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Cirrhosis predisposes to abnormalities in energy, hormonal, and immunological homeostasis. Disturbances
in these metabolic processes create susceptibility to sarcopenia or pathological muscle wasting. Sarcopenia is
prevalent in cirrhosis and its presence portends signiﬁcant adverse outcomes including the length of hospital
stay, infectious complications, and mortality. This highlights the importance of identiﬁcation of at-risk individuals with early nutritional, therapeutic and physical therapy intervention. This manuscript summarizes
literature relevant to sarcopenia in cirrhosis, describes current knowledge, and elucidates possible future
directions. ( J CLIN EXP HEPATOL 2023;13:162–177)
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L

iver cirrhosis is a complex pathophysiological condition that produces many different metabolic imbalances. One of the most notable derangements is a
signiﬁcant alteration in energy homeostasis. A combination of factors, including abnormal energy utilization,
altered hormonal balance, and increased inﬂammation,
in the context of decreased hepatic functional capacity,
can result in a depletion of functional skeletal muscle
mass; this is known as sarcopenia.1 Sarcopenia is a disorder
of immense clinical interest because of its implications in
the cirrhotic patient; it can result in multiple adverse outcomes ranging from severe debility to increased risk of
injury and death.1 The purpose of this paper is as follows:
(1) deﬁne sarcopenia; (2) describe the pathogenic processes
that contribute to the generation of sarcopenia; (3) identify
criteria for diagnosing sarcopenia; (4) discuss biomarkers
of potential interest in sarcopenia; (5) explain current approaches for the management of sarcopenia; (6) introduce
biomarkers that may be utilized to further characterize sarcopenia.

DEFINITION OF SARCOPENIA
Sarcopenia is a physical state deﬁned by the loss of functional skeletal muscle mass.4 It is a multifactorial process
that is typically seen as part of the normal aging process
in the setting of age-related metabolic changes. However,
it becomes a pathological process when precipitated by
the conditions of abnormal metabolism, such as cirrhosis.
This depletion of skeletal muscle mass contributes to
marked physical limitation, weakness, and frailty, which
results in an increased risk of disability, morbidity, and
mortality.4 While it has a clear deﬁnition, there remains
ambiguity regarding the clinical metrics that need to be
observed to make a diagnosis. Multiple authoritative
bodies, most notably the European Working Group on
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Sarcopenia in Older People (EWGSOP), have created
criteria by which sarcopenia may be identiﬁed; the diagnostic criteria encompass a combination of decreased muscle strength, mass, and function (Table 1).1–10

Pathogenesis of Sarcopenia in Cirrhosis
The manifestation of sarcopenia is a complex interaction
of numerous defective metabolic pathways in the cirrhotic
patient, evident on a macroscopic (as evidenced by
outwardly visible symptoms) and microscopic scale (within
pathways affecting the hepatocyte and the myocyte),
described in more detail below:

Decreased Oral Intake due to Manifestations of
Decompensated Cirrhosis
One of the most apparent impacts of cirrhosis, speciﬁcally
decompensated cirrhosis, on sarcopenia is decreased oral
intake. Decompensated cirrhosis is heralded by any of
the following conditions: bleeding varices (typically esophageal), ascites, spontaneous bacterial peritonitis, hepatic
encephalopathy, and hepatocellular carcinoma (HCC).11
These complications, whether acute or chronic, drive
anorexia through different modalities.

Ascites—Ascites is a consequence of 3 pathophysiological
processes working in tandem—increased portal pressures,
vasodilation, and ﬂuid retention. First, liver inﬂammation
and injury, whether caused by chronic hepatitis viral infection, an autoimmune condition, chronic alcohol use, nonalcoholic fatty liver disease (NAFLD), or non-alcoholic steatohepatitis (NASH) lead to distortion of liver architecture
and conversion of the hepatic portal system converting
from low-resistance to a high-resistance system.12 The
body attempts to compensate by secreting vasodilatory substances, such as nitric oxide, to facilitate ﬂow through
splanchnic circulation. This increases splanchnic venous
blood pooling and causes a relative deﬁciency in venous return, cardiac output, and renal blood ﬂow. The reninangiotensin-aldosterone system (RAAS) is activated, stimulating increased sodium and water retention. Overall, the
combination of increased vascular (hydrostatic) pressure,
increased ﬂuid retention and accumulation in vessels in
conjunction with inﬂammatory marker-mediated vascular
permeability, and decreased oncotic pressure from albumin
deﬁciency contributes to the generation of abdominal ascites.12 The ascites exerts pressure on the abdominal
compartment, particularly compressing the stomach; this
leads to early satiety and decrease oral intake.12,13

Table 1 Diagnostic Criteria for Sarcopenia by Organization.
Organization

Diagnostic criteria

EWGSOP, version 2

Low muscle strength (grip strength <27 kg in males and <16 in females)
Low skeletal muscle mass (in terms of appendicular skeletal mass per height; <7.0 kg/m2 in
males or <5.5 kg/m2 in females) (2 standard deviations below the reference range of 8.8 kg/
m2 for males and 6.84 kg/m2 for females)
For the diagnosis of severe sarcopenia, low muscle performance (gait speed of #0.8 m/s or
SPPB of #8)

ESPEN-SIG

Low skeletal muscle mass (in terms of appendicular skeletal mass per height; <7.26/m2 in
males and <5.5 kg/m2 in females (2 standard deviations below reference range of 8.6 kg/m2
for males and 7.3 kg/m2 for females) and one of the following:
Low skeletal muscle strength (grip strength <30 kg in males and <20 kg in females)
Low muscle performance (gait speed <0.8–1.0 m/s)

IWGS

Low skeletal muscle mass (in terms of appendicular skeletal muscle mass per height;
7.23 kg/m2 in males and 5.67 kg/m2 in females) (lowest 20% of distribution for each sex)
Low muscle performance (gait speed <1 m/s)

FNIH

Low muscle strength (grip strength <26 kg in males and <16 kg in females)
Low muscle mass (in terms of appendicular lean mass per BMI; <0.789 in males and
<0.512 kg in females) (established by regression analysis)

AWGS

Low skeletal muscle mass (in terms of appendicular skeletal mass per height; <7.0 kg/m2 in
males or 5.4 kg/m2 in females by DEXA or 5.7 kg/m2 by BIA) and one of the following:
Low muscle strength (grip strength <28 kg for males and <18 for females) or
Low muscle performance (gait speed <1 m/s or SPPB #9)

International Conference on Frailty
and Sarcopenia Research

Per EWGSOP, FNIH, IWGS, or AWGS diagnostic criteria

Abbreviations: EWGSOP, European Working Group on Sarcopenia in Older People; ESPEN-SIG, European Society for Clinical Nutrition and Metabolism
Special Interest Groups; IWGS, International Working Group on Sarcopenia; FNIH, Foundations for the National Institutes of Health; AWGS, Asian Working Group for Sarcopenia, SPPB, Short Performance Physical Battery; BIA, bioelectrical impedance analysis; DEXA, dual energy X-ray absorptiometry;
BMI, body mass index.
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Hepatic encephalopathy—Hepatic encephalopathy is a
spectrum of neurocognitive dysfunction that results from
acute or chronic liver disease; patients may be asymptomatic
or demonstrate symptoms ranging from confusion to
coma.14 Nitrogen in the form of ammonia is metabolized
to urea in the liver; urea may then be excreted into urine
as waste. However, the inability of the cirrhotic liver to
convert ammonia to urea and shunting of blood away
from the liver through collateral circulation leads to hyperammonemia.15 The ammonia is typically rerouted to skeletal
muscle (described below in the Ammonia Dysmetabolism
section) or to the brain.15,16 While in the brain, ammonia induces hepatic encephalopathy via mechanisms: (1) it is converted to glutamine and taken up by astrocytes causing
astrocyte swelling and dysfunction; (2) ammonia disrupts
the citric acid cycle and disrupts ATP production in the
brain; (3) may promote the conversion of tryptophan to serotonin; (4) activates the gamma-amino-n-butyric acid
pathway.15–18 Patients who experience the neurocognitive
effects of hepatic encephalopathy are unable to adequately
perform their activities of daily living, including preparing
meals and adhering to a regular schedule of food
consumption, with mild symptoms and may have a
complete inability to consume food with moderate to
severe symptoms.11 As such, hepatic encephalopathy creates
a signiﬁcant risk for malnutrition and resultant sarcopenia.

Hepatocyte Dysfunction
Glucose dysmetabolism—When excess calories are
consumed during a meal, the liver can synthesize glycogen
(a polymer of glucose) for use during times of decreased
availability of exogenous energy substrates (i.e. overnight
fasting or starvation).19 During these fasting states and under the direction of hormonal control, the glycogen is
broken down into individual glucose molecules that can
be utilized by hungry tissues (brain, muscle) by means of
glycolysis. The depletion of glycogen stores after prolonged
period of starvation (greater than 24 h) triggers hepatic
synthesis of glucose from alternate substrates, speciﬁcally
amino acids and lactate; the amino acids, particularly the
glucogenic amino acids glutamine and alanine, are sourced
from the catabolism of skeletal muscle.20 This process is
temporary until the glycogen stores are replenished. The
destruction of liver architecture in cirrhosis, however, leads
to persistent compromise of function, of which includes
the capacity for glycogen metabolism; as such, glycogen
stores are noted to be decreased in cirrhotic patients.21
This decrease is related to a decline in the activity of glucokinase, the enzyme within the liver that is responsible for
phosphorylating glucose as a ﬁrst step in hepatic glycolysis.22 This depletion of glycogen causes an increased reliance on gluconeogenesis, which is powered by amino acids
sourced from protein catabolism.23
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Hyperammonemia—Ammonia, generated from protein
catabolism and intestinal bacterial metabolism, is typically
transported via alanine and glutamine to the liver where it
is converted by the liver into urea via the hepatic urea cycle
and excreted by the kidneys.24 Pyruvate and a-ketoglutarate, the products of deamination of alanine and glutamine, respectively, can then enter the Krebs cycle for
utilization where appropriate.24 However, compromised
hepatic function and shunting from the liver due to portal
hypertension results in increased serum ammonia
levels.15,25 The ammonia is subsequently routed to skeletal
muscle, where it combines with a-ketoglutarate to form
glutamate and glutamine; the depletion of a-ketoglutarate
creates a deﬁcit of substrates for the citric acid cycle, which
can negatively impact mitochondrial function (speciﬁcally
generation of ATP) and cause muscle injury and wasting
(Figure 1).25–27 As muscle mass decreases, excess
ammonia circulates to the brain, where it produces the
effects of hepatic encephalopathy described in the
Hepatic Encephalopathy section.

Vitamin D Deﬁciency
Vitamin D is a fat-soluble vitamin that is derived from
cholesterol; it undergoes transformation to 7dehydrocholesterol (in the liver), cholecalciferol (through
sun exposure), 25-hydroxy-vitamin D (in the liver), and
then to the active form, 1,25-dihydroxy-vitamin D, after
which it exerts its effects on multiple target organs, such
as the intestines, bones, and skeletal muscle.28 Vitamin D
speciﬁcally impacts skeletal muscle through upregulation
of insulin-like growth factors (IGFs), speciﬁcally IGF1 and follistatin, molecules that promote muscle cell differentiation and proliferation; it also inhibits myostatin, a
myokine that suppresses muscle growth.28 The etiology
of vitamin D deﬁciency in cirrhosis is multifactorial; it includes lack of exposure to sunlight, low oral intake from
external sources due to anorexia, and failure of chemical
conversion due to defective hepatocyte activity. Therefore,
vitamin D deﬁcit promotes sarcopenia by limiting the
extent of muscle proliferation and growth.29 Of note,
vitamin D deﬁciency is about 60–90% more prevalent in patients with chronic liver disease than in patients without
such liver disorders.29

Hormonal Imbalance
Leptin and ghrelin—Hormones involved in the regulation
of appetite may also become imbalanced. Leptin, a hormone secreted by adipose tissue, modulates appetite
by stimulating the reduction of food consumption,
while ghrelin, produced by the stomach, stimulates appetite.30–32 Patients with cirrhosis are demonstrated to have
increased levels of leptin, which serves to decrease oral
intake; it is noted that leptin levels may ﬂuctuate
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depending on the amount of fat tissue.11,33,34 Additionally, compared to non-cirrhotic patients, cirrhotic patients are noted to have decreased ghrelin levels which
can also adversely impact oral intake; levels are further
decreased in decompensated cirrhotic patients compared
to compensated cirrhotic patients.11,31,32,35
Insulin—A major function of insulin to decrease proteolysis and increase protein synthesis by means of the Akt/
mammalian target of rapamycin (mTOR) pathway in the
presence of essential amino acids (EAAs), especially with
higher insulin levels and a robust supply of EAA after meals
(Figure 2)36,37; therefore, a decreased consumption of substrates for synthesis blunts insulin's muscle synthetic activity, even when insulin levels are elevated.38 Additionally,
cirrhosis predisposes to insulin resistance due to decreased
hepatic clearance, shunting around the hepatic portal
venous system, and increased pancreatic secretions.39–41
Insulin resistance has been noted in a high proportion of
cirrhotic patients, regardless of etiology, even when
traditional measures of glycemic status (i.e. hemoglobin
A1c and fasting plasma glucose) are within normal limits
(euglycemic cirrhosis).42,43 Speciﬁcally, insulin resistance
can directly lead to muscle wasting due to reduction in
the activity of the phosphatidylinositol 3-kinase, Akt, and
mTOR pathways; this results in a combination of decreased
muscle synthesis and increased activity of the ubiquitinproteosome degradation pathway within muscle, which
can accelerate loss of muscle mass.38,44
Glucagon—Liver dysfunction is a catalyst for hyperglucagonemia. One of the functions of insulin is to suppress

glucagon secretion; insulin resistance, however, attenuates the suppressive effects of insulin on glucagon, which
leads to overall higher glucagon levels.45 There is also a
measure of glucagon resistance. A high concentration of
glucagon receptors are located in the liver due to the organ's glycogenolytic and gluconeogenic functions.46,47
Cirrhosis causes reduced functional hepatic mass, which
reduces capacity for glycogenesis and glycolysis; this, in
turn, reduces the efﬁcacy of glucagon on the liver.48,49
Additionally, increased levels of glucagon cause accelerated muscle catabolism; the breakdown of muscle generates the amino acids necessary for gluconeogenesis and
maintenance of hepatic glucose in the setting of decreased
glycogenolysis.45,50
Estrogen and testosterone—Cirrhosis is noted to
impact the sex hormone levels. Testosterone is decreased
due to abnormalities in the hypothalamic-pituitarytesticular axis; this speciﬁcally occurs through the suppression of gonadotrophin-releasing hormone and luteinizing hormone.51 These changes cause a decrease in the
level of testosterone, which is a critical stimulus of the
Akt/mTOR pathway for muscle synthesis and maintenance (Figure 2).51,52 Furthermore, estrogen is also
increased in cirrhosis as a result of decreased metabolism
in the liver and increased conversion of testosterone
peripherally.51 Lastly, increased estrogen and decreased
testosterone also generate increased levels of sex hormone
binding globulin, which has a stronger afﬁnity to testosterone; this serves to magnify the relative and absolute
testosterone deﬁciency.51
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Figure 1 Illustration of the citric acid cycle. Ammonia inhibits the citric acid cycle due to decrease in a-ketoglutarate, which leads to a diminished
synthesis of GTP and other energy equivalents required for the electron transport chain and production of ATP. This can contribute to mitochondrial
dysfunction that leads to muscle atrophy. ATP, adenosine-50 -triphosphate; FAD, flavin adenine dinucleotide; FADH2, flavin adenine dinucleotide +2
hydrogen; GTP, guanosine-50 -triphosphate; NAD, nicotinamide adenine dinucleotide. NADH, nicotinamide adenine dinucleotide + hydrogen.
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Figure 2 Illustration demonstrating stimuli promoting protein synthesis (testosterone, insulin, IGF-1, vitamin D, follistatin) via the Akt/mTOR pathway
and protein breakdown (ammonia, myostatin glucagon, starvation, inflammation) mediated by the proteosome-ubiquitin pathway. IGF-1, insulin-like
growth factor 1; mTOR, mammalian target of rapamycin; NF-kb, nuclear factor kb.
Sarcopenia in Cirrhosis

Proinﬂammatory State

Sarcopenia, Cirrhosis, and Impact on Outcomes

Damaged liver tissue attracts immune cells such as macrophages and neutrophils; both entities generate cytokines
that result in signiﬁcant localized and systemic inﬂammation.53,54 Decreased hepatic function also compromises its
immunological function, a condition called cirrhosisassociated immune dysfunction; this is characterized by
immune cell dysfunction, increased oxidative stress, and
augmented risk for bacterial infection.53–55 Circulating
inﬂammatory cytokines, speciﬁcally interleukin-6 (IL-6)
and tumor necrosis factor a (TNF-a), activate the
ubiquitin-proteosome degradation pathway in the muscle,
causing wasting.56

The assessment of the presence of sarcopenia is of great
import for clinicians who manage cirrhotic patients, given
the predisposing pathophysiology and the high incidence
of sarcopenia in this population (40–70% of patients).60
Additionally, sarcopenia portends increased risk for complications and poor clinical outcomes in cirrhotic patient,
speciﬁcally hepatic encephalopathy, sepsis, and overall
mortality; it is also associated with worse outcomes after
liver transplantation, including increased ICU length of
stay, dependence on mechanical ventilation, organ injury,
and post-operative mortality.61,62 Additionally, sarcopenia
itself is a signiﬁcant independent risk factor for NAFLD/
NASH and ﬁbrosis, which can exacerbate liver disease
and accelerate progression to or worsening of cirrhosis.63
Patients with sarcopenia were noted to have nearly twice
the rates of NASH with ﬁbrosis and 2.5 times the risk of
developing NASH with ﬁbrosis than patients without sarcopenia.63 Sarcopenia further exacerbates insulin resistance as muscle-mediated glucose metabolism decreases
due to decreased skeletal muscle mass; insulin resistance
facilitates fatty acid release from adipose tissue into circulation and deposition into body tissues, including muscle
and liver.64 Increased deposition into the liver will promote
inﬂammation and worsen already present liver disease.
Thus, early and accurate identiﬁcation of patients who
are at increased risk of sarcopenia is important for
the purpose of executing interventions that direct the clinical course toward a more favorable trajectory. This is

Hypermetabolism
Cirrhosis is a hypermetabolic state which is mediated
largely in part by an over activation of the sympathetic nervous system (SNS); individuals with cirrhosis are noted to
have increased levels of epinephrine and norepinephrine as
well as increased SNS nerve conduction.57,58 The catecholamines act in a similar capacity to glucagon, stimulating
gluconeogenesis through amino acids abstracted from
muscle catabolism.57,59 This SNS hyperstimulation also
causes a higher resting energy expenditure, which requires
increased tissue catabolism (speciﬁcally muscle) to support
the increased metabolic needs.56,57
Table 2 demonstrates a summary of metabolic predisposing factors to sarcopenia in cirrhosis.
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Table 2 Metabolic Predisposing Factors and Mechanisms of Contribution to Sarcopenia in Cirrhosis.
Factor

Mechanism

Outcome

Physical – decompensated cirrhosis

Reduced oral intake

Reduced available amino acids for
protein synthesis/maintenance

Hepatocyte dysfunction

Reduced glycogen storage
Consumption of ketoacids for
ammonia metabolism
Ammonia upregulation of myostatin

Increased muscle catabolism and increased
use of amino acids for gluconeogenesis
Mitochondrial dysfunction
Decreased protein synthesis and
increased muscle autophagy

Increased ammonia production in kidney

Hepatic encephalopathy

Hormonal:
Increased leptin
Decreased ghrelin
Insulin resistance
Increased glucagon

Reduced oral intake
Reduced oral intake
Decreased Akt and mTOR pathway activity
Amino acid utilization for gluconeogenesis

Reduced available amino acids for
protein synthesis/maintenance
Reduced available amino acids for
protein synthesis/maintenance
Decreased protein synthesis and
increased muscle autophagy
Decreased muscle mass

Decreased testosterone, increased estrogen

Decreased HPT axis, increased SHBG;
decreased Akt and mTOR pathway activity

Decreased protein synthesis

Inﬂammation

Increased inﬂammatory pathway activity

Decreased protein synthesis and
increased muscle autophagy

Hypermetabolism

Higher resting energy expenditure

Increased muscle autophagy

facilitated by monitoring for biomarkers that suggest the
presence of sarcopenia.

Biomarkers of Interest and Their Implications in
Sarcopenia
Indicators of Muscle Integrity
The assessment of muscle integrity is one of the primary
mechanisms utilized to identify the presence of sarcopenia.
These indicators of muscle integrity are typically divided
into 3 categories: strength, quantity, and function
(the criteria by which sarcopenia is diagnosed per the
EWGSOP).2
Muscle strength—Muscle strength is typically utilized as
a screening test for sarcopenia. It is assessed by handgrip
strength for upper body or the chair rise test for lower
body (an assessment of how long it takes an individual
to rise from a chair 5 times).2 Per the revised EWGSOP2
guidelines, sarcopenia can be suspected with males with
less than 27 kg of handgrip strength or females with less
than 16 kg; this represents 2.5 standard deviations below
the peak mean value for each respective gender.2,65
Regarding the chair rise test, sarcopenia is suspected in
an individual who takes longer than 15 s to rise out of a
chair ﬁve times.2
Muscle mass—Muscle mass/quantity (particularly
decreased mass) serves as a conﬁrmation of the presence
of sarcopenia. Multiple modalities can be employed to
assess muscle mass; these include dual energy X-ray absorptiometry (DEXA) scan (which assess for approximate

appendicular muscle mass), bioelectrical impedance analysis (BIA), and CT scanning of the skeletal muscle index
(SMI; total area of muscle at L3 divided by height in meters
squared) and/or right psoas muscle thickness at the level of
the umbilicus divided by height in meters (PMTH).66,67
Appendicular skeletal mass (ASM) is one of the most
favored metrics in this regard; values of less than 20 kg
in males or less than 15 kg in females, or ASM index
(appendicular muscle mass per height squared) of less
than 7 kg/m2 in males or 5.5 kg/m2 in females is considered low muscle quantity according to EWGSOP2.2 These
values are the result of a study designed to establish reference metrics for appendicular lean mass in a randomly
selected southeastern Australian population; they correlate
approximately to 2 standard deviations below the mean
score of 8.8 kg/m2 for males and 6.84 kg/m2 for females
in this normal population.3
Other organizations have established cutoffs for low
muscle mass as well. The Foundation for the National Institutes of Health utilized classical and regression
tree analysis in a pooled population from 9 collaborating
studies (Age, Gene/Environment Susceptibility-Reykjavik
Study; Boston Puerto Rican Health Study; Clinical Trials;
Framingham Heart Study; Health, Aging, and Body
Composition Study; Invecchiare in Chianti; Osteoporotic
Fractures in Men Study; Rancho Bernardo Study; and
Study of Osteoporotic Fractures) to deﬁne low muscle
mass as an appendicular lean mass of less than 0.789 kg/
m2 in males or less than 0.512 kg/m2 in females.5 The European Society for Clinical Nutrition and Metabolism
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Special Interests Groups has established the values of
7.26 kg/m2 for males and 5.5 kg/m2 for females, which is
2 standard deviations below the reference ranges of the
healthy 18-40 year-old participants in the Rosetta Study.68
The Asian Working Group for Sarcopenia (AWGS) recommended a skeletal muscle mass cutoff of 7.0 kg/m2 in
males and 5.4 kg/m2 in females using DEXA or 5.7 kg/
m2 using BIA; this is based on various studies on Asian
subpopulations producing values ranging from 5.72 to
8.87 kg/m2 for males and from 4.82 to 6.42 kg/m2 for females.8 The International Working Group for Sarcopenia
(IWGS) established cutoff values for those who were in
the bottom 20% of the healthy 1435 males and 1549 females included in the study; this corresponds to values
of 7.23 kg/m2 for males and 5.67 kg/m2 for females.[69,70]
The values established by EWGSOP2, AWGS, and IWGS
were validated through the assessment of anthropomorphic metrics of 756 healthy Japanese individuals utilizing
DEXA and 1884 healthy Japanese individuals using BIA.71
Muscle function—Muscle function is a marker of
severity of sarcopenia, meaning that any functional impairment is an indication of severe sarcopenia.2 As per EWGSOP2 guidelines, a walking speed of less than 0.8 m/s
should increase the suspicion of severe sarcopenia.2
Another assessment is the short performance physical
battery test, which uses a scoring system based on balance,
gait, and chair standing to estimate lower extremity
strength (Table 3); scores of less than or equal to 8 signify
diminished functionality.72
Figure 3 illustrates a schematic for diagnosing sarcopenia according to the EWGSOP.2

Body Mass Index
While body mass index (BMI) can provide essential information about a patient's clinical status, dependence on
this metric on its own can create an inaccurate picture
of health. Low BMI, among other surrogates of nutrition,

WARNER II & SATAPATHY

signiﬁes an increased predisposition for the development
of sarcopenia.73 However, metabolic changes in cirrhosis
create pathophysiological changes that can impact (specifically increase) BMI. For example, decompensated cirrhosis
can artiﬁcially increase BMI, particularly in the setting of
large-volume ascites.74 Additionally, hormonal derangements, speciﬁcally insulin resistance, age-related changes,
and other processes tend to cause an increased deposition
of fat tissue in addition to the loss of muscle mass, which
may create BMI values that obscure the presence of sarcopenia.75 Therefore, BMI should be considered in conjunction with ancillary measurements such as muscle mass
and fat mass obtained from imagine such as DEXA to
generate an accurate estimation of a patient's risk for sarcopenia. This complete approach is critical for identifying
patients who may have sarcopenic obesity, a combination
of muscle wasting and fat accumulation; according to
the National Health and Nutritional Examination Survey
number 3 (NHANES III), sarcopenic obesity is diagnosed
in a male with a skeletal mass per height of less than
9.12 kg/m2 and a body fat percentage of greater than
37.16% or in a female with a skeletal mass per height less
than 6.53 kg/m2 and a body fat percentage greater than
40.01%.74,76 Patients have much worse outcomes than
those with a normal proportions of fat and muscle,
including increased risk for worsening of liver disease, a
decreased median survival period, and a 24% increased
risk of all-cause mortality.74

Muscle Composition and Quality
Increased deposition of fat in muscle, termed myosteatosis,
has been noted to have an impact on muscle structure,
function, and quality.77 Muscle quality is a ratio of muscle
strength to mass. The deposition of fat between muscle ﬁbers (intermuscular fat) and within muscle ﬁbers (intramuscular fat) distorts skeletal muscle ﬁber architecture,
leading to a decreased muscle strength and quality and

Table 3 Components, Deﬁnitions, Cutoffs, and Scoring of the SPPB Test.
Component

Deﬁnition

Cut-off and scoring

Gait speed

Best speed achieved while walking down a 4-meter
corridor in 2 attempts (speed in meters per second)






#0.42 m/s – 1 point
0.42–0.58 m/s – 2 points
0.58–0.75 m/s – 3 points
>0.75 m/s – 4 points

Timed chair stands

Total time required to sit and stand from
a chair ﬁve times (time in seconds)






$16.7 s–1 point
13.7–16.7 s – 2 points
11.2–13.7 s – 3 points
<11.2 s–4 points

Tandem test

Time in which balance is maintained in each of
3 positions—feet directly side by side, semi-tandem
(one foot slightly ahead of the other), and tandem
(one foot directly in front of the other) (time in seconds)






Side-by-side 10 s and semi-tandem <10 s–1 point
Semi-tandem 10 s and tandem 0–2 s – 2 points
Semi-tandem 10 s and tandem 3–9 s – 3 points
Tandem 10 s–4 points

Abbreviation: SPPB, Short Performance Physical Battery.
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increased frailty, morbidity, and mortality.77,78 The pathogenic process responsible for increased deposition into
muscle has not been elucidated, but there is a positive correlation with insulin resistance related to metabolic syndrome (particularly diabetes), fatty acid dysmetabolism,
and inﬂammatory mediators, speciﬁcally IL-6, TNF-a,
and C-reactive protein.79

Amino Acids
The branched chained amino acids (BCAA; of which
include leucine, isoleucine, and valine) are critical for muscle synthesis; these amino acids, when present in appropriate quantities, stimulate the production of multiple
muscle components, including proteins comprising the
myoﬁbrils, sarcoplasm, and mitochondria.80 A characteristic amino acid pattern can be observed in patients with
sarcopenia. According to the BIOSPHERE project, BCAAs
were noted to be decreased in an observed sarcopenic population.81,82 In fact, EAAs, including the BCAAs and methionine, are typically low in sarcopenia; this is likely a result
of poor oral intake and abnormal protein processing as
these BCAAs are EEAs and are obtained primarily through
diet.81 A deﬁciency of BCAAs, speciﬁcally leucine, leads to
decreased activity of the mTOR signaling pathway responsible for protein synthesis[80.82,83]. In the absence of sufﬁcient quantities of these BCAAs, the body responds by
abstracting these amino acids from skeletal muscle repositories to allow for continued protein synthesis essential
for other body functions; however, this catabolism of skeletal muscle exacerbates the degree of sarcopenia.80

Creatinine
Creatinine is generated from creatine and creatine phosphate, which are found almost exclusively in muscle; therefore, creatinine levels correlate with muscle mass. It is
ﬁltered (and slightly secreted) by the kidney without reabsorption, making it an excellent measurement to approximate glomerular ﬁltration rate.84 When renal function is
stable, it provides a reliable estimate of muscle mass.84
Therefore, patients with decreased muscle mass due to sarcopenia would be expected to have a lower creatinine

level.84 Values may also be inﬂuenced by cirrhosis pathophysiology, speciﬁcally poor oral intake (speciﬁcally protein intake), abnormal ﬂuid states, and decreased
synthesis of creatine in the liver.84 It is noted that creatinine may be an appropriate biomarker in the absence of
any intrinsic kidney disease. Just like BMI, creatinine may
be increased by concomitant medical conditions, such as
acute kidney injury or chronic kidney disease, which may
complicate the reliability of this marker as an indicator
of sarcopenia.

Myostatin
Myostatin, as brieﬂy stated, is a protein secreted by muscle
cells that inhibits muscle synthesis and differentiation and
promotes muscle degradation.24,85 It is primarily activated
by elevated ammonia levels precipitated by cirrhosis,
though other stimuli include decreased testosterone and
increased TNF-a.24 Speciﬁcally, ammonia activates nuclear
factor kb, which, in turn, stimulates the production of myostatin.86 Myostatin exerts its action through multiple modalities: (1) it inhibits the Akt and mTOR pathways
involved in muscle growth and differentiation and; (2) it
induces the proteosome–ubiquitin complex (and muscle
breakdown) through the activation of effectors of the proteosome such as atrogin-1 and muscle RING-ﬁnger1 (Figure 2).24,83

Metrics of Bone Health
Altered skeletal and bone physiology can increase the degree of frailty in cirrhotic patients. There is strong link between sarcopenia and osteoporosis. For example, some
studies show that those with sarcopenia have a 5-fold
greater risk of developing osteoporosis than those that
do not; additionally, sarcopenia is a signiﬁcant risk factor
for the development of fractures.87 Additionally, studies
show that men in the lowest quartile of 25-hydroxyvitamin D levels have an increased risk of developing sarcopenia than those in the highest quartile.88 This is expected
given the importance of the role in vitamin D in skeletal
and bone health. Therefore, assessing metric of bone
integrity, speciﬁcally the presence of osteopenia and
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Figure 3 Flowchart of the diagnostic assessment of a patient suspected of having sarcopenia according to the EWGSOP. EWGSOP, European
Working Group on Sarcopenia in Older People; SPPB, Short Performance Physical Battery.
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osteoporosis via DEXA and serum vitamin D levels, are
essential for the diagnosis, treatment, and prevention of
any bone disease.

Angiotensin II

Sarcopenia in Cirrhosis

It is known that the portal hypertension evident in
cirrhosis precipitates a vasodilatory state that results in
activation of the RAAS system; effectors of this system, speciﬁcally angiotensin II and aldosterone, stimulates salt and
water reabsorption. In addition to its impact on ﬂuid
retention, angiotensin II has a number of other physiological effects, including skeletal muscle which is owed to the
presence of angiotensin II receptors on skeletal muscle.89 It
is a modulator of the inﬂammatory process; it stimulates
the activity of nicotinamide adenine dinucleotide
phosphate oxidase, which increases the generation of reactive oxygen species, leading to muscle injury.90,91 Angiotensin II inhibits muscle growth through the disruption
binding of IGF-1 and insulin to their receptors, which results in decreased activity of the mTOR and AKT pathways;
it also reduces the volume and growth of satellite progenitor cells that replace injured muscle.91,92 Angiotensin II
also promotes muscle degradation by increasing levels of
atrogin-1 and muscle RING-ﬁnger-1, effectors of the
ubiquitin-proteosome complex.93 It also has the effect of
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increasing cortisol levels, which itself is an agent of skeletal
muscle catabolism.89 Additionally, angiotensin II can
induce muscle vasculature constriction, which may
compromise delivery of nutrients and oxygen to muscle
and lead to muscle injury and compromised muscle function.94 These pathways are mediated through the angiotensin II's activation of the angiotensin type 1 receptor
(AT1R) and directly contribute to sarcopenia.90–94

Current Approach to Management of
Sarcopenia
Sarcopenia is an intriguing disease state that requires more
investigation to be fully understood. Currently, interventions are aimed to minimize the risk factors that predispose cirrhotic patients to sarcopenia. Those interventions
fall under the following categories: nutrition, physical activity, and pharmacotherapy (Figure 4).
Nutrition—One of the major risk factors for sarcopenia
is the inadequate intake of essential nutrients, particularly
protein. The identiﬁcation of these patients can be
executed via the EWGSOP diagnostic criteria with the
requisite lab work and imaging to evaluate the biomarkers.
Once identiﬁed, patients obtain nutrition consults to
ensure optimization of their diets. The nutritional management of patients with cirrhosis is focused on ensuring

Figure 4 Nutritional, exercise, and pharmacological approach to management of sarcopenia in cirrhosis.
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adequate consumption of calories, including proteinaceous foods containing proper quantities of BCAA. Clinical guidelines recommend consumption of 1.2–1.5 g/kg/
day for compensated cirrhotic patients and about 2 g/
kg/day for decompensated cirrhotic patients to counteract
the avid protein catabolism.95 Studies show that proper
supplementation of BCAA can enhance protein synthesis,
attenuate insulin resistance, and improve lipid and glucose
metabolism.96 Patients are also advised to supplement vitamins to correct or prevent any vitamin or mineral deﬁciencies.
Exercise—Exercise serves several purposes—general conditioning, muscle strength building, and size reduction to
a healthy weight. Patients are screened for exercise tolerance and mentored about speciﬁc comorbidities before being provided with an exercise plan.97 Patients are
encouraged to undergo a combination of aerobic and resistance exercises. In the cirrhotic patient, exercise can increase muscle strength and blood ﬂow, decrease body fat,
increase insulin sensitivity, and fortify bones; it also has
the beneﬁt of improving cardiac and pulmonary function,
enhancing vascular compliance, and lowering hepatic portal pressures.97 Weight loss can also slow the progression
of liver disease by reducing inﬂammation and ﬁbrosis.98
Pharmacotherapy—Cirrhosis-targeted medications are
required to prevent complications such as hepatic encephalopathy and ascites. Lactulose and rifaximin decreases the
ammonia load on the body, which, in turn, can limit
ammonia shunting to the muscle and reduce muscle catabolism; it also prevents accumulation the brain, which can
precipitate hepatic encephalopathy.25,26,99,100 Diuretics
also help to counteract the reabsorption of ﬂuid due to
RAAS activation and, therefore, reduce ascites; this prevents the formation of ascites and resultant abdominal mechanical obstruction that can lead to anorexia.

Future approaches for the Assessment and
Characterization of Cirrhosis
The predisposition of cirrhotic patients to sarcopenia
should inﬂuence the manner in which cirrhosis is evaluated and managed. In addition to the diagnosis of cirrhosis
and medical management, patients should automatically
be screened for the presence of sarcopenia. In addition to
testing the aforementioned indicators of muscle integrity,
other tests may also be employed. The DEXA scan is an
invaluable tool because it can assess multiple anthropometric components, speciﬁcally muscle mass, fat content,
and bone mineral density. The primary limitation is the
time interval for testing; multiple bodies recommend
that testing occur at 2-3-year intervals, though shorter intervals may be utilized if signiﬁcant bone disease or certain
risk factors are present.101,102 While the annual assessments for sarcopenia screening are ideal, the frequency at
which it can be used to obtain muscle mass and fat content

to assess the degrees of sarcopenia is largely tied to the
aforementioned intervals used for bone density testing,
which may not provide the opportunities for the frequency
of testing potentially desired in this population of patients.
Nonetheless, the assessment of muscle integrity using
strength and function testing, especially as part of
screening tests such as the SARC-F (Strength, Assistance
with walking, Rise from a chair, Climb stairs, and Falls)
can be performed as frequently as necessary to monitor
physical capacity in setting suspected sarcopenia.103 Liver
Frailty Index, developed by University of California San
Francisco consisting of three performance-based tests
(grip, chair stands, balance), that assess frailty has been
validated in multiple studies and could be very useful in
cirrhosis patients.104
A diagnosis of sarcopenia should be accompanied by a
sarcopenia score that can give insight into the risk of
adverse outcome. This score would be a composite of
several critical physical biomarkers discussed, speciﬁcally
muscle mass and BMI. The sarcopenia score would be
compared to a reference score of a healthy individual
with similar characteristics (age group, BMI, etc) to assess
gross deviation due to illness in the setting of sarcopenia.
Serial assessments of this score can be utilized to create a
trend to identify clinical deterioration or improvement
while undergoing therapeutic intervention. There have
been different models investigated to meet this goal—the
ratio of ASM to height squared (ASM/ht2; ASM in kg,
height in meters), ASM/weight (weight in kg), and ASM/
BMI.105 However, studies show that there are widely disparate values of prevalence of class 2 sarcopenia (deﬁned
when values are greater than 2 standard deviations below
the reference level) amongst the 3 indices.105 Multiple international organizations, including the EWGSOP,
IWGS, and the AWGS recommended the use of the
ASM/ht2 index, with cut-offs for low muscle mass being
2 standard deviations below the mean reference levels of
healthy adults or the lowest quintile of the ASM/ht2 index.105 However, other studies intimate that ASM/BMI is
more closely related to cardiovascular risk factors, such
as insulin resistance and metabolic syndrome that are intimately associated with sarcopenia and sarcopenic
obesity.106 There is more research that has to be conducted
to ascertain which index would be the optimal index for
this purpose.
Another metric that can be utilized is the PMTH and
psoas muscle index (PMI; the total psoas muscle area in
centimeters squared divided by the patient's height in meters squared).107 The psoas muscle is viewed as ideal muscle
to assess because its size was not inﬂuenced by activity and
thus was more likely to represent the overall state of health
of the body's musculature; furthermore, it is less susceptible to structural alterations (i.e. fat inﬁltration as seen in
myosteatosis) than other more proximal muscles such as
the gluteal muscles.78,108,109 The PMTH cutoff for
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sarcopenia was determined to be less than 16.8 mm/m
(measured at the level of the umbilicus); this value was established from the analysis of 653 liver cirrhosis patients
evaluated at the Korea University Anam, Soonchunhyang
University Bucheon, and Wonju Hospitals.108 PMI sarcopenia cutoffs of 6.87 cm2/m2 for men and 4.12 cm2/m2
for women were established through the analysis of 102 patients who were treated at Honolulu's Queens Medical
Center and placed on the liver transplantation list through
referral with the United Network of Organ Sharing; this is
relatively consistent with other PMI values established
through studies with other populations of patients with
liver disease.107,110 Within this population, 10 patients
were noted to have sarcopenia as deﬁned by PMI – 2 white
patients, 6 Asian patients, and 2 Native Hawaiians and
Other Paciﬁc Islanders. There was no noted statistical difference in the prevalence of sarcopenia in this group according to the PMI criteria but the small sample size is
likely a contributing factor. It should be noted that differences in body composition amongst different ethnicities
may impact the ability of PMI to accurately identify sarcopenia. Therefore, if PMI is to be utilized as a diagnostic
metric, there may be a need for algorithms to account for
ethnic differences to ensure that outputs are standardized
across a heterogenous population; this is also true for the
muscle strength and mass values established by the various
governing bodies in the assessment of sarcopenia.
Additionally, more specialized tests can be made more
mainstream for deﬁnitive diagnosis in cases of high suspicion with equivocal workup. For example, amino acid proﬁle can be utilized to characterize the extent of BCAA
deﬁciencies (speciﬁcally in terms of decreased BCAA-totyrosine levels) and potentially monitor improvement
with a proper BCAA supplementation.111 Myostatin levels
may be potentially helpful in providing prognostic values
for outcomes in the same manner as the model for endstage liver disease score. Increased levels have been shown
to be associated with different adverse outcomes, including
the increased risk for decompensated cirrhosis, complications such as HCC and lower survival rates.111,112
With regards to future pharmacological interventions,
there is much more research that needs to be done to determine which particular pathways can be manipulated to
inhibit the sarcopenic process. However, there are pathways that show great promise as targets for treatment.
For example, insulin resistance is noted to be a major
contributor to the development of sarcopenia. Metformin
is an agent that helps to sensitize the body to insulin; it also
is effective as a weight-loss medication in non-diabetic
obese and non-obese patients.113,114 There may be a role
for metformin to counteract cirrhosis-related sarcopenia
as there are studies that demonstrate that treatment results
in fewer circulating inﬂammatory agents regardless of glycemic status.113
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Carnitine has also demonstrated signiﬁcant promise
regarding outcomes in sarcopenia. Carnitine, speciﬁcally
L-carnitine, is synthesized from methionine and lysine in
the liver and primarily stored in the skeletal muscle and
heart; its role is to transport fatty acids into the mitochondria for b-oxidation and energy production.115,116 L-carnitine has been demonstrated to have multiple impactful
metabolic effects, such as serving as a free radical scavenger,
reducing oxidative stress, modulating fatty acid oxidation
(and by proxy, reducing deposition in tissues such as muscle and the liver), and facilitating growth of muscle by
increasing blood supply.116,117 L-carnitine has other beneﬁcial effects in liver disease, speciﬁcally improved albumin
levels, decreased the incidence of hepatic encephalopathy,
improvement of hyperammonemia, and reduced muscle
cramping.118
Myostatin, due to its prominent role in sarcopenia, may
also be a prominent target. Studies show that follistatin, an
endogenous myostatin antagonist and activator of skeletal
muscle hypertrophy and growth via the Akt/mTOR
pathway, may be a therapeutic intervention to counteract
muscle wasting and promote development of muscle
mass.119,120 Glucagon-like peptide-1 (GLP-1) receptor agonists, speciﬁcally dulaglutide, were also demonstrated to
reduce muscle wasting and improved several metrics of
muscle strength in a Duchenne muscular dystrophy
mouse model through the suppression of myostatin and
other muscle inhibiting factors and augmentation of insulin sensitivity.121
RAAS inhibition appears to be a promising prospect as
well. For one, inhibition of angiotensin-converting enzyme
(ACE) with ACE inhibitors (ACE-I) serves to prevent the conversion of angiotensin I to angiotensin II; with the inhibition
of ACE, angiotensin I is converted to angiotensin (1–9) by
ACE2 and then subsequently to angiotensin (1–7) by
ACE.122 Angiotensin (1–7) activates the angiotensin type 2
receptor (AT2R), which has the opposite effects of the
AT1R; those effects include anti-inﬂammatory actions,
increased insulin sensitivity and glucose uptake, vasodilation
of the skeletal muscle vasculature, which facilitates the delivery of oxygen and nutrients to the muscle, and increased
growth and differentiation of muscle satellite cells.122–125
Angiotensin (1–7) also activates the MasR receptor, which
exerts effects similar to AT2R. Additionally, angiotensin
receptor blockers (ARBs) can inhibit the effects of
angiotensin at its AT1R.122 This directs angiotensin II to
the AT2R and MasR receptors, which would serve to promote skeletal muscle growth through effects opposite to
those of the AT1R.122,124 Aside from their noted role in the
prevention of pathological cardiac remodeling in heart disease, ACE-I and ARB have been demonstrated to have positive effects on indicators of muscle integrity. One study
demonstrates that the odds of having reduced hand grip
strength is 75% less in a population of chronic hemodialysis

© 2022 Indian National Association for Study of the Liver. Published by Elsevier B.V. All rights reserved.

patients who received ARB compared to those who did not
use ARB; this is signiﬁcant because end-stage renal disease,
like cirrhosis, can result in sarcopenia as well.126,127 Another
study also demonstrates that patients taking perindopril
were able to travel a farther distance in the 6-minute walk
test compared to the placebo group.128 However, much
more research is required because other research demonstrates a minimal impact of RAAS inhibitors on indicators
of muscle integrity.129–131
Sex hormonal pathways may also be a consideration for
therapeutic intervention, especially given the impact of
testosterone on muscle synthesis and the relative deﬁciency
of testosterone in cirrhosis. However, studies are inconsistent with regards to the impact of androgen replacement,
given the differences in approach and investigation
methods; additionally, the side effects may pose a concern
as to the safety of this potential therapy.132
Sarcopenia is the result of the interactions of multiple
metabolic pathways pathologically altered by the cirrhotic
liver; conversely, sarcopenia can also promote conditions
that can worsen liver disease. Though extremely complex,
these pathways represent targets for interventions that
can counteract this disease state, speciﬁcally those
involving insulin resistance and the effectors of muscle inhibition and degradation. It is noted that the connections
between and within each pathway are constantly evolving.
Thus, much more research is required to further elucidate
these relationships to advance the understanding of the association between cirrhosis and sarcopenia. Nonetheless, a
combination of appropriate diagnosis and management in
terms of nutrition, exercise, and treatment of the cirrhosis
remains the best means by which to achieve favorable outcomes in affected patients.
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