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Abstract

Introduction. Sarcopenia is a common complication and a frequently encountered feature in liver cirrhosis. Also,
sarcopenia is a strong prognosis factor and a predictor of mortality in patients with advanced liver disease. However,
in clinical practice, there are no well-established criteria for the diagnosis of this common complication of cirrhosis,
the mechanisms which are involved are poorly understood and the possible therapeutic options are still undergoing
randomized clinical trials.

Materials and methods. To summarize the actual understanding of sarcopenia in cirrhosis, a literature search was
performed using PubMed, MedLine, and Web of Science, to find articles related to definition, physiopathology, and
treatment of sarcopenia of these patients.

Results. A number of 30 papers that were suitable for this review were found. Most of them concluded that sarcopenia
is a strong predictor of mortality, has a higher risk of hepatic encephalopathy and an increased health related cost
in cirrhotic patients. The factors involved in this condition are far more complex than malnutrition and reduced
protein intake, and include metabolic switch to the use of amino acids and fats to produce glucose. According to
actual guidelines, beside moderate physical exercise and BCAA intake, therapeutic intervention with testosterone
and ammonia-lowering therapies might have the potential to reverse sarcopenia in cirrhosis.

Conclusion. Improved understanding of factors such as underlying nutritional imbalances, amount of oral protein
intake, dose, type and duration of supplementation and the compliance of physical exercise, should be the focus of
further research with randomized controlled trials.
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Introduction characterized by progressive and generalized
loss of skeletal muscle mass, strength, and

Theroot of the term “sarcopenia” originates ~ function (performance) with a consequent risk

in Greek culture, coming from —sarx- for flesh
and —penia- for loss, and was used for the
first time by Rosenbeg in 1988 [1]. European
Society for Clinical Nutrition and Metabolism
(ESPEN) defined sarcopenia as a syndrome
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of adverse outcomes [2]. Primary sarcopenia
is often linked with the ageing processes and
precedes the onset of the condition named
frailty, which is a state of vulnerability and non-
resilience with limited reserve capacity in major
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organ systems [2]. Secondary sarcopenia is
a consequence of pathogenic mechanisms
related to several diseases, lack of physical
activity or nutritional deficits [3]. Advanced
liver disease, like liver cirrhosis (LC), is, by far,
the most prevalent condition that may lead to
sarcopenia.

Kim et al. concluded in the most recent
systematic review and meta-analysis on
sarcopenia in LC, that sarcopenia is related
to a poor prognosis, a lower survival rate
(as assessed by Model for End-Stage Liver
Disease - MELD score), and occurrence of
cirrhotic complications [4]. According to this
review, sarcopenia prevalence in LC ranges
from 25% to 70%, far higher than in other
gastrointestinal diseases, being a consequence
of metabolic derangements caused by liver
failure. Furthermore, sarcopenia is linked with
an increased risk of infection and length of
hospital stay [4].

However, in clinical practice, there are no
well-established criteria for the diagnosis of
this common complication of cirrhosis, the
mechanisms that are involved being poorly
understood and the possible therapeutic
options being still undergoing randomized
clinical trials.

To summarize the actual understanding of
sarcopenia in cirrhosis, a literature search was
performed using PubMed, MedLine, and Web
of Science, to find articles related to definition,
physiopathology, and treatment of sarcopenia
in cirrhosis.

Clinical prognosis of sarcopenia in
advanced liver disease

Emerging studies showed that sarcopenia,
independent of liver function, is a strong
prognosis factor and a predictor of mortality in
patients with cirrhosis [5], has a higher risk of
hepatic encephalopathy [6] and an increased
health-related cost in patients waiting for
liver transplant [7]. Furthermore, sarcopenia is
correlated with lower survival rates in patients
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with hepatocellular carcinoma [8]. Another
risk factor associated with the development of
sarcopenia is male gender [9]. This discrepancy
between genders is explained by metabolism,
fat distribution and hormonal characteristics.

Sarcopenia pathophysiology in
cirrhosis

Sarcopenia is a consequence of the
imbalance between muscle formation and
muscle breakdown. Protein turnover, or the
muscle mass metabolism, is regulated by
two opposing factors, myostatin, and insulin-
like growth factor 1 (IGF1). Myostatin is the
predominant negative regulator of satellite
cells (the precursors of new muscle fibers)
proliferation; elevated myostatin levels being
the main mechanisms underlying sarcopenia
in cirrhosis. Moreover, muscle biopsies
have shown higher myostatin expression in
patients with advanced liver disease compared
with controls [10]. The cause of elevated
myostatin levels is uncertain; one hypothesis
is that ammonia levels are frequently higher in
advanced liver diseases, stimulating myostatin
expression [10,11]. IGF 1 enhances muscle
growth and muscle protein synthesis through
the activation of protein kinase B and is
upregulated by physical exercise, testosterone
and BCCA’s (branch chain amino acids) —
particularly leucine; these factors activating
the recruitment of the satellite cells [12].

There are several causes of sarcopenia in
patients with cirrhosis, such as a) malnutrition
[13], b) altered metabolism due to abnormal
use of protein as energy source [14], ) anorexia
caused by higher level of leptin and tumor
necrosis factor (TNF — o) [15], d) hormone
deficiency [13] and e) low socioeconomic status
and inadequate nutrition intake associated
with alcoholism.

One observational study, which included a
cohort of 5o patients, reported that the median
caloric intake per patient with cirrhosis is much
lower compared with non-cirrhotic patients
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[13], leading to the conclusion that malnutrition
plays amajorroleinsarcopenia. Other potential
causes of reduced dietary intake in cirrhosis
include appetite reduction due to higher levels
of leptin and TNF — a [14], ascites and increased
intra-abdominal pressure, dysgeusia and
alcohol abuse.

Due to a state that mimics starvation, in
cirrhosis there is a switch to the use of fat and
protein as an energy source; this fact being not
normal in physiologic conditions. The use of
proteolysis and lipolysis is due to a reduction
of glycogen stores, which results in the need
to create glucoses from other sources [14].
This metabolic switch to the use of amino acids
and fats, to create glucose, leads to increased
ketogenesis [16] and low levels of BCAA, the
essential compounds preferred by muscle
tissue [17].

Diagnosis of sarcopenia

Anthropometry indices, such as body mass
index, can be apoorindicator of nutritional state
in cirrhotic patients, as it cannot differentiate
muscle mass from fat mass [18].

Hand grip strength is a basic functional
measure of musculoskeletal function of
the hand and forearm and is independently
correlated in a large population study of >140
0oo with all-cause mortality (p<0.0001) [19].

Magnetic resonance imaging (MRI) can
distinguish between adipose tissue and fat-free
mass and can create accurate high-resolution
body structure and composition with no
radiationexposure, makingitadequateforlong-
term follow up [20]. A special MRI technique,
magnetic  resonance  spectroscopy, can
evaluate the molecular composition of tissue
and furthermore, can differentiate between
intra-myocellular and extra-myocellular fat
[20]. However, these techniques have high
prices and limited access.

Computer tomography (CT) techniques
are able to evaluate and differentiate all body
tissues and have been considered the gold
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standard for investigating changes in muscles
and fat [21]. Cross—sectional measures at the
third (L3) and/ or fourth (L4) lumbar vertebrae
positively correlate with total body muscle
mass [21]. The most commonly used method
for the diagnosis of sarcopenia in cirrhosis is L3
skeletal muscle index, with more accuracy than
anthropometric indices, functional measures
and Dual-energy X-ray absorptiometry (DEXA)
scanning [22]. The use of CT techniques is
limited by high costs and radiation exposure.

DEXA measures the absorption of multiple
low-dose X-rays that can show the amount
of fat and lean tissue in the whole body. A
commonly used index that correlates well with
total muscle body mass is appendicular lean
mass (APLM). A major limitation of DEXA is that
the lean mass readings cannot differentiate
water from muscles, raising errors in cirrhotic
patients with ascites and peripheral edema.
Although the radiation exposure is minimal,
the costs and access make it difficult to use in
some parts of the world.

Potential therapeutic targets in
sarcopenia

The main therapeutic interventions for
sarcopenia in LC are diet and exercise. High
energy and high protein diet (1-1.5g of protein
per kg of body weight per day) improves
nitrogen balance (4.3 + 3.2g of nitrogen per day
comparedto2.2+1.9gofnitrogenwhenfasting)
[23]. Late evening snacks consisting in complex
carbohydrates and proteins have been shown
to enhance nitrogen balance by minimizing
muscle breakdown during sleep in patients
with low hepatic glycogen deposits [24]. At the
same time, mild physical activity may prevent
muscle loss and sarcopenia. When tolerated, 30
minutes of walking 4 times per week together
with resistance training 2-3 times per week as
tolerated are strongly recommended [12].

Drug therapies for sarcopenia in LC are not
well defined, but there are several agents that
can be used. BCAA supplements may lead to a
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decrease in myostatin through detoxification
of ammonia, protecting the muscle mass
[25,26]. Also, BCAA supplementation can
enhance carbohydrate metabolism by lowering
gluconeogenesis and protein catabolism
[27]. Recent studies concluded that BCAA
supplements may improve muscle strength,
but there is no effect on mortality, quality of
live and nutritional parameters [28]. Rifaximin
may decrease myostatin levels by improving
serum ammonia, releasing BCAAs that can be
used for muscle mass, but further studies are
needed to validate the use of rifaximin for the
treatment of sarcopenia in LC.

Testosterone  therapy  (intramuscular
testosterone or topical testosterone gel) may
enhance muscle mass by activating androgen
receptors which inhibit myostatin and activate
muscle protein synthesis [12]. Testosterone
levels were found to be lower in sarcopenic
cirrhotic patients compared to the non-
sarcopenic ones[29]. It has been demonstrated
that insulin-like growth factor 1 (IGF-1) has a
favorable effect on nitrogen metabolism in
cirrhotic rats by increasing muscle mass [30].
However, further studies on human subjects
are needed to validate these findings.

Conclusions

Sarcopenia is a common complication and
a frequently encountered feature in LC. Also,
it is a strong prognosis factor and a predictor
of mortality in patients with advanced liver
disease [5]. The old evidence that this condition
respondsto physical exercise and a high-protein
dietary intake does not take into account the
altered metabolism that leads to muscle waste
in patients with LC. Despite the clear benefit
of diagnosing sarcopenia using different
diagnostic methods, there are no standardized
and validated protocols for the existing tests.
Further research with randomized controlled
trials is clearly required to develop specific
therapeutic methods that target the underlying
nutritional derangements in cirrhosis.
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