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Sarcopenia in liver cirrhosis: the role of computed
tomography scan for the assessment of muscle mass
compared with dual-energy X-ray absorptiometry and
anthropometry
Michela Giustoa, Barbara Lattanzia, Carlina Albanesec, Alessia Galtieria,
Alessio Farcomenib, Valerio Giannellia, Cristina Lucidia, Michele Di Martinoc,
Carlo Catalanoc and Manuela Merlia

Background Sarcopenia evaluated by computed
tomography (CT) scan at the lumbar site has been identified
as a risk factor for morbidity and mortality in cirrhosis.

Aim The aim of this study was to compare the
measurement of muscle mass through CT scan, considered
the gold standard, with other reliable techniques to evaluate
the rate of agreement between different available methods
for the assessment of muscle mass in cirrhosis. The
correlation between measurements of muscle mass and of
muscle strength was also investigated.

Patients and methods Adult patients eligible for liver
transplantation were studied. Lumbar skeletal muscle
cross-sectional area was measured by CT and muscle
depletion was defined using previously published cut-offs.
Mid-arm muscle circumference was calculated following
anthropometric measures. The Fat-Free Mass Index and the
Appendicular Skeletal Muscle Index were calculated using
dual-energy X-ray absorptiometry. Muscle strength was
evaluated using the Hand Grip test.

Results Fifty-nine patients with cirrhosis were included.
Sarcopenia was diagnosed in 76% of the patients according to
CT evaluation. A significant reduction in Fat-Free Mass Index
and Appendicular Skeletal Muscle Index was observed in

42–52% of the patients, whereas 52% showed a mid-arm
muscle circumference less than 10th percentile. Skeletal
muscle mass evaluation through CT was only weakly
correlated with dual-energy X-ray absorptiometry and
anthropometry evaluation. No correlation was observed
between CTmeasurement of muscle mass and Hand Grip test.

Conclusion CT scan can identify the highest percentage of
sarcopenia in cirrhosis and no other techniques are actually
available as a replacement. Future efforts should focus on
approaches for assessing both skeletal muscle mass and
function to provide a better evaluation of sarcopenia in cirrhotic
patients. Eur J Gastroenterol Hepatol 00:000–000 Copyright ©
2015 Wolters Kluwer Health, Inc. All rights reserved.
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Introduction
Skeletal muscle wasting is a common feature of malnutrition

in patients with liver cirrhosis [1] and is widely recognized as

an independent predictor of poor outcome and mortality in

this setting [2–5]. In the last few years, the term ‘sarcopenia’

has been introduced to describe a condition of progressive

and generalized loss of muscle mass and strength [6] and a

recent European Consensus Statement has identified com-

puted tomography (CT) as the gold standard for the

detection of muscle wasting in clinical trials [7]. Dual-energy

X-ray absorptiometry (DEXA) and anthropometry, despite

some limitations, have been utilized frequently to evaluate

muscle mass in cirrhotic patients [8–10].

The definition of sarcopenia should also include an

assessment of muscle function. There are few well-

validated techniques to measure muscle strength; among

these, the Hand Grip (HG) test has been shown to be

frequently compromised in cirrhotic patients even at early

stages [11–13]. Recent reports have investigated the pre-

sence of sarcopenia in patients with end-stage liver disease

[14–23]. In these studies, the prevalence of muscle wasting,

determined using CT, and its accuracy as a prognostic factor

were investigated [14–18,21–23], although an assessment of

muscle function, through HG or physical performance tests,

was lacking. Muscle depletion was found to be associated

with higher mortality in patients awaiting liver transplanta-

tion (LT) [15–17], whereas controversial results were

obtained for mortality after LT [8,18,22,23]. Nevertheless,

caution has been suggested in the use of CT for the

detection of sarcopenia in cirrhosis [24,25]. Indeed, meth-

ods and threshold values for the diagnosis of muscle wasting

in patients with cirrhosis have not been examined exten-

sively. Furthermore, the possible correlation with other
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0954-691X Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved. DOI: 101097/MEG.0000000000000274

mailto:manuela.merli@uniroma1.it


Copyright © 2015 Wolters Kluwer Health, Inc. Unauthorized reproduction of the article is prohibited.

methods to evaluate muscle mass, such as DEXA and

anthropometry, or muscle function has not been explored.

In the present study, we primarily aimed to verify the

concordance between muscle wasting, determined by

CT scan with other techniques providing muscle mass

measurements, such as DEXA and anthropometry, or

functions such as the HG test. As a secondary aim, we

evaluated the correlation between muscle wasting, liver

impairment, and survival.

Patients and methods
Adult patients with liver cirrhosis who were under eva-

luation for elective LT at our University Hospital

between 2011 and 2013 were considered. Exclusion cri-

teria were acute liver failure, hepatocellular carcinoma

(HCC) beyond the Milan criteria [26], previous LT, or

listing for multivisceral or living-related LT.

In our center, CT scan is performed routinely in patients

considered for LT to evaluate vascularization to exclude

HCC or biliary disease. Moreover, in the last few years, a

complete nutritional assessment on the basis of anthro-

pometry and HG test together with an evaluation of

osteoporosis and body composition using DEXA has

been proposed to all patients in our center.

Fifty-nine patients, out of 77 patients listed for LT in our

center, in whom CT, DEXA, nutritional, and clinical

assessments were available and in whom these exams

were performed within a 30-day period were included in

the present investigation. The study was approved by the

Ethical Committee of our University Hospital and a

written informed consent was signed by all the partici-

pants before the enrollment to authorize the use of their

personal data.

Clinical and biochemical assessment
All the patients were evaluated according to the standard

protocol of our Transplant Centre. Demographic data,

origin of liver disease, clinical examination, and parameters

of liver function were recorded. The severity of cirrhosis

was classified according to the Child–Pugh [27] and Model

for End-Stage Liver Disease (MELD) score [28].

Assessment of muscle mass by computed tomography
scan
CT scans used for analysis were carried out as part of the

preoperative evaluation for LT. For the quantitative ana-

lysis, the axial plane passing through the intersomatic disk

between L3 and L4 was chosen. Images were analyzed

using a dedicated workstation (Leonardo Syngo; Siemens

Medical System, Erlangen, Germany) that enables specific

tissue demarcation using previously reported Hounsfield

unit (HU) thresholds. Skeletal muscle tissue was separated

according to different density thresholds: a density value

of + 35HU was used to separate fat from muscle tissue

and + 150HU to separate muscle from bone tissue [29].

Muscles in the L3 region encompass psoas, erector spinae,

quadratus lumborum, transversus abdominis, external and

internal obliques, and rectus abdominis. Cross-sectional

areas (cm2) were computed automatically by summing

tissue pixels and multiplying by the pixel surface area. All

CT images were analyzed by two trained observers (B.L.,

M.D.M.). The cross-sectional area of muscle and intra-

muscular adipose tissue was always normalized for stature

(cm2/m2). The L3 Skeletal Muscle Index (SMI) was

expressed as cross-sectional muscle area/height2. The cut-

off for muscle depletion was based on the study of Prado

et al. [30], which has been utilized previously in cirrhotic

patients [18].

Assessment of muscle mass by dual-energy X-ray
absorptiometry
All patients were subjected a whole-body scan using a

dual-energy X-ray fan beam densitometer (Lunar Prodigy

Advance; GE Healthcare, Madison, Wisconsin, USA) and

dedicated software. The principles behind body composi-

tion analysis with fan beam DEXA have been explained

elsewhere [31]. Fat-Free Mass Index (FFMI) was calcu-

lated on the basis of the following equation: FFMI (kg/

m2)= total body weight (kg)–fat mass (kg)/height (m2). For

the definition of sarcopenia, FFMI less than 10th percen-

tile of an age-matched and sex-matched Italian population

was considered for the diagnosis of sarcopenia [32]. To

possibly exclude the interference of ascites, the composi-

tion of upper and lower limbs, given by the machine’s

software, was also calculated; the Appendicular Skeletal

Muscle Index (ASMI) was expressed as the summing of

the muscle mass of the upper and lower limbs (kg)/height

(m2). On the basis of Baumgartner et al. [33], the cut-off for
ASMI was adopted for the diagnosis of sarcopenia.

Assessment of muscle mass by anthropometry
Anthropometric measurements were always performed by

the same investigator (M.G.). BMI was computed as body

weight (kg)/height (m2). Body weight was measured after

treatment of ascites and/or water retention, if present. Mid-

arm circumference was measured at the midpoint between

the tip of the acromion and the olecranon process on the

nondominant side of the body using a flexible tape mea-

sure. Triceps skin fold thickness was also taken on the

nondominant side of the body, with the patients standing

in a relaxed position, using a Harpenden Skinfold Caliper

(John Bull British Indicators Ltd, St. Albans, UK). Mid-arm

muscle circumference (MAMC) was calculated using the

mid-arm circumference and triceps skin fold thickness

according to a standard equation. MAMC below the 10th

percentile was identified by comparison with an age-

matched and sex-matched population [34].

Assessment of muscle strength
HG strength was measured in the nondominant hand

using a hydraulic dynamometer Jamar (Sammons Preston

Rolyan Inc., Chicago, Illinois, USA). The best of three

2 European Journal of Gastroenterology & Hepatology 2015, Vol 00 No 00
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consistent readings, allowing ∼ 1 min of recovery

between each attempt, was recorded as the maximum

grip strength. Data were compared with that obtained

from an age-matched and sex-matched population [35],

and HG below the 10th percentile was considered to

identify reduction in muscle strength. The HG test was

always performed in the absence of clinically evident

encephalopathy to exclude possible confounding factors.

Statistical analysis
All data resulting from the continuous variables are pre-

sented as mean ± SD and/or median, range; the data

resulting from categorical variables are expressed in

percentages or counts. Agreements between the central

muscle area on CT, DEXA, and anthropometric mea-

surements were investigated using Kendall’s τ statistic.

The correlation of central muscle depletion evaluated by

CT scan and hepatic function evaluated through MELD

and Child–Pugh scores were also analyzed using linear

regression models. Patients were followed from the date

of the index CT (time 0), performed as part of the LT

assessment and used to determine the SMI, until the

date of death or the last visit.

Two separate time to event outcomes were analyzed: one

before LT, with patients transplanted censored as alive until

the date of transplantation, and one restricted to patients who

had undergone LT, with time between LT and death (or

censoring) being the outcome. Time to event outcomes were

evaluated using the Cox regression model after confirming

the hypothesis of proportionality of hazards. The software

used for the analysis was R (version 2.15; Foundation for

Statistical Computing, Vienna, Austria).

Results
Patient characteristics and prevalence of muscle wasting
Patients were mainly men (78%), with a median age of

59 years (range 26–68 years). The origin of liver disease

was post-viral (hepatitis C and B) in 56% of our popula-

tion and postalcoholic in 22%. All patients had stopped

alcohol consumption for at least 6 months at the time of

enrollment. A concomitant HCC within the Milan criteria

was diagnosed in 32% of the patients (T≥ 2 in 22%). The

median biological MELD score was 16 in patients with-

out HCC and 11 in patients with HCC. Two-thirds of the

patients were Child–Pugh B–C. During a median follow-

up of 28 months (range 4–42 months), 37 (63%) patients

underwent LT.

According to the threshold values available, muscle

wasting was present in 76% of the patients according to

CT scan evaluation (SMI). A lower prevalence of muscle

depletion was evidenced by DEXA (42 and 52% whether

ASMI or FFMI was considered, respectively) and by

anthropometry (52%) (Table 1). Muscle depletion was

largely different for sex, being higher in male patients

with respect to female patients, when limb measure-

ments were considered (MAMC and ASMI). Evaluation

of central muscles (FFMI and SMI) led to increased

diagnosis of muscle depletion in women (from three of 12

patients, 25%, to six of 12 patients, 50%) (Table 1).

The origin of liver cirrhosis and the presence of HCC

failed to affect the prevalence of muscle wasting. Muscle

function could be evaluated by HG in 50 patients (41

men, nine women) (85%). In nine patients, HG test could

not be performed because of hepatic encephalopathy and/

or patients’ low compliance to the test. Twenty-three

patients showed a significant reduction in muscle strength

(HG≤ 10th percentile). Among the 50 patients in whom

both CT and HG test were available, a significant muscle

depletion associated with impaired HG was present in 19

(38%), no muscle depletion and no HG reduction was

Table 1 Anthropometric and skeletal muscle mass characteristics
of the population studied

Variables Median (range) or N (%)

Body weight (kg)
Males 72 (54–106)
Females 67 (52–76)

Height (cm)
Males 172 (155–187)
Females 162 (149–172)

BMI (kg/m2)
Males 25.1 (17.2–35)
Females 24.7 (21–29)

CT evaluation
Skeletal Muscle Mass Index (cm2/m2)
Males 46.9 (26.9–69.3)
Females 36 (23–45)

Below cut-off
Males 36 (78)
Females 9 (69)
All patients 45 (76)

DEXA evaluation
Appendicular Skeletal Muscle Mass Index (kg/m2)
Males 7.3 (5.4–10.1)
Females 6.2 (5.3–21.9)

Below cut-off
Males 22 (48)
Females 3 (23)
All patients 25 (42)

DEXA evaluation
Fat-Free Mass Index (kg/m2)
Males 17.7 (14.5–23.1)
Females 14.7 (13.2–18.1)

Below cut-off
Males 25 (54)
Females 6 (46)
All patients 31 (52.5)

Anthropometric evaluation
Mid-arm muscle circumference (cm)
Males 24.6 (16.7–33)
Females 22.5 (20.4–29.4)

Below cut-off
Males 28 (90)
Females 3 (10)
All patients 31 (52.5)

Hand Grip test
Hand grip (kg)
Males 28.4 (11–45.6)
Females 19 (7–30)

Below cut-off
Males 14 (30)
Females 2 (15)
All patients 16 (39)

CT, computed tomography; DEXA, dual-energy X-ray absorptiometry.

Assessment of muscle mass in cirrhosis Giusto et al. 3
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observed in nine patients, but discordant results were

obtained in the others (20 patients presented low SMI,

but normal HG and two patients presented the opposite

result).

Features associated with muscle wasting at computed
tomography scan and concordance of parameters of
muscle wasting and function
The demographic and clinical characteristic were similar

among patients with and without sarcopenia according to

CT scan (Table 2). Male patients with sarcopenia were

more likely to show a significant reduction in BMI and

muscle mass evaluated through both DEXA and

anthropometry, whereas female patients with sarcopenia

at CT scan showed only a significant reduction in para-

meters of muscle mass evaluated through DEXA. The

HG test was found to be similar among patients with and

without sarcopenia at CT scan in both men and women.

A significant correlation was observed between CT

(SMI) and DEXA (FFMI, ASMI) or anthropometry

(MAMC) measurements of muscle mass both in men and

in women (Table 3 and Fig. 1).

Functional measurements of muscle strength by an HG

dynamometer failed to correlate with CT (SMI) muscle

evaluation in men and women. HG was found to corre-

late with anthropometry (MAMC), but only in men

(Kendall’s τ= 0.274; P= 0.012).

Correlation between muscle wasting, severity of liver
disease, and survival
The decrease in SMI was not significantly associated with a

worse liver function (MELD vs. SMI, P=0.33; Child–Pugh

vs. SMI, P=0.76). Even after stratification for sex, there was

no significant effect of MELD or of Child–Pugh on the

degree of muscle depletion (MELD vs. SMI, P=0.35 for

men and P=0.27 for women; Child–Pugh vs. SMI, P=0.29

for men and P=0.81 for women).

Six patients died because of complications of liver cir-

rhosis before LT. Thirty-seven patients underwent

transplantation: among these, six died during the first

6 months after LT (two of multiorgan failure, one of

cardiac complication, one of primary nonfunction, and

two of sepsis).

When muscle depletion, evaluated either with CT,

DEXA, or anthropometry, was analyzed as a possible

predictive factor for mortality both in the waiting list and

after LT, MAMC and FFMI were found to be inde-

pendent predictors of mortality after LT. In particular, a

significant inverse interaction for each unit increase of

MAMC and mortality [hazard ratio (HR)= 1.05; P<
0.001] was found after adjusting for sex, MELD, age, and

interaction between sex and MAMC. Similarly, a sig-

nificant inverse interaction for each unit increase of FFMI

and mortality (HR= 1.12; P< 0.001) was found after

adjusting for the same variables. At variance, SMI did not

show any association with mortality either before or

after LT.

Table 2 Clinical and biochemical characteristics of patients
according to the presence or absence of sarcopenia with computed
tomography scan

Variables
Patients with

sarcopenia (n=45)
Patients without

sarcopenia (n=14) P

Age [median
(range)] (years)

59 (37–68) 59 (28–66) 0.68

Sex (male/female)
(n)

36/9 10/4 0.49

Child–Pugh A/B/C
(n)

16/12/17 4/7/3 0.24

MELD [median
(range)]

13.5 (7–25) 13.1 (7–23) 0.68

Hepatocellular
carcinoma (n)

20 4 0.29

Cirrhosis etiology (n)
Viral 26 7 0.4
Alcohol 7 6
Others 12 1

Ascites (none/
mild/severe) (n)

21/18/6 9/4/1 0.71

BMI [median (range)] (kg/m2)
Males 24.4 (17.2–32.3) 28.3 (23.6–35.2) 0.005
Females 24.9 (23.4–28.9) 26.1 (21.3–29.3) 0.56

DEXA evaluation
Appendicular Skeletal Muscle Mass Index [median (range)] (kg/m2)
Males 7.1 (5.4–9–5) 8.2 (6.4–10.1) 0.02
Females 5.8 (5.3–6.5) 6.5 (6.2–6.8) 0.01

Below cut-off [n (%)]
Males 20 (55.5) 2 (20) 0.04
Females 1 (11.1) 2 (50) 0.1
All patients 21 (46.7) 4 (28.6) 0.2

DEXA evaluation
Fat-Free Mass Index [median (range)] (kg/m2)
Males 17.1 (14.5–23.1) 19.1 (17.3–22.4) 0.01
Females 14.6 (13.2–15.6) 16.7 (15.5–18.1) 0.008

Below cut-off [n (%)]
Males 21 (58.3) 4 (40) 0.3
Females 6 (66.7) 0 (0) 0.02
All patients 27 (60) 4 (28.6) 0.03

Hand Grip test
Hand grip (kg) [median (range)]
Males 28.3 (11–45.6) 28.6 (23.3–37) 0.73
Females 19 (7–30) 22 (16–28) 0.69

Below cut-off [n (%)]
Males 12 (33.3) 2 (20) 0.1
Females 2 (22.2) 0 (0) 0.2
All patients 14 (31.1) 2 (14.3) 0.09

Anthropometric evaluation
MAMC [median (range)] (cm)
Males 24.3 (16.7–29.3) 27.4 (23.3–33) 0.0007
Females 22.4 (18.4–29.4) 23.4 (20.4–27.9) 0.6

Below cut-off [n (%)]
Males 27 (75) 1 (10) 0.0001
Females 3 (33.3) 0 (0) 0.2
All patients 30 (66.6) 1 (7) 0.00009

DEXA, dual-energy X-ray absorptiometry; MAMC, mid-arm muscle circumference;
MELD, Model for End-Stage Liver Disease.

Table 3 Correlation between dual-energy X-ray absorptiometry/
anthropometry measurements and computed tomography scan
according to sex

Kendall’s τ/P

Males Females

Fat-Free Mass Index (kg/m2) 0.44/<0.0001 0.54/0.010
Appendicular Skeletal Muscle Index (kg/m2) 0.37/0.0002 0.56/0.006
Mid-arm muscle circumference (cm) 0.48/<0.0001 0.18/0.435
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Discussion
Sarcopenia has been defined in a recent consensus as

muscle depletion and decreased muscle function [6,7].

Central muscle depletion evaluated by CT scan has

recently been proposed as a possible objective and

reproducible measure that can also be applied in cirrhotic

patients [2]. It is important 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 pur-

poses. This was the case in our series of cirrhotic patients

being investigated for LT. Our study found a high pre-

valence (76%) of muscle depletion in cirrhotic patients

evaluated for LT. The prevalence of CT muscle wasting

that we observed was even higher than reported pre-

viously with the same techniques [16,17,23]. The lower

median BMI of our population with respect to the

population included in other studies may provide a pos-

sible explanation for these discrepancies.

We also found that muscle mass area measured through

CT analysis correlated with the MAMC at anthropometry

and FFMI evaluation through DEXA; however, this

correlation was rather weak. At the same time, the pre-

valence of a diagnosis of muscle depletion was lower

using these methods (Table 2). Some observations need

to be taken into account. All these techniques are cen-

tered on selected group of muscles, which are not the

same for CT scan, anthropometry, or DEXA. Muscle

groups at different sites may be affected non-

homogeneously during the progression of liver disease

and secondary/malnutrition [36,37]. Indeed, sarcopenia is

not a uniform condition as it may affect postural muscles

more than nonpostural ones and the lower limbs more

than the upper limbs also depending on race, age, sex,

muscle use, and physical activity [38–41]. Janssen et al.
[38] used a whole-body MRI to examine skeletal muscle

mass in 468 healthy individuals and observed that, as

expected, men had significantly (P= 0.001) more skeletal

mass and that the sex differences were greater in the

upper (40%) than in the lower (33%) body (P= 0.01). A

noticeable decrease in absolute skeletal mass was

observed starting from the end of the fifth decade, which

was primarily attributed to a decrease in lower body

skeletal mass [38]. These data confirmed similar obser-

vations by Gallagher et al. [41]. Physical activity may also

influence and counterbalance the effect of sarcopenia in a
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similar, nonhomogenous manner. In previous studies in

healthy individuals undergoing physical training, the

greatest absolute increases in muscle cross-sectional area

were observed at the level of the shoulder, chest, upper

thigh, and upper portion of the upper arm with respect to

other regions of the body [40].

These observations explain why the use of techniques

evaluating only one group of muscles may yield different

results.

DEXA is an easy, reproducible, and accurate method to

analyze body composition that enables not only a regional

body composition but also a complete body scan to study

changes in fat mass and fat-free mass. The main limita-

tion of this technique is that its validity is dependent on

the assumptions on the density and hydration fraction of

the fat-free mass, which can be violated in patients with

advanced liver disease because of water retention. In our

series, 51% of the patients had no ascites, but 37% had

mild ascites and 12% had moderate ascites at the time of

the study. Water retention may have caused an over-

estimation of the FFMI because of an increase in the

hydration factor in some of our patients.

Interestingly, CT scan is the first technique able to

enable evaluation of the central muscle wasting, which

might be less affected by sex, physical activity, and water

retention. In our series, SMI was a sensitive parameter

that could identify muscle depletion in female patients

that was not diagnosed through FFMI, SMI, or MAMC

(Table 2). This could be because of a low sensitivity of

the upper limb modifications in women, whereas central

muscles may be more appropriate for this evaluation.

With respect to muscle function in our study, we only

examined HG strength. This parameter was correlated

with MAMC in men, but not with SMI in the entire

population and in men. This observation underlines the

need to identify a global functional test not limited to

the upper limb muscles to better assess sarcopenia.

From our results, CT evaluation (SMI) was not associated

with liver function and failed to identify patients with

lower survival in the waiting list. This finding is not in

agreement with previously published data using our same

cut-off [16]. The low rate of mortality in our population

could explain this discrepancy. In agreement with the

more recent studies analyzing the impact of sarcopenia

on post-LT mortality, we did not observe a correlation

between muscle wasting evaluated by CT scan and sur-

vival after LT [14,23].

This study is not without limitations. The cut-off we

have utilized for the definition of muscle mass depletion

by CT has been derived from a population of obese

patients affected by neoplasia [30], which might not

represent normal values. To date, validated reference

values in healthy individuals on the basis of ethnicity,

age, sex, and location, which will help us to specify more

accurately the diagnosis of sarcopenia, are still lacking [25].

We have chosen the present cut-off values as they have

been utilized previously in other already published studies

carried out in cirrhotic patients [16,17,23]. The lack of

measurement of muscle fat and connective tissue infiltra-

tion may have led to an underestimation of sarcopenia

assessed by CT scan. In terms of the comparison between

estimation of sarcopenia using different methods, a further

limitation also derives from the need to include a hetero-

geneous population as control participants.

Another potential limitation is the relatively small cohort

of patients from a single center, which could have

affected the ability of our study to predict survival before

and after LT. The reduced sample size also did not

enable the identification of possible cut-offs of SMI

values that could have been associated with mortality in

our cohort.

In conclusion, CT scan can identify the highest percen-

tage of sarcopenia in cirrhotic patients and no other

techniques are actually available as a replacement.

Clinicians should always be aware of the possible lim-

itation of the use of CT scan in the evaluation of muscle

mass because of the lack of normal values and uncer-

tainty of cut-off for muscle depletion. Future efforts

should focus on the identification of normal threshold

values to provide a better evaluation of sarcopenia in

cirrhotic patients.

Acknowledgements
Manuela Merli and Michela Giusto contributed to study

design, all authors participated in the study protocol.

Manuela Merli, Michela Giusto, and Barbara Lattanzi

contributed to the design and drafting the article, and all

authors approved the final version.

Conflicts of interest
There are no conflicts of interest.

References
1 Dasarathy S. Consilience in sarcopenia of cirrhosis. J Cachexia Sarcopenia

Muscle 2012; 3:225–237.
2 Montano-Loza AJ. New concepts in liver cirrhosis: clinical significance of

sarcopenia in cirrhotic patients. Minerva Gastroenterol Dietol 2013;
59:173–186.

3 Merli M, Nicolini G, Angeloni S, Riggio O. Malnutrition is a risk factor in
cirrhotic patients undergoing surgery. Nutrition 2002; 18 (11–12):978–986.

4 Merli M, Giusto M, Lucidi C, Giannelli V, Pentassuglio I, Di Gregorio V, et al.
Muscle depletion increases the risk of overt and minimal hepatic
encephalopathy: results of a prospective study. Metab Brain Dis 2013;
28:281–284.

5 Merli M, Lucidi C, Giannelli V, Giusto M, Riggio O, Falcone M, et al. Cirrhotic
patients are at risk for health care-associated bacterial infections. Clin
Gastroenterol Hepatol 2010; 8:979–985.

6 Muscaritoli M, Anker SD, Argilés J, Aversa Z, Bauer JM, Biolo G, et al.
Consensus definition of sarcopenia, cachexia and pre-cachexia: joint
document elaborated by Special Interest Groups (SIG) ‘cachexia-anorexia in
chronic wasting diseases’ and ‘nutrition in geriatrics’. Clin Nutr 2010;
29:154–159.

7 Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y, Cederholm T, Landi F, et al.
Sarcopenia: European consensus on definition and diagnosis: report of the

6 European Journal of Gastroenterology & Hepatology 2015, Vol 00 No 00



Copyright © 2015 Wolters Kluwer Health, Inc. Unauthorized reproduction of the article is prohibited.

European Working Group on Sarcopenia in Older People. Age Ageing 2010;
39:412–423.

8 Prijatmoko D, Strauss BJ, Lambert JR, Sievert W, Stroud DB, Wahlqvist ML,
et al. Early detection of protein depletion in alcoholic cirrhosis: role of body
composition analysis. Gastroenterology 1993; 105:1839–1845.

9 Strauss BJ, Gibson PR, Stroud DB, Borovnicar DJ, Xiong DW, Keogh J. 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.

10 Fiore P, Merli M, Andreoli A, De Lorenzo A, Masini A, Ciuffa L, et al. A
comparison of skinfold anthropometry and dual-energy X-ray absorptiometry
for the evaluation of body fat in cirrhotic patients. Clin Nutr 1999;
18:349–351.

11 Merli M, Giusto M, Gentili F, Novelli G, Ferretti G, Riggio O, et al. Nutritional
status: its influence on the outcome of patients undergoing liver
transplantation. Liver Int 2010; 30:208–214.

12 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; 21:113–117.

13 Fernandes SA, Bassani L, Nunes FF, Aydos ME, Alves AV, Marroni CA.
Nutritional assessment in patients with cirrhosis. Arq Gastroenterol 2012;
49:19–27.

14 Montano-Loza AJ, Meza-Junco J, Baracos VE, Prado CM, Ma M, Meeberg G,
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.

15 Durand F, Buyse S, Francoz C, Laouénan C, Bruno O, Belghiti J, et al.
Prognostic value of muscle atrophy in cirrhosis using psoas muscle thickness
on computed tomography. J Hepatol 2014; 60:1151–1157.

16 Tandon P, Ney M, Irwin I, Ma MM, Gramlich L, Bain VG, 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.

17 Montano-Loza AJ, Meza-Junco J, Prado CM, Lieffers JR, Baracos VE,
Bain VG, Sawyer MB. Muscle wasting is associated with mortality in patients
with cirrhosis. Clin Gastroenterol Hepatol 2012; 10:166.e1–173.e1.

18 Montano-Loza A, Meza-Junco J, Baracos VE, Tandon P, Bain V, Ma M, et al.
Muscle wasting is not associated with higher mortality after liver
transplantation. Hepatology 2012; 56:615A.

19 Montano-Loza AJ. Muscle wasting: a nutritional criterion to prioritize patients
for liver transplantation. Curr Opin Clin Nutr Metab Care 2014; 17:219–225.

20 Tsien C, Garber A, Narayanan A, Shah SN, Barnes D, Eghtesad B, et al.
Post-liver transplantation sarcopenia in cirrhosis: a prospective evaluation.
J Gastroenterol Hepatol 2014; 29:1250–1257.

21 Krell RW, Kaul DR, Martin AR, Englesbe MJ, Sonnenday CJ, Cai S,
Malani PN. Association between sarcopenia and the risk of serious infection
among adults undergoing liver transplantation. Liver Transpl 2013;
19:1396–1402.

22 Englesbe MJ, Patel SP, He K, Lynch RJ, Schaubel DE, Harbaugh C, et al.
Sarcopenia and mortality after liver transplantation. J Am Coll Surg 2010;
211:271–278.

23 DiMartini A, Cruz RJ Jr, Dew MA, Myaskovsky L, Goodpaster B, Fox K, et al.
Muscle mass predicts outcomes following liver transplantation. Liver Transpl
2013; 19:1172–1180.

24 Kachaamy T, Bajaj JS, Heuman DM. Muscle and mortality in cirrhosis. Clin
Gastroenterol Hepatol 2012; 10:100–102.

25 Holt EW, Frederick RT, Verhille MS. Prognostic value of muscle wasting in
cirrhotic patients. Clin Gastroenterol Hepatol 2012; 10:1056–1057.

26 Mazzaferro V, Regalia E, Doci R, Andreola S, Pulvirenti A, Bozzetti F, et al.
Liver transplantation for the treatment of small hepatocellular carcinomas in
patients with cirrhosis. N Engl J Med 1996; 334:693–699.

27 Child CG III, Turcotte JG. Surgery and portal hypertension. In: Child CG,
editor. The liver and portal hypertension. Philadelphia: W. B. Saunders Co.;
1964. pp. 50–64.

28 Wiesner RH, McDiarmid SV, Kamath PS, Edwards EB, Malinchoc M,
Kremers WK, et al. MELD and PELD: application of survival models to liver
allocation. Liver Transpl 2001; 7:567–580.

29 Lauretani F, Russo CR, Bandinelli S, Bartali B, Cavazzini C, Di Iorio A, et al.
Age-associated changes in skeletal muscles and their effect on mobility: an
operational diagnosis of sarcopenia. J Appl Physiol 2003; 95:1851–1860.

30 Prado CM, Lieffers JR, McCargar LJ, Reiman T, Sawyer MB, Martin L,
Baracos VE. Prevalence and clinical implications of sarcopenic obesity in
patients with solid tumours of the respiratory and gastrointestinal tracts: a
population-based study. Lancet Oncol 2008; 9:629–635.

31 Kelly TL, Berger N, Richardson TL. DXA body composition: theory and
practice. Appl Radiat Isot 1998; 49 (5–6):511–513.

32 Coin A, Sergi G, Minicuci N, Giannini S, Barbiero E, Manzato E, et al. Fat-free
mass and fat mass reference values by dual-energy X-ray absorptiometry
(DEXA) in a 20–80 year-old Italian population. Clin Nutr 2008; 27:87–94.

33 Baumgartner RN, Koehler KM, Gallagher D, Romero L, Heymsfield SB,
Ross RR, et al. Epidemiology of sarcopenia among the elderly in
New Mexico. Am J Epidemiol 1998; 147:755–763.

34 Frisancho AR. New standards of weight and body composition by frame size
and height for assessment of nutritional status of adults and the elderly. Am J
Clin Nutr 1984; 40:808–819.

35 Luna-Heredia E, Martín-Peña G, Ruiz-Galiana J. Handgrip dynamometry in
healthy adults. Clin Nutr 2005; 24:250–258.

36 Weber FL Jr, Macechko PT, Kelson SR, Karajiannis E, Hassan MO.
Increased muscle protein catabolism caused by carbon tetrachloride hepatic
injury in rats. Gastroenterology 1992; 102:1700–1706.

37 Gayan-Ramirez G, van de Casteele M, Rollier H, Fevery J, Vanderhoydonc F,
Verhoeven G, et al. Biliary cirrhosis induces type IIx/b fiber atrophy in rat
diaphragm and skeletal muscle, and decreases IGF-I mRNA in the liver but
not in muscle. J Hepatol 1998; 29:241–249.

38 Janssen I, Heymsfield SB, Wang ZM, Ross R. Skeletal muscle mass and
distribution in 468 men and women aged 18–88 yr. J Appl Physiol 2000;
89:81–88.

39 Taaffe DR, Henwood TR, Nalls MA, Walker DG, Lang TF, Harris TB.
Alterations in muscle attenuation following detraining and retraining in
resistance-trained older adults. Gerontology 2009; 55:217–223.

40 Abe T, Kojima K, Kearns CF, Yohena H, Fukuda J. Whole body muscle
hypertrophy from resistance training: distribution and total mass. Br J Sports
Med 2003; 37:543–545.

41 Gallagher D, Visser M, De Meersman RE, Sepúlveda D, Baumgartner RN,
Pierson RN, et al. Appendicular skeletal muscle mass: effects of age, gender,
and ethnicity. J Appl Physiol 1997; 83:229–239.

Assessment of muscle mass in cirrhosis Giusto et al. 7




