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HIGHLIGHTS

e Sarcopenia affects up to 70%
of patients with cirrhosis and
independently predicts mortality and
decompensation.

Muscle strength is a stronger
prognostic marker than muscle
mass alone.

CT-based morphometry is the
most validated structural tool, but
multimodal assessment is essential.

Nutritional optimization and
structured exercise are the most
consistently beneficial interventions.

Emerging biomarkers show promise
but lack validation for clinical use.

Harmonized diagnostic criteria and
standardized endpoints are urgently
needed.
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ABSTRACT — Background — Sarcopenia is a highly prevalent and clinically
impactful complication of cirrhosis, affecting 30-70% of patients depend-
ing on diagnostic criteria and disease stage. It is strongly associated with
increased mortality, hepatic decompensation, infections, waitlist drop-
out, and inferior posttransplant outcomes. Despite growing recognition,
the field remains limited by heterogeneous definitions, lack of standard-
ized cutoffs, and inconsistent integration of functional and structural as-
sessments. Objective and Methods — This narrative review synthesizes
mechanistic pathways linking cirrhosis to muscle wasting, including hy-
perammonemia, anabolic resistance, systemic inflammation, hormonal
dysregulation, and mitochondrial dysfunction, and critically evaluates
current diagnostic tools such as CT morphometry, DEXA, BIA, and func-
tional performance tests. Emerging biomarkers (myostatin, irisin, metabo-
lomic signatures) and artificial intelligence-based imaging approaches
are discussed as promising but still immature tools requiring validation.
Conclusion — Therapeutic strategies remain constrained by low-quality
evidence, with nutritional optimization, resistance training, and manage-
ment of hepatic complications forming the cornerstone of care. Novel
anabolic and anticatabolic therapies show potential but lack robust clini-
cal trial data. Standardization of diagnostic criteria, integration of multi-
modal assessments, and development of targeted interventions represent
urgent priorities to improve outcomes in cirrhosis-associated sarcopenia.
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INTRODUCTION

Cirrhosis profoundly alters metabolic homeosta-
sis, leading to a spectrum of nutritional and functio-
nal impairments in which sarcopenia has emerged as
a central and independent determinant of prognosis.
Far from being a secondary manifestation of advan-
ced disease, sarcopenia contributes directly to increa-
sed mortality, higher rates of hepatic decompensation,
infections, and inferior quality of life??. Its prevalen-
ce increases with disease severity and is particularly
high among liver transplant candidates, in whom it
predicts waitlist mortality and posttransplant compli-
cations more accurately than traditional scores such
as the Model for End Stage Liver Disease (MELD)®.

Despite its clinical relevance, the field remains
hindered by conceptual and methodological incon-
sistencies. Definitions vary across societies, cutoffs
for muscle mass differ between populations, and
functional assessments are inconsistently incorpo-
rated into diagnostic algorithms. The overlap be-
tween sarcopenia, malnutrition, and hepatic frailty
further complicates clinical interpretation, as these
entities share pathophysiological pathways but re-
present distinct constructs with different prognostic
implications®®.

Recent advances in metabolomics, artificial intelli-
gence—enhanced imaging, and molecular biomarkers
offer opportunities to refine diagnosis and persona-
lize therapy. However, most remain investigational,
with limited external validation and uncertain clini-
cal applicability. Similarly, therapeutic strategies are
constrained by small, heterogeneous trials, lack of
standardized exercise protocols, and limited eviden-
ce supporting pharmacological interventions.

Given these gaps, a critical synthesis is needed
to clarify current knowledge, highlight methodolo-
gical limitations, and outline priorities for research
and clinical practice. This review integrates mecha-
nistic, diagnostic, and therapeutic perspectives, hi-
ghlighting methodological limitations and outlining
priorities for clinical practice and research.

METHODS

This narrative review was conducted following
methodological principles recommended for high-
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quality evidence syntheses in hepatology. A litera-
ture search was performed in PubMed/MEDLINE,
Scopus, and Web of Science from January 2000 to
December 2025. Search terms included: “sarcope-

”»

nia”, “cirrhosis”, “muscle mass”, “frailty”, “myosta-

tin”, “irisin”, “metabolomics”; “liver transplantation”,
“nutrition”, “exercise” and “hyperammonemia”.
Boolean operators and MeSH terms were applied to
maximize sensitivity.

Inclusion criteria were original studies (obser-
vational, interventional, translational), systematic
reviews and meta-analyses, and clinical guideli-
nes from major societies (AASLD, EASL, ESPEN,
EWGSOP), involving adult patients with chronic liver
disease or cirrhosis. Exclusion criteria were pediatric
populations, non-peer-reviewed material, conferen-
ce abstracts without full data, and studies lacking cle-
ar diagnostic criteria for sarcopenia.

Two reviewers independently screened titles
and abstracts, with full text evaluation for eligible
studies. Discrepancies were resolved by consensus.
Given the narrative design, no formal risk-of-bias as-
sessment was performed; however, methodological
limitations of included studies were critically apprai-
sed and explicitly discussed. The review prioritizes
mechanistic insights supported by experimental and
clinical evidence, diagnostic tools with validated
prognostic relevance, therapeutic interventions with
reproducible outcomes, and emerging biomarkers
with translational potential.

Definition and prevalence

The conceptualization of sarcopenia has evolved
substantially over the past three decades. Initially
described by Rosenberg in 1989 as age-related loss
of muscle mass, it is now recognized as a multi-
dimensional condition encompassing reductions in
muscle strength, quantity, and quality®”. Contem-
porary definitions emphasize that muscle streng-
th is a more robust predictor of adverse outcomes
than muscle mass alone, a distinction particularly
relevant in cirrhosis, where metabolic and inflam-
matory disturbances disproportionately impair con-
tractile function.

In cirrhosis, sarcopenia represents the most cli-
nically relevant nutritional and functional complica-
tion, with prevalence estimates ranging from 30% to
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70% depending on diagnostic modality, population
characteristics, and disease severity®. This wide va-
riability reflects the absence of standardized cutoffs
and the heterogeneity of assessment methods, which
complicates comparisons across studies and limits
implementation in routine care.

Sarcopenic obesity characterized by excess adipo-
sity masking muscle depletion has gained prominen-
ce in the context of metabolic dysfunction associated
steatotic liver disease (MASLD). This phenotype is
frequently underdiagnosed and confers a prognosis
comparable to or worse than isolated sarcopenia,
with higher mortality and increased risk of hepatic
decompensation®!'?,

Frailty, although conceptually distinct, overlaps
substantially with sarcopenia. The Liver Frailty Index
(LFD has demonstrated superior predictive accuracy
for waitlist mortality compared with MELD, unders-
coring the importance of integrating functional asses-
sment into risk stratification®®. However, the boun-
daries between frailty, malnutrition, and sarcopenia
remain blurred, and the lack of harmonized defini-
tions continues to hinder clinical translation.

Overall, despite increasing recognition, the field
remains limited by inconsistent diagnostic criteria,
population-specific cutoffs, and methodological va-
riability. Standardization is urgently needed to enable
meaningful comparisons, guide therapeutic decisions,
and support regulatory acceptance of sarcopenia as a
modifiable prognostic determinant in cirrhosis.

Pathophysiology

Sarcopenia in cirrhosis arises from a complex in-
terplay of metabolic, inflammatory, hormonal, and
functional disturbances. Although individual me-
chanisms have been well described, their relative
contributions and interactions remain incompletely
understood, reflecting the multifactorial nature of
muscle wasting in chronic liver disease.

Hyperammonemia and Mitochondrial Dys-
functions are central drivers of muscle catabo-
lism. Elevated ammonia levels impair mitochon-
drial function, reduce ATP production, and activate
autophagy, leading to accelerated proteolysis. Am-
monia also suppresses the mTOR pathway and in-
creases myostatin expression, contributing to ana-
bolic resistance™!.

Systemic Inflammation and Oxidative
Stress, characterized by elevated Tumor Necrosis
Factor o (TNF-a), Interleukin 6 (IL-6), and endo-
toxemia, activates the ubiquitin—proteasome system
and inhibits Insulin-Like Growth Factor-1 (IGF-1)
signaling, further impairing protein synthesis. Chro-
nic inflammation also contributes to mitochondrial
dysfunction and oxidative stress, exacerbating mus-
cle degradation?.

Hormonal dysregulation plays a substantial
role. Cirrhotic patients frequently exhibit hypogo-
nadism, insulin resistance, and reduced growth hor-
mone/IGF-1 axis activity. These alterations impair
muscle anabolism and promote fat infiltration into
muscle fibers, reducing contractile quality?.

Nutritional Deficits and Accelerated Starva-
tion, including reduced caloric intake, early satie-
ty due to ascites, altered taste, and malabsorption,
accelerate muscle breakdown. The cirrhotic liver
quickly depletes glycogen stores, leading to early
fasting and increased reliance on gluconeogenesis
from muscle protein, a phenomenon known as “ac-
celerated starvation”?.

Physical inactivity, often driven by fatigue, frail-
ty, and hepatic encephalopathy, further contributes
to muscle atrophy and functional decline. Reduced
activity exacerbates anabolic resistance and impairs
mitochondrial biogenesis.

Although these mechanisms are increasingly well
characterized, significant gaps remain. Most mecha-
nistic insights derive from animal models or small
observational studies, and the relative contribution of
each pathway likely varies across disease stages and
phenotypes. Translational research linking molecu-
lar pathways to therapeutic targets remains limited,
underscoring the need for mechanistically informed
clinical trials.

The FIGURE 1 illustrates a pathophysiological
model of sarcopenia in cirrhosis.

Diagnostic assessment

Accurate assessment of sarcopenia in cirrhosis is
challenging due to fluid retention, body composition
alterations, and the lack of universally accepted diag-
nostic criteria. Current methods evaluate structural
and functional components, each with strengths and
limitations.
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FIGURE 1. Integrated pathophysiological model of sarcopenia in cirrhosis.

This figure illustrates the major biological pathways contributing to sarcopenia in cirrhosis, including hyperammonemia-induced mitochondrial dysfunction,
systemic inflammation, anabolic resistance through impaired IGF-1 and mTOR signaling, hormonal disturbances, malnutrition, and reduced physical
activity. The diagram highlights the interconnected nature of these mechanisms and their cumulative impact on muscle protein synthesis and degradation®®.
IGF-1: insulin-like growth factor-1. mTOR: mechanistic target of rapamycin. BCAA: branched-chain amino acid.

Structural assessment

Computed tomography (CT) at the L3 vertebral
level is considered the gold standard for quantifying
skeletal muscle mass. The skeletal muscle index
(SMD derived from CT correlates strongly with mor-
tality and waitlist outcomes®®. SMI cutoffs (<50 cm?/
m? for men; <39 cm?*m? for women) predict mortali-
ty in transplant candidates”. However, CT is limited
by cost, radiation exposure, and the need for spe-
cialized software. Cutoffs remain population-specific,
and their prognostic validity varies across cohorts.

Dual-energy X-ray absorptiometry (DEXA)
provides whole-body composition estimates but is
significantly affected by ascites and edema, reducing
accuracy in advanced cirrhosis®.

Portable and radiation-free, ultrasound is promi-
sing but lacks standardized protocols and validated
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cutoffs. Recent studies suggest good reproducibility
for quadriceps thickness, but external validation is
still limited™.

Bioelectrical Impedance Analysis (BIA) is
inexpensive and widely available but highly sensitive
to hydration status, making it unreliable in patients
with ascites or edema. Segmental multifrequency
BIA improves accuracy but still lacks robust valida-
tion in cirrhosis®.

Anthropometry: anthropometric measures such
as mid-arm muscle circumference (MAMC) and tri-
ceps skinfold thickness (TSF) are simple, low-cost,
and unaffected by ascites"®. Saueressig et al. pro-
posed sex-specific MAMC cutoffs (<24.2 cm for men
and <21.5 c¢m for women), which were independen-
tly associated with one-year mortality. These findings
support the use of MAMC as a pragmatic tool in
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resource-limited settings, although external valida-
tion across diverse populations remains necessary.
Recent multicenter Brazilian data demonstrated that
MAMC predicts mortality independently of MELD-Na
and Child-Pugh class, supporting its use in resource-
-limited settings'”. However, interobserver variabi-
lity and lack of universal cutoffs remain challenges.

In settings where imaging is unavailable, anthro-
pometric measurements remain valuable. The EASL
2019 guidelines recommend mid-arm muscle cir-
cumference (MAMC), arm muscle area (AMA), and
triceps skinfold thickness (TSF) as simple, low-cost
methods unaffected by ascites or edema’”. Among
these, MAMC has shown superior prognostic value
and good reproducibility.

Functional assessment

Sarcopenia exerts a substantial impact on the na-
tural history of cirrhosis, contributing to higher mor-
tality, increased risk of decompensation, infections,
and inferior post-transplant outcomes. Management
requires a multidimensional approach combining
nutritional optimization, structured exercise, and
targeted treatment of hepatic complications. Ho-
wever, the evidence base remains limited by small
sample sizes, heterogeneous methodologies, and
lack of standardized endpoints. Functional measu-
res are increasingly recognized as essential compo-
nents of sarcopenia diagnosis.

Handgrip strength is simple, reproducible, and
strongly associated with mortality, frailty, and hospi-
talization®*'®.

Physical performance tests including Gait
Speed, the Short Physical Performance Battery, the
Timed Up and Go test, and the Sixminute walk
test—capture global functional capacity and predict
clinical outcomes®!”. Data have shown that low dai-
ly step count and reduced performance on the six-
minute walk test are associated with increased risk of
hospitalization and mortality in community-dwelling
patients with cirrhosis'®.

Dynapenia, an isolated reduction in muscle
strength, has been demonstrated as an independent
predictor of adverse liver-related events, including
ascites, encephalopathy, variceal bleeding, liver fai-
lure, and hepatocellular carcinoma, surpassing skele-
tal muscle mass as a functional predictor>*.

While structural and functional assessments are
essential for identifying sarcopenia, they represent
only part of the broader nutritional and metabolic
disturbances observed in cirrhosis. Because muscle
loss frequently coexists with malnutrition and syste-
mic inflammation, a comprehensive evaluation must
also incorporate validated nutritional frameworks
and direct measures of muscle mass. The following
section summarizes current approaches to assessing
malnutrition and muscle mass, highlighting their
prognostic relevance and practical limitations.

TABLE 1 summarizes diagnostic methods for as-
sessing sarcopenia in cirrhosis.

Nutritional assessment and muscle mass

Leading international nutrition societies have pro-
posed the Global Leadership Initiative on Malnu-
trition (GLIM), which defines diagnostic based on
the combination of phenotypic criteria (weight loss,
low Body Mass Index, and reduced muscle mass)
and etiologic criteria (reduced food intake or syste-
mic inflammation). A diagnosis of malnutrition re-
quires at least one criterion from each category, with
muscle mass assessment preferably performed using
imaging methods".

Artificial intelligence and automated imaging

Advances in artificial intelligence and deep le-
arning models have enabled automated analysis of
CT images, identifying and quantifying muscle mass
with high precision and reproducibility. Onishi et
al. (2025) demonstrated that models such as Dee-
plabv3 and EfficientNetV2-XL accurately segmen-
ted skeletal muscle area on CT scans and estima-
ted skeletal muscle index with high sensitivity and
specificity®?. These technologies may standardize
sarcopenia assessment, reduce observer bias, and
facilitate integration into clinical practice as prog-
nostic and monitoring tools.

Despite methodological advances, no single me-
thod fully satisfies the criteria of accuracy, feasibili-
ty, and broad applicability in cirrhosis"®. CT-based
morphometry remains the most validated tool but is
impractical for routine screening. DEXA is substan-
tially affected by ascites and fluid overload, whereas
BIA depends heavily on hydration status. Anthropo-
metric measures such as MAMC offer low-cost alter-
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TABLE 1. Diagnostic methods for assessing sarcopenia in cirrhosis.This table summarizes the principal tools used to evaluate sarcopenia in
patients with cirrhosis, including imaging-based, anthropometric, and functional assessments. For each method, the table details measurement
type, commonly used cutoffs, major advantages and limitations, prognostic associations, and preferred clinical contexts. Cutoffs and prognostic
data are derived from studies specifically conducted in cirrhotic populations.

Method

CT (L3 Skeletal
Muscle Index)

CT (Psoas or
Paraspinal
Muscle Area)

DEXA

Bioelectrical
Impedance
Analysis (BIA)

MidArm Muscle
Circumference
(MAMC)

Handgrip
Strength (HGS)

Short Physical
Performance
Battery (SPPB)

Six-minute
Walk Test
(6MWT)

Liver Frailty
Index (LFI)

Ultrasound
(Quadriceps
Thickness)

Measurement

Muscle mass
cross-sectional
area at L3
normalized by
height

Segmental
muscle mass

Total and
appendicular
lean mass

Estimated lean
mass

Peripheral
muscle mass
(anthropometry)

Muscle strength

Physical
performance

Functional
capacity

Composite
frailty score

Peripheral
muscle mass

Cutoffs

Men <50
cm?/m?;
women <39
cm?/m?

Cohortspe-
cific percen-
tiles

No cirrho-
sisspecific
consensus

Cohortspe-
cific

Men <24.2
cm; women
<21.5cm

<27 kg
(men); <16
kg (women)

<8 points

<250-300 m

>4.5-4.6

No validated
cutoffs

Major
Advantages

Gold standard;
strong prognostic
value; widely
validated

Uses existing
imaging; feasible
retrospectively

Low radiation;
reproducible;
whole-body
composition

Portable;
inexpensive;
useful for serial
follow-up

Very low cost;
unaffected by
ascites; bedside
applicability

Simple;
inexpensive;
strong predictor
of mortality

Integrates
balance, gait,
and strength;
strong prognostic
value

Reflects global
functional
reserve;
responsive to
interventions

Validated;
superior to
MELD for waitlist
mortality

No radiation;
portable;
repeatable

Major
Limitations

Radiation;

cost; requires
software; not
suitable for
serial monitoring

Lower
reproducibility;
less robust than
total SMI

Strongly
affected by
ascites/edema;
equipment
required

Highly hydra-
tion-dependent;
ascites overesti-
mates lean mass

Interobserver
variability; regio-
nal cutoffs

Does not
measure
mass; requires
cooperation

Requires
space/time;
less specific to
muscle

Influenced by
cardiopulmonary
disease

Does not mea-
sure muscle
mass

Operatordepen-
dent; limited
validation

Prognostic

Waitlist
mortality;
posttransplant
mortality;
complications

Mortality;
infections;
length of stay

Frailty;

reduced
physical
function

Moderate
association
with outcomes

One-year
mortality;

functional
decline

Mortality;
hospitalization;
frailty

Mortality; falls;
hospitalization

Hospitalization;
mortality

Waitlist
mortality;
hospitalization

Correlates
with CT and
strength

Clinical
Context

Liver transplant
evaluation;
patients
undergoing

CT for HCC
surveillance

Centers
without full
morphometry
software

Research
settings;
combined
bone/muscle
assessment

Outpatient
screening;
lowresource
settings

Resourcelim-
ited settings;
routine screen-
ing

Screening;
pretransplant
evaluation

Frailty
assessment;
transplant
evaluation

Exercise
programs;
pretransplant
assessment

Transplant
candidate
evaluation

Research;
centers with
expertise

Key
Reference

Carey
EJetal,
Hepatology
2017

Bhaniji

RA et al.,
Hepatology
2019

Lai JC et al.,
Hepatology
2017

Merli M et
al., EurJ
Gastroenterol
Hepatol 2015

Saueressig
MG et al.,
Clin Nutr
2024

Ha J et al.,
Liver Int 2018

Kirk Aetal., J
Hepatol 2024

LinSetal.,J
Hepatol 2022

Lai JC et al.,
Hepatology
2017

Nishikawa
Hetal,J
Gastroenterol
Hepatol 2021

CT: computed tomography. SMI: skeletal muscle index. DEXA: dual-energy X-ray absorptiometry. BIA: bioelectrical impedance analysis. MAMC: mid-arm
muscle circumference. HGS: handgrip strength. SPPB: short physical performance battery. BMWT: six-minute walk test. LFI: liver frailty index. HCC:
hepatocellular carcinoma.
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natives but lack universal cutoffs and are suscepti-
ble to interobserver variability. Thus, a multimodal
approach—integrating structural measures, functio-
nal assessments, and nutritional evaluation offer the
most comprehensive and cost-effective strategy for
detecting sarcopenia in cirrhosis.

Although current diagnostic tools provide valu-
able structural, functional, and nutritional informa-
tion, they remain limited by variability in cutoffs,
dependence on operator expertise, and inconsistent
applicability across clinical settings. These limitations
have stimulated growing interest in molecular and
metabolic biomarkers capable of capturing early or
subclinical muscle alterations.

Emerging biomarkers in cirrhosis-associated
sarcopenia

The search for reliable biomarkers of sarcopenia
in cirrhosis has intensified in recent years, driven by
the limitations of imaging-based assessment and the
need for tools capable of capturing early metabolic
alterations. Among the most promising candidates are
myostatin, irisin, and metabolomic signatures, each re-
flecting distinct aspects of muscle biology. However,
despite encouraging preliminary data, none has yet
achieved sufficient validation for routine clinical use.

Myostatin (GDF-8), a Transforming Growth Fac-
tor B (TGF-P) family member, is a potent inhibitor
of muscle growth. In cirrhosis, circulating and intra-
muscular myostatin levels are elevated, likely driven
by chronic inflammation, hyperammonemia, and in-
sulin resistance®. Increased myostatin expression
suppresses Akt/mTOR signaling, exacerbating ana-
bolic resistance, and accelerating muscle loss. Clini-
cal studies demonstrate that higher serum myostatin
correlates with lower muscle mass, reduced strength,
and increased mortality®”. However, heterogeneity
in assays, lack of standardized thresholds, and con-
founding by renal dysfunction limit its current appli-
cability. Therapeutic inhibition of myostatin remains
experimental, with early-phase trials in non-cirrhotic
populations showing mixed results.

Irisin, a myokine released during physical acti-
vity, promotes mitochondrial biogenesis and impro-
ves insulin sensitivity. Cirrhotic patients exhibit sig-
nificantly reduced irisin levels, which correlate with
lower lean mass, impaired functional performance,

and systemic inflammation®?>, Experimental models
suggest that irisin enhances Akt/mTOR signaling and
downregulates myostatin, positioning it as a poten-
tial mediator of exercise-induced benefits.

However, clinical data remain limited, and me-
thodological inconsistencies in irisin quantification
hinder cross-study comparisons. Whether irisin can
serve as a therapeutic target or biomarker of respon-
se to rehabilitation requires further investigation.

Metabolomic Signatures offers a comprehensi-
ve view of metabolic derangements in cirrhosis-asso-
ciated sarcopenia. Typical profiles include reduced
branched-chain amino acids (BCAAs), increased aro-
matic amino acids, and alterations in lipid and energy
metabolism®. These patterns reflect mitochondrial
dysfunction, impaired protein synthesis, and altered
substrate utilization.

Recent studies integrating metabolomics with ma-
chine-learning approaches have identified panels of
metabolites capable of discriminating sarcopenic from
non-sarcopenic cirrthotic patients with high accuracy,
particularly involving alterations in amino-acid—deri-
ved metabolites and lipid species, including ceramide-
-related pathways®®. Nevertheless, small sample sizes,
lack of external validation, and variability in analytical
platforms limit clinical translation.

Metabolomics therefore enables an integrative
and non-invasive assessment of muscular and hepatic
metabolic status, representing a new frontier in the
diagnostic and prognostic evaluation of cirrhosis-asso-
ciated sarcopenia. However, the absence of analytical
standardization and validated cutoffs currently limits
its integration into clinical practice. Myostatin, irisin,
and metabolomic profiles represent a new generation
of biomarkers that expand our understanding of the
pathophysiology of sarcopenia in cirrhosis by linking
metabolic, inflammatory, and hormonal pathways.

Although emerging biomarkers provide valuable
mechanistic insights, their clinical utility remains
constrained by methodological heterogeneity, ab-
sence of validated cutoffs, and limited reproduci-
bility. At present, they should be viewed as com-
plementary research tools rather than diagnostic
standards. Large, multicenter studies integrating bio-
markers with imaging and functional assessments
are needed to advance precision phenotyping and
guide targeted interventions.
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Clinical and therapeutic implications

Sarcopenia exerts a profound impact on clinical
outcomes in cirrhosis, including increased mortality,
higher rates of hepatic decompensation, infections,
and inferior post-transplant survival®. The manage-
ment of sarcopenia in patients with cirrhosis is multi-
dimensional, involving supervised physical exercise,
nutritional interventions, and pharmacological the-
rapies. Despite its prognostic relevance, therapeutic
strategies remain limited by low-quality evidence,
heterogeneous study designs, and lack of standardi-

zed protocols®”.

Nutritional interventions

Caloric and Protein Targets: nutritional optimi-
zation is a cornerstone of management. Current gui-
delines recommend caloric intake =35 kcal/kg/day
and protein intake =1.2-1.5 g/kg/day®*”. Frequent
meals and late-evening snacks mitigate accelerated
starvation and reduce muscle proteolysis’?. Plant-
-based proteins may reduce ammonia production
and improve HE control, although evidence remains
modest (Igbal et al., 2021).

Prolonged fasting should be avoided in patients
with cirrhosis, as hepatocellular dysfunction impairs
hepatic glycogen synthesis, storage, and mobilization.
As a result, the cirrhotic liver has markedly reduced
glycogen reserves, which are depleted within hours
of fasting. Consequently, the body enters an early ca-
tabolic state, relying on muscle protein breakdown for
gluconeogenesis. This phenomenon occurs even after
short fasting periods (6-10 hours) and is known as
“pseudo-fasting”, characterized by a rapid metabolic
shift toward muscle consumption® Enhanced prote-
olysis directly contributes to the progression of sar-
copenia, worsening loss of lean body mass, physical
function, and clinical outcomes. Therefore, frequent
meals every 3—4 hours and inclusion of a late-evening
snack are recommended to reduce time in a catabolic
state, preserve muscle mass, and support improved
nutritional and metabolic outcomes?.

Dietary protein is a major source of intestinal
ammonia production, a key factor in the occurrence
and/or control of hepatic encephalopathy (HE). Re-
commended protein intake may come from plant-ba-
sed or animal sources. Compared to animal protein,
plant protein contains higher levels of arginine, which
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in turn increases urea synthesis. Furthermore, it has a
higher fiber content, which consequently creates an
acidic colonic environment that favors ammonia ex-
cretion. Finally, plant protein also contains lower le-
vels of methionine and tryptophan. Collectively, these
effects lead to lower circulating levels of ammonia and
mercaptans, both involved in mediating HE®”.

Branchedchain amino acids (BCAAs): parti-
cularly leucine—activate mTOR signaling and stimu-
late muscle protein synthesis. Meta-analyses show
modest improvements in hepatic encephalopathy
and quality of life but inconsistent effects on muscle
mass or survival®". Their role appears more suppor-
tive than transformative. BCAAs are among the most
anabolic essential amino acids, particularly leucine,
which plays a central role in skeletal muscle protein
synthesis®?. Beyond serving as protein substrates,
BCAAs act as pharmacological nutrients and promo-
te albumin synthesis via mTOR activation, improve
albumin redox status and function in cirrhotic pa-
tients, stimulate hepatocyte growth factor secretion
by hepatic stellate cells, modulate immune function,
and may attenuate insulin resistance and hepato-
carcinogenesis in cirrhosis. Some data also suggest
that BCAAs support liver regeneration after injury.
Despite their pleiotropic actions, these benefits have
not consistently translated into improvements in hard
clinical outcomes®®. Accordingly, their use should
be individualized, with BCAAs serving primarily as
supportive therapy in patients with hepatic encepha-
lopathy or insufficient protein intake®?.

Deficiencies in vitamins and trace elements are
highly prevalent in cirrhosis and contribute to neuro-
muscular dysfunction, regardless of disease etiology,
and particularly prevalent in advanced disease, cho-
lestasis, or acute illness®.

Thiamine (vitamin B1) is a water-soluble vita-
min involved in nerve propagation and serves as a
key cofactor in amino acid and carbohydrate meta-
bolism. Vitamin B1 deficiency is especially common
in alcohol-related cirrhosis due to insufficient intake
and alcohol-induced damage of gastrointestinal thia-
mine absorption®®. Thiamine deficiency leads to pe-
ripheral neuropathy, cardiomyopathy, or Wernicke
encephalopathy®®. Vitamin A plays essential roles
in multiple metabolic pathways, from vision to gene
transcription. The liver is the primary storage site of
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vitamin A, particularly within hepatic stellate cells®”.
Vitamin D deficiency correlates with increased risk
of infections, bone disease (osteoporosis and osteo-
penia), and mortality®33®

Magnesium deficiency is associated with mus-
cle cramps, a frequent complaint among cirrhotic
patients. Manganese is excreted via bile and can ac-
cumulate in the brain, particularly the basal ganglia,
causing encephalopathy and extrapyramidal symp-
toms mimicking Parkinsonism®. Zinc deficiency,
frequent in advanced cirrhosis, is linked to impai-
red immune function, altered ammonia metabolism,
and worse transplant-free survival. These abnorma-
lities warrant systematic screening and targeted su-
pplementation®?.

Exercise and physical rehabilitation:
evidence-based perspective

Exercise has emerged as the most consistently
effective and biologically coherent intervention for
sarcopenia in cirrthosis. Unlike pharmacological the-
rapies that target isolated pathways, structured phy-
sical activity exerts broad, multi-system effects that
directly counteract the metabolic, inflammatory, hor-
monal, and mitochondrial disturbances characteris-
tic of chronic liver disease. Over the past decade, a
growing body of clinical and translational research
has reframed exercise not as an optional adjunct, but
as a central therapeutic pillar in the management of
cirrhosis-assciated muscle loss.

The rationale for exercise in cirrhosis is grounded
in robust mechanistic data. Resistance training acti-
vates the mechanistic target of rapamycin (mTOR)
pathway, stimulating muscle protein synthesis and
promoting satellite cell proliferation—processes that
are markedly suppressed in cirrhosis due to hype-
rammonemia, inflammation, and hormonal dysre-
gulation?. Aerobic exercise complements the-
se effects by enhancing mitochondrial biogenesis
through Peroxisome Proliferator-Activated Receptor
Gamma Coactivator-1 Alpha (PGC-1a) activation,
improving oxidative phosphorylation, and reduc-
ing ammonia-induced mitochondrial dysfunction®”,
Exercise also attenuates systemic inflammation, lo-
wering circulating TNF-a and IL-6, and improves
insulin sensitivity, thereby reducing proteasomeme-
diated muscle catabolism“®.

Although randomized trials remain small, their
findings are remarkably consistent. In a landmark
study, Berzigotti et al. (2016)““" demonstrated that
a 12-week supervised exercise program improved ae-
robic capacity, muscle strength, and quality of life in
patients with compensated cirrhosis, without increa-
sing portal pressure. Similar benefits were observed
in trials by Zenith et al. (2014 and Roman et al.
(2016)*?, which reported significant gains in sixmi-
nute walk distance, peak VO,, and handgrip strength.

Prehabilitation—structured — exercise ~ combined
with nutritional and educational interventions—has
gained relevance in transplant hepatology. Data has
demonstrated that prehabilitation improves the Liver
Frailty Index, reduces waitlist hospitalizations, and
enhances posttransplant recovery“”. Even modest
increases in daily physical activity, such as achieving
>5,000 steps/day, are associated with lower mortality
and fewer complications®. These findings undersco-
re the prognostic significance of functional reserve
and highlight exercise as a modifiable determinant of
transplant outcomes.

Given the logistical barriers faced by many pa-
tients—including fatigue, frailty, and lack of access to
specialized centers—home-based and tele-rehabilita-
tion programs have emerged as practical alternati-
ves. Studies using wearable accelerometers, remote
coaching, and elastic-band resistance training have
demonstrated high adherence and clinically mea-
ningful improvements in strength and mobility>.
These models expand access while maintaining sa-
fety and efficacy.

Although standardized protocols are lacking, evi-
dence supports a multimodal approach combining
resistance, aerobic, and functional training:

e Resistance training: 2-3 sessions/week, 6-10
exercises targeting major muscle groups, 2-3
sets of 8-12 repetitions”,

e Aerobic training: 20-40 minutes/session at
moderate intensity (40-60% VO,max), such as
walking or cycling“?.

e Functional training: balance, gait, and mobi-
lity exercises to reduce frailty and fall risk“?,

Exercise should be avoided during acute decom-
pensation, and intensity should be adjusted based
on fatigue, hemodynamic tolerance, and encephalo-
pathy status.
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Despite strong mechanistic rationale and consis-
tent functional benefits, several limitations persist.
Trials are small, heterogeneous, and often short in
duration. Long-term effects on survival, decompensa-
tion, and transplant-free mortality remain uncertain.
Standardized endpoints—such as changes in muscle
strength, physical performance, and frailty indices—
are needed to harmonize future research. Integration
of biomarkers, imaging, and wearable technology
may enable more precise monitoring of treatment
response.

Among all available interventions, exercise stands
out as the most effective, safe, and broadly applica-
ble therapy for sarcopenia in cirrhosis. It addresses
the multifactorial drivers of muscle loss, improves
functional capacity, enhances quality of life, and
strengthens transplant readiness. While pharmacolo-
gical therapies remain adjunctive, exercise combined
with nutritional optimization forms the foundation of
evidence-based management.

Pharmacological therapies: promise and
limitations

Pharmacological therapies for sarcopenia in cir-
rhosis remain an area of active investigation, driven
by the multifactorial nature of muscle wasting and
the limited efficacy of nutritional and exercise inter-
ventions alone. Although several agents demonstrate
biological plausibility and encouraging preclinical re-
sults, translation into meaningful clinical benefit has
been inconsistent. To date, no pharmacological the-
rapy is approved specifically for cirrhosis-associated
sarcopenia, and most interventions remain adjuncti-
ve rather than disease-modifying.

Testosterone and androgen-based therapies:
Hypogonadism is common in men with cirrhosis and
contributes to reduced muscle mass, bone density,
and functional capacity. Testosterone replacement
increases lean body mass and bone mineral den-
sity in small, randomized trials, but improvements
in muscle strength or clinical outcomes are incon-
sistent“®?. Potential benefits include stimulation of
protein synthesis via androgen receptor activation,
increased IGF-1 signaling, improved erythropoiesis
and energy levels.

However, safety concerns limit widespread use.
Testosterone may exacerbate fluid retention, wor-
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sen portal hypertension, and theoretically stimulate
hepatocellular carcinoma growth. Transdermal for-
mulations may offer more stable pharmacokinetics,
but evidence remains insufficient. Therapy should
be restricted to carefully selected hypogonadal men
with close monitoring.

Selective Androgen receptor modulators
(SARMs) provide tissue-selective anabolic effects
with fewer androgenic side effects. Agents such as
enobosarm increase lean mass in older adults and
chronic disease populations, but gains in strength
and physical performance have been modest™®. Key
limitations include hepatotoxicity signals in early tri-
als, lack of data in cirrhosis and uncertain long-term
safety. Given altered drug metabolism in cirrhosis,
SARMs remain experimental and should not be used
outside clinical trials.

Myostatin and ActRII inhibitors: myostatin, a
negative regulator of muscle growth, is upregulated
in cirrhosis and contributes to anabolic resistance.
Inhibiting myostatin or its receptor (ActRID) increases
muscle mass in non-cirrhotic populations, but func-
tional improvements have been inconsistent across
clinical trials“”. Challenges include edema and fluid
retention observed in some programs, potential off-
target effects on cardiac and smooth muscle and ab-
sence of studies in cirrhosis, where safety concerns
are amplified. Despite strong mechanistic rationale,
these agents remain investigational.

Growth hormone and IGF-1 Axis modulation.
Growth hormone (GH) resistance and reduced IGF-1
levels are hallmarks of cirrhosis. GH supplementation
increases IGF-1 and lean mass in small studies but is
limited by high cost, risk of insulin resistance and po-
tential for worsening portal hypertension. IGF-1 the-
rapy is theoretically attractive but limited by short hal-
flife and concerns about tumorigenesis“®*”. Neither
approach is recommended in clinical practice.

Ammonia-lowering agents. Hyperammonemia
contributes directly to muscle catabolism by impai-
ring mitochondrial function, increasing autophagy,
and upregulating myostatin. Lactulose and rifaxi-
min improve hepatic encephalopathy but have not
consistently demonstrated improvements in muscle
mass or strength®>?. L-ornithine L-aspartate (LOLA)
enhances ammonia detoxification and increases
muscle protein synthesis in animal models, but hu-
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man data remain limited and heterogeneous. Ove-
rall, ammonia-lowering therapies may support mus-
cle preservation indirectly but are not sufficient as
stand-alone treatments for sarcopenia. Rifaximin has
emerging observational evidence suggesting associa-
tion with improved muscle mass in cirrhosis with HE,
but prospective trials are still needed®!*?.
Metabolic and mitochondrial modulators
have been evaluated as potential therapeutic ad-
juncts in cirrhosis. L-carnitine may ameliorate fatigue
and enhance ammonia metabolism, although evi-
dence for improvements in muscle mass or function
is minimal®®. Antioxidants, including vitamin E and
N-acetylcysteine, provide theoretical mechanistic be-
nefit but lack convincing clinical data”®”. Metformin
improves insulin sensitivity and may reduce hepato-
cellular carcinoma risk, yet no studies demonstrate
efficacy in sarcopenia®. These agents should the-
refore be considered investigational and are not re-
commended for the targeted treatment of sarcopenia.
Anti-inflammatory and anti-catabolic strate-
gies have been explored considering the contribu-
tion of systemic inflammation to muscle wasting.
TNF-a inhibitors and IL-6 antagonists exhibit ana-
bolic effects in other chronic conditions, yet their
applicability in cirrhosis is constrained by a high
risk of infection. Similarly, autophagy inhibitors and
proteasome modulators demonstrate encouraging
preclinical activity but remain unsupported by hu-

man studies 59,

Why Have pharmacological therapies not
achieved consistent clinical benefit?

Multiple factors contribute to the modest perfor-
mance of pharmacological therapies in sarcopenia,
including its multifactorial pathophysiology, altered
drug pharmacokinetics in cirrhosis, risks of fluid
retention, infection, and hepatotoxicity, the lack of
validated trial endpoints, heterogeneous patient co-
horts, and the generally short duration of available
studies. As a result, these agents currently serve as
adjuncts rather than core therapeutic strategies.

Current role in clinical practice. Exercise and
nutrition remain the cornerstone of management.
Pharmacological interventions may be appropriate
only for carefully selected subgroups—such as hypo-
gonadal men or patients with hepatic encephalopa-

thy receiving BCAAs—and most agents should be con-
fined to clinical trial settings. Advancing the field will
require mechanistically grounded trials, harmonized
diagnostic criteria, and composite endpoints capa-
ble of capturing meaningful clinical change. TABLE 2
summarizes available data, and FIGURE 2 outlines a
proposed multimodal management framework.

Integrating sarcopenia into prognostic models

Although survival is the most robust and univer-
sally accepted outcome, it is relatively insensitive to
interventions aimed at preserving or improving mus-
cle mass. Patient-centered outcomes—such as quali-
ty of life, functional capacity, physical performance,
and hospitalization rates—may better capture clini-
cally meaningful benefits and should be incorpora-
ted into future trial designs.

A challenge is the integration of sarcopenia into
established prognostic models for cirrhosis. Traditio-
nal scores such as MELD do not account for muscle
mass, strength, or functional reserve, despite strong
evidence that sarcopenia independently predicts
mortality and waitlist dropout. Composite models
such as “MELD-Sarcopenia” have been proposed,
but they lack external validation and are limited by
the absence of standardized diagnostic criteria and
universally accepted cutoffs®?,

Functional indices including the Liver Frailty In-
dex consistently outperform MELD in predicting wai-
tlist mortality, underscoring the prognostic value of
incorporating muscle-related variables into risk stra-
tification”. Integrating structural, functional, and me-
tabolic markers of sarcopenia into predictive models
may refine prognostication, improve transplant prio-
ritization, and support more individualized clinical
decision-making.

CONCLUSION

Sarcopenia is a major, yet underrecognized, de-
terminant of morbidity and mortality in cirrhosis.
Its pathophysiology reflects a complex interplay of
hyperammonemia, systemic inflammation, hormonal
dysregulation, mitochondrial dysfunction, malnutri-
tion, and physical inactivity. Although CT-based mor-
phometry remains the gold standard for assessing
muscle mass, no single diagnostic tool captures the
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TABLE 2. Therapeutic interventions for sarcopenia in cirrhosis: evidence, clinical effects, and limitations.

Intervention

Intervention

Population

Outcomes

Main
Findings

Key

Limitations

Key
Reference

Supervised
Resistance
Training

Multimodal
Prehabilitation
(Exercise +
Nutrition)

HighProtein Diet
(1.2-1.5 g/kg/
day)

LateEvening
Snack

Oral
BranchedChain
Amino Acids
(BCAASs)

PlantBased
Protein Diet

Testosterone
Replacement
(Hypogonadal
Men)

Ammonial.ow-
ering Agents

(Lactulose, Ri-
faximin, LOLA)

Myostatin
Inhibitors

/ ActRII
Antibodies

Selective
Androgen
Receptor
Modulators
(SARMSs)

Structured
PreTransplant
Prehabilitation

Exercise
(strength +
aerobic)

Integrated
rehabilitation

Nutritional
optimization

Meal timing
intervention

Amino acid su-
pplementation

Protein source
modulation

Hormonal
therapy

Metabolic mo-
dulation

Experimental
anabolic
therapy

Experimental
anabolic
therapy

Multimodal
intervention

Compensated
cirrhosis
(Child A/B)

Pretransplant
candidates

Compensated
and decom-
pensated
cirrhosis

Cirrhotics at
nutritional risk

Cirrhotics
with HE or
sarcopenia

Cirrhotics with
HE

Men with
cirrhosis and
hypogonadism

Cirrhotics with
HE; animal
models for
muscle

Noncirrhotic
chronic
disease
populations

Older adults,
COPD, cancer

Liver
transplant
candidates

Small
randomized
trials (8-16
weeks)

Prospective
cohorts

Clinical trials
and cohorts

Small clinical
trials

RCTs;
Cochrane
metaanalysis

Small
crossover
trials

Small RCTs

RCTs for HE;
preclinical for
muscle

Phase Il/lI
trials

Phase Il trials

Cohort
studies

Muscle mass,
strength, VO?,
quality of life

Frailty, LFI,
hospitalization,
transplant
readiness

Nitrogen
balance, lean
mass, HE

Substrate
oxidation,
nitrogen
balance

HE, quality of
life, muscle
mass, survival

HE, ammonia,
protein
tolerance

Lean mass,
strength, bone
density

HE, ammonia,
muscle mass
(animals)

Muscle mass,
function

Lean mass,
strength

LFI, hospital
stay,
posttransplant
recovery

1 strength, 1
lean mass,

1 aerobic
capacity; safe

Improved
physical
performance;
possible
reduction in
admissions

Improved
nitrogen
balance; no
worsening of
HE

Reduced
nocturnal
catabolism;
improved
protein balance

Modest
improvement
in HE/QoL;
inconsistent
muscle effects

Better
tolerance;
possible
ammonia
reduction

1 lean mass
and bone
density

Improved HE;
rifaximin+LO-
LAY muscle
mass in animals

1 muscle mass;
inconsistent
functional gains

1 lean mass;
inconsistent
strength effects

Improved LFI;
possible shorter
hospitalization

Small samples;
heterogeneous
protocols;
limited data in
Child C

No large RCTs;
heterogeneous
interventions

Variable
adherence;
heterogeneous
diets

Small studies;
surrogate
outcomes

Heterogeneous
formulations;
adherence
issues

Small samples;
limited muscle
outcomes

Safety concerns
(fluid retention,
HCC risk)

No human trials
with muscle
endpoints

No cirrhosis
data; safety
concerns

No cirrhosis
data;
hepatotoxicity
risk

No RCTs;
heterogeneous
programs

Berzigotti A et
al., J Hepatol
2017

Aamann L et
al., Liver Int
2020

ESPEN Guide-
lines 2020;
Bunchornta-
vakul C, Clin
Liver Dis 2020

Tsien C et al.,
Hepatology
2012

Gluud LL et
al., Cochrane
2017

Igbal U et al.,
Nutr Rev 2021

Sinclair M
et al., Clin
Endocrinol
2016

Kumar A et al.,
Hepatology
2017

Bhaniji

RA et al.,
Hepatology
2019

General
sarcopenia
reviews (no
cirrhosis trials)

Tandon P et
al., J Hepatol
2021

This table provides an overview of available and emerging therapeutic strategies for sarcopenia in cirrhosis, including nutritional interventions, structured
exercise programs, metabolic modulation, hormonal therapy, and experimental anabolic agents. For each intervention, the table outlines the population
studied, study design, primary outcomes, main findings, key limitations, and approximate level of evidence. Evidence levels reflect the strength and
consistency of published data in cirrhotic cohorts.
BCAA: branched-chain amino acids. RCT: randomized controlled trial. HE: hepatic encephalopathy. LOLA: L-ornithine L-aspartate. ActRIl: activin type Il
receptor. SARM: selective androgen receptor modulator.
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1. INITIAL SCREENING (FUNCTION)

* Handgrip Strenght (HGS)
<27kg —men; <16Kg—women
* Gait Speed / SPPB/ TUG

+ Daily Step Count

If abnormal = proceed to structural assessementl

2. STRUCTURAL ASSESSMENT (MASS)

* CT L3 Skeletal Muscle Index (SMI)

<50 cm?/m? (men), <39 cm¥m? (women)
« Ultrasound Quadriceps Thickness

« Anthropometry (MAMC)

If reduced muscle mass - evaluate nutrition i

3. NUTRITIONAL ASSESSMENT (GLIM)

*  Phenotypic criteria:

Weight loss

- Low BMI

Reduced muscle mass
Etiologic criteria:

- Reduced intake

Inflammation

If malnutrition present - integrate frailty l

4. FRAILTY ASSESSMENT (LFI)

Liver Frailty Index (LFI)
-24.5 indicates high risk
Falls, exhaustion, mobility

Combine all domains - individualized plan i

5. INDIVIDUALIZED INTERVENTION PLAN

4

«  Nutrition: 35 kcal/kg/day; 1.2-1.5 g/kg
« Late-evening snack

Exercise: resistance + aerobic

Manage HE, ascites, varices

Consider BCAAs, testosterone (selected)
«  Prehabilitation for transplant

6. SERIAL MONITORING (3—-6 MONTHS)

Repeat HGS, SPPB, CT/MAMC as needed
Adjustinterventions
*  Track hospitalizations and HE

FIGURE 2. Proposed multimodal framework for the assessment and
management of sarcopenia in cirrhosis.

A stepwise clinical algorithm integrating functional screening, structural
assessment of muscle mass, nutritional evaluation using GLIM criteria,
frailty assessment with the Liver Frailty Index, and individualized
therapeutic interventions. The framework emphasizes early detection,
multidisciplinary management, and serial monitoring to optimize
outcomes in patients with cirrhosis.

CT: computed tomography. SMI: skeletal muscle index. MAMC:
mid-arm muscle circumference. GLIM: Global Leadership Initiative on
Malnutrition. LFI: Liver Frailty Index. HE: hepatic encephalopathy. BCAA:
branched-chain amino acids.

full spectrum of structural, functional, and metabolic
alterations. A multimodal approach integrating ima-
ging, functional performance, and nutritional assess-
ment is therefore essential.

Therapeutic strategies remain limited by low-qua-
lity evidence, small heterogeneous trials, and lack of
standardized protocols. Nutritional optimization and
structured exercise programs consistently improve
strength, functional capacity, and quality of life, and
should be considered first-line therapy. Pharmaco-
logical interventions—including testosterone, BCAAs,
myostatin inhibitors, and SARMs-show biological
plausibility but lack robust clinical validation. Emer-
ging biomarkers and artificial intelligence-based ima-
ging tools offer exciting opportunities for precision
phenotyping but require further study.

Future research must prioritize standardized
diagnostic criteria, mechanistically informed clinical
trials, and integrated interventions that address the
multifactorial nature of sarcopenia. Recognizing sar-
copenia as a modifiable prognostic factor and incor-
porating it into clinical decision-making-particularly
in transplant evaluation-represent critical steps to-
ward improving outcomes in patients with cirrhosis.

A focused research agenda is essential to ad-
vance the field. Priority areas include standardizing
diagnostic criteria and population-specific cutoffs,
validating Al-based imaging tools across diverse co-
horts, and defining clinically meaningful endpoints
for interventional trials. Developing structured and
reproducible exercise protocols, evaluating mul-
timodal strategies that combine nutrition, exercise,
and pharmacotherapy, and validating biomarkers for
diagnosis and monitoring are also critical. Finally, in-
corporating sarcopenia into transplant prioritization
models may improve risk stratification and support
more individualized clinical decision-making.
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abordagem integrada entre imagem, funcdo e metabolismo na pratica clinica. Arq Gastroenterol. 2020;63:¢26017.

RESUMO - Contexto — A sarcopenia associada a cirrose € uma complicacao frequente e clinicamente relevante, com prevaléncia

estimada entre 30% e 70%, estando associada a maior mortalidade, descompensacao hepdtica, infeccoes e piores desfechos pos-
-transplante. Apesar de sua importancia prognostica, persistem limitacoes relacionadas a heterogeneidade conceitual, auséncia de
pontos de corte padronizados e integracao insuficiente entre avaliacoes estruturais e funcionais. Objetivo — Revisar criticamente os
mecanismos fisiopatologicos, métodos diagnosticos e estratégias terapéuticas da sarcopenia na cirrose, integrando evidéncias atuais
e perspectivas emergentes. Métodos — Revisao narrativa da literatura baseada em estudos observacionais, ensaios clinicos, diretri-
zes internacionais e revisoes sistematicas publicadas entre 2000 e 2025 nas principais bases de dados biomédicas. Resultados — A
sarcopenia na cirrose resulta de interacdo multifatorial envolvendo hiperamoniemia, inflamacio sistémica, resisténcia anabdlica,
disfuncao hormonal, alteracoes mitocondriais, desnutricao e inatividade fisica. A tomografia computadorizada permanece o padrao-
-ouro para avaliacdo da massa muscular, embora métodos funcionais, como for¢a de preensio manual e testes de desempenho
fisico, apresentem forte valor prognostico. Abordagens multimodais sio recomendadas para melhor acurdcia diagnostica. Inter-
vencgoes nutricionais e exercicio fisico estruturado constituem a base do tratamento, enquanto terapias farmacologicas e biomar-
cadores emergentes, como miostatina, irisina e perfis metabolomicos, ainda carecem de validacdo clinica robusta. Conclusdo — A
sarcopenia € um determinante independente e potencialmente modificivel do prognostico na cirrose. A padronizacao dos critérios
diagnosticos, a incorporacdo de avaliacdes multimodais e o desenvolvimento de intervengoes terapéuticas direcionadas sao essen-
ciais para melhorar os desfechos clinicos.
Palavras-chave — Cirrose; sarcopenia; fragilidade; massa muscular; nutricao.
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