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Abstract
Frailty and sarcopenia are frequently observed in patients with end-stage liver 
disease. Frailty is a complex condition that arises from deteriorations across 
various physiological systems, including the musculoskeletal, cardiovascular, and 
immune systems, resulting in a reduced ability of the body to withstand stressors. 
This condition is associated with declined resilience and increased vulnerability to 
negative outcomes, including disability, hospitalization, and mortality. In 
cirrhotic patients, frailty is influenced by multiple factors, such as hyperam-
monemia, hormonal imbalance, malnutrition, ascites, hepatic encephalopathy, 
and alcohol intake. Assessing frailty is crucial in predicting morbidity and 
mortality in cirrhotic patients. It can aid in making critical decisions regarding 
patients’ eligibility for critical care and transplantation. This, in turn, can guide 
the development of an individualized treatment plan for each patient with 
cirrhosis, with a focus on prioritizing exercise, proper nutrition, and appropriate 
treatment of hepatic complications as the primary lines of treatment. In this 
review, we aim to explore the topic of frailty in liver diseases, with a particular 
emphasis on pathophysiology, clinical assessment, and discuss strategies for 
preventing frailty through effective treatment of hepatic complications. Further-
more, we explore novel assessment and management strategies that have emer-
ged in recent years, including the use of wearable technology and telemedicine.
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Core Tip: Frailty is a common condition in patients with cirrhosis, and it is associated with increased morbidity and mortality. 
This review provides a comprehensive overview of the etiology, pathophysiology, assessment, and management of frailty in 
cirrhosis. It places particular emphasis on the management of frailty during complications, while also delving into the future 
of managing this condition.

Citation: Elsheikh M, El Sabagh A, Mohamed IB, Bhongade M, Hassan MM, Jalal PK. Frailty in end-stage liver disease: 
Understanding pathophysiology, tools for assessment, and strategies for management. World J Gastroenterol 2023; 29(46): 6028-
6048
URL: https://www.wjgnet.com/1007-9327/full/v29/i46/6028.htm
DOI: https://dx.doi.org/10.3748/wjg.v29.i46.6028

INTRODUCTION
Frailty is a complex and ever-evolving syndrome that arises from a combination of deteriorating events across various 
physiological systems. This results in a reduction in the body’s physical ability to withstand stressors, leading to 
decreased resilience and increased susceptibility to adverse outcomes such as disability, hospitalization, and mortality[1-
3]. Half of the patients diagnosed with cirrhosis of any cause exhibit frailty[4]. This condition has been shown to have a 
significant impact on the health outcomes of individuals with liver diseases, leading to higher rates of morbidity and 
mortality[5]. Despite its importance, there is still a lack of knowledge in the field of frailty in liver cirrhosis and an 
absence of universal assessment and treatment protocols, especially in the presence of decompensation with ascites and 
encephalopathy. This review offers an analysis of the pathophysiological mechanisms that give rise to the clinical 
manifestations of frailty, various assessment tools employed to evaluate frailty in patients with cirrhosis, and highlights 
the management options available for frail cirrhotic patients including future therapeutic options for this condition.

DEFINITION OF FRAILTY
Although frailty, sarcopenia, malnutrition, and cachexia are distinct terms in literature, they are deeply interconnected
[6]. All four terminologies can be used to express patients with muscle loss and measures targeting management of any of 
these conditions can improve the others[7]. Here is a breakdown of each terminology (Table 1).

PATHOPHYSIOLOGY OF FRAILTY IN END-STAGE LIVER DISEASE
The precise reason for frailty in liver disease is not known, but it is thought to result from the failure of several organ 
systems, including the neuromuscular, endocrine, immune, and skeletal muscle systems[17] (Figure 1). In this section, we 
outline a brief overview of different factors that have been cited in literature as potential causes of frailty in cirrhosis[17,
18].

Hyperammonemia
Hyperammonemia is a major factor that induces sarcopenia and frailty in patients with liver cirrhosis[19-21]. There are 
multiple mechanisms through which hyperammonemia can contribute to frailty in individuals with cirrhosis. These 
mechanisms include upregulation of myostatin expression inhibiting skeletal muscle mass, mitochondrial dysfunction, 
heightened production of reactive oxygen species that impede protein synthesis, and enhanced proteolysis[22,23].

Hormonal disturbance
Testosterone plays a crucial role in activating the Akt/mTOR pathway, which is responsible for the development and 
maintenance of muscle tissue[24]. Individuals with cirrhosis often experience low levels of circulating testosterone. This 
can be attributed to the detrimental effects of cirrhosis on the hypothalamic-pituitary-gonadal axis[25]. Additionally, an 
increased activity of the hepatic aromatase enzyme converts testosterone into estrogen, further contributing to the decline 
in testosterone levels and subsequent loss of muscle mass[26]. Moreover, research has shown that androgens suppress the 
expression of myostatin, a key inhibitor of muscle mass[27,28]. This explains the elevated levels of myostatin in cirrhosis 
patients which contributes to their muscle mass loss[29].

Insulin resistance is a common occurrence in individuals with cirrhosis, as supported by the literature[30]. Insulin 
resistance can lead to muscle loss through several mechanisms. Insulin has anabolic effects on muscle tissue. But, when 
there is insulin resistance, it reduces its ability to stimulate protein synthesis, resulting in muscle mass loss[31]. Insulin 
resistance can also impair mitochondrial function, leading to decreased energy availability and further promoting muscle 
loss[32]. Finally, individuals with insulin resistance may be less physically active, which can cause muscle atrophy and a 
decline in muscle function[33]. All these factors contribute to the development of muscle mass loss and frailty in patients 
with cirrhosis.

https://www.wjgnet.com/1007-9327/full/v29/i46/6028.htm
https://dx.doi.org/10.3748/wjg.v29.i46.6028
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Table 1 Definition of frailty, different types of sarcopenias, malnourishment, and cachexia

Definition

Frailty A condition where patients undergo a reduction in their physical abilities and become more vulnerable to health-related challenges, 
leading to negative health consequences. It is a multifaceted concept that involves different aspects such as physical, psychological, 
social, and environmental factors[8]

Malnourishment An imbalance in the consumption of nutrients, whether it be a deficiency or an excess, can have detrimental effects on the body’s 
tissues and overall physical form[9]

Cachexia A metabolic syndrome that is complex and linked to an underlying illness. It is distinguished by the reduction of muscle mass, with 
or without a decrease in fat mass[10]

Sarcopenia A debilitating syndrome that is marked by a gradual and widespread decline in both skeletal muscle mass and strength[11]

Dynapenia The pre-sarcopenia stage, in which only muscle strength is reduced[12]

Primary 
sarcopenia

The loss of anatomical skeletal muscle mass in the aging population[13]

Secondary 
sarcopenia

The loss of skeletal muscle mass in various chronic diseases[14]

Compound 
sarcopenia

The combination of primary (i.e., age-related) and secondary (i.e., disease-related) sarcopenia. It occurs in older patients with chronic 
diseases[15]

Sarcopenic obesity A state of decreased muscle mass in the setting of increased fat mass. The muscle wasting can be obscured by increased muscle mass, 
making specialized testing and management necessary[16]

Figure 1 Pathophysiology of frailty in advanced liver disease.

Leptin and ghrelin are two hormones that play a crucial role in regulating energy balance, appetite, and body weight
[34]. Leptin, which is produced mainly by adipose tissue, functions by suppressing hunger and promoting satiety[35]. In 
individuals with cirrhosis, there is typically an elevation in serum leptin levels, which can contribute to frailty by 
decreasing appetite, altering energy balance, and causing muscle wasting[36]. Conversely, ghrelin, which stimulates 
hunger, gastric motility, and gastric acid secretion, is found to be reduced in liver cirrhosis compared to healthy 
individuals[37,38]. These changes can affect satiety, digestive functions, and muscle mass, which predispose individuals 
with cirrhosis to frailty.

Proinflammatory mediators
Liver diseases trigger proinflammatory mediators release due to hepatic necrosis and endotoxemia. In advanced liver 
disease, the death of liver cells triggers the recruitment of immune cells such as macrophages and neutrophils[39]. This 
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leads to an increase in the production of substances promoting inflammation, such as cytokines, resulting in inflam-
mation both locally and systemically[40]. Additionally, patients with cirrhosis have elevated levels of proinflammatory 
mediators due to endotoxemia[41]. This occurs when bacterial endotoxins circulate in the bloodstream due to impaired 
gut barrier function[42], portosystemic shunts[43], compromised Kupffer cell function[44], and altered gut microbiota
[45]. The presence of endotoxemia triggers the release of tumor necrosis factor-alpha, interleukin-6, and reactive oxygen 
species which promote systemic inflammation, cause oxidative stress, and impair mitochondrial function[43,46]. The 
presence of these proinflammatory mediators can give rise to various frailty components, including muscle wasting, loss 
of appetite, fatigue, energy deficiency, and impaired immune function[18].

Gut microbiota dysbiosis
The human gut is a complex ecosystem that harbors a diverse array of microbial species, which engage in multifaceted 
interactions with our body[47]. One of the key benefits provided by the gut microbiota is their remarkable ability to 
ferment indigestible substances, such as dietary fibers, yielding short-chain fatty acids (SCFAs) like acetate, propionate, 
and butyrate. Moreover, the gut microbiota plays a pivotal role in generating a wide range of metabolites, including 
secondary bile acids and indols[48]. These metabolites, along with bacterial components, can circulate throughout the 
human body, exerting their influence on organs beyond the gut itself[49]. In the context of cirrhosis, there is a notable 
prevalence of gut dysbiosis, which involves an imbalance in the gut microbiota. This imbalance is marked by a decrease 
in the diversity of bacterial species and an overall reduction in the number of bacteria present in the gut[50,51].

In cirrhotic patients, dysbiosis plays a significant role in frailty development through various mechanisms[52-55]. 
Firstly, the presence of a high proportion of harmful bacteria in the gut can lead to systemic inflammation as bacterial 
lipopolysaccharides translocate through the compromised gut barriers[56,57]. This inflammation can cause muscle 
wasting and energy deficiency, further contributing to frailty. Secondly, individuals with cirrhosis often have a lower 
abundance of beneficial gut bacteria, which reduces their capacity to contribute to metabolism. This reduction leads to a 
decrease in the production of SCFAs, which are not only essential as an energy source but also serve as metabolic 
mediators in skeletal muscles[58-60]. The decrease in SCFAs may contribute to the observed skeletal muscle loss in 
cirrhotic patients and further exacerbate the development of frailty[61]. Lastly, small intestinal bacterial overgrowth 
(SIBO) is common in cirrhosis, and the increased population of gut microbes can lead to heightened competition with the 
human body for nutrients[62]. This competition can worsen the loss of muscle mass and frailty, as evidenced by the link 
between SIBO and malnutrition in cirrhosis[63].

Impaired amino acids metabolism
Amino acid metabolism is a crucial process that plays a vital role in maintaining energy balance, promoting muscle 
growth, and regulating critical processes such as inflammation and insulin sensitivity[64,65]. When this process is 
disrupted, it can lead to the development of frailty and degenerative diseases[66]. Individuals with liver cirrhosis 
experience imbalances in body metabolism, resulting in higher levels of fatty acid oxidation and gluconeogenesis. This 
leads to an imbalance in amino acid metabolism, causing changes in amino acid levels in the blood[67,68]. As a 
consequence, there are low levels of branched-chain amino acids (BCAAs) in the blood, which are essential for muscle 
tissue. BCAAs are crucial for protein synthesis in skeletal muscles and serve as a preferred source of energy. Therefore, 
low levels of BCAAs in the blood can lead to muscle degradation and impaired muscle strength[69]. Moreover, patients 
with end-stage liver disease (ESLD) have impaired ammonia detoxification in the liver, leading to high levels of ammonia 
in the blood. To compensate for this, the body breaks down BCAAs stored in skeletal muscles to help eliminate ammonia
[70]. This constant consumption of BCAAs further contributes to low levels of BCAAs in the blood, leading to sarcopenia 
and frailty. Fortunately, supplementing with BCAAs has shown significant benefits for individuals with liver cirrhosis 
and frailty. In a recent 16-wk randomized controlled trial, BCAA supplementation was found to improve the liver frailty 
index (LFI), serum albumin levels, and quality of life in frail compensated cirrhotic patients[69]. This finding is consistent 
with previous studies that have used BCAAs as a therapy for sarcopenia in liver cirrhosis[71,72].

PREDISPOSING FACTORS FOR FRAILTY IN CIRRHOSIS
Malnutrition
Cirrhosis often leads to malnutrition, which is associated with negative consequences[73]. Malnutrition in cirrhosis has 
various contributing factors, including inadequate oral intake, early satiety caused by ascites, imbalance in ghrelin and 
leptin levels, maldigestion, malabsorption, gut microbial dysbiosis, and encephalopathy[73,74]. Frailty is strongly 
associated with malnutrition. Research has shown that malnourished patients have a 3.381 times higher risk of 
developing frailty compared to well-nourished patients[75].

Ascites
In cirrhotic patients, ascites can cause several symptoms such as loss of appetite, difficulty moving, reduced stomach 
capacity, and poor digestion[76] (Table 2). These symptoms can ultimately result in malnutrition and frailty. However, 
therapeutic paracentesis has been shown to effectively counteract these effects and provide several benefits for cirrhotic 
patients, including improving appetite, decreasing feelings of fullness, enhancing caloric intake, and improving exercise 
tolerance[77]. Large-volume paracentesis can increase fasting gastric volumes, which leads to better tolerance of nutrient 
ingestion and improved caloric intake[78]. This could potentially be explained by the procedure providing more space for 
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Table 2 Pathophysiology, effects, and management recommendations for frailty predisposing factors in cirrhosis

Predisposing 
factor Pathophysiology Morbidity and mortality Recommendations

Ascites Loss of appetite; Difficult 
ambulation; Reduced stomach 
capacity; Poor digestion

Odds of frailty were higher in ascitic than 
non-ascitic patients [adjusted odd ratio 
1.56, 95% confidence interval (CI): 1.15-
2.14][129]. Ascitic patients identified as 
frail had a 29% waitlist mortality rate, 
higher than the 17% rate for non-frail 
patients[129]

Large volume paracentesis with iv albumin; Salt 
intake not < 5 g NaCl/d to preserve food 
palatability

Hepatic enceph-
alopathy (HE)

Decreased voluntary oral intake; 
Decreased capacity for ambulance 
and exercise

Odds of frailty were higher in HE than in 
non-HE patients (odd ratio 2.45, 95%CI: 
1.80-3.33)[129]. Waitlist mortality was 
higher for HE patients identified as frail 
(30%) than non-frail (20%)[129]

Enteral nutrition with precautions to avoid 
aspiration and hyperglycemia; Parenteral nutrition 
if indicated; Avoid unnecessary protein restriction

Alcohol intake Decreased oral intake; 
Gastrointestinal upset; Vitamin and 
mineral deficiency; Increased resting 
energy expenditure; Alcohol direct 
toxic muscular and neurologic 
effects

Frail alcoholic liver disease patients had a 
significantly higher risk of death or liver 
transplantation compared to non-frail 
patients (P < 0.001)[130]

Alcohol abstinence; Healthy diet with approx-
imately 30 kcal/kg to 40 kcal/kg per day; Small 
and frequent meals; Enteral feeding in severe 
disease

Sarcopenic 
obesity

Challenging to diagnose; Physical 
disability due to decreased muscle 
size and high muscle fat

MASLD cirrhotic patients have an 
increased risk of worsening frailty over 
time and higher waitlist mortality than 
non-MASLD patients[131]

Structured exercise program to help preserve 
muscle mass; If caloric restriction is necessary, 
maintain adequate protein intake (1.2-1.5 g/kg/d)

Prolonged 
fasting

Accelerated catabolic state with 
Increased muscle breakdown

Limit fasting period to a maximum of 12 h; Daily 
calorie intake should be divided into 4-6 meals; 
Late evening snacks

Loop diuretics May worsen muscle mass loss Loop diuretics inversely correlated with 
skeletal muscle mass in cirrhotic patients 
(P < 0.0001) and high doses were 
independently associated with mortality
[126]

Regular frailty assessments are recommended for 
patients who have been on prolonged courses of 
loop diuretics, particularly when the dosage 
exceeds 20 mg/d; Spironolactone may be a 
preferable option for long-term use due to its 
promising efficacy in treating sarcopenia

Aging Combined muscle loss due to aging 
and hepatic illness (compound 
sarcopenia)

Elderly sarcopenic patients with cirrhosis 
have longer hospital stays, higher hospital-
ization costs, and increased risk of in-
hospital mortality[15]

Frequent frailty assessment and management in 
elderly patients with cirrhosis

MASLD: Metabolic dysfunction-associated steatotic liver disease.

the stomach to relax within the peritoneal cavity with albumin infusion helping relieve gastric wall edema[78].
Salt restriction is currently a crucial component of ascites treatment at all stages, as it helps prevent sodium overload 

and promotes the mobilization of fluid retention[79,80]. Previous studies have indicated that a tight restriction of sodium 
intake (< 5 g salt daily) can result in a reduced need for diuretics, faster resolution of ascites, and shorter hospital stays
[81-83]. However, strict sodium restriction may not always be the optimal approach for managing ascites in cirrhotic 
patients. A study by Gauthier et al[81] provides an example of this. The researchers conducted a trial on patients who 
were receiving diuretic treatment. They compared the resolution of ascites in a group with strict salt restriction (only 1230 
mg salt daily) to a group with no sodium restriction[81]. Surprisingly, despite the rapid resolution of ascites in the 
restricted salt group at the beginning of the study, there was no significant difference between the two groups after 90 d
[81].

While strict sodium restriction has demonstrated short-term benefits, it may increase the risk of sarcopenia and frailty 
in cirrhotic patients due to the unpleasant taste of food and the additional effort required for food acquisition and 
preparation, ultimately resulting in a loss of appetite[81,84-86]. This can lead to malnutrition and an increased risk of 
developing ascites. Two randomized controlled trials have provided strong evidence that adhering to a strict low-salt diet 
increases the risk of malnutrition and can worsen ascites in cirrhotic patients[87,88]. In a study conducted by Gu et al[87], 
the disappearance of ascites in cirrhotic patients was compared between a group with restricted salt intake and a group 
with unrestricted salt intake. The results demonstrated that cirrhotic patients in the unrestricted salt group (8.8 g NaCl/d) 
consumed more calories than those in the restricted salt group (4.2 g NaCl/d), leading to higher albumin levels with 
better nutritional status and rapidly resolving ascites[87]. These findings suggest that strict salt restriction may not always 
be the optimal approach for managing ascites in cirrhotic patients. Instead, individualized dietary recommendations are 
necessary to ensure adequate patient nutrition and prevent complications[84]. For this reason, leading hepatology 
scientific societies recommend a daily salt intake of no less than 5 g NaCl/d (equivalent to 2 g Na/d) for cirrhotic patients 
with ascites[79,89-92]. To meet the recommended salt intake, it is highly recommended to avoid consuming canned foods 
or pre-packaged meals. Instead, prioritize the consumption of fresh, home-cooked dishes that are rich in fruits, 
vegetables, and dairy products[93]. Furthermore, to enhance the flavor of meals it is advised to substitute salt with a 



Elsheikh M et al. Understanding and managing frailty in ESLD

WJG https://www.wjgnet.com 6033 December 14, 2023 Volume 29 Issue 46

variety of herbs and spices[84].

Hepatic encephalopathy
Patients with hepatic encephalopathy are at a high risk of malnutrition and frailty due to a decrease in voluntary oral 
intake[94]. This can result in longer hospital stays, worsening of their condition, and increased susceptibility to infections
[95]. When dealing with such cases, enteral nutrition is advised, but it is important to take precautions to avoid the risk of 
aspiration and hyperglycemia[7]. Parenteral nutrition, on the other hand, should only be used for patients who are unable 
to tolerate enteral feeding or cannot meet their caloric and nutrient needs orally[7].

It is important to note that protein intake should not be restricted in patients with encephalopathy[7]. While there used 
to be a debate about whether protein supplementation could worsen hepatic encephalopathy, recent research has shown 
that protein does not cause encephalopathy and may even improve cognitive function in the long term[96,97]. On the 
contrary, restricting protein intake could exacerbate frailty[7]. Therefore, to avoid the risk of worsening frailty, it is 
generally recommended that patients consume protein from a diverse range of sources, including vegetables and dairy 
products[98]. The American Association for the Study of Liver Diseases (AASLD) suggests that adults with cirrhosis 
should consume 1.2-1.5 g of protein per kilogram of ideal body weight daily[7,97]. However, for critically ill cirrhotic 
patients, the recommended protein intake is slightly higher, ranging from 1.2-2.0 g/kg of ideal body weight daily[7]. For 
children with cirrhosis, a protein intake of up to 4 g/kg of body weight per day is both safe and successful in improving 
anthropometric measurements without the development of hepatic encephalopathy[99].

Alcohol intake
Alcohol consumption has a significant and complex impact on nutritional status, affecting both nutrient intake and 
absorption. Initially, alcohol itself contributes to approximately 50% of daily caloric intake, leading to a decreased intake 
of other essential nutrients[100]. Moreover, alcohol-induced anorexia, nausea, vomiting, and gastritis exacerbate the 
situation by further reducing oral intake of nutrients. Alcohol also interferes directly with nutrient absorption by 
damaging the mucosal lining of the stomach and small intestine[101]. This damage impairs the absorption of important 
nutrients such as protein, vitamins A, B1, B12, folic acid, and zinc, leading to deficiencies of these micronutrients and 
vitamins in individuals with alcohol-associated liver disease (ALD)[98,100]. Furthermore, chronic alcohol consumption 
has been found to increase resting energy expenditure, which over time can lead to significant muscle wasting and frailty
[102]. These factors cause malnutrition and frailty in alcohol-related cirrhosis, which has a detrimental impact on survival 
rates and quality of life, with an increased risk of various complications. These include variceal bleeding, development of 
ascites and hepatic encephalopathy, susceptibility to infections, longer hospital stays, and occurrence of hepatorenal 
syndrome[103].

Given the multifaceted impact of alcohol on liver diseases and nutritional status, lifelong abstinence is recommended
[104]. Additionally, it is crucial to address nutritional deficiencies and promote a healthy diet in individuals with ALD
[105]. This can help to mitigate the negative effects of alcohol on nutrient intake and absorption, as well as prevent muscle 
wasting and frailty. To prevent these issues, current guidelines recommend approximately 30 kcal/kg to 40 kcal/kg per 
day for these patients, with an emphasis on small, frequent meals as some patients may not be able to tolerate large meals 
three times a day[106]. In severe cases of ALD, supplementation in the form of enteral nutrition should be considered to 
ensure adequate nutrition and prevent complications associated with malnutrition[107].

Metabolic dysfunction-associated steatotic liver disease and sarcopenic obesity
Sarcopenic obesity is a condition where there is a simultaneous loss of skeletal muscle and gain of adipose tissue, which is 
a common finding in patients with cirrhosis[108]. This condition is characterized by a decrease in muscle size and an 
increase in muscular fat, known as myosteatosis. It can be challenging to diagnose, particularly in patients with metabolic 
dysfunction-associated steatotic liver disease (MASLD), as the presence of morbid obesity can obscure the signs of 
sarcopenia, making it difficult to detect[109]. Sarcopenic obesity has detrimental effects on the morbidity and mortality of 
patients with liver cirrhosis[108]. It poses a greater risk of physical impairment and disability than either sarcopenia or 
myosteatosis alone, and it is considered a negative prognostic marker for the progression of liver cirrhosis and outcomes 
of liver transplantation[110]. Additionally, both sarcopenia and myosteatosis are associated with a higher risk of long-
term mortality in cirrhosis[108].To manage sarcopenia and MASLD, increasing physical activity and following a healthy 
diet can be helpful[111].

Currently, there are no specific exercise recommendations available for cirrhotic patients with sarcopenic obesity[112]. 
However, several studies have indicated that exercise can have positive effects on these patients[113-115]. These studies 
have shown that exercise can lead to a reduction in body weight and fat mass, as well as an improvement in skeletal 
muscle mass and physical capacity in patients with cirrhosis. These positive outcomes are particularly advantageous for 
patients with sarcopenic obesity. In a randomized controlled trial conducted by Román et al[114], functional capacity, 
body composition, and the risk of falls were measured in patients with cirrhosis before and after a moderate exercise 
program. The results of the study demonstrated that the exercise group experienced significant improvements in 
functional capacity, increased muscle mass, decreased body fat, and a reduced risk of falls, while no changes were 
observed in the control group[114]. Studies have also shown that elderly men who engage in moderate-to-vigorous 
exercise for at least thirty minutes a day have a lower risk of developing sarcopenic obesity[116]. Therefore, it can be 
concluded that a moderate exercise program can be beneficial for patients with cirrhosis, especially those with sarcopenic 
obesity. Additionally, while cirrhotic patients with sarcopenic obesity have increased body mass index (BMI) and body 
fat, it is important to be cautious when recommending weight loss to affected patients, in order not to exacerbate frailty
[16]. If caloric restriction is deemed necessary, it is imperative to closely monitor the body composition, muscle strength, 
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and physical activity levels of these individuals using appropriate assessment tools[117]. Moreover, it is recommended to 
implement a comprehensive approach that includes ensuring adequate protein intake (1.2-1.5 g/kg/d) and applying a 
structured exercise program to help preserve muscle mass and promote overall health[7].

Prolonged fasting
Individuals with cirrhosis experience a more rapid breakdown of their body tissues due to starvation than healthy 
individuals[118]. After an overnight fast, the type of energy sources utilized by cirrhotic patients is comparable to that of 
healthy individuals who have been fasting for 2-3 d[119]. This implies that cirrhotic patients who undergo medical 
procedures, such as gastrointestinal endoscopy, with prolonged fasting are at risk of developing a severe catabolic state, 
which can lead to the breakdown of their body tissues[118]. Therefore, it is recommended that patients with liver 
cirrhosis limit their fasting period to a maximum of 12 h[120,121]. It is also advised that their daily calorie intake should 
be divided into 4-6 meals, which can include snacks at night[122,123]. This dietary approach can help maintain stable 
blood sugar levels and prevent the breakdown of body tissues due to prolonged fasting[118].

Diuretics
The evidence supporting the notion that loop diuretics may worsen sarcopenia and frailty is mounting. For instance, a 
study discovered that bumetanide and furosemide administration had an adverse effect on myogenic differentiation and 
exercise-induced muscle hypertrophy[124]. Additionally, loop diuretics have been associated with a decrease in thigh and 
arm circumference among heart failure patients, regardless of the severity of their disease[125]. Furthermore, a 
retrospective study involving 266 cirrhotic patients found that high doses of loop diuretics were associated with rapid 
muscle mass loss and poor survival rates, independent of liver disease severity[126]. This study found that therapeutic 
dosages of loop diuretics were inversely correlated with skeletal muscle mass in cirrhotic patients, as demonstrated by 
both simple (r = -0.27, P < 0.0001) and multiple regression analyses (t = -3.07, P = 0.002)[126]. Patients receiving more than 
20 mg of loop diuretics per day had lower overall survival rates compared to those receiving < 20 mg (median, 66 mo vs 
97 mo; P = 0.002), and higher doses of loop diuretics were independently associated with mortality among cirrhotic 
patients [hazard ratio, 1.86; 95% confidence interval (CI): 1.03-3.24; P = 0.039][126]. Compared to loop diuretics, spirono-
lactone has been suggested to have potential benefits in preventing muscle mass loss, enhancing muscle blood flow, and 
boosting contractile power[127]. Given these findings, future research needs to investigate the impact of different types of 
diuretics on muscle health, particularly in patients who are on long-term or high-dose loop diuretic therapy, with regular 
assessments of frailty.

Aging and compound sarcopenia
The loss of muscle mass due to aging, known as primary sarcopenia, and the loss of muscle mass due to chronic illness, 
known as secondary sarcopenia, combine to form a health condition called compound sarcopenia[15]. This condition can 
have a significant impact on the clinical outcomes of older adults with chronic diseases[128]. In patients with hospitalized 
cirrhotic patients, compound sarcopenia has been associated with increased length and cost of hospital stay with 
detrimental effects on patient survival[15]. As a result, it is crucial to regularly assess and provide aggressive treatment 
for elderly patients with sarcopenia.

INFLUENCE OF FRAILTY ON CIRRHOSIS PATIENTS
Depression and reduced quality of life
Frailty is a condition that is associated with reduced cognitive abilities, increased risk of falls, and lower quality of life
[132-134]. Depression is a common occurrence in patients with ESLD and is closely linked to frailty, rather than the 
severity of liver disease[135]. A prospective cohort study was conducted on 542 patients with ESLD who were referred 
for liver transplantation to investigate the relationship between frailty, depression, and the severity of liver disease[135]. 
The study found a significant association between frailty and depression, with an odds ratio of 2.78, P < 0.001. However, 
no significant association was found between the Model for End-Stage Liver Disease (MELD) score and depression[135]. 
This highlights the importance of addressing frailty as a potential risk factor for depression in patients with ESLD.

In another study, the relationship between frailty and disability was examined in cirrhotic individuals receiving 
outpatient care. Disability was evaluated through the measurement of individuals’ capacity to carry out essential 
activities of daily living (ADLs), such as feeding and bathing, as well as more complex tasks known as instrumental ADLs 
(IADLs), which encompass activities like shopping and managing finances. The study found a strong link between frailty 
and disability in patients with cirrhosis[136]. The LFI was used to measure frailty, and each point increase in the LFI was 
associated with a higher likelihood of experiencing difficulty with ADLs and IADLs[136]. The odds of experiencing 
current difficulty with at least one ADL and IADL were 3.3-fold and 4.6-fold higher, respectively, for each point increase 
in the LFI[136]. In participants who initially did not have any baseline disability, the study revealed that for every point 
increase in the LFI, the odds of having trouble with at least one ADL and IADL after 6 mo were 2.6 times and 1.7 times 
higher, respectively[136]. These findings suggest that even a slight increase in frailty can significantly impact the ability to 
perform essential tasks and responsibilities, thereby affecting both patients and their caregivers’ quality of life.

Increased risk of cirrhosis complications and hospitalization
Frailty is a distinctive risk factor that is independently associated with a range of cirrhosis-related complications, such as 
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ascites, encephalopathy, hepatorenal syndrome, and sepsis, which often necessitate hospitalization[129,137,138]. 
Moreover, frailty has been linked to an increased risk of acquiring nosocomial infections[139]. Patients with significant 
frailty may require prolonged ICU and hospital stays, and they are more prone to respiratory complications and sepsis
[140]. In a prospective study involving 373 pre-transplant patients, researchers found that gait speed, a measure of frailty, 
played a significant and influential role in the risk of hospitalization for various complications related to cirrhosis[138]. 
The study found that for every 0.1 m/s decrease in gait speed, there was a 22% increase in the number of hospital days (P 
< 0.001), indicating a robust correlation between frailty and the need for hospital care[138].

Increased risk of non-home discharge
Frailty has been identified as a significant risk factor for non-home discharge among hospitalized patients, which can lead 
to increased healthcare and financial burden[139]. The results of a prospective study conducted on 211 cirrhotic patients 
from three Liver transplantation centers revealed that frailty was strongly associated with discharge to physical rehabil-
itation, a skilled nursing facility, or hospice, rather than being discharged to the patient’s home[139]. The study’s odds 
ratio indicated that for every one-point increase in the LFI, the likelihood of non-home discharge increased by 1.81 times, 
(95%CI: 1.14-2.86)[139].

Increased risk of mortality
Frailty is an established factor that significantly increases the likelihood of severe complications and mortality among 
liver cirrhotic patients, both before and after liver transplantation[141]. In a comprehensive study conducted across nine 
transplant centers in the United States, researchers assessed frailty in pretransplant patients on the waitlist and found a 
significant correlation between the presence of frailty, as measured by the LFI, and an increased risk of mortality. 
Specifically, patients with frailty had an adjusted risk of death that was nearly twice as high as those without frailty (sub-
hazard ratio 1.82, 95%CI: 1.31-2.52)[129]. Furthermore, a systematic review examining the impact of frailty on post-
transplant mortality revealed that frailty had a negative effect on post-transplant outcomes. The review suggested that 
severe frailty was associated with a two-fold reduction in early survival and a 50% reduction in late survival[140].

ASSESSMENT OF FRAILTY IN LIVER DISEASES
The early and prompt assessment of frailty in cirrhotic patients is crucial for healthcare providers to enhance compre-
hensive care for ESLD patients[142]. Frailty has been observed to be a valuable predictor of outcomes both before and 
following therapeutic interventions. For instance, frailty has been associated with post-transjugular intrahepatic 
portosystemic shunt (TIPS) and post-liver transplant morbidity and mortality[143,144]. Additionally, early identification 
of frailty is also crucial as it is possible to reverse frailty to some extent, and identifying it early on enables healthcare 
providers to intervene more effectively to enhance the health outcomes of patients with frailty[145]. Therefore, all patients 
with this ailment need to undergo a frailty assessment to aid in making critical decisions regarding their life and death, 
including determining their eligibility for critical care and transplantation and prioritizing prehabilitation services such as 
nutrition, physiotherapy, and psychotherapy[146].

Frailty reassessment is also crucial to monitor the response to treatment of cirrhotic patients who have been diagnosed 
with frailty. Patients with well-compensated liver cirrhosis should be reassessed at least once a year, while those with 
decompensated cirrhosis or those receiving active management for these conditions should be reassessed more 
frequently, every 8 wk to 12 wk[7]. This will help healthcare providers to identify any changes in the patient’s condition 
and adjust their treatment plan accordingly, which can improve the patient’s quality of life and overall health outcomes
[7].

Assessing frailty in cirrhotic patients requires the use of various assessment tools, each with its own methodology, time 
requirements, and limitations[146]. It is important to note that clinical interpretation of these tools can also vary among 
cirrhotic patients. Therefore, healthcare providers should choose the most appropriate assessment tool for each patient 
and interpret the results accurately. In the following paragraphs, we will summarize the three most used assessment tools 
for evaluating frailty in cirrhotic patients, including their strengths and limitations.

Fried frailty index
The fried frailty index (FFI) is a commonly used assessment tool for frailty that encompasses both subjective and objective 
components. It states self-reported fatigue, weight loss, and limited physical activity, along with objective measurements 
of walking speed and grip strength[8]. It is a quick assessment that can be completed in less than 10 min. The use of FFI 
has been linked to predicting morbidity and mortality in patients with liver cirrhosis. Higher FFI scores have been 
associated with elevated MELD scores, reduced albumin levels, ascites, and hepatic encephalopathy[147]. Moreover, the 
degree of physical weakness observed in individuals on the liver transplant waiting list, as determined by the FFI, is a 
noteworthy indicator of total hospitalized days per year, regardless of the severity of their liver disease[148]. 
Additionally, a one-unit increase in FFI leads to a 50% increase in mortality rates among those on the waiting list[149]. 
Despite these benefits, the accuracy of the FFI may be questionable when assessing frailty in decompensated cirrhosis. In 
a cohort of 685 pre-transplant patients, the FFI was found to have no association with survival among hepatic enceph-
alopathy patients[147]. This could be attributed to the challenges that HE patients face in reporting subjective FFI 
components and the suboptimal performance of objective components such as grip strength and walking speed[147].
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Clinical frailty scale
The clinical frailty scale (CFS) is a 1-min consistent method utilized to evaluate frailty in patients[150]. It is a compre-
hensive subjective clinical assessment of frailty that is user-friendly and has demonstrated its ability to anticipate 
mortality or the requirement for institutionalized care[151]. The scale rates individuals’ level of comorbidity, function, 
and dependence on others for daily activities, ranging from 1 (very fit) to 9 (terminally ill)[151]. Frail patients (CFS > 4) 
were associated with increased rates of unplanned hospitalization or death among outpatient cirrhotic patients[150]. 
Additionally, CFS has linked frailty to acute kidney injury and hepatorenal syndrome in patients with hospitalized liver 
cirrhotic patients[137]. However, the CFS provides only a brief overview of frailty and is not detailed enough to track 
changes in frailty resulting from therapeutic interventions[146].

LFI
The LFI is a valuable tool for assessing frailty in hepatic patients, as it combines three performance-based evaluations: 
grip strength of the hand, the duration taken to perform five chair stands, and the duration of maintaining three different 
balance positions[152]. This quick test (3-5 min) is specifically designed to assess frailty in hepatic patients, making it a 
reliable and efficient tool for healthcare professionals[152]. A higher LFI score indicates a greater degree of frailty, and an 
LFI cut-off of > 4.62 has been identified as the most effective in distinguishing between cirrhotic patients who are at high 
risk for rehospitalization within 30 d and those who are not[153]. This makes the LFI a crucial tool for identifying patients 
who require additional care and support to prevent rehospitalization. Moreover, healthcare professionals can use the LFI 
to assess a patient’s frailty before transplantation, identifying those who are at high risk for waitlist mortality and 
prolonged hospital stay after transplantation[154]. Incorporating LFI into the subjective clinical evaluation has been 
demonstrated to correctly reclassify the survival status of 34% of waitlist patients[154].

In addition to assessing frailty in hospitalized patients, the LFI is also employed to diagnose frailty in out-patient 
individuals with cirrhosis, making it a versatile tool that can be used in a variety of healthcare settings[155]. Compared to 
the Karnofsky Performance Status scale, which only measures one aspect of frailty, the LFI is a more comprehensive and 
accurate tool for assessing the risk of mortality as it captures multiple components of frailty[156].

MANAGEMENT OF FRAILTY IN LIVER DISEASES
In the management of frailty in liver cirrhosis, a continuous process is involved, which includes multiple interventions 
and regular reassessment of the patient to monitor their response and guide the next steps. In this section, we will 
provide a summary of the interventions for treating frailty in cirrhosis, as depicted in Figure 2.

Exercise
Recent studies have shown that a sedentary lifestyle is linked to lower survival rates among decompensated cirrhotic 
patients. In fact, low moderate-vigorous activity has been associated with increased mortality among liver transplant 
wait-listed patients[157]. Conversely, exercise interventions have the potential to safely improve exercise capacity, peak 
oxygen consumption, muscle mass and function, and quality of life, while decreasing the hepatic venous pressure 
gradient in individuals with cirrhosis[158,159]. This can even reverse the process of frailty in cirrhotic patients.

A study was conducted to evaluate the feasibility and benefits of a 6-wk exercise program for cirrhotic patients who 
were waiting for a liver transplant[160]. The program involved supervised exercise on a stationary bike three times a 
week. The results of the study showed that the exercise program was both feasible and beneficial for these patients[160]. 
Specifically, 56% of the patients (9 out of 16) were able to complete the full 6-wk program, and the exercise group showed 
a significant improvement in oxygen consumption compared to the control group[160].

Although exercise has potential benefits for cirrhotic patients, incorporating it into their routine can be challenging due 
to the risk of complications. This is especially true for decompensated patients, for whom there have been few studies on 
the safety and effects of exercise[161]. Cirrhotic patients, especially those who are decompensated, face numerous 
challenges in performing exercises, such as muscle wasting, fatigue, fluid retention, risks of falls, bleeding tendency, and 
portal hypertension[162,163]. To fully benefit from exercise, it is crucial to customize the exercise program to the 
individual patient’s needs and risk of complications[7]. For instance, patients experiencing muscle mass loss may benefit 
from incorporating resistance training into their program, while those with a history of falls should exercise with caution 
when engaging in aerobic activities[7]. Moreover, while regular exercise has been found to decrease chronic portal 
hypertension, it is important to note that in acute situations, exercise can lead to an increase in portal pressure. Therefore, 
it is crucial to apply appropriate primary or secondary prophylaxis for variceal rupture to mitigate any potential risks
[162].

To enhance the physical frailty and quality of life of both compensated and decompensated cirrhotic patients, it is 
generally recommended to incorporate a combination of aerobic and resistance exercises into their routine for at least 12 
wk[161]. However, to prevent possible complications and maximize the benefits of exercise, an individualized exercise 
and nutrition plan should be created based on the patient’s degree of frailty. This approach involves categorizing patients 
into one of three groups: absent/mild, moderate, or severe frailty, and creating an individualized plan for each patient 
accordingly[164]. For patients with severe frailty, an inpatient rehabilitation program is recommended as they are likely 
to derive the greatest benefit from it[164]. This approach ensures close monitoring of the patient’s progress and helps in 
avoiding complications. Patients with moderate frailty are advised to participate in home-based exercises, with a focus on 
enhancing ADLs[164]. For patients with mild or no frailty, it is recommended that they engage in moderate-intensity 
exercise for a minimum of 150 min/wk[164]. These individuals should gradually work on improving their physical 
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Figure 2 Different strategies for treating frailty in cirrhosis.

capacity and strength. Regular reassessment of all patients is necessary to modify their exercise programs based on their 
current state[164]. By following these guidelines, cirrhotic patients can safely and effectively improve their physical 
health and quality of life.

Nutrition
Studies have shown that interventions aimed at improving nutrition, such as providing nutritional education, protein-
energy supplementation, and oral nutritional support, can effectively enhance frailty[165]. The Practice Guidance by the 
AASLD recommends developing a personalized nutrition plan for all individuals with cirrhosis, considering their current 
nutritional status[7]. To tailor the nutritional plan for cirrhotic patients, AASLD suggests considering their weight and 
BMI. For individuals with a BMI between 30-40 kg/m2, the recommended energy intake is 25-35 kcal/kg/d, while for 
those with a BMI ≥ 40 kg/m2, the recommended energy intake is 20-25 kcal/kg/d[7]. Moreover, AASLD recommends a 
safe protein intake of 1.2-1.5 g/kg/d for adults with cirrhosis, which should come from a diverse range of sources[7]. A 
recent randomized controlled trial showed that intensive nutrition therapy administered at home for six months can 
enhance frailty and sarcopenia in patients with decompensated cirrhosis[166]. The study found that the intervention 
group showed a greater improvement in the LFI compared to the control group (0.8 vs 0.4; P < 0.001)[166]. AASLD 
highlights the importance of identifying and overcoming obstacles to proper nutrition for patients with cirrhosis who are 
frail[7]. This may involve loosening restrictions on salt intake in cases of diet unpalatability, encouragement of enteral 
feeding in encephalopathy, prevention of prolonged fasting hours, and providing late evening snacks[7].

Prehabilitation
Prehabilitation, also known as preoperative habilitation, involves a range of interventions that are implemented before a 
medical procedure or treatment to mitigate or prevent any adverse effects that may arise[167]. In the context of liver 
transplantation, prehabilitation aims to identify high-risk patients as early as possible and enhance their physical capacity 
before surgery[168]. This is achieved through various interventions, including exercise, nutrition, and psychological stress 
management[169]. According to a recent systematic review of eight studies, prehabilitation could potentially boost the 
aerobic capacity of patients who are awaiting orthotopic liver transplantation and is deemed a safe and feasible approach
[170]. The review also revealed notable improvements in several metrics, such as VO2 peak, 6-min walking distance, 
hand grip strength, LFI, and quality of life[170]. Despite the evidence supporting the role of prehabilitation before liver 
transplantation, there is limited research on the benefits of prehabilitation for frail cirrhotic patients after liver 
transplantation. While a single study has demonstrated that an exercise training program can lead to post-transplant 
short-term benefits, such as reduced 90-d readmission rates and shorter hospital stays[171], further research is needed to 
confirm the potential long-term benefits of prehabilitation after liver transplantation.

Medications
Although pharmacological interventions are not commonly used in frailty treatment, there is evidence to suggest that 
testosterone supplementation may be a safe and effective option for enhancing muscle mass and strength in males with 
cirrhosis and low testosterone levels. A 54-wk randomized controlled trial conducted by Sinclair et al[172] concluded that 
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testosterone supplementation can safely enhance muscle mass and strength in this population. However, there is limited 
information regarding the effect of testosterone therapy in treating frailty after liver transplantation. A single 
retrospective study suggested that short testosterone therapy may be useful in treating frailty after liver transplantation
[173]. In this study, administering a single dose of testosterone replacement therapy along with regular exercise has been 
associated with patient and graft survival rates of 93.8% and 87.5% at one and five years, respectively[173]. Large 
randomized controlled trials are necessary to validate the safety and potential benefits of administering testosterone as a 
treatment for frailty following liver transplantation.

FUTURE APPROACHES IN FRAILTY MANAGEMENT
Emerging information technologies for frailty assessment
Frailty assessment tools are now available online, making it easier to assess frailty in the geriatric population. These web-
based tools are user-friendly and can be accessed through internet-connected devices[174]. In addition, smartphone 
applications have shown great potential in evaluating and quantifying physical activity and patient mobility, which are 
crucial indicators of frailty. For instance, a recent app was used to prehabilitate liver transplant candidates, and it was 
found that the app’s training level matched that of a physical therapist in 89% of cases[175]. The app also motivated 
patients through videos and gamification features, leading to a 35% increase in physical activity performance among 
participants[175]. However, these tools require further advancements to fully comprehend the current patient frailty 
status, especially in cirrhotic patients who require special clinical evaluation. Validation studies are also needed to ensure 
that these smart tools can be integrated into clinical decision-making for patients.

A novel tool called the tele-liver frailty index (TeLefI) has been proposed for frailty assessment and follow-up in 
cirrhotic patients[176]. It utilizes telemedicine to virtually measure frailty in liver transplant candidates with cirrhosis. 
Wang et al[176] introduced this tool by comparing frailty assessment using in-person LFI and then by TelefI assessment 
tool[176]. The telemedicine-based TeLefI tool has been statistically validated in predicting LFI > 4.4, indicating that it can 
effectively identify patients who require more frequent follow-up or in-person assessment[176]. This tool has the 
potential to revolutionize frailty assessment and follow-up in cirrhotic patients, especially those who live in remote or 
underserved areas. This has the potential to not only decrease healthcare expenses but also enhance patient outcomes. 
While this tool has shown promising results, more research is necessary to fully understand the benefits and limitations 
of this novel approach to frailty assessment.

Potential therapeutic targets
Targeting pathways that contribute to the progression of frailty shows promise as a potential treatment approach[17]. In 
fact, there are several medications that could potentially be used to treat frailty in cirrhosis. Here are some examples 
(Table 3).

Metformin: In general, the research on the effectiveness of metformin in treating frailty is inconclusive. Although some 
studies indicate that metformin may not be useful in decreasing the occurrence of frailty[177,178], other studies suggest 
that it could be advantageous in managing age-related illnesses and ailments including frailty[179-181]. The reason for 
this protective effect may be attributed to the reduction of insulin resistance, which is involved in the pathophysiology of 
frailty[182]. Additionally, the correlation discovered between metformin usage and lower levels of proinflammatory 
cytokines, regardless of blood glucose levels, may also contribute to the mechanism[183]. However, further investigation 
is necessary to gain a complete understanding of metformin’s potential in treating frailty in cirrhosis.

Rifaximin: Rifaximin is an antibiotic that boasts a highly favorable safety profile. Its primary function is to specifically 
target and eradicate harmful bacteria in the intestinal tract[184]. Due to its low absorption rate, rifaximin is considered an 
excellent choice for patients who require a safe and effective treatment option[185]. One of the key benefits of rifaximin is 
its ability to modify the composition of the gut microbiota, resulting in a notable decrease in harmful bacterial taxa. This, 
in turn, helps to prevent hyperammonemia, bacterial endotoxemia, and translocation, which have been identified as 
contributing factors to muscle loss in cirrhosis patients[62]. In a recent uncontrolled study, the long-term use of rifaximin 
in cirrhosis patients had a positive impact on their nutritional status[186]. Furthermore, the study demonstrated that 
rifaximin enabled these patients to maintain a consistent amount of muscle mass[186]. These findings shed light on the 
potential of rifaximin as an intervention for addressing malnutrition and potentially mitigating muscle loss in individuals 
with cirrhosis. However, further research is needed, specifically randomized controlled trials, to establish the efficacy of 
rifaximin in treating frailty in liver cirrhosis. Additionally, probiotics and fecal microbial transplantation are being 
explored as potential therapies for frailty induced by gut dysbiosis in liver cirrhosis[62]. However, their effectiveness in 
human subjects is still under investigation, and there is a lack of comprehensive studies in this area.

Myostatin antagonists: Myostatin is a type of signaling molecule that falls under the transforming growth factor-β 
superfamily[187]. It has a crucial function in skeletal muscle metabolism, and it works as an inhibitor of muscle mass, 
leading to a decrease in muscle size[188]. Higher levels of myostatin are linked to poorer survival rates in cirrhosis 
patients, and increased serum myostatin levels are associated with decreased muscle mass[29]. Studies have 
demonstrated that blocking myostatin can result in muscle hypertrophy and the reversal of muscle atrophy in both young 
and old mice[189-191], making it a potential solution to prevent muscle wasting in liver cirrhosis patients[192]. There 
exist various therapeutic interventions that can counteract the impact of myostatin, such as monoclonal antibodies, 
myostatin propeptide, and follistatin[190,193-196]. Additional studies are needed to ascertain the efficiency and safety of 
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Table 3 Comparison of different frailty suggested medications in cirrhotic patients

Suggested 
medication Target of action Side effects Dose used in clinical trials Clinical trial results

Metformin Insulin resistance; Proinflam-
matory cytokines

Gastrointestinal upset; Non 
responders[209]

- -

Rifaximin Gut dysbiosis - 1200 mg daily for 24 wk No significant changes in 
skeletal muscle index[186]

Myostatin 
antagonists

Hyperammonemia; Muscle 
mass inhibition

Spontaneous bone fractures[210]; 
Vascular (nasal and gum bleeding, 
telangiectasia)[211]

- -

L-Carnitine Hyperammonemia; 
Proinflammatory cytokines 
(antioxidant)

Gastrointestinal upset (1000 mg/d) + exercise for 6 mo
[201]

No significant changes in 
muscle mass, leg, and handgrip 
strength[201]

L-ornithine L-
aspartate

Hyperammonemia Gastrointestinal upset 6 g three times daily for 2 wk
[207]

No significant increase in 
prealbumin level after use[207]

Testosterone 
therapy

Testosterone deficiency Cardiovascular diseases; Prostate 
cancer; Erythrocytosis[212]

Intramuscular injection of 
testosterone undecanoate 1000 
mg at 0, 6, 18, 30, 42 wk[172]

The intervention group had 
increased muscle and bone 
mass with lower fat mass[172]

myostatin antagonists in this specific context.

Carnitine: L-carnitine, an endogenous compound with antioxidant properties, has been shown to promote muscle 
growth by increasing muscle blood flow[197]. Carnitine also has an essential role in fatty acid metabolism, and its 
deficiency leads to increased hepatic steatosis, hyperammonemia, cardiac and skeletal muscle disease[198]. Despite its 
potential benefits, there is limited information available on the effectiveness of L-carnitine in treating frail cirrhotic 
patients. Two retrospective studies have suggested that taking L-carnitine supplements may help prevent the loss of 
skeletal muscle mass in individuals with liver cirrhosis[199,200]. On the contrary, a clinical trial involving the adminis-
tration of a daily dose of 1000 mg of L-carnitine for over six months to liver cirrhosis patients did not result in significant 
changes in muscle mass, handgrip, and leg strength[201]. Further research is necessary to evaluate the potential benefits 
of L-carnitine in the treatment of frailty in cirrhosis.

L-ornithine L-aspartate: L-ornithine L-aspartate (LOLA) has been proven to be an effective treatment for hepatic enceph-
alopathy as it helps to reduce ammonia levels[202]. It achieves this by stimulating the production of urea in the liver and 
promoting muscle glutamine synthesis[203,204]. Administering LOLA to mice with non-alcoholic steatohepatitis has been 
shown to enhance muscle protein function[205]. By decreasing ammonia levels and improving muscle function in mice, 
LOLA has been suggested as a potential treatment for sarcopenia and frailty in individuals with cirrhosis[206]. However, 
a randomized controlled trial administering LOLA of 6 g three times daily for 2 wk to a group of 17 liver cirrhotic 
patients did not produce a significant increase in prealbumin levels[207]. Therefore, future research is necessary to 
validate the beneficial role of LOLA in treating frailty in patients with decompensated cirrhosis.

Hormonal therapy: Sinclair et al[172] conducted a randomized controlled trial that lasted for 12 mo, which showed 
notable enhancements in muscle mass, bone mineral mass, and a decrease in total fat mass among cirrhotic patients who 
received testosterone therapy. Nevertheless, further research is required to ascertain the safety and effectiveness of this 
therapy, particularly due to potential adverse effects such as an increased risk of hepatocellular carcinoma, cardiovascular 
diseases, and elevated hematocrit levels[208]. Additionally, the efficacy and safety of testosterone therapy after liver 
transplantation require further investigation.

TIPS and frailty
There is an ongoing debate surrounding the use of TIPS as a potential therapy for sarcopenia and frailty in liver cirrhosis 
patients. While several studies have shown promising results in terms of improving muscle mass and nutritional status, 
as well as reducing the risk of hepatic encephalopathy and mortality in sarcopenic patients[213-215], other studies have 
raised concerns about the use of TIPS as a therapy for sarcopenia and frailty, particularly in severe cases. These studies 
have demonstrated that these conditions are associated with a higher risk of post-TIPS complications, such as non-home 
discharge, prolonged hospital stay, hepatic encephalopathy, and even mortality[143,216,217].

Moreover, while all studies conducted have focused on sarcopenic assessment after TIPS, only one novel study has 
included the effect of TIPS on frailty parameters[218]. In this study, 12 cirrhosis patients showed improvement in skeletal 
muscle mass six months after TIPS compared to their baseline measurements before the procedure[218]. However, there 
was no improvement in LFI, handgrip strength, or physical performance measurements[218]. This study adds to the 
concerns about using TIPS as a potential therapy for cirrhotic frail patients. To address these concerns and obtain more 
conclusive evidence, we strongly recommend that future studies on this topic prioritize larger sample sizes and control 
groups.
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CONCLUSION
Frailty is a complex medical condition that arises from multiple predisposing factors in patients with cirrhosis. It has a 
significant impact on the morbidity and mortality of cirrhotic patients and can even predict the outcomes of therapeutic 
interventions. Therefore, it is crucial to properly assess, reassess, and intervene in cirrhotic patients to prevent, treat, or 
even reverse this hazardous process. Looking ahead, future research should explore the possibility of utilizing 
telemedicine and smart apps for frailty assessment to make clinical decisions for patient treatment and follow-up. This 
could potentially improve patient outcomes and reduce healthcare costs. Furthermore, future research must investigate 
the safety and long-term potential benefits of therapeutic strategies, including TIPS, prehabilitation, and medications for 
managing frailty in cirrhotic patients, especially after liver transplantation.
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