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Abstract

Background Myosteatosis in cirrhotic patients has been evaluated in limited studies with conflicting results and no systematic
review or meta-analysis have been performed in this setting.

Methods We searched for all articles published until June 2023 to evaluate the prevalence of myosteatosis in cirrhosis and
chronic liver disease.

Results Seventeen studies focused on cirrhosis and five studies in patients with chronic liver disease were included: the
overall pooled prevalence of myosteatosis was 46% [95% Confidence Interval (CI) 36-57%] and 33% (95% CI 15-59%),
respectively (p=0.35). Among the studies with cirrhosis, the prevalence of myosteatosis was higher in those using the body
mass index-based definition of myosteatosis (56%), than gender-based (36%) or other criteria (21%) (p <0.01); was higher
in women than in men (61% vs 45%), in Child-Pugh class C than A or B (57% vs 49% vs 50%), in non-alcoholic fatty liver
disease (NAFLD)- than viral-associated cirrhosis (57% vs 43%), but these differences were not statistically significant
(p>0.05). Cirrhotic patients with myosteatosis, compared to those without myosteatosis, had more frequently a previous
history of hepatic encephalopathy (32% vs 15%, p=0.04), less frequently a previous history of variceal bleeding (46% vs
65%, p<0.01), were more likely to suffer from diabetes mellitus (27% vs 18%, p <0.01), while they had higher mortality
rates (40% vs 14%, p=0.02).

Conclusion Myosteatosis is highly prevalent in patients with cirrhosis, particularly in those with NAFLD-associated cir-
rhosis. Myosteatosis is associated with hepatic encephalopathy, while it seems to have a negative impact on the outcome.
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alcoholic fatty liver disease - Child—Pugh - Hepatic encephalopathy, diabetes mellitus - Frailty
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function and burdened physical performance [1]. Myostea-
tosis is defined as fat deposition into muscle and character-
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of muscle fibers, thereby impairing their contractility and
normal function [2]. Sarcopenia and myosteatosis often
coexist in cirrhotic patients, but myosteatosis is considered
a distinct entity that can be observed even in the absence of
sarcopenia [2].

The pathogenesis of myosteatosis in cirrhosis has not
been in depth elucidated, but hyperammonemia, which
results in skeletal muscle ammonia uptake, has been sug-
gested to promote skeletal muscle mitochondrial dysfunc-
tion, decreased lipid oxidation, and subsequent lipid deposi-
tion in muscles [1, 2]. In addition, systemic inflammation,
and oxidative stress, which are commonly observed in liver
cirrhosis, are associated with metabolic dysfunction in skel-
etal muscle, impaired muscle protein synthesis, turnover,
and function [1, 2]. The diagnosis of myosteatosis is usually
based on computed tomography (CT) or magnetic resonance
imaging (MRI), which can distinguish fat from muscle by
analysing tissue attenuation composition, which corresponds
to the lipid content [3]. Myosteatosis can be detected by
the reduced muscle attenuation at a specific cross sectional
muscle area, usually at the level of third lumbar vertebra
(L3) [1]. Although CT has several limitations, it is the most
used tool to evaluate myosteatosis, particularly in cirrhotic
patients, as it is usually available as part of standard of care
[4]. However, unlike sarcopenia, no standardized criteria
regarding the optimal modality and specific cut offs for the
diagnosis of myosteatosis have been established [1, 2].

Although it is estimated that myosteatosis is highly preva-
lent in patients with cirrhosis [1, 2], that assumption has
been evaluated in limited individual studies with inconsist-
ent results. Thus, our aim was to perform a comprehensive
systematic review and meta-analysis to assess the prevalence
of myosteatosis in patients with chronic liver disease and
cirrhosis overall as well as in specific different subgroups
and to evaluate its prognostic impact on patients with end
stage liver disease.

Methods
Data sources and searches

Medline/PubMed, Embase and Cochrane databases were
searched for studies published until June 2023 according to
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) to identify all medical literature
included under the keywords “myosteatosis” or “muscle
quality” or “muscle alterations” AND “cirrhosis” OR “cir-
rhotic patients” OR “liver cirrhosis” OR “end stage liver
disease” OR “chronic liver disease” OR “liver disease”. In
addition, we searched all relevant review articles to identify
further original studies as well as we searched the abstracts
from the major Hepatology and Liver Transplant congresses

during the last year. Finally, we scrutinized the references of
each article for additional potential eligible studies.

Study selection

All studies published in English language were consid-
ered eligible if they fulfilled all the following criteria: (1)
they were randomised controlled trials or observational
cohort studies, (2) they included adult patients (> 18 years)
with chronic liver disease or cirrhosis, (3) the definition
of myosteatosis was provided, and (4) the prevalence of
myosteatosis was reported. Literature search for relevant
studies was performed independently by two reviewers (AK,
VL) who determined which studies could be potentially
included after having screened titles and abstracts. Each
study in the list of the preselected papers was evaluated by
two independent reviewers (EC, LC) to determine whether
it fulfilled all the inclusion criteria. Exclusion criteria were
case reports and review articles as well as studies including
patients < 18 years old or patients suffering from non-liver
diseases.

Data extraction and quality assessment

Data extraction from the finally selected papers was per-
formed by two authors (AK, LC) according to a predefined
form, while any disagreement was resolved by discussion
with another author (EC). Data extracted for selected stud-
ies included the first author, date of publication, country of
origin and centre(s), type of study, sample size, source of
cirrhotic patients [candidates on the waiting list for liver
transplantation (LT) or not], as well as gender, mean or
median age. Moreover, we searched for the definition of
myosteatosis and the method for its evaluation recording
the specific cut offs which are used to define myosteatosis.
In addition, etiology of chronic liver disease and cirrhosis
[viral, non-alcoholic fatty liver disease (NAFLD), alcoholic
liver disease (ALD) or other], severity of liver disease based
on Child-Pugh (CP) and Model for End-Stage Liver Dis-
ease (MELD) scores (mean or median), previous history of
hepatic encephalopathy or other liver-related complications,
the number of patients with hepatocellular carcinoma (HCC)
and type II diabetes mellitus (T2DM) and laboratory values
namely mean or median serum creatinine, bilirubin and INR,
were also evaluated. The same data were extracted from the
patients with or without myosteatosis, whenever available.
Finally, mortality or survival rates were also recorded, with-
out considering post-LT outcomes.

Data synthesis and analysis

We used a descriptive approach to summarize study char-
acteristics and outcomes with regard to the presence of
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myosteastosis. Quantitative variables were expressed as
mean values + standard deviation and/or median values
along with the corresponding ranges. Level of significance
was set to 0.05, thus tests with p-values less than 0.05 were
considered as statistically significant.

Meta-analysis was performed using a generalized lin-
ear mixed model (GLMM) [5]. The two-sided confidence
intervals for the single proportions of each individual study
were computed using the Clopper and Pearson method [6].
The between-study variance component (t2) was estimated
applying the maximum likelihood method, based on mar-
ginal distribution [7]. I2 was used to measure heterogeneity,
and 12value of 25%, 50% and 75% represented low, moder-
ate, and high degrees of heterogeneity, respectively. Random
effects or fixed effects models were used depending on the
presence of substantial heterogeneity across trials respec-
tively [8]. The pooled proportions along with the 95% con-
fidence intervals (CI) and the prediction intervals (PI) were
calculated [9]. Analysis was conducted in R v4.1.2 using
meta-packages and metaprop functions [10].

Results
Studies focused on cirrhosis

In total, 62 articles were initially identified from the litera-
ture search, but only 23 studies fulfilled the inclusion cri-
teria and underwent further evaluation (Suppl. Figure S1)
[11-33]. Two studies from a single center in the Netherlands
[23, 28] as well as three studies from a single center in China
(17,31,33) had overlapping study periods, and therefore only
the most recent studies [17, 23] were included. Similarly,
three studies from a single center in Canada [12, 29, 30]
had overlapping study periods, but the oldest one [12] which
provided additional data on patients with myosteatosis was
included. Finally, four studies [11, 18, 20, 32] were from
the same single center in Italy but two [18, 32] of them had
overlapping study periods and we included the newest study
[18]. Thus, 17 studies [11-27], that evaluated the prevalence
of myosteatosis in cirrhotic patients, fulfilled all inclusion
criteria and were included in the final analysis. Four studies
were derived from Italy [11, 18, 20, 22], three from China
[17, 19, 21], two from Japan [14, 15], as well as two from
Germany [16, 25] and the USA [24, 27] and one from Can-
ada [12], Greece [13], South Africa [26] and the Netherlands
[23]. In only one study [24] MRI was used for the evaluation
of myosteatosis. Ten of the 17 studies had a retrospective
design [11, 14-17, 19, 22-24, 26]. The Newcastle—Ottawa
scale (NOS), was used to assess the quality of the included
studies [34]. Based on that, the studies had low risk of bias
(NOS scored > 5) (Suppl. Table 1).
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Studies in patients with chronic liver disease

In total, 106 studies were initially identified regarding
myosteatosis in patients with chronic liver disease, but only
6 studies met the inclusion criteria [35-40] (Suppl. Fig-
ure S1). Two studies [38, 40] from a single center in Japan
had overlapping study periods, and we included the study
with the largest cohort [38]. Thus, 5 studies were finally
included [35-39]. In 4 of them [36-39], the presence of cir-
rhosis was not an exclusion criterion, but the proportion of
patients with cirrhosis was relatively small whenever this
was available (Suppl. Table 2). Nevertheless, no separate
data were provided for patients with or without cirrhosis
in these studies. The included studies were derived from
different countries (Korea [35], Taiwan [36], Sweden [37],
Japan [38] and Germany [39]), while different definitions
were used for myosteatosis (Suppl. Table 2).

Characteristics of patients
Studies focused on cirrhosis

In total, 4136 cirrhotic patients [mean age: 60.2 years,
64.5% (2674/4136) males] were evaluated. In the majority
of patients (56.3% or 2327/4136) the diagnosis of myostea-
tosis was based on muscle/m? radiodensity at L3 <41 HU
for patients with dry body mass index (BMI) <25 kg/m?
and <33 HU for those with BMI> 25 kg/m? (i.e. BMI-based
definition) [11-15, 18-20, 25-27]. In 1368 (33%) patients
the gender-based definition using different cut offs between
males and females (e.g. <26.6 HU in females and <28.6
HU in males) [16, 17, 21, 22] was used for diagnosis of
myosteatosis, while in 441 (10.7%) patients various other
criteria were applied [23, 24]. According to the available
data, mean CP and MELD scores were 7.2 and 13.8, respec-
tively. Chronic viral hepatitis (B or C) was the underlying
cause of cirrhosis in 39% (n=1615) of patients, while HCC
was present in 39.7% (870/2191) of patients [11, 12, 14, 16,
22,25-27] and 28.8% of the patients (668/2316) had a pre-
vious history of hepatic encephalopathy [11, 13, 14, 17, 18,
20-22, 24, 27]. In addition, 32.7% (1355/4136) of patients
were from Asia [14, 17, 19, 21] and 1328 patients were can-
didates for LT during the follow-up period. Finally, among
the 1631 patients with available data, 704 (43%), 717 (44%)
and 210 (13%) of them were classified as CP class A, B and
C, respectively [11, 14, 15, 17, 19, 20, 22, 27].

Characteristics of patients with myosteatosis In total, 1768
cirrhotic patients (mean age: 64.6 years, 58.7% (718/1223
males) had myosteatosis. According to the available data,
CP and MELD scores were 8.7 and 13.6, respectively.
Chronic viral hepatitis (B or C) was the underlying cause of
chronic liver disease in 38.5% (521/1358) of patients, HCC
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was present in 55.5% (260/468) of patients [12, 22], while
30.8% (182/591) [11, 13, 17, 18, 20, 21] and 46% (106/230)
[17, 21] had a previous history of hepatic encephalopa-
thy and variceal bleeding, respectively. In addition, 26%
(n=459) patients were from Asia and 480 (27.1%) patients
were candidates for LT. Finally, among the 961 patients with
available data, 357 (37%), 394 (41%) and 210 (22%) of them
were classified as CP class A, B and C, respectively [11, 12,
14, 15, 17, 18, 20, 22] (Suppl. Table 1).

Characteristics of patients without myosteatosis In total,
2368 cirrhotic patients had no myosteatosis (mean age
55.5 years, 64% or 949/1484 males, CP score: 6.1 and
MELD score: 12.8). Chronic viral hepatitis (B or C) was the
underlying cause of chronic liver disease in 47% (765/1628)
of patients, 50.4% (182/361) of patients had HCC (12,22)
whereas a previous history of hepatic encephalopathy and
variceal bleeding was recorded in 13.2% (130/986) [11,
13, 17, 18, 20, 21] and 65% (470/723) [17, 21] of patients,
respectively. In addition, 37.8% (896/2368) of patients were
from Asia, while among the 737 patients with available
data, 305 (41%), 360 (49%) and 72 (10%) were classified
as CP class A, B and C, respectively [11, 14, 15, 17, 18, 20,
22] (Suppl. Table 1).

Studies in patients with chronic liver disease

In total, 4364 patients [mean age: 55.3 years, 2049 (47%)
males] were evaluated [35-39]. Three studies [35-37] were
focused on NAFLD including 3886 patients, one study [38]
evaluated patients with various etiology of liver disease
(n=362) and one study [39] included patients with primary
sclerosing cholangitis (n=116) (Suppl. Table 2). In addi-
tion, 69.7% (3044/4364) of patients were from Asia. In total,
1421 patients had myosteatosis (mean age: 60.8 years, 42.6%

Fig. 1 The pooled overall preva- Study

lence of myosteatosis in patients

(192/450 males), while 2943 had no myosteatosis (mean
age: 48.7 years, 58.8% (323/549 males) (Suppl. Table 2).

Prevalence of myosteatosis in total and in specific
sub-groups

Studies focused on cirrhosis

The overall pooled prevalence of myosteatosis in cirrhotic
patients was 46% (95% CI 36-57%; heterogeneity, p < 0.01,
primary study range 16-84%) (Fig. 1) [11-27] with no dif-
ference between prospective and retrospective studies [48%
(95% CI 39-58%; heterogeneity, p<0.01) vs 45% (95% CI
29-62%; heterogeneity, p < 0.01), respectively, p=0.72].
The pooled prevalence of myosteatosis was 56% (95% CI
46-65%; heterogeneity, p < 0.01), 36% (95% CI 17-61%;
heterogeneity, p <0.01) and 21% (95% CI 15-28%; het-
erogeneity, p =0.03) in studies using the BMI-based defi-
nition, gender-based definition and various other criteria
for the diagnosis of myosteatosis, respectively (p <0.01)
(Fig. 2). However, no significant difference in the pooled
prevalence of myosteatosis was found between studies from
Asia in comparison with non-Asian countries [43% (95% CI
23-66%; heterogeneity, p <0.01) vs 47% (95% CI 36-59%;
heterogeneity, p <0.01), respectively, p=0.76] (Fig. 3),
regardless of definition criteria.

Gender The pooled prevalence of myosteatosis was similar
between men and women [45% (95% CI 31-60%; hetero-
geneity, p<0.01) vs 61% (95% CI 42-77%; heterogeneity,
p<0.01), p=0.20] (Suppl. Figure S2), regardless of defi-
nition criteria or geographical area. Nonetheless, in studies
which used the BMI-based definition of myosteatosis, the
prevalence of myosteatosis was significantly lower in men

with cirrhosis in the included
studies
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Fig.2 Forest plot of studies Study
comparing the prevalence of

myosteatosis according to the
definition criteria. BMI: body

mass index
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than women [51% (95% CI 40-62%; heterogeneity, p <0.01)
vs 73% (95% CI 59-84%; heterogeneity, p <0.01), p=0.02].

Severity of liver disease Based on the available data,
myosteatosis was more frequent in patients with more
severe liver disease, since the prevalence of myosteatosis
was 49% (95% CI 28-70%; heterogeneity, p <0.01), 50%
(95% CI 36-65%; heterogeneity, p <0.01) and 57% (95% CI
38-75%; heterogeneity, p <0.01) in patients at CP class A,
B and C, respectively. However, those differences were not
statistically significant (p=0.83) (Fig. 4). These findings
were similar when BMI-based definition was used: 52%
(95% C133-71%), 57% (95% CI 48—-65%) and 66% (95% CI
56-75%), p=0.28, respectively.
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Etiology of liver disease The pooled prevalence of myostea-
tosis was lower in patients with viral-associated cirrhosis,
compared to those with non-viral associated cirrhosis [43%
(95% CI 29-57%; heterogeneity, p <0.01) vs 56% (95% CI
41-69%; heterogeneity, p<0.01)], but this difference was
not significant (p=0.21) (Fig. 5). These findings were simi-
lar irrespectively of definition criteria [e.g. BMI-based defi-
nition: 52% (95% CI 41-62%) vs 66% (95% CI 56-74%),
respectively, p=0.10; gender-based definition: 34% (95% CI
10-69%) vs 44% (95% CI 19-72%), respectively, p=0.67].
Interestingly, the pooled prevalence of myosteatosis was
similar between NAFLD- and ALD-associated cirrhotic
patients [57% (95% CI 35-76%) vs 53% (95% CI 39-67%),
p=0.80].
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Fig.4 Forest plot of studies
comparing the prevalence of
myosteatosis according to the
Child—Pugh classification
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Fig.5 Forest plot of studies Study
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Studies in patients with chronic liver disease

The overall pooled prevalence of myosteatosis was 33%
(95% CI 15-59%; heterogeneity, p <0.01, primary study
range 11-82%), which was lower, compared to the overall
pooled prevalence of myosteatosis in patients with cirrhosis
(Suppl. Figure S3). However, this difference was not signifi-
cant (p=0.35).

Gender The pooled prevalence of myosteatosis was lower
in men than in women [29% (95% CI 0.04-79%; heteroge-
neity, p<0.01) vs 45% (95% CI 0.17-76%; heterogeneity,
p <0.01)], but this difference was not significant (p =0.61).

Based on the available data no other sub-group analysis
could be performed.
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Characteristics of patients
with and without myosteatosis

Studies focused on cirrhosis

History of cirrhosis-related complications The patients with
myosteatosis, compared to those without myosteatosis, had
significantly more frequently a previous history of hepatic
encephalopathy [32% (95% CI 19-48%; heterogeneity,
p<0.01) vs 15% (95% CI 9-24%; heterogeneity, p <0.01),
p=0.04] (Fig. 6). These findings were similar irrespec-
tively of definition criteria [e.g. BMI-based definition: 43%
(95% CI 30-57%) vs 21% (95% CI 13-32%),respectively,
p=0.01; gender-based definition: 14% (95% CI 10-19%) vs
9% (95% CI 7-12%), respectively, p=0.03]. Concurrently,
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Fig.6 Forest plot of studies Study
comparing the prevalence of
previous history of hepatic
encephalopathy between

the patients with or without

myosteatosis

Geladari, 2023
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Xin Zeng, 2023
Silvia Nardelli, 2019
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Lattanzi, 2019
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Random effects model
Prediction interval

Test for subgroup differences: x2 = 4.23,df =1 (p = 0.04)

the former had significantly less frequently a previous his-
tory of variceal bleeding [46% (95% CI 40-53%; hetero-
geneity, p=0.19) vs 65% (95% CI 61-68%; heterogeneity,
p=0.19), p<0.01]. In addition, the patients with myostea-
tosis, compared to those without, had similar prevalence of
ascites [62% (95% CI 41-79%; heterogeneity, p <0.01) vs
53% (95% CI 38-67%; heterogeneity, p<0.01), p=0.48], as
well as a previous history of severe infections/sepsis/spon-
taneous bacterial peritonitis (SBP) [10% (95% CI 7-15%;
heterogeneity, p=0.14) vs 6% (95% CI 2—-19%; heterogene-
ity, p<0.01), p=0.41].

T2DM comorbidity The cirrhotic patients with myosteatosis
suffered more commonly from T2DM, compared to those
without myosteatosis [27% (95% CI 23-30%%; heteroge-

Fig. 7 Forest plot of stud- Study
ies comparing the prevalence

of diabetes mellitus between Xiaoyu Wang, 2022

T
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neity, p=0.09) vs 18% (95% CI 16-21%; heterogeneity,
p<0.01), p<0.01] (Fig. 7). These findings were confirmed
when we evaluated only the studies used the gender-based
definition [28% (95% CI24-33%) vs 17% (95% CI 14-19%),
respectively, p <0.01], but not when we analyzed the studies
used the BMI-based definition [25% (95% CI 17-34%) vs
28% (95% CI 16-43%), respectively, p=0.71].

Outcome of patients with and without myosteatosis The
patients with myosteatosis had significantly lower sur-
vival than those without myosteatosis [pooled mortality
rate: 40% (95% CI 26-57%; heterogeneity, p<0.01) vs
14% (95% CI 6-31%; heterogeneity, p <0.01), p=0.02]
(Fig. 8). These findings were confirmed when we evalu-
ated the studies used the BMI-based definition: 37%

the patients with or without
myosteatosis. DM: diabetes
mellitus
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Fig. 8 Forest plot for assess- Study Events Total Proportion 95%—ClI
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(95% CI 22-56%) vs 11% (95% CI 5-23%), respectively,
p <0.01 (only one study used the gender-based definition).
Among the studies that evaluated myosteatosis in cirrhotic
patients [11-27], only 2 studies provided data regarding
the causes of death: Geladari et al. [13] recorded only
liver-related deaths in patients with myosteatosis, while
in the study by Montano-Loza et al. [12] more frequently
sepsis-related deaths and less frequently liver-related
deaths were recorded in patients with myosteatosis in
comparison to those without (Suppl. Table 1).

Studies in patients with chronic liver disease

Among the included studies, there were not available data
regarding the characteristics of patients with and without
myosteatosis, as well as data regarding mortality. Only one
[38] of the included studies reported that the patients with
myosteatosis had higher risk for HCC development, com-
pared to those without.

Publication bias

In order to evaluate the existence of publication bias, a fun-
nel plot asymmetry test and Egger’s test were performed [41]
(Suppl. Figure S4). No substantial asymmetry was revealed,
as evidenced by the non-significant Egger’s test for a regres-
sion intercept (B: 2.79; 95% CI -0.63-0.61; t:0.64; p=0.53).
The significant variation in findings across individual studies
was addressed by employing the random effect model for all
calculations and by conducting subgroup analyses based on
specific criteria, including the different myosteatosis defini-
tions, the country where the studies were conducted, the

0 0.2 0.4 0.6 0.8

gender of patients as well as the severity and etiology of
liver disease.

Discussion

Dealing with the current literature, previous systematic
reviews/meta-analyses have evaluated myosteatosis only in
patients with various types of cancer (e.g. lung, gyneco-
logical and gastrointestinal) indicating a high prevalence and
a negative prognostic impact on survival of those patients
[42]. To the best of our knowledge, the present study is the
first systematic review/meta-analysis that evaluated the prev-
alence of myosteatosis in patients with cirrhosis (overall and
in several sub-groups), as well as its impact on mortality.
Based on the current literature which included 17 relevant
studies, we showed that almost half of cirrhotic patients have
myosteatosis (pooled prevalence 46%, 95% CI 36-57%)
(Fig. 1) [11-27], confirming that excessive fat infiltration
in skeletal muscles is widely prevalent in patients with end
stage liver disease [2]. In addition, the pooled prevalence
of myosteatosis in studies with chronic liver disease was
lower [33% (95% CI 15-59%]. However, this difference was
not significant (p =0.35), presumably because the studies
with chronic liver disease included patients with cirrhosis,
while NAFLD was the main etiology of the underlying liver
disease. Interestingly, based on the literature data [35, 43,
441], the prevalence of myosteatosis in healthy adult subjects
is reported to range from 10 to 25%, thus lower compared
to patients with chronic liver disease/cirrhosis indicating
that specific mechanisms are involved in the pathogenesis
of myosteatosis in the setting of chronic liver disease and/
or cirrhosis.
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To date, there is no commonly accepted definition of
myosteatosis which complicates the interpretation of litera-
ture findings. Nevertheless, most of the included studies in
the present meta-analysis used the BMI-based criteria and
fewer the gender-based or other criteria (Suppl. Table 1).
However, it is considered that the BMI-based proposed cut
offs may not be appropriate in cirrhotic patients with ascites
since the latter often suffer from high fluid retention and as a
result gender-based criteria may be more suitable due to the
higher lipid storage capacity in females, compared to males
[2]. Interestingly, in this meta-analysis, the reported preva-
lence of myosteatosis was significantly higher in studies
using the BMI-based criteria (56% (95% CI 46—-65%), com-
pared to those using the gender-based or other criteria [36%
(95% C117-61%) and 21% (95% CI 15-28%), respectively]
(p<0.01) (Fig. 2), indicating that a consensus is needed in
order to define the optimal criteria for the assessment of
myosteatosis in the context of cirrhosis. Interestingly, no dif-
ference in the prevalence of myosteatosis was found between
Asian and non-Asian studies [43% vs 47%, p=0.76] (Fig. 3).
However, it should be mentioned that Asian and non-Asian
studies used the same cut offs, although it is accepted that
Asians harbor more amount of body fat at the same BMI,
compared to other ethnic populations. In addition, the preva-
lence of myosteatosis was similar between men and women
[45% vs 61%, p=0.20], but when we assessed only the stud-
ies which used the BMI-based criteria, the prevalence was
higher in women, compared to men [73% vs 51%, p=0.02].

In our meta-analysis we showed that myosteatosis was
more prevalent in patients with CP class C than CP class A
or B, although that difference was not significant (57% vs
49% and 50%, respectively, p=0.83) (Fig. 4). This finding
was based on seven studies, and it is in accordance with
the study by Geladari et al. [13], who found that cirrhotic
patients with myosteatosis, compared to those without, had
significantly higher CP score (median 8 vs 5, p <0.001).
Similarly, Montano-Loza et al. [12] found that patients with
myosteatosis had higher CP score, compared to patients
with no muscular abnormalities (mean 10 vs 8, p <0.001).
However, both studies were not included in our analysis
due to unavailable data regarding the number of patients
with and without myosteatosis based on CP classification
(CP class A, B or C). It is considered that myosteatosis
precedes subsequent muscle wasting and sarcopenia and it
seems to occur when excess fat is accumulated in muscle
tissue which serves as an ectopic lipid storage in patients
with obesity or increased total body fat [13, 15, 17, 38], i.e.
in cirrhotic patients who are at early stages with relatively
preserved liver function. However, hyperammonemia, hyper-
endotoxemia and malnutrition, which are more prominent in
advanced liver disease, have been associated with the devel-
opment of myosteatosis [1, 2]. Nevertheless, further studies
are needed to elucidate better this issue.

@ Springer

Literature data have shown that myosteatosis is com-
monly observed in patients with metabolic syndrome,
T2DM, and NAFLD without cirrhosis, indicating the close
relationship between myosteatosis and insulin resistance
[37]. Thus, as may be expected, in our meta-analysis we
confirmed these findings in the setting of end stage liver
disease, since the prevalence of myosteatosis was higher in
cirrhotic patients with than those without T2DM (27% vs
18%, p<0.01) (Fig. 7), but this was confirmed only when we
evaluated the studies used the gender-based definition (28%
vs 17%, p<0.01). In addition, we highlighted that the etiol-
ogy of the underlying liver disease was correlated with the
presence of myosteatosis, as the latter was more prevalent
in NAFLD-associated cirrhotic patients, compared to their
ALD- or viral-associated cirrhotic counterparts (57% vs 53%
vs 43%, respectively). However, these differences were not
statistically significant.

As in sarcopenia [2], recent studies have also shown that
myosteatosis may be a risk factor for the development of
hepatic encephalopathy, which is mediated by the reduc-
tion of skeletal muscle capacity to remove ammonia or via
myosteatosis-induced inflammatory state which increases
the ammonia toxicity [1, 2]. In addition, lower number of
hepatic encephalopathy episodes were reported in patients
with an improvement of nutritional status and reduction in
fat mass after trans jugular intrahepatic portosystemic shunt
compared to those without improvement in nutritional status
[19]. Our meta-analysis confirmed the association between
hepatic encephalopathy and myosteatosis, as the patients
with myosteatosis had more frequently a previous history
of hepatic encephalopathy, compared to those without [32%
vs 15%, respectively, p=0.04] (Fig. 6) irrespectively of
definition criteria, while they had less frequently a previ-
ous episode(s) of variceal bleeding (46% vs 65%, p <0.01).
However, no clear explanation can be provided for the lat-
ter finding. Finally, no difference was found concerning
the prevalence of ascites and infections/SBP between the
patients with and without myosteatosis.

Myosteatosis has been related to higher risk of adverse
outcome in several specific populations, including
patients with malignancies [42] and those under hemo-
dialysis [45]. In cirrhotic patients, it has been found that
both myosteatosis and sarcopenia were independent pre-
dictors of mortality [11], while a new prognostic score
including MELD, sarcopenia and myosteatosis has been
proposed [11, 21]. Although this new score is based on
objective variables [11], further validation is needed. In
our meta-analysis, we found that cirrhotic patients with
myosteatosis had worse survival, compared to those with-
out myosteatosis (40% vs 14%, p=0.02) (Fig. 8) (studies
used the BMI-based definition: 37% vs 11%, p <0.01;
only one study used gender-based definition). This find-
ing indicated that the quality of skeletal muscles may
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represent an additional important prognostic factor in
patients with cirrhosis presumably related to the pres-
ence of poor quality of life, frailty, malnutrition and dete-
rioration of portal hypertension. However, it should be
mentioned that no conclusions could be drawn regarding
the causes of death between cirrhotic patients with and
without myosteatosis, thus further studies are needed to
clarify better this issue. In addition, it would be interest-
ing to investigate the association between myosteatosis
and muscle function, but only four studies [13, 14, 22,
27] provided relevant data. Although a positive corre-
lation was found between myosteatosis and functional
capacity in these studies, meta-analysis could not be per-
formed since different tools were used to assess func-
tional capacity (e.g. physical performance battery test,
handgrip strength).

This meta-analysis has some limitations, including the
fact that although the quality of the studies was high (all
NOS > 5), 10 of the 17 studies were retrospective lead-
ing to possible selection bias. Furthermore, the unavail-
ability of several variables in the included studies, such
as data regarding functional capacity and the number of
patients in different CP class was an additional limitation.
Moreover, in some studies only the cirrhotic patients on
the waiting list for LT were included. Finally, the included
studies used different methods and cut-offs (without con-
sidering important variables such as ethnicity) to define
myosteatosis, since there are no well-established and uni-
versally accepted criteria for the diagnosis of myostea-
tosis. However, eleven of the 17 included studies used
the BMI-based definition and the same cut-offs, while
we preformed separate analyses focusing on studies that
used BMI- and gender-based criteria, whenever possible.
Nevertheless, our meta-analysis is the first one dealing
with this topic, while several sub-group analyses were
performed with clinically useful findings.

In conclusion, the present analysis indicated the high
prevalence of myosteatosis among the patients with end
stage liver disease, particularly in those with NAFLD-
associated cirrhosis. However, no difference in the preva-
lence of myosteatosis was found based on gender and race
of the patients. As may be expected, patients with myoste-
atosis, compared to those without, had more frequently
T2DM, while the association between myosteatosis and
hepatic encephalopathy was also confirmed. Interestingly,
myosteatosis seems to have a negative impact on the out-
come of patients with chronic liver disease, which is very
important in daily clinical practice for the early detection
and incorporation of myosteatosis in the protocol manage-
ment of these patients (including dietary measurements,
physical exercise, medication) to avoid liver-related com-
plications and to improve survival.
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