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Editorial JOURNAL OF CLINICAL AND EXPERIMENTAL HEPATOLOGY
Untangling the Web of Malnutrition, Sarcopenia, and
Frailty in Chronic Liver Disease
Malnutrition, sarcopenia, and frailty are overlapping
yet distinct conditions that are very common among pa-
tients with liver cirrhosis, many of whom are prospective
liver transplant recipients. Each condition has received
well-merited attention, and abundant literature has accu-
mulated regarding tools for assessing and grading each
of these conditions, leading to some degree of confusion
among practicing clinicians about which tools to use in
which situations. A brief overview of these conditions
will be helpful in appreciating two important papers ap-
pearing in this issue of the Journal.1,2

Malnutrition (synonymous with undernutrition in the
present context) has been defined as “A nutrition-related
disorder resulting from lack of intake or uptake of nutri-
tion that leads to altered body composition (decreased
fat-free mass) and body cell mass, leading to diminished
physical and mental function and impaired clinical
outcome from disease.”3 This umbrella definition covers
the whole spectrum of disorders of undernutrition
commonly seen in advanced cirrhosis. The high prevalence
of malnutrition (19.6% in men, 22.4% in women) in the In-
dian population reported in the National Family Health
Survey-4 (NFHS-4, 2015–16) is alarming.4 With this high
background prevalence, it is not surprising that malnutri-
tion is found in 30–100% of patients with liver cirrhosis, de-
pending on the tools used to establish its presence.5

Complete nutritional assessment includes evaluation of
muscle mass, use of global assessment tools, and a detailed
dietary intake assessment. These are reviewed in detail else-
where.3,5 A variety of tools has been validated for various
aspects of malnutrition. The Royal Free Hospital-
nutritional prioritizing tool (RFH-NPT) score is a simple,
bedside assessment tool that has been reported to correlate
with clinical deterioration, the severity of disease (Child-
Pugh score, model for end-stage liver disease [MELD]
score), and clinical complications such as ascites, hepatore-
nal syndrome, and episodes of hepatic encephalopathy
(HE). Improvement in RFH-NPT score was associated
with improved survival.6
Abbreviations: ADL: Activities of Daily Living; BIA: Bioelectrical Impedance
analysis; BMC: Bone Mineral Content; CFS: Clinical Frailty Score; DEXA:
dual-energy X-ray absorptiometry; FFC: Fried Frailty Criteria; FM: Fat
Mass; FFM: Fat-Free Mass; HE: hepatic encephalopathy; KPS: Karnofsky
Performance Score; LFI: Liver Frailty Index; MAMC: mass and mid-arm
muscle circumference; LM: Lean Mass; MELD: model for end-stage liver
disease; SMI-L3: skeletal muscle index at the 3rd lumbar vertebra; SPPB:
Short Physical Performance Battery; TSFT: triceps skinfold thickness;
6MWT: 6-minute walk test
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Sarcopenia, derived from the Greek sarco or flesh and
penia or deficiency, literally means deficiency of flesh.7

Earlier used to describe the age-related loss of skeletal mus-
cle, today sarcopenia refers to skeletal muscle depletion
leading to negative effects on physical performance and
clinical outcomes across a broad range of disease states.
Sarcopenia is subsumed within both malnutrition and
frailty. It is a surrogate for severe malnutrition and is the
dominant component of the frailty construct. It can be
objectively measured in clinical practice and monitored
serially. While the North American working group has
restricted the definition of sarcopenia to depletion of skel-
etal muscle mass, other groups such as the European
Working Group on Sarcopenia in Older People and Asian
Working Group for Sarcopenia,8,9 have incorporated mus-
cle function (e.g., grip strength) and performance (e.g., gait
speed) into the definition of sarcopenia. Various quantita-
tive tools (CT scan, MRI scan, DEXA scan, bio-impedance
analysis, ultrasonography) are available for the assessment
of sarcopenia, and different cut-offs have been proposed
for different populations.10

Due to differences in diet, body habitus, and physical ac-
tivity, gender-specific sarcopenia cut-off values for skeletal
muscle index at the 3rd lumbar vertebra (SMI-L3) have
been found to be clearly lower in Indian subjects11,12 than
in the West,8 making it abundantly clear that cut-off values
established in the West are not suitable for use in India.

Frailty is a syndrome of loss of physiologic reserve in
multiple body systems leading to increased vulnerability
to health stressors that predispose to adverse health out-
comes, notably disease, dependence, and death.13 It is the
end result of derangements of almost all important physi-
ologic systems, including the liver, kidney, heart, etc., in-
flammatory, endocrine, cognitive, and musculoskeletal
systems, as well as psychosocial factors.13,14 The concept
of frailty evolved in Geriatrics, centered around age-
related physiological decline and focused on identifying
services required in elderly patients, providing institutional
care to them, planning interventions or predicting the risk
of death in them. Thus, frailty in the elderly is a broad-
based concept, incorporating cognitive, social, and
emotional aspects along with physical frailty.13,15

The concept of frailty has been increasingly applied to
areas of Medicine beyond Geriatrics and is finding reso-
nance in the field of hepatology and liver transplantation.
However, here the focus has been on developing tools for
assessment of physical rather than cognitive frailty among
cirrhotic patients. Although “cognitive frailty” is impor-
tant in prognostication, it has been difficult to develop a
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standardized tool for assessing it among cirrhotic patients
and prospective liver transplant recipients due to the over-
lap with minimal or covert hepatic encephalopathy, which
is likely to be the more important driver of cognitive
dysfunction in this population rather than aging. On the
other hand, physical frailty has repeatedly been shown to
be a robust predictor of adverse health outcomes,
including mortality (on the waitlist, after hospitalization,
after liver transplantation), need for hospitalization, and
length of hospital stay.14,16 Thus, evaluation of frailty in
Hepatology and liver transplantation has largely focussed
on assessment and stratification of physical frailty. In
fact, it has been proposed that frailty evaluation using a
standardized frailty assessment tool should be part of the
workup and optimization plan for every prospective liver
transplant recipient.5,14
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FRAILTY ASSESSMENT TOOLS AND CUT-OFF
VALUES

The frailty assessment tools suggested by the North Amer-
ican Consensus include the Karnofsky Performance Score
(KPS), Clinical Frailty Score (CFS), Activities of Daily
Living (ADL) or Instrumental ADL (IADL), Liver Frailty In-
dex (LFI), and the 6-minute walk test (6MWT) and has pro-
posed cut-off values for each test.14 INASL recommends
the Liver Frailty Index as a tool for frailty assessment in
cirrhotic patients.5 LFI can be completed quickly (within
3 min) at the bedside, is objective and performance based,
has a continuous scale without ceiling or floor effects and
can be used in the outpatient setting. It provides repeat-
ability after interventions, although the utility of the D-
frailty metric has yet to be established. However, LFI has
mainly been validated in the outpatient setting, and pa-
tient- or provider-assessed tools such as the Karnofsky Per-
formance Status (KPS) and Activities of Daily Living (ADL)
scale have been found useful in the inpatient setting. So, as
proposed by Lai et al, it might be better to adopt a “frailty
toolkit” (LFI, KPS, ADL, 6MWT) that will be valid in
various settings where frailty assessment is needed.14

The INASL Consensus statement5 has recommended
that sarcopenia should be assessed using tests for muscle
mass such as skeletal muscle index at the 3rd lumbar
vertebra (L3-SMI), for muscle strength (dominant hand-
grip strength, HGS), and for performance (gait speed in
the 4-meter walk test) using cut-off values established
among Indian patients. INASL has proposed that the
cut-off value for SMI-L3 on CT scan should be 42 cm2/
m2 in men and 38 cm2/m2 in women; for dominant
HGS, it should be 27 kg for men and 16 kg for women,
while usual walking gait speed should be >0.8 m/s.

In summary, malnutrition forms the universal substra-
tum in patients with liver cirrhosis. Sarcopenia is a marker
of severe malnutrition and is the dominant factor deter-
mining physical frailty although it does not encompass
Journal of Clinical and Experimental Hepatology | March–April 2022 | Vol. 1
all elements of frailty. Although frailty is a more broad-
based concept, including cognitive frailty, as well as social
and emotional aspects, frailty in CLD mainly refers to
physical frailty. While malnutrition, sarcopenia, and frailty
have all been shown to affect the need for hospitalization,
mortality, and quality of life, frailty indices are relatively
easy to use in the outpatient and inpatient settings, are
repeatable, and provide a dynamic overview of the patient’s
overall condition.

Body composition analysis has been a tried and
trusted method to establish the presence and severity of
malnutrition. Dual-energy X-ray absorptiometry (DEXA)
determines Fat Mass (FM), Lean Mass (LM), and Bone
Mineral Content (BMC) while Bioelectrical Impedance
analysis (BIA) measures only Fat Mass (FM) and Fat-Free
Mass (FFM), the latter including bone, muscle, and total
body water. In the present issue of the Journal, using
DEXA as the reference test, Grover et al1 have shown
that BIA is as accurate in determining body composition
of cirrhotic patients, at least in the population studied,
which was largely ascites free. Authors have made a
commendable effort to establish the utility of simple
bedside anthropometric measures for assessing body
composition in cirrhotic patients, specifically triceps skin-
fold thickness (TSFT) for subcutaneous fat mass and mid-
arm muscle circumference (MAMC) for muscle mass. They
have shown that TSFT and MAMC correlate well with FM
and FFM measured by DEXA (r = 0.69, r = 0.61, respec-
tively) and have also provided useful equations derived
from data of Indian cirrhotic patients for measuring FM
and FFM using TSFT and MAMC, respectively.

However, although anthropometry and BIA are easy to
use and inexpensive, they are subject to interobserver and
intraobserver variability and are better suited for single-
time, cross-sectional assessment of nutritional status in
large populations. These tests can at best be regarded as
screening tools; abnormality should warrant a comprehen-
sive assessment of the nutritional status of the patient.
They lack the precision needed for serial monitoring of
the nutritional status of an individual patient and to assess
changes following dietary and exercise interventions.

In a prospective observational study, Singh and col-
leagues2 have studied the impact of four frailty assess-
ment tools [Liver Frailty Index (LFI), Short Physical
Performance Battery (SPPB), Fried Frailty Criteria (FFC),
Clinical Frailty Score (CFS)] on predicting mortality and
hospitalizations in a cohort of 116 cirrhotic outpatients
followed for 6 months. The primary outcome was the first
of either all-cause unplanned hospitalization or all-cause
mortality occurring within the study period of 6 months.
Notable findings in this study were that frailty was present
in 36–47% of Indian cirrhotic attending the outpatient
clinic, that all four tools assessed were equally effective in
assessing frailty, and that, as expected, frail patients had
worse outcomes (92% hospitalization, 42% mortality at 6
2 | No. 2 | 268–271 269
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months) than those who were not frail (6% hospitalization,
1.5% mortality). This study also highlighted the fact that
including cognitive dysfunction did not improve predic-
tions for hospitalization and mortality made on the basis
of physical frailty alone.

This important study has reported a higher prevalence of
frailty (36–47%) among CLD patients in India than in their
western counterparts (21–25%),17,18 which may be attribut-
able to low socioeconomic status, poor nutrition, and late re-
ferrals. This is one of the few studies to perform a head-to-
head comparison of various tools used for assessing physical
frailty. The authors’ finding that these tools were compara-
ble for predicting hospitalization andmortality is reassuring
and allows flexibility in clinical application.

In addition to study limitations pointed out by the au-
thors, it seems that adding sarcopenia assessment using In-
dian cut-off values, as suggested in the INASL Consensus,5

would have added greater value to this study. Validated
cut-offs for muscle mass such as SMI-L3 by CT scan and
for muscle function tests such as handgrip strength, gait
speed, and chair stands are now available from Indian pop-
ulations,11,12,19 which would have corrected for the use of
Western cut-off values for these tests used in the present
study. Stratifying frailty into mild, moderate, and severe
grades, as proposed by Lai et al,14 could have further added
value to this study by helping to establish whether just the
frequency or also the severity of frailty is greater among In-
dian patients withCLD. In fact, it would be relevant to deter-
mine futility cut-offs for cirrhotics with severe frailty to
identify those unable to perform the basic exercises that
may improve frailty. As noted by the authors, no effective
pharmacologic intervention is available for frailty, and diet
and exercise remain the mainstay of therapy.

Although no interventions were offered in the present
study, the need to undertake studies documenting the
impact of interventions on frailty metrics and the impact
of improved frailty on outcome after LT is self-evident. The
development and validation of frailty assessment tools for
Indian patients allows clinicians to identify frailty and to
offer effective interventions earlier in the course of cirrhosis.
With the concept of “prehabilitation” finding increasing
acceptance prior to major abdominal surgeries, including
LT,20–22 the time is now ripe for incorporating these tools
into a formal baseline assessment and longitudinal follow-
up plan for diet and exercise interventions among cirrhotic
patients. Initiating multicentric studies that use a
multidisciplinary prehabilitation approach with
appropriate monitoring will allow clinicians to offer
effective interventions that have a meaningful impact on
the outcome in prospective LT recipients, as well as those
who are not candidates for LT.
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