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Chapter 19
Sarcopenia in Liver Disease: Current
Evidence and Issues to Be Resolved

Meiyi Song, Lu Xia, Qi Liu, Mengxue Sun, Fei Wang, and Changqing Yang

Abstract Sarcopenia is a common clinical symptom in aging and patients with
wasting diseases, characterized by a decreased skeletal muscle mass. As a conse-
quence of lifestyle change, the nonalcoholic fatty liver disease (NAFLD) presents a
rising trend. In the past three decades, increasing evidence has proved that sarcope-
nia is related to NAFLD. In this chapter, we will summarize the emerging evidence
of the predictive role of sarcopenia in NAFLD and review the diagnosis value, fea-
sible mechanism, and therapy strategies of sarcopenia in NAFLD. Sarcopenia is a
potential risk factor for NAFLD, and targeting sarcopenia can benefit NAFLD to
some extent.

Keywords Sarcopenia - Nonalcoholic fatty liver disease - Liver fibrosis

19.1 Background

Skeletal muscle is the major component of the mammalian motor system, with the
function of secretory, mechanical, and supporting activities [1]. Similar to bone, the
weight of muscle peaks at about 45-50 years old and then gradually decreases at a
rate of 1-2% per year [2—4]. This kind of typical changes in human body composi-
tion related to aging is a progressive loss of muscle mass and strength, called sarco-
penia [5, 6]. Sarcopenia is one of the most common types of muscle atrophy in
aging population, strongly associated with senescence and malnutrition [7-12].
Sarcopenia is defined as reduced skeletal muscle mass, which is a common com-
plication of most liver disease patients. It is observed in up to 60% of patients with

Meiyi Song, Lu Xia and Qi Liu have contributed equally with all other contributors.

M. Song - L. Xia - M. Sun - E. Wang (0<) - C. Yang (b))

Division of Gastroenterology and Hepatology, Digestive Disease Institute, Tongji Hospital,
Tongji University School of Medicine, Shanghai, China

e-mail: 1132469 @tongji.edu.cn; changqingyang_tj@hotmail.com

Q. Liu
Department of Endocrinology, Tongji Hospital, Tongji University School of Medicine,
Shanghai, China

© Springer Nature Singapore Pte Ltd. 2018 413
J. Xiao (ed.), Muscle Atrophy, Advances in Experimental Medicine and Biology
1088, https://doi.org/10.1007/978-981-13-1435-3_19


http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-13-1435-3_19&domain=pdf
https://doi.org/10.1007/978-981-13-1435-3_19
mailto:1132469@tongji.edu.cn
mailto:changqingyang_tj@hotmail.com

414 M. Song et al.

end-stage liver disease (ESLD) [13, 14]. Nonalcoholic fatty liver disease (NAFLD)
is a common cause of chronic liver disease, which refers to hepatic steatosis that is
not caused by significant alcohol consumption or other causes of liver disease. In
Western Europe and the United States, about 64 and 52 million people suffered
from NAFLD, respectively [15, 16]. NAFLD is classified into different degrees,
from the “benign” called simple steatosis (overall 20-30% prevalence) to steato-
hepatitis (NASH, 2-5% prevalence) and fibrosis [17]. Regarded as a metabolism
disease, NAFLD shares amounts of pathophysiology process with sarcopenia. For
example, both the liver and muscle are target organs for insulin action, and insulin
resistance is known as a key factor in the pathophysiology for both NAFLD and
sarcopenia.

During the last four decades, researchers have made a lot of efforts to investigate
the relationship between sarcopenia and NAFLD [18-22]. In this chapter, we will
give an introduction of involvement of sarcopenia in liver disease, including the
pathology, diagnosis, and management of NAFLD associated with sarcopenia [23].

19.2 Current Proof in the Relationship Between Sarcopenia
and Chronic Liver Disease

19.2.1 Sarcopenia as an Independent Predictor of NAFLD

Compelling evidence have shown the connection of sarcopenia and NAFLD [24].
To confirm the relationship between sarcopenia and NAFLD, the Korean Sarcopenic
Obesity Study (KSOS) was conducted. The researchers built a cohort including 452
apparently healthy adults to perform a prospective observational cohort study and
explore the correlation of sarcopenia and NAFLD with cardiometabolic risk factors.
They found that after adjusting for confounding factors (insulin resistance and
inflammation), the risk of NAFLD increased in patients with low muscle weight
[25]. The next study showed that all these relationships happened among people of
different sexes, although age group and menopausal status have an effect on it; and
further confirmation of this relationship was required [26].

Another research group carried out a cross-sectional study in representative sam-
ples of the Korean population in 2015. In addition, based on the existence of liver
fibrosis in patients with NAFLD, further stratification was carried out to preliminar-
ily study the connection between sarcopenia and the progression of NAFLD. The
data showed that regardless of condition of obesity or metabolic control, sarcopenia
was associated with increased risks of NAFLD and advanced fibrosis [27]. They
further stratified the sample according to the grade of liver fibrosis and continuously
studied the relationship between sarcopenia and NAFLD-related cirrhosis.
Interestingly, they found that sarcopenia was associated with significant liver fibro-
sis in subjects with NAFLD, and the association is independent of obesity and insu-
lin resistance when comparing patients with fibrosis and NAFLD patients without
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fibrosis [28]. A rough analysis based on another NAFLD cohort showed that sarco-
penia was related to NAFLD, with an OR of 3.82 (95% CI, 1.58-9.25), which was
confirmed by biological systems.

In practice, NAFLD patients are often associated with other metabolic diseases.
Yoshitaka Hashimoto et al. focused on the patient with type 2 diabetes mellitus and
assessed the correlation between skeletal muscle mass index and hepatic steatosis.
They draw a conclusion that mass of skeletal muscle was negatively related to
hepatic steatosis in patient with type 2 diabetes mellitus which was consistent with
previous results [29]. Similarly, worsening fibrosis was found related to increased
prevalence of sarcopenia, independent of IR and obesity. Furthermore, the presence
of fibrosis was 22% in nonsarcopenic patients compared to 60% in those with
sarcopenia.

19.2.2 Sarcopenia in Prediction of Chronic Liver Disease
and Its Complication

Liver cirrhosis is the end stage of liver disease characterized by the destruction of
hepatic lobules. Among the multitudinous etiologies of cirrhosis, nonalcoholic ste-
atohepatitis (NASH) is the most familiar one with increasing incidence year by year.
Liver cirrhosis accompanied with sarcopenia is very common; the estimated preva-
lence of sarcopenia in subject with liver fibrosis is 40-70% [30]. The incidence is
50-70% in men slightly higher than that in women [31, 32]. A Canadian study
showed that sarcopenia was associated with both visceral obesity and IR [33]. The
median survival time of the patients with sarcopenia (19 + 6 months) was shorter
than that of nonsarcopenia patients (34 + 11 months) (P =0.005). They also observed
L3 skeletal muscle index was not relative to Child—Pugh scores (r = —0.14; P =0.1)
and Model for End-Stage Liver Disease (MELD) (r = —0.07; P = 0.5) [33]. Another
study revealed the median survival was 16 + 6 months and 28 + 3 months, respec-
tively, in patients suffering from concurrent cirrhosis and HCC with or without sar-
copenia [34]. The 1-year probability of survival in patients with sarcopenia was
significantly lower compared to that of patients without sarcopenia as a conclusion
of multiple results from different groups (85% vs 97%, P = 0.01 [35]; 52% vs 82%,
P =0.003 [34]; 53% vs 83%, P = 0.005 [33]; 63% vs 79%, P = 0.04) [36].
Sarcopenia is not only associated with the survival of patients with cirrhosis but
also has a suggestive role on the complications of cirrhosis. Sepsis is one of the
leading causes of death in cirrhosis patients. In patients with sarcopenia, the death
rate associated with sepsis is 22%, higher than that of nonsarcopenia (P = 0.02). In
earlier studies, however, no difference was found in the frequency of sepsis-related
deaths in patients with or without sarcopenia. Hormones and biochemical changes
and circulating endotoxins and other factors leading to sarcopenia in patients also
impaired immune function and increased the risk of infection [37, 38]. In addition,
patients with refractory ascites are particularly prone to malnutrition and sarcopenia,
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as increased ascites increases the static energy consumption, while the food intake
is reduced by increased abdominal pressure. The treatment of refractory ascites by
transjugular intrahepatic portosystemic shunt (TIPS) has been proven to improve
refractory ascites of patients with dystrophic liver cirrhosis, which will ameliorate
the sepsis recurrence. Other complications including hepatic encephalopathy are
also related to sarcopenia. Previous study has confirmed a higher incidence of
hepatic encephalopathy in patients with reduced muscle mass and muscle contrac-
tion force [39]. The increase of ammonia content in peripheral blood of patients
with sarcopenia may be one of the reasons [40]. Therefore, it is recommended to
include sarcopenia into the evaluation system for prediction and prognosis of the
patients with cirrhosis. Sarcopenia alone or in combination with conventional prog-
nostic systems has shown promise for cirrhosis prognosis. How to include an objec-
tive assessment of sarcopenia with conventional scores to optimize the prediction
outcome for patients with cirrhosis requires further researches [41, 42].

Liver transplantation (LT) is considered as the only cure for current end-stage
liver disease, and the occurrence of sarcopenia is also closely related to its therapeu-
tic effect [43—45]. By observing a cohort from the United States, researchers found
that 59% patients have sarcopenia during LT evaluation. CT scan was performed on
59 patients with pre-transplant sarcopenia at 6 months posttransplant, and 56 (95%)
remained sarcopenic, and a large proportion of patients would continue to remain
sarcopenic in 1 year. Meanwhile they found that obesity was an independent predic-
tor of pre-transplant sarcopenia (P = 0.00001, odds ratio [OR] 0.22) in cirrhotic
patients [43, 46, 47].

19.3 Emerging Mechanism in Sarcopenia with NAFLD

Finding the common pathological process between sarcopenia and NAFLD is a key
strategy to analyze their correlation in the mechanism. The current study mostly
focuses on the insulin resistance, inflammation response, vitamin D, oxidative
stress, decreased physical activity, and other possible mechanisms.

Insulin Resistance Insulin resistance (IR) is a common pathophysiological mech-
anism between sarcopenia and NAFLD [48-50]. In NAFLD patients with insulin
resistance, the liver and adipose tissue are less sensitive to insulin. When adipose
tissue becomes resistant to the antilipolytic effect of insulin, fat decomposition
increases and free fatty acids (FFA) are released [23, 51]. The increased levels of
triglycerides in the liver caused by IR are the main factors leading to liver steatosis.
First, insulin cannot inhibit the lipolysis of adipose tissue by hormone-sensitive
lipase, leading to FFA influx and subsequent absorption by the liver. Second,
IR-associated hyperinsulinemia and hyperglycemia are upregulated by membrane-
associated transcription factors sterol regulatory element-binding protein-1c
(SREBP-1c) and carbohydrate response element-binding protein (ChREBP). Third,
hyperinsulinemia directly inhibits f-oxidation. These phenomena together promote
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the FFA accumulation in the liver and the hepatic triglyceride accumulation and
steatosis through esterification [52, 53].

Study showed that even NAFLD patients without obesity have increased concen-
tration of FFA and Adipo-IR compared to the control group [54, 55]. FFA enriched
in the liver inhibits growth hormone (GH)/insulin-like growth factor-1 (IGF-1) axis,
which has protective effect in age-related muscle loss and muscle regeneration [56].
In addition, IR is accompanied with compensatory hyperinsulinemia, which leads to
glucose production disruption, decreased glycogen synthesis, increased lipolysis,
and/or increased fat intake. Triglyceride (TG) transfer changes and inhibits
-oxidation, which caused TG accumulation in muscle tissue.

The gluconeogenesis is caused by IR-aggravated muscle protein loss and muscle
degradation. IR itself can be a contributing factor to age-related muscle mass loss
and leads to sarcopenia directly [57]. As an important mean of maintaining muscle
mass and muscle metabolism, autophagy or lysosomal degradation is inactivated by
IR through mammalian target of rapamycin (mTOR) pathway [53]. Collectively,
these are how IR reduces muscle mass and leads to sarcopenia. Interestingly, the
study found a negative correlation between IR and muscle mass, while IR was
directly related to hepatic fat accumulation. These results support the common
understanding of pathophysiological basis underlying the IR-mediated pathogene-
sis. Consistent with this view, the metabolic syndrome (MS) associated with IR
should also be associated with NAFLD and sarcopenia [25].

Sarcopenia is associated with adverse glucose metabolism disorder, and the evi-
dences indicate that low muscle mass can predict diabetes susceptibility. Given the
increase in the prevalence of obesity, there is an urgent need for further research in
developing control strategy of obesity and metabolic effects of sarcopenic disorders.
Similarly, myosteatosis has also been shown to be related to IR. Synergistic effects
of sarcopenia and obesity can lead to severer IR and metabolic disorders. In this
regard, sarcopenia is also a factor that contributes to the onset of NAFLD by pro-
moting IR.

Inflammation Chronic inflammation and oxidative stress are essential processes
in the development of and liver fibrosis followed directly. NASH is accompanied
with an inflammatory reaction that occurs in the absence of pathogens or external
antigens belonging to sterile inflammation. Lipid-induced hepatocyte stress, dam-
age, and cell death could be the reason of sterile inflammation. Fatty acid oxidation
(FAO) in the liver enhances the production of oxygen free radicals, causing lipid
peroxidation and inducing pro-inflammatory cytokine synthesis. For example,
transforming growth factor-p (TGF-P) and tumor necrosis factor-a (TNF-a) are the
most common factors of NAFLD. Furthermore, these cytokines stimulate protein
degradation and metabolism, resulting in muscle mass loss and sarcopenia. These
cytokines support both the recruitment of T cells and development of specific
immune response against antigens. They activate synthesis of each other and stimu-
late IL-6 secretion. Although these cytokines show highest levels and activities in
acute diseases like sepsis and are upregulated in trauma or after surgery, they also
play key roles in NAFLD and infections which lead to loss of muscle cells and
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acceleration of muscle protein breakdown, contributing to sarcopenia. Inflammation
markers in circulation, including CRP, TNF-a, and interleukins (IL-6 in particular),
are closely related to the occurrence of sarcopenia.

Vitamin D Low vitamin D levels have been reported to be involved in the patho-
genesis of both sarcopenia and NAFLD [58]. NAFLD and vitamin D deficiency are
associated with insulin resistance, obesity, type 2 diabetes mellitus, and cardiovas-
cular disease. Many studies exploring the relationship have emerged over the past
few years. Recent animal studies have shown that vitamin D is of critical impor-
tance in the production of pro-inflammatory cytokines and consequently regulates
oxidative stress, hepatocyte apoptosis, and even hepatic fibrosis, although the mech-
anism of the association between vitamin D and NAFLD is not fully understood.
The insulin receptor in pancreatic -cells and in peripheral target organ (including
the liver) is induced by vitamin D by activating vitamin D response elements
(VDRES) in the human insulin receptor (hIR) gene promoter [59]. VDR is a recep-
tor for 1o, 25-dihydroxy-vitamin D3 (1a, 25-(OH)2-VD3), activated from vitamin
D3, and has a significant effect on calcium—phosphate homeostasis and bone metab-
olism but also on other physiological functions, including immunomodulation, cell
growth, and differentiation. The effect of vitamin D on insulin sensitivity changes
was mediated by vitamin D receptor (VDR) by improving systemic inflammation
[60-62]. VDR in skeletal muscle can also be activated by vitamin D, which medi-
ates muscle genesis, skeletal muscle growth, and inflammation. Results from animal
studies prove vitamin D deficiency myofibrinolysis is increased with vitamin D
deficiency. Lower levels of vitamin D were associated with lower muscle strength,
poor muscle function, and increased muscle loss. People with muscular dystrophy
have significantly lower levels of vitamin D. Vitamin D supplements may improve
muscle strength and function in muscular dystrophy patients.

Decreased Physical Activity The decrease in physical activity and the atrophy of
muscles cross-promote each other. In addition, the decrease of physical activity is
one of the main reasons which lead to IR and metabolic diseases. Patients with
muscle atrophy, due to limited mobility, tend to live sedentary lifestyles and lack
exercise [63, 64]. A sedentary lifestyle can increase the risks of obesity, metabolism
diseases, and NAFLD, which has been well proven. It is speculated that this seden-
tary lifestyle will lead to a decrease in energy expenditure, which consequently
leads to obesity and liver fat. In fact, studies have shown that in patients with sarco-
penia, the amount of fat increases, as well as the body composition and the level of
CRP, which further increased the risk of NAFLD [65].

Myokines and Myostatins Skeletal muscle is considered as an endocrine organ.
Myokines are defined as the peptides that are produced, expressed, and released by
muscle fibers, including cytokines and other peptides with autocrine, paracrine, or
endocrine effects. Muscle-derived hormones provide a new thought to build the
communication between skeletal muscle and other organs, such as the adipose tis-
sue, liver, pancreas, bones, and brain [66]. IL-6, one of the many myokines, appears
to have systemic effects on the liver mediating crosstalk between intestinal L cells
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and pancreatic islets. Activation of IL-6/STAT3 pathway subsequently downregu-
lates lipogenic genes but upregulates fatty acid oxidation-associated genes in the
liver of interleukin-10-deficient mice [67]. Moreover, increased muscle peroxisome
proliferator-activated receptor (PPAR) gamma coactivator-1 alpha (PGC-la)
expression protects mice from sarcopenia and metabolic disease and prolongs their
lifespan [68]. The PGC-1a-dependent myokine irisin drives brown-fat-like develop-
ment and causes a significant increase in total body energy expenditure whereby
reducing body weight and thus obesity and IR [69]. Serum irisin concentrations
were downregulated in the patient with NAFLD and inversely associated with the
triglyceride contents in the liver and liver enzymes in obese adult [70]. The down-
stream signal transduction pathway activated by irisin involves the peroxisome
proliferator-activated receptors a (PPARx), which are of vital importance in fatty
acid p-oxidation in the liver [71]. FGF21 regulated by PPAR« reduces hepatic ste-
atosis and leads to reduced lipogenic gene expression and possibly the rate of fatty
acid and triglyceride synthesis [72]. Myokines also significantly blunt insulin-
stimulated glucose uptake and may participate in the occurrence of IR in the liver
[73]. Therefore, it is determined that the protective effect of muscle on NAFLD will
disappear mediated by hormone secretion when sarcopenia occurred.

Myostatin (also known as growth differentiation factor 8, GDF-8) is a member of
TGF-f superfamily, with an inhibiting effect in protein synthesis and regeneration
[74, 75]. In skeletal muscle, myostatin can activate mediated autophagy proteolysis
and ubiquitin proteasome pathway which are two main pathways of skeletal muscle
protein hydrolysis [76]. Myostatin also increases the quality of adipose tissue, lead-
ing to decreased adiponectin production [77-79]. The receptor of myostatin
expressed on hepatic stellate cells. In hepatocytes, myostatin inhibits hepatocyte
proliferation and insulin-stimulated glucose uptake [73]. Increased serum myostatin
level is related to poor prognosis in liver cirrhosis patients [80]. This may be a
potential link between sarcopenia and liver disease. But there is still doubt about
which one is the consequence.

Other Daniel Cabrera et al. found that the American Lifestyle-Induced Obesity
Syndrome (ALIOS) diet-induced NAFLD mouse showed decreased muscle fiber
diameter and myosin heavy chain (MHC) protein levels. Serum insulin-like growth
factor-1 (IGF-1) was detected decreased, which is an anabolic hormone essential for
muscle homeostasis without increase of inflammatory mediators. Since leptin in the
brain can stimulate the production of IGF-1 in the liver, a later study explored the rela-
tionship between sarcopenia and NAFLD based on this regulatory mechanism [81].

Metabolic disturbances, inadequate dietary intake, and malabsorption are also
involved in the pathogenesis in the end stage of NAFLD. After entering the stage of
cirrhosis of the liver, because of glycogen synthesis and storage damage in the cir-
rhotic liver tissue, fat and muscle catabolism glycosylation of noncarbohydrate
sources are promoted [82]. About 15% to 30% of patients with cirrhosis are in a
highly catabolic state. Only if ensured adequate protein intake, it usually causes
muscle atrophy [83]. The cause of highly catabolic state is unknown. The cause may
include the activation of the sympathetic nervous system through the hypermeta-
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bolic pathway, the displacement of the gut bacteria, or systemic inflammation. At
the same time, sepsis will exacerbate energy consumption in patients with cirrhosis
and accelerate protein degradation. As a consequence of portosystemic shunt, the
lack of cholestasis, and intestinal bacterial overgrowth, malabsorption of nutrients
is a possible cause of muscle loss [36].

19.4 Diagnosis and Management of Sarcopenia in Liver
Disease

The Asian Working Group for Sarcopenia (AWGS) (AWGS/grip criteria) and
European Working Group on Sarcopenia in Older People (EWGSOP) (EWGSOP/
grip criteria) are always used in the diagnosis of sarcopenia in patient with chronic
liver disease [84—87]. EWGSOP/grip criteria found that age-related muscle volume
reduction is related to low muscle strength and/or physical performance [88-90].
Low muscle mass and decreased muscle function (muscle strength or properties)
are used as a screening test, according to the diagnostic criteria of EWGSOP in
2010, it means establishing a diagnosis requires meeting criteria 1 and criteria 2 or
criteria 3 at the same time [91, 92]. Different from EWGSOP/grip criteria, the
patients are also diagnosed as sarcopenic by both muscle strength (handgrip
strength) and physical performance (usual gait speed) as the instruction of AWGS/
grip criteria [85]. Due to differences in body size, lifestyles, ethnicities, and cultural
backgrounds, each criterion describes the cutoff value used for Asian and European
populations by detail. The cutoff threshold for calf circumference is 33 cm, and that
of hand grip strength in male and female are 32 kg and 22 kg, respectively [87].
Psoas muscle thickness and total muscle and adipose tissue cross-sectional area at
the level of the third lumbar vertebra (L3) transverse processes are always com-
monly used for measuring muscle mass imaging with computed tomography (CT)
or magnetic resonance imaging [93-95]. In the diagnosis and screening of sarcope-
nia in patients with chronic liver disease (CHD), scientists have made many attempts
and explorations. Some scholars have found that serum BCAA and albumin levels
are significantly associated with handgrip strength and PSI (psoas index) in patients
without BCAA granule supplement, though the contact strength is weak [96, 97].
The reduction of BCAA level as a manifestation of CHL progress may play a role
in the muscle atrophy associated with primary disease. Researchers are still looking
for highly sensitive and noninvasive markers to improve diagnostic efficiency.

19.5 Method of Reversing Sarcopenia of Cirrhosis

Because muscle reduction is associated with adverse outcomes of liver cirrhosis,
limited data has shown that increased muscle mass can improve survival of patients
with liver cirrhosis after transplantation. Therefore, reversing muscle mass
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reduction is a key measure for patients with cirrhosis [98]. According to the physio-
pathological mechanism of sarcopenia, the method of managing sarcopenia was
built by considering nutritional status, physical activity, ammonia, and hormones
[99]. Guidelines and consensus statement put forward basic concept. The present
therapeutic strategies for sarcopenia in cirrhosis include exercise and nutrition ther-
apy, supplemental hormone therapy, and mechanistic targeted treatments.

19.5.1 Exercise and Nutrition Therapy

Vast solid evidences have identified the positive effects of exercise, whereas, unfor-
tunately, this “panacea” has not been applied properly. Smart selection of exercise
type is important to ensure maximum benefit to the patients [100]. Resistance exer-
cise (RE) can stimulate muscle protein synthesis (MPS) which has the potential to
modulate muscle mass gain [101]. Different from RE, endurance exercise (EE) may
improve the exercise capacity and muscle strength. Only few studies have been
conducted to assess the benefit of patients undergoing exercise training in combina-
tion with RE and EE by far, so the benefits still remain unclarified. It is still not
possible to predict whether a synthetic metabolic nutrient resistance will be observed
during exercise. The mechanical stimuli activate mTOR signaling in muscle through
a PLD-dependent increase of phosphatidic acid (PA) [102]. The current exercise
guidelines for patients with chronic diseases recommend that individuals perform
150 min of moderate physical activity per week, and two times a week for endur-
ance and flexibility training. Due to the limitations of exercise capacity, these guide-
lines may not be feasible in most patients with cirrhosis. It is still advocated that the
exercise experts should assess the patient’s motor ability and clinical status and
formulate the individualized exercise prescription [64, 103, 104]. But all the studies
were carried out in the patients or animal models without cirrhosis, and it was not
clear whether the responses were tested in patients with cirrhosis or not. For exam-
ple, studies have shown that hyperammonemia leads to decreased muscle function
without affecting the muscle mass and that hyperammonemia impairs skeletal mus-
cle strength and increases muscle fatigue. These suggest that blood ammonia may
also affect the therapeutic value of exercise for muscle atrophy in the liver disease
model, different from that in the simple sarcopenia model [105].

Because the lack of nutrition in patients is an important cause of sarcopenia,
which is mainly due to insufficient intake of total calories and protein, thus guide-
lines and consensus statements recommend frequent feeding. Oral rehydration is
the best way to supplement, and enteral or parenteral nutrition is applied if necessary
[106-108]. There are numerous strategies for extra nutrition through high-calorie
feeding and/or enteral feeding provided by different studies [109-111].

In terms of nutrition, the two main problems are the plan and time of nutrition
supply. Study indicated that giving patients late-night food is a feasible intervention
to reverse the reduction of synthetic metabolism and muscle atrophy in patients with
cirrhosis and can improve the life quality of patients with cirrhosis. The long-term
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benefits and the value on lifespan were critically evaluated. The subsequent meta-
analysis was disappointing, and nutritional supplements for patients with alcoholic
hepatitis and liver cirrhosis demonstrated no improvement in survival rate. The
exact mechanism of the protective effect of supplemental nutrition on muscle loss is
unclear, which allows us to consider other factors that contribute to such uncer-
tainty. As a form of resistance to synthetic metabolism, the nutritional problem of
cirrhosis may not be compromised by supplementing energy alone. We need to
consider the effects of impaired mitochondrial function on nutrition management.
Other clinical symptoms, including encephalopathy and septicemia, and how to
improve the life quality are also needed to be considered in future studies.

Protein supplementation is another way to improve the supply of essential amino
acids. However, liver cirrhosis and high blood ammonia may accelerate the decom-
position of amino acid. This results in ammonia accumulated in skeletal muscle,
which damages the protein synthesis and further increases the autophagy. These are
not benefits to reverse sarcopenia. In the selection of protein sources, plant proteins
have an advantage over animal protein, which are rich in branched-chain amino acid
(BCAA) rather than aromatic amino acids [112-114]. For example, leucine is par-
ticularly an important activator of mMTORC1 via the Rag small GTPases and a pleth-
ora of regulatory proteins, leading to decreased autophagy and protein synthesis,
which is the protection mechanism against loss of muscle. Confirmed results have
provided direct evidence on interference of the molecules in skeletal muscle during
cirrhosis [115, 116]. A single oral BCAA mixture enriched with leucine (BCAA/
LEU) can impair mTORI signaling, autophagy, and GCN2 activation in cirrhotic
patients without altering myostatin expression [117]. Combined with in vivo and
in vitro data of, hyperammonemia is considered as the mediator of hepato-muscular
axis and BCAA supplement is beneficial for cirrhosis [118, 119].

19.5.2 Supplemental Hormone Therapy

Both sarcopenia and low testosterone have been found associated with poor progno-
sis in men with cirrhosis, independent of the Model for End-Stage Liver Disease
(MELD) score. Testosterone and growth hormones are used to improve nutritional
status and muscle mass in cirrhosis patients, but the clinical benefits remain to be
verified [120-123]. Anabolic androgenic steroid oxandrolone shows an improve-
ment in nutritional status, body composition, and muscle function, as well as the
non-muscle beneficial effects such as the ameliorating condition of the original dis-
ease in men with cirrhosis. But unfortunately, testosterone treatment can signifi-
cantly reduce the mortality of patients (16% vs. 25.5%, p = 0.352). Even though
research suggests that low testosterone has its advantages in predicting mortality in
men with advanced liver disease than sarcopenia [124], it still needs to be addressed
whether testosterone is continuously effective in improving the prognosis in liver
cirrhosis patients with sarcopenia.
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19.5.3 Other Potential Strategies

According to the documented mechanism mentioned above, the scientists propose
treatment strategies for the corresponding targets, which require preclinical trials to
clarify the effect. Myostatin antagonists, antioxidants, mitochondrial protectants,
and direct mTORCI activators may benefit skeletal muscle protein turnover but are
not adequately evaluated [117, 118, 125].

Hyperammonemia could be another common concern in both sarcopenia and
end-stage liver disease. Current methods for decreasing plasma ammonia include
nonabsorbable disaccharides and antibiotics by preventing the production of ammo-
nia. In the treatment of patients with liver cirrhosis, the main purpose of lowering
blood ammonia originally is to cure hepatic encephalopathy; however, the latest
views suggest that blood concentration of ammonia is completely not associated
with the severity of hepatic encephalopathy [126]. Since it takes a long time for
serum ammonia to affect the muscles, lowering blood ammonia in the short term
does not reduce muscle blood ammonia concentration. The changes of high blood
ammonia on signal pathway activation and metabolism cannot be reversed. Loss of
muscle mass and function can be saved only by long-term, continuous ammonia-
lowering therapies, or by targeting lower levels of ammonia in the skeletal muscle.
Supplemental BCAA are used as a therapy in patients with cirrhosis, especially in
the patients with hepatic encephalopathy (HE) [127-129]. The oral dosage of
BCAA can enhance the metabolism of muscle ammonia, reducing the ammonia
content in muscle. However, this method may also temporarily increase the concen-
tration of arterial ammonia, which may be due to the external metabolism of gluta-
mine (GLN). The contents of GLN in skeletal muscle can be maintained by
parenteral a-KG supplemental after surgery. GLN synthesis may exert adverse
effects of catabolism stimulation by BCAA in skeletal muscle. Thus, reducing the
use of a-KG and other drugs that promote GLN synthesis should be considered
[130-132].

19.6 Challenges in Study on Sarcopenia in Liver Disease

Sarcopenia is a common manifestation of chronic liver diseases. On one hand liver
disease accompanied with sarcopenia adds the burden of the disease; on the other
hand, sarcopenia can become a potential monitor of liver diseases and its complica-
tions. Although the researches have drawn a similar conclusion of correlation
between sarcopenia and NAFLD and put forward the possible mechanism, there
remain questions to be addressed. Firstly, some researchers have pointed out that it
needs to pay attention to the diagnostic criteria of NAFLD used in studies. Skeletal
muscle index (SMI) is the most commonly used index for assessing sarcopenia
(SMI = total appendicular skeletal muscle mass [kg]/body mass index [kg/m2]).
NAFLD is diagnosed by noninvasive evaluation methods, such as NAFLD liver fat
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score and liver attenuation index (LAI). NAFLD patients are likely to be more
obese, which affects the score of SMI. Moreover, there is no uniform standard to the
choice of cutoff point in NAFLD diagnosis [133]. Hence, it is indispensable to build
a research based on biopsy-proven or imaging-defined fatty liver. Secondly, the
analysis results of the above data used adjustment variable in the logistic model.
Some exposed factors such as IR, obesity, and low vitamin D, which will affect the
results, are not included, though the researchers adjusted for other variables. The
effect of these moderators should be considered deliberately. Meanwhile it is clear
that lifestyles, ethnicities, and cultural background have a great influence on IR,
which is the important component in the formation of either NAFLD or sarcopenia.
Multicenter large-scale trials need to put into practice for formulating feasible and
effective primary intervention strategies. Thirdly, the evidence shows a significant
correlation between sex and the occurrence of sarcopenia in patient with NAFLD,
which maybe a consequence of sex hormone. But there are no individualized treat-
ment options for male and female. Lastly, we are still not certain about whether
NAFLD is a cause or a consequence of IR. In conclusion, sarcopenia is a promising
early warning factor for chronic liver disease, especially NAFLD, whereas lots of
issues will need to be discussed in future studies.
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