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ABSTRACT
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Malnutrition is one of the most common complications in patients with liver cirrhosis. In previous studies, cirrhotic
patients with severe malnutrition have been associated with higher morbidity and mortality rates before and after
liver transplantation. Frailty and sarcopenia are phenotypes of severe malnutrition that have been associated with
complications requiring hospitalization or mortality during the wait for transplantation in patients with cirrhosis. Tools
for evaluating frailty include the Activities of Daily Living scale, the Karnofsky Performance Status scale, and the Liver
Frailty Index. Diagnosed by using computed tomography, sarcopenia is measured with the skeletal muscle index at
L3 and is normalized by height. Nutritional status should be evaluated within the first 24~48 hours of hospitalization
in every patient with cirrhosis. Among the various available screening tools, the Royal Free Hospital-Nutritional
Prioritizing Tool proposed in the UK is recommended. Nutritional counseling with a multidisciplinary team is
recommended to improve long-term survival in patients with cirrhosis. Multidisciplinary nutrition management should
include evaluating nutritional status and providing guidance for achieving nutritional goals. Most guidelines suggest a
calorie intake of 25~35 kcal/kg/day, and the recommended protein intake is 1.2~1.5 g/kg/day. One beneficial technique
for patients is to divide the total recommended intake across four to five daily meals, including a nighttime snack.
The principles of nutritional intervention in cirrhotic patients are not different from those in noncirrhotic patients.
For improvement of sarcopenia, a strategic approach including physical activity and exercise, hormone replacement
therapy, ammonia-lowering agents, and treatment of underlying liver disease is required.
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INTRODUCTION
Liver cirrhosis can be accompanied by various complications, with malnutrition being one of the most common. The
prevalence of malnutrition in patients with cirrhosis is reported to be 20%, 25%~40%, and 44%~90% in patients with
Child-Pugh classifications A, B, and C, respectively. Also, most
patients awaiting liver transplantation are malnourished [1]. A
number of studies has reported that severe malnutrition is associated with a higher mortality rate in cirrhotic patients, and
poor preoperative nutritional status is also known to be associated with higher post-transplant morbidity and mortality
following liver transplantation [2]. In addition, malnutrition is
related to increased susceptibility and vulnerability to infec-

tions and complications, such as hepatic encephalopathy and
ascites in patients with cirrhosis [3,4].
Although it is not clear whether malnutrition is reversible in cirrhotic patients, it is indisputable that improvement
is needed in dietary intake in cirrhotic patients diagnosed
with malnutrition. Above all, frailty and sarcopenia, which
are phenotypes of severe malnutrition, have been associated with complications requiring hospitalization in cirrhotic
patients or waitlist mortality in patients registered for liver
transplant. Frailty and sarcopenia, phenotypes indicating
deterioration of muscle function, are associated with various
factors, including malnutrition, liver cirrhosis itself, systemic
inflammation, decreased physical activity, and environmental
factors in cirrhotic patients [5].
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As nutritional management in patients with cirrhosis has
become more important, the European Society for Clinical
Nutrition and Metabolism (ESPEN) and the American Society
for Parenteral and Enteral Nutrition (ASPEN), as well as the
European Association for the Study of the Liver (EASL) and
the American Association for the Study of Liver Diseases
(AASLD), have presented guidelines and guidance on nutritional management for liver disease patients [5-7]. Based on

these guidelines, this study aims to review the methods for
evaluating overall nutritional status and sarcopenia in cirrhotic patients, together with nutritional intervention strategies
for the patients with liver cirrhosis.

Step 1
Does this patient have acute hepatitis or are they been tube fed?
No (score 0)

Yes (score 6)

Step 2
Does this patient have fluid overload?
i.e. peripheral edema/ascites
No (score 0)

Yes (score 1)

2

BMI (kg/m )

Score

>20 (>30 obese)
18.5~20
<18.5

=0
=1
=2

Unplanned weight loss
in past 3~6 months

Score

<5%
5~10%
>10%

=0
=1
=2

Does the fluid overload
interfere with the patient s
ability to eat
Score
No
Occasionally
Yes

=0
=1
=2

Has the patient s dietary intake
reduced by 1/2 or more over the
last 5 days?
Score
No
Yes

=0
=2

Has the patient lost weight in
the past 3~6 months?

If the patient is acutely ill and
there has been or there is likely
to be no nutritional intake
for >5 days

Score

Score 2

No
Difficult to assess as
patient taking diuretics
Yes

=0
=1
=2

Step 3
Add the scores together to calculate the overall risk of malnutrition
Management guidelines
Score 0 (low risk)

Score 1 (moderate risk)

Routine clinical care
Re-screening weekly

Routine clinical care
Monitor food chart
Encourage eating & offer
snacks
Re-screening weekly

Score 2~7 (high risk)
Discuss referral with
dietitian
Monitor food chart
Encourage eating & offer
snacks
Re-screening weekly

Fig. 1. Royal Free Hospital-Nutritional Prioritizing Tool. Revised
from an article by Arora et al. (J
Hepatol 2012;56(Suppl 2):S241)
[12].
BMI = body mass index.
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DISCUSSION
1. Nutrition Screening and Determination in Patients
with Cirrhosis

Because cirrhotic patients exhibit a high prevalence of
malnutrition and frequently show deficiencies in protein and
trace elements, evaluation of nutritional status should be
conducted within 24~48 hours from patients’ initial visits to
physicians. A commonly used method for screening patients
for malnutrition is to confirm a low body mass index (BMI)
and the presence of progressive decompensated cirrhosis
[8,9]. Because cirrhosis causes fluid retention in body tissues,
there are some limitations in screening for malnutrition according to BMI. The most highly recommended tool among
various screening instruments is the Royal Free HospitalNutritional Prioritizing Tool (RFH-NPT), developed in a multicenter trial in the UK (Fig. 1) [10-12]. The RFH-NPT has a
scoring system that considers edema and ascites. High RFHNPT scores are correlated with deterioration of liver function; incidence of complications such as ascites, hepatic encephalopathy, and hepato-renal syndrome; and survival rate
[11]. Another proposed screening tool, the six-question Liver
Disease Undernutrition Screening Tool, shows a low negative
predictive value insofar as it depends on patients’ subjective
judgements [13].

2. Assessment of Frailty and Sarcopenia in Patients
with Liver Cirrhosis
1) Assessment of frailty
The prevalence of frailty in patients with liver cirrhosis has
been reported to range from 17% to 43% [14]. In cirrhotic
patients with hepatic encephalopathy, the prevalence of frail-

ty was reported to be 38% when assessed by the Activities
of Daily Living (ADL) scale and 68% when assessed by the
Karnofsky Performance Status (KPS) scale [15,16]. In patients
with cirrhosis, the presence and worsening of frailty were
found to be associated with higher hospitalization rates, readmission rates, mortality rates and with the lower quality of
life [16]. In a study of more than 1,000 patients awaiting liver
transplantation at nine medical centers in the United States,
high Liver Frailty Index (LFI) scores were associated with a
more than two times higher risk of mortality. In addition, an
increase in LFI within the preceding three months was independently linked to a more than two-fold increase in the risk
of mortality, outside of patients’ evaluation according to the
Model for End-Stage Liver Disease score [17].
Several tools to assess frailty have been proposed (Table
1), with these instruments including objective performancebased assessment tools as well as subjective survey-based
assessment methods. The ADL and KPS, both of which emphasize practicality, assess patients’ ability to perform various
activities of everyday life. The LFI comprises assessment of
muscle function (hand grip strength and chair stand tests)
and evaluation of balance. The degree of frailty is evaluated
based on LFI score (<3.2, robust; 3.2~4.3, prefrail; ≥4.4,
frail), and changes in LFI scores during follow-up periods
have been reported to be associated with prognosis [17].
Accordingly, while there is some debate among researchers on which frailty assessment tools are optimal, it is widely
agreed that patients with liver cirrhosis should be assessed for
baseline frailty and changes in frailty during regular followup.

Table 1. Tools to assess frailty
Tool

Equipment needed

Components

Details

ADL

None

Ability to conduct basic tasks

Patient or caregiver assesses difficulty or dependence with
six activities that are essential to daily function (e.g., basic
hygiene, eating, ambulation).

KPS

None

Ability to carry out normal
ADL

Patient, caregiver, or clinician assesses functional
limitations ranging from 100 (normal, no complaints,
no evidence of disease) to 50 (requires considerable
assistance and frequent medical care) to 10 (moribund,
fatal processes progressing rapidly).

Hand grip
strength

Hand dynamometer

Physical frailty

The patient is asked to grip a dynamometer using the
dominant hand with their best effort. The test is repeated
three times and the values are averaged.

6-minute
walk test

Stopwatch, tape
measure

Submaximal aerobic capacity Test evaluates distance walked on a flat surface at usual
and endurance
walking speed within 6 minutes.

Liver Frailty
Index

Stopwatch, hand
Physical frailty
dynamometer, chair

Cirrhosis-specific tool consisting of grip strength, chair
stands, and balance testing. Changes in Liver Frailty
Index are associated with outcomes.

Adapted from an article by Lai et al. (Hepatology 2021;74:1611-44) [5] with original copyright holder’s permission.
ADL = Activities of Daily Living; KPS = Karnofsky Performance Status.
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2) Assessment of sarcopenia
Of patients with end-stage liver disease, 30%~70% are reported to have sarcopenia [18]. Sarcopenia is more common
in men (54%) than in women (21%), and the severity of liver
disease has been found to be correlated with the degree of
sarcopenia only in men [9]. In previous studies, sarcopenia
has been reported to be associated with mortality, liver failure, decreased quality of life, an increase in the occurrence
of infections, and increased length of hospital stays [19].
To diagnose sarcopenia, medical imaging techniques such
as dual energy X-ray absorptiometry or computed tomography (CT) and/or magnetic resonance imaging (MRI) are
used (Table 2) [20]. Sarcopenia is a main clinical feature of
malnutrition in cirrhotic patients, and it can be diagnosed
when patients have a loss of muscle mass or muscle function.
Computed tomography is currently recommended as the
gold standard method for evaluating muscle mass in patients
with cirrhosis, but it has limitations due to the cost and risks
such as radiation exposure [20]. Muscle mass is generally
represented with the Skeletal Muscle Index (SMI), which is
calculated by normalizing a subject’s total skeletal muscle
area measured at L3 by height [21]. The skeletal muscle area
at L3 has a linear correlation with whole-body skeletal muscle mass, and when observed on CT, loss of skeletal muscle
mass is associated with increased mortality in patients with
liver cirrhosis and in those awaiting liver transplantation [22].
In addition, it has been demonstrated that fat-free mass measured by bioelectrical impedance analysis (BIA) is correlated
with muscle mass and is also related to mortality in patients
with cirrhosis [23]. In cirrhotic patients with ascites, phase
angle measurements are helpful because fluid retention af-

fects the reliability of fat-free mass measured by BIA [24].

3. Considerations for Nutrition Therapy in Patients with
Cirrhosis
1) Metabolic status in patients with cirrhosis
Cirrhosis is a state of accelerated starvation, in which the
body’s primary metabolic fuel is shifted from glucose to
fatty acids, protein synthesis is decreased, gluconeogenesis
from protein is increased, and proteolysis is also increased.
In these ways, cirrhosis contributes to sarcopenia in patients
[25]. The state of accelerated starvation in cirrhotic patients
is aggravated by various factors, such as nausea, dyspepsia,
decreased appetite due to sodium-restricted diet, decreased
intestinal motility due to portal hypertension, and fasting owing to gastrointestinal bleeding [26]. Insulin resistance, which
frequently accompanies liver cirrhosis, affects the metabolism
of skeletal muscle. Although glucose uptake and non-oxidative glucose processing such as glycogen synthesis in skeletal
muscle are decreased, glucose oxidation and lactic acid production are normal in patients with cirrhosis [27]. The use of
oxidative fuels induces an increase in the rate of lipid oxidation and insulin resistance during cirrhotic fasting state [28].
2) Energy and protein intake
In general, the energy requirements of patients with
compensated cirrhosis are not higher than those of healthy
people. In addition, as patients with cirrhosis begin to exhibit
a decrease in physical activity, their physical activity-related
energy expenditure is reduced. Along these lines, cirrhotic
patients tend to spontaneously decrease dietary intake during
the natural course of cirrhosis.

Table 2. Tools to assess sarcopenia
Method

Advantages

Disadvantages

Summary

BIA

Safe, rapid, accessible,
minimal-moderate
training, repeatable

Strict parameters around nutritional
intake and exercise before the test,
positioning is challenging in patients
with obesity

Fluid retention can impact the reliability of lean
body mass estimates. Data using phase angle
show good reliability even in patients with fluid
retention.

MRI

Accurate, no radiation,
measures muscle
quantity and quality

Costly, limited availablity

Muscle mass is defined by fat-free muscle areas.

DEXA Safe, rapid

Radiation exposure (low),
edema can limit accuracy

Low concordance between DEXA and CT in
patients with cirrhosis; DEXA appendicular mass
improves accuracy in comparison to CT.

CT

Radiation exposure,
not available at bedside,
varying cut-points/
sites of measurement,
not easily repeatable

The majority of evidence supports diagnostic use
but includes challenges with radiation exposure
and repeatability.

Accurate, rapid,
measures muscle
quantity and quality,
requires a high level
of training to interpret
findings

Adapted from an article by Lai et al. (Hepatology 2021;74:1611-44) [5] with original copyright holder’s permission.
BIA = bioelectrical impedance analysis; MRI = magnetic resonance imaging; DEXA = dual energy x-ray absorptiometry; CT =
computed tomography.
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Energy supplementation should be carried out in consideration of total energy consumption of subjects in general,
and the daily energy expenditure of cirrhotic patients is
reported to be 28~37.5 kcal/kg [1]. To accurately measure
caloric requirements, the use of an indirect calorimeter can
be considered [25]. Most guidelines recommend total energy
supplementation of 25~35 kcal/kg/day in cirrhotic patients
[5-7]. In the energy expenditures presented herein, weight
represents actual body weight adjusted for ascitic fluid and
refers to dry weight. However, it is difficult to determine dry
weight in actual clinical practice.
Recommended protein intake for patients with cirrhosis is
1.2~1.5 g/kg/day [5-7]. More specifically, 1.2 g/kg/day is recommended for cirrhotic patients without malnutrition, and
1.5 g/kg/day is recommended for those with malnutrition
and sarcopenia. When intervening with high-protein supplements, mid-arm muscle circumference, hand grip strength,
and serum albumin levels were shown to be improved
[28,29]. Even in cirrhotic patients with hepatic encephalopathy, protein intake should not be restricted. A randomized controlled trial reported that protein restriction had no
benefits in the clinical course of patients with acute hepatic
encephalopathy and can actually increase protein catabolism
in patients with hepatic encephalopathy [30].
3) Treatment strategies for sarcopenia
Skeletal muscle is considered an organ that houses protein
and maintains protein homeostasis. Skeletal muscle mass
varies depending on age, sex, and race, as well as severity of liver disease [31]. Increased ammonia level in skeletal
muscle, decreased testosterone and growth hormone, and
increased serum and intramuscular myostatin levels, together
with endotoxemia and decreased dietary intake also impact
sarcopenia (Fig. 2). Although research on molecular mechanisms for treatment of sarcopenia in cirrhosis patients is being

Calorie/protein/amino
acids supplementation
Late evening snack

conducted, further studies are warranted [32].
Sarcopenia treatment strategies that can be used for cirrhosis patients include increased physical activity and exercise,
hormone replacement therapy, lowering of blood ammonia
level, and treatment of underlying liver disease [33-36]. Oral
nutritional supplements (ONS) and branched-chain amino
acids supplements have been reported to be helpful in some
patients [37].
4) Trace elements and sodium
Patients with cirrhosis can exhibit deficiencies of watersoluble vitamins (especially thiamine) and fat-soluble vitamins such as vitamin D. There is no validated guideline for
systematic evaluation of micronutrient requirements in cirrhotic patients. In addition, administration of micronutrients
has been found to have no proven therapeutic effects except
for prevention or correction of their specific deficiencies.
Zinc and vitamin A supplements can improve taste disorders to indirectly improve food intake and nutritional status
by increasing the experience of eating. On the other hand,
zinc and selenium deficiencies in patients with alcoholic and
nonalcoholic liver disease have been reported [38]. Diagnosis of deficiencies in specific trace elements or vitamins is
expensive and can delay initiation of supplementation. Thus,
it is recommended to provide supplementation of sufficient
amounts of trace elements during the first two weeks of nutritional support in cirrhotic patients in actual clinical practice
[39]. However, refeeding syndrome should be considered
with caution in cirrhotic patients with malnutrition.
In prescribing a low-sodium diet, the increased risk of any
further reduction of food intake should be balanced against
the moderate advantages of sodium restriction for treatment
of ascites. Indeed, care should be taken not to compromise
the palatability of a patient’s diet following sodium reduction
[6]. Although low-sodium diets need to be considered in cir-

BCAA
Anaplerotic agents

Catabolic state
(accelerated starvation)

Amino acids
Intermediate metabolites

Anti-myostatin agents
Myostatin

Liver
cirrhosis
LT

Ammonia
Ammonia
lowering
agents

Hormone changes
(testosterone , GH )
Hormone replacement
Aromatase inhibitors

6

Muscle
mass

Muscle contractile
function
Structured exercise

Endotoxin
Antibiotics
Zinc

https://doi.org/10.15747/ACNM.2022.14.1.2

Mitochondrial dysfunction
(ATP , ROS )
Mitochondrial
protective agents

Fig. 2. Mechanisms and potential
targets for sarcopenia.
ATP = adenosine triphosphate;
GH = growth hormone; BCAA =
branched chain amino acid; ROS =
reactive oxygen species; LT = liver
transplantation.
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rhotic patients with ascites, the benefits of lowering sodium
intake can be offset by reductions in energy and protein intake in these patients due to unpalatable dietary restrictions.
Accordingly, when prescribing a low-sodium diet, meticulous
care must be taken to ensure adequate nutrition intake.

and trace elements should be implemented from day one of
clinical management. If necessary, nutrition support therapy
should be adjusted to prevent refeeding syndrome.

5) Reduction of the fasting state
Eating frequent, small meals is known to help prevent the
state of accelerated starvation and proteolysis in cirrhotic
patients [40]. Because the interval between meals is longest
between evening and morning meals, it is recommended to
eat three to five meals a day, including a late evening snack,
to improve total body protein status [41]. A retrospective
clinical study reports that nocturnal provision of ONS was
more effective in improving total body protein status than
was daytime supplementation, while a systematic literature
review reveals that late evening snacks improve nitrogen balance [41].

In patients with liver cirrhosis, malnutrition is one of the
most common complications, and severe malnutrition can be
manifested as frailty and sarcopenia. Appropriate assessment
of nutritional status should be conducted for all patients with
cirrhosis, and when a nutritional intervention is implemented, a multidisciplinary approach has been proven to help to
improve survival rates. While sarcopenia is commonly diagnosed with CT, there are limitations in performing CT only
for diagnosis of sarcopenia. Accordingly, confirmation of the
presence or absence of sarcopenia in all patients with liver
disease who undergo CT is required. For patients with liver
cirrhosis, adequate intake of calories and protein is essential,
and patients benefit more from a program that divides total
food intake across several small daily meals, including a late
evening snack. To improve sarcopenia, a strategic approach
must be involve not only nutrition interventions, but also increased physical activity and exercise, hormone replacement
therapy, ammonia-lowering agents, and treatment of underlying liver disease.

6) Multidisciplinary approach
To improve long-term survival in cirrhotic patients, nutritional counseling using a multidisciplinary team is recommended. Multidisciplinary nutritional management should
include monitoring of nutritional status and provide guidelines for achieving nutritional goals [42].
Nutritional counseling has the benefit of inducing behavioral changes in patients. Programs should include patient
education on the benefits of healthy diets tailored to the
medical conditions of the patient. In a single-center retrospective study with a small sample size, specialized nutritional counseling was associated with improved survival in
patients with cirrhosis in comparison to patients who did not
receive nutritional counseling. It was also found that nutritional counseling using a multidisciplinary team including a
physician, nurse, pharmacist, and dietitian is linked to better
survival than is counseling by experts in a single profession
[42].

4. Intensive Nutritional Support in Patients with Liver
Cirrhosis

The principles of nutritional interventions for cirrhosis patients are not different from those in noncirrhotic patients. If
the patient has trouble taking sufficient nutrients orally or it is
difficult to supply the target amount even with the provision
of ONS, it is necessary to consider enteral nutrition support.
In addition, if the patient cannot receive an adequate intake
of nutrients orally or via enteral tube feeding or if the patient
has fasted for 72 hours or longer, then it is necessary to start
intravenous (parenteral) nutrition. Because patients with cirrhosis are susceptible and vulnerable to infections and sepsis,
extra care should be taken regarding the management of
central venous catheters, and concentrated solutions should
be used to prevent fluid overload. In addition, care should be
taken against hyperglycemia, and the provision of vitamins

CONCLUSION
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