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Abstract

Sarcopenia, frailty, and malnutrition in patients with liver cirrhosis 
are commonly observed and are associated with higher long-term 
mortality. Therefore, recognizing patients with increased nutritional 
risk and providing recommended interventions are essential in the 
long- and short-term management of cirrhosis, especially as alco-
holic and non-alcoholic fatty liver disease continues to rise. Various 
assessment tools are available to gauge frailty and malnutrition but 
are infrequently used. Given the global burden of liver cirrhosis, peri-
odic screening for malnutrition, sarcopenia, and frailty is desperately 
needed as it improves liver transplantation outcomes. Necessary steps 
include addressing knowledge gaps in professional healthcare work-
ers and patients and using standardized assessment tools to counteract 
physical deconditioning as early as possible. One potential method 
for assessing sarcopenia involves using computed tomography to 
evaluate the skeletal muscle index. Regarding frailty, useful tools for 
longitudinal assessment include the liver frailty index and the Karnof-
sky performance status. Addressing educational requirements related 
to malnutrition involves seeking guidance from dieticians, who can 
provide counseling on achieving sufficient calorie and protein intake 
to combat the progression of malnutrition.
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Introduction

The etiology of malnutrition, sarcopenia, and frailty in patients 
with underlying liver cirrhosis is multifactorial. Individuals 

with liver disease often experience sarcopenia, frailty, and 
malnutrition, significantly affecting their well-being and over-
all quality of life.

This review aims to provide a clinical framework for eval-
uating these conditions within routine clinical practice. De-
spite the paramount importance of this subject, proficiency in 
assessing and understanding the specified conditions is likely 
limited, particularly in institutions not specialized in hepatol-
ogy and transplant hepatology. We present a clinical synopsis 
emphasizing critical aspects and the screening tools available 
for integration into managing patients with liver disease. These 
conditions overlap with cachexia, another wasting syndrome 
commonly occurring in individuals with chronic illnesses. In 
patients with cirrhosis, malnutrition is characterized by the de-
pletion of skeletal muscle and adipose tissue mass. Although 
this combination is commonly referred to as cachexia, recent 
studies suggest that the primary nutritional consequence in cir-
rhosis is the loss of skeletal muscle mass [1], or sarcopenia, 
due to its more prominent occurrence [2]. Improving oral in-
take or providing nutritional support can usually correct mal-
nutrition. Conversely, sarcopenia is commonly associated with 
aging, reduced mobility, or mild chronic inflammation that 
may not fully respond to nutritional interventions and exer-
cise [3]. In contrast, cachexia is typically linked to catabolism 
associated with disseminated cancer or organ failure, such as 
liver or cardiac failure [4]. It is generally resistant to nutritional 
interventions or exercise. Frailty can be defined as a syndrome 
that involves a progressive decline in several physiological 
systems due to reduced physiologic reserve, resulting in vul-
nerability and adverse outcomes [1, 3].

Sarcopenia is more frequent in end-stage liver cirrhosis, 
particularly in patients listed for transplant. Therefore, recog-
nizing patients at nutritional risk and providing adequate sup-
port is essential to management [5, 6]. However, a cohesive 
approach is required, and long-term solutions to counteract 
sarcopenia are desperately needed [7, 8]. Multiple studies in-
dicate higher mortality and rates of complications among frail 
and sarcopenic cirrhotic patients, even after liver transplanta-
tion [9]. Furthermore, it is noteworthy that frailty and sarcope-
nia can reciprocally influence each other; compromised muscle 
contractile function can expedite the decline of muscle mass, 
and conversely, the loss of muscle mass can exacerbate im-
paired muscle function [9]. As alcoholic liver disease and non-
alcoholic fatty liver disease continue to rise [10], sarcopenic 
obesity, the co-existence of low muscle mass and increased 
fat mass [10] is becoming more commonly observed [11]. The 
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pathophysiology of sarcopenia and frailty in liver cirrhosis is 
complex and multifactorial, requiring a multidisciplinary ap-
proach that includes physicians, dieticians, pharmacists, and 
physiotherapists to overcome physical deconditioning and im-
prove survival.

Factors Contributing to Sarcopenia, Frailty, and 
Malnutrition in Patients With Cirrhosis

Frailty, sarcopenia, and malnutrition are tightly connected and 
encompass many similar pathophysiological processes. Mul-
tiple studies showed the significance of socioeconomic fac-
tors on the burden of liver disease. Firstly, most patients with 
liver cirrhosis lack the knowledge to manage their condition 
and dietary intake effectively; unsurprisingly, low educational 
status is associated with increased severity of liver disease 
[12]. Secondly, many patients are unaware of the degree of 
their liver disease and desperately need proper education [13-
15]. Thirdly, food insecurity, defined as a lack of consistent 
access to food for an active, healthy life, increases the risk of 
advanced liver fibrosis [16]. Particular dietary practices may 
also contribute to the problem. For example, ascites is one of 
the most common complications in liver cirrhosis [17]. As 
first-line therapy, it is treated with combined salt restriction 
and diuretic therapy per most clinical guidelines. However, re-
cent studies [18], e.g., by Morando et al [13], indicated that pa-
tients who comply with the daily salt restriction significantly 
reduce caloric intake, leading to the worsening of pre-existing 
sarcopenia and frailty. Studies suggest that an overnight fast 
in a cirrhotic patient is comparable to prolonged starvation 
in healthy individuals. This relates to the rapid exhaustion of 
available glycogen and diminished gluconeogenesis in dam-
aged hepatocytes. For this reason, hypoglycemia can be con-
sidered a poor prognostic sign in patients with decompensated 
liver cirrhosis [19]. Hospitalizations are often associated with 
procedures (e.g., for variceal banding) and inevitably require 
frequent fasting [20, 21], adding to the vicious cycle of inad-
equate nutrition.

Finally, system issues such as a lack of recognition of 
sarcopenia, malnutrition, or frailty by healthcare profession-
als [22], lack of screening and assessment processes, and in-
adequate multidisciplinary nutritional interventions contribute 
further to nutritional deterioration [23].

At a physiologic level, hypermetabolism, malabsorption, 
and a chronic inflammatory state are the main drivers for wors-
ening sarcopenia, malnutrition, and frailty. Hypermetabolism 
in liver cirrhosis describes the presence of increased resting 
energy expenditure (REE). REE is the quantity of energy re-
quired for the body to perform vital organ functions without 
additional activities. Multiple studies indicated that more than 
one-third of patients with liver cirrhosis are in a state of hy-
permetabolism [24]. The observed increase in REE is poorly 
understood, but contributory factors include increased concen-
trations of circulating catecholamines [24], pro-inflammatory 
cytokines like tumor necrosis factor-α, interleukin (IL)-1β, 
IL-6, and IL-33 [25, 26]. Increased circulating catecholamines 
increase sympathetic nervous system activation and muscle 

breakdown [27]. In addition, increased circulating pro-inflam-
matory cytokines are involved in the pathophysiology of ano-
rexia, resulting in an insufficient dietary intake [28].

Malabsorption is frequently observed in patients with liver 
cirrhosis. The origin of malabsorption is of multifactorial ori-
gin. Pace et al [29] showed in a post-mortem study that alco-
holic liver cirrhosis and chronic pancreatitis often occur con-
currently and, therefore, might exacerbate inadequate nutrition 
and malabsorption resulting in a deficiency of fat-soluble vi-
tamins [30, 31]. Additionally, guideline-recommended use of 
diuretics can result in deficiencies of zinc [32] and magnesium 
if not substituted adequately [9]. Other commonly observed 
micronutrient deficiencies include selenium [33] and iron [34]. 
Liver cirrhosis also causes impaired urea synthesis [35], result-
ing in hyperammonemia, directly affecting the liver-muscle 
axis [25, 36]. These alterations lead to a dysregulated molecu-
lar signaling cascade that evolves into sarcopenia. Moreover, it 
is firmly established that modifications in the endocrine system 
within the context of liver disease impact the liver-muscle axis. 
This includes a decline in testosterone levels, partly influenced 
by heightened aromatase activity [37], and the altered response 
of muscles to growth hormone (GH) [38]. Sinclair et al [39] 
examined the impact of testosterone replacement on patients 
with liver cirrhosis and sarcopenia. Their study involving 101 
males with low testosterone levels demonstrated that testoster-
one replacement enhances muscle mass, decreases fat mass, 
and improves glucose metabolism.

However, the replacement of testosterone should be avoid-
ed in individuals with a history of hepatocellular carcinoma, 
malignancy, or previous thrombosis and in female patients, 
thus limiting its usage in these patient cohorts. The changed 
muscle reaction to GH in individuals with liver cirrhosis is 
predominantly ascribed to fluctuations in GH secretion and 
sensitivity. GHs prompt the generation of insulin-like growth 
factor 1 (IGF-1), which functions as a muscle-building agent 
[40]. A recent study conducted by Kumari et al [40], utilizing 
an open-label, randomized controlled trial design, investigated 
the impacts of prolonged GH treatment in individuals with de-
compensated cirrhosis. This study comprised two groups, each 
of 38 patients, randomly assigned in a 1:1 ratio. GH was ad-
ministered subcutaneously based on the levels of IGF-1. The 
findings of the study demonstrated a correlation with enhanced 
nutritional status; however, there was no observed influence on 
survival rates after 12 months [41].

Sarcopenia in liver cirrhosis

Sarcopenia in patients with cirrhosis entails “a progressive and 
generalized skeletal muscle disorder associated with an increased 
likelihood of adverse outcomes including falls, fractures, dis-
ability, and mortality” [40, 42] (Table 1). A possible approach 
to evaluating sarcopenia includes assessing the skeletal muscle 
index (SMI) via computed tomography [43]. The SMI is defined 
as a muscle cross-sectional in cm2 at a vertebral level normal-
ized by the square of the height in m2. Regarding the vertebral 
level, multiple studies indicate a highly prognostic value of the 
SMI at the third lumbar vertebrae (L3-SMI) [44, 45], but also the 
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level at T12 showed a correlation with mortality [46]. Muscle 
mass measurement can be obtained from pre-existing imaging, 
often available as part of screening for hepatocellular carcinoma 
or surgical planning [47]. However, obtaining routine imaging to 
assess sarcopenia is not recommended [40, 48]. This technique 
defines sarcopenia as an SMI < 50 cm2/m2 in males and < 39 
cm2/m2 in females. Other practical methods to clinically assess 
sarcopenia at the bedside are combining anthropometric meas-
urements like mid-arm muscle circumference [49, 50] or subjec-
tive global assessment [51] to determine muscle wasting [52] by 
using handgrip strength to determine muscle weakness [53, 54]. 
Combining these techniques will provide a clinical estimation of 
the presence and degree of sarcopenia. If available, bioelectrical 
impedance analysis with phase angle measurement is also anoth-
er tool to assess body composition and determine muscle mass 
[55]. The technique of bioimpedance analysis (BIA) involves 
measuring the electrical impedance of body tissues to evaluate 
body composition. It is a valuable tool for determining the se-
verity of malnutrition in people with liver cirrhosis. It can pro-
vide information about changes in both skeletal muscle mass and 
body fat mass [56]. Phase angle is a value derived from BIA that 
represents the ratio of reactance to electrical current as it passes 
through the body’s tissues. BIA has some limitations, including 
susceptibility to errors from fluid retention, edema, and ascites 
[57]. Additionally, it may not be readily available in all healthcare 
settings. The assessment of sarcopenia is vital as multiple studies 
indicate the independent association between waitlist and post-
liver transplant morbidity [58]. Masuda et al [59] demonstrated 
in a study that sarcopenia was predictive of postoperative sepsis 
(hazard ratio = 5.31, P = 0.009) and mortality in post-living do-
nor liver transplantation. Other studies, including a meta-analysis 
published by van Vugt et al [60], confirmed similar outcomes. 
These conclusions lend credence to the idea of adding sarcopenia 
to our current scoring systems, such as the model for end-stage 
liver disease (MELD) score, to create a more accurate assess-
ment of the health of our patients [61].

Patients with liver cirrhosis are often obese, particularly in 
the context of nonalcoholic fatty liver disease (NAFLD) [62], 
and a proportion of these patients may have sarcopenia [63]. 
Sarcopenic obesity relates to a condition of decreased mus-
cle mass accompanied by increased fat mass. As a standard-
ized definition of sarcopenia is not entirely established, certain 
definitions also include reduced muscle strength or physical 
performance [42]. Current definitions entail the concurrence of 
a body mass index (BMI) ≥ 30 kg/m2 and a low-age adjusted 
SMI [64]. Multiple studies indicated that sarcopenic obesity is 
an independent risk factor correlating with mortality and risk 
of decompensation [64].

However, simple weight loss can not be universally rec-
ommended to each patient with sarcopenic obesity as it might 
lead to worsening frailty and sarcopenia [65, 66]. Caution is 
warranted in patients with decompensated liver cirrhosis, and 
weight loss should be accompanied by adequate protein intake 
and regular support from a multidisciplinary team. Current 
guidelines recommend a combination of aerobic and resist-
ance exercises based on the frequency, intensity, time, and type 
(FITT) principles [40]. No data are available concerning the 
duration and frequency of activity. It is rational to follow the 
Centers for Disease Control guidelines for at least 150 - 300 
min of moderate-intensity (or 75 - 150 min of vigorous-inten-
sity, or an equivalent combination of both) aerobic activity 
spread throughout the week. Muscle-strengthening activities 
involving all major muscle groups are recommended at least 
twice weekly. Regular exercise has shown many positive ef-
fects in frail and cirrhotic patients. For example, Zenith et al 
showed an improved cardiopulmonary function after only 8 
weeks of weight exercise compared with controls (95% con-
fidence interval (CI): 2.9 - 7.8; P = 0.001) [67], and Roman et 
al indicated in a small sample size risk a decreased risk of falls 
as seen by an improved Timed Up&Go (TUG) test compared 
to baseline (9.6 ± 0.4 s vs. 9.1 ± 0.4 s, difference -0.50 s, 95% 
CI: -0.12 to -0.87, P = 0.02) [68]. It should be highlighted that 

Table 1.  A Summary of the Definitions for Sarcopenia, Frailty, and Malnutrition, as Well as the Screening Tools Available for Assess-
ing These Conditions

Condition Definition Available screening tools General recommendations
Sarcopenia A progressive and generalized skeletal 

muscle disorder associated with an increased 
likelihood of adverse outcomes including 
falls, fractures, disability, and mortality

1) Skeletal muscle index 
(computed tomography scan 
at level L3); 2) Bioelectrical 
impedance analysis with 
phase angle measurement

1) Screen for sarcopenia and frailty with 
available tools; 2) Determine the elements 
that contribute to malnutrition by assessing 
food insecurity via Hunger Vital signs

Frailty A syndrome comprised of a cumulative 
decline in multiple physiological 
systems secondary to decreased 
physiologic reserve resulting in 
vulnerability and adverse outcomes

1) Liver frailty index; 2) 
Karnofsky performance status; 
3) Activity of daily living; 4) 
Short physical performance 
battery; 5) 6-min walk test

1) Assess degree of physical (in)activity; 2) 
Liberalize diet if possible, consider enteral/
parenteral routes if feasible; 3) Monitor 
objective measures of liver function (MELD 
3.0, Child-Pugh-score); 4) Combination of 
aerobic and resistance exercises based on the 
frequency, intensity, time, and type principles

Malnutrition State of nutrition in which a deficiency of 
energy, protein, and other nutrients causes 
measurable adverse effects on tissue/body 
form and function, and clinical outcome

1) Royal-free hospital 
prioritizing tool (RFH-NPT); 
2) Indirect calorimetry; 
3) Hunger Vital signs
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the studies mentioned above only included small sample sizes.
Regarding more invasive measures, studies showed that 

transjugular intrahepatic portosystemic stent shunt (TIPS) 
placement might offer simultaneous advantages in improving 
nutritional parameters and body composition, likely related to 
the decrease in ascites [69]. Still, a TIPS should be only placed 
for standard indications and not for the sole purpose of sarcope-
nia and/or frailty. To further underscore the complexities in diag-
nosing sarcopenia, we created an algorithm, as shown in Figure 
1, that delineates each of the steps mentioned in this section.

Frailty

The frailty assessment is complex as significant overlaps exist 
with other entities such as disability, sarcopenia, and malnu-

trition. Therefore, it is necessary to distinguish those entities 
from each other and not use the different terminology inter-
changeably. Frailty should be considered a syndrome com-
prised of a cumulative decline in multiple physiological sys-
tems secondary to decreased physiologic reserve resulting in 
vulnerability and adverse outcomes. Regarding liver cirrhosis, 
most studies have focused on physical frailty, the phenotypi-
cal impairment of contractile muscle function [40]. Physical 
inactivity and reduced tolerance to physical activity in patients 
with liver cirrhosis correlate with mortality and survival post-
transplant [70, 71] and culminate in sarcopenia and, subse-
quently, frailty [72, 73]. Multiple studies report beneficial ef-
fects from exercise programs aimed at counteracting decreased 
physical activity and simultaneously frailty [67, 74]. However, 
it is vital that clinicians adequately communicate these ben-
eficial effects to the patients to improve compliance and po-

Figure 1. Algorithm in the assessment of sarcopenia, frailty, and malnutrition. This algorithm highlights the essential steps in as-
sessing frailty, sarcopenia, and malnutrition in patients with liver cirrhosis. This flowchart illustrates only a selection of available 
assessment tools. We recommend regularly using the same tools to increase the likelihood of noticing subtle changes. Regular 
assessments are based on the patient’s clinical status and should be conducted at least annually. In case of decompensation or 
clinical deterioration, periodic reviews should be performed every 3 to 6 months in ambulatory clinics. For nutritional purposes, 
use dry weight-based body mass index and subtract weight depending on the amount of volume overload.
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tentially outcome [15]. Multiple subjective and objective tools 
for the assessment of frailty are available. The current AASLD 
toolbox provides an overview of functional tests for assessing 
frailty, including the 6-min walking test, short physical perfor-
mance battery (including gait speed, chair stands, and standing 
balance) (modified) - Fried frailty instrument, and others rang-
ing from subjective to objective. Current guidance [40] high-
lights a substantial predictive value of using the activities of 
daily living (ADL) and Karnofsky performance status (KPS) 
evaluations in the acute care setting.

Valuable tools for long-term assessments also include the 
KPS and the liver frailty index (LFI). In clinical practice, we 
use the 6-min walking tests and the LFI to assess frailty in 
patients being considered for liver transplants. The LFI entails 
four components (gender, grip strength, chair stands, and bal-
ance). The chair stands performance assesses the frequency 
of repeated rises from sitting to standing and back within 30 
s. A poor performance is associated with an increased risk of 
falls, and early identification of this potential risk factor can 
be beneficial [75]. The hand grip strength (HGS) is assessed in 
kilograms via a dynamometer of the dominant hand. Three at-
tempts are approximated, and a lower HGS (e.g., men < 30 kg, 
women < 15 kg) is correlating with a higher risk of mortality 
[76]. Finally, balance assessment includes holding a position 
(feet placed side-to-side, semi-tandem, and tandem) for 10 s.

The KPS is a subjective assessment tool that categorizes 
the functional performance of individuals by using a scale of 
0 - 100 in increments of 10; the lower the score, the higher 
the degree of frailty [77]. Many studies highlight the signifi-
cance of frailty in patients with cirrhosis independent of the 
etiological origin of cirrhosis. Furthermore, it is essential to 
not view frailty as a static measure but rather as an ongoing 
process in which the available tools can aid in preventing the 

progression of frailty. In this context, it appears evident that 
frailty has prognostic implications regarding waitlist mortal-
ity [78], development of ascites, and encephalopathy (Fig. 2) 
[79]. Lai et al indicated in a study with over 1,000 patients 
with cirrhosis that worsening of the LFI over 3 months is as-
sociated with a more than two-fold increase in waitlist mortal-
ity [80] (95% CI: 1.35 - 3.09). Similarly, Thuluvath et al [81] 
showed that patients with a lack of improvement in KPS and 
a low baseline KPS have a worse outcome post-liver trans-
plant with regards to graft (1.31 - 1.46, P < 0.01) and patient 
survival (1.35 - 1.52, P < 0.01). Both the LFI and KPS can be 
used for periodic evaluations and to classify patients into three 
categories depending on the severity of frailty [82]. Growing 
evidence indicates that the more objective LFI could be pri-
oritized as a standard assessment tool as it provides a more 
accurate estimation of mortality, especially in patients listed 
for a liver transplant. One potential downside is that the LFI 
requires specialized equipment (e.g., adjustable handle), which 
might not be readily available compared to the KPS [83, 84]. 
But as recent studies [85] highlighted that reduced handgrip 
strength is a valuable tool to stratify the risk of development 
of overt hepatic encephalopathy, these specialized tools might 
become more widely available in the future as they might have 
implications on a higher number of patients. Furthermore, the 
assessment of handgrip was found to be associated with de-
creased cognitive performance in females as it correlates with 
inhibitory control testing used to assess minimal hepatic en-
cephalopathy (0.60, P < 0.001) [75].

Home-based exercises will likely become more integral 
to managing frailty as technologies such as wearables and 
smartphones are readily available [86] and objectify activity 
levels that patients and physicians often overestimate [87]. For 
example, a pilot study (STRIVE) by Lai et al [88] included 

Figure 2. Implications of malnutrition, sarcopenia, and frailty in the context of cirrhosis from multiple viewpoints.
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83 patients with cirrhosis randomized 2:1 to receive a 30-min 
strength training video plus a health coach for 12 weeks against 
the regular standard of care. Despite a poor adherence of only 
14%, positive results were seen, with a median improvement 
in LFI from 3.8 to 3.6 (ΔLFI -0.1) and self-reported quality 
of life. Overall, determining frailty involves a series of steps, 
further summarized in the algorithm below (Fig. 1).

Malnutrition

In general, malnutrition is defined as a “state of nutrition in 
which a deficiency or excess (or imbalance) of energy, protein, 
and other nutrients causes measurable adverse effects on tis-
sue/body form (body shape, size, and composition) and func-
tion, and clinical outcome” [89] (Table 1).

Multiple studies showed that most patients with liver cir-
rhosis lack the knowledge to manage their disease and dietary 
intake properly and effectively, indicating the continuous need 
to provide regular patient education [13, 14, 90]. Reuter et al 
also noted that educating physicians and nutritionists is neces-
sary to improve malnutrition in patients with liver cirrhosis 
[23]. A meaningful assessment of the patient’s current nutri-
tional status can not be based solely on weight and height; it 
also must include the dynamically changing energy and nu-
trient requirements, body composition, and organ functions. 
Therefore, all hospitalized patients with cirrhosis require con-
sultation by a dietician to address potential obstacles and the 
need for oral nutritional supplements (ONS) [13]. A handy 
screening tool for malnutrition is the “The Royal Free Hos-
pital-Nutritional Prioritizing Tool” (RFH-NPT), developed 
and validated as a screening tool for cirrhotic patients [57, 
91]. Borhofen et al performed a study assessing the different 
nutritional screening tests in 84 patients with liver cirrhosis. 
The results indicated that the RFH-NPT, assessed initially and 
after a median of 500 days, correlates with complications such 
as ascites, hepatorenal syndrome, and hepatic encephalopathy 
and is an independent predictor of transplant-free survival [91] 
(Fig. 2).

As previously mentioned, many patients with liver cirrho-
sis tend to be in a constant state of hypermetabolism. Indirect 
calorimetry is the gold standard for measuring REE [40]. Al-
ternatively, using handheld calorimeters is possible and accu-
rately estimates REE [92]. The total 24 h energy demand is 
about 1.3 times the measured REE [57, 93]. Furthermore, the 
patient’s dry weight-based BMI must be considered, and en-
ergy goals must be adjusted accordingly. In cases of significant 
volume overloaded states, post-paracentesis, body weight or 
subtraction of the weight percentage (according to the sever-
ity of ascites) based on clinical judgment is indicated. In these 
cases, ascites can be classified as mild, moderate, and severe, 
with a subsequent subtraction of 5%, 10%, or 15% based on 
severity. An additional 5% should be added with bilateral ped-
al edema [94].

Regarding general nutrition guidelines for cirrhotic pa-
tients, 25 - 35 kcal/kg/day are recommended for patients with 
a BMI between 30 and 40 kg/m2, and 20 - 25 kcal/kg/day in 
patients with a BMI more than 40 kg/m2 [40]. In addition, non-

obese individuals are recommended to have a minimum en-
ergy intake of 35 kcal/kg/day.

A daily protein intake of 1.2 - 1.5 g protein/kg ideal body 
weight should be ensured in patients with liver cirrhosis [95]. 
Further nutritional recommendations include avoiding pro-
longed fasting by having a late dinner and early breakfast 
(“late dinner, early breakfast”) and adding an oral dietary sup-
plement or snack in the evening, which helps to replenish body 
protein stores [96-98]. In terms of additional supplementation 
with branched-chain amino acids (BCAA: leucine, isoleucine, 
and valine), Gluud et al [99] indicated in a meta-analysis in-
cluding 16 randomized clinical trials and 827 participants with 
various degrees of hepatic encephalopathy that there is no ben-
efit of supplementing BCAA with regards to mortality or qual-
ity of life. However, Shirabe et al [100] indicated in a retro-
spective study involving 236 patients undergoing living donor 
liver transplantation that preoperative BCAA supplementation 
might reduce the incidence of post-transplant bacteremia and 
sepsis.

Patients with liver cirrhosis are at increased risk for clini-
cal decompensation and the development of acute on chronic 
liver failure. Therefore, adequate nutrition must be ensured 
during periods of increased stress like hepatic encephalopathy 
or ascites. Hepatic encephalopathy is associated with altered 
mental status and somnolence; protein and calorie intake are 
often inadequate. Consensus guidelines recommend consider-
ation of early enteral nutrition, e.g., via nasogastric/nasojeju-
nal tube (NG/NJ tube), if the patient is not at increased risk for 
potential complications such as aspiration pneumonia. In clini-
cal practice, patients eligible for transplants should be closely 
followed regarding fulfilling caloric needs. If the patient can-
not meet the caloric needs, the placement of NG/NJ tubes is 
strongly recommended.

Esophageal varices are not a contraindication for insert-
ing an NG/NJ tube. A risk of bleeding was described in one 
retrospective study [101] but is likely outweighed by the ben-
eficial effect of early initiation of nutrition. In the case of in-
sufficient nutrition or contraindication to an enteral tube (e.g., 
absent cough and/or gag reflex), parenteral nutrition with con-
comitant supplementation of vitamins, electrolytes, and trace 
elements as a second-line option is recommended. The esti-
mated protein target is approximately 1.2 - 2.0 g/kg ideal body 
weight per day during the state of critical illness. However, 
in patients with hyperacute hepatic encephalopathy, hyperam-
monemia, and a high risk of cerebral edema, protein support 
can be suspended for the first 24 - 48 h [40, 57]. The algorithm 
mentioned above (Fig. 1) also summarizes the steps in defin-
ing/diagnosing malnutrition.

Conclusion

Improving screening strategies for malnutrition is crucial given 
the global burden of liver cirrhosis. This involves addressing 
knowledge gaps among healthcare professionals and difficul-
ties in diagnosing frailty, sarcopenia, and malnutrition in these 
patients. Primary gastroenterologists and primary care physi-
cians should initiate counseling on adequate protein intake and 
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prevention of malnutrition-related complications during early 
cirrhosis management, prior to referral to a transplant center. 
This includes optimizing standards for assessing liver cirrhosis 
through regular nutritional consults, indirect calorimetry, and 
longitudinal frailty assessments. Patient education plays a vital 
role in improving diet and physical activity.
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