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Frailty, the central feature of physical decline in aging

and debilitating diseases, is defined as vulnerability to

health stressors leading to physical dependency and

death.1 Sarcopenia, anatomic loss of muscle mass, regu-

larly accompanies frailty (Table 1). Although they are

measured differently, frailty and sarcopenia are closely

related concepts that share common clinical significance.

They affect most patients with cirrhosis and are tightly

coupled with important disturbances of ammonia metab-

olism that accelerate muscle injury, disability, and

mortality.

Frailty/sarcopenia has attracted growing interest

because of its robust association with adverse outcomes

in cirrhosis and transplantation. We have begun to

explore whether our new knowledge of frailty/sarcopenia

in cirrhosis is actionable for guiding interventions to

arrest its progress. Appreciation that frailty/sarcopenia is

potentially modifiable or reversible is the incentive to

identify these interventions.

Cirrhotic frailty/sarcopenia is a rapidly maturing new

knowledge domain. As yet, it is absent from the curricula

of gastroenterology and transplant hepatology fellow-

ships and board examinations. Although it is arguably

among the most prevalent and lethal complications of

cirrhosis, there is no clinical practice guideline to provide

evidence-based management. Gathering, codifying, and

teaching the evidence that will guide improved patient

care are important new challenges.

MECHANISMS OF MUSCLE LOSS IN
CIRRHOSIS

The molecular biology of cirrhotic sarcopenia was

reviewed by Dasarathy and Merli.2 Muscle mass is at risk

both from protein-calorie starvation with impaired mus-

cle protein biosynthesis and simultaneous muscle proteol-

ysis needed for gluconeogenesis and synthesis of other

proteins.
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Mediators of cirrhotic sarcopenia include ammonia, a

potent driver of multiple severe muscle disturbances in

advanced liver disease, as well as deficient testosterone

and growth hormone and increased endotoxin. As

shown in Fig. 1, excess ammonia, the result of impaired

hepatic ureagenesis, is delivered to muscle, where it

must be detoxified by reacting with glutamate to form

glutamine. The diverted glutamate is not available to

support protein synthesis; moreover, the demand for glu-

tamate impairs mitochondrial energy generation. Three

additional adverse effects of ammonia include upregula-

tion of myostatin (a powerful muscle-wasting cytokine),

increased muscle autophagy, and impaired muscle

contractility.

Testosterone and growth hormone inhibit myostatin

expression; their deficiency in cirrhosis may fail to over-

come ammonia-driven sarcopenia. Endotoxemia from gut

barrier impairment and gut microbiome abnormalities

may also drive sarcopenia via a tumor necrosis factor–

dependent pathway and upregulation of autophagy.2

In nonalcoholic fatty liver disease/nonalcoholic steato-

hepatitis, sarcopenia may be an important cause, as well

as a consequence, of the nonalcoholic fatty liver disease–

specific constellation of signaling disturbances among

muscle, gut, liver, and adipose tissue, amplified by the

effects of physical inactivity.3

MEASURING FRAILTY/SARCOPENIA

Anatomic Sarcopenia. Muscle mass is measured using

segmentation analysis of cross-sectional images or using

whole-body bioelectrical impedance (Fig. 2A). Montano-

Loza and others4 found that anatomic sarcopenia was

associated with transplant wait-list mortality and severe

transplant complications. Fat infiltration of muscle is also

associated with adverse outcomes.5 A multicenter North

American consortium recommended gender-specific skel-

etal muscle index (SMI) cutoffs (legend of Fig. 2A) to

standardize sarcopenia measurement in liver transplant

candidates.6

Measured Physical Performance Over Time. Carey

et al.7 reported that distance walked over 6 minutes was

strongly associated with liver transplant mortality below

a cutoff of 250 m. Measuring physical activity over time

with wearable monitors (Fig. 2B) gives patients a new

tool for self-assessment and provider feedback. The criti-

cal need for objective physical activity monitoring is illus-

trated by the large gap between patients’ self-assessed

and actual activity levels, which are among the most sed-

entary of any patients studied.8

Frailty Testing During Clinic Visits. Rapid assessment of

frailty at clinic visits requires ease of performance,

TABLE 1. FRAILTY, SARCOPENIA, MALNUTRITION, AND CACHEXIA

Abnormality Definition Comment

Frailty A syndrome defined by diminished strength, endurance, and

reduced physiological function that increases vulnerability

for developing physical dependency and death1

Develops in advanced age and decades earlier in persons with

chronic debilitating diseases such as cirrhosis and advanced

heart, respiratory, and renal failure.

Sarcopenia Loss of anatomic muscle mass4 Commonly observed in frailty and a highly prevalent problem in

cirrhosis. Measured by segmentation analysis of cross-sectional

imaging (Fig. 2) or by whole-body bioelectrical impedance.

Impedance measurements depend on the assumption that

muscle mass is a constant fraction of body water, which fails in

cirrhosis with fluid overload.

Malnutrition A state resulting from consumption of either inadequate or

excessive nutrients including calories, protein,

carbohydrates, vitamins, or minerals

Frequently related to anorexia in patients with cirrhosis. Sarcopenic

obesity is a state of malnutrition that regularly accompanies

nonalcoholic fatty liver disease as an element of the metabolic

syndrome.

Cachexia Loss of lean tissue mass involving a loss of greater than

5% of body weight

Advanced starvation involving inadequate intake, absorption, or

utilization of sufficient nutritional components to maintain

homeostasis.
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FIG 2 Measuring sarcopenia, physical activity, and frailty. (A) A computed tomography cross section at vertebral level L3 with muscle
highlighted in red, used for calculation of the SMI as square centimeters (cm2) of muscle area divided by the square of patient height
(m2).4 Gender-specific SMI cutoffs, 50 cm2/m2 in men and 39 cm2/m2 in women, are proposed to standardize sarcopenia measurement
in liver transplant candidates.6 (B) Black arrowhead: a wearable personal activity monitor. Web-based transmission delivers step count,
heart rate, calories expended, and activity intensity to a user’s smartphone and their electronic medical record.8 Red arrowhead: a dyna-
mometer for measuring grip strength, a component of the LFI.9

FIG 1 Ammonia, the key metabolic driver of cirrhotic muscle wasting. (1) Excess ammonia delivered to muscle combines with glutamic
acid to form glutamine. Glutamine delivered to the gut becomes the primary ammonia excretion path in cirrhosis. (2) The increased need
for glutamic acid depletes the amino acid pool needed for protein synthesis. (3) Glutamic acid formation from a-ketoglutarate depletes
that important citric acid cycle intermediate, impairing mitochondrial energy generation. (4, 5) Ammonia triggers formation and release
of myostatin, a cytokine that blocks muscle protein synthesis by mammalian target of rapamycin inhibition. (6) Ammonia directly inhibits
muscle contractility. (7) Ammonia stimulates muscle lysosomal autophagy.
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reproducibility, and robust association with important

outcomes, for example, transplant wait-list mortality.

Clinic frailty testing should have independent predictive

value for outcomes rather than redundancy with existing

parameters such as the MELD, Model for End-stage Liver

Disease sodium (MELD-Na) score. Lai et al.,9 in a new

landmark study, proposed a Liver Frailty Index (LFI) using

three simple tests—grip strength (Fig. 2B), chair stands,

and balance—that meets these requirements and merits

wide adoption in cirrhosis care. A web-based LFI applica-

tion can be found at: http://liverfrailtyindex.ucsf.edu.9

TRANSLATING MEASUREMENT INTO ACTION

Today, transplant centers rely on subjective clinician

frailty assessments, for example, the Karnovsky scale, in

evaluating physical capacity to withstand transplantation.

Table 2 lists transplant care decisions we now make

every day based largely on subjective judgment. If frailty/

sarcopenia measurements were added to improve the

precision of these decisions, there could be major conse-

quences for patients. Transplant candidates, already

TABLE 2. POTENTIAL ACTIONS BASED ON FRAILTY/

SARCOPENIA MEASUREMENTS

Select for liver transplant wait-listing

Remove from a wait list for physical decline

Modify MELD-Na-based transplant prioritization

Guide clinical management of activity and nutrition care

TABLE 3. REPORTED INTERVENTIONS TO ARREST OR IMPROVE FRAILTY AND SARCOPENIA IN PATIENTS

WITH CIRRHOSIS

Author (Year)

Study Type,

Entry

Criteria*

Patient

Number†
Treatment

Length Exercise Nutrition Significant Outcomes

Zenith et al. (2014)10 RCT

CTP A,B

9 exercise

10 usual care

8 weeks 301 minutes

33/week

Increased peak VO2, increased muscle

mass, decreased fatigue

Roman et al. (2014)11 RCT

MELD � 25

8 exercise

9 usual care

12 weeks 60 minutes

33/week

Leucine 10 g/day

both groups

Increased exercise capacity and leg

muscle mass, improved quality of

life

Debette-Gratien et al.

(2015)12

Non-RCT

Able to

exercise

8 liver

transplantation

candidates

12 weeks 60 minutes

23/week

Increased VO2, increased muscle

strength and 6-minute walk

distance

Sinclair et al. (2016)13 RCT

Hypogonadal

men

22 androgen

transplantation

25 placebo

12 months Increased muscle, bone mass, bone

mineral density, and exercise

capacity; decreased A1C

Roman et al. (2016)14 RCT

MELD � 25

14 exercise

9 relaxation

12 weeks 60 minutes

33/week

Increased lean body, leg, bone mass,

VO2; decreased fat mass

Nishida et al. (2017)15 Non-RCT

CTP A

6 women 12 months 140 minutes/

week

BCAA

12.45 g/day

Increased aerobic capacity as

assessed by lactate threshold

Berzigotti et al. (2017)16 Non-RCT

CTP A,B

HVPG � 6

BMI � 26

50 patients 16 weeks 60 minutes/

week

1000 kcal/day

25% protein

Decreased HVPG, decreased

BMI, increased VO2, decreased leptin

Kitajima et al. (2017)17 Non-RCT

Albumin

� 3.5

21 patients 48 weeks BCAA

12 g/day

Stable muscle mass and decreased

myosteatosis in the 11 patients

who had improved albumin

*For the cited randomized trials, intervention outcomes were significant when compared with control arm outcomes. For nonrandomized trials,

intervention outcomes were significant when compared with preintervention baseline data.
†The patient numbers shown represent those who completed the described interventions.

Abbreviations: A1C, glycosylated hemoglobin A1C; BCAA, branched chain amino acids; BMI, body mass index; CTP, Child-Turcotte-Pugh score;

HVPG, hepatic venous pressure gradient; RCT, randomized controlled trial; VO2, oxygen consumption.
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hypervigilant about their MELD-Na scores, could react

adversely to the addition of frailty/sarcopenia measure-

ments that they felt unable to predict or control. Cur-

rently, it seems reasonable to use individual patient

measurements and self-monitoring to encourage and

positively reinforce performance improvement, in line

with the appeal of wearable monitors for healthy persons

who opt to use them for the same purpose.

POTENTIAL INTERVENTIONS

The eight published reports of interventions to improve

frailty/sarcopenia in cirrhosis are listed in Table 3. They

include supervised exercise, nutritional supplements to

target ammonia-driven sarcopenia, and androgen

replacement in hypogonadal men.10-17 The accelerating

pace of these reports suggests that significant progress

can be expected soon to support evidence-based optimi-

zation of exercise, nutrition, and hormone/micronutrient

therapy in cirrhosis.

CONCLUSIONS AND INTERIM
RECOMMENDATIONS

The evidence base for recognizing and treating frailty/

sarcopenia in cirrhosis is rapidly expanding. Although

data from the intervention studies cited earlier are

encouraging, we lack the large, well-powered patient

data sets needed to recommend optimal therapy for pre-

vention or reversal of frailty/sarcopenia.

Our current empiric recommendations for assessing

and managing cirrhotic frailty/sarcopenia are listed in

Table 4. Although focused on transplant candidates, they

can serve other patients with cirrhosis, taking into

account disease stage, comorbidities, and goals of care.

The opportunity is now strong to refine and use our new

appreciation of frailty/sarcopenia to improve transplant

care and quality of life in all patients with cirrhosis.
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