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OBJECTIVES: Limitations of the Model for End-Stage Liver Disease (MELD) score include its failure to assess the nutritional and
functional status of cirrhotic patients. Our objectives were to evaluate the impact of sarcopenia in cirrhosis and whether the
inclusion of muscularity assessment within MELD could improve the prediction of mortality in patients with cirrhosis.
METHODS: We included 669 cirrhotic patients who were consecutively evaluated for liver transplantation. Skeletal muscle index at
the third lumbar vertebra (L3 SMI) was measured by computed tomography, and sarcopenia was defined using previously
published gender and body mass index–specific cutoffs. Using Cox proportional hazards regression, a novel MELD-sarcopenia
score was derived.
RESULTS: Sarcopenia was present in 298 patients (45%); sarcopenic patients had shorter median survival than non-sarcopenic
patients (20± 3 vs. 95± 24 months, Po0.001). By Cox regression analysis adjusted for age, gender, and hepatocellular carcinoma,
both MELD (hazard ratio (HR) 1.08, 95% confidence interval (CI) 1.06–1.10, Po0.001), and the L3 SMI (HR 0.97, 95% CI 0.96–0.99,
Po0.001) were associatedwith mortality. Overall, the c-statistics for 3-monthmortality were 0.82 (95%CI 0.78–0.87) for MELD and 0.85
(95% CI 0.81–0.88) for MELD-sarcopenia (P= 0.1). Corresponding figures for 1-year mortality were 0.73 (95% CI 0.69–0.77) and 0.77
(95% CI 0.73–0.80), respectively (P= 0.03). The c-statistics for 3-month mortality in patients with MELDo15 (0.85 vs. 0.69, P= 0.02)
and refractory ascites (0.74 vs. 0.71, P= 0.01) were significantly higher for MELD-sarcopenia compared with MELD.
CONCLUSIONS: Modification of MELD to include sarcopenia is associated with improved prediction of mortality in patients with
cirrhosis, primarily in patients with low MELD scores. External validation of this prognostic index in larger cohorts of cirrhotic
patients is warranted.
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INTRODUCTION

In most liver transplant centers worldwide, the Model for End-
Stage Liver Disease (MELD) score has replaced the Child–
Pugh score for the prioritization of organ allocation.1 MELD
has the advantage over the Child–Pugh score of being based
on objective parameters (international normalized ratio (INR)
and serum bilirubin and creatinine) rather than on subjective
evaluation of the severity of clinical findings (ascites and
hepatic encephalopathy).
Since implementation of the MELD score, there have been

reports of reductions in the number of patients listed for liver
transplantation, waiting time for transplantation, and deaths on
the waiting list.2,3 Despite the irrefutable benefits of MELD,
limitations of this score have been recognized and attempts
are ongoing to improve it.4,5 One of the major limitations of
MELD is that it does not include an assessment of the
nutritional and functional status of patients.
Sarcopenia is defined as a muscle mass two s.ds. below

the healthy young adult mean.6 Although sarcopenia is
associated with aging, it can also be present as a result of

chronic diseases and malignancy,7 and it ultimately leads to
decreased functional capacity and higher risk of mortality,
including among patients with cirrhosis.8–12 Despite the
important role that sarcopenia has in the prognosis of patients
with cirrhosis, it is frequently overlooked, in part because
nutritional assessment can be a difficult task in these patients
due to fluid retention and/or overweight.13,14

In this study, our objectives were to evaluate the impact of
sarcopenia among cirrhotic patients evaluated for liver
transplantation and to determine whether the inclusion of
muscularity assessment (i.e. sarcopenia) within MELD could
improve the prediction of mortality in these patients.

METHODS

Study population. Six hundred and sixty-nine adult
patients with cirrhosis who were consecutively evaluated for
liver transplantation at the University of Alberta Hospital
(Edmonton, AB, Canada) between January 2000 and Decem-
ber 2012 were evaluated. During this period, we evaluated
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1978 patients and we excluded 1309 patients who were
evaluated for liver transplant for reasons other than cirrhosis,
retransplantation, multiple organ transplantation, and those
with missing computed tomography (CT) or tests necessary for
calculation of the MELD score (Figure 1).
As a significant number of patients were not eligible for

inclusion, we briefly analyzed patients included (n= 669) and
excluded (n=1309) from this study. We did not find significant
differences in relation to age (57±0.5 vs. 58±0.5 years,
P=0.4), gender (males, 68% vs. 65%, P= 0.5), etiology of
cirrhosis (hepatitis C virus 40% vs. 39%, P= 0.2), and overall
survival time (mean survival, 67± 4 vs. 69±2months,P= 0.2)
between these two groups.

Clinical and laboratory assessments. Data obtained from
medical records included gender, age at the time of the CT,
body weight, height, etiology of cirrhosis, liver biochemistries,
serum albumin, serum creatinine, INR, and the Child–Pugh
and MELD scores. Clinical, laboratory, and radiological data
used for the analysis and to calculate the MELD and Child–
Pugh scores were obtained within 1 week of the date of the
CT used to quantify muscle indices (see below).
Ascites was evaluated clinically and with ultrasound or CT

and defined as absent in patients not using diuretics andwith no
previous record of ascites in the electronic chart in the
preceding year. Refractory ascites was defined as the absence
of response to sodium restriction and diuretic treatment or
complications of diuretic therapy and need for intermittent large
volume paracentesis or transjugular portosystemic shunts.
Hepatic encephalopathy was evaluated clinically at the time

of the assessment and using the electronic records and
defined as absent in patients not using specific treatment (i.e.,
lactulose, rifaximin) and with no prior episodes of hepatic
encephalopathy in the preceding year. Patients with previous
episodes of hepatic encephalopathy were classified according
to the West Haven criteria (grades I–IV), and severe hepatic
encephalopathy was defined as the occurrence of episodes of

grades III–IV. The presence of esophageal varices was
evaluated with upper endoscopy and defined as present or
absent, and a history of variceal bleeding episodes before the
CTwas also recorded.

Muscularity assessment and sarcopenia evaluation. CT
scans used for muscularity analysis were performed as part of
the routine liver transplantation assessment. A transverse CT
image from L3 was assessed from each scan. Images were
analyzed with the SliceOmatic V4.3 software (Tomovision,
Montreal, QC Canada), which enables specific tissue demar-
cation using previously reported Hounsfield unit (HU)
thresholds.15 Skeletal muscle was identified and quantified
using HU thresholds of −29 to +150. Muscles in the L3 region
encompass psoas, erector spinae, quadratus lumborum, trans-
versus abdominus, external and internal obliques, and rectus
abdominus. The following HU thresholds were used for adipose
tissues: −190 to −30 for subcutaneous and intermuscular
adipose tissue,16 and −150 to −50 for visceral adipose
tissue.17 Using these specific HU thresholds, measurements of
the skeletal muscle index are not influenced by the presence of
ascites, overweight, or obesity in patients with cirrhosis. Cross-
sectional areas (cm2) were automatically computed by sum-
ming tissue pixels and multiplying by pixel surface area. All CT
images were analyzed by two trained observers (C.B., N.E.)
who demonstrated an intraobserver coefficient of variation of
approximately 1%, and the sarcopenia assessment was
blinded to MELD score. Cross-sectional area of muscle and
adipose tissue was normalized for stature (cm2/m2) as reported
elsewhere18 and this value is referred to as the L3 skeletal
muscle index (L3 SMI). Sarcopenia was defined according to
a CT-based study in patients with solid tumors using optimal
stratification, a statistical method similar to receiver operating
characteristic curve analysis that links specific threshold values
for L3 SMI to an outcome (i.e., death) (L3 SMI: ≤41 cm2/m2 for
women and ≤53 cm2/m2 for men with body mass index (BMI)
≥25 kg/m2 and ≤43 cm2/m2 in all patients with BMIo25 kg/

Figure 1 Flowchart of patients excluded/included for the muscularity assessment analyses in this cohort. CT, computed tomography; MELD, Model for End-Stage Liver
Disease.
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m2.19 Representative images of two female cirrhotic patients
with and without sarcopenia are illustrated in Figure 2.

Statistical analyses. Data are presented as the mean± s.e.
or frequencies and percentages. Non-normally distributed
variables were compared with Mann–Whitney test, as appro-
priate. Survival was calculated using the Kaplan–Meier
method and between-groups comparisons were made using
the log-rank (Mantel–Cox) statistic. Patients were followed
from the date of the CT performed for muscularity assessment
(time zero) until the date of death, liver transplantation, or the
last clinic visit. Prognostic factors for overall mortality were
analyzed by univariate Cox proportional hazards regression
analyses. Variables of interest plus variables with a P-value
o0.05 in univariate analysis were included in multivariate Cox
regression models. In the first model, we included MELD,
sarcopenia, albumin, sodium, and the presence of ascites,
while excluding creatinine, INR, bilirubin, L3 SMI, and the
Child–Pugh score to avoid colinearity with the aforementioned
variables. In the second model, we included the L3 SMI
instead of the dichotomous variable, sarcopenia. Biochemical
parameters such as serum bilirubin, creatinine, sodium, and
albumin were included as continuous variables, whereas
clinical variables such as gender, sarcopenia, ascites, and
hepatic encephalopathy were analyzed as categorical vari-
ables. Interaction terms including MELD with sarcopenia or L3
SMI were not statistically significant (data not shown).
Using Cox proportional hazards regression, a novel MELD-

sarcopenia score was derived for the prediction of overall
mortality according to the formula: MELD-sarcopenia=MELD
+(beta[sarcopenia]/beta[MELD]) × sarcopenia. An analogous
model, referred to as MELD-L3 SMI, was also constructed that
included L3 SMI as a continuous variable rather than
sarcopenia as a dichotomous variable (see Appendix for
formulae). Discrimination, which refers to the ability of a model
to correctly distinguish between two outcomes (i.e., death or
survival at 3, 6, and 12 months and overall), was assessed
using the concordance statistic (c-statistic) with a modification
for survival data. The c-statistic from the Cox model is
conceptually analogous to the area under a receiver operating
characteristic curve estimated for logistic models. P-values for
comparisons of c-statistics were calculated using the group

jackknife method.5 These analyses were conducted overall
and in patient subgroups restricted to those with refractory
ascites, severe hepatic encephalopathy, and a history of
variceal hemorrhage. We also performed subgroup analyses
in patients with MELDo15 and ≥15 as we hypothesized that
MELD-sarcopenia would have improved discrimination in
patients with apparently milder liver disease in whom MELD
may not accurately capture the risk of death (e.g., in
malnourished patients). We also performed a competing risk
analysis with transplantation as a competing risk, and the
results were similar (data not shown).

RESULTS

Clinical and biochemical features of patients with cirrhosis.
Among 669 patients who met the inclusion criteria, 454 were
male (68%) and 291 patients had concomitant hepatocellular
carcinoma (43%). The etiology of cirrhosis was hepatitis C virus
in 265 patients (40%), alcohol in 152 (23%), non-alcoholic
steatohepatitis/cryptogenic in 152 (23%), autoimmune liver
disease in 51 (8%), and hepatitis B virus in 43 (6%).
Two hundred and ninety-eight patients (45%) had sarcope-

nia. Patients with sarcopenia were more frequently males
(Po0.001), had lower body weight (P=0.001), BMI (Po0.001),
and by definition, L3 SMI (Po0.001), compared with non-
sarcopenic individuals (Table 1). Moreover, sarcopenic patients
had a higher frequency of ascites (P=0.001), refractory ascites
(Po0.001), hepatic encephalopathy (Po0.001), severe hepatic
encephalopathy (P=0.02), and a history of variceal hemorrhage
(Po0.001) than non-sarcopenic patients. Finally, sarcopenic
patients had higher serum levels of creatinine (P=0.001) and
bilirubin (P=0.008), INR (P=0.03), MELD (P=0.001), and
Child–Pugh scores (Po0.001) compared with non-sarcopenic
patients (Table 1). Characteristics between listed and non-listed
patients with cirrhosis are shown in Supplementary Table.

Survival in cirrhotic patients with and without sarcope-
nia. During a mean follow-up of 22± 1 months (median,
11 months; range, 0.5–164 months), 229 patients received a
liver transplant (34%) and 259 died (39%). Mean survival
was shorter in patients with sarcopenia compared with

Figure 2 Comparison of two female patients with cirrhosis. Abdominal computed tomography images taken at third lumbar vertebra. Red color indicates skeletal muscle,
green color indicates intermuscular adipose tissue, yellow color indicates visceral adipose tissue, and teal indicates subcutaneous adipose tissue. The patient at the left has
severe sarcopenia (lumbar skeletal index, 35 cm2/m2) and the patient at the right is not sarcopenic (lumbar skeletal index, 54 cm2/m2).
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non-sarcopenic patients (20±3 vs. 95±24 months, Po0.001).
The estimated 3-month probability of survival was 81% in
patients with sarcopenia compared with 93% in patients without
sarcopenia. The 6-month and 1-year probabilities of survival
were 72% and 61%, compared with 89% and 83% in
sarcopenic and non-sarcopenic patients, respectively (Figure 3).

Features associated with mortality in cirrhotic patients.
By univariate Cox regression analysis of patients’ clinical and
biochemical characteristics, the presence of ascites
(Po0.001), refractory ascites (Po0.001), and sarcopenia
(Po0.001) were significantly associated with mortality in
patients with cirrhosis. Also, higher levels of creatinine
(P=0.02), bilirubin (Po0.001), INR (Po0.001), MELD
(Po0.001) and Child–Pugh scores (P=0.001) and lower
levels of albumin (Po0.001), sodium (P=0.007), and L3 SMI
(Po0.001) were significantly associated with mortality in
patients with cirrhosis (Table 2).
In the multivariate Cox analysis including MELD, sodium,

albumin, the presence of ascites and sarcopenia, only MELD
(hazard ratio (HR) 1.05, Po0.001), ascites (HR 1.61,
P=0.008), albumin (HR 0.98, P= 0.04), and sarcopenia (HR
2.26, Po0.001) were independently associated with mortality
(Table 3). In a second model that included these variables plus
L3 SMI as a continuous variable (instead of the dichotomous
variable sarcopenia), L3 SMI (HR 0.98, P=0.001) was
independently associated with mortality. The results for the
remaining variables were largely unchanged compared with
the primary model (data not shown).

Prediction of mortality using MELD and MELD-
sarcopenia. Table 4 includes the c-statistics of MELD and
MELD-sarcopenia for the prediction of overall and 3-, 6-, and
12-month mortality. In the entire patient cohort (n=669),
MELD-sarcopenia outperformed MELD at each time point. For
3-month mortality, the c-statistics were 0.82 (95% confidence
interval (CI) 0.78–0.87) for MELD and 0.85 (95% CI 0.81–0.88)
for MELD-sarcopenia (P=0.13). Corresponding figures for

Table 1 Features associated with sarcopenia in patients with cirrhosis

Features All patients (n= 669) No sarcopenia (n= 371) Sarcopenia (n= 298) P-value

Age (years) 57± 0.5 57±0.5 57±1 0.3
Gender (M:F) 454:215 218:153 262:62 o0.001
Weight (kg) 79±1 82±1 77±1 0.001
BMI (kg/m2) 27± 0.5 29±0.5 25± 0.5 o0.001
L3 SMI (cm2/m2) 50± 0.5 56±1 43± 0.5 o0.001
Ascites 481 (72) 248 (67) 233 (78) 0.001
Refractory ascites 219 (33) 83 (22) 136 (46) o0.001
Hepatic encephalopathy 251 (38) 106 (29) 145 (49) o0.001
Severe hepatic encephalopathy 59 (9) 24 (7) 35 (12) 0.02
Esophageal varices 452 (68) 240 (65) 212 (71) 0.08
Variceal bleeding 175 (26) 76 (21) 99 (33) o0.001
Creatinine (nl, 50–115 μmol/l) 94±3 84±3 107±6 0.001
INR (nl, 0.8–1.2) 1.4± 0.2 1.4±0.2 1.5± 0.3 0.03
Albumin (nl, 35–50 g/l) 33± 0.3 33±0.4 32± 0.3 0.3
Bilirubin (nl, o20 μmol/l) 80±6 66±6 97± 10 0.008
Sodium (nl 133–146 μmol/l) 136±0.2 137±0.3 136±0.3 0.06
MELD 14± 0.3 13±0.5 15± 0.5 0.001
Child–Pugh (A/B/C) 105/371/193 65/222/84 40/149/109 o0.001
Child–Pugh (points) 8.9± 0.1 8.6±0.2 9.2± 0.2 0.008

Etiology of cirrhosis
Alcohol 153 (23) 70 (19) 83 (28) 0.1
HCV 265 (40) 154 (42) 111 (37)
AILDa 51 (8) 29 (8) 22 (7)
HBV 43 (6) 23 (6) 20 (6.5)
NASH-Cryptogenic 152 (23) 91 (25) 61 (21)
Othersb 5 (1) 4 (1) 1 (0.5)

Concomitant HCC 289 (43) 171 (46) 118 (40) 0.1

AILD, autoimmune liver disease; BMI, body mass index; F, female; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; INR, international
normalized ratio; L3 SMI, lumbar third skeletal muscle index; M, male; MELD, Model for End-Stage Liver Disease; NASH, non-alcoholic steatohepatitis. Numbers in
parentheses are percentages.
aIncludes autoimmune hepatitis, primary biliary cirrhosis and primary sclerosing cholangitis.
bIncludes alpha-1-antitrypsin deficiency, hemochromatosis, and Wilson disease.

Figure 3 Kaplan–Meier curves indicating the survival of patients with (—) and
without (—) sarcopenia. The 3-month estimated probabilities of survival in patients
with and without cirrhosis were 80% and 93%, respectively. Corresponding figures at
6 and 12 months were 71% and 90% and 53% and 83%, respectively (all Po0.00005
by log-rank tests).
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1-year mortality were 0.73 (95% CI 0.69–0.77) and 0.77 (95%
CI 0.73–0.80), respectively (P=0.03). Likewise, in subgroup
analyses restricted to patients with refractory ascites and a
history of variceal hemorrhage, MELD-sarcopenia tended to
outperform MELD, although not all analyses were statistically
significant. In analyses stratified according to the MELD score,
differences in discrimination between MELD-sarcopenia and
MELD were greatest in patients with low MELD scores (o15)
(Table 4).
Finally, the inclusion of L3 SMI as a continuous variable (in

MELD-L3 SMI) yielded similar findings in patients with hepatic
encephalopathy and MELDo15; however, its general perfor-
mance was inferior than using sarcopenia as dichotomous
variable (MELD-sarcopenia) (Table 4).

DISCUSSION

Our study indicates that sarcopenia is present in almost one-
half of patients with cirrhosis evaluated for liver transplanta-
tion. As sarcopenia is independently associated with a twofold
risk of mortality, the modification of MELD to include
sarcopenia (MELD-sarcopenia) is associated with improve-
ment in the prediction of mortality in patientswith cirrhosis. The
observed benefit of modifying MELD to include sarcopenia

was greatest in patients with low MELD scores, who are
traditionally deemed to have a low risk of death. The
importance of sarcopenia is reflected by the fact that if present
it is equivalent to adding 10 points to the MELD score.
Our results are similar to a recent study that showed that

evaluation of the transversal psoas muscle thickness at the
level of the umbilicus is predictive of mortality in cirrhotic
patients independent of MELD and MELDNa. In this study, the
authors developed a similar score combining MELD and the
transversal psoasmuscle thickness divided by height and they
found that discrimination of this novel score (referred to as
MELD-psoas) was superior to that of MELD. Similar to our
study, the score had improved performance in the subgroup of
patients with refractory ascites.20 However, to the best of our
knowledge, there is actually no evidence confirming that the
cross-sectional area of psoas muscles has a good correlation
with the whole lumbar or the whole body muscle areas.
Moreover, the location of the umbilicus may change owing to
ascites, so that measures may be recorded at different levels
in these patients. In light of this potential limitation, we used the
L3 SMI, which has been shown to be the best single imaging
correlate of whole body muscle mass.21 Also, related to our
study, previous experience has shown that moderate ascites

Table 2 Features associated with mortality by univariate cox analysis in patients with cirrhosis

Features associated with mortality by
univariate analysis

Death (n= 259) Alive or censored
(n=410)

HR 95% CI P-value

Age (years) 56±1 57±0.5 0.99 0.98–1.01 0.2
Gender (M:F) 172:87 282:128 1.01 0.78–1.31 0.9
BMI (kg/m2) 28± 0.5 27±0.5 0.99 0.98–1.02 0.8
Ascites 206 (80) 275 (67) 2.39 1.77–3.24 o0.001
Refractory ascites 99 (38) 120 (29) 2.47 1.91–3.19 o0.001
Hepatic encephalopathy 84 (32) 167 (41) 1.11 0.85–1.44 0.4
Severe hepatic encephalopathy 20 (8) 39 (10) 1.11 0.70–1.77 0.6
Esophageal varices 168 (65) 284 (69) 1.02 0.79–1.32 0.9
Variceal bleeding 51 (20) 124 (30) 0.84 0.62–1.14 0.3
Creatinine (nl, 50–115 μmol/l) 103±5 88±4 1.01 1.00–1.02 0.02
INR (nl, 0.8–1.2) 1.5± 0.3 1.4±0.2 2.50 2.03–3.07 o0.001
Albumin (nl, 35–50 g/l) 31± 0.4 33±0.3 0.95 0.93–0.97 o0.001
Bilirubin (nl, o20 μmol/l) 95±9 69±7 1.04 1.03–1.04 o0.001
Sodium (nl, 133–146 μmol/l) 135±0.4 136±0.2 0.95 0.93–0.98 o0.001
L3 SMI (cm2/m2) 49±1 51±1 0.97 0.96–0.99 o0.001
Sarcopenia 141 (54) 157 (38) 2.31 1.81–2.96 o0.001
MELD score 16±1 13±1 1.08 1.06–1.10 o0.001
Child–Pugh (points) 8.9± 0.1 8.6±0.2 1.11 1.04–1.18 0.001

CI, confidence interval; BMI, body mass index; F, female; HR, hazard ratio; INR, international normalized ratio; L3 SMI, lumbar third skeletal muscle index; M, male;
MELD, Model for End-Stage Liver Disease.
Numbers in parentheses are percentages.

Table 3 Features associated with mortality by multivariate cox analysis in patients with cirrhosis

Features associated with mortality by multivariate analysis Death (n=259) Alive or censored (n=410) HR 95% CI P-value

Ascites 206 (80) 275 (67) 1.61 1.13–2.30 0.008
Albumin (nl, 35–50 g/l) 31± 0.4 33±0.3 0.98 0.96–0.99 0.04
Sodium (nl, 133–146 μmol/l) 135±1 136±1 0.96 0.95–1.02 0.3
Sarcopenia 139 (54) 159 (39) 2.26 1.73–2.94 o0.001
MELD score 16±1 13± 1 1.05 1.03–1.07 o0.001

CI, confidence interval; HR, hazard ratio; MELD, Model for End-Stage Liver Disease. Numbers in parentheses are percentages.
Variables included in the multivariate analysis were ascites, albumin, sodium, sarcopenia, and MELD score. Child–Pugh, international normalized ratio, bilirubin,
creatinine and lumbar third skeletal muscle index were not included to avoid colinearity.
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Table 4 C-statistics of MELD, MELD-sarcopenia, and MELD-L3 SMI for the prediction of mortality in patients with cirrhosis

Patient cohort 3-Month mortality 6-Month mortality 1-Year mortality Overall mortality

All patients (n=669)
MELD 0.82 (0.78–0.87) 0.77 (0.72–0.81) 0.73 (0.69–0.77) 0.70 (0.66–0.74)
MELD-sarcopenia 0.85 (0.81–0.88) 0.80 (0.76–0.84) 0.77 (0.73–0.80) 0.73 (0.70–0.77)
P-value vs. MELD 0.13 0.10 0.03 o0.01
MELD-L3 SMI 0.84 (0.80–0.89) 0.79 (0.75–0.84) 0.75 (0.71–0.79) 0.72 (0.68–0.75)
P-value vs. MELD 0.17 0.02 0.07 0.07

Patients with refractory ascites (n= 219)
MELD 0.71 (0.64–0.77) 0.70 (0.63–0.76) 0.69 (0.63–0.75) 0.69 (0.63–0.75)
MELD-sarcopenia 0.74 (0.68–0.80) 0.74 (0.68–0.80) 0.73 (0.68–0.79) 0.73 (0.67–0.78)
P-value vs. MELD 0.01 0.06 o0.01 0.01
MELD-L3 SMI 0.74 (0.67–0.80) 0.73 (0.67–0.80) 0.72 (0.66–0.78) 0.72 (0.66–0.78)
P-value vs. MELD 0.03 0.10 0.12 0.19

Patients with variceal hemorrhage (n= 175)
MELD 0.68 (0.56–0.81) 0.66 (0.54–0.78) 0.65 (0.54–0.76) 0.62 (0.52–0.71)
MELD-sarcopenia 0.73 (0.63–0.83) 0.73 (0.64–0.82) 0.72 (0.64–0.81) 0.70 (0.62–0.77)
P-value vs. MELD 0.21 0.10 o0.01 0.02
MELD-L3 SMI 0.72 (0.59–0.85) 0.69 (0.57–0.81) 0.68 (0.57–0.79) 0.64 (0.54–0.74)
P-value vs. MELD 0.22 0.36 0.26 0.33

Patients with severe hepatic encephalopathy (n= 59)
MELD 0.76 (0.67–0.86) 0.71 (0.60–0.82) 0.70 (0.60–0.81) 0.70 (0.59–0.80)
MELD-sarcopenia 0.73 (0.61–0.85) 0.71 (0.59–0.83) 0.71 (0.60–0.83) 0.71 (0.60–0.83)
P-value vs. MELD 0.47 0.99 0.85 0.81
MELD-L3 SMI 0.79 (0.70–0.89) 0.75 (0.65–0.85) 0.74 (0.64–0.84) 0.74 (0.64–0.84)
P-value vs. MELD 0.35 0.17 0.17 0.02

Patients with HCC (n= 289)
MELD 0.86 (0.77–0.95) 0.75 (0.65–0.84) 0.69 (0.61–0.76) 0.67 (0.61–0.73)
MELD-sarcopenia 0.86 (0.78–0.93) 0.78 (0.70–0.86) 0.74 (0.68–0.80) 0.72 (0.66–0.77)
P-value vs. MELD 0.95 0.53 0.04 0.08
MELD-L3 SMI 0.87 (0.78–0.95) 0.76 (0.67–0.85) 0.70 (0.62–0.77) 0.68 (0.62–0.74)
P-value vs. MELD 0.81 0.56 0.69 0.50

Patients without HCC (n= 380)
MELD 0.79 (0.73–0.84) 0.76 (0.71–0.81) 0.74 (0.69–0.79) 0.71 (0.67–0.76)
MELD-sarcopenia 0.82 (0.77–0.86) 0.79 (0.75–0.83) 0.77 (0.73–0.81) 0.74 (0.70–0.78)
P-value vs. MELD 0.06 0.04 0.11 0.27
MELD-L3 SMI 0.81 (0.76–0.87) 0.79 (0.74–0.84) 0.78 (0.73–0.82) 0.74 (0.69–0.78)
P-value vs. MELD 0.16 0.09 0.03 0.06

Patients listed for transplant (n= 494)
MELD 0.85 (0.81–0.90) 0.79 (0.73–0.84) 0.74 (0.69–0.79) 0.72 (0.67–0.76)
MELD-sarcopenia 0.86 (0.82–0.91) 0.82 (0.77–0.86) 0.79 (0.75–0.83) 0.76 (0.72–0.80)
P-value vs. MELD 0.41 0.33 o0.01 0.01
MELD-L3 SMI 0.87 (0.82–0.91) 0.81 (0.76–0.87) 0.77 (0.71–0.82) 0.74 (0.69–0.78)
P-value vs. MELD 0.41 0.20 0.13 0.12

Patients not listed for transplant (n= 175)
MELD 0.81 (0.73–0.89) 0.78 (0.71–0.85) 0.74 (0.67–0.80) 0.70 (0.64–0.76)
MELD-sarcopenia 0.84 (0.78–0.90) 0.80 (0.74–0.86) 0.75 (0.69–0.81) 0.71 (0.66–0.77)
P-value vs. MELD 0.19 0.62 0.49 0.56
MELD-L3 SMI 0.83 (0.76–0.91) 0.80 (0.73–0.86) 0.75 (0.68–0.81) 0.71 (0.65–0.76)
P-value vs. MELD 0.27 0.35 0.38 0.58

Patients with MELD o15 (n= 438)
MELD 0.69 (0.56–0.82) 0.62 (0.52–0.71) 0.61 (0.54–0.68) 0.59 (0.53–0.64)
MELD-sarcopenia 0.85 (0.77–0.92) 0.73 (0.65–0.81) 0.70 (0.64–0.76) 0.67 (0.62–0.71)
P-value vs. MELD 0.02 0.02 0.04 0.02
MELD-L3 SMI 0.82 (0.68–0.95) 0.71 (0.61–0.81) 0.67 (0.60–0.75) 0.63 (0.57–0.68)
P-value vs. MELD 0.02 0.04 0.01 0.14

Patients with MELD ≥15 (n= 231)
MELD 0.71 (0.64–0.77) 0.69 (0.63–0.75) 0.68 (0.62–0.74) 0.67 (0.61–0.72)
MELD-sarcopenia 0.71 (0.64–0.77) 0.70 (0.64–0.76) 0.69 (0.64–0.75) 0.68 (0.63–0.73)
P-value vs. MELD 0.98 0.68 0.54 0.63
MELD-L3 SMI 0.72 (0.66–0.78) 0.71 (0.65–0.77) 0.70 (0.65–0.76) 0.69 (0.64–0.74)
P-value vs. MELD 0.24 0.16 0.13 0.06

HCC, hepatocellular carcinoma; L3-SMI, lumbar third skeletal muscle index; MELD, Model for End-Stage Liver Disease. Numbers in parentheses are 95% confidence
intervals.
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informed mortality risk prediction in cirrhotic patients awaiting
liver transplantation, particularly in patients with low MELD
scores (o21). Therefore, the presence of moderate ascites
should prompt clinicians to consider strategies to expand
access to transplantation.22

As current scores to evaluate prognosis in patients with
cirrhosis need appropriate modifications, previous studies
have evaluated the importance of other biochemical para-
meters. For example, serum sodium has been shown to be an
independent risk factor for mortality in patients with
cirrhosis,4,23 and several studies have reported that the
addition of the serum sodium concentration to generate the
MELDNa score is more accurate than MELD for predicting
short-term mortality on the waiting list.4,24,25 Kim and
colleagues reported that the use of MELDNa has the potential
to prevent a significant proportion of deaths that occur within
90 days of waiting list registration. However, serum sodium is
highly variable in cirrhotic patients prescribed diuretics, and in
our study, sodium was not significantly associated with
mortality in the multivariate analysis after adjustment for
sarcopenia and other potential confounders (Table 3).
Additional studies have reported a negative prognostic impact

of hypoalbuminemia among liver transplant candidates after
adjusting for the MELD score and serum sodium concentration.
In these studies, the incorporation of serum albumin in the
MELDNa score to generate the five-variable MELD (5vMELD)
improved the prediction of short-term mortality compared with
MELD and MELDNa among patients awaiting liver
transplantation.5,26 This finding may reflect the fact that albumin
is an indirect measure of the nutritional status of patients with
cirrhosis. In our study, albumin was independently associated
withmortality in themultivariate analysis; however, the statistical
weight of sarcopenia was greater (Table 3).
At present, several methods are available to evaluate body

composition and estimate muscle mass in patients with
cirrhosis; however, most of these techniques have limitations
primarily owing to subjectivity and limited reproducibility. In this
regard, muscularity assessment based on cross-sectional CT
imaging has emerged as an attractive index of nutritional
status in patients with cirrhosis particularly owing to its
objective nature.8,9 These CT analyses are not influenced by
fluid overload or overweight/obesity that are frequently present
in patients with decompensated cirrhosis. Moreover, sarcope-
nia reflects a chronic detriment in the general physical
condition, rather than acute severity of liver disease.27

This study emphasizes that, despite the fact that sarcopenia
is not included in conventional scores for prognosis in patients
with cirrhosis, its presence should alert clinicians to the same
extent as other complications, such as ascites, hepatic
encephalopathy, and variceal hemorrhage.28,29

Importantly, there is growing evidence that extreme sarco-
penia using different operational definitions, such as the
lowest quartile of the total psoas area,12 lowest tertile of the
total psoas area,11 lowest sixtile of the L3 SMI,30 or low
skeletal muscle mass defined aso90% of the standard using
bioelectrical impedance analysis,10 is associated with post-
transplant mortality. Therefore, giving some priority to those
patients with sarcopenia before they develop extreme muscle
depletion may help to decrease mortality in a subgroup of

patients with cirrhosis, without having a negative impact on
survival postliver transplantation.28

In this study, we find a better performance MELD-
sarcopenia at 1 year, rather than at 3 and 6 months. We
suspect this is due to the relatively small size of our cohort and
small number of events during the early follow-up period.
Moreover, we did not find a significant improvement in
performance of the MELD-sarcopenia score in patients with
severe hepatic encephalopathy despite the fact that sarcope-
nia is associated with an increased risk of hepatic
encephalopathy,31 and this complication increases the risk of
mortality, even more than the development of ascites or
variceal hemorrhage.32 This finding may be due to the fact that
only 9% of our patients had severe hepatic encephalopathy or
that these patients are too ill for sarcopenia to have an additive
benefit on mortality prediction.
The inclusion of L3 SMI as a continuous variable (in MELD-

L3 SMI) yielded inferior performance compared with MELD-
sarcopenia. We hypothesize that this is related to our use of
sarcopenia as a dichotomous variable according to gender and
height, which gives more statistical strength to this variable.
One limitation of our study is that we used a definition of

sarcopenia based on cutoff values that have been validated in
populations with different malignancies rather than cirrhotic
patients. Nevertheless, the values we used were derived from
optimum stratification of the L3 SMI, finding the most significant
P-values to define gender-specific cut points associated with
mortality.19 Moreover, in previous studies in patients with
cirrhosis, we have demonstrated that these values are useful
to distinguish cirrhotic patients in whom sarcopenia is asso-
ciated with a higher risk of mortality,8,9 and that these cut points
are very similar to a preliminary experience.33 Nevertheless,
validation of sarcopenia values in cirrhosis is warranted.
In summary, sarcopenia is frequently present in patients

with cirrhosis undergoing evaluation for liver transplantation
and is independently associated with a higher risk of mortality.
Modification of MELD to include sarcopenia (MELD-sarcope-
nia) is associated with an improvement in the prediction of
mortality in patients with cirrhosis, mostly in those with low
MELD scores. Additional validation in larger cohorts of
patients with cirrhosis is necessary to corroborate our findings
prior to widespread adoption of this novel score for liver
allograft allocation. Moreover, it would be important to
determine to what extent sarcopenia adversely affects survival
following liver transplantation.
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Study Highlights
WHAT IS CURRENT KNOWLEDGE
✓ Sarcopenia is one of the most common complications of

cirrhosis.

✓ Sarcopenia is associated with higher mortality in patients
with cirrhosis.

✓ Limitations of the Model for End-Stage Liver Disease
(MELD) score include its failure to assess the nutritional and
functional status of cirrhotic patients.

WHAT IS NEW HERE
✓ Modification of MELD to include sarcopenia is associated

with improved prediction of mortality in patients with
cirrhosis.

✓ In patients with low MELD scores, refractory ascites, or a
history of variceal hemorrhage, MELD-sarcopenia tended
to outperform conventional MELD.
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APPENDIX

FORMULAS FOR PROGNOSTIC INDICES
MELD-Sarcopenia=MELD+10.35 ×Sarcopenia
MELD-L3 SMI=MELD− 0.3065× L3 SMI
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