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Abstract: Liver diseases are the major predisposing conditions for the development of malnutrition,
sarcopenia, and frailty. Recently, the mechanism of the onset of these complications has been better
established. Regardless of the etiology of the underlying liver disease, the clinical manifestations
are common. The main consequences are impaired dietary intake, altered macro- and micronutrient
metabolism, energy metabolism disturbances, an increase in energy expenditure, nutrient malab-
sorption, sarcopenia, frailty, and osteopathy. These complications have direct effects on clinical
outcomes, survival, and quality of life. The nutritional status should be assessed systematically and
periodically during follow-up in these patients. Maintaining and preserving an adequate nutritional
status is crucial and should be a mainstay of treatment. Although general nutritional interventions
have been established, special considerations are needed in specific settings such as decompensated
cirrhosis, alcohol-related liver disease, and metabolic-dysfunction-associated fatty liver disease. In
this review, we summarize the physiopathology and factors that impact the nutritional status of liver
disease. We review how to assess malnutrition and sarcopenia and how to prevent and manage these
complications in this setting.

Keywords: malnutrition; sarcopenia; frailty; cirrhosis; alcohol-related liver disease; metabolic
dysfunction-associated fatty liver disease; liver transplantation

1. Introduction

Liver cirrhosis is the final stage of chronic liver disease (CLD) and is a condition
that predisposes people to the development of malnutrition, sarcopenia, and frailty [1].
Malnutrition is a clinical syndrome that develops from an imbalance, deficiency, or excess
of nutrients that leads to an alteration in body composition, resulting in a decrease in
physical and mental function [2]. In patients with cirrhosis and malnutrition, there is
typically a decline in skeletal muscle tissue (sarcopenia) and a reduction in adipose tissue
(adipopenia) [3]. As liver dysfunction progresses in cirrhosis, the prevalence of malnutrition
and sarcopenia increases [4,5] and are associated with worse clinical outcomes, including
survival and quality of life, and a higher incidence of medical complications, such as ascites,
hepatic encephalopathy and increased risk of infections [6]. Furthermore, the dysregulation
of the gut microbiome that occurs in cirrhosis may accelerate liver fibrogenesis and cirrhosis-
related complications [7].

For this reason, it is advisable for all patients with cirrhosis, especially those with
decompensated cirrhosis, to undergo a prompt nutritional screening [8].
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Regardless of the etiology of the underlying liver disease, general recommendations
have been established in order to identify, prevent, and avoid malnutrition and its compli-
cations [2,9–13].

In this review, we summarize the physiopathology of the consequences of nutritional
status in liver diseases, which include impaired dietary intake, altered macro- and micronu-
trient metabolism, energy metabolism disturbances, an increase in energy expenditure,
nutrient malabsorption, sarcopenia, frailty, and osteopathy [5]. We evaluate a nutritional
assessment in these patients and general nutritional intervention recommendations. Finally,
we review particular aspects of nutritional support in specific settings, such as metabolic
dysfunction-associated fatty liver disease (MAFLD), alcohol-related liver disease (ALD),
liver transplantation (LT), and other infrequent etiologies.

2. Consequences of Liver Disease for Nutritional Status

Liver cirrhosis is the consequence of a process of inflammation, destruction, and
regeneration of liver parenchyma occurring in any chronic liver disease. The natural history
of cirrhosis begins with a compensated phase, with or without portal hypertension, and
is followed by a decompensated phase marked by the emergence of major complications,
such as ascites, esophageal variceal bleeding, or encephalopathy [14].

Liver cirrhosis is a catabolic condition. The degree of metabolic response depends
on the stage of the disease and determines the catabolic rate. Thus, as liver dysfunction
progresses, the catabolic rate is higher [15]. Protein–energy malnutrition in cirrhosis
arises from a combination of multiple factors, primarily linked to decreased caloric intake,
alterations in metabolism, and malabsorption [8,15]. In this section, we summarize the
main nutritional factors or consequences involved in the development of malnutrition and
sarcopenia in cirrhosis, as well as the mechanisms that explain their appearance in liver
disease (Table 1).

Table 1. Consequences of chronic liver disease for nutritional status.

Nutritional Consequence [Ref.] Mechanisms in Chronic Liver Disease

1. Impaired dietary intake [8,15,16] Hyporexia, early satiety, impaired gastric motility, dysgeusia, restrictive diets,
and alcohol abuse

2. Altered macro- and micronutrient metabolism
[9,17–35]

Impaired glucose tolerance with insulin resistance and β-cell dysfunction;
higher protein intake secondary to hypermetabolism; increased lipolysis and
lipid oxidation. Vitamin deficiencies are secondary to malabsorption and
diminished reserves

3. Energy metabolism disturbances [19,36–38] Hypermetabolic state causes a reduced hepatic glycogen synthesis and storage
and an increase in gluconeogenesis

4. Increase in energy expenditure [3,39–42] Hypermetabolism, malnutrition, chronic inflammation and
immunosuppression

5. Nutrient malabsorption [43–46] Impaired bile acid metabolism, portal hypertensive enteropathy, gut
microbiome dysregulation, and small intestinal bacterial overgrowth

6. Sarcopenia and muscle function [19,38,47–50] Accelerated starvation, hyperammonemia, endotoxemia, reduced levels of
testosterone and branched-chain amino acids, decreased physical exercise

7. Metabolic osteopathy [9,51–55] Nutritional, hormonal, metabolic, genetic and inflammatory factors

2.1. Impaired Dietary Intake

The main factor involved in malnutrition is reduced oral intake. Hyporexia or de-
creased appetite is the main mechanism involved in the reduction in dietary intake in
patients with cirrhosis. Hyporexia has been attributed to imbalances between orexigenic
and anorexigenic hormones, mainly a decreased cholecystokinin and leptin clearance, and
an increase in inflammatory cytokines, such as tumor necrosis factor-alpha (TNF-α) [15].
Other factors causing reduced caloric intake in cirrhosis are early satiety as a result of
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gastric compression from ascites or abdominal distension due to altered intestinal motil-
ity [8,15]. Portal hypertension also contributes to reduced dietary intake by impairing
gastric relaxation and motility [15]. Alterations in the oral flora, the use of antibiotics,
dry mouth, or zinc or magnesium deficiency can also cause dysgeusia [11]. Furthermore,
the other factors implicated in impaired dietary intake are low-salt unpalatability diets
in patients with ascites, alcohol abuse, dietary restrictions as a consequence of extended
hospitalization periods, and cognitive impairment due to hepatic encephalopathy [8,15,16].

2.2. Altered Macro- and Micronutrient Metabolism
2.2.1. Macronutrients Metabolism

Glucose metabolism: It is common for individuals with liver cirrhosis to develop
insulin resistance since 60–80% present with impaired glucose tolerance and 10–15% have
overt diabetes. Hepatogenous diabetes (HD) is a state of impaired glucose regulation
characterized mainly by peripheral insulin resistance in tissues such as skeletal muscle or
adipose tissue, while the uptake of glucose in the liver is normal or enhanced [15]. The
proposed mechanisms for insulin resistance in cirrhosis are neurohormonal changes, endo-
toxemia, liver inflammation, altered muscle mass and composition, altered gut microbiota,
and permeability [17]. Chronic hyperglycemia causes toxic injury to the pancreatic cells.
The accumulation of advanced glycation end-products that are normally cleared by the
liver accelerates this process by producing oxidative stress in β-cells. In addition, low-grade
systemic hypoxia generated by cirrhosis contributes to the further impairment of the β-cell
function. Pancreatic β-cell dysfunction in patients with cirrhosis marks the transition from
impaired glucose tolerance to HD [18].

Protein metabolism: Liver cirrhosis is a hypercatabolic state that needs a higher
protein intake than usual. The main factors involved in the decrease in muscle mass are
the metabolic changes that appear in cirrhosis and alterations in protein turnover [15].
In cirrhosis, gluconeogenesis is increased, and amino acids are the primary source via
proteolysis in the skeletal muscle, which generates both branched-chain amino acids
(BCAAs) and aromatic amino acids (AAAs) [19,20]. Only BCAAs are catabolized in the
skeletal muscle, resulting in lower plasma BCAA levels. Conversely, AAAs are primarily
metabolized in the liver, and their plasma levels are increased due to both hepatocellular
dysfunction and portosystemic shunting [19]. As the state of liver dysfunction progresses,
the plasma BCAA levels decrease [21,22]. A negative correlation has been noted between
plasma BCAA levels and the severity of hepatic encephalopathy [23].

Lipid metabolism: Patients with cirrhosis exhibit increased lipolysis, lipid oxidation,
and ketogenesis [24].

2.2.2. Micronutrients Metabolism

Vitamin deficiencies in cirrhosis are secondary to diminished reserves due to liver
dysfunction, inadequate dietary intake, and nutrient malabsorption [9]. Depending on
the etiology, individuals with CLD are at risk of depletion of fat-soluble vitamins, water-
soluble vitamins, or minerals. For example, deficiencies of folate (B9), thiamine (B1), zinc,
magnesium, selenium, vitamin D, and vitamin E are the most widely recognized deficien-
cies in patients with alcoholic liver disease [25], while deficiencies in fat-soluble vitamins
predominate in patients with chronic cholestatic liver diseases [26]. Vitamin D deficiency
(<20 ng/mL) is associated with dysfunction of muscle contractions in the general popu-
lation and may play a role in the development and progression of frailty in patients with
cirrhosis [27]. Patients with vitamin D deficiency can also develop alterations in bone
metabolism, such as a significant decrease in bone mineral density (BMD) at the total hip
and femoral neck and an increased risk of fractures [28,29]. Severe vitamin D deficiency
(<10 ng/mL) is significantly associated with a poor prognosis and with complications of
portal hypertension in cirrhosis [28,30]. Zinc deficiency has been linked to the pathogenesis
of hepatic encephalopathy, the development of liver fibrosis, and an increased risk of liver
carcinogenesis, frailty, and sarcopenia in cirrhosis [31]. Magnesium deficiency occurs due
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to the malabsorption of magnesium in the small intestine, is exacerbated by diuretic use,
and is correlated with diminished muscle strength and reduced cognitive ability in adults
with cirrhosis [32]. Elevated manganese levels in patients with cirrhosis have been related
to selective manganese accumulation in the basal ganglia, resulting in extrapyramidal and
neuropsychiatric symptoms [33]. Specific evidence regarding the advantageous impact of
micronutrients and vitamin supplementation in cirrhotic patients is not available. How-
ever, confirmed or clinically suspected deficiencies should be addressed via appropriate
treatment [9]. Table 2 summarizes the most important micronutrient imbalances in CLD.

Table 2. Micronutrient imbalances in chronic liver diseases.

Micronutrient Status in CLD Imbalance-Associated Liver
Disease Liver- and Muscle-Related Consequences

Fat-soluble vitamins [27,28,30]

A (retinol) Deficiency Cirrhosis, MAFLD Fibrosis development, progression of MAFLD
disease

D Deficiency Cirrhosis Liver dysfunction, bone density decreased,
progression of frailty, and poor prognosis

E Deficiency Alcoholic or cholestatic liver
disease, cirrhosis Increased risk of hepatocellular carcinoma

K Insufficiency Cholestatic liver disease Liver injury, supplementation involved in
hepatocellular carcinoma reduction

Water-soluble vitamins [1,25,26,28,34]

B1 Deficiency Alcoholic liver disease Neurologic dysfunction (Wernicke
encephalopathy), high-output heart failure

B6 Deficiency Cirrhosis Inadequate antioxidant capabilities of the liver

B9 Deficiency Alcoholic liver disease Progression of liver disease, muscle weakness

B12 Increase Cirrhosis, alcoholic liver
disease

No symptoms; association with liver fibrosis and
liver failure

C Deficiency MAFLD Possible influence on the progression towards
MAFLD

Minerals [31–33,35]

Zinc (Zn) Deficiency Cirrhosis Hepatic encephalopathy, liver fibrosis, liver
carcinogenesis, myopathy

Magnesium (Mg) Deficiency Cirrhosis Reduced cognitive performance and reduced
muscle strength

Manganese (Mn) Increase Cirrhosis Extrapyramidal and neuropsychiatric symptoms

Selenium (Se) Deficiency Cirrhosis, chronic hepatitis
Development of hepatocellular carcinoma,

increased risk of hepatic encephalopathy, muscle
pain

Iron (Fe) Increase Alcoholic liver disease,
cirrhosis Liver fibrosis, increased risk of infections

CLD: chronic liver disease; MAFLD: metabolic dysfunction-associated fatty liver disease.

2.3. Energy Metabolism Disturbances

In liver cirrhosis, hepatocyte dysfunction leads to altered macronutrient metabolism
or “accelerated starvation” characterized by diminished hepatic glycogen synthesis and
storage, resulting in reduced glycogen stores during the postprandial state [19] and an
increased consumption of ketoacids for ammonia metabolism [36]. As a result, muscle
catabolism and the use of amino acids for gluconeogenesis are increased [19], which pro-
motes mitochondrial dysfunction [36]. Reduced cellular amino acid concentrations activate
responses, including increased skeletal muscle autophagy [19]. The factors that also con-
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tribute to stimulating gluconeogenesis in cirrhosis are the proinflammatory state as well as
overactivation of the sympathetic nervous system (SMS), which leads to increased levels of
epinephrine and norepinephrine and SNS nerve conduction [36]. Additionally, hyperam-
monemia in cirrhosis activates the expression of myostatin in skeletal muscle, leading to
the inhibition of protein synthesis and the activation of autophagy [37]. Other factors that
activate protein synthesis and that are decreased in cirrhosis are BCAAs, physical exercise,
testosterone, and growth hormone [38]. BCAAs stimulate protein synthesis via mTOR
(mammalian target of rapamycin) activation [38].

2.4. Increase in Energy Expenditure

The total energy expenditure consists of a combination of the resting metabolic rate,
also called the “resting energy expenditure” (REE), the physical activity expenditure, and
the diet-induced thermogenesis. The REE represents the total number of calories burned
when the body is completely at rest [39] and reflects the energy required to maintain
physiological processes, representing approximately 60–70% of the total daily energy
requirement. The REE is raised to the tune of 120% of the expected value in more than one-
third of cirrhotic patients as a result of the hypercatabolic state [40]. The main mechanisms
responsible for this state are hypermetabolism, malnutrition, chronic inflammation, and
immunosuppression [3,41]. Additionally, ascites are known to cause increased energy
expenditure [42].

2.5. Nutrient Malabsorption

There are several factors that contribute to nutrient malabsorption in liver cirrhosis. Fat
malabsorption is common, mainly due to impaired bile acid metabolism and small intestinal
bacterial overgrowth (SIBO) [43]. A decrease in bile production secondary to impaired
liver function affects the formation of micelles that are necessary for fat digestion and the
absorption of fat-soluble vitamins [43]. SIBO is very common in cirrhosis, usually secondary
to altered intestinal motility. SIBO occurs when colonic bacteria colonize the small bowel,
disrupting digestive enzyme production, microvilli function, intestinal barrier, and gut
permeability, leading to impaired nutrient absorption and metabolism [44]. SIBO leads
to fat malabsorption via deconjugation of bile acids and to amino acid and disaccharide
malabsorption as well [45]. SIBO causes excessive production of ammonia and increases
the translocation of bacteria and the absorption of bacterial antigens into the bloodstream,
which may promote the development of hepatic inflammation, steatosis, and fibrosis [7,45].
Moreover, several complications and decompensations of cirrhosis, such as overt hepatic
encephalopathy or spontaneous bacterial peritonitis, are directly or indirectly associated
with gut microbiota dysregulation and a decreased diversity of intestinal bacteria [7,45,46].
Other factors that contribute to nutrient malabsorption are pancreatic insufficiency, portal
hypertensive enteropathy, and drug-related malabsorption. Pancreatic insufficiency may
also contribute to fat malabsorption and is common in patients with alcoholic cirrhosis [43].
Protein loss due to portal hypertensive enteropathy has been described [43]. Lastly, drug-
related malabsorption, resulting from diarrhea caused by medications like antibiotics,
lactulose, or diuretics, or interference with fat absorption due to drugs like cholestyramine,
may also contribute to nutrient malabsorption [44].

2.6. Sarcopenia and Muscle Function

Sarcopenia is defined as the “syndrome characterized by a generalized loss of muscle
mass, strength and function” [2]. Patients with cirrhosis and malnutrition often have
sarcopenia. Like malnutrition, sarcopenia is more prevalent as liver dysfunction progresses,
and the prevalence of sarcopenia is higher in patients with decompensated cirrhosis [4,47].
Sarcopenia is linked to a diminished quality of life and a higher risk of cirrhosis-related
complications, such as infections, hepatic encephalopathy, and ascites [6]. Furthermore,
sarcopenia is an independent predictor of mortality [6].
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There are several mediators between the liver–muscle axis, and among them, the most
important is hyperammonemia; other mediators are chronic inflammation, endotoxemia
from gut translocation, insulin resistance, reduced testosterone, and decreased physical
exercise [48]. Hyperammonemia is present in cirrhosis as a consequence of liver cell
dysfunction and portosystemic shunt [49]. Hyperammonemia activates in the skeletal
muscle the expression of myostatin, a member of the transforming growth factor beta
(TGF-β) superfamily produced by myocytes [37]. Myostatin seems to be the mediator of
hyperammonemia in the inhibition of protein synthesis and the activation of autophagy,
being the connection between liver dysfunction and sarcopenia [37]. Reduced levels of
BCAAs due to hypercatabolism, low testosterone levels, and decreased physical exercise
are factors that reduce protein synthesis in cirrhosis [38]. In addition, endotoxemia resulting
from hepatocellular and immune dysfunction and portosystemic shunt may contribute to
impaired protein synthesis and potentially active autophagy via tumor necrosis factor-alpha
(TNFα)-dependent and potentially TNF-independent pathways [19], such as reducing
micronutrients derived from gut-microbiota (butyrate, acetate) [50]. Figure 1 summarizes
the main factors that contribute to sarcopenia in liver cirrhosis.
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2.7. Metabolic Osteopathy

Osteoporosis is a bone disease characterized by a loss of bone mass and quality that
leads to fragility fractures [51]. The diagnosis of osteoporosis is based on the BMD, which
is generally measured using dual-energy X-ray absorptiometry (DXA). Osteopenia is a
clinical term used to describe a decrease in BMD [51]. According to the World Health
Organization, osteoporosis is considered when the BMD is 2.5 standard deviations below
the young average value (T-score < 2.5) and osteopenia when the T-score is between −1
and −2.5 [52]. Severe or “established” osteoporosis refers to individuals who meet the
densitometric criteria and have one or more fragility fractures [52]. Osteomalacia resulting
from poor bone mineralization is uncommon in cirrhosis and is only present in patients
with persistent vitamin D deficiency, with severe and long-lasting cholestasis and intestinal
malabsorption [9].

Osteoporosis and osteopenia are common complications of CLD, with approximate
prevalence rates of 12–55% higher than in healthy people [51]. In CLD, bone loss refers to a
reduction in bone formation coupled with an increase in bone resorption. CLD-induced
bone fragility depends on the etiology, duration, and stage of liver disease [53]. Osteo-
porosis is more prevalent in cholestatic chronic liver disease than in other liver diseases,
occurring in up to one-quarter of patients [54]. Alcoholic liver disease, hemochromatosis,
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and MAFLD are associated with reduced BMD levels, and patients with chronic hepatitis C
virus are at risk of osteoporosis [51]. In the end-stage of CLD or decompensated cirrhosis,
the prevalence of osteoporosis is higher and is detected in up to 38% of patients [55]. The
pathogenesis of CLD-induced bone loss is multifactorial. Nutritional, hormonal, metabolic,
genetic, and inflammatory factors play a significant role in the pathogenesis of osteo-
porosis [9]. The presence of one or several factors depends on the etiology of the CLD.
The primary cause of metabolic osteopathy in cholestatic liver disease is attributed to
deficiencies of vitamin K and D; in hemochromatosis, there is associated hypogonadism;
in MAFLD, viral hepatitis, and alcoholic liver disease, the increase in proinflammatory
cytokine production such as in TNFα represents the pathophysiological mechanism via the
stimulation of osteoclastogenesis [51].

3. Nutritional Screening and Assessment of Patients with Chronic Liver Disease
3.1. Nutritional Screening and Risk of Malnutrition

All patients with cirrhosis, and in particular patients with decompensated cirrhosis,
are recommended to undergo a prompt nutritional screen [8]. There are several nutritional
screening tools for individuals with cirrhosis, each with its strengths and limitations.
The NRS-2002 and MUST are validated tools used to screen hospitalized patients for
their risk of malnutrition and are recommended by the ESPEN (European Society for
Clinical Nutrition and Metabolism) in hospitalized cirrhotic patients [56]. The Subjective
Global Assessment (SGA) uses data collected during a clinical evaluation to determine
the nutritional status without recourse to objective measurements [57]. The SGA has
good interobserver reproducibility and is associated with various clinical and prognostic
variables of liver transplantation. However, the agreement of SGA with other methods of
assessment of nutritional status is low, and it underestimates the prevalence of muscle loss
in liver disease patients [9]. The RFH-GA (Royal Free Hospital Global Assessment) is a
variation of the SGA for determining the nutritional status of patients with cirrhosis. It is a
reproducible tool and correlates with other measures of body composition [57]. However,
the time required for this tool and the need for trained personnel for consistent results
limits its use [8]. In 2006, a new tool emerged to screen for malnutrition, specifically in the
cirrhotic population, the Royal Free Hospital Nutrition Prioritizing Tool (RFH-NPT) [57].
The RFH-NPT uses simple clinical questions that take less than 3 min to complete and
can be used by non-specialist staff [8]. It classifies patients into low, medium, or high
risk for malnutrition [8]. The RFH-NPT seems to be more sensitive than the NRS-2002
in identifying patients at risk for malnutrition [58], and it may be a useful predictor of
disease progression and outcomes for patients with cirrhosis [59]. Actually, the RFH-NPT is
recommended by the ESPEN guidelines as the best available tool for malnutrition screening
in liver disease [56], and it has replaced the use of the SGA and RFH-GA questionnaire
to screen for malnutrition in cirrhosis. The liver disease undernutrition screening tool
(LDUST) uses six patient-directed questions to screen for malnutrition in cirrhosis [60]. Its
limitation is that it is entirely dependent on the patient’s subjective judgment and has a low
negative predictive value [61]. As with the RFH-NPT, it requires further validation [8]. The
EASL (European Association for the Study of the Liver) recommends using the RFH-NPT
or LDUST questionnaires to screen for malnutrition in cirrhosis [9]. The MNA-SF (Mini
Nutritional Assessment Short Form) may also have a role in the screening of malnutrition
in patients with cirrhosis, although it requires further validation [62]. Finally, for patients
on surgery waiting lists, the Controlling Nutritional Status (CONUT) tool has an important
ability to predict complications and post-surgical mortality [63]. Table 3 describes the most
frequently used tools to screen for malnutrition in liver cirrhosis.

The EASL, in its latest clinical practice guidelines on nutritional assessment and
management in chronic liver disease patients [9], recommends that individuals with BMI
scores of 18.5–29.9 kg/m2 and a Child–Pugh class A or B classification should undergo
nutritional screening using one of the liver disease-specific malnutrition screening tools
(RFH-NPT or LDUST). On the other hand, patients with a BMI of <18.5 kg/m2 or those with
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a Child–Pugh class C classification or decompensated cirrhosis are considered at higher
risk for malnutrition and should undergo a detailed nutritional assessment [8,9]. Figure 2
represents the algorithm for nutritional screening and assessment in liver cirrhosis.
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Table 3. Most frequently used nutritional screening tools for patients with chronic liver disease.

Screening Tool [Ref] Variables Strengths Limitations

NRS-2002 [56]

1. BMI
2. Weight loss
3. Food intake
4. Illness severity

Validated in hospitalized
patients

Fluid overload can decrease
accuracy
Low sensitivity in liver
cirrhosis

MUST [56]

1. BMI
2. Weight loss
3. Acute illness and impact on

dietary

Validated in hospitalized and
outpatients
Quick and easy

Fluid overload can decrease
accuracy
Low sensitivity in liver
cirrhosis

SGA [9,56]

1. BMI
2. Food intake
3. Gastrointestinal symptoms
4. Functional status
5. Comorbidities
6. Physical exam

Good interobserver
reproducibility
Good association with various
clinical and prognostic
variables

Underestimates the
prevalence of muscle loss in
liver disease patients
Based on subjective variables

MNA-SF [62]

1. Weight loss
2. Appetite
3. Mobility
4. Neuropsychological

problems
5. BMI
6. Acute illness

Good sensitivity and
specificity to screen
malnutrition in cirrhosis

Needs more validation
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Table 3. Cont.

Screening Tool [Ref] Variables Strengths Limitations

RFH-NPT [8,57,59]

1. Transplant candidate
2. Fluid overload
3. BMI (in the absence of fluid

overload)
4. Weight loss
5. Food intake
6. Acute illness

Liver disease-specific tool
Quick and easy
Reduces the impact of fluid
retention
High sensitivity and
specificity to screen
malnutrition in cirrhosis
Useful predictor of disease
progression and outcome

Needs more validation

LDUST [60,61]

1. Food intake
2. Weight loss
3. Body fat loss
4. Muscle mass loss
5. Fluid overload
6. Functional status

Liver disease-specific tool
Reduces the impact of fluid
retention

Based on subjective variables
Low negative predictive value
Needs more validation

3.2. Nutritional Assessment of Malnutrition

A detailed nutritional assessment should be carried out by an expert when any of the
recommended tools for nutritional screening classify the patient as medium or high risk
for malnutrition. The utilization of nutritional assessment tools will aid in confirming the
diagnosis and etiology of malnutrition, assessing its severity, identifying repercussions and
deficits, and determining potential interventions to be implemented [64,65].

New diagnostic criteria to confirm a diagnosis of malnutrition were published in
2019 by the Global Leadership Initiative on Malnutrition, called the GLIM criteria [65],
with the involvement of leading global nutrition societies. As can be seen in Figure 3,
for the diagnosis of malnutrition, the GLIM recommends the combination of at least one
phenotypic criterion and one etiologic criterion. The phenotypic criteria include non-
volitional weight loss, a low body mass index (BMI), and reduced muscle mass. The
etiologic criteria include reduced food intake or assimilation and disease burden or an
inflammatory condition. The severity of the malnutrition (moderate or severe) is established
based on the phenotypic criteria. According to the GLIM criteria, malnutrition is present in
38.1% and severe malnutrition in 22% of patients with cirrhosis [62]. Guided by the GLIM
criteria, we will now examine the specific aspects of each nutritional assessment in patients
with liver cirrhosis.

3.2.1. Assessment of Reduced Intake

A dietary intake evaluation requires skilled personnel and relies on patient recall
and cooperation [9]. A detailed dietary intake assessment should include food, fluids,
supplements, the number of meals and their timing, the number of calories, and the
quality and quantity of one’s protein intake [9]. Several tools have been created to assess
food intake, including the Food Records (FR), the Food Frequency Questionnaire (FFQ),
and the 24-h Recall (24hR) [66]. Today, it is unknown which tools can be considered the
most accurate due to the limitations related to misreporting, technical reproducibility, and
resource availability [66]. The EASL recommends FRs as the preferred method for assessing
food intake in patients with cirrhosis [9]. FRs enable individuals to record their food and
drink intake at the time of consumption. Although the minimum time required to record
reliable data on food consumption is 3 days, shorter FRs are more commonly used, and
patients can complete the diary on non-consecutive days. The FFQ evaluates the frequency
of consumption of pre-listed foods and beverages over a specific period (usually weeks).
Trained researchers analyze the diary [67]. The 24hR consists of an interview conducted
by a trained investigator about all foods and beverages consumed during the preceding
day [66].
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The dietary interview should also include barriers to eating, such as nausea, vomiting,
diarrhea, or constipation, as well as alcohol intake or drug consumption [9]. The EASL
recommends asking the patient for the symptom section of the abridged scored patient-
generated Subjective Global Assessment [68]. Furthermore, patients should be inquired
about any changes in their relative food intake and, if so, the extent of the change and over
what period of time [9].

3.2.2. Weight Loss and Body Mass Index

Most nutritional assessment tools include BMI or unintentional weight loss. In cases
of fluid retention, it is recommended to subtract a percentage of weight according to the
severity of ascites (mild 5%, moderate 10%, severe 15%) and an additional 5% if there is
bilateral foot edema [69]. However, the GLIM group warns that patients with liver cirrhosis
and obesity or overweight would need to lose substantial weight before receiving a low
BMI designation [65]. The GLIM criteria do not require that this item be met, which allows
a diagnosis of malnutrition even with a normal BMI or without current weight loss [65].

3.2.3. Muscle Mass and Body Composition

The assessment of muscle mass and body composition is essential since sarcopenia is
an important component of malnutrition. There are several nutritional assessment tools
that measure body composition, such as anthropometry, a bioelectrical impedance analysis
(BIA), DXA, ultrasonography, computed tomography (CT scan), and magnetic resonance
imaging (MRI) [8]. In anthropometry, triceps skin fold and mid-arm muscle circumference
(MAMC) values are the most commonly used measurements [70,71]. Although anthro-
pometry is simple and rapid, it has interobserver variability and low accuracy [8]. BIA
and DXA measurements are affected by fluid retention, and both methods estimate body
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composition by assessing fat mass and lean mass [72]. BIA is an inexpensive, portable, and
simple method with moderate accuracy, while DXA involves radiation exposure and high
costs, but its accuracy is high [8]. A skeletal muscle mass estimation by ultrasound is an
inexpensive and radiation-free method with moderate to high accuracy. The gold-standard
method for sarcopenia assessment is the quantification of muscle mass using cross-sectional
imaging with a CT scan [8,72]. The skeletal muscle index (SMI) (cm2/m2) is calculated by
analyzing the abdominal skeletal muscles at the L3 vertebral level. The cut-off values to
define sarcopenia vary in individuals with cirrhosis compared to the general population,
being ≤39 cm2/m2 for women and ≤50 cm2/m2 for men with cirrhosis [73]. However, this
method involves radiation exposure and high costs. MRI is an expensive method without
radiation exposure, but there is a lack of cut-off values [8].

Muscle strength may be considered if the muscle mass cannot be assessed. The
handgrip strength assessment also estimates muscle functionality. It is a cheap, reliable,
and reproducible method, but it does not have defined cut-off points in cirrhosis [74].

3.2.4. Disease Burden or Inflammation

The most difficult criterion to evaluate in individuals with CLD is the presence of an
inflammatory condition. The GLIM criteria define disease burden or inflammation as the
presence of acute inflammatory diseases, such as major infection, burns, trauma, or closed
head injury; or the comorbidities of chronic or recurrent mild to moderate inflammation,
such as CLD, malignant disease, chronic obstructive pulmonary disease, congestive heart
failure or chronic renal disease; or C-reactive protein levels of >5 mg/L [65,75]. According
to the GLIM criteria consensus document, the mere presence of a chronic disease, such
as liver cirrhosis, is insufficient to meet these criteria. It is necessary to demonstrate the
progression or decompensation of the disease to satisfy the criteria [76]. The indicators of
inflammation may include fever, negative nitrogen balance, and elevated resting energy
expenditure [65].

In conclusion, screening and diagnosing malnutrition in patients with CLD is a com-
plex process influenced by cirrhosis-specific factors. The changes that occur in body
composition make it necessary to adapt the global nutritional assessment to obtain accurate
results. Consequently, developing specific tools could represent a significant advancement
in nutritional evaluation. Regarding the new GLIM criteria, their validity and prognostic
capacity require further validation, although their reduced reliance on BMI makes them
potentially promising.

4. Nutritional Intervention in Liver Disease
4.1. Nutritional Intervention in Patients with Hepatic Cirrhosis

In patients with liver cirrhosis, malnutrition rates of around 20% are expected, rising
to 60% in those with decompensated cirrhosis [3,11]. In a relationship with the etiology
of cirrhosis, it seems that it does not influence the proportion of malnourished patients or
their degree of malnutrition, except in cases of patients with alcoholic cirrhosis who more
frequently present severe degrees of malnutrition, mainly due to an unhealthy lifestyle and
frequent associated socioeconomic problems [77]. In cirrhotic patients who are malnour-
ished, higher rates of development of ascites, hepatorenal syndrome, hospital admissions,
derived costs, and mortality have been demonstrated [11].

A personalized nutrition assessment should be provided to all patients with cirrhosis.
A reassessment of the nutritional status should be performed at regular intervals, with
more frequent intervals reserved for those meeting the criteria for frailty or sarcopenia at
baseline or follow-up. If clinical deterioration or a lack of improvement occurs despite
target calorie and protein intakes, additional causes should be considered [11].

In patients with cirrhosis, mainly in decompensated patients, the body composition
is profoundly altered due to an increase in fluid volume and a decrease in protein. As
already mentioned in this chapter, sarcopenia and vitamin and mineral deficiencies are
very frequent in these patients and must be evaluated [78].
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4.1.1. Energy Intake: General Recommendations, Enteral Nutrition, and
Parenteral Nutrition

Nutritional therapy is part of the treatment of patients with liver cirrhosis. A small
retrospective study concluded that carrying out this evaluation, as compared to not doing
it, implied a benefit in terms of survival for these patients, and if the nutritional evaluation
was multidisciplinary (involving a physician, nurse, pharmacologist, and nutritionist), the
results were better than if only a single professional assumed the role in this matter [79].

In patients with liver cirrhosis, the daily intake should be divided into six meals,
and a late evening snack is essential [80]. There are previous studies that showed that a
late-night carbohydrate snack improved protein metabolism in patients with liver cirrhosis.
In recent studies, it has been shown that the composition of the late-night snack is not so
important, but the important fact is to shorten the fasting periods of these patients by taking
an extra food supplement, something that improves insulin resistance and the tendency for
sarcopenia in this group of patients [80–82].

Patients with liver cirrhosis should take around 30–35 kcal/kg/day. Patients with
stable compensated cirrhosis do not have higher energy requirements than the general
population. As the disease progresses, these patients have a clear tendency to reduce their
caloric intake, something that is especially detrimental in the stage of decompensated
cirrhosis (Table 4) [11,83–85].

Physical-activity-based interventions have been shown to improve muscle contrac-
tile function and muscle mass as well as cardiopulmonary function and quality of life
in patients with cirrhosis [1,86–94]. The caveat to the interpretation of these studies in
this population is that they have been limited by the small sample size and inclusion
of primarily well-compensated patients. There are three general principles to consider
when recommending activity-based interventions for patients with cirrhosis: assess for
frailty or sarcopenia, recommend a combination of aerobic and resistance exercises,
and tailor the recommendations based on the physical assessment and reassessments
(Table 4) [1,90,92,95–98].

Obesity is an independent risk factor for worse clinical outcomes in chronic liver
disease [13,99,100]. A multicentric, uncontrolled pilot study enrolled patients with com-
pensated cirrhosis, portal hypertension (hepatic venous pressure gradient (HVPG)
scores ≥ 6 mm Hg), and body mass index (BMI) scores ≥ 26 kg/m2 in an intensive
16-week lifestyle intervention program (personalized hypocaloric, normoproteic diet and
60 min/week of supervised physical activity). Lifestyle interventions led to significantly
decreased body weight (BW) (average, −5.0 ± 4.0 kg; p < 0.0001). The HVPG scores also
significantly decreased (from 13.9 ± 5.6 to 12.3 ± 5.2 mm Hg; p < 0.0001). A ≥10% BW loss
was associated with a greater decrease in HVPG (–23.7 ± 19.9% vs. –8.2 ± 16.6%; p = 0.024).
No episodes of clinical decompensation occurred [90].

Enteral nutrition is not beneficial in hospitalized patients with liver cirrhosis when
such a prescription has been carried out systematically. It should be performed when the
Kcal/day needs are not reached with oral intake or when oral intake is not possible [79,96].
Enteral nutrition improves liver function and survival in these patients. The use of a
nasogastric feeding tube may be necessary, and if so, the presence of esophageal varices is
not a formal contraindication, but close monitoring is warranted for signs of rebleeding if
an enteric tube is required after the recent banding of esophageal varices. The placement
of a percutaneous gastrostomy tube has a higher risk of complications in these patients,
mainly due to bleeding from collateral circulation in the abdominal wall and gastric wall
and complications secondary to the presence of ascites. The pre-procedure assessment for
a percutaneous gastrostomy should incorporate laboratory investigations, including a full
blood count (with particular attention to the platelet count) and coagulation tests; the
recommended thresholds are a platelet count of >50,000/µL and an INR < 1.5 [1,12,84,101–
105]. In patients with ascites grades II–III, a percutaneous gastrostomy tube could be placed
after paracentesis only if ascites accumulation can be prevented for a period of 7–10 days
after tube insertion in order to allow for tract maturation [105].
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Parenteral nutrition should be used when oral and enteral nutrition does not meet
the nutritional goals or when the gastrointestinal tract cannot be used (for example, in
cases of intestinal obstruction) [106]. Its composition should not vary from that of patients
without cirrhosis since varying the composition, for example, by adding more branched-
chain amino acids, has not demonstrated superiority over a standard composition in these
patients, although there are studies that reveal a clinical benefit in patients with hepatic
encephalopathy but without improved survival rates in this subgroup of patients [107–110].
Special care must be taken for the risk of infection of central feeding catheters in these
patients, as this is increased, as well as the risk of secondary sepsis [11].

4.1.2. Protein Intake

Patients with liver cirrhosis and without malnutrition should take around 1.2 g of
protein/kg/24 h, and patients with liver cirrhosis and malnutrition y/o sarcopenia (in-
cluding obesity patients with sarcopenia) should take 1.5 g of protein/kg/24 h [11,111]. In
patients who are critically ill with cirrhosis, a higher protein target of 1.2–2.0 g/kg/24 h
is recommended [1]. To achieve correct muscle recovery, a correct protein intake must be
combined according to the needs of the patients with adequate physical exercise. The ideal
physical exercise range is between 30 and 60 min of a combination of aerobic and anaerobic
exercise each day, and always, if possible, according to the characteristics of each patient
(Table 4) [1,90,92,95–98,112].

In cases of digestive intolerance in a diet composed of rich animal proteins, the diet
should be supplemented with vegetable proteins, which are better tolerated in general and
additionally have a laxative effect and prebiotic action in these patients [9,113,114].

In men with cirrhosis who may be candidates for testosterone therapy, their testos-
terone levels should be checked at baseline. Testosterone replacement may be considered
in select men with low testosterone to improve their muscle mass. The relative contraindi-
cations to the use of testosterone include a history of cancer and thrombosis [1,115,116].

Concerning enteral nutrition supplements, in patients with advanced liver cirrho-
sis, branched-chain amino acids should be prescribed to improve their complication-free
survival and quality of life at a dose of 0.25 g/kg/day [11]. Three recently published
randomized clinical trials have shown that the administration of branched-chain amino
acid supplements improves hepatic events related to patient survival, hospital admissions,
liver function, and quality of life. In these studies, the administration of these amino
acids extended their lives by 1–2 years. In patients with previous hepatic encephalopathy,
the number of covert hepatic encephalopathy episodes decreased, and their muscle mass
generation increased, although they did not show decreased overt hepatic encephalopa-
thy recurrence versus placebo use in this scenario [117–119]. In patients with cirrhosis
and carcinoma, hepatocellular supplementation with branched-chain amino acids is also
recommended, as it improves their response to treatment [120,121].

4.1.3. Vitamins and Minerals

Cirrhotic patients are at risk of deficiencies in water-soluble vitamins, especially B1
(thiamine), as well as fat-soluble vitamins (especially vitamin D) [10,122–125]. These
should be supplemented or added to the treatment of these patients in cases of suspected
or confirmed vitamin deficiency [10]. There is a lack of data on the effect of vitamin
D supplementation on mortality, quality of life, and serious adverse effects in cirrhosis
and CLD, and more evidence is needed [126]. However, the beneficial effects of vitamin
D supplementation have been described. In patients with alcohol-related cirrhosis, the
supplementation of 1000 IU/day of vitamin D during a period of at least six months led
to a decrease in the Child-Pugh score, and a higher level of vitamin D level was related
to a lower Child-Pugh score [127]. In a randomized clinical trial including patients with
decompensated cirrhosis who received oral native vitamin D3 at a dose of 2000 IU once a
day for 12 months, vitamin D supplementation was associated with an increase in skeletal
muscle mass index and grip strength [128]. In other randomized clinical trials, including
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patients with cirrhosis, supplementation with vitamin D for one year improves vitamin
D serum levels but does not result in improvement in bone mineral density [129]. The
consumption of vitamin A and zinc increases the palatability of food and could conceptually
improve the intake of these patients, although supplementation is not used in this context
in clinical practice [130]. Zinc deficiency has been correlated in case series studies with
the development of hepatic encephalopathy; however, in randomized controlled clinical
trials, it has been shown that its administration does not provide any beneficial effect in
hepatic encephalopathy, which why it is not recommended to use it systematically in these
scenarios [131]. Patients with cirrhosis have an increased risk of refeeding syndrome and
B1 deficiency secondary to this (Table 4) [10].

4.1.4. Sodium

Patients with liver cirrhosis, especially those with ascites and related conditions,
should be very careful with their sodium intake. A moderate restriction of sodium intake
(80–120 mmol/day, corresponding to 4.6–6.9 g of salt) is recommended in patients with
moderate, uncomplicated ascites. This is generally equivalent to a no-added-salt diet with
the avoidance of pre-prepared meals [10,132]. Despite these recommendations, correct
energy and protein intakes should be prioritized, and it has been shown that a strict sodium-
free diet of very low palatability can worsen the nutritional status of these patients by
reducing their total caloric and protein intakes, something that has a high rate of serious
consequences compared to sodium intake in patients with ascitic decompensation and
other related complications (Table 4) [133,134].

The development of hyponatremia (serum sodium concentration < 130 mmol/L)
in patients with cirrhosis carries an ominous prognosis, and it is a typical situation for
patients with advanced cirrhosis and refractory ascites. If it is secondary to diuretics
consumption, the treatment must be suspended (especially with serum sodium concentra-
tions < 125 mmol/L). Non-osmotic fluid restriction (1000 mL/day) is helpful in preventing
a further decrease in serum sodium levels, but it is seldom effective in improving na-
tremia [132] (Table 4).

Table 4. Nutrition and physical activity in patients with liver cirrhosis.

Intake/Uptake Physical Activity [1,90,92,95–103]

Weight-based equations (using ideal body weight) [10,83–85]:

- Non-obese—target of 30–35 kcal/kg/day
- Obese (non-hospitalized, clinically stable): caloric targets

stratified by BMI: 25–30 kcal/kg/day (BMI 30–40 kg/m2)
and 20–25 kcal/kg/day (BMI ≥ 40 kg/m2)

Personalized activity prescription:

• Frequency—Aerobic (4–7 days/week) + Resistance (2–3
days/week)

• Intensity—Use the talk test (be short of breath but can still
speak a full sentence); 3 sets of 10–15 repetitions at a time

• Time—Start slow and build up:

- Aerobic: 150 min per week
- Resistance: 1 day per week

Protein intake [1,10]:

- Without malnutrition: 1.2 g/kg/24 h
- Malnutrition y/o sarcopenia (including obesity patients

with sarcopenia): 1.5 g/kg/24 h
- Critically ill: 1.2–2.0 g/kg/24 h
- All patients: BCAA supplementation 0.25 g/kg/24 h;

compensated cirrhosis (to achieve daily protein goals in
intolerant to animal protein) and decompensated cirrhosis

—

Frequent, small meals and minimized fasting: daily intake
divided into six meals (late evening snack) [80–82]

Micronutrient and vitamin administration if it is suspected or
demonstrated [10,122–125]
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Table 4. Cont.

Intake/Uptake Physical Activity [1,90,92,95–103]

A moderate restriction of sodium intake (80–120 mmol/day) is
recommended in patients with moderate, uncomplicated
ascites [128]

Non-osmotic fluid restriction (1000 mL/day) can be useful if
serum sodium concentration < 125 mmol/L [128]

Address barriers to intake (e.g., liberalize sodium restrictions as
needed)

BMI: Body Mass Index; BCAA: branched-chain amino acid.

4.2. Nutritional Intervention in Patients with MAFLD

With an increased annual incidence of close to 2 new cases/100 patients/year, the
prevalence of non-alcoholic fatty liver disease is between 20 and 30%, nowadays being one
of the most frequent causes of cirrhosis and liver transplantation worldwide [135,136].

In order to prevent these deleterious consequences, clinicians have focused their
attention on insulin resistance as a pathogenic trigger because patients suffering from
MAFLD tend to be obese, diabetics, or have metabolic syndrome.

To achieve this goal, lifestyle interventions have been demonstrated to be the most
effective tools, as well as controlling underlying conditions such as hypertension or diabetes
across the spectrum of MAFLD patients.

4.2.1. Lifestyle Modifications in MAFLD

Recent data show that regardless of the baseline BMI, weight gain could predict the
development of MAFLD even if the BMI remains normal [137]. In this line, it is known that
liver fat levels, liver enzymes, and the degree of inflammation and fibrosis could improve
from weight reduction via reduced energy intake and increased physical activity [138,139].

Although improvements could already be achieved through reductions of only 5% of
initial body weight, the greater the weight loss, the greater the histological improvements,
and most researchers concluded that at least 10% of body weight is required for an improved
NAFLD activity score (NAS) [140] and fibrosis regression [141]. Accordingly, this 10%
weight loss is the target for most lifestyle interventions in the setting of MAFLD.

4.2.2. Roles of Different Micro- and Macronutrients

The dietary pattern to achieve MAFLD resolution has recently been one of the ob-
jectives of the research. In line with this, several micro- and macronutrients have been
studied.

Related to diets enriched in omega-3 polyunsaturated fatty acids (PUFAs) and their
sub-types, eicosapentaenoic acid and docosahexaenoic acid, a recent meta-analysis pub-
lished by Lu et al. [142] of 10 randomized controlled trials concluded that although omega-3
PUFAs improved GGT and liver fat levels, there was not enough evidence of their efficacy
in reducing ALT levels. Moreover, there are conflicting data about the beneficial effects of
PUFAs on non-alcoholic steatohepatitis (NASH), fibrosis, or insulin resistance with a ten-
dency for reductions in liver fat when compared to diets enriched with a high saturated fat
diet (SFA) [143,144] and with superiority of omega-3 PUFAs over omega-6 when compared
within the PUFA subtypes [145].

An additional way to reduce MAFLD development is by drinking coffee (caffeinated or
decaffeinated), as it has been demonstrated to have a hepatoprotective effect by decreasing
systemic and liver oxidative stress [146]. In line with this, coffee consumption is associated
with a lower risk of metabolic syndrome, with an inverse association between consumption
and liver fibrosis in MAFLD patients [147].
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Related to micronutrients, although a deficit of C and D vitamins showed an associ-
ation with MAFLD in some studies, the data are controversial, and the vitamins’ role in
humans is still unclear [148].

In terms of refined sugars, which tend to be present in the Western diet nowadays,
there is strong evidence for the undeniable association between added sugars in foods
and drinks and the development of MAFLD. Although it has been demonstrated that
a fructose-rich diet increases the hepatocyte production of triglycerides and TNF, the
increased gut permeability and consequent endotoxemia may also play a crucial role in
this pathogenesis [149,150]. Furthermore, it is important to highlight the importance of the
increment in lipid peroxidation and uric acid production in that context [151], which can
be associated with insulin resistance and MAFLD development [152].

4.2.3. Dietary Patterns

If we focus on dietary models to improve or avoid the development of MAFLD and
its complications, the Mediterranean diet (MD) is, without a doubt, the dietary pattern
recommended among different scientific societies [153]. The MD diet, based on a high
intake of fruits, vegetables, legumes, omega 3 PUFAs, and fish with a low intake of red meat
and sweets, has been demonstrated to reduce cardiovascular risk as a primary prevention
strategy, as well as reducing diabetes, two crucial comorbidities associated with steatotic
liver disease patients [154]. It is unclear if these patients should avoid alcohol intake with
the MD diet since any alcohol intake is detrimental to cirrhotic patients due to the greater
risk of decompensation and hepatocellular carcinoma, so clinicians tend to recommend
that it should be avoided (Figure 4).
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Although MD has demonstrated a clear benefit for MAFLD patients, several studies
have been conducted in recent years about the potential benefits of intermittent fasting on
MAFLD patients.

Intermittent fasting, which uses variable periods of food restriction with specific
time frames for eating and with no energy restriction, has demonstrated some potential
improvements in biochemical and anthropometric parameters but with inconsistent data
due to the very small number of relevant studies in that field [155]; therefore, adherence
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to a Mediterranean diet remains the most robust dietary recommendation for MAFLD
patients.

4.3. Nutritional Interventions in Patients with Alcohol-Associated Liver Disease

In recent decades, alcohol-associated liver disease (ALD) has increased in parallel with
alcohol consumption. In that line, the rates of steatosis and both alcoholic hepatitis and
cirrhosis are currently increasing [156]. With variable rates among different manifestations
of ALD, malnutrition is common in those patients, and it has been associated with poor
clinical outcomes, with strong correlations between protein–calorie malnutrition and liver
disease status [157]. In fact, in a study of 300 outpatients with compensated cirrhosis, the
rates of malnutrition varied from 95% in Child–Pugh class C patients to 84 and 46% in
classes B and A, respectively [158]. Moreover, a malnourished status could also predict
worse outcomes in the long term, as Álvares-Da Silva [159] demonstrated, with higher
rates of complications such as uncontrolled ascites, hepatic encephalopathy, hepatorenal
syndrome or spontaneous bacterial peritonitis when comparing malnourished patients
(66%) with well-nourished ones (12%).

One of the main causes of malnourishment in ALD patients is the decrease in caloric
intake, so much so that heavy alcohol consumers derive 50% of their caloric expendi-
ture from alcohol, with an obvious disbalance in proteins, fats, and micronutrients [157].
Moreover, the gut permeability is impaired by alcohol itself, leading to intestinal edema
and decreased absorption of micro- and macronutrients [160]. Therefore, changes in gut
microbiota are also an undeniable effect of chronic alcohol consumption, which leads to
increased firmicute production and, as a result, a reduction in the metabolism of bile acids,
which leads to a decrease in fat-soluble vitamins and fats [161].

In that line, patients suffering from ALD are more likely to develop thiamine (B1),
B12 vitamin, folate (B9), and vitamin D deficiencies. Lower levels of these micronutrients
may cause devasting outcomes such as Wernicke’s encephalopathy, Wernicke–Korsakoff
psychosis or wet beriberi (lack of thiamine), macrocytic anemia (B12 and folate deficiency),
peripheral neuropathy (B12 deficiency), bone demineralization, fatigue or depression (lack
of D vitamin). Investigating and supplementing those potential deficiencies is strongly
recommended [162].

As a result of these negative outcomes involving malnourishment, not only alcohol
cessation but also nutrition support should be crucial in ALD treatment.

In this way, it is important to highlight that enteral nutrition, apart from the supple-
mentation of micronutrient deficiencies, has shown clear benefits when compared to no
intervention or placebo in patients with both cirrhosis and alcoholic hepatitis [163].

4.3.1. General Recommendations

As expected, the main step to start nutritional support in ALD is abstinence from
alcohol. Once the main goal is achieved or during the process, a daily protein consumption
of 1.5 g/kg body weight and daily caloric intake of at least 35 kcal/kg body weight should
be guaranteed.

In line with this, it is important to emphasize its importance to encourage the patient
to be adherent to a Mediterranean diet and its characteristic lack of processed foods and
added sugars with the avoidance of alcohol consumption. Moreover, the intake times are
also crucial in cirrhosis, irrespective of its cause. In this regard, it is very important to
ensure intake not only at breakfast but also at bedtime with the aim of avoiding prolonged
fasting [9,149,150].

Taking this into account, supplemental nutrition should be guaranteed to those pa-
tients who cannot maintain their caloric intake, irrespective of the feeding pattern. In this
regard, oral feeding is always preferable to enteral or parenteral, although when oral intake
is not available, the ESPEN guidelines recommend enteral feeding or, as a last resort, par-
enteral feeding, despite the increased risk of non-compliance or infections with nasogastric
tubes or parenteral nutrition, respectively [9].
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Nutritional supplementation, especially with branched-chain amino acids, is asso-
ciated with lower mortality, with no differences in the mode of supplementation [164]
(Figure 5).
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4.3.2. Alcoholic Hepatitis

Nutritional support for alcoholic hepatitis has not been in the spotlight among re-
searchers, who tend to focus their attention on other interventions, such as glucocorticoids.
However, it has been demonstrated that an oral caloric intake of >3000 kcal/day [165]
is strongly associated with a better prognosis in terms of mortality, whereas less than
21.5 kcal/kg is linked with cumulative mortality at six months being independent of MELD
as a prognosis factor [166].

Moreover, a meta-analysis of thirteen randomized controlled trials has shown that
nutritional supplementation is associated with lower rates of infections and enhanced
hepatic encephalopathy [167].

4.3.3. Alcohol-Associated Cirrhosis

Related to alcohol-associated cirrhosis, it has been demonstrated that receiving an
energy-dense nutritional supplementation results in lower mortality rates than without it
or with a standard oral diet [101].

A systematic review and meta-analysis yielded similar results among 329 ALD patients
and 334 controls, with a clear decrease in mortality rates in those ALD patients who received
enteral or parenteral nutrition therapy (OR 0.80, 95% CI, 0.64–0.99) [163].

4.4. Nutrition-Related Aspects in Liver Transplantation

Liver cirrhosis is the most common indication of liver transplantation (LT) worldwide.
The survival rate after LT is currently 70–80% at five years due to the improvements in
surgical techniques and the advances in the immunosuppressive regimens that directly
affect the outcome of these patients [168]. Malnutrition, sarcopenia and frailty are associ-
ated with increased morbidity and mortality after LT and are predictors of unfavorable
outcomes [169]. The recipients’ malnutrition was found to be associated with a higher rate
of infections, higher surgery-related bleeding rates, and a longer length of stay in the inten-
sive care unit (ICU) [170–173]. Moreover, in a recent meta-analysis including 3803 patients
and evaluating the impact of sarcopenia, it was observed that it is independently associated
with post-LT mortality and mortality in waitlist rates, regardless of the Model of End-Stage
Liver Disease (MELD) score [174]. Despite this evidence, malnutrition, sarcopenia, and
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frailty should not be absolute contraindications to LT, even in highly malnourished pa-
tients [175]. These results also show the limitation of using the MELD score to prioritize LT
in these patients. The MELD score is based on analytical variables (creatinine, INR, and
serum bilirubin). It favors the transplantation of the sickest patients and has reduced the
mortality of patients on waiting lists [176]. For this reason, many authors have suggested
the inclusion of nutritional parameters in the MELD score so as to perfect the prediction of
mortality in patients with advanced liver disease. Recently, a new version of the MELD
score, the MELD 3.0, including female sex and serum albumin, has been proposed in order
to afford more accurate mortality predictions in general than the MELDNa and address
determinants of waitlist outcomes [177]. On the other hand, other authors have proposed
adding sarcopenia to the MELD score in order to identify and prioritize high-risk patients,
particularly in patients who were listed with low priority based on a low MELD score. The
presence of sarcopenia is equivalent to adding 10 points to the MELD score in patients
included on the wait list for LT [171].

Additionally, MAFLD has become an increasing indication for LT and is currently the
second leading cause of LT in the USA, accounting for 21.5% of performed transplants in
adults during 2018. Exponential growth has also been seen in Europe, going from 1.2%
in 2002 to 8.4% in 2016 [178]. As a result, the prevalence rates of obesity and metabolic
syndrome are increasing among LT candidates. Obesity, especially class III (BMI ≥ 40) or
higher, represents a major challenge because it is associated with infectious complications,
increased mortality, cardiovascular disease, and cancer [179,180]. Moreover, malnutrition
and sarcopenia are frequently seen in cirrhotic obese patients. This condition is defined
as “sarcopenic obesity”, which has been suggested to be an independent predictor of
survival, quality of life, outcome, and responses to stress and surgery [181]. The presence of
metabolic complications related to obesity also affects the long-term post-LT outcome. Due
to weight gain and immunosuppression, the risks of arterial hypertension, dyslipidemia,
and diabetes mellitus incidence significantly increase after LT, with a negative impact on
survival [182].

Due to its effect on LT outcomes, screening for malnutrition and sarcopenia is recom-
mended in all cirrhotic patients evaluated for LT, and the need to incorporate a nutrition
specialist into multidisciplinary teams is increasingly highlighted [9,168,180,183]. The
recommendations to avoid malnutrition are similar to those given in cirrhotic patients who
are not on a waitlist for LT (with a total energy intake range of 30–35 kcal/kg/day and a
protein intake range of 1.2–1.5 g/kg/day). In obese patients, a lower total energy intake
(25 kcal/kg/day) can be given, associated with an increased protein intake (2–2.5 g/kg/day)
in order to avoid and prevent sarcopenia [9,168]. Adding oral nutritional supplementation
(ONS) has not been demonstrated to be superior to nutritional counseling alone in improv-
ing clinical outcomes in these patients [9,56,184]. A meta-analysis of different treatments,
such as BCAA, glutamine, and post-LT parenteral nutrition containing fish oil-derived
long-chain n-3 PUFAs or omega-3 fatty acids, reported overall beneficial effects in terms
of decreased infections, decreased length of hospital stay, and improved liver function,
although no significant difference in survival was observed [185,186]. Other interventions
in LT to ameliorate nutritional support, such as vitamin D supplementation [187] or phys-
ical activity, and to improve the muscle mass in LT candidates are recommended [188].
In the early post-LT period, normal food or enteral nutrition should be started within
12–24 h in order to reduce the infection rate [56]. In malnourished patients, particularly
if it is anticipated that the patients will be unable to eat for more than two days or the
patients cannot maintain an oral intake above 60% of the recommended intake for more
than 10 days, aggressive early post-operative nutrition support should be initiated, ideally
via the enteral route [56,181].
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4.5. Nutrition-Related Aspects in Other Etiologies
4.5.1. Nutritional Intervention in Patients with Hereditary Hemochromatosis

Hereditary hemochromatosis (HH) is a genetic disease with an incidence rate of 1 in
250 patients. It is a clinical disease presenting commonly in Northern European males [189].
The disorder occurs as an autosomal recessive disorder in individuals homozygous for the
C282Y mutation in the human hemochromatosis (HFE) gene [189]. The disease develops
due to iron overload and could affect different organs such as the liver, heart, endocrine
system, and musculoskeletal system. In the case of the liver, the disease can lead to
cirrhosis in its late stages. However, if the disease is diagnosed and controlled from the
onset of cirrhosis, it can be potentially cured. Phlebotomy is the mainstay treatment, which
is scheduled according to ferritin levels [190]. There has been no established food and
nutrition guidance for diseases characterized by the presence of iron overload (IOL) yet.
During treatment with phlebotomies, dietary restrictions are not necessary because the
amount of iron removed balances the oral intake of iron. When not receiving phlebotomies,
patients with HH must limit their dietary iron intake, avoid supplements containing
iron, and also avoid excess vitamin C intake because it may increase their dietary iron
absorption [191,192].

Moreover, patients with hereditary hemochromatosis must avoid alcohol consumption.
A daily ethanol intake greater than 60 g (5 alcohol units) is associated with an increased
rate of cirrhosis [190].

4.5.2. Nutritional Intervention in Patients with Wilson’s disease

Wilson’s disease (WD) is an autosomal recessive disorder caused by mutations of
the biliary copper transporter ATP7B. The clinical manifestations of WD depend on the
affected system and the degree of copper overload. In more than half of cases, Wilson’s
disease starts with liver involvement, which includes hepatic steatosis, chronic hepatitis,
cirrhosis, and acute liver failure with hemolysis [193]. Otherwise, the remaining patients
have neurological and psychiatric symptoms. The neurological manifestations include
resting tremors similar to Parkinson’s disease, rigidity, ataxia, and dystonia. The psychiatric
manifestations include depression, worsening school and sports performance, and sexual
disinhibition. Wilson’s disease is a rare disorder, affecting 1 out of 30,000 people and
clinically manifesting before the age of 40 [193]. The treatment is focused on removing
copper from the tissue and excreting it in the urine. For this, chelating agents such as
penicillamine and trientine are used. During the penicillamine treatment, the intake of
supplements containing vitamin B6 is needed [194–196]. In fact, penicillamine is a direct
antagonist of vitamin B6, which could negatively affect mitochondrial function via the
inhibition of alanine aminotransferase activity and cellular growth [197,198].

Specific dietary guidelines are established for Wilson’s disease. In this regard, patients
should avoid foods high in copper, including liver, chocolate, mushrooms, shellfish, and
nuts. These dietary restrictions have to be followed strictly, especially in the first year after
the diagnosis [198,199]. However, the mainstay of the management of Wilson’s disease
remains pharmacological treatment. Indeed, medical treatments are much more effective in
managing copper levels than any dietary restrictions.

4.5.3. Nutritional Intervention in Patients with Cholestatic Liver Disease

The cholestatic liver disease represents a unique challenge, with specific challenges in
nutrition. Regardless of its etiology, chronic cholestasis can lead to lipid-soluble vitamin
and calcium malabsorption, which is strictly related [200]. Fat malabsorption is associated
with a decrease in dietary calcium absorption because free fatty acids bind to calcium in
the digestive tract, making it unavailable for absorption. Moreover, calcium malabsorption
could be worsened by vitamin D deficiency, which is activated to 25-hydroxyvitamin D in
the liver. All of these factors mean that most patients with cholestatic disease associated
with liver impairment have osteoporosis, which results in significant morbidity [26,200].
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On the other hand, calcium malabsorption results in an increase in free oxalate that is
easily absorbed and predisposes sufferers to kidney stones.

A deficit of other lipid-soluble vitamins, such as vitamins K, A, and E, is usually present
in patients with cholestasis and correlates with bilirubin levels [200]. Oral supplementation
is necessary, especially if steatorrhea and malabsorption are present. The oral supplements
and tube-feeding products should be high in energy and protein but low in fat. Oral calcium
supplements are also recommended, and if administered with 1,25-dihydroxyvitamin D and
calcitonin, they can slow the progression of bone disease linked to cholestasis [201]. In cases
of severe cholestasis, if fat supplementation is needed, formulas containing medium-chain
triglyceride (MCT) oils can be used because they do not need bile acids to be absorbed.

4.6. Probiotics as Emerging Treatments for Liver Disease

In recent years, probiotics have emerged as effective treatments for cirrhosis and its
complications [202]. Particularly, their role in hepatic encephalopathy treatments has been
widely demonstrated.

A recent meta-analysis [203–205] of randomized controlled trials demonstrated that
probiotics are effective in the treatment of minimal and overt encephalopathy. In the
setting of minimal encephalopathy, the effectiveness of probiotics is similar to lactulose,
rifaximin, and L-ornithin. When administered together with lactulose, the treatment’s
effectiveness does not change. Although probiotics have no effect on mortality, the use
of probiotics is safe, and no significant side effects have been described. However, when
probiotics are administered for a long time, cases of spontaneous bacterial peritonitis and
fatal endocarditis have been reported [202].

Aside from hepatic encephalopathy, in a recent study, probiotics have been demon-
strated to improve cognitive functions and increase gait speed in cirrhotic patients while
not significantly affecting the risk of falling or the hand grip muscular strength [206].

Moreover, the effect of probiotics on dysbiosis and inflammatory and disease severity
markers has been recently demonstrated.

Supplementation with probiotics could directly affect the microbiome composition,
ameliorating the dysbiosis of cirrhotic patients. For example, the administration of Lac-
tobacillus GG for a duration of 8 weeks led to an increase in the proportion of beneficial
bacteria (Lachnospiracea and Clostridia XIV) and a decrease in the proportion of harmful
ones (Enterobacteriaceae). Moreover, this was accompanied by decreases in endotoxemia
and systemic inflammation [207]. However, these results have not been observed in other
studies using different probiotic strains.

Additionally, the beneficial effect of probiotics seems to be stronger when they are
administered in combination. The data regarding VSL#3, which contains eight bacterial
strains, seem to confirm this hypothesis. The strains included in the mixture are Lacto-
bacillus acidophilus, Lactobacillus bulgaricus, Lactobacillus casei, Lactobacillus plantarum,
Bifidobacteriium brevis, Bifidobacteriium infantis, Bifidobacteriium longum, and Strepto-
coccus salivarius ssp. thermophilus. The administration of VSL#3 in cirrhotic patients has
been demonstrated to decrease the Child and MELD scores and serum levels of inflamma-
tory markers (IL-1b, IL-6, TNF-α) and ammonia. Moreover, treatments with this probiotic
have direct beneficial effects on hemodynamic markers, such as the hepatic venous pressure
gradient, cardiac output, and heart rate, and decrease serum levels of aldosterone, renin,
and brain natriuretic peptide [208,209].

In conclusion, probiotics are emerging as potential treatments in patients with cir-
rhosis and liver disease. Their effectiveness in patients with minimal or overt hepatic
encephalopathy has been demonstrated. Some strains seem to have a direct and beneficial
effect on dysbiosis and the microbiome composition; however, the results in this setting are
controversial [202].



Nutrients 2023, 15, 3487 22 of 31

5. Conclusions

In conclusion, nutrition in patients with liver disease is crucial for the improvement in
clinical outcomes, symptoms, and quality of life and the correction of the consequences on
the nutritional status.

In recent years, the physiopathology of the nutritional consequences of liver disease
on nutritional status and the impacts on clinical outcomes has been better established. The
importance of a systematic assessment of the nutritional status and the incorporation of
nutritional interventions has become more and more evident.

Regardless of the etiology of the underlying disease, the physiopathology and clinical
consequences are common. Tools to assess and evaluate malnutrition and its complications
in all patients are available and easily accessible. Finally, recommendations for nutritional
interventions have been established for all patients and for specific settings.

Finally, nutritional assessments and support for liver diseases should be part of clinical
practice in order to achieve better outcomes and improve patients’ quality of life.

Author Contributions: Writing—original draft preparation, S.E., D.C.-D., V.B.-M., M.J.D.-A., S.G.-M.
and A.L.; writing—review and editing, S.E., M.J.D.-A., S.G.-M. and A.L.; visualization, S.E., D.C.-D.,
V.B.-M., M.J.D.-A., S.G.-M. and A.L.; supervision, V.B.-M. and A.L. All authors have read and agreed
to the published version of the manuscript.

Funding: The APC was funded by Fundación Española de Gastroenterología.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Lai, J.C.; Tandon, P.; Bernal, W.; Tapper, E.B.; Ekong, U.; Dasarathy, S.; Carey, E.J. Malnutrition, Frailty, and Sarcopenia in

Patients with Cirrhosis: 2021 Practice Guidance by the American Association for the Study of Liver Diseases. Hepatology 2021, 74,
1611–1644. [CrossRef] [PubMed]

2. Cederholm, T.; Barazzoni, R.; Austin, P.; Ballmer, P.; Biolo, G.; Bischoff, S.C.; Compher, C.; Correia, I.; Higashiguchi, T.; Holst, M.;
et al. ESPEN Guidelines on Definitions and Terminology of Clinical Nutrition. Clin. Nutr. 2017, 36, 49–64. [CrossRef] [PubMed]

3. Peng, S.; Plank, L.D.; McCall, J.L.; Gillanders, L.K.; McIlroy, K.; Gane, E.J. Body Composition, Muscle Function, and Energy
Expenditure in Patients with Liver Cirrhosis: A Comprehensive Study. Am. J. Clin. Nutr. 2007, 85, 1257–1266. [CrossRef]
[PubMed]

4. Moctezuma-Velázquez, C.; García-Juárez, I.; Soto-Solís, R.; Hernández-Cortés, J.; Torre, A. Nutritional Assessment and Treatment
of Patients with Liver Cirrhosis. Nutrition 2013, 29, 1279–1285. [CrossRef] [PubMed]

5. Cañamares-Orbis, P.; Bernal-Monterde, V.; Sierra-Gabarda, O.; Casas-Deza, D.; Garcia-Rayado, G.; Cortes, L.; Lué, A. Impact of
Liver and Pancreas Diseases on Nutritional Status. Nutrients 2021, 13, 1650. [CrossRef]

6. Kim, G.; Kang, S.H.; Kim, M.Y.; Baik, S.K. Prognostic Value of Sarcopenia in Patients with Liver Cirrhosis: A Systematic Review
and Meta-Analysis. PLoS ONE 2017, 12, e0186990. [CrossRef]

7. Huang, L.; Yu, Q.; Peng, H.; Zhen, Z. Alterations of gut microbiome and effects of probiotic therapy in patients with liver cirrhosis:
A systematic review and meta-analysis. Medicine 2022, 101, e32335. [CrossRef]

8. Ali, S.H.; Abu Sneineh, A.; Hasweh, R. Nutritional Assessment in Patients with Liver Cirrhosis. World J. Hepatol. 2022, 14,
1694–1703. [CrossRef]

9. European Association for the Study of the Liver. EASL Clinical Practice Guidelines on Nutrition in Chronic Liver Disease. J.
Hepatol. 2019, 70, 172–193. [CrossRef] [PubMed]

10. Bischoff, S.C.; Ockenga, J.; Eshraghian, A.; Barazzoni, R.; Busetto, L.; Campmans-Kuijpers, M.; Cardinale, V.; Chermesh, I.; Kani,
H.T.; Khannoussi, W.; et al. Practical Guideline on Obesity Care in Patients with Gastrointestinal and Liver Diseases—Joint
ESPEN/UEG Guideline. Clin. Nutr. 2023, 42, 987–1024. [CrossRef]

11. Plauth, M.; Bernal, W.; Dasarathy, S.; Merli, M.; Plank, L.D.; Schütz, T.; Bischoff, S.C. ESPEN Guideline on Clinical Nutrition in
Liver Disease. Clin. Nutr. 2019, 38, 485–521. [CrossRef] [PubMed]

12. Losera, C.; Aschl, G.; He, X.; Mathus-Vliegen, E.M.H.; Muscaritoli, M.; Niv, Y.; Rollins, H.; Singer, P.; Skelly, R.H. Consensus
Statement; ESPEN Guidelines on Artificial Enteral Nutrition—Percutaneous Endoscopic Gastrostomy (PEG). Clin. Nutr. 2005, 24,
848–861. [CrossRef]

https://doi.org/10.1002/hep.32049
https://www.ncbi.nlm.nih.gov/pubmed/34233031
https://doi.org/10.1016/j.clnu.2016.09.004
https://www.ncbi.nlm.nih.gov/pubmed/27642056
https://doi.org/10.1093/ajcn/85.5.1257
https://www.ncbi.nlm.nih.gov/pubmed/17490961
https://doi.org/10.1016/j.nut.2013.03.017
https://www.ncbi.nlm.nih.gov/pubmed/23867207
https://doi.org/10.3390/nu13051650
https://doi.org/10.1371/journal.pone.0186990
https://doi.org/10.1097/MD.0000000000032335
https://doi.org/10.4254/wjh.v14.i9.1694
https://doi.org/10.1016/j.jhep.2018.06.024
https://www.ncbi.nlm.nih.gov/pubmed/30144956
https://doi.org/10.1016/j.clnu.2023.03.021
https://doi.org/10.1016/j.clnu.2018.12.022
https://www.ncbi.nlm.nih.gov/pubmed/30712783
https://doi.org/10.1016/j.clnu.2005.06.013


Nutrients 2023, 15, 3487 23 of 31

13. Bischoff, S.C.; Barazzoni, R.; Busetto, L.; Campmans-Kuijpers, M.; Cardinale, V.; Chermesh, I.; Eshraghian, A.; Kani, H.T.;
Khannoussi, W.; Lacaze, L.; et al. European Guideline on Obesity Care in Patients with Gastrointestinal and Liver Diseases—Joint
ESPEN/UEG Guideline. Clin. Nutr. 2022, 41, 2364–2405. [CrossRef] [PubMed]

14. Tsochatzis, E.A.; Bosch, J.; Burroughs, A.K. Liver Cirrhosis. Lancet 2014, 383, 1749–1761. [CrossRef]
15. Meyer, F.; Bannert, K.; Wiese, M.; Esau, S.; Sautter, L.F.; Ehlers, L.; Aghdassi, A.A.; Metges, C.C.; Garbe, L.-A.; Jaster, R.; et al.

Molecular Mechanism Contributing to Malnutrition and Sarcopenia in Patients with Liver Cirrhosis. Int. J. Mol. Sci. 2020, 21,
5357. [CrossRef] [PubMed]

16. Aqel, B.A.; Scolapio, J.S.; Dickson, R.C.; Burton, D.D.; Bouras, E.P. Contribution of Ascites to Impaired Gastric Function and
Nutritional Intake in Patients with Cirrhosis and Ascites. Clin. Gastroenterol. Hepatol. 2005, 3, 1095–1100. [CrossRef]

17. Clarembeau, F.; Bale, G.; Lanthier, N. Cirrhosis and Insulin Resistance: Current Knowledge, Pathophysiological Mechanisms,
Complications and Potential Treatments. Clin. Sci. 2020, 134, 2117–2135. [CrossRef]

18. Kumar, R.; García-Compeán, D.; Maji, T. Hepatogenous Diabetes: Knowledge, Evidence, and Skepticism. World J. Hepatol. 2022,
14, 1291–1306. [CrossRef]

19. Dasarathy, S.; Merli, M. Sarcopenia from Mechanism to Diagnosis and Treatment in Liver Disease. J. Hepatol. 2016, 65, 1232–1244.
[CrossRef]

20. Espina, S.; Sanz-Paris, A.; Bernal-Monterde, V.; Casas-Deza, D.; Arbonés-Mainar, J.M. Role of Branched-Chain Amino Acids and
Their Derivative β-Hydroxy-β-Methylbutyrate in Liver Cirrhosis. J. Clin. Med. 2022, 11, 7337. [CrossRef]

21. Espina, S.; Sanz-Paris, A.; Gonzalez-Irazabal, Y.; Pérez-Matute, P.; Andrade, F.; Garcia-Rodriguez, B.; Carpéné, C.; Zakaroff, A.;
Bernal-Monterde, V.; Fuentes-Olmo, J.; et al. Randomized Clinical Trial: Effects of β-Hydroxy-β-Methylbutyrate (HMB)-Enriched
vs. HMB-Free Oral Nutritional Supplementation in Malnourished Cirrhotic Patients. Nutrients 2022, 14, 2344. [CrossRef]
[PubMed]

22. Campollo, O.; Sprengers, D.; McIntyre, N. The BCAA/AAA Ratio of Plasma Amino Acids in Three Different Groups of Cirrhotics.
Rev. Investig. Clin. 1992, 44, 513–518.

23. Espina, S.; Gonzalez-Irazabal, Y.; Sanz-Paris, A.; Lopez-Yus, M.; Garcia-Sobreviela, M.P.; del Moral-Bergos, R.; Garcia-Rodriguez,
B.; Fuentes-Olmo, J.; Bernal-Monterde, V.; Arbones-Mainar, J.M. Amino Acid Profile in Malnourished Patients with Liver Cirrhosis
and Its Modification with Oral Nutritional Supplements: Implications on Minimal Hepatic Encephalopathy. Nutrients 2021, 13,
3764. [CrossRef]

24. Zhao, V.M.; Ziegler, T.R. Nutrition Support in End-Stage Liver Disease. Crit. Care Nurs. Clin. N. Am. 2010, 22, 369–380. [CrossRef]
[PubMed]

25. Wu, J.; Meng, Q.-H. Current Understanding of the Metabolism of Micronutrients in Chronic Alcoholic Liver Disease. World J.
Gastroenterol. 2020, 26, 4567–4578. [CrossRef] [PubMed]

26. Send, S.R. Nutritional Management of Cholestasis. Clin. Liver Dis. 2020, 15, 9–12. [CrossRef]
27. Stirnimann, J.; Stirnimann, G. Nutritional Challenges in Patients with Advanced Liver Cirrhosis. J. Clin. Med. 2019, 8, 1926.

[CrossRef]
28. Licata, A.; Zerbo, M.; Como, S.; Cammilleri, M.; Soresi, M.; Montalto, G.; Giannitrapani, L. The Role of Vitamin Deficiency in

Liver Disease: To Supplement or Not Supplement? Nutrients 2021, 13, 4014. [CrossRef]
29. Zhu, K.; Hunter, M.; Hui, J.; Murray, K.; James, A.; Lim, E.M.; Cooke, B.R.; Walsh, J.P. Longitudinal Stability of Vitamin D Status

and Its Association with Bone Mineral Density in Middle-aged Australians. J. Endocr. Soc. 2022, 7, bvac187. [CrossRef]
30. Trépo, E.; Ouziel, R.; Pradat, P.; Momozawa, Y.; Quertinmont, E.; Gervy, C.; Gustot, T.; Degré, D.; Vercruysse, V.; Deltenre, P.; et al.

Marked 25-Hydroxyvitamin D Deficiency Is Associated with Poor Prognosis in Patients with Alcoholic Liver Disease. J. Hepatol.
2013, 59, 344–350. [CrossRef]

31. Nishikawa, H.; Asai, A.; Fukunishi, S. The Significance of Zinc in Patients with Chronic Liver Disease. Nutrients 2022, 14, 4855.
[CrossRef]

32. Liu, M.; Yang, H.; Mao, Y. Magnesium and Liver Disease. Ann. Transl. Med. 2019, 7, 578. [CrossRef]
33. Mehkari, Z.; Mohammed, L.; Javed, M.; Althwanay, A.; Ahsan, F.; Oliveri, F.; Goud, H.K.; Rutkofsky, I.H. Manganese, a Likely

Cause of ‘Parkinson’s in Cirrhosis’, a Unique Clinical Entity of Acquired Hepatocerebral Degeneration. Cureus 2020, 12, e10448.
[CrossRef]

34. Kamran, U.; Towey, J.; Khanna, A.; Chauhan, A.; Rajoriya, N.; Holt, A. Nutrition in Alcohol-Related Liver Disease: Physiopathol-
ogy and Management. World J. Gastroenterol. 2020, 26, 2916–2930. [CrossRef] [PubMed]

35. Lin, Y.; He, F.; Lian, S.; Xie, B.; Liu, T.; He, J.; Liu, C. Selenium Status in Patients with Chronic Liver Disease: A Systematic Review
and Meta-Analysis. Nutrients 2022, 14, 952. [CrossRef] [PubMed]

36. Ii, E.R.W.; Satapathy, S.K. Sarcopenia in the Cirrhotic Patient: Current Knowledge and Future Directions. J. Clin. Exp. Hepatol.
2023, 13, 162–177. [CrossRef]

37. Qiu, J.; Tsien, C.; Thapalaya, S.; Narayanan, A.; Weihl, C.C.; Ching, J.K.; Eghtesad, B.; Singh, K.; Fu, X.; Dubyak, G.; et al.
Hyperammonemia-Mediated Autophagy in Skeletal Muscle Contributes to Sarcopenia of Cirrhosis. Am. J. Physiol. Metab. 2012,
303, E983–E993. [CrossRef]

38. Vasques, J.; Guerreiro, C.S.; Sousa, J.; Pinto, M.; Cortez-Pinto, H. Nutritional Support in Cirrhotic Patients with Sarcopenia. Clin.
Nutr. ESPEN 2019, 33, 12–17. [CrossRef]

https://doi.org/10.1016/j.clnu.2022.07.003
https://www.ncbi.nlm.nih.gov/pubmed/35970666
https://doi.org/10.1016/S0140-6736(14)60121-5
https://doi.org/10.3390/ijms21155357
https://www.ncbi.nlm.nih.gov/pubmed/32731496
https://doi.org/10.1016/S1542-3565(05)00531-8
https://doi.org/10.1042/CS20200022
https://doi.org/10.4254/wjh.v14.i7.1291
https://doi.org/10.1016/j.jhep.2016.07.040
https://doi.org/10.3390/jcm11247337
https://doi.org/10.3390/nu14112344
https://www.ncbi.nlm.nih.gov/pubmed/35684144
https://doi.org/10.3390/nu13113764
https://doi.org/10.1016/j.ccell.2010.02.003
https://www.ncbi.nlm.nih.gov/pubmed/20691387
https://doi.org/10.3748/wjg.v26.i31.4567
https://www.ncbi.nlm.nih.gov/pubmed/32884217
https://doi.org/10.1002/cld.865
https://doi.org/10.3390/jcm8111926
https://doi.org/10.3390/nu13114014
https://doi.org/10.1210/jendso/bvac187
https://doi.org/10.1016/j.jhep.2013.03.024
https://doi.org/10.3390/nu14224855
https://doi.org/10.21037/atm.2019.09.70
https://doi.org/10.7759/cureus.10448
https://doi.org/10.3748/wjg.v26.i22.2916
https://www.ncbi.nlm.nih.gov/pubmed/32587439
https://doi.org/10.3390/nu14050952
https://www.ncbi.nlm.nih.gov/pubmed/35267927
https://doi.org/10.1016/j.jceh.2022.06.005
https://doi.org/10.1152/ajpendo.00183.2012
https://doi.org/10.1016/j.clnesp.2019.07.011


Nutrients 2023, 15, 3487 24 of 31

39. Ferreira, S.; Marroni, C.A.; Stein, J.T.; Rayn, R.; Henz, A.C.; Schmidt, N.P.; Carteri, R.B.; Fernandes, S.A. Assessment of Resting
Energy Expenditure in Patients with Cirrhosis. World J. Hepatol. 2022, 14, 802–811. [CrossRef]

40. Anand, A.C. Nutrition and Muscle in Cirrhosis. J. Clin. Exp. Hepatol. 2017, 7, 340–357. [CrossRef]
41. Chapman, B.; Sinclair, M.; Gow, P.J.; Testro, A.G. Malnutrition in Cirrhosis: More Food for Thought. World J. Hepatol. 2020, 12,

883–896. [CrossRef]
42. Dolz, C.; Raurich, J.M.; Ibanez, J.; Obrador, A.; Marse, P.; Gaya, J. Ascites Increases the Resting Energy Expenditure in Liver

Cirrhosis. Gastroenterology 1991, 100, 738–744. [CrossRef] [PubMed]
43. Traub, J.; Reiss, L.; Aliwa, B.; Stadlbauer, V. Malnutrition in Patients with Liver Cirrhosis. Nutrients 2021, 13, 540. [CrossRef]

[PubMed]
44. Augustyn, M.; Grys, I.; Kukla, M. Small Intestinal Bacterial Overgrowth and Nonalcoholic Fatty Liver Disease. Clin. Exp. Hepatol.

2019, 5, 1–10. [CrossRef] [PubMed]
45. Gudan, A.; Jamioł-Milc, D.; Hawryłkowicz, V.; Skonieczna-Żydecka, K.; Stachowska, E. The Prevalence of Small Intestinal

Bacterial Overgrowth in Patients with Non-Alcoholic Liver Diseases: NAFLD, NASH, Fibrosis, Cirrhosis—A Systematic Review,
Meta-Analysis and Meta-Regression. Nutrients 2022, 14, 5261. [CrossRef] [PubMed]

46. Nishikawa, H.; Fukunishi, S.; Asai, A.; Nishiguchi, S.; Higuchi, K. Sarcopenia and Frailty in Liver Cirrhosis. Life 2021, 11, 399.
[CrossRef]

47. Nutritional Status in Cirrhosis. Italian Multicentre Cooperative Project on Nutrition in Liver Cirrhosis. J. Hepatol. 1994, 21,
317–325.

48. Dhaliwal, A.; Armstrong, M.J. Sarcopenia in Cirrhosis: A Practical Overview. Clin. Med. 2020, 20, 489–492. [CrossRef]
49. Lockwood, A.H.; McDonald, J.M.; Reiman, R.E.; Gelbard, A.S.; Laughlin, J.S.; Duffy, T.E.; Plum, F. The Dynamics of Ammonia

Metabolism in Man. Effects of Liver Disease and Hyperammonemia. J. Clin. Investig. 1979, 63, 449–460. [CrossRef]
50. Henin, G.; Lanthier, N.; Dahlqvist, G. Pathophysiological Changes of the Liver-Muscle Axis in End-Stage Liver Disease: What Is

the Right Target? Acta Gastroenterol. Belg. 2022, 85, 611–624. [CrossRef]
51. Guañabens, N.; Parés, A. Osteoporosis in Chronic Liver Disease. Liver Int. 2018, 38, 776–785. [CrossRef] [PubMed]
52. Assessment of Fracture Risk and Its Application to Screening for Postmenopausal Osteoporosis. Report of a WHO Study Group.

World Health Organ. Tech. Rep. Ser. 1994, 843, 1–129.
53. Jadzic, J.; Djonic, D. Bone Loss in Chronic Liver Diseases: Could Healthy Liver Be a Requirement for Good Bone Health? World J.

Gastroenterol. 2023, 29, 825–833. [CrossRef] [PubMed]
54. Menon, K.; Angulo, P.; Weston, S.; Dickson, E.; Lindor, K.D. Bone Disease in Primary Biliary Cirrhosis: Independent Indicators

and Rate of Progression. J. Hepatol. 2001, 35, 316–323. [CrossRef]
55. Ionele, C.M.; Turcu-Stiolica, A.; Subtirelu, M.S.; Ungureanu, B.S.; Sas, T.N.; Rogoveanu, I. Osteoporosis Assessment among Adults

with Liver Cirrhosis. J. Clin. Med. 2023, 12, 153. [CrossRef] [PubMed]
56. Bischoff, S.C.; Bernal, W.; Dasarathy, S.; Merli, M.; Plank, L.D.; Schütz, T.; Plauth, M. ESPEN Practical Guideline: Clinical Nutrition

in Liver Disease. Clin. Nutr. 2020, 39, 3533–3562. [CrossRef]
57. Morgan, M.Y.; Madden, A.M.; Soulsby, C.T.; Morris, R.W. Derivation and Validation of a New Global Method for Assessing

Nutritional Status in Patients with Cirrhosis. Hepatology 2006, 44, 823–835. [CrossRef]
58. Wu, Y.; Zhu, Y.; Feng, Y.; Wang, R.; Yao, N.; Zhang, M.; Liu, X.; Liu, H.; Shi, L.; Zhu, L.; et al. Royal Free Hospital-Nutritional

Prioritizing Tool Improves the Prediction of Malnutrition Risk Outcomes in Liver Cirrhosis Patients Compared with Nutritional
Risk Screening 2002. Br. J. Nutr. 2020, 124, 1293–1302. [CrossRef] [PubMed]

59. Borhofen, S.M.; Gerner, C.; Lehmann, J.; Fimmers, R.; Görtzen, J.; Hey, B.; Geiser, F.; Strassburg, C.P.; Trebicka, J. The Royal Free
Hospital-Nutritional Prioritizing Tool Is an Independent Predictor of Deterioration of Liver Function and Survival in Cirrhosis.
Dig. Dis. Sci. 2016, 61, 1735–1743. [CrossRef] [PubMed]

60. Booi, A.N.; Menendez, J.; Norton, H.J.; Anderson, W.E.; Ellis, A.C. Validation of a Screening Tool to Identify Undernutrition in
Ambulatory Patients with Liver Cirrhosis. Nutr. Clin. Pract. 2015, 30, 683–689. [CrossRef]

61. White, J.V.; Guenter, P.; Jensen, G.; Malone, A.; Schofield, M. Consensus statement: Academy of Nutrition and Dietetics and
American Society for Parenteral and Enteral Nutrition: Characteristics Recommended for the Identification and Documentation
of Adult Malnutrition (Undernutrition). JPEN J. Parenter. Enter. Nutr. 2012, 36, 275–283. [CrossRef]

62. Deza, D.C.; Msc, M.E.B.G.; Sanz-París, A.; Msc, M.L.B.; Bonilla, E.M.F.; Monterde, V.B.; Mainar, J.M.A.; Olmo, J.F. Mini Nutritional
Assessment—Short Form Is a Useful Malnutrition Screening Tool in Patients with Liver Cirrhosis, Using the Global Leadership
Initiative for Malnutrition Criteria as the Gold Standard. Nutr. Clin. Pract. 2021, 36, 1003–1010. [CrossRef] [PubMed]

63. Harimoto, N.; Yoshizumi, T.; Inokuchi, S.; Itoh, S.; Adachi, E.; Ikeda, Y.; Uchiyama, H.; Utsunomiya, T.; Kajiyama, K.; Kimura, K.;
et al. Prognostic Significance of Preoperative Controlling Nutritional Status (CONUT) Score in Patients Undergoing Hepatic
Resection for Hepatocellular Carcinoma: A Multi-Institutional Study. Ann. Surg. Oncol. 2018, 25, 3316–3323. [CrossRef] [PubMed]

64. Serón-Arbeloa, C.; Labarta-Monzón, L.; Puzo-Foncillas, J.; Mallor-Bonet, T.; Lafita-López, A.; Bueno-Vidales, N.; Montoro-Huguet,
M. Malnutrition Screening and Assessment. Nutrients 2022, 14, 2392. [CrossRef] [PubMed]

65. Cederholm, T.; Jensen, G.L.; Correia, M.I.T.D.; Gonzalez, M.C.; Fukushima, R.; Higashiguchi, T.; Baptista, G.; Barazzoni, R.;
Blaauw, R.; Coats, A.J.; et al. GLIM Criteria for the Diagnosis of Malnutrition—A Consensus Report from the Global Clinical
Nutrition Community. J. Cachexia Sarcopenia Muscle 2019, 10, 207–217. [CrossRef] [PubMed]

https://doi.org/10.4254/wjh.v14.i4.802
https://doi.org/10.1016/j.jceh.2017.11.001
https://doi.org/10.4254/wjh.v12.i11.883
https://doi.org/10.1016/0016-5085(91)80019-6
https://www.ncbi.nlm.nih.gov/pubmed/1993495
https://doi.org/10.3390/nu13020540
https://www.ncbi.nlm.nih.gov/pubmed/33562292
https://doi.org/10.5114/ceh.2019.83151
https://www.ncbi.nlm.nih.gov/pubmed/30915401
https://doi.org/10.3390/nu14245261
https://www.ncbi.nlm.nih.gov/pubmed/36558421
https://doi.org/10.3390/life11050399
https://doi.org/10.7861/clinmed.2020-0089
https://doi.org/10.1172/JCI109322
https://doi.org/10.51821/85.4.10899
https://doi.org/10.1111/liv.13730
https://www.ncbi.nlm.nih.gov/pubmed/29479832
https://doi.org/10.3748/wjg.v29.i5.825
https://www.ncbi.nlm.nih.gov/pubmed/36816627
https://doi.org/10.1016/S0168-8278(01)00144-1
https://doi.org/10.3390/jcm12010153
https://www.ncbi.nlm.nih.gov/pubmed/36614954
https://doi.org/10.1016/j.clnu.2020.09.001
https://doi.org/10.1002/hep.21358
https://doi.org/10.1017/S0007114520002366
https://www.ncbi.nlm.nih.gov/pubmed/32600494
https://doi.org/10.1007/s10620-015-4015-z
https://www.ncbi.nlm.nih.gov/pubmed/26725059
https://doi.org/10.1177/0884533615587537
https://doi.org/10.1177/0148607112440285
https://doi.org/10.1002/ncp.10640
https://www.ncbi.nlm.nih.gov/pubmed/33817839
https://doi.org/10.1245/s10434-018-6672-6
https://www.ncbi.nlm.nih.gov/pubmed/30051372
https://doi.org/10.3390/nu14122392
https://www.ncbi.nlm.nih.gov/pubmed/35745121
https://doi.org/10.1002/jcsm.12383
https://www.ncbi.nlm.nih.gov/pubmed/30920778


Nutrients 2023, 15, 3487 25 of 31

66. Palmese, F.; Bolondi, I.; Giannone, F.A.; Zaccherini, G.; Tufoni, M.; Baldassarre, M.; Caraceni, P. The Analysis of Food Intake in
Patients with Cirrhosis Waiting for Liver Transplantation: A Neglected Step in the Nutritional Assessment. Nutrients 2019, 11,
2462. [CrossRef] [PubMed]

67. Ortega, R.M.; Perez-Rodrigo, C.; Lopez-Sobaler, A.M. Dietary Assessment Methods: Dietary Records. Nutr. Hosp. 2015, 31 (Suppl.
S3), 38–45. [CrossRef]

68. Gabrielson, D.K.; Scaffidi, D.; Leung, E.; Stoyanoff, L.; Robinson, J.; Nisenbaum, R.; Brezden-Masley, C.; Darling, P.B. Use of
an Abridged Scored Patient-Generated Subjective Global Assessment (abPG-SGA) as a Nutritional Screening Tool for Cancer
Patients in an Outpatient Setting. Nutr. Cancer 2013, 65, 234–239. [CrossRef]

69. Tandon, P.; Ney, M.; Irwin, I.; Ma, M.M.; Gramlich, L.; Bain, V.G.; Esfandiari, N.; Baracos, V.; Montano-Loza, A.J.; Myers, R.P.
Severe Muscle Depletion in Patients on the Liver Transplant Wait List: Its Prevalence and Independent Prognostic Value. Liver
Transplant. 2012, 18, 1209–1216. [CrossRef]

70. Kouassi, K.; Bagny, A.; Kaaga, L.; Bouglouga, O.; Anani-Soh, L.L.; Lamboni, C.; Redah, D. Prevalence of Protein-Energy
Undernutrition Evaluated by the Measurement of Triceps Skinfold Thickness and Mid-Arm Muscle Circumference of 103 Adults
with Cirrhosis of the Liver Hospitalized in the Department of Hepatology and Gastroenterology of the Lomé Campus University
Hospital (Togo). Méd. Santé Trop. 2014, 24, 208–213. [CrossRef]

71. Topan, M.-M.; Sporea, I.; Dănilă, M.; Popescu, A.; Ghiuchici, A.-M.; Lupus, oru, R.; S, irli, R. Comparison of Different Nutritional
Assessment Tools in Detecting Malnutrition and Sarcopenia among Cirrhotic Patients. Diagnostics 2022, 12, 893. [CrossRef]

72. Bunchorntavakul, C.; Reddy, K.R. Review Article: Malnutrition/Sarcopenia and Frailty in Patients with Cirrhosis. Aliment.
Pharmacol. Ther. 2020, 51, 64–77. [CrossRef]

73. Carey, E.J.; Lai, J.C.; Wang, C.W.; Dasarathy, S.; Lobach, I.; Montano-Loza, A.J.; Dunn, M.A. A Multicenter Study to Define
Sarcopenia in Patients with End-Stage Liver Disease. Liver Transplant. 2017, 23, 625–633. [CrossRef]

74. Sinclair, M.; Chapman, B.; Hoermann, R.; Angus, P.W.; Testro, A.; Scodellaro, T.; Gow, P.J. Handgrip Strength Adds More
Prognostic Value to the Model for End-Stage Liver Disease Score Than Imaging-Based Measures of Muscle Mass in Men with
Cirrhosis. Liver Transplant. 2019, 25, 1480–1487. [CrossRef]

75. Mori, N.; Maeda, K.; Fujimoto, Y.; Nonogaki, T.; Ishida, Y.; Ohta, R.; Shimizu, A.; Ueshima, J.; Nagano, A.; Fukushima, R.
Prognostic Implications of the Global Leadership Initiative on Malnutrition Criteria as a Routine Assessment Modality for
Malnutrition in Hospitalized Patients at a University Hospital. Clin. Nutr. 2023, 42, 166–172. [CrossRef]

76. Santos, B.C.; Fonseca, A.L.F.; Ferreira, L.G.; Ribeiro, H.S.; Correia, M.I.T.D.; Lima, A.S.; e Penna, F.G.C.; Anastácio, L.R. Different
Combinations of the GLIM Criteria for Patients Awaiting a Liver Transplant: Poor Performance for Malnutrition Diagnosis but a
Potentially Useful Prognostic Tool. Clin. Nutr. 2022, 41, 97–104. [CrossRef]

77. Prijatmoko, D.; Strauss, B.J.; Lambert, J.R.; Sievert, W.; Stroud, D.B.; Wahlqvist, M.L.; Katz, B.; Colman, J.; Jones, P.; Korman,
M.G. Early Detection of Protein Depletion in Alcoholic Cirrhosis: Role of Body Composition Analysis. Gastroenterology 1993, 105,
1839–1845. [CrossRef]

78. Nielsen, K.; Kondrup, J.; Martinsen, L.; Døssing, H.; Larsson, B.; Stilling, B.; Jensen, M.G. Long-Term Oral Refeeding of Patients
with Cirrhosis of the Liver. Br. J. Nutr. 1995, 74, 557–567. [CrossRef] [PubMed]

79. Iwasa, M.; Iwata, K.; Hara, N.; Hattori, A.; Ishidome, M.; Sekoguchi-Fujikawa, N.; Mifuji-Moroka, R.; Sugimoto, R.; Fujita, N.;
Kobayashi, Y.; et al. Nutrition Therapy Using a Multidisciplinary Team Improves Survival Rates in Patients with Liver Cirrhosis.
Nutrition 2013, 29, 1418–1421. [CrossRef] [PubMed]

80. Tsien, C.D.; McCullough, A.J.; Dasarathy, S. Late Evening Snack: Exploiting a Period of Anabolic Opportunity in Cirrhosis. J.
Gastroenterol. Hepatol. 2012, 27, 430–441. [CrossRef] [PubMed]

81. de Venne, W.P.V.-V.; Westerterp, K.R.; van Hoek, B.; Swart, G.R. Energy Expenditure and Substrate Metabolism in Patients with
Cirrhosis of the Liver: Effects of the Pattern of Food Intake. Gut 1995, 36, 110–116. [CrossRef] [PubMed]

82. Zillikens, M.; Berg, J.v.D.; Wattimena, J.; Rietveld, T.; Swart, G. Nocturnal Oral Glucose Supplementation: The Effects on Protein
Metabolism in Cirrhotic Patients and in Healthy Controls. J. Hepatol. 1993, 17, 377–383. [CrossRef] [PubMed]

83. Hipskind, P.; Glass, C.; Charlton, D.; Nowak, D.; Dasarathy, S. Do Handheld Calorimeters Have a Role in Assessment of Nutrition
Needs in Hospitalized Patients? Nutr. Clin. Pract. 2011, 26, 426–433. [CrossRef] [PubMed]

84. Kearns, P.J.; Young, H.; Garcia, G.; Blaschke, T.; O’Hanlon, G.; Rinki, M.; Sucher, K.; Gregory, P. Accelerated Improvement of
Alcoholic Liver Disease with Enteral Nutrition. Gastroenterology 1992, 102, 200–205. [CrossRef] [PubMed]

85. Kondrup, J.; Müller, M.J. Energy and Protein Requirements of Patients with Chronic Liver Disease. J. Hepatol. 1997, 27, 239–247.
[CrossRef] [PubMed]

86. Román, E.; Torrades, M.T.; Nadal, M.J.; Cárdenas, G.; Nieto, J.C.; Vidal, S.; Bascuñana, H.; Juárez, C.; Guarner, C.; Córdoba, J.;
et al. Randomized Pilot Study: Effects of an Exercise Programme and Leucine Supplementation in Patients with Cirrhosis. Dig.
Dis. Sci. 2014, 59, 1966–1975. [CrossRef]

87. Román, E.; García-Galcerán, C.; Torrades, T.; Herrera, S.; Marín, A.; Doñate, M.; Alvarado-Tapias, E.; Malouf, J.; Nácher, L.;
Serra-Grima, R.; et al. Effects of an Exercise Programme on Functional Capacity, Body Composition and Risk of Falls in Patients
with Cirrhosis: A Randomized Clinical Trial. PLoS ONE 2016, 11, e0151652. [CrossRef]

88. Zenith, L.; Meena, N.; Ramadi, A.; Yavari, M.; Harvey, A.; Carbonneau, M.; Ma, M.; Abraldes, J.G.; Paterson, I.; Haykowsky,
M.J.; et al. Eight Weeks of Exercise Training Increases Aerobic Capacity and Muscle Mass and Reduces Fatigue in Patients with
Cirrhosis. Clin. Gastroenterol. Hepatol. 2014, 12, 1920–1926.e2. [CrossRef]

https://doi.org/10.3390/nu11102462
https://www.ncbi.nlm.nih.gov/pubmed/31618837
https://doi.org/10.3305/nh.2015.31.sup3.8749
https://doi.org/10.1080/01635581.2013.755554
https://doi.org/10.1002/lt.23495
https://doi.org/10.1684/mst.2014.0334
https://doi.org/10.3390/diagnostics12040893
https://doi.org/10.1111/apt.15571
https://doi.org/10.1002/lt.24750
https://doi.org/10.1002/lt.25598
https://doi.org/10.1016/j.clnu.2022.12.008
https://doi.org/10.1016/j.clnu.2021.11.008
https://doi.org/10.1016/0016-5085(93)91083-T
https://doi.org/10.1079/BJN19950158
https://www.ncbi.nlm.nih.gov/pubmed/7577893
https://doi.org/10.1016/j.nut.2013.05.016
https://www.ncbi.nlm.nih.gov/pubmed/24103520
https://doi.org/10.1111/j.1440-1746.2011.06951.x
https://www.ncbi.nlm.nih.gov/pubmed/22004479
https://doi.org/10.1136/gut.36.1.110
https://www.ncbi.nlm.nih.gov/pubmed/7890212
https://doi.org/10.1016/S0168-8278(05)80221-1
https://www.ncbi.nlm.nih.gov/pubmed/8315266
https://doi.org/10.1177/0884533611411272
https://www.ncbi.nlm.nih.gov/pubmed/21775638
https://doi.org/10.1016/0016-5085(92)91801-A
https://www.ncbi.nlm.nih.gov/pubmed/1727754
https://doi.org/10.1016/S0168-8278(97)80308-X
https://www.ncbi.nlm.nih.gov/pubmed/9252101
https://doi.org/10.1007/s10620-014-3086-6
https://doi.org/10.1371/journal.pone.0151652
https://doi.org/10.1016/j.cgh.2014.04.016


Nutrients 2023, 15, 3487 26 of 31

89. Kruger, C.; McNeely, M.L.; Bailey, R.J.; Yavari, M.; Abraldes, J.G.; Carbonneau, M.; Newnham, K.; DenHeyer, V.; Ma, M.;
Thompson, R.; et al. Home Exercise Training Improves Exercise Capacity in Cirrhosis Patients: Role of Exercise Adherence. Sci.
Rep. 2018, 8, 99. [CrossRef]

90. Berzigotti, A.; Albillos, A.; Villanueva, C.; Genescá, J.; Ardevol, A.; Augustín, S.; Calleja, J.L.; Bañares, R.; García-Pagán, J.C.;
Mesonero, F.; et al. Effects of an Intensive Lifestyle Intervention Program on Portal Hypertension in Patients with Cirrhosis and
Obesity: The SportDiet Study. Hepatology 2017, 65, 1293–1305. [CrossRef]

91. Macías-Rodríguez, R.U.; Ilarraza-Lomelí, H.; Ruiz-Margáin, A.; Ponce-De-León-Rosales, S.; Vargas-Vorácková, F.; García-Flores,
O.; Torre, A.; Duarte-Rojo, A. Changes in Hepatic Venous Pressure Gradient Induced by Physical Exercise in Cirrhosis: Results of
a Pilot Randomized Open Clinical Trial. Clin. Transl. Gastroenterol. 2016, 7, e180. [CrossRef]

92. Aamann, L.; Dam, G.; Borre, M.; Drljevic-Nielsen, A.; Overgaard, K.; Andersen, H.; Vilstrup, H.; Aagaard, N.K. Resistance
Training Increases Muscle Strength and Muscle Size in Patients with Liver Cirrhosis. Clin. Gastroenterol. Hepatol. 2020, 18,
1179–1187.e6. [CrossRef] [PubMed]

93. Chen, H.W.; Ferrando, A.; White, M.G.; Dennis, R.A.; Xie, J.; Pauly, M.; Park, S.; Bartter, T.; Dunn, M.A.; Ruiz-Margain, A.; et al.
Home-Based Physical Activity and Diet Intervention to Improve Physical Function in Advanced Liver Disease: A Randomized
Pilot Trial. Dig. Dis. Sci. 2020, 65, 3350–3359. [CrossRef] [PubMed]

94. Lai, J.C.; Dodge, J.L.; Kappus, M.R.; Wong, R.; Mohamad, Y.; Segev, D.L.; McAdams-DeMarco, M. A Multicenter Pilot Randomized
Clinical Trial of a Home-Based Exercise Program for Patients with Cirrhosis: The Strength Training Intervention (STRIVE). Am. J.
Gastroenterol. 2021, 116, 717–722. [CrossRef] [PubMed]

95. Bandi, J.-C.; García-Pagán, J.C.; Escorsell, A.; François, E.; Moitinho, E.; Rodés, J.; Bosch, J. Effects of Propranolol on the Hepatic
Hemodynamic Response to Physical Exercise in Patients with Cirrhosis. Hepatology 1998, 28, 677–682. [CrossRef]

96. Lin, F.; Ferrando, A.A.; Dennis, R.A.; Dunn, M.A.; Kim, W.R.; Duarte-Rojo, A. Exercise-Induced Hyperammonemia Does Not
Precipitate Overt Hepatic Encephalopathy. Hepatology 2020, 72, 778–780. [CrossRef]

97. Tandon, P.; Ismond, K.P.; Riess, K.; Duarte-Rojo, A.; Al-Judaibi, B.; Dunn, M.A.; Holman, J.; Howes, N.; Haykowsky, M.J.F.;
Josbeno, D.A.; et al. Exercise in Cirrhosis: Translating Evidence and Experience to Practice. J. Hepatol. 2018, 69, 1164–1177.
[CrossRef]

98. Lai, J.C.; Sonnenday, C.J.; Tapper, E.B.; Duarte-Rojo, A.; Dunn, M.A.; Bernal, W.; Carey, E.J.; Dasarathy, S.; Kamath, B.M.; Kappus,
M.R.; et al. Frailty in Liver Transplantation: An Expert Opinion Statement from the American Society of Transplantation Liver
and Intestinal Community of Practice. Am. J. Transplant. 2019, 19, 1896–1906. [CrossRef]

99. Berzigotti, A.; Garcia-Tsao, G.; Bosch, J.; Grace, N.D.; Burroughs, A.K.; Morillas, R.; Escorsell, A.; Garcia-Pagan, J.C.; Patch, D.;
Matloff, D.S.; et al. Obesity Is an Independent Risk Factor for Clinical Decompensation in Patients with Cirrhosis. Hepatology
2011, 54, 555–561. [CrossRef]

100. Everhart, J.E.; Lok, A.S.; Kim, H.; Morgan, T.R.; Lindsay, K.L.; Chung, R.T.; Bonkovsky, H.L.; Ghany, M.G. Weight-Related Effects
on Disease Progression in the Hepatitis C Antiviral Long-Term Treatment Against Cirrhosis Trial. Gastroenterology 2009, 137,
549–557. [CrossRef]

101. Cabre, E.; Gonzalez-Huix, F.; Abad-Lacruz, A.; Esteve, M.; Acero, D.; Fernandez-Bañares, F.; Xiol, X.; Gassull, M. Effect of Total
Enteral Nutrition on the Short-Term Outcome of Severely Malnourished Cirrhotics. Gastroenterology 1990, 98, 715–720. [CrossRef]
[PubMed]

102. Borderie, C.; Ripault, M.-P.; Silvain, C.; De Ledinghen, V.; Beau, P.; Mannant, P.-R.; Beauchant, M. Early Feeding or Enteral
Nutrition in Patients with Cirrhosis after Bleeding from Esophageal Varices? (A Randomized Controlled Study). Dig. Dis. Sci.
1997, 42, 536–541. [CrossRef] [PubMed]

103. Calvey, H.; Davis, M.; Williams, R. Prospective Study of Nasogastric Feeding via East Grinstead® or Viomedex® Tubes Compared
with Oral Dietary Supplementation in Patients with Cirrhosis. Clin. Nutr. 1984, 3, 63–66. [CrossRef] [PubMed]

104. Baltz, J.G.; Argo, C.K.; Al-Osaimi, A.M.; Northup, P.G. Mortality after Percutaneous Endoscopic Gastrostomy in Patients with
Cirrhosis: A Case Series. Gastrointest. Endosc. 2010, 72, 1072–1075. [CrossRef] [PubMed]

105. Arvanitakis, M.; Gkolfakis, P.; Despott, E.J.; Ballarin, A.; Beyna, T.; Boeykens, K.; Elbe, P.; Gisbertz, I.; Hoyois, A.; Mosteanu,
O.; et al. Endoscopic management of enteral tubes in adult patients—Part 1: Definitions and indications. European Society of
Gastrointestinal Endoscopy (ESGE) Guideline. Endoscopy 2021, 53, 81–92. [CrossRef]

106. Plauth, M.; Cabré, E.; Campillo, B.; Kondrup, J.; Marchesini, G.; Schütz, T.; Shenkin, A.; Wendon, J. ESPEN Guidelines on
Parenteral Nutrition: Hepatology. Clin. Nutr. 2009, 28, 436–444. [CrossRef]

107. Vilstrup, H.; Gluud, C.; Hardt, F.; Kristensen, M.; Køhler, O.; Melgaard, B.; Dejgaard, A.; Hansen, B.A.; Krintel, J.J.; Schütten, H.J.;
et al. Branched Chain Enriched Amino Acid versus Glucose Treatment of Hepatic Encephalopathy: A Double-Blind Study of 65
Patients with Cirrhosis. J. Hepatol. 1990, 10, 291–296. [CrossRef]

108. Wahren, J.; Denis, J.; Desurmont, P.; Eriksson, L.S.; Escoffier, J.-M.; Gauthier, A.P.; Hagenfeldt, L.; Michel, H.; Opolon, P.; Paris,
J.-C.; et al. Is Intravenous Administration of Branched Chain Amino Acids Effective in the Treatment of Hepatic Encephalopathy?
A Multicenter Study. Hepatology 1983, 3, 475–780. [CrossRef]

109. Als-Nielsen, B.; Koretz, R.L.; Gluud, L.L.; Gluud, C. Branched-Chain Amino Acids for Hepatic Encephalopathy. Cochrane Database
Syst. Rev. 2003, 2, CD001939. [CrossRef]

110. Naylor, C.; O’Rourke, K.; Detsky, A.S.; Baker, J.P. Parenteral Nutrition with Branched-Chain Amino Acids in Hepatic Encephalopa-
thy. Gastroenterology 1989, 97, 1033–1042. [CrossRef]

https://doi.org/10.1038/s41598-017-18320-y
https://doi.org/10.1002/hep.28992
https://doi.org/10.1038/ctg.2016.38
https://doi.org/10.1016/j.cgh.2019.07.058
https://www.ncbi.nlm.nih.gov/pubmed/31394282
https://doi.org/10.1007/s10620-019-06034-2
https://www.ncbi.nlm.nih.gov/pubmed/31907774
https://doi.org/10.14309/ajg.0000000000001113
https://www.ncbi.nlm.nih.gov/pubmed/33982941
https://doi.org/10.1002/hep.510280312
https://doi.org/10.1002/hep.31148
https://doi.org/10.1016/j.jhep.2018.06.017
https://doi.org/10.1111/ajt.15392
https://doi.org/10.1002/hep.24418
https://doi.org/10.1053/j.gastro.2009.05.007
https://doi.org/10.1016/0016-5085(90)90293-A
https://www.ncbi.nlm.nih.gov/pubmed/2105256
https://doi.org/10.1023/A:1018838808396
https://www.ncbi.nlm.nih.gov/pubmed/9073135
https://doi.org/10.1016/S0261-5614(84)80001-1
https://www.ncbi.nlm.nih.gov/pubmed/16829436
https://doi.org/10.1016/j.gie.2010.06.043
https://www.ncbi.nlm.nih.gov/pubmed/20855067
https://doi.org/10.1055/a-1303-7449
https://doi.org/10.1016/j.clnu.2009.04.019
https://doi.org/10.1016/0168-8278(90)90135-E
https://doi.org/10.1002/hep.1840030402
https://doi.org/10.1002/14651858.cd001939
https://doi.org/10.1016/0016-5085(89)91517-5


Nutrients 2023, 15, 3487 27 of 31

111. Córdoba, J.; López-Hellín, J.; Planas, M.; Sabín, P.; Sanpedro, F.; Castro, F.; Esteban, R.; Guardia, J. Normal Protein Diet for
Episodic Hepatic Encephalopathy: Results of a Randomized Study. J. Hepatol. 2004, 41, 38–43. [CrossRef] [PubMed]

112. Lai, J.C.; Dodge, J.L.; Kappus, M.R.; Dunn, M.A.; Volk, M.L.; Duarte-Rojo, A.; Ganger, D.R.; Rahimi, R.S.; McCulloch, C.E.;
Haugen, C.E.; et al. Changes in Frailty Are Associated with Waitlist Mortality in Patients with Cirrhosis. J. Hepatol. 2020, 73,
575–581. [CrossRef] [PubMed]

113. Merli, M.; Iebba, V.; Giusto, M. What Is New about Diet in Hepatic Encephalopathy. Metab. Brain Dis. 2016, 31, 1289–1294.
[CrossRef] [PubMed]

114. Maharshi, S.; Sharma, B.C.; Sachdeva, S.; Srivastava, S.; Sharma, P. Efficacy of Nutritional Therapy for Patients with Cirrhosis and
Minimal Hepatic Encephalopathy in a Randomized Trial. Clin. Gastroenterol. Hepatol. 2016, 14, 454–460.e3. [CrossRef]

115. Moctezuma-Velázquez, C.; Low, G.; Mourtzakis, M.; Ma, M.; Burak, K.W.; Tandon, P.; Montano-Loza, A.J. Association between
Low Testosterone Levels and Sarcopenia in Cirrhosis: A Cross-Sectional Study. Ann. Hepatol. 2018, 17, 615–623. [CrossRef]

116. Sinclair, M.; Grossmann, M.; Hoermann, R.; Angus, P.W.; Gow, P.J. Testosterone Therapy Increases Muscle Mass in Men with
Cirrhosis and Low Testosterone: A Randomised Controlled Trial. J. Hepatol. 2016, 65, 906–913. [CrossRef]

117. Marchesini, G.; Bianchi, G.; Merli, M.; Amodio, P.; Panella, C.; Loguercio, C.; Fanelli, F.R.; Abbiati, R. Nutritional Supplementation
with Branched-Chain Amino Acids in Advanced Cirrhosis: A Double-Blind, Randomized Trial. Gastroenterology 2003, 124,
1792–1801. [CrossRef]

118. Muto, Y.; Sato, S.; Watanabe, A.; Moriwaki, H.; Suzuki, K.; Kato, A.; Kato, M.; Nakamura, T.; Higuchi, K.; Nishiguchi, S.; et al.
Effects of Oral Branched-Chain Amino Acid Granules on Event-Free Survival in Patients with Liver Cirrhosis. Clin. Gastroenterol.
Hepatol. 2005, 3, 705–713. [CrossRef]

119. Gluud, L.L.; Dam, G.; Les, I.; Córdoba, J.; Marchesini, G.; Borre, M.; Aagaard, N.K.; Vilstrup, H. Branched-Chain Amino Acids for
People with Hepatic Encephalopathy. Cochrane Database Syst Rev. 2015, 2, CD001939. [CrossRef]

120. Ericksen, R.E.; Lim, S.L.; McDonnell, E.; Shuen, W.H.; Vadiveloo, M.; White, P.J.; Ding, Z.; Kwok, R.; Lee, P.; Radda, G.K.;
et al. Loss of BCAA Catabolism during Carcinogenesis Enhances mTORC1 Activity and Promotes Tumor Development and
Progression. Cell Metab. 2019, 29, 1151–1165.e6. [CrossRef]

121. Ruiz-Margáin, A.; Román-Calleja, B.M.; Moreno-Guillén, P.; González-Regueiro, J.A.; Kúsulas-Delint, D.; Campos-Murguía, A.;
Flores-García, N.C.; Macías-Rodríguez, R.U. Nutritional Therapy for Hepatocellular Carcinoma. World J. Gastrointest. Oncol. 2021,
13, 1440–1452. [CrossRef] [PubMed]

122. Cheung, K.; Lee, S.S.; Raman, M. Prevalence and Mechanisms of Malnutrition in Patients with Advanced Liver Disease, and
Nutrition Management Strategies. Clin. Gastroenterol. Hepatol. 2012, 10, 117–125. [CrossRef] [PubMed]

123. Himoto, T.; Masaki, T. Current Trends of Essential Trace Elements in Patients with Chronic Liver Diseases. Nutrients 2020, 12,
2084. [CrossRef] [PubMed]

124. Rossi, R.E.; Conte, D.; Massironi, S. Diagnosis and Treatment of Nutritional Deficiencies in Alcoholic Liver Disease: Overview of
Available Evidence and Open Issues. Dig. Liver Dis. 2015, 47, 819–825. [CrossRef] [PubMed]

125. Paternostro, R.; Wagner, D.; Reiberger, T.; Mandorfer, M.; Schwarzer, R.; Ferlitsch, M.; Trauner, M.; Peck-Radosavljevic, M.;
Ferlitsch, A. Low 25-OH-Vitamin D Levels Reflect Hepatic Dysfunction and Are Associated with Mortality in Patients with Liver
Cirrhosis. Wien. Klin. Wochenschr. 2017, 129, 8–15. [CrossRef]

126. Bjelakovic, M.; Nikolova, D.; Bjelakovic, G.; Gluud, C. Vitamin D Supplementation for Chronic Liver Diseases in Adults. Cochrane
Database Syst. Rev. 2021, 8, CD011564. [CrossRef]
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