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Nutrition and Muscle in Cirrhosis
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As the cirrhosis progresses, development of complication like ascites, hepatic encephalopathy, variceal bleeding,
kidney dysfunction, and hepatocellular carcinoma signify increasing risk of short term mortality. Malnutrition
and muscle wasting (sarcopenia) is yet other complications that negatively impact survival, quality of life, and
response to stressors, such as infection and surgery in patients with cirrhosis. Conventionally, these are not
routinely looked for, because nutritional assessment can be a difficult especially if there is associated fluid
retention and/or obesity. Patients with cirrhosis may have a combination of loss of skeletal muscle and gain of
adipose tissue, culminating in the condition of “sarcopenic obesity.” Sarcopenia in cirrhotic patients has been
associated with increased mortality, sepsis complications, hyperammonemia, overt hepatic encephalopathy, and
increased length of stay after liver transplantation. Assessment of muscles with cross-sectional imaging studies
has become an attractive index of nutritional status evaluation in cirrhosis, as sarcopenia, the major component
of malnutrition, is primarily responsible for the adverse clinical consequences seen in patients with liver disease.
Cirrhosis is a state of accelerated starvation, with increased gluconeogenesis that requires amino acid diversion
from other metabolic functions. Protein homeostasis is disturbed in cirrhosis due to several factors such as
hyperammonemia, hormonal, and cytokine abnormalities, physical inactivity and direct effects of ethanol and
its metabolites. New approaches to manage sarcopenia are being evolved. Branched chain amino acid supple-
mentation, Myostatin inhibitors, and mitochondrial protective agents are currently in various stages of evalua-
tion in preclinical studies to prevent and reverse sarcopenia, in cirrhosis. (J CLin Exp HepatoL 2017;7:340-357)
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he word malnutrition has different meanings for
different people and is used in several contexts.
Clinicians have been using this term to denote a
phenotype characterized by loss of fat and muscles." WHO
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defines malnutrition as deficiencies, excesses or imbalan-
ces in a person's intake of energy and/or nutrients.” The
term nutrition broadly implies the food intake with a view
to develop and maintain living body and extraction of
energy for various metabolic activities including growth.
Digestive system in general and liver in particular are
involved in almost all the steps involved in these process
including digestion, absorption, assimilation, and utiliza-
tion of different micronutrients, hence it is not surprising
to find malnutrition in liver disease. Moreover, imbalance
among certain items consumed as food lead to liver dis-
eases such alcoholic liver disease, and non-alcoholic fatty
liver disease. Skeletal muscle abnormalities are an impor-
tant and major component of malnutrition associated
with cirrhosis and may adversely influence the course of
illness in these patients. There is evidence to show that
skeletal muscle abnormalities are related to poor outcome
in cirrhosis as well as after liver transplantation.s’4 Several
established prognostic models of cirrhosis such as Child-
Pughs and D’Amico stage classification® as well as and
model for end-stage liver disease (MELD) scores’ do not
include objective nutritional assessment. It may be due to
the fact that objective assessment of nutrition is difficult
due to ascites, edema, and/or associated obesity.8 Patients
with cirrhosis often have progressive loss of muscle mass,
strength and function, i.e. sarcopenia in addition to some
metabolic muscle abnormalities.”'” Concomitant loss of
skeletal muscle mass and gain of adipose tissue leads to
“sarcopenic obesity.”11 Recent advances in objective
assessment of muscle mass, research into understanding
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of molecular basis of sarcopenia in cirrhosis, and discovery
of novel targeted therapeutic options are promising to
improve prognosis of cirrhotic patients. In this review the
focus is mainly on the impact of cirrhosis on the nutrition,
its consequences with special reference to muscles and its
clinical, prognostic and therapeutic implications.

DEFINING MALNUTRITION IN CIRRHOSIS

Malnutrition is a common accompaniment in patients
with cirrhosis of the liver and is also an important prog-
nostic factor. Energy intake is commonly reduced in these
patients due to several factor (Figure 1).'” There is a lot of
ambiguity in the definition of malnutrition among adults
in general and in patients with cirrhosis in particular.”
Malnutrition has a relatively clear definition in children
and one talks of protein malnutrition (kwashiorkor) and
combined protein and calorie malnutrition (marasmus).
Since skeletal muscles play a central role in protein metab-
olism and storalge,m’15 one may define clinical adult pro-
tein malnutrition as skeletal muscle loss. On the other
hand, adipose tissue is the largest repository of calories,
and therefore, adult energy malnutrition may be consid-
ered as a reduction in whole body fat mass. Clinical term
‘cachexia’ often conveys gross ‘protein energy malnutri-
tion’ and by convention has been used for patients with
muscle and fat loss. The term precachexia has also been
defined on the basis of percentile values of the measured
muscle and fat mass compared with controls.'® Loss of
muscle mass also has been called ‘sarcopenia’ and loss of
fat has been referred to as ‘adipopenia’. While consensus
definitions for such terms are being developed,'” their
relevance to the complex metabolic and nutritional
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derangements in cirrhosis are yet to be evaluated. How-
ever, it is generally accepted that malnutrition in cirrhosis
comprises reduced muscle mass, strength and function
(sarcopenia), as well as loss of subcutaneous and visceral
fat mass (adipopenia)."'® Sarcopenia was originally
described as loss of muscle mass related to aging, and
that seen in cirrhosis would be termed as secondary sar-
copenia.m’19 The term hepatic cachexia has been used to
define a proportionate loss of both muscle and adipose
tissue mass. Malnutrition in cirrhosis may also include
loss or deficiency of several other nutrients such as vitamin
D and zinc. Recent epidemic of obesity and fatty liver-
related cirrhosis has brought to our attention a unique
entity of ‘sarcopenic obesity’ which is a disproportionate
loss of skeletal muscle mass with preserved or increased
visceral or subcutaneous adipose tissue mass. Thus, mal-
nutrition in cirrhosis is an all encompassing term and
includes sarcopenia, adipopenia, cachexia, precachexia,
obesity, sarcopenic obesity, and micronutrient deficien-
cies.” In view of foregoing, it is easy to understand why
there is no unanimity in ideal method of diagnosis or
objective assessment of malnutrition in cirrhosis.

Malnutrition

Basic diagnostic criteria for malnutrition in adults have
been defined by ESPEN Consensus Statement,”’ working
group of the American Society of Parenteral and Enteral
Nutrition (ASPEN) and by Academy of Nutrition and
Dietetics (Academy).”” So, today malnutrition can be
diagnosed if there is (a) reduced body mass index
(BMI) < 18.5 kg/min or underweight as defined by
WHO; or (b) combined weight loss and reduced BMI (with
age-dependent cut-offs); or (c) reduced gender-dependent
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Figure 1 Cirrhosis caused by various etiologies leads to malnutrition and sarcopenia, which in turn enhance morbidity and mortality of cirrhosis.
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fat free mass index (FFMI); or (d) of a combination of six
parameters defined (low energy intake, weight loss, loss of
muscle mass, loss of subcutaneous fat, fluid accumula-
tion, and hand grip strength) at least two are fulfilled.
Malnutrition related to cirrhosis would possibly fall under
sub-category of ‘disease-related malnutrition (DRM) with
inflammation’ or ‘chronic DRM with inflammation (syn-
onym: cachexia).'”

Sarcopenia

Sarcopenia is a syndrome characterized by the progressive
and generalized loss of skeletal muscle mass, strength and
function (performance) with a consequent risk of adverse
outcomes. Sarcopenia primarily was described in relation
to old age. Sarcopenia seen in cirrhosis would be classified
as secondary sarcopenia that is one related to disease
(cirrhosis), low physical activity (e.g. disuse) or due to
poor nutrition (e.g. protein deﬁciency).zo Diagnostic cri-
teria for sarcopenia in cirrhosis have not been firmly
established to date.”” Currently, one may recommend
an algorithm based approach on loss of muscle mass
and strength and/or function.”” Muscle mass can be esti-
mated by dual X-ray absorptiometry (DXA), bio-electric
impedance analysis (BIA) or computed tomography (CT)
scanning. For example, reduced muscle mass could be
indicated by an appendicular skeletal muscle mass
index < 7.26 kg/m* (men) and <S5.5kg/m® (women).
Reduced muscle function may be designated by reduced
gait speed or failure of the chair standing tests (which tests
lower extremities). Practical diagnostic cut-offs for gait
speed are considered to be: <0.8 m/s or <1.0 m/s.”***
Reduced muscle strength may also be measured by hand-
grip strength; suggested cut-off points are <20 kg for
women and <30 kg for men.

Fraility

Frailty, again, is a word commonly used in geriatrics and
refers to state of vulnerability and non-resilience with
limited reserve capacity in major organ systems. This leads
to reduced capability to withstand stress such as trauma
or disease and thus, frailty is a risk factor for dependence
and disability.” It involves two nutrition related compo-
nents—weight loss and sarcopenia.”” Clinical phenotype
of frailty can be defined by Fried Frailty Index (FFI),*® with
patient meeting three out of five criteria: weight loss;
exhaustion (fatigue); low physical activity; slowness (e.g.
reduced gait speed); and weakness (e.g. low grip strength).

Sarcopenic obesity

Sarcopenic obesity is defined as obesity in combination
with sarcopenia as is seen in patients with NASH, Diabetes
type-2 and alcoholism. Here pathophysiology includes
inflammation and/or inactivity induced muscle catabolism
in obese patients.”” Currently, there are no commonly
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accepted diagnostic criteria for sarcopenic obesity beyond
those for sarcopenia and obesity separately.%

ASSESSMENT OF MALNUTRITION IN
CIRRHOSIS

Objective nutritional assessment in a cirrhotic patient
would involve detailed history, physical examination
and evaluation by predefined assessment tools like Sub-
jective Global Assessment (SGA),”® Patient-Generated
(PG) SGA and Mini Nutritional Assessment (MNA) and
so on. Assessment of the nutritional status comprehends
information on body weight, body height, BMI (kg/m?),
body composition and biochemical indices. BMI has obvi-
ous limitations in patients with ascites and edema. Body
composition analysis can be done by measuring fat free
mass (FFM) and fat mass (FM) either by BIA or DXA-scan,
but subject to the same limitations as weight measure-
ments. Standard anthropometric measurements, such as
mid-arm-circumference, calf-circumference or skinfold
thickness are potential alternatives although subject to
measurement Variability.29 DXA gives information on FM,
lean soft tissue (LST) and bone mineral content (BMC).
The radiation dose of a single DEXA measurement is
dependent on the device and the age of the patient, but
is low and therefore the expected lifetime risk of fatal
cancer is negligible. CT imaging is being increasingly used
to evaluate muscle mass depletion.‘w CT scanning is often
performed in patients with cirrhosis and same could be
used for the evaluation of muscle mass. The fact that
reference values are scarce for this technique will reduce
its validity until such data are available for cirrhosis. Total
psoas area (TPA)/cross sectional muscle are measured at
lower level of L3/L4 vertebra correlates well with total
body muscle mass.”"** Skeletal Muscle Index (SMI) from
single slice CT (2.6 milli-sieverts), appears to be more
accurate than anthropometry or DEXA scanning and
appear to be a practical method of assessment for clini-
cians. Reference values for cirrhotic population have not
been worked out, but those extrapolated from Oncology
population are being used, Sarcopenia is diagnosed at L3-
SMI < 52.4 cm®/m* for males and <38.5 cm®/m?* for
females or if it is <Sth percentile of healthy males and
females.””’

Biochemical markers use in normal subjects are not
suitable markers in cirrhotic patients. Levels of albumin
(Ty/2 21 days) and transthyretin/prealbumin (T;/, 3 days)
are expected to be low in cirrhosis as they are synthesized
in liver. Tests of physical function are crude, but never-
theless a relevant way to monitor nutritional care and
therapy. Hand grip strength by a hand held dynamometer,
gait speed or chair rise tests are fairly easy to undertake for
the measurement of changes in muscle function sensitive
to nutrition interventions.”” Composite functional scores,
like the Short Physical Performance Battery (SPPB),” De
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Table 1 Summary of Investigations Done for Assessment of Sarcopenia.

Variable Muscle mass

Muscle strength

Performance

Clinical practice

e Anthropometry
e CT L3 SMI

e BIA e Handgrip strength
e DXA e Frailty scores

e SPPB
e Usual gait speed
e Get-up-and-go test

Modified from Ref. 20.

Morton Mobility Index’® or the Barthel Index’” have been
used for research in geriatrics but may be cumbersome for
routine clinical use (Table 1).

PREVALENCE

The association of protein-calorie malnutrition (PCM)
with cirrhosis of any etiology is well-known and malnu-
trition may be nearly universal in end-stage liver disease.
Prevalence has been reported from 34% to 82% in patients
with alcoholic cirrhosis, based on anthropometric param-
eters. In patients with non-alcoholic cirrhosis, the preva-
lence of PCM ranges from 27% to 87%.7% A large published
nutritional survey showed a 30% prevalence of PCM in
male patients and 40% prevalence in female patients with
cirrhosis.” Tt must be realized that the prevalence of
nutritional disorders is lower when malnutrition is diag-
nosed by anthropometric measures or11y.40’41 A high prev-
alence of malnutrition has been reported in patients with
cirrhosis in studies in which visceral protein status and
immunologic measures are included in the nutritional
assessment.” ** In one study, 81% of cirrhotic patients
had decreased levels of visceral proteins, 59% had abnor-
mal results on immunologic tests and 35% had abnormal
results on anthropometric tests.”> Prevalence of PCM
increases as the severity of liver disease progresses, and
has been reported from 20% in compensated liver cirrhosis
to more than 80% in those patients with decompensate
disease.”" " A summary of some studies published about
the prevalence of malnutrition using defined criteria is
shown in Table 2.*%**7"°" A summary of 18 studies, with
a total of 3041 of subjects, measured malnutrition by a
variety of methods, including SGA, mid arm muscle cir-
cumference (MAMC), triceps skin fold thickness (TSF),
BIA, and clinical assessment. The prevalence of malnutri-
tion ranges from 6.1% to 100.0%."> Cause of cirrhosis
included alcohol, viral, primary biliary, autoimmune, scle-
rosing cholangitis, and Wilson disease. Many of these
patients have a hyper metabolic state.” Patients with
alcoholic liver disease are reported to have a greater

incidence of malnutrition than those with non-alcoholic
disease.*” Protein calorie malnutrition has been reported
in 100% of those who receive liver transplant and malnu-
trition is an independent risk factor for morbidity and
mortality in these patients. Frequently, patients with end
stage hepatic failure not only have muscle wasting, but
also decreased fat stores and overt cachexia. However,
several patients will have fat-soluble vitamin deficiencies,
anemia from iron, folate, and pyridoxine deficiency,
altered cell-mediated immune function, and slow loss
of muscle mass.***%

Studies have shown that sarcopenia with specific cutoff
values for muscle loss has been reported in 40-70% of
cirrhotic patients.°® Sarcopenia worsens with severity of
liver disease.'” The impact of severity of underlying liver
disease as measured by the Child-Pugh scoring system
showed that there is evidence of sarcopenia early in the
course of the disease. These measures of sarcopenia become
worse with progressive severity of liver disease.””” In the
Pugh modification, the nutritional status was replaced by
prothrombin time; the rationale for this was that the
nutritional assessment used in the other versions had a
significant subjective evaluation, whereas the prothrombin
time in combination with serum albumin provides a more
objective measure of long-term nutritional evaluation.®”
Other measures of severity of liver disease, including the
model for end-stage liver disease (MELD) score, have not
been systematically assessed for their relation to the sever-
ity of sarcopenia, cachexia, or malnutrition. Several param-
eters, including grip strength, immune function, and
serum albumin levels, have been used to describe variable
prevatlence.GO’69 Cross-sectional imaging studies, including
CT scan or magnetic resonance imaging (MRI), are cur-
rently considered gold standard investigation to quantify
skeletal muscles as well as visceral and adipose tissue mass.
They are objective, detailed, and reproducible tests for
assessment of patients and identification of sarcopenia.”’
One of the older tests, i.e. functional measures of muscle
strength remains relevant and easy method to quantitate
muscle function and thereby sarcopenia.”*
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Table 2 Malnutrition and Sarcopenia are Common in Patients of Cirrhosis. Summary of Some Studies That Show Prevalence of
Malnutrition Along with Method Utilized for Diagnosis. BIABCM, Bioelectrical Impedance Analyzer Measured Body Cell Mass;
SGA, Subjective Global Assessment; TBF, Total Body Fat; TSF, Triceps Skinfold Thickness.

Etiology

Prevalence of
malnutrition (%)

Number of
subjects

Year of publication Diagnostic criteria

Alcohol, viral, primary biliary
and sclerosing cholangitis

TSF < fifth percentile
MAMC < fifth percentile

1993 lii 104 33 < fifth percentile 43

1996D liv 184 All causes Skinfold thickness Child A, 8 Child B/C, 26

1015 Alcohol, viral, Primary biliary 33-60

and autoimmune

1997 Iv Clinical diagnosis

Alcohol TSF
Viral MAMA

Severe 34
Moderate 20

2001b Ivii 212

Alcohol TSF 71
Viral Albumin

2003 lix T

2005b Ixi 50 All causes SGA 28
Prognostic nutritional state 28
Handgrip strength 63

114,703 Alcohol, viral, primary biliary

and autoimmune

2009 Ixiii Clinical diagnosis 6.1 (1.9 control)

SIGNIFICANCE OF MALNUTRITION AND
SARCOPENIA

Cirrhosis

Several studies have indicated that malnutrition is an
independent predictor of poor quality of life, hepatic
decompensation (ascites, hepatic encephalopathy, and
variceal bleeding), and mortality.”*°>”* In one study on
300 consecutive patients, it was shown that prevalence of
overt HE was higher in patients with muscle depletion and
decreased muscle strength, and venous blood ammonia
levels also were higher with those who had sarcopenia.
Protein malnutrition was found to have an odds ratio of
3.4 for predicting the presence of overt hepatic encepha-
lopathy (HE).”> Another study reported that sarcopenia
could predicted the presence of HE.”* In yet another study
on 84 patients, 29% with low hand grip strength had
developed HE compared with none of the patients with
normal grip strength.”> Even functional measures of
frailty have been associated with lower survival in

w

44

cirrhosis, independent of the MELD score. Each 100-m
reduction in the 6 min walk test in one cohort of cirrhotics
was independently associated with reduced survival (HR
0.48).”° Another study showed that each increase by one
point in the Fried Frailty Index was associated with 45%
increase in mortality, and each reduction by one point in
the SPPB score correlated with a 19% increase in mortal-
ity.”” Reduced grip strength (>2 SD below the mean) has
been associated with 20.7% one year mortality as com-
pared to 0% mortality in those with higher readings
(P < 0.05).%®

Frailty and sarcopenia predicts higher mortality among
patients with cirrhosis who are liver transplant candi-
dates.”””® In a study on 112 patients with cirrhosis SMI
was evaluated and it was shown that median survival of
patients with low SMI was 19 vs. 34 months in those with
a normal SML Sarcopenia was an independent risk factor
for mortality when adjusted for ascites, encephalopathy,
creatinine, bilirubin, and albumin (hazard ratio 2.18, P
5.006).”” Imaging of the psoas muscle area also has been
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used to prognosticate mortality in patients with cirrhosis,
especially those undergoing liver transplantation.go’81
More recently a review of psoas muscle thickness sug-
gested that a MELD-psoas score was better than the
MELD score or MELD-Na score in prognosticating mor-
tality.82 What leads to higher mortality is however not as
evident though both increased risk of infection and
encephalopathy may be contributory factors.®> Reduced
muscle mass may also affect diaphragmatic action and
lead to poor lung expansion especially after liver resection
or liver transplantation and add to pulmonary infection
complications. There is evidence to suggest that survival
improve if sarcopenia can be reversed. In a study, reduc-
tion of portal pressure by TIPSS led to improvement in
muscle mass in 41 of 57 patients. The 12-month mortality
of patients with reversal of sarcopenia was 9.8% vs. 43.5%
in those in whom sarcopenia persisted (P = 0.007).**

Infection

Sarcopenia in the elderly has been associated with
increased infection risk (RR >2).*> An association
between sarcopenia and mortality in cirrhosis may be
related to increased infection, especially when it is known
that cirrhotics are particularly at high risk of sepsis-related
death.®® A study mentioned earlier had suggested that
increased mortality associated with sarcopenia was possi-
bly due to an increase in sepsis-related deaths.”” Another
study had also reported increased infection risk in those
below the 25th percentile measured for mid-arm circum-
ference as compared to those above (32% vs. 8%,
P =0.02).*” Infection risk was found to be fourfold higher
in post liver-transplant patients with the lowest quartile of
muscle mass compared with the highest quartile.*®

Miscellaneous

Muscles play a central role in the protein metabolism of
body and are major contributor of insulin-mediated glu-
cose uptake.89 Sarcopenia therefore, reduces glucose uptake
and increases insulin resistance, which facilitates progres-
sion of liver fibrosis and the development of hepatocellular
carcinoma.”®”! Cytokines emanated by normal muscles
(myokines) have a range of actions in mediation of inflam-
mation.”” Sarcopenia may therefore potentiate the pro-
inflammatory state of cirrhosis, a vicious cycle, may further
reduce muscle mass.”® Muscle weakness necessarily limits
capability to move around and adds to the feeling of fatigue.
It can severely impact a person's quality of life.”” Weakness
of muscles, altered metabolism may be responsible for
muscle cramps which are common in cirrhosis and have
been identified as a major factor affecting quality of life.”

Post Liver Transplant

Sarcopenia has been shown to be associated with poorer
post-transplant outcomes, including increased length of

stay and reduced survival.?® It has been shown that for

each unit decrease in L3-SMI, there was 5% increase in risk
of death among male transplant recipients. And for each
10% increment in muscle mass was associated with a 9%
shorter length of stay, and a 12% shorter ICU stay.gs
Malnutrition and sarcopenia have also been shown to
increase the risk of infection and the need for blood
transfusion apart from longer hospital stet)/s.g()"()7 Sarco-
penic patients have been reported to have higher graft
rejection and increased mortality, compared with non-
sarcopenic patients. In a recent study, sarcopenia (defined
by psoas muscle area) was associated with increased post
transplant mortality. Total psoas area correlated poorly
with MELD score, but it was strongly associated with post-
transplant mortality with a hazard ratio of 3.7 for every
1000 mm? reduction in psoas muscle area.”” In the setting
of deceased donor liver transplantation (DDLT), during
the waiting period, sarcopenia and nutrition may con-
tinue to worsen unless some active intervention is
planned. While conventional complications of cirrhosis
such as ascites, portal hypertension will be corrected after
liver transplant, it appears that sarcopenia may not reverse
or may even worsens in most patients after trans-
plant.%’lm Post transplant mortality has been reported
to be significantly higher in patients with ongoing muscle
loss compared with patients who showed an increase in
muscle mass after transplant.91 An interesting point is
that postoperative worsening of sarcopenia was found to
be more pronounced in men. ! Decreased measured skel-
etal muscle mass, muscle function and performance dur-
ing cardiopulmonary testing, all have been associated with
post-transplant mortality as with pre transplant mortal-
ity.w2 Decreased muscle quality, defined as increased
intramuscular adipose tissue, was additionally associated
with higher post transplant morl:ality.81 This study of 200
living donor liver transplant (LDLT) recipients revealed
that high intramuscular adipose content (odds ratio 3.9,
95% confidence interval 2.0-7.8, P < 0.001) and low psoas
muscle index (odds ratio 3.6, 95% confidence interval 1.9-
7.2, P < 0.001) were independently predictive of mortality
after liver transplantation.

PATHOGENESIS

There are several reasons for a patient of cirrhosis to be
malnourished (Figure 1). Therefore, assessment of nutri-
tional status is essential in planning treatment of patients
with end-stage liver disease.'”” Negative energy balance is
largely due to poor intake.'” Patients with cirrhosis often
consume a low caloric diet, due to several coexisting
physical and cultural aberrations. Loss of appetite is
related to the presence of circulating inflammatory cyto-
kines such as tumor necrosis factor & (TNF-at),'"" or
alcohol-induced anorexia. Early satiety due to impaired
gastric accommodation and impaired expansion capacity
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of the stomach secondary to the presence of clinically
evident ascites often contribute to an inadequate nutrient
intake.'*>'°° Abdominal pain, nausea and bloating are not
uncommon in these patients and have been related to
altered gut motility, and associated functional dyspep-
sia.'%” Overall, increasing severity of gastrointestinal
symptoms associated with recent weight loss and
impaired health-related quality of life is present in most
patients with cirrhosis and its extent is related to the
severity of liver disease.'*®

There is additional component of impaired digestion
and nutrient absorption due to portal hypertension, and it
has been shown that controlling the pressure in the portal
vein either by trans-jugular intrahepatic porto-caval
shunts (TIPS) or medication could improve the patients’
nutritional status.'’” If cholestatic liver disease is present
it adds to malabsorption of various nutrients, especially of
fat-soluble vitamins such as A,D,E and K, due to the
reduced intraluminal bile salt concentrations.'*° Apart
from the established portal hypertensive enteropathy,
other conditions such as altered intestinal flora and lesser
synthesis and secretion of bile salts and pancreatic
enzymes are also significant causes of malabsorption.
Associated small intestinal bacterial overgrowth, coexis-
tent small intestinal disease (inflammatory bowel disease,
celiac sprue), pancreatic insufficiency, mucosal congestion
and villus atrophy significantly contribute to the impaired
absorption and utilization of nutrients. In this part of the
world, due to some misconceptions many physicians con-
tinue to prescribe a low protein diet in order to ‘prevent’
hepatic encephalopathy leading to even poorer nutritional
status. Multiple hospitalizations, drawing blood for
repeated testing and asking patient to fast for imaging/
endoscopy or other tests also adds to protein and calorie
malnutrition.

Resting energy expenditure (REE) is raised to the tune
of 120% of the expected value in more than half the
patients with cirthosis.""' Elevated pro-inflammatory
and anti-inflammatory cytokine levels point to a cyto-
kine-driven hyper-metabolism in cirrhosis."'? In addi-
tion, hyperdynamic circulation leads to a systematic
vasodilatation and to an expanded intravascular blood
volume and stimulation of sympathetic nervous system.
As a direct effect, a higher stroke output and therefore
a greater use of macro- and micronutrients is also com-
monly associated and leads to relative deficiency of these
nutrients."' !

In cirrhosis, as the liver fibrosis progresses, there is
increasing levels of inflammatory state.!'"11° Gut barrier
function is compromised due to portal hypertension and
dysbiosis in cirrhotics and leads to translocation bacterial
products which are recognized as pathogen associated
molecular patterns (PAMPs) by immune cells leading
to activation of pro-inflammatory state.!'"” Other
overt infections such as spontaneous bacterial peritonitis,
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worsening hepatic encephalopathy or the presence of
fever of unknown origin, also add to the increased
REE. In these circumstances, patients may experience
deterioration in their general health and nutritional
status. Add to this a state of accelerated starvation seen
in cirrhosis.!1®11? During overnight fast in healthy sub-
jects, a switch to gluconeogenesis from amino acids
derived from muscle proteins is commonly seen.'?? Cir-
rhotic patients have poor hepatic glycogen reserves due
to the impaired synthetic capacity of hepatic cells, and
hence an overnight fast in these patients is equivalent to
nearly 72 h fast in healthy persons.1 IBI9121 A ¢ 3 result
metabolism shifts to fatty acids as a dominant substrate
for oxidation in human patients with cirrhosis. Some
tissues dependent on glucose will need neoglucogenesis
from amino acids as fatty acids cannot be used for this
process. This leads to mobilization of amino acids from
the skeletal muscles so that the adequate amount of
glucose can be produced. Repeated and frequent fasting
results in recurrent proteolysis resulting in muscle loss in
human cirrhotic p;a,tients.122 Several iatrogenic measures
result in loss of protein and minerals in cirrhotics. Mul-
tiple large volume paracentesis, use of diuretics and
lactulose as prebiotic are some such measures. Occult
or overt blood loss from esophageal and gastric varices
and ulcerations/portal enteropathy add to the protein
loss (Figure 2).'*

Deficiency in vitamins and other trace minerals is not
uncommon in liver cirrhosis. Fat soluble vitamins may be
poorly absorbed due to cholestasis and portal hyperten-
sive enteropathy leading to vitamin A, K and vitamin D
deficiency with associated coagulopathy and hepatic
osteodystrophy. 124125 11 addition, osteoporosis as a result
of calcium loss and malabsorption, deficiencies in folate,
riboflavin, nicotinamide, pantothenic acid, pyroxidine,
vitamin B, and thiamine, decreased levels of zinc, mag-
nesium, sodium and phosphorus have also been
described.'*® Zinc deficiency alters appetite and taste,
impairs wound healing, immune reaction, and protein
metabolism.'*”!#®

SKELETAL MUSCLE LOSS AND
SARCOPENIA

Sarcopenia has special significance in cirrhosis as outlined
above, and is made worse by negative energy balance as
well as obesity. A fat rich diet associated to physical
inactivity often leads to of increased fat deposits and
insulin resistance, which are also able to produce proin-
flammatory adipokines, and catabolic metabolism in mus-
cle mass (sarcopenic obesity)."*” '°" Sarcopenia is
common is cirrhosis with prevalence ranging 40-70%
often related to the severity of liver disease.” Skeletal
muscle mass is maintained by a delicately balanced
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State of Accelerated
Starvation

v

Reduced Glycogen stores
Increased Gluconeogenesis

v

Increased fatty acid oxidation

v

Gluconeogenesis possible
from AA and not FA

s — 2

A

AAA utilised only in liver
(poor function, shunting):
Low BCAA and High AAA
concentration in plasma

A

Skeletal muscle can utilise
only BCAA due to localisation
of branched chain keto-
dehydrogenase

V' N

Only source of AA is
proteolysis of muscle:
Generates AAA and BCAA

Figure 2 Cirrhosis is a state of accelerated starvation and neoglucogenesis has to proceed from amino acids. The figure explains why BCAA
administration may be helpful in patients with cirrhosis. BCAA: branched chain amonoacids, AAA: aromatic aminoacids.

relationship between protein synthesis, proteolysis, and
satellite cells in muscles, which are the stem cells respon-
sible for skeletal muscle regeneration.3 Protein synthesis
in health is biochemically up regulated by mammalian
target of rapamycin complex 1 (mTORC1), which spurs on
ribosomal translation of capped messenger RNA."? It is
counter balanced by an inhibitor—myostatin (a trans-
forming growth factor 3 superfamily member) and two
proteolytic pathways, i.e. the ubiquitin proteasome and
autophagy pathvvays.l‘%‘g’134 Common mechanisms affect-
ing this balance and leading to sarcopenia in cirrhosis are
outlined in Figure 3.

Potential Therapeutic Targets

¢ & & ©

ree Bl O Leucine® Testosterone® Exercise*

l Inactivity

o S ~ — 1GF-1 ﬁ

\ Endotoxaemia
PKB/AKT J
/ \ FOXO
TNFa

Satellite Cell Proliferation
and Differentiation mTOR l

\ / Ubiquitin pmlImme pathway

Starvation Muscle Protein Synthesis
response

Muscle Protein Degradation

Figure 3 Overall balance of muscle protein synthesis and degradation
and factors that control such a balance. Green boxes contain promotors
of muscle protein synthesis, pink boxes contaon factors that promote
muscle degradation. Green arrows: facilitatory pathways, red arrows:
inhibitory pathways. Blue stars indicate potential therapeutic targets for
reversing sarcopenia in cirrhosis. Numbers 1-7 indicate potential tar-
gets to reverse sarcopenia as described in text. IGF-1, insulin-like
growth factor 1; PKB/AKT, protein kinase B; mTOR, mammalian target
of rapamycin; FOXO, forkhead box transcription factor.

Hyperammonemia

Hyperammonemia is a common abnormality in cirrhosis
due to failure of liver urea cycle, and leads to increased
ammonia uptake by the skeletal muscle and elevated
muscle ammonia concentrations.'”>"*® Ammonia imbal-
ances skeletal muscle protein metabolism by impaired
muscle protein synthesis and increased muscle autoph-
agy.137 A lot of recent work has focused on elucidating
pathogenesis of sarcopenia caused by hyperammone-
mia."*® In vitro experiments have shown that hyperam-
monemia-mediated activation of p65-NF-kB (an
intracellular protein complex containing nuclear factor
kappa-light-chain-enhancer of activated B cells) is associ-
ated with increased expression of myostatin, a TGFf3
superfamily member'””"*” which has been observed bay
many workers in relation to cirrhosis.'*’ Myostatin is an
inhibitor of protein synthesis and activates the ubiquitin
proteasome and autophagy mediated proteolysis.l?’z"141
Ammonia may also cause mitochondrial dysfunction
and generation of reactive oxygen species as have been
reported in the neural tissue.**'* In cirrhotic patients,
the skeletal muscle functions as a metabolic partner for
the liver. Due to impaired urea-genesis and decreased
hepatic ammonia disposal, skeletal muscle ammonia con-
centrations are much higher, potentially favoring protein
catabolism or loss of critical Kreb's cycle intermediate,
aKG."?”'** This results in lower flux of the Kreb's cycle,
impaired mitochondrial function and decreased adeno-
sine triphosphate (ATP) synthesis. Low ATP concentra-
tions lead to reduced protein synthesis as latter is an
energy intensive activity.
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Hyperammonemia also inhibits oxo-dehydrogenases
such as pyruvate dehydrogenase, (essential for generating
acetyl coenzyme A), and aKG dehydrogenase (for conver-
sion to succinyl coenzyme A). Ongoing mitochondrial
dysfunction, generation of reactive oxygen species, and
impaired bioenergetics in the skeletal muscle, all may
contribute to impaired protein synthesis and activate a
metabolic, adaptive response, autophagy. Decreased cellu-
lar ATP is associated with activation of the cellular energy
sensor, 5’ adenosine monophosphate-activated protein
kinase (AMPK) and impaired mTORCI1 signaling."*® In
addition, use of proteins as a source of neo-glucogenesis
leads to generation of aromatic and branched chain amino
acids (AAA and BCAA). Muscles can only utilize BCAA due
to localization of branched chain keto-dehydrogenease. It
results in low circulating BCAA with skeletal muscle con-
centrations of BCAA expected to be further decreased in
the muscle of cirrhotics. Reduced cellular amino acid
concentrations activate adaptive responses that include
increased skeletal muscle autophagy which has been
reported in cirrhosis. Supplementation of leucine and
some other amino-acids may correct impaired mTORC1
signaling in patients with cirrhosis as well as in vitro
studies.'*>14¢ Hyperammonemia leads to excessive gluta-
mine synthesis in the muscle and its transport into the
circulation. Therefore, in the face of low muscle mass,
non-hepatic disposal of ammonia is likely to be impaired
which may add to its CNS effects. No wonder, as has been
noted above, encephalopathy is more frequent in sarco-
penic than non-sarcopenic cirrhotics.”>"*

Pattern of Energy Expenditure in Liver Disease

Several studies have shown that cirrhosis is a state of
accelerated starvation.''®'?" In the fed state, carbohy-
drates and glucose are the primary substrate for oxidation
and energy generation and yield an RQ close to one.'"” At
this time protein synthesis is the main activity in the
muscles. In an overnight fasted state, there is gradual
transition to use fatty acids as main substrate for oxida-
tion (with a reduced RQ) in patients with cirrhosis.'*”
While many tissues can survive with fatty acids oxidation,
some tissues will necessarily require glucose thereby
increasing the need for gluconeogenesis. Fatty acids can
not be used for gluconeogenesis, therefore amino acids are
broken down for this activity.MS’Mg Repeated and fre-
quent fasting thus, results in progressive loss of protein.
This, when combined with anabolic resistance seen in
cirthosis results in incomplete restoration of protein
stores culminating in muscle loss in human cirrhotic
patients. 122

Alcohol

There are reports to show increased autophagy in the
. . . . . 33,15
muscle of patients with alcoholic liver disease.'”>"*"
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Acetaldehyde, a cytotoxic ethanol metabolite, impairs
ornithine transcarbamylase, the critical rate-limiting
enzyme in ureagenesis in hepatocytes.151 Thus, hepatic
ureagenesis would be impaired among alcoholic patients
even without severe hepatocyte dysfunction or portosys-
temic shunting. Muscle loss in this situation may be a
result of combined effect of ethanol and ammonia on
skeletal muscle."**'*® While primary organs for ethanol
metabolism are liver and brain, it is known that it can also
be metabolized in the skeletal muscle.'*"** It indicates a
direct effect of ethanol on muscle proteostasis and conse-
quent sarcopenia.155 Ethanol feeding in animal models
leads to impaired protein synthesis. 19156 Human patients
with stable alcoholic cirrhosis show impaired protein
synthesis in the post-absorptive and post-prandial phases
suggesting a state of “anabolic resistance.”’**'*” The ubig-
uitin proteasome pathway, is either unaltered or decreased
in alcoholic liver disease, while skeletal muscle autophagy
is increased and contributes significantly to loss of muscle.
Autophagy is a normal cellular adaptive response to elim-
inate damaged organelles and cytotoxic cellular proteins,
but with ethanol consumption, unregulated autophagy
adds to muscle loss. Several reports suggest that mamma-
lian target of rapamycin complex 1 (mTORC1) is inhibited
by ethanol or its metabolite, ac.etalclehycle.156‘158 In addi-
tion to stimulating protein synthesis, mTORCI also sup-
presses autophagy.'”” Ethanol has exactly opposite effects
via Akt/PKB1 and AMPK, that are upstream regulators of
mTORC1."®° Overall, evidence shows that ethanol and/or
its metabolites cause metabolic, biochemical, and molec-
ular perturbations in the skeletal muscle, with consequent
impaired proteostasis.'®’

Endocrine Abnormalities

Cirrhosis is associated with a number of abnormalities
such as low testosterone due to increased aromatase activ-
ity.'® If the etiology of cirrhosis is ethanol, latter has a
direct effect on testicular function.'®’ Similarly, decreased
growth hormone concentrations and response in the mus-
cle also contribute to sarcopenia in cirrhosis.'®*'®* Both
growth hormone and testosterone are known to inhibit
myostatin expression and signaling responses'®®'®” and it
is presumed that deficiency of these hormones in cirrhosis
also contribute to the impaired protein synthesis and
increased myostatin expression. A recent randomized trial
showed that testosterone supplementation in male cir-
rhotics did result in an increase in lean body mass. %®
Clinical studies have not yet shown any consistent benefit
of giving growth hormone to patients with cirrhosis.'®!

Altered Intestinal Function

Cirrhosis is associated with alterations in gut micro-
biome and loss of epithelial cell tight junctions
that lead to increase in circulating cytokines and
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lipopolysaccharides.l 12,169 Hepatocellular and immune
dysfunction as well as portosystemic shunting worsen
the endotoxemia due to impaired gut barrier function.'”®
Endotoxemia via tumor necrosis factor (TNF) a dependent
and TNF independent pathways may also lead to
increased protein breakdown via autophagy and reduced
S)/nthesis.171’172 Sarcopenic obesity, as seen in patients
with NAFLD and after liver trau*lsplamtationl73 is also
associated with altered gut microbiome. It is possible that
the combination of skeletal muscle loss and increased fat
mass may contribute to the development of metabolic
components including insulin resistance, diabetes melli-
tus, hyperlipidemia and possibly NAFLD but whether
there is a common underlying mechanism for both sar-
copenia and obesity is still not known.'”*

Physical Activity

Physical activity is an important determinant of muscle
anabolism and it goes without saying that most patients
with cirrhosis, especially those on the transplant waiting
lists are sedentary.175 Wherever studies are planned to
assess the benefit of exercise in such patients, compliance
by patients remains very poor.176 Those who manage to
adhere to the exercise regimen recommended, show a
trend toward improved body composition. The best type
of exercise for these patients has not been defined, partic-
ularly for post-transplant patients. Resistance exercises
have been shown to increase muscle protein synthesis
in Cirrhosis patients.177 Exercise works via stimulating
mTORCI1 pathway via IGF1 and promotes protein syn-
thesis in muscles (Figure 3).

THERAPEUTIC IMPLICATIONS OF
NUTRITION AND SARCOPENIA IN
CIRRHOSIS

Several recent reviews have focused on management strat-
egies for sarcopenia in cirrhosis.'¢1168 Understanding the
pathogenesis of malnutrition and sarcopenia in cirrhosis
gives us an clear idea about the possible therapeutic strat-
egies one can adopt to reverse these changes (steps 1-7 in
Figure 3). Studies in patients with cirrhosis who under
went TIPS procedure, and improved their muscle mass
have shown marked improved survival probability.84

Lifestyle Changes
Abstinence

In patients with alcoholic cirrhosis ethanol, it has been
shown that alcohol leads to anabolic resistance by sup-
pressing mTORC1 activity.145’158‘178 Aslong as the patient
continues drinking, progression of liver disease as well as
malnutrition and sarcopenia is likely to worsen. That
makes abstinence as is foremost therapeutic strategy in
such patients. Apart from clinical counseling, cognitive

therapy supported by pharmacological measures to pro-

mote abstinence is of utmost importance in these
. 179,180

patients.

Diet

Several strategies can be adopted to provide extra calories
and proteins to these patients such as high-calorie feeding,
frequent meals, late evening snack, increasing protein
intake and additional of branch chain amino acids in diet.
A high-energy, high-protein diet can improve nitrogen
retention. = A single strategy may not suffice and a com-
bination of them may succeed in reversing the anabolic
resistance seen in cirrhotic patients.182

Increasing calorie intake: Patients with cirrhosis have
disinclination to eat and are in a state of accelerated
starvation, therefore there is need to be force feed either
through naso-gastric tube or parenterally in very sick
patients. A total of 35-40 kcal/kg intake per day as per
lean body mass is recommended. This approach, though
logical, has shown mixed results in various studies. While
survival advantage has not been shown in studies on
alcoholic cirrhosis, improvement in nitrogen retention
and an increase in lean body mass has been reported.'®*
%% An improvement in directly measured quantification
of skeletal muscle mass by image analysis is still awaited.

High protein intake and branch chain amino
acids: Protein restriction is no more a recommended
strategy and at least 1.5 g/kg/d of protein intake has been
recommended by the ESPEN unless contraindicated by a
clinical complication.185 Vegetable proteins are rich in
BCAA which are better utilized by the muscles, and
may even have a beneficial effect by removing one mole
of ammonia per mole of BCAA.'® Preparation of BCAA
have been used in the past as treatment for hepatic
encephalopathy.'®® A recent review indicated improve-
ment in hepatic encephalopathy with BCAA but no sig-
nificant improvement in survival, quality of life or
nutritional parameters was reported.lw Latter observation
was a surprise as BCAA provide a source of energy to the
muscle in addition to being substrates for protein synthe-
sis. BCAA also inhibit amino acid deficiency sensor GCN2
and reverse elF2a phosphorylation which impairs protein
synthesis and thereby, improves muscle mass. Leucine is
known to activate mMTORC1 and facilitate protein synthe-
sis one hand and inhibit autopha,gy.188 These actions are
likely to have a cumulative effects that may improve
muscle mass. It is possible that the duration of study
was not long enough to show these changes. Another
study has however shown that a leucine enriched BCAA
diet was able to reverse the molecular perturbations in the
skeletal muscle downstream of myostatin in cirrhotic
patients.145 Animal proteins can also be given but are
not ideal as they are rich in aromatic amino acids which
are not metabolized by the skeletal muscle and may
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worsen encephalopathy.lgg‘l% It may be prudent to rec-

ommend a third of the protein intake in the form of dairy
protein (casein), a third from plant sources (rich in
branched chain amino acids) and a third from animal
protein (high quality) in compensated cirrhosis.'”!

Frequent meals and late evening snack: In view of
accelerated starvation state seen in cirrhosis, overnight
fast in cirrhosis has been equated with 72 h of fasting
in healthy individuals. Therefore, frequent meals and late
evening snack are recommended to reduce the impact of
the fasting. Daytime and nocturnal feeding with the use of
late-evening snacks containing a high protein content has
been shown to be most beneficial in increasing lean body
mass.'”* This should be combined with early morning
breakfast with a complex carbohydrate and protein
snack'®? though this latter recommendation has not been
scientifically studied as well as the late evening snack.

Other micronutrients: Zinc levels have been reported to
be low among patients with cirrhosis and they seem to
affect taste.'”® Zinc supplements have been shown to
improve clinical outcomes in cirrhosis.'”? Deficiency of
fat soluble vitamins such as vitamin D is not uncommon
among cirrhosis patients.w4 Deficiency of vitamin D
enhances bone loss in cirrhosis, and its supplementation
is expected to be beneficial. These deficiencies may be
particularly important in cholestatic diseases, where
impaired absorption compounds impaired hepatic
hydroxylation, and consequent worsening of defects in
calcium homeostasis.

Exercise and Physical Activity

Frailty and reconditioning in cirrhosis are directly related
to contractile muscle dysfunction and fatigue
responses.'”> Physical exercise and incremental activity
are known to improve functional performance though
its effect on skeletal muscle mass is less well studied.”®
Type of exercise is important as resistance exercise will
increase muscle mass, and endurance exercises will
increase functional capacity of muscles and combination
of both is likely to be more beneficial."”” A randomized
pilot study used a 6-minute walk test in those who com-
bined daily leucine supplementations with an hour-long
treadmill and cycle exercise 3 times a week to achieve 60-
70% maximum heart rate.'”® Seventeen patients with cir-
rhosis were randomized to a treatment arm consisting of
12 weeks of exercise, and remaining served as controls. By
24-weeks, patients who exercised had a significant increase
in thigh muscle circumference and in overall weight.
Plasma ammonia levels decreased in both groups. Simi-
larly, many other reports also indicate consistent improve-
ment in short term outcomes following exercise however
its impact on long-term survival, quality of life, and pre-
vention of complications of cirrhosis are not yet
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known.'”® Since exercise also increases skeletal muscle
ammonia-genesis, cirrhotics with impaired hepatic
ammonia clearance capability may have muted benefits.?
A recent report indicated that hyperammonemia impairs
skeletal muscle strength and increases muscle fatigue on
repetitive contraction.””’ On the other hand, exercise
improves skeletal muscle mTORCI signaling that facili-
tates muscle anabolism.”’?> When cirrhotic patients are
encouraged to exercise, the limitation of this therapy in
the face of existing muscle dysfunction must be realized
before setting targets. Patients may be advised to walk 30-
40 min three to four times per week if they can, and also
lift light hand weights two to three times per week.”?

Anabolic Hormones

Cirrhosis is associated with low testosterone and growth
hormone secretion compounded with impaired end-organ
responses to these hormones.”””?** One study”” used
testosterone gel in 12 hypogonadal men with cirrhosis
and showed increased average hand grip strength from
34.03 +7.24 kg to 39.18 + 5.99 kg (P < 0.001), however,
there was no control group. Some other studies have
not found it significantly beneficial and also reported
several adverse effects.”’® Since increased peripheral aro-
matase activity seen in cirrhosis converts testosterone to
estradiol,’®” an aromatase-resistant analog oxandrolone
has also been tried, but adverse effects limit its routine use
to treat sarcopenia in cirrhosis.’®"*°” Growth hormone
that acts through insulin-like growth factor-1 and pro-
motes mTORCI signaling in the muscles of cirrhotic
patients, has so far not shown adequate benefit in clinical
studies. One study has reported that despite adverse
effects such as worsening edema and ascites, thGH could
overcame hepatic GH resistance; could improved whole-
body protein catabolism; but also increased lipolysis and
lipid oxidation; increased insulin resistance; and had
potent antinatriuretic effects.””® However, evidence is
not enough to recommend hormone treatment in cirrho-
sis to improve muscle mass because of lack of consistent
benefit and the potential for significant adverse effects
(Table 3).'!

Ammonia-Lowering Measures

Hyperammonemia of cirrhosis has emerged as a major
contributor of muscle catabolism in cirrhosis and has
been found to impair protein synthesis and increase pro-
teolysis by autophagy.'”*'*”?%> Ammonia lowering mea-
sures including lactulose and rifaximin, which are
presently used to treat hepatic encephalopathy, are excit-
ing option to reverse sarcopenial.210 Hypothetically Rifax-
imin may downregulate myostatin levels by reducing
serum ammonia and may also release more BCAAs for
use as muscle fuel.”® Apart from the two methods noted
above, another option is use of cell-permeable o keto
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Table 3 A Typical Prescription to Improve Nutrition in Patients with Cirrhosis. Therapies Marked with * are not Recommended
for Routine Use but may be Tried in Context of Controlled Trials.

2. Diet

Suggest late evening shack and early breakfast consisting of complex carbohydrates and protein

Use tube feeding (overnight continuous drip) or parenteral nutrition in critically ill patients

3. Exercise regime consisting of resistance and aerobic exercised, gently increased in a graded manner as per patient's capacity

5. Ammonia lowering measures

6. Hormonal therapy

7. Innovative therapies

8. Liver transplantation*

glutarate, which can increase non-hepatic ammonia dis-
posal in the muscle. Other anaplerotic substrates include
BCAA isoleucine, which has been shown to be beneficial in
lowering ammonia concentrations in preclinical stud-
ies.”'! So far there are no published study to show the
impact of these therapies on prevention or reversal of

sarcopenia.

Reduction in Portal Pressure

As has been noted above, an uncontrolled study with
TIPSS led to an increase in muscle mass and improvement
in prognosis. It also showed an improvement in psoas
muscle area by 70% of patients with an increase in the
mean muscle area from 22.8 cm? at baseline to 25.1 cm?
after TIPSS insertion (P < 0.001).** Possibly several fac-
tors other than reduction in portal pressure could have
contributed to improvement such as reduced ascites,
reduced metabolic rate, increased appetite and improved
nutrition. TIPS has also been shown to increases adipo-
nectin production, suggesting an anabolic state.”'” A well-
designed randomized controlled trial is needed to prove
this point.

Newer Targeted Therapies

As has been mentioned above, main molecular facilitator
of protein synthesis is mTORC1, which is counter bal-
anced by myostatin; hence use of myostatin antagonists
and mTORCI1 activators, have great potential to reverse
sarcopenia in cirrhosis. A recent phase 2 proof of concept
study in frail older patients’"’ found that a humanised
monoclonal anti-myostatin antibody increases APLM
[+0.43 kg (CI 0.19-0.66) on active treatment, P < 0.001]
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as well as increases gait speed (+0.05 m/s, P = 0.088). So far
there are no human trials in cirrhotics. Follistatin, a
myostatin antagonist, has proven in animal studies to
improve skeletal muscle mass but is yet to be used for
patients with cirrhosis-related sarcopenia.”'* Using a rat
model of sarcopenia with a portocaval anastomosis, phe-
nylalanine was used to quantify the fractional and abso-
lute protein synthesis rates in skeletal muscle.””” Similarly,
in cirrhotic rats, IGF-1 has been shown to improve nitro-
gen retention, reduce myostatin and increase muscle mass,
however, humans studies are lacking.”'®*"” Several new
myostatin inhibitors are now being recognized and more
than one industry is interested in building muscles. One is
likely to see exciting new findings in this area soon.”'® %"
Additional options for new research include using anti-
oxidants, and mitochondrial protective agents, including
DRP1 inhibitors, which may hold promise in reversing the
molecular abnormalities underlying sarcopenia in
cirrhosis.'*®

Liver Transplantation

Liver transplantation is the main definitive treatment for
end stage liver disease and removes several contributors to
pathogenesis of sarcopenia. It restores normal hepatocyte
function, cures ascites and reduces portal pressure. On the
flip side, patient has to take immunosuppressive medica-
tions such as corticosteroids, calcineurin inhibitors and
mTOR inhibitors which are known to adversely affect
muscle mass by activating myokines and also increase
fat mass (sarcopenic obesity). Studies have shown that
muscle mass can stabilize, increase or decrease after liver
transplantation.”””*'  Some patients may develop
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sarcopenia after liver transplantation. Use of low dose
immunosuppresive therapy may be an option, but real
task is to develop immunosuppressive therapies that do
not adversely affect muscle-signaling responses. Posttrans-
plant obesity is partly related to excessive caloric intake,
hence a dietary plan with adequate protein and caloric
intake is recommended to avoid obesity, insulin resis-
tance, and sarcopenic obesity.222

SUMMARY

Malnutrition and sarcopenia is commonly seen in patients
with cirrhosis and all such patients should undergo a
baseline nutritional assessment repeated at regular inter-
vals. Presence of malnutrition and sarcopenia is known to
negatively impact survival, quality of life, and response to
stressors, such as infection and surgery in patients with
cirrhosis. Hand grip testing and L3-SMI are simple, objec-
tive and practical methods to assess sarcopenia. Ammonia,
poor nutrition, lack of activity, testosterone, and growth
hormone are common modifiable factors contributing to
sarcopenia and therapy can be planned around them. Opti-
mal energy intake recommended is 35-40 kcal/kg/day with
daily protein intake: 1.2-1.5 g/kg, (0.6-0.8 g/kg if acute
encephalopathy). Small frequent meals evenly distributed
through the day and a bedtime snack of complex carbohy-
drates and protein can minimize muscle loss. Branched-
chain amino acid supplementation may help achieve daily
protein goals in patients who are protein intolerant. Enteral
feeds through a nasoenteral tube are indicated in patients
who cannot reach caloric intake goals with oral supple-
ments; parenteral feeds are reserved for patients who cannot
reach caloric intake goals by oral or enteral routes and are
critically ill. Ammonia lowering strategies, anabolic ste-
roids, increased physical activity, reducing portal pressure
and myostatin inhibitors are other approaches that can
hold potential. Liver transplantation may not necessarily
correct sarcopenia of chronic liver disease.
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