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PsoasMuscle Index: A Simple and Reliable Method of
Sarcopenia Assessment on Computed Tomography

Scan in Chronic Liver Disease and its Impact
on Mortality
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Objectives: Psoasmuscle parameters have been proposed as a simple and quickmethod for sarcopenia assessment.
The aim of this study was to assess sarcopenia in cirrhotics by psoas muscle on computed tomography and its
impact on mortality.Methods: One hundred and fifty patients (75 cirrhotics, 75 subjects) were assessed for psoas
muscle on CT scan. Psoasmuscle index (PMI) was calculated as ‘total psoasmuscle area/(height of subject)2’. Cut
off values for sarcopenia diagnosis were derived from local subjects (n = 75) who did not have cirrhosis/other
causes of sarcopenia. Results: Sarcopenia assessed by PMI was seen in 36% (n = 27) of the cirrhotics. Sarcopenia
was significantly higher in patients having Child-Pugh C. Ascites, hepatic encephalopathy (HE) and gastro-
intestinal bleed were seen in 48%, 18.7% and 24%, respectively. Sarcopenia was significantly associated with asci-
tes and HE (P < 0.05). Out of the 75 cases, 53 cases completed the follow-up period of 1 year. Among the 20 cases
who had sarcopenia, 35% (n = 7) succumbed to liver-related illness during 1 year follow-up, and out of the 33 cases
without sarcopenia, only 6% (n = 2) died. The association of sarcopenia and 1 year mortality was statistically sig-
nificant (P = 0.01). Conclusions: The PMI, a simple method for sarcopenia assessment detected sarcopenia in 36%
of cirrhotics. Patients with sarcopenia had a significantly higher 1 year mortality rate and appropriate prognos-
tication of such patients is needed. ( J CLIN EXP HEPATOL 2023;13:196–202)
Sarcopenia is defined as generalised reduction inmus-
cle mass and function which can be primary (due to
ageing) or secondary (due to acute or chronic illness

including chronic liver disease).1 The reported pooled prev-
alence of sarcopenia in patients with cirrhosis is 37.5% and
has been shown to be an independent predictor of mortal-
ity.2 Additionally, patients havingmalnutrition and/or sar-
copenia have higher rate of complications like longer
hospital stay, ascites, renal impairment and increased mor-
tality during hospitalisation.3,4
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Multiple modalities have been used for the assessment
of sarcopenia of which non-invasive imaging with
computed tomography (CT) has been regarded as the
most precise.5 Among CT-based measurements, skeletal
muscle index (SMI) measured at the level of the third lum-
bar vertebrate (L3) has been shown to be one of the most is
a reliable and valid measures and has been recommended
by various society guidelines.6,7

L-3 SMI is measured as the cross-sectional muscle
area of the skeletal muscles at level L3 divided by the
square of height of subject. Although L-3 SMI is shown
to be highly accurate, the derivation of the index requires
dedicated specialized software. Whereas, SMI provides a
composite muscle evaluation at the L3 level, alternative
simpler CT-based indices based on single muscle mea-
surements like psoas muscle thickness (PMT), psoas
muscle index (PMI), and psoas muscle cross-sectional
area (PMA) have been used for sarcopenia assessment.8

These measurements are easy and rapid and do not
need the use of dedicated specialized softwares and
have been shown to be reliable predictors of mortality
in cirrhosis.8,9 However, overall, the literature about
the use of psoas muscle-based indices are limited and
some studies have questioned the robustness of these
indices in patients with cirrhosis.10
vier B.V. All rights reserved.
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In this background, we undertook this study to assess
the sarcopenia in cirrhotics quantified by psoas muscle
on CT scan and assess its impact on mortality and
morbidity.
Figure 1 (A) Psoas muscle area—yellow colour delineates the right and
left psoas muscle with the respective areas (B) Psoas muscle thick-
ness—green line indicates longest diameter of the psoas muscle and
the yellow line indicates the psoas muscle thickness (largest diameter
perpendicular to the longest diameter).

Table 1 Mean, SD, Upper and Lower Bound of PMI and PMTH
of Subjects (n = 75).

PMTH (mm) PMI (mm2/m)

Male Female Male Female

Mean 21.97 18.48 753.95 544.70

Standard deviation 2.71 1.95 164.10 90.27

Upper bound 27.40 22.40 1082.15 725.27

Lower bound (Cut off) 16.53 14.57 425.72 364.14

PMI, Psoas Muscle Index; PMTH, Psoas Muscle Thickness/Height of
subject.
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MATERIALS AND METHODS

This was an observational prospective study over a period
of 18 months carried out at a tertiary care centre. One hun-
dred and fifty patients (75 cases with cirrhosis and 75 sub-
jects) undergoing CT scan were included in the study. The
other inclusion criteria were as those with age >18 years
and <70 years, patients diagnosed/known to have cirrhosis
of liver, patients who underwent CT scan of abdomen for
any indication. The combination of clinical, laboratory,
endoscopic and radiological features were used for the
diagnosis of liver. These included features like ascites
(high serum ascites albumin gradient), nodular liver at im-
aging, grade IV liver fibrosis at elastography, oesophageal
varices and other such features.

Patients diagnosed to have malignancy, tuberculosis,
prolonged illness/hospital stay more than 1 month, HIV
positive status, on steroid treatment and pregnant females
were excluded.

CT scans was performed as dictated from the medical
condition of the patients or as part of pre-liver transplant
evaluation. Data were collected and transverse CT sec-
tions were be analysed at the third lumbar vertebrae level
(L3). Total psoas muscle area was measured including the
right and left psoas muscle (Figure 1A). All CT images
were analysed by two dedicated radiologists. Out of the
75 patients with cirrhosis , 53 patients completed a
follow-up period of 1 year and were assessed for the mor-
tality rate.

Cross-sectional psoas muscle area was normalized for
stature by calculation of L3 PMI i.e. PMI (mm/
m2) = Total psoas muscle area (mm)/(Height of subject)2

(m). The PMT was measured as the largest diameter
perpendicular to the longest diameter of the psoas muscle
on axial CT image at level of L4 vertebrae (Figure 1B). Psoas
muscle thickness by height of subject (PMTH) was calcu-
lated by measuring the thickness of psoas muscle at level
of fourth lumbar vertebrae divided by height of the patient
as: PMTH (mm/m) = Psoas muscle thickness (mm)/
Height of subject (m).11

In the previous studies, one of the main limiting factors
was that local cut off values were not used for the diagnosis
of sarcopenia and hence overestimating the prevalence.
This is a major concern with studies from our region as
most of the published cut off values are from the western
literature. In this study, the cut off values for the diagnosis
of sarcopenia was derived from a local control group
(n = 75) who did not have cirrhosis/other obvious causes
of sarcopenia. The control group were subjects who pre-
sented with a short illness (<7 days) like acute appendicitis,
Journal of Clinical and Experimental Hepatology | March–April 2023 | Vol. 1
nephrolithiasis, acute cholecystitis in whom CT scan was
indicated as per the clinical condition. The cut off values
derived from the control group are shown in Table 1.
The lower bound (mean - 2 SD) was taken as the cut off
value for diagnosing sarcopenia.12

Statistical Analysis
Qualitative data were represented in the form of frequency
and percentage. Among qualitative data, Nominal data
3 | No. 2 | 196–202 197



Table 2 Baseline Demographic Features and Etiological
Diagnosis.

Variables Mean value ± SD

Age (years) 52.17 � 7.86

Sex (n)

Male 41

Female 34

Height (cm) 159.36 � 9.56

BMI (kg/m2) 27.46 � 5.32

Aetiology (n)

NASH 32

Alcohol 12

HBV 8

HCV 8

Cryptogenic 7

Miscellaneous 8

CHILD (n)

A 25
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included group category (Case and Control), gender of the
subjects, cirrhosis aetiology, ascites, PMTH L4-based sarco-
penia, PMI-based Sarcopenia, muscle weakness andmuscle
mass. Association between qualitative variables was as-
sessed by Chi-square test, with continuity correction for
all 2� 2 tables and by Fisher's Exact test for all 2� 2 tables
where Chi–Square test was not valid due to small counts.
Fisher's Exact test was applied for all 2 � 2 tables where
P-value of continuity correction was not valid due to small
counts, in-spite of pooling of data. Quantitative data were
represented using Mean� SD andMedian and IQR (Inter-
quartile range).

Correlation between data was done by using spearman's
rank correlation, as the data failed ‘Shapiro-wilk test
normality’ test or was Ordinal data. Cohen's kappa coeffi-
cient (k) was used to measures inter-test agreement for
Qualitative data. Appropriate statistical software, including
but not restricted to MS Excel, PSPP version 1.0.1 was used
for statistical analysis. An alpha value (P-value) of #0.05
was used as the cut off for statistical significance. Results
were graphically represented where deemed necessary.
B 31

C 19

MELD score 13.12 � 4.87

Albumin (g/dL) 3.14 � 0.5

Vitamin D (ng/dL) 18.32 � 6.68

HBV, Hepatitis B Virus; HCV, Hepatitis C Virus; MELD, Model for End
Stage Liver Disease; NASH, Non-Alcoholic Steato-Hepatitis.
RESULTS

The cirrhosis group patients ranged in age from 31 to 70
with a mean (�s.d) of 52.17 (�7.86) years. The males
were in slightly higher proportion (54.7%) than females.
Child-Pugh B was seen in 41.3% of patients while Child-
Pugh A and C were 33.3% and 25.3%, respectively. The
mean MELD (�s.d) score was 13.12 (�4.87) and the me-
dian MELD score was 12. The patient with MELD score
9 or less were 28% whereas those with score between 10
and 19 were 61.3%. Patients with MELD score more than
20 were 10.7%. Among the different aetiologies of cirrhosis,
non-alcoholic steato-hepatitis was the most common aeti-
ology seen in 42.7% of the cases. The other aetiologies of
cirrhosis included ethanol (16%), HBV (10.7%), HCV
(10.7%), cryptogenic (9.3%) and autoimmune (6.7%). The
baseline demographic features and aetiological diagnosis
have been included in Table 2.

The mean value of PMI was 753.95 mm2/m and
544.70mm2/m inmale and female subjects (control group),
respectively. The mean value of PMTH was 21.97 mm and
18.48 mm in male and female subjects (control group),
respectively. The mean value of PMI was 549.73 mm2/m
and 457.88 mm2/m in male and female patients, respec-
tively. The mean value of PMTH was 17.78 mm and
16 mm in male and female patients, respectively.

Sarcopenia assessed by PMI was seen in 36% of the total
cirrhosis patients while 64% patients had no sarcopenia by
the PMI assessment. Somewhat similar results were seen
for sarcopenia assessment by the PMTH assessment.
34.7% of patients having cirrhosis had sarcopenia by
PMTH assessment while 65.3% has no sarcopenia. The
Kappa measure of agreement for the sarcopenia assess-
198 © 2022 Indian National Associa
ment by PMI and PMTH was 0.737 suggestive of good
strength of agreement between the two methods. In five
cases, sarcopenia was diagnosed by PMI method but not
by PMTH method. In other four cases, sarcopenia was de-
tected by PMTH method but not by PMI method.

Out of the patients who had ascites (36 patients), 61.1%
(22 patients) of patients had sarcopenia while 38.9% (14 pa-
tients) of patients had no sarcopenia as noted by PMI. The
P value for Chi-square test after continuity correction was
significant (<0.05) suggesting significant association be-
tween ascites and PMI sarcopenia. There was also signifi-
cant association between grade of ascites and PMI
sarcopenia. Table 3 shows the association of grade of asci-
tes and PMI sarcopenia. Out of the patients who had gas-
tro-intestinal bleed (18 patients), 27.8% (5 patients) of
patients had PMI sarcopenia and 72.2% (13 patients) of pa-
tients had no PMI sarcopenia. The P value for Chi-square
test after continuity correctionwas not significant (P value -
0.581). Out of the patients who had HE (14 patients),
85.7% (12 patients) of patients had PMI sarcopenia and
14.3% (2 patients) of patients had no PMI sarcopenia.
The P value for Chi-square test after continuity correction
was significant (<0.05) suggesting the association between
HE and PMI sarcopenia could be established.
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.



Figure 3 Association of MELD Score and PMI sarcopenia. PMI, Psoas
muscle index.

Table 3 Association of Grade of Ascites and PMI Sarcopenia.

Grade of Ascites PMI sarcopenia Total

Yes No

Large No. 2 1 3

Moderate No. 9 7 16

Mild No. 11 6 17

No ascites No. 5 34 39

Total No. 27 48 75

% 36.0% 64.0% 100.0%

Chi–Square tests Value Df P-value Association is-

Pearson Chi–square $ 19.247 3 0.00024 Significant

Pearson Chi–square^ 16.909 1 3.92E-05 Significant

$ 2 cells (25.0%) have expected count less than 5.̂ Row data pooled and
Chi-Square test reapplied with Continuity Correction.
PMI - Psoas Muscle Index Sarcopenia
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Out of the cirrhosis patients who had Child-Pugh A,
only 4% had PMI sarcopenia while 73.7% patients with
Child-Pugh C had PMI sarcopenia. The P value for Chi-
square test after continuity correction was significant
(<0.05). Hence, there was significant association between
Child-Pugh class and PMI sarcopenia. Figure 2 shows the
bar diagram depicting the association of Child-Pugh class
and PMI sarcopenia. The Spearman's rho correlation coef-
ficient for model for end-stage liver disease (MELD) score
and PMI sarcopenia was�0.5169. The negative correlation
suggested that, as the MELD score increased the PMI
values reduced and vice-versa. The P value was significant
(<0.05). Figure 3 shows the scatter graph between MELD
score and PMI sarcopenia. The association between
Figure 2 Association between Child-Pugh class and PMI sarcope-
nia.PMI, Psoas muscle index.
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cirrhosis aetiology and PMI sarcopenia was not statistically
significant (P value - 0.764).

Out of the 75 patients having cirrhosis, 53 patients
completed the follow-up period of 1 year. Among the 20
patients with sarcopenia, 35% (n = 7) of patients suc-
cumbed to liver related illness at 1 year follow-up. On the
other hand, out of the 33 patients without sarcopenia,
6% (n = 2) died during follow-up at 1 year. The association
of 1 year mortality and sarcopenia was statistically signifi-
cant (P value = 0.01). Figure 4 shows the Kaplan–Meier
curve depicting the mortality on 1 year follow-up among
patients with and without sarcopenia. The hazard ratio
for mortality in patients with sarcopenia was 7.5 (1.8–30.1).
DISCUSSION

Quantification of the skeletal muscle mass requires cross-
sectional imaging like CT scan.13 CT image analysis at
the L3 vertebra is now accepted as a standard method to
quantify sarcopenia. This analysis involves the psoas,
para spinal and abdominal wall muscles which are less
likely to be affected by activity and water retention.

Recent studies have increasingly used psoas muscle pa-
rameters measured on CT to diagnose sarcopenia and
prognosticate the patients.8,11,14 The psoas muscle has
also been shown to be a simple predictor of survival for he-
patocellular cancer patients treated with sorafenib.15 The
psoas muscle parameters have also correlated well with
L3 SMI values in a recent study with significant positive
co-relations (r = 0.56, P < 0.01).14 However, another recent
study although showing a robust co-relation (r > 7, P <
0.01) has questioned the robustness of psoas muscle
indices and has suggested SMI as a better predictor of mor-
tality especially in the male subgroup of cirrhosis.10

The cut off values for the diagnosis of psoas muscle sar-
copenia was based on the local control group. The western
cut off values for the diagnosis of sarcopenia were not used
as they would over-estimate the prevalence of sarcopenia.16
3 | No. 2 | 196–202 199



Figure 4 Shows the Kaplan–Meier curve depicting the mortality on 1 year follow-up among patients with and without sarcopenia. PMI, Psoas Muscle
Index.
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This is due to the ethnicity differences among the Asian
and European populations. However, studies from other
Asian countries like Korea gave similar cut off values
were found in our study (Table 4).12 The study by Sidhu
et al. assessed Indian patients without cirrhosis
(n = 3087) and found to have the mean SMI on CT scan
to be 41.25 � 4.42 in females and 44.33 � 6.56 in males.
These values are much lesser than the values reported for
western population.17

In the study by Kim Ty et al., it was seen that the mortal-
ity risk was higher in cirrhotic patients with PMTH
#14 mm/m as than those with PMTH >14 mm/m on
follow-up.11 As shown in this Korean study, our study
also found the values of psoas muscle was lower in female
than male. In the current study, the cut off value derived
from the control group for the diagnosis of sarcopenia
was 16.5 mm/m and 14.5 mm/m for males and females,
respectively. This difference persists even after adjustment
for body weight and height and may be due to the sex hor-
mones and difference in amount of physical activity.18–20

The prevalence of sarcopenia in the present study
among the patients having cirrhosis was 36%. The previ-
ously published studies on sarcopenia from India have
shown the prevalence from 12.8% to 47.8%.16,21 Benjamin
J et al., in their published study in 2017 found the preva-
lence of sarcopenia in 12.8% of patients with alcoholic liver
cirrhosis.16 Later on in 2020, another study published from
Table 4 Cut off Values of PMI in the Present Study and the
Study by Kim JS et al.

Present study (Subjects) Kim JS et al.33

PMI (mm2/m) PMI (mm2/m)

Male Female Male Female

Lower bound (Cut off) 425.72 364.14 465.7 287.6

PMI - Psoas Muscle Index.

200 © 2022 Indian National Associa
the same centre by Kumar V et al., stated the prevalence of
sarcopenia in pre-liver transplant patients to be 47.8%.21

This difference of prevalence may be due to the higher
MELD score in the pre-liver transplant group of patients
in the later study.

A few studies have noted that patients with alcoholic
cirrhosis have greater prevalence of malnutrition than
other aetiologies.22–24 In the study by Tai ML et al., it was
seen that patients with alcoholic cirrhosis had a higher
proportion of malnutrition than other aetiologies of
cirrhosis, although it was not statistically significant.23 In
the present study, the association of aetiology of cirrhosis
and PMI sarcopenia was not significant. This is in agree-
ment with the available literature that the aetiology of
cirrhosis does not seem to have a major impact on the
nutrition status.

MELD and Child-Pugh scores are commonly used to
assess the severity of cirrhosis. Malnutrition and sarcope-
nia appear to have a higher prevalence among the patients
who have higher severity of cirrhosis. In a Canadian study
by Tandon P et al., it was seen that the prevalence of sarco-
penia increased formChild-Pugh A to Child-Pugh C.25 Sar-
copenia was present in 10%, 34% and 54% of patients with
Child-Pugh A, Child-Pugh B and Child-Pugh C, respec-
tively. In a recent study by Hiraoka A et al., it was seen
that sarcopenia was present in 4%, 5% and 17% of patients
with chronic hepatitis, Child-Pugh A cirrhotics and Child-
Pugh B/C cirrhotics, respectively.26 In the current study,
the prevalence of sarcopenia was 73.7% in Child-Pugh C
cirrhotics, while only 4% of the Child-Pugh A cirrhotics
had sarcopenia. Hence, the results of the present study
are in accordance with the existing literature that the prev-
alence of sarcopenia is higher in CHILD C cirrhotic pa-
tients. The recent EASL clinical practice guidelines on
nutrition in cirrhosis recommends that patients with
advanced liver disease and Child-Pugh C class should
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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directly go for a detailed nutritional assessment and a CT
scan should be considered to measure the L3 muscle area
in such patients.1

The different psoas muscle parameters have been
described in literature for assessing sarcopenia.8,10,11,27

PMI and PMTH have shown to predict survival in cirrhosis
patients.11,27 Golse N et al., measured different muscle in-
dexes and concluded that PMA offered better accuracy
than L3SMI and PMA/BSA, and the same accuracy as
PMI for predicting 1 year survival post-liver transplant.27

In the present study, we found that the sarcopenia assess-
ment by PMTH and PMI had a good agreement (kappa
value - 0.737) and the association was statistically signifi-
cant. The benefits of using psoas muscle for sarcopenia
assessment include simplicity, no need for dedicated soft-
ware, easy identification on CT scan, deep muscle (may
not be affected by ascites compared to other parietal mus-
cles) and prognostic value in patients having cirrhosis (in-
dependent of the MELD scores).

In two recent studies, it was seen that the prevalence of
ascites differs with prevalence of frailty.28,29 In one study,
ascites was seen in 28% of the patients having cirrhosis
where frailty was seen in 18%.30 In the other study, ascites
was seen in 52% of the cirrhosis patients and the prevalence
of frailty was upto 43%.29 In the present study, ascites was
seen in 61.1% of patients with sarcopenia compared to
38.9% of patients without sarcopenia. In the study by Ha-
nai et al., the prevalence of HE was higher in patients
with sarcopenia than in those without sarcopenia.31 In
the present study, HE was present in 85.7% of patients
with sarcopenia and in 14.3% of patients with no sarcope-
nia. The association of HE and sarcopenia was found to be
statistically significant. Mortality risk was higher in
cirrhotic patients with sarcopenia (PMTH #14 mm/m)
than those without sarcopenia (PMTH >14 mm/m) on
follow-up.11 In the current study, 35% of patients with sar-
copenia died on follow-up due to liver-related illness
compared to 6% of patients without sarcopenia. The differ-
ence was found to be statistically significant.

The Indian National Asssociation for the Study of the
Liver (INASL) consensus on nutrition in cirrhotic patients
recommends that the diagnosis of sarcopenia should be an
integral part of the pre-transplant evaluation, as sarcope-
nia will have an adverse effect on the post-transplant
outcome. Also, the sarcopenia is amenable to correction
during the waiting time for transplantation. The
consensus also recommends that cirrhotic patients who
are planned for non-transplant surgery should be nutri-
tionally rehabilitated when the surgery is elective.32

There were few limitations of this study. The results
could be improved and made more precise by increasing
sample size. Only 53 out of 75 patients completed the
follow-up period of 1 year. Evaluation of the L3 SMI and
its correlation with psoas muscle parameters would further
establish the role of psoas muscle.
Journal of Clinical and Experimental Hepatology | March–April 2023 | Vol. 1
The psoas muscle is a simple and reliable method for
sarcopenia assessment on CT scan. Measuring the psoas
muscle does not require any special software. The PMI or
PMTH method correlate well with each other and either
of it can be used for sarcopenia assessment. Sarcopenia as-
sessed by PMI was seen in 36% of the cirrhotics in the pre-
sent study. Sarcopenia was significantly higher in patients
with Child-Pugh C. Patients with large ascites and/or HE
are more likely to have sarcopenia as compared to the pa-
tients without ascites and/or HE. Patients with sarcopenia
have a higher 1 year mortality rate and appropriate prog-
nostication of such patients should be done.
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