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Abstract

Background and aim: Cirrhosis leads to sarcopenia and to life-threatening complications
in decompensated stages. The objective of this study is to show the impact of the loss of muscle
mass and function on hepatic decompensations.

Methods: Our study compares a group of cirrhotic patients with controls matched with the
same sex and age. A questionnaire was created to collect demographic, anthropometric, and
cirrhosis characteristics. Several CT scan sections were analyzed and the average measurements
have been grouped into tertiles to estimate the impact on cirrhotic complications.

Results: Our study included 33 controls and 33 cirrhotic patients of which 59.4% had
NASH. Anthropometric characteristics were similar in cirrhotics men and women. Grip strength
was significantly lower in cirrhotic men. Using the skeletal muscle index we found 39.39% of
cirrhotic patients were sarcopenic mostly men 84.61%. In Cirrhotic men, the density of the
psoas and paravertebral muscles was lower than in controls. In women psoas and paravertebral
muscle areas were comparable and the total muscle surface in cirrhotic patients was higher.
There was a negative correlation between this surface and the density of the psoas (r = -0.293
p = 0.017) indicating the presence of myosteatosis in women. Analysing tertile groups showed a
significantly higher incidence of complications related to liver disease and liver failure in patients
with the psoas and paravertebral muscle density in the lowest tertile and in the frail population
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according to the frailty index.

Conclusion: Cirrhotic patients have myosteatosis and sarcopenia associated with a higher

incidence of complications related to hepatic failure.

Background and aims

The liver is a central organ with many crucial metabolic
functions. In patients with chronic liver diseases, these
functions are impaired resulting in a range of nutritional
disorders and muscle abnormalities [1]. Sarcopenia -
defined as the generalized loss of muscle mass, strength, and
performance [2] - is described as the most common form of
these abnormalities. The pathogenesis of this condition is
complex and multifactorial and is more than just a simple
reduction of protein and caloric intake [3]. Hyperammonemia
appears to be the main driver of sarcopenia through several
molecular signaling pathways [4]. Physiologic decline defined
as frailty usually is associated with sarcopenia in cirrhotic
patients and may predict important clinical outcomes
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including encephalopathy and mortality, independently of
traditional predictors such as MELD score [2,5].

The assessment of sarcopenia appears to be complicated
among patients with cirrhosis as most conventional methods
may have some limitations [6,7]. For example, body mass
index (BMI) and mid-arm muscle circumference (MAMC),
may be influenced by features such as ascites and peripheral
fluid retention. Cross-sectional imaging assessment by CT is
thus the most validated, accurate, and objective sarcopenia
assessment tool [8,9] especially the analysis at the L3 level.
The third lumbar vertebra skeletal muscle index (L3-SMI),
defined as the muscle area at the L3 vertebra level divided
by the patient's height (squared), is also an accepted tool for
assessing sarcopenia. This specific method has been shown
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to be of higher accuracy in the diagnosis of sarcopenia in
cirrhosis compared to anthropometry or DEXA scan [10].
In addition, CT attenuation of the muscles in patients with
cirrhosis appears to be lower (indicative of fatty infiltration
or myosteatosis) than in those without and such a feature has
been correlated with adverse clinical outcomes [11].

The purpose of our research was mainly to show the
clinical impact of the loss of muscle mass and function on
hepatic decompensations and mortality rate in cirrhotic
patients. We based our word on clinical, anthropometric, CT
scan, and functional parameters in cirrhotic patients.

Materials and methods
Type of study and population

Our study compares a group of cirrhotic patients with a
control population matched with the same sex and age. The
cirrhotic population included patients hospitalized, seen in
clinics, or at the endoscopy unit during the years 2020-2021.
The control population matched with the same sex and age
characteristics includes patients without comorbidities seen
in endoscopy for a screening examination or in radiology for
an abdominopelvic scan found to be normal. The inclusion
and exclusion criteria for cirrhotic patients are presented in
Table 1.

Study outcomes

The primary outcome of the study was to show the
impact of the loss of muscle mass and function on hepatic
decompensations and mortality rate. Secondary outcomes
were to determine clinical, anthropometric, CT, and
functional parameters in cirrhotic patients compared
between men and women, to calculate the prevalence of
sarcopenia and myosteatosis after analyzing different CT
sections and parameters, and to evaluate the difference of

Table 1: Anthropometric, biological, and cirrhosis characteristics in men and women.

Age 68 + 10 54 £ 17
Anthropometric BMI 27649 28471
characteristics Calf Circumference 357+47  35+44
Neck Circumference 36.7+53  342+43
Albumin 34+6.9 372+58
Laboratory Bilirubin 269+ 16.5 251+18.1
parameters INR 1.43 +0.33 1.48 + 0.466
MELD-Na score 15+5 14+6
Presence of ascites 7 (38.9%) @ 8(66.7%)
) Absence of encephalopathy 15 (83.3%) 11 (91.7%)
decon'q‘p')‘;rsaﬁon Encephalopathy Grade 1-2 2(11.1%) 1 (8.3%)
Encephalopathy Grade 3-4 1(5.6%) 0 (0%)
Child-Pugh B-C 11 (55%) @ 5 (41.7%)
Non-alcoholic fatty liver disease 11 (55%) | 8(61.5%)
Cryptogenic etiology 5 (25%) 1(7.7%)
Etiolqu of liver | Autoimmune he_patitis_ /Primary biliary 1(5%) 3 (23.1%)
disease cirrhosis
Medications/ HBV/Alcohol 3 (15%) 0 (0%)
Budd Chiari 0 (0%) 1(7.7%)
Abbreviations: BMI: Body Mass Index; INR: International Normalized Ratio; MELD-
Na: Model for End- SD and Stage Liver Disease-sodium; HBV: Hepatitis B Virus.
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all of these parameters between cirrhotic men and women in
order to find the best CT scan parameters to identify the loss
of muscle mass and function.

Data collection

Data was collected by different gastroenterology
interns using a questionnaire including demographic and
anthropometric characteristics (weight, height, neck, and
calve circumference), biological characteristics (blood
creatinine level (in mmol/L), albumin level (in g/L),
bilirubin level (in mmol/L), and INR level), characteristics
of cirrhosis (etiology, CHILD, MELD Score, complications at
decompensated stages), value of the grip strength, and the
30-second sit-stand test. Hand grip strength which is the
maximum force/tension generated by one’s forearm muscles
wasmeasured usinga CAMRY digital hand-held dynamometer
(Figure S-1). The patient squeezes the dynamometer with
all of their strength, typically three times at intervals of 5
minutes. An average score was then calculated, and the unit
of measurement was noted in kilogram (Kg).

Several sections of CT scan were analyzed by the
“Coreslicer” software, to measure the density and the
area of the psoas muscle and the paravertebral muscles at
different levels L2, L3, and L4 as well as the total muscle area,
subcutaneous and visceral fat areas (Figure S-2).

Skeletal muscle was identified and quantified using
Hounsfield Unit (HU) thresholds of —29 to +150. Muscles in
the L3 region encompass psoas, erector spinae, quadratus

Figure S-1: CAMRY digital hand-held dynamometer.

CoreSlicer <Gt

Figure S-2: Figure illustrating a cross-section of abdominal CT scan at the level
of L3 showing psoas muscles, total muscle area, subcutaneous and visceral fat
area using CoreSlicer software.
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lumborum, transversus 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, and -150 to
=50 for visceral adipose tissue [12]. By 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 [13]. Cross-sectional areas
(cm?) were automatically computed by summing tissue
pixels and multiplying by pixel surface area. The evaluation
of sarcopenia was based on the value of the SMI according
to the protocol described by Lijun Hou, et al. [14]. The SMI
was calculated by dividing the skeletal muscle area (cm?)
by the square of the height (m?). Sarcopenia was defined
according to our previous publication as an SMI < 46.96 cm?/
m? for males and an SMI<32.46 cm?/m? for females [2].
Intramuscular adipose tissue content or IMAC is defined
as the paravertebral muscle / subcutaneous fat tissue
attenuation ratio. Increased IMAC was defined as a ratio
>-0.32 and > - 0.35 in female and male patients respectively
[15]. L3 Psoas-RA defined as the lumbar 3 Psoas radiation
attenuation was also selected. Low density was defined as an
HU <38.9 and < 40 in respectively female and male patients
[15].

The average measurements of the different surfaces have
been ranked into tertiles by going from the lowest to the
highest values to estimate the impact on hepatic cirrhotic
complications. Frailty was calculated based on the frail scale
risk assessment score; the index classifies our population as
Robust / Pre-Frail / Frail [16] (Table S-1). We determined
for each group the mortality rate and the complications
related to liver disease which were distributed as follows:
events related to the liver disease in general: infection,
gastrointestinal bleeding, ascites, hospitalization for
complication, renal failure, etc.; and events related to Liver
failure: as a separate entity.

Statistical analysis

IBM-SPSS 20.0 was used for statistical analysis. All the
databases were then collected following the questionnaires
and computerized in a table with several entries: Gender,
age, etiology of the cirrhosis, values of the various elements
of the blood test, the MELD and Child-Pugh scores, hand
grip strength, the number of stand-ups during the sit-stand
test over 30 seconds, Frailty score and CT scan parameters.
Kolmogorov Smirnov test was used to test normality and
found that most studied computed tomography parameters
did not have a normal distribution. Mann-Whitney test was
used to compare the differences between two independent
groups when the dependent variable is either ordinal or
continuous, but not normally distributed. This test was used
to compare the results of CT sections in cirrhotic patients
and in controls divided by sex. Spearman's rho was used to
assess the correlation between anthropometric and dynamic

https://doi.org/10.29328/journal.acgh.1001041

)
FRAIL SCALE RISK ASSESSMENT

QUESTION |scoring | resuLr
FATIGUE
How much of the time during the | A = 1
past 4 weeks did you feel tiredd? |B =0

A = All or most of the time

B = Some, a little or none of

the time

RESISTANCE
In the last 4 weeks by yourself |Yes=1
and not using aids, do you No =0
have any difficulty walking up
10 steps without resting?
AMBULATION
In the last 4 weeks by yourself |Yes =1
and not using aids, do you No =0

have any difficulty walking
300 metres OR one block?

ILLNESS

Did your Doctor ever tell you 0-4

that you have? answers v
O Hypertension =0

O Diabetes 5-1
O Cancer (not a minor skin
cancer)

[ Chronic lung disease

O Heart attack

O Congestive heart failure
O Angina

O Asthma

O Arthritis

OKidney disease

answers v
=1

LOSS OF WEIGHT Yes =1
Have you lost more than Skg No =0
or 5% of your body weight in
the past year?

TOTAL SCORE
SCORING: ROBUST =0 PRE-FRAIL=1-2 FRAIL=3>3

Table S-1: Table showing the Frail Scale.

measures and CT parameters. Pearson's Chi-square test was
used to compare gender-specific differences and the effects
of frailty on liver-related events.

The study was conducted in accordance with the
Declaration of Helsinki, and the protocol was approved by
the Ethics Committee of Saint Joseph University and Hotel
Dieu de France Hospital (CEHDF 1755). Written informed
consent was signed by each participant prior to inclusion in
the study.

Results
Population characteristics

Our study is a prospective cross-sectional study that
compares a cirrhotic population with a control population
matched with the same sex and age characteristics. A total of
55 cirrhotic patients were evaluated during the years 2020-
2021 with only 33 patients meeting the inclusion criteria.
(Table 1). In the end, 66 subjects were recruited: 33 controls
and 33 cirrhotic patients (20 men aged 68 * 10 years and 13
women aged 54 + 17 years), of which 19 (59.4%) had non-
alcoholic steatohepatitis and the rest autoimmune hepatitis
/ primary biliary cirrhosis, viral infection, alcohol, and other
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etiologies. In the cirrhotic population, anthropometric and
biological characteristics were similar in men and women,
only men were older and most of them (55%) had more
severe disease Child-Pugh B-C compared to most women
(58.3%) who were Child-Pugh A (Table 1).

Assessment of muscle mass and strength

Grip strength: Grip strength was significantly lower in
cirrhotic males (29.07 + 9 kg) compared to controls (37.18
+ 9.87 kg) (p = 0.004). The same difference was present in
cirrhotic female patients but it wasn’t statistically significant
(18.94 £ 6.5 kg vs. 20.08 + 5.31 kg (p = 0.778)).

Sarcopenia: Considering the reference value of
SMI = 46.96 cm?/m? for males and 32.46 cm?/m? for females
(2) we found that in our population 39.39% (13/33) of
cirrhotic patients are sarcopenic - mostly men 84.61%
(11/13). Using the IMAC, 24% (8/33) of cirrhotic were found
to have myosteatosis. There was no statistically significant
difference between men and women for the SMI and the
IMAC - only men had a greater total muscle surface area as
well as a greater attenuation of the Psoas density indicating
the higher presence of myosteatosis in men (Table 2).

Muscle mass and myosteatosis assessment

The comparison of the means of the different
measurements of CT sections was made using the Mann-
Whitney U and the results were displayed as mean * standard
deviation [median] (Tables S-2, S-3).

In men, psoas muscle density (right and left combined)
in cirrhotic patients was 45.7 + 7.7 HU lower than in control
subjects: 53.8 + 4.9 HU (p = 0.001). The same difference was
seen in the paravertebral muscles (right and left combined):
43.0 + 1.2 HU vs. 51.5 £ 12.5 HU (p = 0.027). In addition, the
surface of the psoas was smaller in cirrhotic than in controls
at different levels (Table S-2; Histogram 1). In women, the
surfaces of the psoas and paravertebral muscles were similar
and the total muscle surface (123.7 + 30.5 cm?) in cirrhotic
was higher than in controls (102.6 + 23 cm?) (p = 0.043)
(Table S-3; Histogram 1).

We also analyzed the correlation between the CT
parameters and anthropometric measures. Age was the
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only factor associated with handgrip strength (r = -0,234; p
= 0,016). Age was also correlated with the average muscle
density of both psoas and paravertebral muscles (-0,371 et
-0,530;p=0,002et0,0001).BMI, calf,and neck circumferences
were all correlated (r = 0,441, 0,349; p = 0,002, 0,017) with
average subcutaneous fat area (AFSA) and average visceral
fat area (AVFA) (r = 0,798, 0,668; p = 0,00). Whereas BMI
and neck circumferences were correlated with average total
muscular area (ATMA). We also noted that ATMA and AVFA
were correlated. Correlation results are shown in Table 3.

Complications prevalence
parameters and frailty index

dependent on CT

Our population was divided into gender-adjusted tertiles
according to the CT parameters: Each tertile median and
range is presented in Table 4. Using Pearson's Chi-square
test significantly greater incidence of complications related
to liver disease in general [11/20 (55%) p = 0.04] [13/20
(65%) p = 0.045] and liver failure in particular [10/16
(62.5%) p = 0.04] [12/17 (70.5%) p = 0.047] were present
in cirrhotic patients of the lowest paravertebral and psoas
density category respectively (tertile 1) (Table 4). The same
greater incidence of complication was also present for the
total muscle area category, but the results were statistically
non-significant. There was no difference in the incidence of
complications in the IMAC or the SMI categories.

Finally, when dividing our population into robust, pre-
frail, and frail according to the frailty scale risk assessment
score decompensations related to liver disease and hepatic
failure were statistically significant in the frail population
(15/18 (83%) in men p = 0.037, 13/15 (86%) in women
p = 0.038). We observed more mortality rate in the frail
population (70.4%), but the results were statistically non-
significant (p = 0.826). (Table 4).

Discussion

This is the first cross-sectional observational study to
assess the prevalence of sarcopenia depending on the CT
scan parameters and its impact on cirrhotic complications in
the Lebanese population. Our finding that 39.4% of cirrhotic
patients are sarcopenic is in line with results from a recent
study that showed a prevalence of sarcopenia around

Table 2: Table comparing average CT parameters in men and women values are represented as mean = SD and [median].

Men Women o]
Average total muscle area L3 cm? 150.2 + 44.6 [145] 125.7 £ 32.5 [127] 0.000
SMI cm?/m? 53.3+15.5[50.9] 47.6 £ 12.2 [48.8] 0.425
Paravertebral Muscle Density (HU) 42.8 + 12.6 [45] 49 + 18.4 [50.5] 0.191
Subcutaneous Fat tissue density (HU) 89.6 + 17.9 [95.3] 87.7 £ 19.9 [94.5] 0.839
L3-IMAC -0.49 £0.14 [-0.51] -0.59 £ 0.31[-0.54] 0.461
L3-Psoas-RA (HU) 53.2 £ 31.2 [46.3] 55+ 9.6 [53.5] 0.020
L3-SMD 46.4 + 11.1 [46.5] 50.7 £ 16.6 [52.5] 0.098
p value < 0.05 was considered significant
Abbreviations: SMI: Skeletal Muscle Index; HU: Hounsfield Units; L3 Psoas-RA: Third Lumbar Psoas Radiation Attenuation; L3 IMAC: Third Lumbar Intramuscular Adipose
Tissue Co; SMD: Skeletal Muscle Density.Statistically significant results were shaded.
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Table S-2: Table comparing the means of the various measurements of CT sections of cirrhotic patients with those of controls (group of men).

Density Psoas R (HU)
Density Psoas L (HU)
Density Para vertebral R (HU)
Density Para vertebral L (HU)
Area Psoas L2 - L (cm?)
Area Psoas L2 - R (cm?)
Area Psoas L3 - L (cm?)
Area Psoas L3 - R (cm?)
Area Psoas L4 - L (cm?)
Area Psoas L4 - R (cm?)
Total Muscle Area L2 (cm?)
Total Muscle Area L3 (cm?)
Total Muscle Area L4 (cm?)
Subcutaneous fat Area L2 (cm?)
Subcutaneous fat Area L3 (cm?)
Subcutaneous fat Area L4 (cm?)
Visceral fat Area L2 (cm?)
Visceral fat Area L3 (cm?)
Visceral fat Area L4 (cm?)

Values are represented as mean = SD and [median]. P value < 0.05 was considered significant (Grey Font)

45.9 + 8.25 [45.5]
45.45 + 7.33 [46]
42.9+12.88 [42]
431+ 12.73 [46]
6.32 + 2.86 [5.48]
5.91 + 2.67 [4.97]
8.69 + 2.78 [8.34]

8 +2.42[8.11]
12.09 + 5.5 [11.81]
12.17 + 6.09 [10.77]

140.41 + 36.26 [132.44]
150.17 + 44.63 [145.01]
151.49 + 32.67 [146.4]
155.11 + 80.14 [150.77]
165.5 + 73.23 [170.5]
207.72 + 86.99 [220.71]
213.48 + 122.24 [205.57]
222.18 + 122.38 [212.93]
215.65 + 122.8 [204.05]

53.24 + 4.66 [53]
54.41 + 6.22 [56]
51.35 + 9.69 [51]
51.65 + 9.6 [55]
7.54 +3.48 [6.91]
7.54 +3.28 [7]
10.88 + 2.76 [10.67]
10.93 + 2.82 [10.5]
14.07 + 3.88 [12.65]
13.4 + 3.78 [13.15]
147.61 + 20.23 [152.81]
158.69 + 22.85 [165.02]
157.1 + 24.21 [156.48]
177.55 + 74.32 [157.14]
217.27 + 74.03 [190.9]
255.34 + 78.05 [232.4]
189.38 + 71.29 [192.82]
195.08 + 70.4 [192.29]
192.24 + 66.32 [207.74]

5,

Cirrhosis Group Control Group

0.0029
0.0007
0.0365
0.0327
0.1435
0.0823
0.0282
0.0046
0.0382
0.0998
0.19
0.3145
0.3934
0.3605
0.0588
0.0998
0.5625
0.6258
0.6044

Table S-3: Table comparing the means of the various measurements of CT sections of cirrhotic patients with those of controls (group of women).

Cirrhosis Group

Control Group

p value

Density Psoas R (HU) 55.08 + 9.77 [53] 57.69 + 10.51 [59] 0.4424
Density Psoas L (HU) 54.92 + 9.73 [54] 56.81 + 9.41[58.5] 0.5681
Density Para vertebral R (HU) 49.62 + 16.69 [52] 52.94 + 15.72 [52] 0.645
Density Para vertebral L (HU) 49.85 + 18.82 [51] 54.06 + 17.13 [53] 0.5387
Area Psoas L2 - L (cm?) 5.41+1.42[4.82] 5.45+1.29 [5.32] 0.8608
Area Psoas L2 - R (cm?) 4.69 £ 1.18 [4.4] 5.47 £1.37 [5.24] 0.0956
Area Psoas L3 - L (cm?) 8.67 +2.97 [9.52] 7.61+2.19[6.98] 0.2364
Area Psoas L3 - R (cm?) 7.77 £2.74 [6.81] 7.1+2.25[6.59] 0.4829
Area Psoas L4 - L (cm?) 9.96 +£2.5[9.73] 8.95 + 2.34 [8.85] 0.2542
Area Psoas L4 - R (cm?) 9.79 £ 2.6 [9.24] 9.18 + 2.54 [8.64] 0.4829
Total Muscle Area L2 (cm?) 115.24 + 27.68 [118.24] 97.8 + 25.08 [102.54] 0.1144
Total Muscle Area L3 (cm?) 125.67 + 32.57 [126.55] 103.71 £ 22.43 [107.36] 0.0437
Total Muscle Area L4 (cm?) 130.16 + 33.88 [133.1] 106.37 £ 24.14 [109.97] 0.0485
Subcutaneous fat Area L2 (cm?) 207.69 + 138.2 [174.08] 211.24 £ 115.08 [185.11] 0.8264
Subcutaneous fat Area L3 (cm?) 249.6 + 159.15 [220.39] 253.39 + 120.98 [213.94] 0.7257
Subcutaneous fat Area L4 (cm?) 307.4 + 173.29 [258.93] 310.35 + 134.88 [315.75] 0.6931
Visceral fat Area L2 (cm?) 120.03 + 80.9 [101.56] 109.96 + 71.97 [104.83] 0.7589
Visceral fat Area L3 (cm?) 138.32 + 80.15 [125.19] 123.07 +75.33 [103.27] 0.4829
Visceral fat Area L4 (cm?) 136.62 £ 81.79 [112.54] 130.23 £ 82.76 [131.61] 0.965
Values are represented as mean = SD and [median]. p value < 0.05 was considered significant (Grey Font).
Table 3: Spearman Correlation between the different anthropometric and CT parameters.
Age BMI Calf Neck AD Psoas L2+ L3 *L4 AD Parav AA Psoas ATMA AVFA
Age Rho -0.121 0.13 0.139 -0.371 -0.53 -0.103 0.055 0.293
p 0.216 0.39 0.355 0.002 <0.001 0.412 0.66 0.017
Hand Grip Rho -0.234 0.179 0.003 0.043 0.079 0.052 0.04 0.165 0.152
p 0.016 0.072 0.987 0.777 0.688 0.793 0.84 0.401 0.44
AD Psoas Rho -0.371 -0.197 -0.166 -0.28
p 0.002 0.297 0.407 0.158
AD Parav Rho -0.53 -0.184 -0.252 -0.382 0.624
p 0 0.331 0.204 0.049 0
AA Psoas Rho -0.103 0.316 0.309 0.288 -0.008 0.128
p 0.412 0.089 0.117 0.145 0.947 0.307
ATMA Rho 0.055 0.616 0.353 0.553 -0.293 -0.145 0.624
p 0.66 <0.001 0.071 0.003 0.017 0.245 <0.001
AVFA Rho 0.293 0.668 0.423 0.541 -0.523 -0.298 0.343 0.448
p 0.017 <0.001 0.028 0.004 <0.001 0.015 0.005 <0.001
ASFA Rho -0.052 0.798 0.401 0.479 -0.072 -0.028 0.256 0.2 0.447
p 0.681 <0.001 0.038 0.011 0.566 0.822 0.038 0.107 <0.001
Correlation coefficients with p < 0.05 are considered significant. Abbreviations: AD: Average Density; AA: Average Area; ATMA: Average Total Muscle Area; AVFA: Average
Visceral Fat Area; ASFA: Average Subcutaneous Fat Area; Parav: Paravertebral. Statistically significant results were shaded.
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Table 4: The distribution of different liver-related events and liver failure-related events occurring in different tertiles of CT scan parameters and Frail scale classification.

Percentile Groups Men / Women

Tertiles 1 37.7[27.3-41.6]/35.4 [25.6 - 40] 3(37.5) 5 (25) 0.267 5 (45.5) 3(17.6) | 0.053
SMIL3 Tertiles 2 49.5[43-60.1]/48.8 [46 - 51.2] 4 (50) 6 (30) 5 (45.5) 5(29.4)
Tertiles 3 68.2 [61.8 - 80.3] / 60.3 [52.7 - 66.8] 1(12.5) 9 (45) 1(9.1) 9 (53)
) Tertiles 1 37 [25.5 - 46] / 44 [29.5 - 48.8] 2(22.2) 11 (55) 0.168 | 3(23.1) | 10(62.5)  0.089
Total Muscle Area Density o 06 5 50.3 [46.5 - 51.3] / 54.5 [51 - 59] 6 (66.7) 6 (30) 7(538) = 5(31.3)
Tertiles 3 56.3 [51.8 - 62.5] / 68 [61.8 - 76.8] 1(11.1) 3(15) 3(23.1) 1(6.2)
Tertiles 1 38.2[27.5-42.5]/ 45 [37.5 -48] 2(22.2) 13 (65) 0.045 3 (25) 12 (70.5) | 0.047
Psoas muscle density Tertiles 2 46.7 [43.5 - 49] / 54 [52.5- 57] 6 (66.7) 4 (20) 6 (50) 4 (23.5)
Tertiles 3 54 [51.5-61]/65.2 [58.5- 73] 1(11.1) 3 (15) 3(25) 1(6)
. Tertiles 1 31.5[16-41]/31[21.5 - 49] 0(0) 11 (55) 0.004 1(7.7) 10 (62.4) | 0.004
Paravertebral muscle density - 1o 0 o 49 [42.5 - 53]/ 52.5 [49.5 - 60] 8 (88.9) 5 (25) 10(76.9)  3(18.8)
Tertiles 3 58 [53.5 - 68] / 69.5 [63 - 80.5] 1(11.1) 4 (20) 2 (15.4) 3(18.8)
] Tertiles 1 -107.8 [-115.5 - -104] / -105.5 [-115.5 - -103] 4 (44.4) 2 (10) 0.018 | 4(30.8) 2(12.5) | 0.006
L3 subcutaneous fat density o 0o 100 [-103.5 - -94] / -99 [-102.5 - -96] 4 (44.4) 5 (25) 7(53.8) @ 2(12.5)
Tertiles 3 -77.5[-93 - -44.5] / -83 [-94.5 - -44] 1(11.2) 13 (65) 2 (15.4) 12 (75)
Tertiles 1 -0.6 [-0.8--0.6]/-0.8 [-1.4 --0.6] 2(22.2) 7 (35) 0.702 4(30.8) 5(31.3) | 0.904
IMAC Tertiles 2 -0.5[-0.6 --0.5]/-0.5 [-0.6 - -0.5] 4(44.4) 6 (30) 5 (38.5) 5(31.3)
Tertiles 3 -0.3[-0.5--0.2]/-0.3[-0.5 - -0.2] 3(33.4) 7 (35) 4(30.8) 6 (37.4)
Frail Robust 5 (55.6) 3(16.7) | 0.037 6 (50) 2(13.3) | 0.038
Pre-frail /frail 4(44.4)  15(83.3) 6 (50) 13 (86.7)
Values are represented as mean [min value — max value] and as (percentage). p value < 0.05 was considered significant
Abbreviations: LRE: Liver Related Events; LFE: Liver Failure Events; SMI: Skeletal Muscle Index; L3: Third Lumbar; IMAC: Intramuscular Adipose Tissue Content
Statistically significant results were shaded.
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Histogram 1: Histogram comparing the means of the different measurements of CT sections in cirrhotic and control groups.

44.4% when defined by third Lumbar-Skeletal Muscle Index
(L3-SMI) [13] and from another prospective study of 159
outpatients with cirrhosis of which 43% of patients had
sarcopenia (57% of men and 25% of women) [8].

Muscle mass quantification with cross-sectional imaging
studies [computed tomography (CT) scan, or magnetic
resonance imaging (MRI)] constitutes an objective and
reproducible technique of nutritional status in cirrhosis.
Moreover, muscularity assessment with cross-sectional
imaging studies is not biased by the fluid overload status
that frequently is present in decompensated cirrhosis,
and sarcopenia seems to reflect a chronic detriment in the

general physical condition, rather than acute severity of
the liver disease. Choosing cross-sectional muscle area
at either the level of the third (L3) or fourth (L4) lumbar
vertebrae is based on the good correlation between these
parameters with total body muscle mass [10]. It is now the
most commonly employed method in studies investigating
sarcopenia in cirrhosis [17].

In a first study, the diameter of the psoas muscle at the
level of the umbilicus predicted the mortality of patients on
the liver transplant list [18]. In a second single-center study
the analysis of several measurements of the psoas muscle
(density and surface area) at the L3 level showed superiority

https://doi.org/10.29328/journal.acgh.1001041
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in the prediction of 1-year mortality compared to body mass
index [19]. However, the majority of these studies assessed
sarcopenia based on quantity and did not consider the quality
of muscle mass.

Moreover, the measurement of the psoas muscle density
and surface has been considered by several groups of authors
as a possible alternative [13]. In our study, the importance
of the use of psoas and the paravertebral muscle densities
compared to SMI and IMAC was demonstrated in the tertile
analysis of our population. The differences in complications
were not statistically significant with either SMI or IMAC
categories (Table 4). Measuring Psoas or paravertebral
muscles rather than all skeletal muscle areas is simpler,
faster, and probably more informative because ascites and
associated abdominal wall edema may render measurements
of peripheral abdominal skeletal muscle less accurate. Golse,
et al. showed that among many tools including SMI, psoas
major area (PMA) at the L3 or L4 level was the best method
to predict 1-year post-transplantation mortality [19].

The presence of sarcopenia defined by the loss of muscle
mass and strength has been demonstrated in our cirrhotic
population in several ways. First, hand grip strength was
weaker in both men and women. This difference was not
statistically significant in women, probably due to the
lower number of women in our study. Second, the density
and the area of the psoas and paravertebral muscles were
much weaker in the cirrhotic group compared to controls,
a statistically significant difference seen only in men
(Table S-2). An open question remains of why the observed
alterations were more profound in males. Actually, frailty
patients have multiple endocrine changes, such as reduced
concentrations of testosterone which plays a positive role
in protein synthesis and muscle mass. Its concentration
decreases with age and during cirrhosis which promotes
the secretion of myostatin and thus contributes to muscle
autophagy [20]. This is supported by a recent study that
demonstrated a correlation between testosterone levels,
sarcopenia, and overall mortality [21].

The role of myosteatosis in our study was demonstrated
also in different ways. First, the area of the total abdominal
muscle was greater in female cirrhotic patients than in
controls (Table S-3). A negative correlation between this
area and the density of the psoas was present in women
indicating fat infiltration (myosteatosis) (Table 3). In fact,
evidence shows that women have greater myosteatosis
than men, regardless of differences in body mass index
(BMI). Second, this myosteatosis was also demonstrated in
men with the correlation between psoas and paravertebral
density and visceral fat area (Table 3) which was higher
in the cirrhotic population (Table 3). Third, a statistically
significant correlation between age handgrip strength,
psoas muscle density, and paravertebral muscle density was
present. In other words, muscle strength decreases with

https://doi.org/10.29328/journal.acgh.1001041
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age probably due to intramuscular fatty infiltration which
decreases muscle density.

Sarcopenia may be a key predictor of reduced quality of
life from longer hospital and intensive care unit stays, [22]
higher incidence of infection after liver transplantation,
and [18] higher overall health care costs. The prognostic
importance of sarcopenia in cirrhosis is becoming well
recognized with multiple reports that are associated with
morbidity and mortality independent of the MELD score
[18]. Sarcopenia can be a key predictor of longer hospital and
intensive care unit stays [22], higher incidence of infection
following LT [18], and higher overall healthcare costs. It has
been shown in our study that 55% and 65% of complications
related to hepatopathy in general (infection, ascites, acute
variceal bleeding, hospitalization for complication, renal
insufficiency, etc.) and 62.5% and 70.5% of complications
related to hepatic failure were present in the group with the
lowest paravertebral and psoas muscle density respectively.
Our results suggest that the prognostic usefulness of
psoas and paravertebral muscles, although suboptimal, is
superior to that of other adjusted measurements (Table 4).
In the setting of cirrhosis and portal hypertension, the
decreased hepatic clearance of ammonia leads to significant
dependence on skeletal muscle for ammonia detoxification.
Patients with lower muscle mass and sarcopenia may have a
decreased ability to compensate for hepatic insufficiency and
a higher likelihood of developing physiologically significant
hyperammonemia and hepatic encephalopathy. Supporting
this, sarcopenia is almost 2-fold more prevalent in patients
with overt HE compared to those without HE (53% vs. 32%,
p<0.001) [11].

We also found more decompensations related to liver
disease and hepatic failure (83.3% and 86.7% respectively)
in the frail population. Sarcopenia is not identical to frailty.
Frailty is a more multidimensional concept encompassing
not only muscle conditions but also exhaustion, well-
being, disability, dependency, and cognitive state. It was
independently predictive of falls, loss of mobility, disability,
hospitalization, and death [23].

We recognize the following limitations in our study. First,
a selection bias is present as only patients evaluated with
a CT scan were included. In fact, many cirrhotic patients
didn’t have any radiologic exam in the previous year or had
an MRI prescribed to screen for hepatocellular carcinoma.
This selection criteria along with the COVID-19 pandemic
contributed widely to the low number of recruited patients.
Second, some confounding factors could have led to potential
bias. Patients with higher MELD, and higher age are prone
to more infection, hepatic decompensation, acute-on-
chronic liver failure, prolonged hospitalization, and other
factors that increase mortality. Therefore, it is possible that
the relative contribution of sarcopenia may be lower after
adjusting factors associated with mortality. Finally, neither
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the European Association for the Study of the Liver (EASL)
nor the ESPEN recommend cut-offs to define sarcopenia and
frailty [17,24]. We used higher cut-offs in our study leading
probably to overestimating the prevalence of sarcopenia.

Conclusion

In conclusion, sarcopenia affects about 40% of patients
with cirrhosis and predicts with frailty important clinical
outcomes, including mortality and cirrhotic decompensation.
Its presence with myosteatosis has been demonstrated by
hand grip strength, and several CT scan parameters including
muscle density, muscle surfaces, and different correlations.
Measuring Psoas or paravertebral muscles rather than
all skeletal muscle areas is simpler, faster, and probably
more informative especially in terms of prognostic and
complications. These parameters with their high accessibility
and feasibility might enable clinicians to diagnose low muscle
mass in daily clinical practice and thus select patients with
a higher risk of complications needing closer monitoring.
Further prospective studies on larger groups of patients are
needed to incorporate sarcopenia or muscle mass index/
function into a prognostic scale for patients with cirrhosis.
Additional studies are also needed to understand more
about the physiologic relationship that may point to novel
therapeutic targets, including nutritional, pharmacologic,
and perhaps physical interventions.
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