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European Working Group on Sarcopenia in Older
People (EWGSOP2) Criteria With Population-Based
Skeletal Muscle Index Best Predicts Mortality in

Asians With Cirrhosis
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Background/Aims:Multiple definitions of sarcopenia exist and the acceptable criterion that best predicts outcome
is lacking. We estimated the prevalence of sarcopenia based on four criteria and assessed their utility in predict-
ing mortality in cirrhotics. Methods: In a prospective observational study, consecutive Asian patients with
cirrhosis underwent testing for handgrip strength (HGS) and estimation of skeletal muscle index (SMI) using
computed tomography at the third lumbar vertebra. Sarcopenia was defined based on the Western cut-
off (WC; SMI < 50 cm2/m2 for men and <39 cm2/m2 for women), Asian cut-off (AC; SMI < 36.5 cm2/m2 for
men and 30.2 cm2/m2 for women), European Working Group on Sarcopenia in Older People—2nd meeting
(EWGSOP2) definition incorporating low HGS (<27 kg for men and <16 kg for women) with low SMI (defined
by the WC), and EWGSOP2 definition with low HGS and low SMI (defined by AC). Risk factors for mortality
were assessed using multivariate Cox-proportional hazards. Results: We included 219 patients with cirrhosis
(168 men; mean age 42.6 years) with 50.2% patients having decompensation. Alcohol was the commonest aeti-
ology (33.3%). The prevalence of sarcopenia was highest with the WC (men: 82.1%; women: 62.7%). There was
a weak concordance among all criteria (Fleiss’ kappa 0.23, 95% confidence interval [CI] 0.10–0.37). Overall, 12-
month survival was 86.1% (81.1–91.3%) over a median (interquartile range) follow-up of 12 (6–15) months. Asci-
tes (hazards ratio [HR] 6.27 [95% CI 1.6–24.1]; P < 0.007) and SMI (HR 0.92 [0.85–0.98]; P = 0.021) were indepen-
dent predictors of mortality. The 12-month mortality rate was higher in patients with sarcopenia, irrespective of
criteria (log rank P < 0.05). LowHGS and low SMI (defined by AC) was the best for predicting mortality (HR 3.04
[1.43–6.43]; P = 0.004). Conclusion: A weak concordance exists amongst various diagnostic definitions of sarcope-
nia. Sarcopenia diagnosed by a combination of low HGS and population-specific SMI cut-off (AC) best predicts
mortality. ( J CLIN EXP HEPATOL 2022;12:52–60)
Sarcopenia, or reduction in the skeletal muscle mass
and/or strength,1 is a common complication of
cirrhosis involving up to 30–70% of patients.2 Over
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the last two decades, its significance has been further recog-
nized with an increased risk of poor outcomes in patients
with cirrhosis, hepatocellular cancer (HCC) and liver trans-
plant (LT) recipients.3–8 There is, however, no consensus
on the precise definition of sarcopenia, with the North
American expert opinion statement recommending
diagnosis based on skeletal muscle mass alone, and the
European Working Group on Sarcopenia in Older
People—2nd meeting (EWGSOP2) definition
incorporating both low muscle strength and mass for a
confirmed diagnosis.1,9 It is accepted that cross-sectional
imaging modalities like computed tomography (CT) scans
provide the most accurate estimates of skeletal muscle
mass, and skeletal muscle index (SMI) is a consistent corre-
late of sarcopenia,10 enormous heterogeneity exists in the
literature regarding the level of assessment (third or fourth
lumbar vertebra), site of assessment (upper, mid or lower
part of the lumbar vertebra), muscles to be included (psoas
alone or total abdominal muscle area) and the patient
vier B.V. All rights reserved.
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population used for standardization (healthy controls,
cirrhosis awaiting LT, HCC or solid organ cancers), result-
ing in multiple definitions for sarcopenia.8,11–18 Defining
sarcopenia is further complicated by differences in body
composition of Asians and Caucasians, with Asians
having a significantly higher amount of body fat for the
same sex, age and body mass index (BMI), with lesser
muscle mass.19–21 Therefore, there is a need for region-
specific definitions of sarcopenia and their prospective vali-
dation in their specific cohorts.

A precise definition of sarcopenia is important for three
major reasons: confirming the diagnosis, accurate
prognostication and conducting future studies on
different interventions targeting sarcopenia. In the absence
of a universally accepted definition, the diagnostic criteria
that best predict the mortality would have the most clinical
relevance and, therefore, could be the definition of choice
for defining sarcopenia. We evaluated the prevalence of sar-
copenia in cirrhosis using different definitions available in
the literature. In addition, we aimed to assess the concor-
dance among these definitions of sarcopenia and their
impact on mortality.
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MATERIALS AND METHODS

Study Setting and Patient Management
This was a prospective observational study conducted at a
single tertiary care centre in North India. Consecutive pa-
tients with cirrhosis between 18 and 60 years of age irre-
spective of aetiology, being prospectively followed up in
the liver clinic from October 2018 to March 2020 were
considered for inclusion. Cirrhosis was diagnosed based
on a combination of clinical features (history and examina-
tion, history of decompensation of underlying chronic
liver disease), biochemical and imaging findings (ultraso-
nography or CT abdomen).22 Patients with overt hepatic
encephalopathy (HE), gastrointestinal bleed within the
past 1 month, sepsis, acute on chronic liver failure
(ACLF)23 and hospital admission in the preceding month
before enrolment were excluded because of the high mor-
tality in these patients. In addition, patients who had fac-
tors that could independently influence sarcopenia,
including evidence of HCC at presentation, chronic
obstructive pulmonary disease, congestive heart failure,
chronic kidney disease, neuromuscular disorders and
those unwilling for participation were also excluded.

All patients underwent blood investigations (complete
blood counts, liver function tests and renal function tests),
anthropometricmeasurements, nutritional assessment and
estimation of SMI using multiphase CT (detailed below) at
enrolment. They were followed up regularly at 3 monthly
intervals, and also as and when required till March 2020.
Journal of Clinical and Experimental Hepatology | January–February 2022 |
They also underwent laboratory testing at each visit and
were evaluated for the development of complications such
as new-onset or worsening ascites, HE, ACLF and gastroin-
testinal bleed. The underlying aetiology of cirrhosis and the
ensuing complications were managed according to stan-
dard protocols. All patients underwent nutritional counsel-
ling at enrolment (after the assessment of sarcopenia) and
subsequently at each visit. Theywere advised a caloric intake
of about 30–35 kcal/kg/day and protein intake of 1.2–1.5 g/
kg/day, as a part of routine patient care.24 The caloric
requirement of patients with nonalcoholic fatty liver
disease-related cirrhosis was adjusted according to their
BMI.25 The follow-up duration was defined as the interval
between the time of enrolment and the end of follow-up
(March 2020), death or LT, whichever was earlier.

Nutritional Assessment and Anthropometric
Measurements
Anthropometric measurements including weight,
height and BMI were measured at enrolment. Dry weight
was calculated to eliminate the added weight due to ascites
(weight reduction of 5% for mild, 10% for moderate and
15% for gross ascites, 5% extra for pedal oedema),26 and
was used to estimate BMI. Handgrip strength (HGS) was
measured in the dominant arm using a digital hand dyna-
mometer (DHD-1, Saehan Corporation, South Korea) ac-
cording to standard protocols27 by trained personnel
having experience of performing more than 100 proced-
ures. A 6-min walk test was performed according to the rec-
ommendations of the American thoracic society to
calculate the 6-min walk distance (6MWD).28

Estimation of Skeletal Muscle Area and SMI
All study participants underwent multiphase CT
abdomen for ruling out HCC at inclusion. All CT im-
ages were acquired using a 256-slice dual-energy scanner
(Somatom definition flash, Siemens). A transverse CT
image in the venous phase at the mid-body of the third
lumbar (L3) vertebral level was identified. The images
were analysed using an image analyser software, 3D
slicer software version 4.10.2 (http://www.slicer.org),
which is an image computing platform used for quanti-
tative imaging.29 Skeletal muscle was identified by a pre-
defined CT density of �29 to +150 Hounsfield unit
(HU). Skeletal muscle area (SMA) included the sum of
areas of paraspinal, psoas, transverse abdominis, inter-
nal oblique, external oblique and rectus abdominis
muscle at the L3 vertebral level. It was then normalized
for the height and expressed as SMI in cm2/m2. L3-SMI
was estimated because the different definitions
compared in this study (detailed below) have estimated
sarcopenia based on the L3-SMI cut-offs.
Vol. 12 | No. 1 | 52–60 53
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Table 1 Diagnostic Definitions of Sarcopenia.

HGS Skeletal muscle index

Male Female Male Female

Probable
sarcopenia1

<27 kg <16 kg – –

WC9
– – <50.0 cm2/m2 <39.0 cm2/m2

AC18
– – <36.5 cm2/m2 <30.2 cm2/m2

Confirmed
sarcopenia
(HGS + WC)1,9

<27 kg <16 kg <50.0 cm2/m2 <39.0 cm2/m2

Confirmed
sarcopenia
(HGS + AC)1,18

<27 kg <16 kg <36.5 cm2/m2 <30.2 cm2/m2

AC, Asian cut-off; HGS, handgrip strength; WC, Western cut-off.

Table 2 Baseline Characteristics of the Entire Cohort (n = 219).

Male (n = 168)

Age (years) 42.4 � 10.1

Anthropometric parameters

� Height (cm) 166.7 � 6.2

� Weight (kg) 61.8 � 14.4

� BMI (kg/m2) 22.1 � 4.5

Symptom duration (months) 16 (6–36)

Aetiology of cirrhosis

� Alcohol 72 (42.9%)

� Hepatitis B 42 (25.0%)

� Hepatitis C 7 (4.2%)

� Autoimmune hepatitis 5 (3.0%)

� Overlap syndrome 0 (0.0%)

� Nonalcoholic steatohepatitis 5 (3.0%)

� Cryptogenic 26 (15.5%)

� >1 aetiology a 11 (6.5%)

Decompensation

� Ascites (%) 91/168 (54.2%)

� Hepatic encephalopathy (%) 28/168 (16.7%)

� Gastrointestinal bleed (%) 59/168 (35.1%)

Laboratory parameters

� Haemoglobin (g/dL) 11.3 � 2.4

� Platelet (� 109/L) 91 (60–125)

� Bilirubin (mg/dL) 1.7 (0.9–2.8)

� AST (U/L) 51 (40–77)

� ALT (U/L) 34 (25–55)

� ALP (U/L) 286 (210–427)

� Protein (g/dL) 7.3 � 0.7

� Albumin (g/dL) 3.5 � 0.7

� Calcium (mg/dL) 8.6 � 0.6

� Creatinine (mg/dL) 0.8 (0.7–0.9)

� INR 1.5 � 0.4
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Diagnosis of Sarcopenia
Table 1 outlines the various definitions of sarcopenia and
their respective cut-offs for SMI and HGS. Probable sarco-
penia was defined according to the EWGSOP2 criteria us-
ing HGS.1 Sarcopenia was defined according to four
diagnostic definitions. These included: a) North American
expert opinion statement (henceforth referred to as the
Western cut-off [WC]),9 b) SMI-based cut-off in a popula-
tion of similar ethnicity (henceforth referred to as the
Asian cut-off [AC]),16 c) confirmed sarcopenia based on
the EWGSOP2 criteria using the SMI values of the WC
(henceforth referred as HGS + WC) and d) confirmed sar-
copenia based on the EWGSOP2 criteria using the SMI
values of the AC (henceforth referred as HGS + AC).
Female (n = 51) P value

43.5 � 9.9 0.490

153.1 � 5.9 <0.001

54.4 � 13.7 <0.001

23.2 � 5.5 0.170

18 (5–60) 0.366

1 (2.0%) <0.001

7 (13.7%)

11 (21.6%)

12 (23.5%)

2 (3.9%)

7 (13.7%)

9 (17.6%)

2 (3.9%)

21/51 (41.2%) 0.104

5/51 (9.8%) 0.230

15/51 (29.4%) 0.450

10.4 � 2.1 0.037

93 (60–124) 0.844

1.1 (0.8–1.4) <0.001

45 (35–72) 0.288

34 (23–58) 0.889

289 (195–438) 0.815

7.4 � 0.7 0.351

3.7 � 0.7 0.270

8.6 � 0.7 0.808

0.7 (0.6–0.8) <0.001

1.3 � 0.2 0.002

tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.



Table 2 (Continued )

Male (n = 168) Female (n = 51) P value

CTP 7 (6–9) 6 (5–7) <0.001

Child A/B/C 75/69/24 33/18/0 0.004

MELD 13 (10–16) 10 (8–12) <0.001

6-MWD (m) 347.1 � 57.8 313.4 � 48.4 <0.001

HGS (kg) 26.6 (20.9–31.2) 18.0 (15–20.4) <0.001

SMA (cm2) 119.1 � 22.9 85.9 � 16.3 <0.001

SMI (cm2/m2) 42.9 � 8.0 36.7 � 6.6 <0.001

Probable sarcopenia (%) 87/168 (51.8%) 18/51 (35.3%) 0.039

Sarcopenia criteria

� WC (%) 138/168 (82.1%) 32/51 (62.7%) 0.004

� AC (%) 32/168 (19.0%) 10/51 (19.6%) 0.929

� HGS + WC (%) 73/168 (43.5%) 11/51 (21.6%) 0.005

� HGS + AC (%) 24/168 (14.3%) 3/51 (5.9%) 0.110

All values are expressed as mean � SD or median (IQR) or percentage, as appropriate. Bold values indicate P value <0.05.
6-MWD, 6-min walk distance; AC, Asian cut-off; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI,
body mass index; CTP, Child-Turcotte-Pugh score; HGS, handgrip strength; INR, international normalized ratio; MAC, mid-arm circumference;
MAMC, mid-arm muscle circumference; MELD, model for end-stage liver disease; SMA, skeletal muscle area; SMI, skeletal muscle index; TSFT, tri-
ceps skin-fold thickness; WC, Western cut-off.
aIndicates the presence of more than one aetiology of cirrhosis such as viral hepatitis with co-existent alcoholic liver disease or non-alcoholic stea-
tohepatitis.
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Ethical Clearance and Patient Consent- The study pro-
tocol was approved by the institutional ethics committee.
Written informed consent was obtained from all the pa-
tients at enrolment and all procedures performed were as
per the 1964 Helsinki declaration and its later amend-
ments or comparable ethical standards.

Sample Size Estimation and Statistical Analysis
Sample size estimation was based on the AC definition of
sarcopenia. Data on the prevalence of sarcopenia in a pop-
ulation of similar ethnicity, based on other diagnostic def-
initions, are lacking. The prevalence of sarcopenia in
Figure 1 Heatmap showing the concordance, as assessedby theCoh
of sarcopenia. HGS, handgrip strength; AC, Asian cut-off; WC, Western c

Journal of Clinical and Experimental Hepatology | January–February 2022 |
patients with cirrhosis, using the AC criteria, was
12.8%.18 Assuming an absolute precision of �5% and a
confidence interval (CI) of 95%, the sample size required
for the estimation of the prevalence of sarcopenia was
calculated to be 172 patients. Assuming 10% of patients
getting lost to follow-up, a minimum of 190 patients
were required in the study.

Categorical variables were represented as frequency
(percentage) and continuous variables were represented
as mean � standard deviation (SD) or median (inter-
quartile range [IQR]), as appropriate. Categorical vari-
ables were compared using the c2 test, whereas
en’s kappa coefficient, between various criteria for the diagnosis
ut-off.

Vol. 12 | No. 1 | 52–60 55
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continuous variables were compared using the indepen-
dent sample t-test or Mann–Whitney U test, depending
on the normality of distribution. A two-tailed P-value
of less than 0.05 was considered to be statistically signif-
icant. Correlations between SMI, HGS and 6MWD were
estimated using the Pearson correlation coefficient.
Agreement between the diagnostic definitions of sarco-
penia was assessed using the Cohen's Kappa coefficient
(concordance rate between individual definitions) and
Fleiss' Kappa coefficient (overall concordance among
all definitions). Survival in patients with and without
sarcopenia, defined based on the diagnostic definitions,
was compared using the Kaplan–Meier analysis, and sig-
nificance was estimated using the log-rank test. For the
assessment of the predictors of survival in patients
with cirrhosis, univariate and multivariable-adjusted
Cox proportional hazards models were constructed. Re-
sults were expressed as hazards ratio (HR) with 95% CI
and P-values for both univariate and multivariate ana-
lyses. The HR was also calculated for each diagnostic
definition of sarcopenia after adjusting for the parame-
ters significant on the multivariate analysis. All data
were entered using Microsoft Excel 2011 and was ana-
lysed using R studio. In addition to the base package
in R, survminer, survival, tidyverse, psych and irr pack-
ages were used.
RESULTS

Baseline Characteristics
A total of 412 consecutive patients with cirrhosis attending
the liver clinic were screened, and 219 patients (168 men;
Figure 2 TheKaplan–Meier analysis of the survival probability in patie
definitions of probable sarcopenia (based on handgrip strength) (A),W
ern cut-off (D), and handgrip strength and Asian cut-off (E). (Log-rank

56 © 2021 Indian National Associa
76.7%) meeting the inclusion and exclusion criteria were re-
cruited (Supplementary Figure 1). The baseline characteris-
tics of the included cohort are summarized in Table 2.
Mean age was 42.6 years (men: 42.4 � 10.1 years and
women: 43.5� 9.9 years; P = 0.49), with alcohol (33.3%) be-
ing the most common aetiology, followed by viral hepatitis
(30.6%). Most patients had current or prior hepatic decom-
pensation (Table 2). Themedian (IQR)model for end-stage
liver disease (MELD) score was 12 (9–15) and Child-Tur-
cotte-Pugh (CTP) score was 7 (5–9) (Child A, B and C:
49.3%, 39.7% and 11.0%, respectively). The patients were
followed up for a median (IQR) duration of 12 (6–15)
months, over which 30 patients succumbed to their illness
(12-month survival 86.1% [81.1–91.3%]). Baseline charac-
teristics were further analysed according to sex, and men
were found to have more advanced liver disease as indi-
cated by higher CTP scores (median CTP 7 [6–9] in men
vs 6 [5–7] in women; P < 0.001) and MELD scores (median
MELD 13 [10–16] in men vs 10 [8–12] in women;
P < 0.001). They also had a higher SMA, SMI, HGS and
6MWD at baseline (Table 2).

Prevalence of Sarcopenia and Agreement
Between Various Criteria
The prevalence of sarcopenia was 51.8%, 82.1%, 19.0%,
43.5% and 14.3% in men and 35.3%, 62.7%, 19.6%,
21.6% and 5.9% in women, based on the criteria for EWG-
SOP2 probable sarcopenia, WC, AC, HGS + WC and
HGS + AC, respectively. The prevalence did not differ be-
tween men and women when estimated according to the
AC (P = 0.929) and HGS + AC criteria (P = 0.110). Based
on the EWGSOP2 criteria of probable sarcopenia, 114
ntswith andwithout sarcopenia, defined based on the diagnostic
estern cut-off (B), Asian cut-off (C), Handgrip strength andwest-
P < 0.05 for all categories.)

tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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patients had no sarcopenia. However, of these nonsarco-
penic patients, the WC and AC criteria classified 86 of
114 (75.4%) and 15 of 114 (13.2%) patients as sarcopenic,
respectively. Fig. 1 shows the agreement between various
diagnostic criteria. We observed a high agreement between
probable sarcopenia criteria and HGS-WC (Cohen's kappa
coefficient 0.81, 95% CI 0.73–0.88) and a substantial agree-
ment between HGS-AC and AC (Cohen's kappa coefficient
0.74, 95% CI 0.62–0.87). Overall, the diagnostic definitions
were only fairly concordant (Fleiss' kappa coefficient 0.23,
95% CI 0.10–0.37). A weak positive correlation was identi-
fied between SMI and HGS (r = 0.318, P < 0.001) and
SMI and 6MWD (r = 0.201, P = 0.003). A moderate positive
correlation was seen between HGS and 6MWD (r = 0.475,
P < 0.001) (Supplementary Figure 2).

Predictors of Mortality
Over the study period, 30 of 219 patients (13.7%) expired
and one patient underwent deceased donor LT. Mortality
rates were significantly higher in patients with sarcopenia,
irrespective of the diagnostic criteria used (Figure 2). The 1-
year mortality rates, in patients with sarcopenia and
without sarcopenia were 20% (95% CI: 11.4%–27.7%) and
8.5% (2.1%–14.4%) (log-rank P = 0.009) according to EWG-
SOP2 probable sarcopenia, 16.4% (10%–22.4%) and 5.5%
(0%–12.8%) (log-rank P = 0.025) according to WC criteria,
32.5% (13.7%–47.3%) and 9.8% (4.8%–14.5%) (log-rank
P < 0.001) according to AC criteria, 23.8% (13.4%–32.9%)
and 8.0% (2.3%–13.4%) (log-rank P = 0.001) according to
HGS + WC criteria and 43.1% (17.8%–60.6%) and 9.9%
(5.1%–14.6%) (log rank P < 0.001) according to the
HGS + AC criteria, respectively. On univariate Cox propor-
tional hazard model, BMI, CTP and MELD scores, ascites,
6MWD, SMI and HGS were independent predictors of
mortality (Table 3). Multivariate hazards were estimated
using parameters that were independent predictors ofmor-
tality on the univariate analysis. Ascites was an indepen-
Figure 3 Forest plots showing the results of the Cox-proportional haz
hazard ratios and 95% confidence intervals. The boxes represent the ha
Univariate hazards for various diagnostic definitions of sarcopenia as a predic
diagnostic definitions of sarcopenia as a predictor of mortality. HGS, handg

Journal of Clinical and Experimental Hepatology | January–February 2022 |
dent predictor of mortality (HR 6.27, 95% CI 1.64–24.06,
P = 0.007), whereas high SMI was protective (HR 0.92,
95% CI 0.85–0.98, P = 0.021).

Sarcopenia, defined by all criteria, was also an indepen-
dent predictor of mortality on the unadjusted univariate
Cox proportional hazard models (Figure 3A). When
adjusted for the presence of ascites, the HGS + AC criteria
(HR 3.04, P = 0.004) had the highest HR for predicting
mortality in comparison to the AC criteria (HR 2.48,
P = 0.015), HGS + WC criteria (HR 2.36, P = 0.029), WC
criteria (HR 2.91, P = 0.147) and probable sarcopenia
criteria (HR 1.86, P = 0.124) (Figure 3B).
DISCUSSION

In this study, we included 219 patients with cirrhosis and
estimated the prevalence of sarcopenia using different
diagnostic cut-offs. We observed significant heterogeneity
among the diagnostic criteria, indicated by the wide varia-
tions in the prevalence of sarcopenia varying between
14.3% and 82.1% in men and 5.9% and 62.7% in women.
The mortality rate in patients with sarcopenia was higher,
irrespective of the definition used. Ascites and low SMI
were independent predictors of mortality and patients
found to be sarcopenic using the HGS + AC criteria had
the highest risk of mortality.

The prevalence of sarcopenia in our cohort was found to
range from 5.9% to 82.1%, depending on the definition
used and the gender being studied. A major reason for
this was the SMI cut-off, which was significantly lower
for the AC criteria than that of similar Caucasian popula-
tions.8,11,12 In addition to the differences in genetics and
body composition, one of the possible explanations for
this could be an increased amount of abdominal and
visceral fat in Asians as compared to Caucasians.30

Assuming a two-compartment model,31 the corresponding
fat-free mass (composed mainly of muscle) would logically
ardsmodel for various diagnostic definitions of sarcopenia, their
zards ratio and the error bars represent the 95% confidence intervals. (A)
tor of mortality. (B) Multivariate hazards, adjusted for ascites, for various
rip strength; WC, Western cut-off; AC, Asian cut-off.

Vol. 12 | No. 1 | 52–60 57



Table 3 Univariate andMultivariate Cox-Proportional Hazards
for the Predictors of Mortality.

Univariate hazards Multivariate hazards

HR 95% CI P value HR 95% CI P value

Age 0.99 0.97–1.03 0.810

Sex (Male) 1.52 0.58–3.97 0.395

BMI 0.84 0.77–0.92 <0.001 1.06 0.92–1.23 0.392

Aetiology
(Alcohol)

1.94 0.95–3.98 0.070

CTP score 1.60 1.36–1.88 <0.001 1.26 0.91–1.75 0.162

MELD score 1.17 1.09–1.25 <0.001 1.04 0.92–1.12 0.510

Ascites 11.72 3.54–38.76 <0.001 6.27 1.64–24.06 0.007

6MWD 0.99 0.98–1.00 0.015 1.00 0.99–1.01 0.620

SMI 0.91 0.87–0.95 <0.001 0.92 0.85–0.98 0.021

HGS 0.94 0.89–0.99 0.032 0.99 0.92–1.07 0.787

6MWD, 6-min walk distance; BMI, bodymass index; CI, confidence inter-
val; CTP, Child-Turcotte-Pugh; GI bleed, gastrointestinal bleed; HE, he-
patic encephalopathy; HGS, handgrip strength; HR, hazards ratio;
MELD, model for end-stage liver disease; SMI, skeletal muscle index.
Bold values indicate P value <0.05.
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be lower in Asians for the same sex, weight and BMI. There-
fore, the cut-off for muscle mass leading to sarcopenia is
likely not a rigid construct and needs to be tailored to
the ethnic group being studied.

A poor to fair agreement was observed between the
diagnostic criteria for sarcopenia, except for the probable
sarcopenia criteria and HGS-WC, and HGS-AC and AC
criteria. Previous studies have also shown similar results
in the geriatric population and patients with cirrhosis
when comparing different diagnostic definitions.32–34

This lack of concordance between different definitions
stems from the components of the definition. The
EWGSOP2 probable sarcopenia, HGS + WC and
HGS + AC criteria incorporate muscle function,
whereas the WC and AC definition include muscle
mass alone. Others have shown a poor to weak
correlation between muscle mass and HGS,35 similar to
the observations of our study. In a study by Tapper
et al, the correlation between SMI and HGS in men and
women were 0.168 and 0.283, respectively.36 One reason
for this could be the overestimation of probable sarcope-
nia in cirrhotics due to a lower estimated HGS because of
difficulties in the standardized assessment of muscle
strength. It has been previously shown that HGS need
not correlate with muscle mass in cirrhotics and may
be influenced by other comorbidities such as clinical/
subclinical HE37 and other acute decompensations,
which are frequent issues in patients with cirrhosis.
Moreover, HGS cut-offs are based on normative data
from healthy individuals and evidence-based HGS cut-
offs in cirrhotics is lacking. Defining sarcopenia based
58 © 2021 Indian National Associa
on HGS with SMI-based cut-off helps us select the pa-
tients who have both impaired muscle mass and func-
tion, and therefore, enables us to predict those who are
at the highest risk of complications and mortality.

Although the prevalence of sarcopenia was highest
when defined by the WC criteria, it did not translate into
clinical utility as an independent predictor of mortality.
The HR for predicting mortality was highest for
HGS + AC criteria followed by the AC criteria, further sug-
gesting the need for population-specific criteria. EWG-
SOP2 probable sarcopenia was an independent predictor
of mortality on the univariate analysis, but not the multi-
variate analysis adjusted for ascites. This also suggests that
sarcopenia, defined as low muscle strength and mass (as
proposed by EWGSOP2), is probably a better predictor of
mortality than the muscle mass (WC and AC criteria)
alone.

Our data suggest that although low muscle strength
(EWGSOP2 probable sarcopenia) was not independently
associated with mortality, a combination of region-
specific muscle mass and muscle strength (HGS + AC)
identified the patients at the highest risk. This also sug-
gests that decreased muscle strength may represent a sig-
nificant clinical event in the natural course of cirrhosis,
as it may be the forme fruste of sarcopenia and may trans-
late into a subsequent risk of mortality. It is possible that
the trend towards poor outcomes starts with decreased
muscle strength, even though it starts independently
contributing to mortality only when sarcopenia sets in.
Identification of probable sarcopenia could therefore pre-
sent a window of opportunity, and a different set of inter-
ventions may be useful in the future targeting this
subgroup of patients.

Ascites was an independent predictor of mortality while
high SMI was protective. MELD score, although a predic-
tor of mortality on the univariate analysis, was not an inde-
pendent predictor of mortality in our cohort on the
multivariate analysis. This suggests that low SMI is a stron-
ger predictor of mortality than the MELD score alone. Van
Vugt et al showed that the median survival was lower in pa-
tients with sarcopenia, even in patients with an MELD
score less than 15.38 Others also shown that the MELD-
sarcopenia score is a better predictor of mortality in cir-
rhotics than the MELD score alone.39 Therefore, it is
important to identify sarcopenia early and undertake steps
to halt its progress.

The sample size was derived from the study involving
compensated alcoholic cirrhotics. The study by Benjamin
et al included both compensated and decompensated pa-
tients belonging to a group of only alcohol-related liver
cirrhosis.18 Despite being an alcohol-related liver disease,
the prevalence of sarcopenia was very low mainly because
the cut-off of L3-SMI used was normative cut-offs (2 SD
below mean of young healthy adults). This is a stringent
cut-off and the overall prevalence was only 12.8%
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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(compensated 6.4% and decompensated 15.8%). This
method was chosen as the EWGSOP recommends the
normative method of cut-off derivation. Also, if one choo-
ses to use the cut-off at one SD below the mean of young
healthy adults, the prevalence increases substantially.
Although the prevalence is low, the patients with SMI of
2 SD below the mean of healthy adults (AC criteria) are
truly having a very low muscle mass and carry a high mor-
tality. The published WCs of CT–L3-SMI are mortality-
based cut-offs, which are much higher than the normative
ones, thereby, increasing the prevalence of sarcopenia.
Hence, the need of the hour is to derive a mortality-based
cut-off of SMI in patients with liver cirrhosis in the Indian
scenario. Variations in the sarcopenia prevalence rates
based depending on the study population and themethod-
ology of sarcopenia assessment will remain the main rea-
sons for the differences in various sarcopenia prevalence
estimation studies.

Our study has a few limitations. Although the diseased
cohort was not equally distributed for men and women,
this is representative of the cirrhotic population in our re-
gion.40 The median follow-up was 1 year, and a longer
follow-up with a sequential assessment of HGS and SMI
could have further highlighted the role of rate of decline
in HGS and SMI in predicting mortality. CT-based estima-
tion of SMI is associated with the risks of radiation expo-
sure and high cost of serial assessment, and it needs
dedicated software for analysis, and hence defining sarco-
penia based on SMI may lack wide acceptance from clini-
cians working outside research settings. Therefore, there
is a need for simple bedside alternatives, which can esti-
mate SMI and predict mortality in cirrhosis. Bioimpedance
analysis, muscle ultrasound and dual-energy X-ray absorp-
tiometry have been tested as alternatives, but have their
limitations.41

The study highlights the benefits and limitations of us-
ing different diagnostic criteria for sarcopenia in routine
clinical practice. In a large population of 219 patients, we
compared five diagnostic criteria and showed immense
heterogeneity in the prevalence of sarcopenia. Our study
should pave way for future studies to determine appro-
priate population-specific HGS and SMI cut-offs in pa-
tients with cirrhosis.

To conclude, sarcopenia is highly prevalent in pa-
tients with cirrhosis and is associated with high mortal-
ity, irrespective of the definition used. Sarcopenia
identified using the EWGSOP2 definition (including
low HGS and population-specific SMI cut-off) best pre-
dicts mortality in patients with cirrhosis. There is a lack
of concordance among the various diagnostic definitions
of sarcopenia, and the definition being used should be
tailored to the population being studied and study ob-
jectives.
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