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Background: -Protein energy malnutrition (PEM) is a recognized 
complication in patients with liver cirrhosis; most randomized studies 

have shown a significant increase in morbidity and mortality in 

relation to its severity. Yet, there is no gold standard method for 

nutritional assessment of these patients up till now. 

Aim of the work: - the aim of this study is to assess the efficacy of 

hand grip strength as a nutritional assessment tool and its sensitivity 

and specificity in detecting PEM.  

Methods: -This is a case control study that was designed to analyze 

data from 78 Egyptian patients with CHILD C liver cirrhosis. 

Subjective global assessment (SGA), anthropometric tools, hand grip 

strength (HGS) were used to assess the nutritional status of these 
patients. It also included 50 healthy volunteers with matched age, 

gender and area of residence. 

Results: - Severe PEM was prevalent among the patients; HGS was 

highly correlated to the degree of malnutrition (p-value = 0.008). ROC 

curve analysis showed a criterion of 17.6 with specificity 90% and 

sensitivity of 60 %. 

Conclusion:- PEM is prevalent among patients with cirrhosis. 

Nutritional assessment in decompensated patients remains a challenge 

for clinicians. HGS is a simple, bed side tool that can be used to assess 

the muscle status and can be used in a complementary manner with 

other methods for proper assessment of the patients. 

   
                  Copy Right, IJAR, 2016,. All rights reserved.

…………………………………………………………………………………………………….... 

Introduction:- 
Protein energy malnutrition (PEM) is a common complication among patients with liver cirrhosis (1); most 

randomized studies have shown a significant increase in morbidity and mortality in relation to its severity(2). PEM is 

found in a bout 60-90% and 20% of decompensated and compensated liver cirrhosis respectively (3)
.In liver 

transplantation, PEM has been reported in almost 100% of patients prior to transplantation (4)
. Malnourishment was 

found to be an independent risk factor for morbidity and mortality in recipients following liver transplantation (5)
. 

Nutritional assessment of patients with liver cirrhosis has its limitations; this is due to the fact that conventional 

methods used for assessment of malnutrition are not useful in cirrhotic patients (6)
. For example, body mass index 

(BMI) is not a reliable method in such patients due to the presence of ascites and edema that will cause an increase 

the measured weight; whereas the lean body mass might actually be reduced 
(6)

. Also, some of the commonly used 
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laboratory parameters that are used to indicate the nutritional status such as albumin and pre-albumin concentrations 

are not reliable in patients with cirrhosis due to defective synthesis rather than malnutrition, besides they are 

considered as negative acute phase reactants(7). Yet, there is no gold standard method for nutritional assessment for 

these patients up till now (8)
. 

 

Patients and methods:- 
Study design:- 

This study is a case control study that was designed to analyze data from seventy eight Egyptian patients with 

CHILD C liver cirrhosis of different etiologies, both inpatients and patients on regular follow up at the outpatient 

clinic. This study was conducted at KasrAlainy hospital, Internal Medicine Department, Faculty of Medicine – Cairo 

University. It included 45 males (57.7%) and 33 females (42.3%), their age ranged from 28 to 70 yearswith mean 

56.5± 9.3. The study also included a control group of fifty healthy volunteers of age, sex and area of residence 

matched individuals. The control group included 30(60%) males and 20(40%) females, with mean age 50.32+9.43. 
 

All patients included in the study were subjected to the following: Thorough history taking, full clinical examination, 

laboratory tests and full nutritional assessment including anthropometric measurements such as body mass index 

(BMI), triceps skin fold thickness (TST) and mid arm circumference (MAC). Subjective global assessment (SGA) 

was also used, upon which our patients were classified into mild, moderate and severely malnourished. Hand grip 

strength was measured in the patients and the control groups. 

 

Random assignment (Inclusion criteria):- 

All patients fulfilled the following Inclusion Criteria:- 

Patients with liver cirrhosis classified as Child C according to Child-Turcott-Pug scoring system (9) presented with or 

without complications of liver cirrhosis (e.g. acute variceal bleeding, hepatic encephalopathy, hepatorenal syndrome 
or with spontaneous bacterial peritonitis).The diagnosis of liver cirrhosis was based on clinical, laboratory and ultra 

sonographic criteria. 

 

Our Exclusion criteria were patients with other negative catabolic status as:- 

 Patients with carcinomas e.g. HCC, cholangiocarcinoma etc. 

 Other chronic diseases as chronic renal failure, HTN, heart failure, etc. 

 Patients with systemic inflammatory response syndrome or septic shock. 

 Patients with joint disabilities as rheumatoid arthritis, SLE or any other joint disease were excluded from the 

study. 

 

Thorough history taking and clinical examination:- 
The patients were subjected to full history taking and clinical examination(including full neurological examination) 

with focusing on the following points that were fulfilled for SGA: 

 History of unexplained weight loss during the last six months and they were categorized according to the 

percentage of loss into three categories.Cat1: <5% loss, Cat2: 5%-10% loss and Cat3: >10% loss. 

 Dietary intake changes (relative to normal) during the last six months either being normal, suboptimal liquid 

diet, full liquid diet, hypocaloric liquids or starvation. 

 Functional capacity during the last six months as regarding being normal (full capacity), working suboptimally, 

ambulatory or bedridden. 

 Presence of persistent GIT symptoms in the last 2 weeks in the form of nausea, vomiting, anorexia and diarrhea. 

 

The patients were subjected to full clinical examination with stressing on the following points that were 

fulfilled for SGA:- 

 Loss of subcutaneous fat in chest and triceps regions 

  Muscle wasting in quadriceps and deltoid regions. 

 Presence of oedema (ascites, lowerlimb, sacral oedema). 

Then patients were classified according to SGA into mild, moderate and severely malnourished.  
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Laboratory Tests:- 

The following laboratory tests were done to the patient mainly for assessing their liver condition and to select the 

CHILD C category. They were in the form of CBC, LFTs, KFTs, coagulation profile and lipid profile. Fasting blood 

sugar and oral glucose tolerance test were done. 

 

Anthropometric measures:- 

Body Mass Index (BMI):- 

BMI was calculated twice considering actual (measured) and dry (calculated) body weight. Dry body weight is 

subjective estimation of a patient’s weight without ascites or lower limb edema (10)
. It was calculated according to 

the degree of ascites and existence of LL edema as following: 

 In the presence of mild ascites we subtract 5% of actual body weight. 

 In the presence of moderate ascites we subtract 10% of actual body weight. 

 In the presence of tense ascites we subtract 15% of actual body weight. 

 In the presence of lower limb edema with any degree of ascites we subtract additional 5% of actual weight. 

 

TSFT and MAC:- 

Triceps skin fold thickness and mid arm circumference were measured in the non-dominant arm mid-way between 
acromion and olecranon process then mid arm circumference measured by tape while triceps skin fold thickness was 

measured by skin folder. 

 

Hand Grip strength (HGS):- 

It was measured using the hand grip dynamometry shown in Figure (1). The patient's data in the form of age and sex 

were entered then the patient was asked to use their maximum effort to grip both handles of the dynamometer 

together. The test was repeated for 3 times for each hand separately then the highest record value was used as an 

indicator of patient’s performance. Then the results were compared with the normal values for age and sex and this 

will be provided as a supplement in a separate file. 

 

 
Figure 1:- Hand Grip dynamometer. 

Compliance with the study:- 
The patients were 100% compliant to the study. 

 

Statistical analysis:- 

Data were statistically described in terms of mean  standard deviation ( SD), median and range, or frequencies 
(number of cases) and percentages when appropriate. Comparison of numerical variables between the study groups 

was done using one way analysis of variance (ANOVA) test with post-hoc multiple 2-group comparisons. For 

comparing categorical data, Chi square (2) test was performed. Exact test was used instead when the expected 
frequency is less than 5. Correlation between various variables was done using Spearman rank correlation equation 

for non-normal variables/non-linear monotonic relation. All statistical calculations were done using computer 

program SPSS (Statistical Package for the Social Science; SPSS Inc., Chicago, IL, USA) release 20 for Microsoft 

Windows (2010). P >0.05 was considered not significant, P <0.05 statistically significant and P <0.001 highly 
significant.  
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Results:- 
Incidence of complications among the patients:- 
The study showed that 39(50%) of our patients presented with SBP, 65(83.3%) with hepatic encephalopathy and 

50(64%) with GIT bleeding as shown in figure (2). It also showed that all the patients had ascites, 45 (57.6%) had 

moderate ascites while 33 (42.3%) had severe ascites. Fifty four (69.9%) of the patients had impaired glucose 

tolerance while 22 (28.2%) patients developed frank diabetes. 

 
Figure 2:- Rate of complications among patients with liver cirrhosis 

 

Different degree of PEM among our patients:- 
Patients with mild degree of malnutrition were 16 (20.5%) while those with moderate degree were 26 (33.3.8%) and 

those with severe degree were 36 (46.2%). 

 

Anthropometric measures of the patient:- 

The mean BMI measured in the patients according to Dry body weight was about 25. 6 + 5.7 SD while BMI 

calculated according to actual body weight showed mean 30.6 + 7.1 SD as shown in table (1). Both didn’t show any 

statistically significant difference among various degrees of malnutrition (p-value 0.07).  

Table 1:- Anthropometric measurements of the patients 

(SD): standard deviation, BMI: body mass index. 
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Variable Results 

BMI according to : 
Dry weight 
Actual weight 

Mean + SD 
25. 6 + (5.7) 
30.6 + (7.1) 

Mid Arm Circumference Percentiles: 
Below 5th 
5th 

Between 5-10th 
10th 
Between 10-25th 
25th 
Between 25-50th 
Between 50-75th 
Between 75-90th 

Number (%) 
48 (61.5%) 
1 (1.3%) 

6 (7.7%) 
1 (1.3%) 
5 (6.4%) 
3 (3.8%) 
8 (10.3%) 
1 (1.3%) 
5 (6.4%) 

Triceps Skin Fold Thickness Percentiles: 
Below 5th 
5th 
Between 5-10th 
10th 
Between 10-25th 
25th 
Between 25-50th 

50th 
Between 50-75th 
75th 
95th 

Number (%) 
22 (28.2%) 
5 (6.4%) 
6 (7.7%) 
3 (3.8%) 
6 (7.7%) 
4 (4.4%) 

25 (32.1%) 

2 (2.6%) 
3 (3.8%) 
1 (1.3%) 
1 (1.3%) 
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MAC ranged from 17cm to 34cm with mean 24.7 + 3.6 SD and 48 (61.5%) of the patients were below the 5th 

percentile curve as shown in table (1). MAC was correlated significantly to the degree of PEM with correlation 

coefficient -0.49 using spearman's correlation and p-value = 0.0001 as shown in table (2). 

Table 2:-Relationship between TSFT & MAC and the degree of PEM 

PEM 

Spearman's rho TSFT Correlation Coefficient -0.28 

Sig (2-tailed) 0.014 

N 78 

MAC Correlation Coefficient - 0.49 

Sig (2-tailed) 0.0001 

N 78 

 

TSFT ranged from 0.2cm to 2.5cm with mean 1.07 + 0.66 SD and 22 (28.2%) of the patients were below the 5th 

percentile while 25 (32.1%) were between 25th and 50th percentiles curve as shown in table (1).TSFT was 
significantly correlated to the degree of PEM with correlation coefficient -0.28 using spearman's correlation and p-

value (p-value 0.014) as shown in table (2). 

 

HGS measurement among patients:- 
Handgrip strength was found to be normal in 4 patients (5.2%) and weak in 74 patients (94.8%).Weak hand grip of 

the right hand ranged from 6.5 kg to 35 kg with mean 18.9 +7.5 SD kg with 95% confidence interval of the mean 

that lies between (16.7 - 21.2) but for the weak left hand it ranged from 5.5 kg to 38 kg with mean 17.9 + 7.5 SD kg 

with 95% confidence interval of the mean that lies between (15.6 – 20.1) as shown in table (3).  

Table 3:- Handgrip strength measurements of the patients 

HGS 

in kg 

N (%) Min Max Mean + SD 95% CI for Mean 

Lower 

Bound 

Upper 

Bound 

Weak Left 74(94.8%) 5.5 38.0 17.9+ 7.52 15.6 20.1 

Weak Right 74 (94.8%) 6.5 35 18.9 + 7.5 16. 7 21.2 

Normal Left 4 (5.2%) 19.1 45.4 29.5 +12.3 9.9 49.1 

Normal Right 4(5.2%) 19.2 45.5 29.8 +12.2 10.3 49.28 

HGS: hang grip strength, SD: standard deviation, CI: confidence interval, N: number 

 
Table (4) is across tabulation between HGS and degree of PEM that shows that all patients (100%) with moderate 

and severe malnutrition had weak HGS. While 4 (25%) of the patients with mild malnutrition had normal HGS, and 

12 (75%) of the patients with mild malnutrition had weak HGS as shown. 

Table 4:-Cross tabulation that shows HGS among different degrees of malnutrition. 

 PEM Total 

Mild 

N (%) 
Moderate 

N (%) 
Severe 

N (%) 

HGS Normal 4 (25%) 0 0 4 

Weak 12 (75%) 26 (100%) 36 (100%) 74 

Total 16(100%) 26 (100%) 36 (100%) 78 

N: number, PEM: protein energy malnutrition, HGS: hand grip strength 

 

Table (5) showed a significant correlation between HGS and PEM (p-value = 0.008) using chi-square tests. Also 

HGS was significantly correlated to PEM that showed correlation coefficient of -0.357 and -0.505to HGS of the 

right and left hand respectively with p- value of 0.001 and 0.000 of the right and left hand respectively using 

spearman's correlation as shown in table (6). ROC curve analysis showed a criterion of 17.6 with specificity 90% 

and sensitivity of 60 % as shown in figure (3). 
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Figure 3:- ROC curve analysis between hand grip strength (HGS) and protein energy malnutrition (PEM). 

Table 5:-Relationship between HGS and degree of PEM using Chi-square tests 

 Value df P value 

Pearson Chi-Square 16.338 2 0.000 

Likelihood Ratio 13.56 2 0.001 

Linear-by-Linear Association 10.934 1 0.001 

N of Valid Cases 78     

Table 6:-spearman correlation between HGS and PEM 

 PEM 

Spearman's rho HGSRT Correlation coefficient  -0.375 

Sig (2-tailed) 0.001 

Number  78 

HGSLT Correlation coefficient -0.505 

Sig (2-tailed) 0.000 

Number 78 

HGSRT: hand grip strength of the right hand, HGSLT: hand grip strength of the left hand, PEM: protein energy 
malnutrition 

 

Relationship between HGS and other nutritional assessment tools:- 

By comparing HGS with other anthropometric tools; it showed no significant correlation with BMI according to dry 

body weight, BMI according to actual body weight, TSFT and MAC as shown in table (7). 

Table 7:-correlation between HGS and other anthropometric measures. 

HGSRT: hand grip strength of the right hand, HGSLT: hand grip strength of the left hand, TSFT: triceps skin fold 

thickness, MAC: mid arm circumference, BMI: body mass index 
 

Sensitivity and specificity of HGS:- 
The sensitivity and specificity of HGS regarding prediction of moderate to severe malnutrition were 100% and 40% 

respectively along with PPV and NPV of 86.9% and 100% respectively, as well as accuracy of 88%. 

 

Relation between MELD (model of end stage liver disease) score and various nutritional assessment tools:- 
MELD score showed no significant correlation with HGS with correlation coefficient =-0.09 and P-value of 0.53. 

Also did not show any significance with other nutritional assessment tools. 

 TSFT MAC BMI for Dry 

weight 

BMI for Actual 

Weight 

HGSRT Pearson Correlation -0.274 -0.03 -0.06 -0.115 

Sig. (2-tailed) 0. 15 0.793 0.601 0.316 

HGSLT Pearson Correlation -0.306 -0.042 -0.141 -0.176 
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Linear regression for HGS:- 
As shown in table (9) by regression analysis for HGS; it was found that PEM was significantly related to HGS with 

P-value of 0.03 with B coefficient of -0.27 with 95% confidence interval that lies between (-5.2 to -0.27). Also age 

was significantly correlated to HGS. While MAC had a border line significant of p-value =0.052.  

Table 9:- Multiple linear regression analysis of HGS. 

Model for HGS Beta Coefficient 

 

Sig. 95 % Confidence Interval  

Lower Bound Upper Bound 

PEM -0.27 0.030 -5.221 -0.27 

TSFT -0.66 0.3 -11.781 4.144 

MAC 0.353 0.052 -0.007 1.538 

Age  -0.318 0.003 -0.446 -0.094 

Serum albumin 0.149 0.151 -0.875 5.542 

Total proteins 0.127 0.204 -0.678 3.114 

A/G RATIO -0.021 0.836 -3.668 2.977 

MELD 0.084 0.415 -0.234 0.561 

PEM: protein energy malnutrition, TSFT: triceps skin fold thickness, MAC: mid arm circumference, A/G ratio: 

albumin/globulin ration, MELD: model of end stage liver disease. 
 

Characteristics of the control group:- 
This study included 50 healthy volunteers; 30(60%) males and 20(40%) females, with mean age 50.32+9.43. As 

shown in table (8) there is a highly significant difference regarding MAC, TSFT and HGS between the control group 

and the patients group. 

Table 8:-Differences between the control group and the patients group 

 Mean SD t Sig (2-tailed) 

P-value 

BMI of the patients according to dry weight 24.7 5.4 -3.6 0.001 

BMI of the control group 29.2 5.6 

BMI of the patients according to actual 

weight 

29.56 6.77 0.245 0.808 

BMI of the control group 29.22 5.64 

MAC of the patients 24.5 3.4 -5.68 0.000 

MAC of the control group 28.98 3.48 

TSFT of the patients  1.014 0.63 -5.22 0.000 

TSFT of the control group 1.72 0.6 

HGS of the patients  19.8 8.43 -8.4 0.000 

HGS of the control group 36.3 10.07 

SD: standard deviation  

 

Discussion:- 
PEM is a common complication among patients with liver cirrhosis that ranges from about 20% in compensated 

liver disease to 65%–100% in decompensated liver cirrhosis. PEM has been reported in up to 100% of the patients 

on the waiting liver transplant list(9)
. It is considered to be an independent risk factor for morbidity and mortality 

among those patients.  For patients with compensated cirrhosis; many randomized trials have showed that they are 

more likely to be similar to a healthy population regarding clinical and laboratory background (10)
. The problem 

remains for the decompensated cirrhotic patients who are the target population of this study. Standard nutritional 
assessment tools have limitations when applied to patients with decompensated cirrhosis.  

 

Using the conventional nutritional assessment methods such as measuring body weight and BMI have shown to be 

less reliable in the assessment of patients with ascites due to their false increase in the body weight (6)
. This was also 

shown in our study even when calculating the estimated dry body weight; still it showed no significant correlation as 

shown above.  

 

SGA is a simple evaluation tool that was the corner stone in the evaluation of the nutritional status of our patients. It 

has the advantage of allowing the physicians to incorporate clinical findings and subjective patient history into a 

nutritional assessment. Its efficacy has been tested in many studies and its use as a reference method is quiet 

common
(13) (17)

. It has been used as a predictor for the outcome of liver transplantation 
(15)

. 
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Anthropometric tests as MAC or TSFT have shown a good estimate of the patients' nutritional status and their 

efficacy had been proved by many studies (13)
.Mogawer et al showed that TSFT and MAC was highly correlated to 

the degree of PEM and also considered as predictors of complications among patients with liver cirrhosis (16)
. As 

shown in table (2) MAC and TSFT had a significant correlation with PEM with p value <0.0001 and 0.014. TSFT is 

a good estimate of the fat composition of the body but doesn’t reflect the muscle bulk or strength that could be 

measured by other methods as HGS (20)
. 

 

ESPEN (European Society for Parenteral and Enteral Nutrition) guidelines (2006) on liver disease recommended the 

use of simple bedside methods such as the SGA or anthropometry to identify patients at risk of under nutrition (17)
. 

 

PEM is well known to include caloric deficiency, alteration of the fat components, muscle loss, macro, micro 

nutrients deficiency and even effect on bone metabolism (23)
. But our main concern was for muscle bulk for which 

HGS could be its representative(6)
. 

 

Hand grip Strength (HGS) is a noninvasive, simple and quick method that can be used in clinical and 

epidemiological studies that may be very useful in decompensated cirrhosis since malnourished patient present with 

lean mass depletion and low muscle strength. It measures the combined action of a large number of muscles as well 

as the combined action of a number of different joints (17).By comparing outcome with normative data, of intrinsic 
and extrinsic hand muscles as well, the amount of muscle strength loss can be determined. Muscle bulk or strength 

can be a very accurate estimate for the protein malnutrition in the patients with cirrhosis (18)
. Total serum protein and 

serum albumin have failed among many studies to be correlated to the degree of PEM and this was also proven in 

with our study. This may be due to the fact that albumin is a negative acute phase reactant that may be decreased is 

stressful conditions besides that the defective synthesis due to hepatic impairment(19)
.Mogawer et al tried to assess 

the muscle bulk status using especial body fat monitor but it showed insignificant results (16)
. 

 

So, by estimating the muscle power using HGS it could override the defect in estimating the protein malnutrition in 

cirrhotic patients. As shown in our results that 74 out of 78 patients have impaired HGS with highly significant 

correlation to the degree of PEM (p-value <0.0001).  

 
By performing regression analysis for HGS it confirmed the presence of causal effect with PEM with P-value of 

0.03 and B coefficient of -0.27 with 95% confidence interval that lies between (-5.2 to -0.27). Also showed a border 

line significant correlation with MAC (p-value of 0.052) which seems to be logic as MAC also showed significant 

correlation to PEM. But for TSFT it didn’t show significant correlation even when we used Lin's concordance 

correlation as shown in table (7) and this may be due to the fact that each tool of them reflects a separate entity of 

the components of PEM. 

 

The sensitivity and specificity of HGS regarding prediction of moderate to severe malnutrition were 100% and 40% 

respectively along with PPV and NPV of 86.9% and 100% respectively, as well as accuracy of 88%. 

 

MELD score which is the model of end stage liver disease that was implemented in the year 2002 which constitutes 

bilirubin, creatinine and INR (international normalized ratio) is used for assessment of the severity of liver disease 
and to prioritize patients with end stage liver disease ESLD on waiting list of liver transplant (21)

. HGS showed a 

negative correlation with MELD score but didn’t show significant p- value. Waheed et al also showed a good 

correlation between HSG with Child-Turcott-Pug scoring system but not with the MELD score (22). 

 

However; HGS had been tested in many trails not only in cirrhotic patients but also for detecting early changes in 

muscle function and correlating well with nutritional status, in the surgical word (25)
. 

 

Currently, The European Working Group on Sarcopenia in Older People (EWGSOP) recommends measurement of 

handgrip strength as a practical measure of muscle strength(24)
. 

 

To conclude, PEM has a significant impact on the outcome of patients with liver cirrhosis.  Nutritional assessment in 
decompensated cirrhotic patients remains a challenge for the clinicians. Nutritional assessment tools such as 

anthropometric tests as MAC and TSFT remains on the top of the list. HGS is a noninvasive, simple and quick 

method that can be used in clinical and epidemiological studies. These dynamometer measurements could have a 

more sensitive change compared to manual muscle testing and thus rendering the prediction of the outcome on a 
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continuous scale. A composite of SGA, Anthropometry and HGS can be used in a complementary manner to 

accurately identify the nutritional status of patients with liver disease. 
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