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Malnutrition, Frailty, and Sarcopenia - Definitions for the 
Theoretical Constructs and Consensus-Derived Operational 
Definitions Applied to Patients with Cirrhosis

Construct Theoretical Definitions Operational Definitions

Malnutrition A clinical syndrome that results from An imbalance (deficiency or excess) of
deficiencies or excesses of nutrient intake, nutrients that causes measurable adverse 
imbalance of essential nutrients, or effects on tissue/body form (body shape,
Impaired nutrient use size, composition) or function and/or

clinical outcome(1)

Frailty A clinical state of decreased physiologic The phenotypic representation of
reserve and increased vulnerability to impaired muscle contractile function
health stressors

Sarcopenia A progressive and generalized skeletal The phenotypic representation of loss of
muscle disorder associated with an increased muscle mass
likelihood of adverse outcomes including falls, 
fractures, disability, and mortality(3)
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The conceptual overlap between frailty, 
sarcopenia, and their contributing factors

Tandon P et al. Journal of Hepatology 2021 vol. 75 j S147–S162



Factors contributing to malnutrition, frailty, and 
sarcopenia and the relationship between these 

three constructs

Hepatology, Vol. 74, No. 3, 2021 LAI, TANDON, ET AL.



Sarcopenia in Cirrhosis

• Sarcopenia is the most common complication 
associated with cirrhosis 

• Loss of muscle mass and strength
• Adversely affects 

• Survival
• Quality of life
• Development of other complications of cirrhosis
• Outcome after liver transplantation



Muscle Wasting (Sarcopenia) is Associated 
with Increased Mortality in Cirrhosis

CLINICAL GASTROENTEROLOGY AND HEPATOLOGY 2011
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Sarcopenia Adversely Affects 
Probability of Survival in Cirrhosis

CLINICAL GASTROENTEROLOGY AND HEPATOLOGY 2011



Increased Muscle Mass Improves 
Survival Probability After TIPS

European Journal of Gastroenterology & Hepatology 2012



Sarcopenia Predicts Poor Survival in Cirrhotics with Low 
MELD Score on OLT Waiting List

Sarcopenia is an independent risk factor for 
increased mortality in cirrhotics, more 

importantly in those with MELD score < 15

LIVER TRANSPLANTATION 
18:1209-1216, 2012



Increased Muscle Loss with Worsening Child 
Class of Alcoholic Cirrhosis 
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ILBS data – Liver International 2016



Impact of Sarcopenia in Cirrhosis

• Sarcopenia as a robust predictor of a wide spectrum of outcomes in 
adults with cirrhosis both with and without HCC

• These outcomes include 
• mortality both before and after liver transplantation 
• hepatic decompensation
• reduced quality of life
• increased risk of infection
• prolonged hospitalization



Impact of 
Sarcopenia 
in Cirrhosis 
both Pre-
and Post-
Transplant 
Outcomes

van Vugt et al American Journal of Transplantation 2016



Some Key 
Proposed 

Mechanisms 
of 

Sarcopenia 
in Cirrhosis

Tandon P et al. Journal of Hepatology 2021 vol. 75 j S147–S162



Tools to quantify multi-dimensional (global) frailty, 
physical frailty, and sarcopenia in patients with cirrhosis 

Tandon P et al. Journal of Hepatology 2021 vol. 75 j S147–S162



Studies Evaluating the Association Between 
Sarcopenia and Frailty in Patients with Cirrhosis



The 6MWD, but not Sarcopenia, 
Independently Predicted Waitlist Mortality

Yadav A, et al. Clin Transpl 2015;29:134–141

6MWD (≤250 vs. >250 m)
Adjusted HR 2.1 (0.9-4.7)



Handgrip Strength Adds More Prognostic Value to the 
Model for End-Stage Liver Disease Score Than Imaging-
Based Measures of Muscle Mass in Men With Cirrhosis

Sinclair M, et al. Liver Transpl 2019;25:1480–1487



Liver Frailty Index (LFI)
1. Grip strength:

The average of 3 trials, measured in the subject’s dominant 
hand using a hand dynamometer

2. Timed chair stands:
Measured as the number of seconds it takes to perform 5 
chair stands with the subject’s arms folded across the chest

3. Balance testing: 
Measured as the number of seconds that the subject can 
balance in 3 positions (feet placed side to side, semi-tandem, 
and tandem) for a maximum of 10 seconds each

Fried LP, . J Gerontol A Biol Sci Med Sci 2001;56:146–156 Guralnik JM J Gerontol 1994;49:85–94



Liver Frailty Index (LFI)

- 0.330 x gender-adjusted grip strength 
+ (-2.529 x number of chair stands per second) 
+ (-0.040 x balance time) + 6

https://liverfrailtyindex.ucsf.edu/ Lai, JC, et al Hepatology 2017 Aug;66(2):564-574
Kardashian A, Hepatology 2020;73:1132-1139

The Liver Frailty Index has established cut-
points to define 

Robust (Liver Frailty Index < 3.2)
Prefrail (Liver Frailty Index 3.2-4.3)
Frail (Liver Frailty Index ≥ 4.4).(90,91)

https://liverfrailtyindex.ucsf.edu/


Frailty Significantly Increases 12-months Waitlist 
Mortality in Patients Listed for Liver Transplant

Lai C et al Gastroenterology 2019https://liverfrailtyindex.ucsf.edu/



Change in the Liver Frailty Index scores 
per 3 months by ΔLFI trajectory group

Lai JC, et al J Hepatol. 2020 Sep; 73(3): 575–581.



Observed 
cumulative 
incidence 
of waitlist 
mortality 

by 
categories 
of ΔLFI per 
3 months

Lai JC, et al J Hepatol. 2020 Sep; 73(3): 575–581.



Changes in Baseline Risks Predict 
Waitlist Mortality 

Lai JC, et al J Hepatol. 2020 Sep; 73(3): 575–581.



Karnofsky performance status pre and post-liver 
transplantation predicts graft and patient survival

Thuluvath PJ, et al J Hepatol 2018;69:818-825.



Karnofsky performance status pre and post-liver 
transplantation predicts graft and patient survival

Thuluvath PJ, et al J Hepatol 2018;69:818-825.



Karnofsky performance status pre and post-liver 
transplantation predicts graft and patient survival

Thuluvath PJ, et al J Hepatol 2018;69:818-825.



Some Key Proposed Mechanisms 
of Frailty in Cirrhosis

Tandon P et al. Journal of Hepatology 2021 vol. 75 j S147–S162



The three levels of disease prevention and health 
promotion as applied to management of malnutrition, 

frailty, and sarcopenia in patients with cirrhosis

Hepatology, Vol. 74, No. 3, 2021 LAI, TANDON, ET AL.
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Some Key Proposed Targets to
Treat Frailty in Cirrhosis

Tandon P et al. Journal of Hepatology 2021 vol. 75 j S147–S162



Some Key 
Proposed 
Targets to 

Treat 
Sarcopenia 
in Cirrhosis

Tandon P et al. Journal of Hepatology 2021 vol. 75 j S147–S162



Branched-Chain Amino Acids Supplementation 
Modulate Skeletal Muscle Remodeling through 

Inflammation Modulation

Nicastro H et al Journal of Nutrition and Metabolism, vol. 2012



Sarcopenia associated with portosystemic 
shunting is reversed by follistatin

J Hepatol. 2011 May ; 54(5): 915–921



Gene Expression of Muscle Protein and 
Satellite Cell Function After Follistatin

J Hepatol. 2011 May ; 54(5): 915–921



Portacaval anastamosis (PCA) rat model of 
sarcopenia of portosystemic shunting (PSS) 

J Hepatol. 2011 May ; 54(5): 915–921



Anabolic Resistance Can Impact Treatment 
Response

• Anabolic resistance likely due to impaired mTOR signaling response, 
• It can potentially be overcome by leucine-enriched supplementation with amino

acids. 
• Leucine is likely to result in increased utilization of other essential amino acids.

The role of glutamine supplementation in addition to leucine may reverse the 
molecular abnormalities of increased myostatin and mTOR resistance in cirrhosis 

to maximize the beneficial effects

J Cachexia Sarcopenia Muscle 2012



Metabolic and Molecular Responses to Leucine-
Enriched Branched Chain Amino Acid Supplementation 

in the Skeletal Muscle of Alcoholic Cirrhosis

• Subjects ingested 15 g of leucine-enriched branched chain amino acid mixture (BCAA/LEU) containing 7.5 g L-
leucine and 3.75 g each of L-isoleucine and L-valine at 0 minutes

• The mixed muscle protein fractional synthesis rate was determined from muscle biopsy samples collected 
before and after BCAA/LEU ingestion. 

• Whole-body protein breakdown was calculated from the dilution of L-[ring 2 H5]- phenylalanine in plasma



Impaired mTOR1 signaling and increased autophagy in skeletal muscle of 
patients with alcoholic cirrhosis is acutely reversed by BCAA/LEU. 

HEPATOLOGY 2015;61:2018-2029)



Nutrition Prescription For Sarcopenia and 
Frailty in Patients with Cirrhosis

Tandon P et al. Journal of Hepatology 2021 vol. 75 j S147–S162



Exercise 
Prescription 

For 
Sarcopenia 
and Frailty 
in Patients 

with 
Cirrhosis

Tandon P et al. Journal of Hepatology 2021 vol. 75 j S147–S162
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Future Directions

• Standardized, feasible assessment of frailty and sarcopenia in 
diverse populations of patients with cirrhosis with respect to 
sex/gender, race/ethnicity, and clinical acuity.

• Longitudinal assessment of frailty and sarcopenia. 

• Development of therapeutics and multimodal strategies 
targeting frailty and sarcopenia. 
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