 

5. The results perhaps would have improved if we could identify the dietary habits of these patients. 

Nevertheless, we believe that the decent results obtained from this study add to the current pool of existing 

knowledge for future studies in India and across the world. 

  

Conclusion 

Sarcopenia is prevalent in the studied cirrhotic patients causing limitation of activities and increases the risk 

of fall. It was more commonly seen in middle-aged men. The commonest etiology of cirrhosis in sarcopenia 

was alcohol. There was a significant association seen between sarcopenia and Handgrip Strength, Gait Speed, 

and Psoas Muscle thickness height measured with Computed Tomography. There was a significant 

association shown between Child-Turcotte-Pugh class (A and B) and sarcopenia in our study, suggesting 

these patients may need routine surveillanceudy and early treatment to prevent future risk. 

 

Summary 

1. Sarcopenia was predominantly seen in males. 

2. Presence of ascites and high MELD score was significantly seen to be associated with sarcopenia 
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3. Age, handgrip strength, gait speed, Psoas Muscle thickness height measured with Computed Tomography, 

and BMI were significantly associated with sarcopenia. 

4. Middle age to elderly cirrhotic patients need a routine evaluation of gait speed and muscle strength to 

identify those at risk for sarcopenia. 

5. Sarcopenia should be the future focus of clinical screening among Child A and Child B cirrhotic patients. 

 

References 

1. Chopra SM, Misra A, Gulati S, Gupta R. Overweight, obesity and related non- communicable diseases in 

Asian Indian girls and women. Eur J Clin Nutr. 2013 Jul;67(7):688-696. 

2. Praktiknjo M, Clees C, Pigliacelli A, et al. sarcopenia is associated with the development of Acute-on-

Chronic Liver Failure in Decompensated Liver Cirrhosis Receiving Transjugular Intrahepatic Portosystemic 

Shunt. Clin Transl Gastroenterol. 2019;10(4):e00025. 

3. Mazumder N, Rinella M. Editorial: sarcopenia in liver transplantation-our weakest patients may need the 

strongest push. Aliment Pharmacol Ther. 2019;49(8):1100-1101. 

4. Cruz-Jentoft AJ, Bahat G, Bauer J, et al. Sarcopenia: revised European consensus on definition and 

diagnosis [published correction appears in Age Ageing. 2019 Jul 1;48(4):601]. Age Ageing. 2019;48(1):16-

31. 

5. Benjamin J, Shasthry V, Kaal CR, et al. Characterization of body composition and definition of sarcopenia 

in patients with alcoholic cirrhosis: A computed tomography-based study. Liver Int. 2017 Nov;37(11):1668-

1674. 

6. Puri P, Dhiman RK, Taneja S, et al. Nutrition in Chronic Liver Disease: Consensus Statement of the Indian 

National Association for Study of the Liver. J Clin Exp Hepatol. 2021 Jan-Feb;11(1):97-143. 

7. Kim G, Kang SH, Kim MY, Baik SK. Prognostic value of sarcopenia in patients with liver cirrhosis: A 

systematic review and meta-analysis. PLoS One. 2017 Oct 24;12(10):e0186990. 

8. Cruz-Jentoft AJ, Baeyens JP, Bauer JM, et al.; European Working Group on Sarcopenia in Older People. 

Sarcopenia: European consensus on definition and diagnosis: Report of the European Working Group on 

Sarcopenia in Older People. Age Ageing. 2010 Jul;39(4):412-423. 



Dr Panchalingappa Betageri, MAR Gastroenterology (2024) 3:7 Page 37 of 44 

Dr Panchalingappa Betageri, (2024). Assessment of Nutritional Status and Sarcopenia in Child Pugh A and B 

Cirrhosis Patients and Correlating Sarcopenia with Severity of Liver Cirrhosis. MAR Gastroenterology. 3:7. 

 

 

 

9. Morley JE, Abbatecola AM, Argiles JM, et al. Sarcopenia with limited mobility: an international 

consensus. J Am Med Dir Assoc. 2011;12(6):403-409. 

10. Baumgartner, RN.; WD. Sarcopenia and sarcopenic obesity. In: Pathy, MSJ. Editor. Principles and 

Practice of Geriatric Medicine. Vol. 2. United Kingdom: John Wiley and Sons Ltd; 2006. p.909-933. 

11. Rolland YM, Perry HM 3rd, Patrick P, Banks WA, Morley JE. Loss of appendicular muscle mass and 

loss of muscle strength in young postmenopausal women. J Gerontol A Biol Sci Med Sci. 2007 

Mar;62(3):330- 5. 

12. Rom O, Kaisari S, Aizenbud D, Reznick AZ. Lifestyle and sarcopenia-etiology, prevention, and 

treatment. Rambam Maimonides Med J. 2012;3(4):e0024. 

13. Morley JE. Pharmacologic Options for the Treatment of Sarcopenia. Calcif Tissue Int. 2016 

Apr;98(4):319-33. 

14. Purves-Smith FM, Sgarioto N, Hepple RT. Fiber typing in aging muscle. Exerc Sport Sci Rev. 2014 

Apr;42(2):45-52. 

15. Drey M, Krieger B, Sieber CC, Bauer JM, Hettwer S, Bertsch T, DISARCO Group Motoneuron loss is 

associated with sarcopenia. J Am Med Dir Assoc. 2014;15:435–439. 

16. McNeil CJ, Doherty TJ, Stashuk DW, Rice CL. Motor unit number estimates in the tibialis anterior 

muscle of young, old, and very old men. Muscle Nerve.2005;31:461–467. 

17. Guillet C, Auguste P, Mayo W, Kreher P, Gascan H. Ciliary neurotrophic factor is a regulator of muscular 

strength in aging. J Neurosci. 1999;19:1257–1262. 

18. Arking DE, Fallin DM, Fried LP, et al. variation in the ciliary neurotrophic factor gene and muscle 

strength in older Caucasian women. J Am Geriatr Soc. 2006;54:823–826. 

19. Arnold A-S, Egger A, Handschin C. PGC-1a and myokines in the aging muscle—a mini-review. 

Gerontology. 2011;57:37–43. 

20. Lawrenson L, Poole JG, Kim J, Brown C, Patel P, Richardson RS. Vascular and metabolic response to 

isolated small muscle mass exercise: effect of age. Am J Physiol Heart Circ Physiol. 2003;285:H1023–

H1031. 

21. Donato AJ, Uberoi A, Wray DW, Nishiyama S, Lawrenson L, Richardson RS. Differential effects of 

aging on limb blood flow in humans. Am J Physiol Heart Circ Physiol 2006;290:H272–H278. 



Dr Panchalingappa Betageri, MAR Gastroenterology (2024) 3:7 Page 38 of 44 

Dr Panchalingappa Betageri, (2024). Assessment of Nutritional Status and Sarcopenia in Child Pugh A and B 

Cirrhosis Patients and Correlating Sarcopenia with Severity of Liver Cirrhosis. MAR Gastroenterology. 3:7. 

 

 

 

22. Seals DR, Jablonski KL, Donato AJ. Aging and vascular endothelial function in humans. Clin Sci 

2011;120:357–375. 

23. Behnke BJ, Delp MD, Dougherty PJ, Musch TI, Poole DC. Effects of aging on microvascular oxygen 

pressures in rat skeletal muscle. Respir Physiol Neurobiol 2005;146:259–268.  

24. Saunders J, Smith T. Malnutrition: causes and consequences. Clin Med (Lond). 2010;10(6):624-627. 

25. Chapman B, Sinclair M, Gow PJ, Testro AG. Malnutrition in cirrhosis: More food for thought. World J 

Hepatol. 2020;12(11):883-896. 

26. Anand AC. Nutrition and Muscle in Cirrhosis. J Clin Exp Hepatol. 2017;7(4):340-357. 

27. Ebadi M, Bhanji RA, Mazurak VC, Montano-Loza AJ. Sarcopenia in cirrhosis: from pathogenesis to 

interventions. J Gastroenterol. 2019;54(10):845-859. 

28. Lee SY, Ahn S, Kim YJ, et al. Comparison between Dual-Energy X-ray Absorptiometry and Bioelectrical 

Impedance Analyses for Accuracy in Measuring Whole Body Muscle Mass and Appendicular Skeletal 

Muscle Mass. Nutrients. 2018;10(6):738. 

29. Rubbieri G, Mossello E, Di Bari M. Techniques for the diagnosis of sarcopenia. Clin Cases Miner Bone 

Metab. 2014;11(3):181-184. 

30. Morgan MY, Madden AM. The assessment of body composition in patients with cirrhosis. Eur J Nucl 

Med 1996;23:213-225. 

31. Figueiredo FA, Dickson ER, Pasha TM, et al. Utility of standard nutritional parameters in detecting body 

cell mass depletion in patients with end-stage liver disease. Liver Transpl 2000;6:575-581. 

32. Heymsfield SB, Wang Z, Baumgartner RN, et al. Human body composition: advances in models and 

methods. Annu Rev Nutr 1997;17:527-558. 

33. Mijnarends DM, Meijers JM, Halfens RJ, et al. validity and reliability of tools to measure muscle mass, 

strength, and physical performance in community- dwelling older people: a systematic review. J Am Med 

Dir Assoc 2013;14:170- 178. 

34. Strauss BJ, Gibson PR, Stroud DB, et al. Total body dual X-ray absorptiometry is a good measure of both 

fat mass and fat-free mass in liver cirrhosis compared to "gold-standard" techniques. Melbourne Liver Group. 

Ann N Y Acad Sci 2000;904:55-62. 



Dr Panchalingappa Betageri, MAR Gastroenterology (2024) 3:7 Page 39 of 44 

Dr Panchalingappa Betageri, (2024). Assessment of Nutritional Status and Sarcopenia in Child Pugh A and B 

Cirrhosis Patients and Correlating Sarcopenia with Severity of Liver Cirrhosis. MAR Gastroenterology. 3:7. 

 

 

 

35. Kaido T, Ogawa K, Fujimoto Y, et al. impact of sarcopenia on survival in patients undergoing living 

donor liver transplantation. Am J Transplant 2013;13:1549- 1556. 

36. Messina C, Albano D, Gitto S, et al. Body composition with dual-energy X-ray absorptiometry: from 

basics to new tools. Quant Imaging Med Surg. 2020;10(8):1687-1698. 

37. Baumgartner RN, Koehler KM, Gallagher D, et al. Epidemiology of sarcopenia among the elderly in 

New Mexico. Am J Epidemiol 1998;147:755-763. 

38. Woodrow G. Body composition analysis techniques in the aged adult: indications and limitations. Curr 

Opin Clin Nutr Metab Care. 2009;12(1):8–14. 

39. Shen W, Punyanitya M, Wang Z, et al. Total body skeletal muscle and adipose tissue volumes: estimation 

from a single abdominal cross-sectional image. J Appl Physiol (1985) 2004;97:2333-8. 

40. Van Vugt JL, Levolger S, de Bruin RW, et al. Systematic Review and Meta- Analysis of the Impact of 

Computed Tomography-Assessed Skeletal Muscle Mass on Outcome in Patients Awaiting or Undergoing 

Liver Transplantation. Am J Transplant 2016;16:2277-2292. 

41. Gu DH, Kim MY, Seo YS, et al. Clinical usefulness of psoas muscle thickness for the diagnosis of 

sarcopenia in patients with liver cirrhosis. Clin Mol Hepatol. 2018 Sep;24(3):319-330. 

42. Tillquist M, Kutsogiannis DJ, Wischmeyer PE, et al. Bedside ultrasound is a practical and reliable 

measurement tool for assessing quadriceps muscle layer thickness. JPEN J Parenter Enteral Nutr 

2014;38:886-890. 

43. Zenith L, Meena N, Ramadi A, et al. Eight weeks of exercise training increases aerobic capacity and 

muscle mass and reduces fatigue in patients with cirrhosis. Clin Gastroenterol Hepatol. 2014 

Nov;12(11):1920-1926. 

44. Barbat-Artigas S, Rolland Y, Zamboni M, et al. How to assess functional status: a new muscle quality 

index. J Nutr Health Aging 2012;16:67-77. 

45. Cooper C, Fielding R, Visser M, et al. Tools in the assessment of sarcopenia. Calcif Tissue Int. 

2013;93(3):201-210. 

46. Lo JH, U KP, Yiu T, Ong MT, Lee WY. Sarcopenia: Current treatments and new regenerative therapeutic 

approaches. J Orthop Translat. 2020 Apr 30;23:38- 52. 

47. Lang T, Streeper T, Cawthon P, Baldwin K, Taaffe DR, Harris TB. Sarcopenia: etiology, clinical 



Dr Panchalingappa Betageri, MAR Gastroenterology (2024) 3:7 Page 40 of 44 

Dr Panchalingappa Betageri, (2024). Assessment of Nutritional Status and Sarcopenia in Child Pugh A and B 

Cirrhosis Patients and Correlating Sarcopenia with Severity of Liver Cirrhosis. MAR Gastroenterology. 3:7. 

 

 

 

consequences, intervention, and assessment. Osteoporos Int. 2010 Apr;21(4):543-59. 

48. Alvares-da-Silva MR, Reverbel da Silveira T. Comparison between handgrip strength, subjective global 

assessment, and prognostic nutritional index in assessing malnutrition and predicting clinical outcome in 

cirrhotic outpatients. Nutrition 2005;21:113-7. 

49. Huisman EJ, Trip EJ, Siersema PD, et al. Protein-energy malnutrition predicts complications in liver 

cirrhosis. Eur J Gastroenterol Hepatol 2011;23:982-989. 

50. Valero V, 3rd, Amini N, Spolverato G, et al. sarcopenia adversely impacts postoperative complications 

following resection or transplantation in patients with primary liver tumors. J Gastrointest Surg 2015;19:272-

81. 

51. Feldman M, Friedman LS, Brandt LJ. Sleisenger and Fordtran's gastrointestinal and liver disease: 

pathophysiology/diagnosis/management. Philadelphia, PA: Saunders/Elsevier, 2016. 

52. Durand F, Valla D. Assessment of prognosis of cirrhosis. Semin Liver Dis 2008;28:110-22. 

53. Jones CJ, Rikli RE, Beam WC. A 30-s chair-stand test as a measure of lower body strength in community-

residing older adults. Res Q Exerc Sport 1999;70:113-119. 

54. Lolli R, Marchesini G, Bianchi G, et al. Anthropometric assessment of the nutritional status of patients 

with liver cirrhosis in an Italian population. Ital J Gastroenterol 1992;24:429-435. 

55. Kang SH, Jeong WK, Baik SK, Cha SH, Kim MY. Impact of sarcopenia on the prognostic value of 

cirrhosis: going beyond the hepatic venous pressure gradient and MELD score. J Cachexia Sarcopenia 

Muscle. 2018;9(5):860-870. 

56. Antonelli G, Gigante E, Iavarone M, et al. sarcopenia is associated with reduced survival in patients with 

advanced hepatocellular carcinoma undergoing sorafenib treatment. United European Gastroenterol J. 

2018;6(7):1039-1048. 

57. Harimoto N, Shirabe K, Yamashita YI, et al. Sarcopenia as a predictor of prognosis in patients following 

hepatectomy for hepatocellular carcinoma. Br J Surg. 2013 Oct;100(11):1523-1530. 

58. Meza-Junco J, Montano-Loza AJ, Baracos VE, et al. sarcopenia as a prognostic index of nutritional status 

in concurrent cirrhosis and hepatocellular carcinoma. J Clin Gastroenterol 2013; 47: 861–870. 

59. Rizzoli R, Reginster JY, Arnal JF, et al. quality of life in sarcopenia and frailty. Calcif Tissue Int. 

2013;93(2):101-120.  



Dr Panchalingappa Betageri, MAR Gastroenterology (2024) 3:7 Page 41 of 44 

Dr Panchalingappa Betageri, (2024). Assessment of Nutritional Status and Sarcopenia in Child Pugh A and B 

Cirrhosis Patients and Correlating Sarcopenia with Severity of Liver Cirrhosis. MAR Gastroenterology. 3:7. 

 

 

 

60. Tsekoura M, Kastrinis A, Katsoulaki M, Billis E, Gliatis J. Sarcopenia and Its Impact on Quality of Life. 

Adv Exp Med Biol. 2017;987:213-218. 

61. Nipp RD, Fuchs G, El-Jawahri A, et al. Sarcopenia Is Associated with Quality of Life and Depression in 

Patients with Advanced Cancer. Oncologist. 2018;23(1):97-104. 

62. Tandon P, Raman M, Mourtzakis M, Merli M. A practical approach to nutritional screening and 

assessment in cirrhosis. Hepatology. 2017 Mar;65(3):1044- 1057. 

63. Anthropometric Measurements - triceps skinfold thickness [Internet]. [Date Accessed 26 September 

2019]. Available from http://apjcn.nhri.org.tw/server/courses/obesity/ anthro.doc 

64. Girdhar S, Sharma S, Chaudhary A, Bansal P, Satija M. An Epidemiological Study of Overweight and 

Obesity Among Women in an Urban Area of North India. Indian J Community Med. 2016;41(2):154-157. 

65. Durand F, Buyse S, Francoz C, et al. Prognostic value of muscle atrophy in cirrhosis using psoas muscle 

thickness on computed tomography. J Hepatol. 2014 Jun;60(6):1151-1157. 

66. Dunn MA, Josbeno DA, Tevar AD, et al. Frailty as Tested by Gait Speed is an Independent Risk Factor 

for Cirrhosis Complications that Require Hospitalization. Am J Gastroenterol. 2016 Dec;111(12):1768-1775. 

67. Pugh RN, Murray-Lyon IM, Dawson JL, Pietroni MC, Williams R. Transection of the oesophagus for 

bleeding oesophageal varices. Br J Surg. 1973 Aug;60(8):646-649. 

68. Malinchoc M, Kamath PS, Gordon FD, et al. A model to predict poor survival in patients undergoing 

transjugular intrahepatic portosystemic shunts. Hepatology 2000;31:864–871. 

69. Gu DH, Kim MY, Seo YS, et al. Clinical usefulness of psoas muscle thickness for the diagnosis of 

sarcopenia in patients with liver cirrhosis. Clin Mol Hepatol. 2018;24(3):319-330. 

70. Kim TY, Kim MY, Sohn JH, et al. Sarcopenia as a useful predictor for long-term mortality in cirrhotic 

patients with ascites. J Korean Med Sci. 2014 Sep;29(9):1253-1259. 

71. Hari A, Berzigotti A, Štabuc B, Caglevič N. Muscle psoas indices measured by ultrasound in cirrhosis - 

Preliminary evaluation of sarcopenia assessment and prediction of liver decompensation and mortality. Dig 

Liver Dis. 2019 Nov;51(11):1502-1507. 

72. Hou L, Deng Y, Wu H, et al. Low psoas muscle index associates with long-term mortality in cirrhosis: 

construction of a nomogram. Ann Transl Med. 2020 Mar;8(6):358. 



Dr Panchalingappa Betageri, MAR Gastroenterology (2024) 3:7 Page 42 of 44 

Dr Panchalingappa Betageri, (2024). Assessment of Nutritional Status and Sarcopenia in Child Pugh A and B 

Cirrhosis Patients and Correlating Sarcopenia with Severity of Liver Cirrhosis. MAR Gastroenterology. 3:7. 

 

 

 

73. Sharma P, Rauf A, Matin A, Agarwal R, Tyagi P, Arora A. Handgrip Strength as an Important Bed Side 

Tool to Assess Malnutrition in Patient with Liver Disease. J Clin Exp Hepatol. 2017 Mar;7(1):16-22. 

74. Nunes G, Santos CA, Barosa R, Fonseca C, Barata AT, Fonseca J. Outcome and nutritional assessment 

of chronic liver disease patients using anthropometry and subjective global assessment. Arq Gastroenterol. 

2017 Jul- Sept;54(3):225-231. 

75. Teiusanu A, Andrei M, Arbanas T, Nicolaie T, Diculescu M. Nutritional status in cirrhotic patients. 

Maedica (Bucur). 2012 Dec;7(4):284-289. 

76. Periyalwar P, Dasarathy S. Malnutrition in cirrhosis: contribution and consequences of sarcopenia on 

metabolic and clinical responses. Clin Liver Dis. 2012;16:95–131. 

77. Dasarathy S, Merli M. Sarcopenia from mechanism to diagnosis and treatment in liver disease. J Hepatol. 

2016;65(6):1232-1244. 

78. Cruz RJ, Dew MA, Myaskovsky L, et al. Objective radiologic assessment of body composition in patients 

with end-stage liver disease: going beyond the BMI. Transplantation. 2013;95:617-622. 

79. DiMartini A, Cruz RJ, Dew MA, et al. Muscle mass predicts outcomes following liver transplantation. 

Liver Transpl. 2013;19:1172-1180. 

80. Hanai T, Shiraki M, Nishimura K, et al. Sarcopenia impairs prognosis of patients with liver cirrhosis. 

Nutrition. 2015;31:193-199. 

81. Montano-Loza AJ, Meza-Junco J, Prado CM, et al. Muscle wasting is associated with mortality in patients 

with cirrhosis. Clin Gastroenterol Hepatol. 2012;10:166-173 

82. Montano-Loza AJ, Meza-Junco J, Baracos VE, et al. Severe muscle depletion predicts postoperative 

length of stay but is not associated with survival after liver transplantation. Liver Transpl. 2014;20:640-648.  

83. Tandon P, Ney M, Irwin I, et al. Severe muscle depletion in patients on the liver transplant wait list: its 

prevalence and independent prognostic value. Liver Transpl. 2012;18:1209-1216. 

84. Merli M, Giusto M, Gentili F, et al. Nutritional status: its influence on the outcome of patients undergoing 

liver transplantation. Liver Int 2010;30: 208–214. 

85. Merli M, Riggio O, Dally L. Does malnutrition affect survival in cirrhosis? PINC (Policentrica Italiana 

Nutrizione Cirrosi). Hepatology 1996;23: 1041–1046. 



Dr Panchalingappa Betageri, MAR Gastroenterology (2024) 3:7 Page 43 of 44 

Dr Panchalingappa Betageri, (2024). Assessment of Nutritional Status and Sarcopenia in Child Pugh A and B 

Cirrhosis Patients and Correlating Sarcopenia with Severity of Liver Cirrhosis. MAR Gastroenterology. 3:7. 

 

 

 

86. Romagna ES, Appel-da-Silva MC, Suwa E, Maeda FK, Mattos AA, Tovo CV. Muscle depletion in 

cirrhotic patients assessed using computed tomography: a cross-sectional study. Sao Paulo Med J. 2020 

Mar;138(2):152-157. 

87. Verghese J, Holtzer R, Lipton RB, Wang C. Quantitative gait markers and incident fall risk in older 

adults. J Gerontol A Biol Sci Med Sci 2009;64:896– 901. 

88. Viccaro LJ, Perera S, Studenski SA. Is timed up and go better than gait speed in predicting health, 

function, and falls in older adults? J Am Geriatr Soc 2011;59:887–892. 

89. Abellan van Kan G, Rolland Y, Andrieu S, et al. Gait speed at usual pace as a predictor of adverse 

outcomes in community-dwelling older people an International Academy on Nutrition and Aging (IANA) 

Task Force. J Nutr Health Aging 2009;13:881–889. 

 

Medtronic 

https://news.medtronic.com/press-releases

