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Abstract
Background:

Sarcopenia isommonin cirrhosis ands associated with poor outcomes. Current teaching
recommendshe juse of protein supplementation and exertieeever this fails to address

many otherfactors which contribute to muscle loss in this setting.
Aims:

This review summarises existing knowledgegarding the aetiology of sarcopenia in
cirrhosis, diagnostic modalities, and the clinical significance of this tondi It also
discusses recent research findings that may allow the development of more effective

treatments.

Methods:
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We conducted a Medline and Pubmed search using the search terms “sarcopenia”, “muscle”,

“body composition”, “cirrhosis”, “liver” and “malnutrition” from inception to Oc&t2015.
Results:

Cirrhotic_patients with sarcopenia have reduced suryieperienceincreasedrates of
infection and have worse outcomes following liver transplaoita The aetiology of this
condition issmere=complex than simple protein and calariaelnutrition Cirrhosis also
results indepleted glycogen stores anuketabolic alterationshat cause »xessive protein
catabolism, ncreased activation of the ubiquitin proteasome pathway and inagpropri
muscle autophagy. Satellite cell differentiation and proliferationss e¢duced due to a
combination of-elevated myostatin levels, reduced-1GIhdhypogonadism. Although there

is some evidence supporting the uselaie evening snacks, branched chain amino acid
supplementation and high proteihigh calorie diets, well design clinical trials addressing the

effects of treatment on body compositiarcirrhosis are lacking.
Conclusion:

Sarcopenia In cirrhosis has a complex pathogenesis and simple dietary interventions are of
limited benefit. Improved understanding of the multiple mechanisms involved should allow
the development of more effectiveethpies which target the specific underlying metabolic

derangements.

I ntroduction

Loss of muscle )mass and function, or sarcopenia, is one of commonest featurdssiscirr

and contributes significantly to morbidity and mortality in this populations priévalence in
patients with cirrhosis is estimated lie 40-706 and thus it currently affecbver 300,000
people in_the United Stat€$-4). To put this into context, the annual incidence of bleeding
oesophageal=varicean cirrhosisis 1015%, refractory ascites 5-10% and hepatocellular
carcinomaeeeurs in3-5% (5). Only overt hepatic encephalopathy has similar prevalence,
and interestingly has a close correlation with the presence of sarcdpgnid). The
prevalence of,sarcopenia in cirrhosis is far higher than in other gastrointestinal iliness due to
the unique metabolic derangements caused by liver failure. The prevalenttannmatory

bowel disease for example is only 21% (8).
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Despite thisthere are no established criteria for the diagnosis of this important complication
of cirrhosis, its pathogenesis is poorly understood and none of the proposed treatinast
have been ell explored in randomised clinical trials. This review aims to summarise current
understanding of the pathogenesis of sarcopenia in patients with cirrhosis, dignsssble

treatmentioptions and highlights potential avenues for future research.

We conducted a Medline and Pubmed se&mtoh inception to October 201i3sing the search
terms “sarcopenia’, “muscle”, “body composition”, “cirrhosis”, “liver” and “malnutrition”.
This wasfollowed by a manual review of the literature select articlesthat specifically

addressed‘the diagnosis, aetiology, implication or treatment of sarcopeinibosis

Normal regulation of muscle massin adults

The regulatien=0f muscle mass and function in adults is tightly controlled by varines ge
and transcription factors that affect protein production, recruitment aretehffation of

satellite cells'and muscle breakdown. These pathways are summarised in Figure 1.

Muscle protein synthesis

Activation=of_the intracellular target mMTOR (mammalian targetapamycin)stimulates
protein synthesis via various intracellular signalling pathway§OR is activated via protein
kinase B (PCK/AKT), which is upregulatdsy insulin, insulinlike growth factor(IGF-1),
circulatingitestosterone, physical exercise, abnched chain amino acidB8CAAS),

particularly leucing9).

Satellitecell'differentiation and proliferation

Muscle growth _and repair also requires the recruitment and proliferation of satellite cells,
which are thesprecursors to new muscle fibrézotein kinase B (PCK/AKT), which is
directly activated by IGR, stimulats this activation of satellite cells. This pathway is

upregulated"by"BCAAS, exercise and testosterafieX1).

Myostatinis the major negative regulator of satellite cell differentiation and proliferation. It
belongs to the transforming growth facforsuperfamily of secreted growth and
differentiation factors. It acts in a paracrine fashiomtontainsatellite cellsn a quiescent

state within muscle. GF1 has dual action in that it stimulates mTOR as well as irhibit
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myostatin, thereby stimulating muscle groviyn both activatingsatellite cel and muscle
protein synthesis (12).

Proteolysis

The two major skeletal muscle proteolytic pathwaye the ubiquitinproteasome pathway
(UPP) and therautophagy system. The UPP is the major muscledongakpathway and
involves the tagging of protein by conjugation with ubiquitin and then subsequent
degradation by the 26S proteasorReotein kinase B (PCK/AKT) inhibits proteolysis via the
UPP andgboth inactivity and systemic inflammation activate the URBtophagy is a
programmed cell death pathwagtivatedin response to cell stres$ any aetiologythat

involves the fusing of a cell to a lysosome which then degrades cellular cda@nts

Aetiology of sarcopeniain cirrhosis

There are_mltiple factorswhich maycontribute to sarcopenia in cirrhosis, although their
precise roles are poorly understood (FigRye Ultimately, this cordition results from an
imbalancerbetween muscle formation and muscle breakdown, although the specifiypathwa
involved may differ between patients. Understanding the role of these potentiddutons

will help providea rational basis for developing strategies to prevent and treat muscle loss in
patients with,advanced cirrhosis and to minimise its impact on patient quality of life,

morbidity-and mortality.

Malnutrition - reduced substrate for muscle production

Malnutritionwis«believed to play a major role in sarcopenia in cirrhosis. A reduced total
energy intake has been linked with a higher prevalence of sarcopenia in patients with
cirrhosis  For example, one observational study of 50 patients reported a mathdn ¢
intake of 1544 kcal in sarcopenia patients compared to 1783 kcal isanoopenic patients
(p=0.001) 14). However this does not necessarily prove causality since lower caloke inta
may more broadly reflect general ill health. There are many potential causes of reduced
dietary intakein cirrhotics includingnausea and anorexia induced by elevated inflammatory
mediators such as TN&lpha;increased intrabdominalpressure from ages abdominal

pain; andaltered gut motility(15). Dysgeusia is common in cirrhosis, and salt restriction

may also affect enjoyment of food, both of which also may affect caloric ir{teKe
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Patients may also have inadequate dietary protein intake due to inappropriate and outdate

advice that protein restriction is required to prevent encephalopathy.

Even with adequate caloric intake, malabsorption may contritouteet negative energy
balancen cirrhosis It is well recognised that reduced bile flow caause malabsorption of
fats and fasoluble vitamins including vitamin PL7). There is also increasing evidence that
atered gut motility,small bowelbacterial overgrowth and changes to ¢jug microbiota in
cirrhosis, careachaffect bothabsorption anditilization of nutrientg18). Alcohol abuse may

result in concomitant pancreatic insufficiency, which can also impair nuéissorption.

Elevated myostatin and inhibition of muscle growth

Myostatin s sthe predominant negative regulator of sateltid differentiation and
proliferations Elevated myostatin levels are thought to be one of the major driving forces
underlying the sarcopenia of ageingowever thereasons for this elevatioare not fully
understood X9). Blocking myostatin increases muscle strength and function in animal
models of sarcopenia of agei(@0) which further strengthens its aetiological roleatiénts

with cirrhosis have been shown to have significantly higleeumlevels of myostatin than
controls(0:53mcg/mL vs 0.181cg/mL in cirrhotics and controls respectively0p002) (21)
Muscle zhiopsies in cirrhotics have also demonstraigaificantly increased myostatin

expressiorcompared to controk?2).

Although elevated myostatin levels may make an important contribution to sarcopenia i
cirrhosis, the“causeis uncertain. One pssible mechanismis that ammonia levels are
frequently “elevated in cirrhosis, and that this increasggstatin expressionnla murine
cirrhotic mode] ammonialadministeredvia intraperitoneal injectionwas shown to stimulate
myostatin expression in muscle via the activation of the transcription factor nuclear factor
kappa betg23). Furthermore in this model, muscle wasting was induced by ammonia in
wild-type but naot myostatin knoedut mice and there was a positive correlation between

serum ammoniazand myostatin expression.

The reduction,in serum testosterone levels and1@vels in cirrhosig24, 25)likely also
contribute to elevated myostatin levels since these mediators normally act to suppress
myostatin expressiori26, 27) The possiblerelationship between myostatin and other

stimulators of muscle differentiation is represented in Figure
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Altered metabolism- abnormal use of protein as an energy source

The metabolic alterations in cirrhosis are far more complex than smmglieutrition and
reduction inmuscle protein production. Cirrhosis minscthe state of starvation, with
inappropriateuse ofbody fatand proteinstoresfor gluconeogenesis. This proteolysis and
lipolysis can_ocur even during short periods of fastisgch as overnight, which should not
happen under normal physiological conditions. This switch to the use of fat and protein as an
energy soufce.is thought tlue to a reduction in hepatic glycogen stores which tseegula

need to generate glucose from alternate so2&s

One study “demonstrated that energy use derived from carbohydrate during a 12 hour
overnight fast was only 13% in cirrhotics compared to 38%ormal subjectg29). In
controls at.least.36 hrs of fasting was required for the proportion of calorie poodirom

fat and proteirto approach that in overnight fastegirhotics Several other studies hav
documentedricreased ketogenesis and amino acidsumptionin cirrhosis(5, 3Q 31) and
respiratoryquetient (arbon dioxide production as compared to oxygen consumptias)

been shown'to be reduced in cirrhogls63 +£0.05 vs 0.84 +0.06 in controls, p<0.00},

which again reflecta lower proportion of energy derived from carbohydrate (32).

In keeping*withthese findings, whole body protein turnover was found to be increased from
1.8 ++0.3g of lean body mass per 9 hours to 3.34.2¢ of lean body mass per 9 hours in
cirrhotics (30). The consumption of body fat and protein staresirrhoticsis likely further
exacerbatedsby. avverall increase in resting energypenditure, irpart driven by the chronic
upregulatia, of inflammatory mediator§33). This metabolic switch to the use of amino
acids to create glucose results in reduced levels of circulating branched chain amino acids
(BCAAs)#in“patients with cirrhosi¢34). This may further compounds muscle breakdown

since BCAAs are the preferential energy source of skeletal musclelsmutertissu€3s).

Relationshighetween hepatic encephalopathy and muscle mass

A recent prospective study identifiagignificantcorrelation between the presence of hepatic
encephalopathy and sarcopenia in cirrho$ige prevalence of sarcopenia was found to be
30% in patients without encephalopathy, 49% with minimal change encephalopathy and 56%
with overt encephalopath36). Thismayreflect a causative relationship betwdkesetwo

common sequelae of cirrhogig). AlthoughBCAAs are utilised for energy production in
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cirrhosis, the main cause for reduced BCCA levels is their ugigkeuscle to assist in
ammonia detoxification via glutamine synthag&7). Muscle uptake of BCAs is
significantly higher in cirrhotics thatontrols (32 vs -12mol/L blood) and leads to a reduced
BCAA/aromatic amino acid ratio (1.65 vs 2.73, p<0.0®}). Thus in sarcopenic cirrhotic
patients;“both=reduced circulating BCAA levels and redunescle mass may contribute to
impairedammoniaclearance A Cochrane review has concluded the B&Aherapy hasa
beneficial effect on hepatic encephalopathy (RR 0.76, 95% CI 0.63 tonh&2) reflects the
important role BCAAs play immmonia clearanc@8) but few studies investigate the impact

of BCAASs on muscle mass.

Activationof/the Ubiquitin Proteasome Pathway (UPP) and Autophaggreased muscle

breakdown

A review of 21 studies examiningarcopenia of ageingoncluded a strong link exists
between inflammabn andsarcopenia, with TNfalpha and IL6 most commonly implicated
with some of these studies reporting muscle biopsy datastlggiestgshe mechanisms
related oxidative streq89). Cirrhosis is a pronflammatory state, in which levels of TNF
alpha andwetherinflammatory mediators such as interlelikind interleukir6 are elevated
(40). In experimentaktirrhosis astrongcorrelationwas demonstratelletweemrmuscleTNF-
alpha andnuscleubiquitin levels(r=0.86, p<0.001)which reflects the activation of the UPP
suggestinghat in cirrhosis, inflammation may also contribute to sarcop@da A recent
murine study=showed that ethanol can stimulate muscle autophagy walteting
proteasome activitpr the UPP (13), indicating that alcohol induced autophagy may directly

contributeto sarcopenia in patients with alcoholic liver disease

Hormone deficiency

In men, testosterondevels correlate with muscle mass across low to sppyaiological
levels (42)""This hormone has dupositive effects in muscldyy both inhibiting myostatin
productien”(26)which leads to less inhibition of satellite cell activity, and increasinglGF
levels (43), mMTOR activation and muscle protein synthddi8). Up to 90% of ren with
cirrhosis have low testosterone leveldue to defects at all levels of the hypothalamic
pituitary-testicular axig44, 45) In addition SHBG is often elevated, which strongly binds

testosterone and can thereby lead to an even greater reduction in free test(&beroree
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possibility that low testosterone levels contribute to sarcop@nimen with cirrhosisis
supported by a recent study which demonstratedreelaion between tgtosterone levels,

sarcopeniand overall mortalitfp=0.019) (4).

IGF-1 levels are reported to be low in cirrhog€) which would be expected to result in
reduced mTORmediatedactivation of muscle protein synthesis arndcreasedmyostatin
levels (27).. Although a relationship has been established between fallingl1@#d the
sarcopenia.of.agein@6), a similar relationship has not been established in cirrhosis. In one
study, no _correlation between IGE and muscle mass was found in a cohort of 64
hospitalised cirrhotics, however this may be due to the effect of acute illness eéh IFG
levelq47). Thus, although a link between reduced {GFevels in cirrhosis and sarcopenia is

scientifically plausible, this regres further study.

Diagnosis of.sareopenia
Clinical features and functional measures

Anthropometry

Body masssindex can be a poor indicator of nutritional status in patients with cresoii
can be falsely elevated due to fluid overload in the context of portal hypert¢A8jcend
also cannot differentiate fat mass from muscle mass. Thens®o not recommend the

use of such techniques.

Hand grip Strength

Hand grip strength is an objective measure of functiomadcle strength of the hand and
forearm.__This_conveys important information that could potentially transldtes tcapacity

for physiealsactivity which is not necessarily captured by muscle maastification. It
correlates'modestly with muscle thiggs of the hand and forearm (correl 0.379, p = 0.001 in
men and correl’0.268, p = 0.002 in womés). It is interesting to note that some studies,
particularly“in the elderly, show that it is possible to stimulate an increase in muscle mass
without necessarily demonstrating an increase in strength or physicélya@&®). Handgrip
strength haseen shown in a large population study of >140,000 healthy adults to be
independently correlated with alhuse mortality Hazard ratio per 5 kg reduction in grip
strength of 1-16 (CI 1-13-1-20), p<0-0001 (51).
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Frailty

In the general population functional measures of frailty are powerful predictonsrtdlity.

For example, in a study of elderly patients, failure to complete the 6 minute sialwas the

best préictor of mortality with a hazard ratio for mortality o228 (Cl 1.387.69) 62). The
advantages _of such measures are their ability to be repeated serially in outpatient settings as
well as their noAnvasiveness. Limitations include subjective components and difficulty in

standardisations:

Measures Dfrailty derived from geriatric populations have been applied to patients on the
waitlist for liver transplantation, where they have also been shown to have progabst.
These includesthe 6 minute walk test (frail defined as <250m), the Fried fraléx (FFI)

(frail defined’ag3 out of 5 points), and the short physical performance battery (SPPB) (frail
defined as a SPPB score of <9 out of 15) (53, 54)

Quantitativeinvestigations.

Low serum albumin may be an indicator of protein malnutrition but can also be reduced in
the context of cirrhosis due to hepatic synthetic dysfunction. Older quantitatistigatiee
technigues used to assess muscle mass includlealy creatinine exetion or underwater
weighing whieh,have suboptimal accuracy and provide limited informati©ther more
experimental __techniques include neutron activation analysis and air displacement
plethysmography which are highly accurate but not practical in thecallisetting(55).

There are_however techniques that can be performed within a normal hospitgl sittig

easily accessible methods.
MRI

Magnetie=Resonance Imaging (MRI) provides high resolution three dimensionalsimage
which can accurately differentiate tissue planes. Volume calculations can subsequently be
performed to create a complete body composition model for the entire body gieassian.

MRI has been _used for research purposes to accurately display differences in muscle
composition between men and women, and loss of lower limb muscle mass with ageing. Iti
thought to be highly accurate and no ionising radiation exposureuise@(pb6). Limitations

of this techniquencludehigh costand limited access and this h@ecludel its use in routine

clinical practice.

CT
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Computerised Tomography (CT) is also able to differentiate muscle frombmtertissues,
and create a three dimensional mosietilar to MRL It is quck, relatively cheap, readily
available and provides a high degree of accuracy. However whole body Gfingcan
exposes patiestto unacceptably high ionising radiation levels whiclwenbeen linked to
increased rates of subsequent malignaft®, 58) Therefore whole body CT is not an

acceptable tool faroutine and repeated quarddtionof body compaosition.

Assessment.of.thickness of the psoas muscle on CT scan has been employed as an estimate of
muscle mas§59). However skeletal muscle area derived from a single slice CT has become
more easily reproducible, and reduces the radiation exposure required to only 2.6
millisieverts.“Measuing cross sectional muscle area at either the level of the (tt8j)dor

fourth (L4) lumbar vertebrae has been shown to correlate well with total body musse ma
(r=0.71),and.it.is now accepted as a safe and accurate means of estimating mas¢®ma

When adjusted for giient height to take stature into account it is referred to as skeletal

muscle index(61).

L3 skeletal muscle indekas been shown to be of higher accuracy in the diagmdsis
sarcopenia in cirrhosis than anthropometry or DEXA scan(®2y and is now the most
commonly=employed method in studies investigating sarcopenia in cirrf@kjs63)
Diagnostic criteria have been extrapolated from oncology populations, séeE@penids
defined @=<88:5cm/M for women and <52.4cm/mfor men (64). Multiple studies in
cirrhosis which have employed this definition have produced clinically meaningfuisresul
and it is increasingly accepted as the most appropriate definition of sarcegmmausing

cross sectional imagin@, 61, 65, 66).

DualEnergy-Xfay Absorptiometry (DEA)

DEXA scanning uses multiple low doserys to create a 3 dimensional compartmental
modelwhich is highly accurate alifferentiating fat, faffree mass and bone mineral mass. It
has been shown to correlate well with gold standard experimental techniques saatr@s
activation analysis(55). A frequently used measure to assess functional muscle is
appendicular len mass (APLM), which specifically quantifies arm and leg lean mass.
APLM has been shown to correlate well with total batysde mass as measured by whole
body MRI (67). Sarcopenia has been defined as an APLM index (APLM/H¢ight2
standard deviations below the mean, which for a caucasian 4®@lgeaorresponds to an
APLM index of <4.61kg/rhin women and <6.57kg/min men 68).
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DEXA has been evaluated in patients with cirrhosis of varying aetiologies andtissver
Neutron activation analysis was again used as a gold standard, and DEXA was shown to
provide accurate estimations of-fate mass and fat masg9) The APLM skeletal muscle

index has also been employed to examine contributing factors to sarcopenienaticcir
patients (24)==The major limitation of DEXA is its inability to differentiate water from
muscle. As a result, oedematous tissue can falsely elevate muscle mass (@apwgsh is

a potential concern in cirrhotiadhough confounding by ascites is removed by the use of
APLM (37).

A major benefitiof DEXA is thait is cheap and readily availablén addition, the very low
dose of radiation per examination makes it safe to be used for serial measurdbnegrsits
safety, proven accuracy and reproducibility, we believe DEXdasured APLM is likely to
be the most.appropriate diagnostic tool to monitor response to intervention in fulsrantria

cirrhosis

I mplications
Pre-transplant mortality

The prognostic importance of sarcopenia in cirrhosis is becoming well recogniged w
multiple reports that it is associated withortality independent of the MELD score, the tool
most widely used to predict prognosis in patients awaiting liver transplan{atidn59, 61,

63, 66) A'summary of some of the key studies investigating the impact of sarcopenia on

mortality are represented in Table 1.

As in geriatric'populations, functional measures of fraillye been associatedth survival

in cirrhosis;iindependent of the MELD score. Eachm@@rereduction in theés minutewalk

test in onecohortof cirrhotics was independently associated with reduced survival (HR 0.48)
(53). In a large preransplant cohort, each increase by one point in the FFI score was
associated with 45% increase in mortality, and each reduction by one point in the SPPB score
correlated with a 9% increasein mortality (54). Reduced grip strengt@ §tandard
deviations below the meahgas beemssociated witl20.7% 12 montimortality as compared

to 0% mortality in thosewith higher reading§p<0.05) (71).

Mortality has been demonstrated to be from 2.3 to 5.4 times higher in patients meeting

diagnostic criteria for sarcopenia as compared to those without, independent of tbe ME
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score Tablel). In addition, there is evidence that a rapid rate of decline in muscle mass
predicts mortality, with a hazard ratio for mortality on multivariable analysis of 2.73 [95% Ci
1.435.44] in patients with >3.1% change in skeletal muscle index per year as compared to

less dramatic muscle |0682).

The utility of sarcopenia as a predictor of outcomes has been asses$isednoprporatiorof

L3 skeletal muscle index on CT scan into a MELD score model to geegsssis ira study

in of 669 cirrhotic patients. e MELD-sarcopenia model had improved predictive value for
12 month mortality compared to the MELD score alone (c sta@istic vs 0.73, p=0.03nd
was particularlypuseful in patients with MELD score <t5sfatistic 0.85 vs. 0.69, p=0.02)
(73). Validation is required in other studieBhis shouldincludeinvestigationof the post-
transplant outcomes of sarcopenic patients since thisfacditate allocation of organs to
patients who.will gain most benefiand help identify a sarcopenic threshold below which

transplantation.is likely to be futile

Although sarcopenia issaociated with increased mortality, there is evidence to sutjgest
its reversalimproves survival In a study of trangigular intrahepatic portosystemic shunts
(TIPS) outcomesmuscle mass improvepostTIPS in 41 of 57 patients. The 12 month
mortality-of-patients with reversal of sarcopeniasn@.8% vs 43.5% in those in whom
sarcopenia persisted (p=0.0Q7%). This highlights the importance of identifying strategies

for improvingmuscle mass in this patient group
Infection rigk

In both pre”and, podtansplant populations, sarcopenia has been associated with increased
infection riskessAn early study employing L3 SMI to quantify muscle mass showed that the
increase in mortalityassociatedvith sarcopenia was attributable to an increase in sepsis
related death$61). An earlier study investigating the impact of raidn circumference
demonstrated increased infection risk insiadelow the 5percentile as compared to those
above (32% vs 8%, p=0.02J§ ).

In the postiver transplant setting, infection risk was found to4fold higher in patiers

with the lowest gquartile of muscle mass compared with the highest q(aéjleSarcopenia
in the elderlyhas also been associated with increased infectioffRRK2.1)(77). This may
explainthe association between sarcopenia and mortality in cirrhosis, given thistpopida

already at particularly high risk of sepsedated deat(78).
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Post-transplant outcome

Sarcopenia has also been linked with poorer-ppassplant outcomes, including increased
length of stay and reduced survival, and thus prioritizatiorpaifents on the basis of
sarcopenia may not be an appropriate strateljy male transplant recipienteach 10%
incrementaincrease in muscle mass was associated with atffréerlength of stay, and a
12%shorterlCU stay. Eacloneunit decrease in LSMI resulted ina 5% increase in risk of
death(65).

Quiality of life

In addition‘te.its effects on mortality, sarcopenia likely contributes to reduced quality of life
in cirrhosiS. [ Muscle weakness limits exercise capabitign profoundly impacsimple
activities of daily livingand may also contribute to fatigueThese effects can severely
impactparticipation in the community, family and workforce. Altered musclesjitggy is

also thought.t@entribute to muscle cramps which are common in cirrhosis and have been

identified as.a.major factor affecting quality of |{f€9, 80).
Metabolic function

Sarcopeénia‘itself can also lead to secondary alterations in metabolic functiorayhurther
contribute to_the progression of liver diseaséuscle is a highly metabolically active tissue
thatcontributes significantly to insulimediated glucose uptak&l). As a result, arcopenia
reduces glucose uptake and increases insulin resistance, dscheenassociated with
accelerated progression bwer fibrosis and the development of hepatocellular carcinoma
(82, 83) Healthy muscle also secretes biologically active mediators known as myokines,
which have a range of effects includimgediationof inflammation(84). Sarcopenia may
therefore potentiate the pnoflammatory state of cihosiswhich itself can leado further

reductionsiin muscle mss
Sgnificance In men versus women

Data in both.pre and pestansplant populations have suggested the prognostic impact of
sarcopeniayin cirrhosis is more marked in n{éd, 65) The reason for the stronger
associationin men hasnot been studied, but could potentially relate t@ reduction in

testosterone levels.

Potential therapeutic interventions
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Potential treatment options, mechanisms of action and supporting evidence anee@ragse
Table 2.

Diet

Simply increasing caloric intake does not prevent the development of sarcopenihdsigi
(85). Howeverithere is evidence to suggest that a high energy, high rbEdti®) diet can
improve nitregensretentio(.3 +£3.2g of nitrogen/day on HEHP as compareelt@ +/-1.99

of nitrogen/day when fasting, p<0.0(30). A late evening snack has also been shown to
improve nitrogen balance in essthgecirrhosiscompared to usual di€6.53 +£0.53g/day vs
3.57 +/0.78 gfay, p<0.01)which acts to minimise the exaggerated starvation response that
occurs duringmovernight fasting?8). Dietary interventions should therefore routinely
incorporatewadequate protein intake and the consumption of aatbimg energy source

including complex carbohydrates in the late evening.

Given that.BCAA levels are low in cirrhosishe potential therapeutic rolef leucine
supplementation hdseen investigated This theoretically providean energy substrate for
muscleas wellras stimulating muscle protein synthesis via activation ohif@R pathway.
One small trial demonstratedignificantly reduced autophagy and improved mTOR
signalling=in_human muscle following administration of leucenaj this was associated with
increased_muscle protein synthe¢®?). Activation of the mTOR pathway was also
increased by BAA administrationin an animal model of cirrhos{d1). A recent Cochrane
review concluded that BCAA administration improves clinically apparent hepatic
encephalopathy (38however randomised controlled trials o€&A therapy specifically

assessing muscle mass in cirrhotic subjadacking.

Exercise

Although tere is evidence suggesting that lack of physical activity is associated with
sarcopenia and worse outcomegatients with cirrhosig86), there is no specific evidence

that physical th@py can reverse sarcopemeathis settingHowever it seems reasonable to
suggest that_gentle physical therapy may help prevent further muscle loss andnmaintai
physical function. It is still unclear if resistance or cardiovascular training is mosttafes

but in studies in sarcopenia of ageing, any physical exercise program has benefit coonpared t
placebo(87). It should be noted that the nutritional effectspbisical therapy need to be

monitored given that increaseanergy expenditurenay accelerag protein catabolism. If

This article is protected by copyright. All rights reserved



tolerated, we recommend walking-80 minutes 3 to 4 times per week, and lifting light
weights such as hand weights 2 to 3 times per week.

Drug therapies

Given the known alteration in myostatin levels in cirrhosis, myostatin éisckave been
proposed as a potential treatmémtsarcopenia in this settingd recent phase &ial in frail
older patients-has reported that a humanised monoclonahgostatin antibodyncreases
appendicular_lean massQ#43 kg (Cl 0.19.66 on active treatment, p<0.001) as well as

increases gait speed (+0.05m/s, p=0.088) ljut there are no human trials in cirrhotics.

IGF-1 has been shown to improve nitrogen retention in cirrhotig88js as well as reduce
myostatin and.increase muscle mg33) however randomised trials in humans have not yet
been performed. The effects tafstosterone therapyn musclehave not been extensively
evaluated #in““men with cirrhosis, however one smaticotrolled trial showed an
improvementsinthandrip strengthwith topical testosterone therapy (34.Ckigbaseline as
comparedto 39.2kg poseatmentp<0.001) (91).

Therapies used to treat hepatic encephalopathy such as lactulose and rifaximin reduce
ammonia-levels: Given that ammordgansumes BCAAs in muscle as well as activates
myostatin, these therapies could potentially have beneficial effects on musclémabs

has not beensinvestigated

Rewersal of portal HTN

As outlined above, one uncontrolled study demonstrated an increase in muscle mass and an
associated improvement in prognosis following successful TIPS placeRsaats muscle

area improved in 70% gfatientswith anincreaseof the meararea from22.8 cnf at baseline

to 25.1cm postTIPS (p<0.001). (74). This improvementould relateto a reduction in

portal pressuresshowever many other factors sissleduced ascites, reduced metabolic rate,
increased, appetite and improved nutrition could have contributed to this effect. This

intriguing finding requires validation in a well-designed randomised controlléd tria

Liver Transplantation
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Liver transplantation is the definitive treatment for advanced cirrhosis and its complications.
Few studies have specifically investigated the effect of transplantation on muscle mass and
the available data are conflicting. Many of contributors to sarcopenia @ved by
transplantation, with the restoration of normal hepatocyte function and poesgupe,
howeversimmunosuppressive medications such as corticosteroids, calcineuririgslabd

mMTOR inhibitors are all known to adversely affect muscle mass. Published data suggest that
muscle mass can stabilise, increase or decrease after liver transplg®@ti®8) Cleaty

furtherinvestigation and longer term studies are required to better clarify this issue

Conclusion

Sarcopenia is one of the most commonly encountered features of cirrhosis and is associated
with significant morbidity and mortality.  The classic teachtimaf this condition responds

to a high pretein, diet and exercise ignores the complex metabolic alterations in citinabsis
contribute te.muscle los3With increasing understanding of the pathogenesis of sarcopenia in
this populatign;’we are moving closerdeveloping treatments that targets speafianges

in energy “requirementsmetabolic pathways, hormad abnormalities and nutritional

deficiencies

Figures

Figure 1. Muscle regulation and potential therapeutic strategies

Legend:

IGF-1: insulinlike growth factor 1, PKB/AKT: protein kinase B, mMTOR: mammalian target
of rapamycin, E©XO: forkhead box transcription factor

Solid arrowssindicate activating pathways
Dashed lines indicate inhibitory pathways
Bold* indicates potential therapeutic interventfon sarcopenia

Italics/shaded background indicate modifiable negative regulators of muscle mass
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Figure 2. Overview of the causes of sarcopenia in cirrhosis
BCAAs: branched chain amino acids

Bold* indicatespotentially modifiable components
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Table 1. Studies investigating the prognostic impact of sarcopenia in cirrhosis

Study type n Method for measuring muscle %Sarcopenic /frail Mortality risk*
Quantitative 376 Transverse psoas muscle thickness/ nd 15% increase in mortality for each
(Durand et al, 2014) height (TPMT/height) by CT unit decrease in TPMT/height

independent of MELD score
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Quantitative 89  TPMT by CT. Sarcopenia defined as 31% HR 5.398 for mortality on
(Kim et al, 2014) <14mm/m multivariable analysis if sarcopenia
present
Quantitative 112 L3'skeletal muscle index by CT (SMI= 40% HR 2.26 for mortality on
(Montano-Loza et al, muscle area / height?), sarcopenia multivariable analysis if sarcopenia
2012)
defined as <38.5cm/m? for women, present
<52.4cm/m? for men
Quantitative 142, L3:SMI by CT, sarcopenia definedas  41% HR 2.36 for mortality on
(Tandon et al, 2012) <38.5cm/m? for women, multivariable analysis if sarcopenia
<52.4cm/m2 for men present
Quantitative L3-4 SMI by CT, sarcopenia defined 68% HR 0.95 for POST-transplant
(DiMartini et al, 2013) as <38.5cm/m? for women, mortality for each unit increase in
<52.4cm/m?’ for men SMI in men only (no significant
impact in women)
Quantitative 130 L3 SMl by CT, sarcopenia definedas  68% HR 3.03 for mortality on
(Hanai et al, 2014) <38.5cm/m? for women, multivariable analysis if sarcopenia
<52.4cm/m2 for men present
Quantitative 145 =4 SMI by CT, sarcopenia definedas  70.3% HR 1.05 for mortality on
(Sinclair et al, 2015) <52.4cm/m? (men only) multivariable analysis for each unit
decrease in SMI
Functional 121 |6 minute walk test, frail defined as nd Each 100m reduction in 6min walk
(Carey et al, 2010) <250 metres test associated with reduced
survival (HR 0.48) independent of
MELD score
Functional 294  Fried frailty index (FFI), frail defined 17% 45% increase in mortality with each
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(Lai et al, 2014) as >3 out of a maximum of 5 points

Short physical performance battery 31%
(SPPB), frail defined as <9 of
maximum 12 points

Functional 50_ Handgrip strength, frail definedas2  63%

(Alvares-de-silva et al, standard deviations below the mean

1 point increase in FFl,

independent of MELD

19% increase in mortality with each
1 point decrease in SPPB,

independent of MELD score

20.7% 12 month mortality in frail

patients vs 0% in non-frail patients

2003)
*All mortality'results displayed were considered significant with a p value <0.05
Table 2. Therapeutic Interventions for sarcopenia in cirrhosis
Intervention Administration Mechanism Evidence

High energy, high

protein diet

1- 1.5 grams of protein per
kg of body weight per day
(total 3540kcal/kg total

energy intake per day

Improves nitrogen balance

4.3 ++ 3.2 g of nitrogen/day on a
high energy, high protein diet versu
-2.2 +f 1.9 g/day on usual diet, p=
0.01(Dichi et al)

Late evening snack

Complex carbohydrate snag
withsprotein such as cheese
onwholemeal bread

Minimises muscle
breakdown during overnigh
fasting in the context of low

hepatic glycogen stores

Metanalysis revealed increased
respiratory quotient (increased use
glucose) and nitrogen balance and
reduced muscle protein breakdown
(Tsien et al)

BCAA

supplementation

Oral'granules
leucine/isoleucine/valine
7.5g/3.759/3.75¢ (dissolved

in_carbonated beverage)

Activate muscle protein
synthesis via mTOR

signalling pathway

BCAA reduced whole body protein
Ra (representing reduced proteolys
and increased GCN2 (muscle
regulator of MTOR activity), p<0.01
(Tsien et al)

Exercise

We recommend 30 minutes
of maderate intensity
walking 34 times per week
in‘combination with
resisaince training such as
light hand weights 3 times

per week as tolerated

Activates IGF1 which
results in increased mTOR
signalling and down
regulation of muscle
breakdown via the UPP

Nil. But strongly recommended
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Testosterone therapy

Intramuscular testogtene
decanoate or topical
testosterone gel as per
manufacturers

recommendations

Activates androgen recepto
in muscle which inhibits
myostatin, activates muscle
protein synthesis via the
mTOR pathway and down
regulates the UPP

Testosterone gel in 12 hypagadal
men with cirrhosis increased
handgrip strength from 34.03-+/
7.24kg to 39.18 +/5.99kg, p<0.001,

nb no control grougYurci et al)

Normalisation of

Insertion of trangugular

Unknown. May improve

Psoas muscle area improved in 41

bm

portal HTN intra-hepatic portesystemic | nutrient absorption by 57 patients with a mean increase fr
shunt reducing 22.8 +/ 0.9 to 25.1 +/0.9 cnf,
gastropathy/enteropathy, andg<0.001.(Tsien et al)
may reduce systemic
inflammatory driver of
muscle breakdown
Rifaximin 550mg twice daily Hypothetically may down | Nil. Theoretical only

regulate myostatin levels by
reducing serum ammonia
which may also release mo
BCAAs for use as muscle
fuel

IGF-1 therapy

Myostatin blockers

Research use only

Increases mTOR sigrialg
Reduces myostatimduced
blockage of satellite cell
differentiation and

proliferation

No human studies
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