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Abstract
Malnutrition is a liver cirrhosis complication affecting more than 20%-50% of 
patients. Although the term can refer to either nutrient deficiency or excess, it 
usually relates to undernutrition in cirrhosis settings. Frailty is defined as limited 
physical function due to muscle weakness, whereas sarcopenia is defined as 
muscle mass loss and an advanced malnutrition stage. The pathogenesis of 
malnutrition in liver cirrhosis is multifactorial, including decreased oral intake, 
maldigestion/malabsorption, physical inactivity, hyperammonemia, hypermeta-
bolism, altered macronutrient metabolism and gut microbiome dysbiosis. Patients 
with chronic liver disease with a Body Mass Index of < 18.5 kg/m2 and/or decom-
pensated cirrhosis or Child-Pugh class C are at the highest risk of malnutrition. 
For patients at risk of malnutrition, a detailed nutritional assessment is required, 
typically including a history and physical examination, laboratory testing, global 
assessment tools and body composition testing. The latter can be done using 
anthropometry, cross-sectional imaging including computed tomography or 
magnetic resonance, bioelectrical impedance analysis and dual-energy X-ray 
absorptiometry. A multidisciplinary team should screen for and treat malnutrition 
in patients with cirrhosis. Malnutrition and sarcopenia are associated with an 
increased risk of complications and a poor prognosis in patients with liver 
cirrhosis; thus, it is critical to diagnose these conditions early and initiate the 
appropriate nutritional therapy. In this review, we describe the prevalence and 
pathogenesis of malnutrition in liver cirrhosis patients and discuss the best 
diagnostic approach to nutritional assessment for them.
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Core Tip: Malnutrition is a common complication of liver cirrhosis that is not often addressed by 
physicians. Due to its association with poor outcomes, it is important to identify patients at risk of 
malnutrition in order to treat them early. We herein describe the mechanism of malnutrition in cirrhosis 
and discuss the best diagnostic approach.
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INTRODUCTION
Malnutrition is defined as nutrient imbalance (deficiency or excess) with adverse effects on the body’s 
form, function or outcome. According to the European Association for the Study of Liver Disease 
(EASL), the term “malnutrition” refers to “undernutrition”[1]. Frailty is defined as limited physical 
function due to muscle weakness and diminished muscle contractility, while sarcopenia is defined as 
the generalized loss of muscle mass. Malnutrition is a common complication of liver cirrhosis, with a 
prevalence rate of 5-92%[2]. The prevalence of malnutrition increases with worsening liver disease[3]. It 
has been reported that one-fifth of patients with compensated cirrhosis and more than half the patients 
with decompensated cirrhosis have malnutrition[4]. Additionally, even patients with chronic liver 
disease who are not cirrhotic can have malnutrition. In this group of patients, malnutrition may be 
masked by obesity[5]. Due to the increasing prevalence of non-alcoholic fatty liver disease, overweight 
and obesity are becoming more common in cirrhotic patients. In this review, we describe the 
pathophysiology of malnutrition in liver cirrhosis and discuss the best diagnostic approach to assess the 
nutritional status of patients in clinical practice.

METHODS
A PubMed web-based search was conducted to review the literature published from its inception until 
January 1, 2022, using the keywords ‘malnutrition’, ‘nutritional assessment,’ ‘liver cirrhosis,’ and 
‘sarcopenia.’ All relevant articles published in the English language were reviewed, and data on 
epidemiology, pathogenesis, diagnosis and prognosis were extracted.

PATHOGENESIS
There are multiple factors that contribute to the development of malnutrition and sarcopenia in liver 
cirrhosis (Figure 1). First, the principal cause of malnutrition is reduced oral intake, and this can be due 
to anorexia, early satiety, nausea and cognitive impairment in the setting of hepatic encephalopathy. 
Patients with liver cirrhosis often have altered taste and smell, which can cause anorexia due to changes 
in the oral flora, use of antibiotics, dry mouth, zinc or magnesium deficiency[6]. Additionally, 
imbalances between orexigenic and anorexigenic hormones and chronic elevations in cytokines like 
tumor necrosis factor (TNF)-α can also trigger anorexia[7,8]. Early satiety can be explained by abdo-
minal distension secondary to ascites or altered intestinal motility, which is common in cirrhosis[9]. 
Furthermore, unpalatable low-salt diets followed by the patients with ascites, alcohol abuse, and 
frequent tests requiring fasting for hours can all contribute to decreased oral intake[8]. Second, nutrient 
maldigestion and malabsorption can occur due to reduced bile production, altered intestinal motility 
with subsequent small bowel bacterial overgrowth, portal hypertensive gastropathy/ enteropathy and 
long-term lactulose use[8]. Furthermore, pancreatic insufficiency frequently coexists with alcoholic liver 
cirrhosis, contributing to decreased nutrient uptake. Third, alteration in macronutrient metabolism is an 
important factor affecting nutritional status in cirrhosis. Carbohydrate metabolism is characterized by 
increased gluconeogenesis, elevated fasting serum insulin levels, insulin resistance, decreased glycogen 
synthesis and storage and the early use of lipids and proteins as substrates for energy production and 
gluconeogenesis[7]. It has been observed that the rate of fat and protein catabolism after a short 
overnight fast in patients with liver cirrhosis is similar to that of healthy individuals who underwent 2-3 
d of starvation[10]. Abnormal protein metabolism manifests itself as more protein catabolism and less 
synthesis, low levels of branched-chain amino acids (BCAA), and higher levels of aromatic amino acids 
(AAA), resulting in a lower Fischer’s ratio (BCAA/AAA ratio) which has been associated with complic-
ations such as hepatic encephalopathy[11]. Hyperammonemia promotes muscle breakdown and 
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Figure 1 Factors contributing to malnutrition and sarcopenia in liver cirrhosis.

sarcopenia by upregulating myostatin which inhibits protein synthesis[12]. Testosterone levels are 
decreased in cirrhotic males and this further contributes to decreased protein synthesis and loss of 
muscle mass[13].

Lipid metabolism exhibits increased lipolysis, lipid oxidation and ketogenesis[14]. Fourth, 
hypermetabolism affecting one-third of cirrhotic patients, contributes to malnutrition. It is defined as 
having a resting energy expenditure > 120% of the predictive value, and it can be caused by infections 
or chronic inflammation and is not associated with sex, underlying cause or severity of liver disease
[15]. Fifth, an imbalance of gut microbiota (dysbiosis) in liver cirrhosis has been suggested as a 
contributing factor in malnutrition. Short-chain fatty acid-producing bacteria such as Bacteroides are 
reduced in patients with cirrhosis, and there is a higher abundance of Campylobacterales in moderately 
malnourished cirrhotics; findings have been associated with malnutrition in children[16-19]. The 
alteration in gut microbiome composition leads to increased intestinal permeability, bacterial translo-
cation and infectious complications like spontaneous bacterial peritonitis[20]. This results in increased 
protein catabolism and muscle mass loss mediated by inflammation. Finally, physical inactivity, which 
is common in patients with significant ascites or hepatic encephalopathy may contribute to reduced 
muscle mass[21].

Beta blockers have been suggested as a possible external factor contributing to malnutrition in 
cirrhosis. However, a recent study found that patients who received non-selective beta blockers had 
actually better skeletal muscle index and improvement in sarcopenia[22].

The role of portal hypertension in malnutrition and sarcopenia is not clear. There is very limited 
literature about the prevalence of malnutrition and sarcopenia in non-cirrhotic portal hypertension. A 
study by Lattanzi et al[23] found that the prevalence of sarcopenia in non-cirrhotic portal hypertension 
was similar to that in patients with compensated cirrhosis. This could suggest that portal hypertension 
per se may play a role in the development of malnutrition and sarcopenia given the fact that those 
patients have less liver damage compared to cirrhotic patients. This theory could be supported by the 
fact that nutritional status improves after transjugular intrahepatic portosystemic shunt (TIPS) and 
resolution of portal hypertension[24,25].
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DIAGNOSIS
Malnutrition screening tools
The EASL released clinical practice guidelines in 2019 on nutritional assessment and management in 
chronic liver disease patients[1]. They recommended the screening of all patients with chronic liver 
disease for the risk of malnutrition using two tests: The body mass index (BMI) and Child-Pugh classi-
fication. Patients with a BMI < 18.5 kg/m2 and/or those with Child-Pugh class C or decompensated 
cirrhosis are considered at higher risk for malnutrition. On the other hand, patients with BMI 18.5-29.9 
kg/m2 and are Child-Pugh class A or B should undergo nutritional screening using one of the following 
liver disease-specific malnutrition screening tools: The Royal Free Hospital-nutritional prioritizing tool 
(RFH-NPT) or the liver disease undernutrition screening tool. Those who are at low risk for malnu-
trition need follow-up and re-assessment every year, while patients with moderate or high risk for 
malnutrition should have a detailed nutritional assessment. In addition, patients with a high risk for 
malnutrition need to be assessed for sarcopenia as well (Figure 2).

RFH-NPT uses simple clinical questions that take less than 3 minutes to complete and can be used by 
non-specialist staff. It classifies patients into low (0 points), medium (1 point), or high risk (2-7 points) 
for malnutrition. It considers the patient’s nutritional history (unplanned weight loss, dietary intake, 
BMI) and the presence or absence of fluid overload (ascites and/or peripheral edema). Although it has 
been validated in a multicenter trial in the United Kingdom, it requires further testing[26]. RFH-NPT 
was reported to correlate with clinical deterioration, the severity of liver disease, and complications of 
liver cirrhosis and was found to be an independent predictor of clinical deterioration and transplant-free 
survival. Furthermore, improvement in RFH-NPT score was associated with improved survival[27]. 
RFH-NPT is recommended by the European Society of Parenteral Enteral Nutrition guidelines as the 
best available tool for malnutrition screening in liver disease[28].

The liver disease undernutrition screening tool uses six patient-directed questions about nutritional 
intake, weight loss, subcutaneous fat loss, muscle mass loss, fluid accumulation and decline in 
functional status. Its limitation is that it is entirely dependent on the patient’s subjective judgment and 
has a low negative predictive value[29]. As with RFH-NPT, it needs further validation.

Detailed nutritional assessment
Patients who are at risk of malnutrition during screening should undergo comprehensive nutritional 
evaluation for confirmation of malnutrition and characterization of their nutritional status. This should 
ideally be done by a registered dietician or nutritionist. The evaluation process includes history taking, 
physical examination, laboratory tests, subjective global assessment and specialized methods for body 
composition assessment.

HISTORY
Patients should be asked about their dietary intake; recent weight loss; use of supplements; alcohol 
consumption; any eating barriers such as anorexia, nausea, altered taste or smell, abdominal distension 
or pain, or any socioeconomic barrier; and symptoms of nutritional deficiency such as dermatitis (zinc, 
niacin, vitamin A), sore tongue (folate, vitamin B12), or paresthesia (thiamine, pyridoxine, vitamin B12). 
Dietary intake can be assessed using 24-h dietary recall, which is simple to use and does not require a 
high level of literacy. However, one significant disadvantage is that it is dependent on the patient’s 
recall skills and may not be representative of daily meal selection or eating behavior[30]. Another option 
is a 3-d food diary, which requires patients to cooperate and follow standardized instructions; however, 
it may be burdensome for patients and difficult to implement in those with advanced disease. It is the 
preferred method because it relies the least on patient recall[31]. Repeated 24-h dietary recalls are 
another option[32]. At a minimum, the patients should be asked if their relative food intake has changed 
over time and, if so, how much.

PHYSICAL EXAMINATION
It should include measuring the BMI; examination for ascites and edema; muscle wasting, which is 
usually done by assessing the temporalis muscle, quadriceps and deltoids; and loss of subcutaneous fat 
which can be assessed in the chest, eye sockets and triceps areas. The BMI divides patients into four 
categories: Underweight, normal weight, overweight, and obese. In cirrhotic patients, it can be used to 
diagnose obesity in the absence of fluid retention. In the case of fluid retention, the patient's dry weight 
should be used, which can be estimated using the documented patient’s weight prior to the 
development of fluid retention if available, the patient’s weight post paracentesis, or by subtracting a 
percentage of weight based on the severity of ascites (5% for mild, 10% for moderate and 15% for 
severe) with an additional 5% subtracted if bilateral lower limb edema is present[33,34]. This has not 
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Figure 2 Algorithm for nutritional screening and assessment in liver cirrhosis. Adapted from the European Association for the Study of the Liver 
(EASL) clinical practice guidelines (with permission from Elsevier). Citation: European Association for the Study of the Liver. EASL Clinical Practice Guidelines on 
nutrition in chronic liver disease. J. Hepatol. 2019, 70, 172-193. Copyright© 2018 European Association for the Study of the Liver. Published by Elsevier. BMI: Body 
mass index (Supplementary material).

been validated yet but has demonstrated excellent inter-observer agreement.

LABORATORY TESTS
The use of serum biomarkers for the diagnosis of malnutrition is controversial and currently they only 
complement the nutritional assessment[35]. Complete blood count; serum creatinine; serum albumin, C-
reactive protein (CRP); levels of vitamins and minerals like zinc, phosphorus, magnesium and iron are 
included in laboratory tests. Serum protein measurements may be limited in patients with advanced 
liver cirrhosis and synthetic dysfunction because they do not always reflect nutritional status. CRP may 
be useful in assessing catabolism and interpreting the results of nutrient levels. It is important to tailor 
testing according to the patient’s underlying liver disease and comorbidities.

GLOBAL ASSESSMENT TOOLS
Subjective global assessment
It consists of five historical parameters (weight loss, dietary changes, gastrointestinal symptoms, 
functional capacity and metabolic demand associated with the underlying disease) and three physical 
examination parameters (loss of subcutaneous fat, muscle wasting and edema/ascites)[36]. Based on the 
results of these parameters, the patient gets a rating of A (well-nourished), B (moderately malnourished) 
or C (severely malnourished). Although subjective global assessment (SGA) is simple to administer, has 
fair to good interobserver reproducibility[37] and correlates with post-operative outcomes in patients 
without liver cirrhosis, it underestimates the prevalence of sarcopenia and has a low agreement with 
other methods of nutritional assessment[34,38].

https://f6publishing.blob.core.windows.net/7993b83c-9c04-48ed-ac5e-68a8b0cf046d/WJH-14-1694-supplementary-material.pdf
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Royal free hospital-SGA
Due to the limitations of the SGA, the royal free hospital-SGA (RFH-SGA) was developed[39]. It consists 
of dietary intake, BMI based on dry weight and mid-arm muscle circumference. Patients are stratified 
into three groups: adequately nourished, moderately malnourished and severely malnourished. The 
RFH-SGA is reproducible, correlates with other measurements of body composition and has shown 
promise in predicting survival and post-transplant outcomes[40,41]. However, it takes a longer time 
than SGA and requires additional validation.

Assess for frailty
There are currently no standardized criteria for diagnosing frailty in cirrhosis. There are several geriatric 
measures that have been used to assess frailty in cirrhotic patients. The Liver Frailty Index measures 
hand grip strength, balance, and timed chair stands and has been found to be correlated with mortality
[42]. The Fried frailty criteria include unintentional weight loss, self-reported exhaustion, grip strength, 
slow walking speed and low physical activity. An increase in the Fried frailty score was found to be 
associated with an increased risk of waiting list mortality[43]. The short physical performance battery 
measures repeated chair stands, balance, and timed 13-foot walk and has been shown to predict 
transplant waiting list mortality[43].

BODY COMPOSITION TESTING
Body composition testing is summarized in Table 1.

Anthropometry
These are simple and quick bedside methods for determining body fat and muscle mass that are 
unaffected by fluid retention. Triceps skin fold (TSF) and mid-arm muscle circumference (MAMC) are 
the most commonly used measurements [MAMC = mid-arm circumference - (TSF × 0.314)]. Both 
MAMC and TSF have been found to correlate with survival in cirrhotic patients, with MAMC having 
higher prognostic power than TSF[44]. These tests have interobserver variability and low accuracy.

Bioelectrical impedance analysis
It determines the water content of the body by measuring the resistance to electrical current flow within 
the body which is then used to estimate muscle mass. Bioelectrical impedance analysis (BIA) is 
measured with a special scale or by attaching electrodes to an arm and a leg. It is inexpensive, portable 
and simple to use; however, the results are influenced by the patient’s volume status which can change 
in cirrhosis[45].

Computed tomography
The gold standard for sarcopenia assessment is the quantification of muscle mass using cross-sectional 
imaging[46]. The skeletal muscle index (cm2/m2) is calculated by analyzing the abdominal skeletal 
muscles at the L3 vertebral level. Cut-off values based on an American study (50 cm2/m2 in males and 
39 cm2/m2 in females) that correlated best with outcomes have been proposed, though ethnicity-specific 
criteria may be required given the fact that Asians have lower lean body mass compared to Western 
populations[47]. A meta-analysis of the impact of computed tomography (CT-assessed muscle mass on 
clinical outcomes in liver transplant patients showed an association between low muscle mass and 
mortality that was independent of the Model for End-Stage Liver Disease Score[48]. Obviously, the 
routine and multiple CT scans to diagnose sarcopenia are limited by the cost, availability, radiation and 
contrast exposures; however, since it is often used for other purposes in liver cirrhosis like evaluation of 
hepatocellular carcinoma and liver transplantation assessment, thus it can be used at least once for 
assessment of sarcopenia.

Magnetic resonance imaging
The use of magnetic resonance imaging for the assessment of sarcopenia has been suggested with the 
advantages of high accuracy and lack of ionizing radiation. It is only used for research purposes due to 
limitations of high cost and lack of cut-off values.

Ultrasonography
It has been more than two decades that the use of ultrasound for skeletal muscle mass estimation in the 
context of fluid retention has been proposed[49]. The biceps, anterior forearm flexors and quadriceps 
muscles correlated best with lean body mass. The test is radiation-free and allows bedside assessment at 
a low cost. A previous study showed that combining BMI with thigh muscle thickness measured by 
ultrasound is significantly correlated with sarcopenia diagnosed via cross-sectional imaging[34]. 
However, a more recent study found that ultrasound muscle thickness had no advantage over other 
bedside techniques (namely MAMC and BIA)[50].
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Table 1 Comparison between body composition testing modalities

Modality Accuracy Advantage Disadvantage

Anthropometry Low Simple, rapid, not affected by fluid retention Interobserver variability

BIA Moderate Easy, portable, relatively inexpensive Influenced by volume status, requires special 
equipment

Ultrasound Moderate to 
high

Inexpensive, radiation-free, bedside Interobserver variability

DEXA scan High Suitable for repeat testing Radiation exposure & high cost (but less than CT 
scan)

CT scan High Allows direct assessment of muscle mass Radiation and contrast exposure, high cost

MRI High No radiation exposure, allows direct assessment of muscle 
mass

Expensive, lacks cut-off values

BIA: Bioelectrical impedance analysis; DEXA: Dual energy X-ray absorptiometry; CT: Computed tomography; MRI: Magnetic resonance imaging.

Dual-energy X-ray absorptiometry
It allows regional and whole-body assessment of bone mineral density, fat mass and lean mass. Even 
though it is less precise compared to a CT scan, it has a lower cost and radiation exposure which makes 
it more suitable for repeat testing during follow-up[51]. The major limitation is its validity in the case of 
fluid retention which can lead to the underestimation of sarcopenia. To overcome the confounding effect 
of ascites, use of appendicular lean mass that excludes the abdominal compartment has been proposed
[52]. Other studies proposed the use of arm lean mass to further reduce the effect of lower limb edema 
and it was found to be superior to appendicular lean mass in terms of mortality[53,54].

IMPACT OF MALNUTRITION, SARCOPENIA AND FRAILTY ON LIVER CIRRHOSIS
Malnutrition has a negative impact on cirrhosis progression and outcome[55]. For example, patients 
with cirrhosis who are malnourished were found to have twice the rates of hospitalizations and 
mortality as compared to well-nourished patients[56]. It has also been shown that malnutrition is a 
predictor of other complications of cirrhosis, such as infections, hepatic encephalopathy and ascites[57-
59]. Malnutrition and sarcopenia are independent predictors of poor outcomes in patients with liver 
cirrhosis and in those undergoing liver transplantation[60-62]. In addition, sarcopenic obesity and 
myosteatosis are independently associated with long-term mortality in liver cirrhosis[63]. Furthermore, 
it has been demonstrated that the diagnosis of frailty in cirrhosis is associated with an increase in 
mortality[64]. Given the significant impact on morbidity and mortality, it is critical to screen all patients 
with liver cirrhosis for malnutrition and provide nutritional therapy to those who require it in order to 
improve their quality of life and survival. A multidisciplinary approach is the best way to accomplish 
this.

CONCLUSION
Malnutrition is a common complication of liver cirrhosis with complex pathophysiology that adversely 
affects the clinical outcome. A stepwise diagnostic approach should be followed for early recognition 
and management.
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