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Introduction:-

Cirrhosis is a pathologic entity defined as diffuse hepatic fibrosis with the replacement of the normal liver
architecture by nodules. In addition to fibrosis, the complications of cirrhosis include, but are not limited to, portal
hypertension, ascites, hepatorenal syndrome, and hepatic encephalopathy. Cirrhosis may be classified broadly as
compensated or decompensated. The development of complications like variceal hemorrhage, ascites,
encephalopathy, jaundice, or hepatocellular carcinoma characterizes decompensated cirrhosis. The liver is an
important regulator of metabolism, storage, synthesis, and absorption of nutrients. Accordingly, the severity of
malnutrition increases with decreases in liver function.! Patients with chronic diseases frequently become
malnourished; they have an inability to meet macronutrient and micronutrient requirements through oral intake.’
Inadequate intake and/or associated malabsorption alters body composition and diminishes biological functions.?

Malnutrition is common in patients with advanced liver disease; the prevalence is reported to be around 50%—-90%
among cirrhotic patients.' Malnutrition is diagnosed in about one-third of Child Pugh A patients and 50-90% of
Child Pugh B/C patients.*® The prevalence of malnutrition among patients with even early-stage cirrhosis is
concerning, given that nutrition status is associated with mortality and complications.”® In a large nationwide
analysis of hospitalized patients with cirrhosis and portal hypertension, patients with protein calorie malnutrition had
greater incidences of complications such as ascites (65%, compared with 48% without malnutrition) and hepatorenal
syndrome (5% vs. 3% without malnutrition).” Malnourished patients also had longer hospital stays and a two fold
increase in in-hospital mortality, compared with well-nourished patients.” Among a cohort of patients that were
primarily Child—Pugh class A, those that were malnourished had a one year mortality rate of about 20%, whereas
none of the patients that received sufficient amounts of nutrients died within the one year period.® Complications
such as infections, hepatic encephalopathy, ascites, and hepatorenal syndrome also increased with malnutrition;
about 65% of malnourished patients develop complications compared with 11% among those who are well-
nourished patients.® Moreover, malnutrition is an independent predictor of death.**’ Sarcopenia has also been
proven to be an important negative prognostic indicator in patients with cirrhosis.'®"" After liver transplantation,
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malnutrition has been associated with higher rates of infectious complications, longer stays in the intensive care unit,
and higher mortality.'*"

Acetiology of Malnutrition

The pathophysiological mechanisms and the clinical conditions that drive cirrhotic patients to an ill-balanced
metabolic state are multiple and they intertwine (Figure 1). Inadequate offer of nutrients, the hypermetabolic state in
cirrhosis, the diminished synthetic capacity of the liver and the impaired absorption of nutrients are the main reasons
that disrupt the metabolic balance in End Stage Liver Disease (ESLD). Complications of cirrhosis such as ascites
and hepatic encephalopathy also contribute.'*
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Hypermetabolism

Resting energy expenditure (REE) is the amount of energy an individual uses to perform vital organ functions, free
of activity and digestion.' Whereas most cirrhotic patients have a REE that is similar to predicted values, 15%—-30%
of patients are hypermetabolic, i.e. REE >120% compared with the predicted value.’ The causes of hypermetabolism
are unclear; a study of 268 patients did not associate hypermetabolism with sex, aetiology, severity of disease,
protein depletion, presence of ascites, or tumors.’ This finding is inconsistent with results from older studies that
reported that energy expenditure is increased among patients with ascites or hepatocellular carcinoma.'>'® The
increase in REE among patients with cirrhosis might result from infections or immune compromise. Plasma
concentrations of catecholamines are increased in cirrhotic patients, indicating activation of the sympathetic nervous
system.'” Sympathetic overactivity could induce systemic responses such as tachycardia and increases in cardiac
output and blood glucose levels,'® which could all increase energy expenditure.’ Proposed causes for the increased
levels of catecholamine include gastrointestinal bacterial translocation, an inflammatory phenotype of chronic liver
failure, or central neural dysregulation of the circulation.'

Malabsorption

There are multiple mechanisms that can lead to malabsorption of nutrients, particularly of fat, in cirrhotic patients.
One complication that affects nutrient absorption in patients with cirrhosis is porto-systemic shunting. As cirrhosis
progresses, porto-systemic shunting causes nutrients to bypass the liver, without metabolic processing.'* In addition,
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many patients with cirrhosis that is secondary to alcohol abuse have chronic pancreatitis, which contributes to
malabsorption; an analysis of autopsy results found that 18% of cirrhotic patients also had chronic pancreatitis.'’
Another factor that leads to fat malabsorption in patients with cirrhosis is intraluminal bile acid deficiency, which
results from the decreased capacity for bile production and porto-systemic shunting; intraluminal bile acid
deficiency impairs formation of micelles and absorption of long chain fatty acids through the usual lymphatic
route.”® Portal absorption of long chain fatty acids might also occur in patients with cirrhosis; a portal route for fat
absorption has pathophysiological implications as it could result in excess hepatic storage of fat, which can reduce
liver function and systemic availability of fat for organic functions.'

Altered Macronutrient Metabolism

Cirrhotics have increased levels of gluconeogenesis and protein catabolism and decreased levels of glycogenlysis,
compared with healthy individuals.' The altered rates of metabolism reflect a significant depletion in protein and fat
reserves, reported in about 50% of cirrhotic patients.'”> A number of factors contribute to the increased rates of
gluconeogenesis in these patients.

Firstly, cirrhosis reduces the ability of hepatocytes to store, synthesize, and break down glycogen. These defects
promote gluconeogenesis from fats and protein as alternate fuel sources. Following a short overnight fast, the rate of
fat and protein catabolism in patients with cirrhosis is similar to that of healthy subjects who underwent two to three
days of starvation.”’

Cirrhosis and insulin resistance are related; patients with cirrhosis have high postprandial levels of glucose and
about three-fold higher serum levels of insulin after fasting than those of healthy individuals.*” Insulin resistance
decreases peripheral glucose utilization and contributes to decreased hepatic glucose production and hepatic
glycogen reserves.” Increased serum levels of glucagon, which result from impaired degradation by the liver,
increases the rate of gluconeogenesis.

Lastly, infection can increase rates of protein catabolism. The production of cytokines and other infection mediators
activate proteolysis and increase oxidation of branched chain aromatic acids (BCAAs). This can promote the
breakdown of muscle cells for substrates, if dietary protein intake is insufficient. In patients with cirrhosis, the
utilization of oxidative fuels is associated with an increased rate of lipid oxidation, particularly in the fasting state.'

Anorexia

As in other chronic illnesses, anorexia makes a significant contribution to malnutrition. Anorexia can be caused by
physical symptoms of discomfort such as nausea, bloating, fatigue, and vomiting. Patients with ascites often
experience early satiety resulting from the mechanical effects of ascitic fluid, which compress the stomach.?*
Additionally, loss of appetite can be related to the up-regulation of inflammation and appetite mediators.”> Increased
levels of Tumor necrosis factor might affect appetite and metabolism by acting on the central nervous system,
altering the release and function of neurotransmitters." Cirrhotic patients have a two-fold increase in fasting levels of
leptin (appetite suppressant) compared with healthy individuals which also might contribute to anorexia in these
patients. Although some cirrhotic patients have been observed to have abnormal fasting levels of ghrelin (appetite
stimulant), the relationship between ghrelin and anorexia is unclear; some studies have reported increases and others
reported decreases.! Aside from hormonal influences and physical discomfort, disinterest in food can result from
dietary restrictions and taste alterations. Dietary limitations, such as sodium restriction for ascites management and
limitation of protein intake for severe hepatic encephalopathy can reduce food variety; many patients do not accept
the allowable foods. Although taste alterations have been commonly attributed to micronutrient deficiencies,
researchers have questioned whether they are a consequence of cirrhosis itself." Alcohol related anorexia also plays
its part in chronic alcohol users. Poor and irregular feeding is common among patients with alcoholic cirrhosis. In a
study it was seen that before hospital admission, 53% of alcoholic patients reported anorexia, 40% reported irregular
feeding, and 36% ate only one meal per day.?

Micronutrient deficiency

Patients with advanced liver disease have an increased risk of micronutrient deficiencies that arise from anorexia,
diuretic use and fat malabsorption. Because patients with ascites have restricted oral intake and are treated with
diuretics, they commonly acquire zinc and magnesium deficiency.' Zinc deficiency impairs wound healing, immune
reaction, protein metabolism and alters appetite and taste.”’” Although rates of deficiencies in fat-soluble vitamins
vary among studies, vitamin A and vitamin D deficiencies are most commonly reported.' More than 90% of patients
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with cirrhosis have some level of vitamin D deficiency and 29% have severe vitamin D deficiency (< 17.5
nmol/L).*®

Sarcopenia in Cirrhosis

Since skeletal muscles play a central role in protein metabolism and storage, one may define clinical adult protein
malnutrition as skeletal muscle loss.”” On the other hand, adipose tissue is the largest repository of calories, and
therefore, adult energy malnutrition may be considered as a reduction in whole body fat mass. Loss of muscle mass
also has been called ‘sarcopenia’ and loss of fat has been referred to as ‘adipopenia’. However, it is generally
accepted that malnutrition in cirrhosis comprises reduced muscle mass, strength and function (sarcopenia), as well as
loss of subcutaneous and visceral fat mass (adipopenia).” Sarcopenia was originally described as loss of muscle
mass related to aging, and that seen in cirrhosis would be termed as secondary sarcopenia.”’ The term hepatic
cachexia has been used to define a proportionate loss of both muscle and adipose tissue mass. Recent epidemic of
obesity and fatty liver-related cirrhosis has brought to attention a unique entity of ‘sarcopenic obesity’ which is a
disproportionate loss of skeletal muscle mass with preserved or increased visceral or subcutaneous adipose tissue
mass. Thus, malnutrition in cirrhosis is an all encompassing term and includes sarcopenia, adipopenia, cachexia,
precachexia, obesity, sarcopenic obesity, and micronutrient deficiencies.’ Cirrhotic patients with sarcopenia have
reduced survival, experience increased rates of infection and have worse outcomes following liver transplantation.
The prevalence of sarcopenia was found to be 30% in patients without encephalopathy, 49% with minimal change
encephalopathy and 56% with overt encephalopathy.’’ This may reflect a causative relationship between these two
common sequelae of cirrhosis.” The aetiology of sarcopenia (Figure 2) is more complex than simple protein and
calorie malnutrition. Cirrhosis also results in depleted glycogen stores and metabolic alterations that cause excessive
protein catabolism, increased activation of the ubiquitin—proteasome pathway and inappropriate muscle autophagy.
Satellite cell (required for muscle growth and repair) differentiation and proliferation is also reduced due to a
combination of elevated myostatin levels (negative regulator of satellite cell differentiation and proliferation),
reduced IGF-1 and hypogonadism.** Although BCAAs are utilised for energy production in cirrhosis, the main cause
for reduced BCCA levels is their uptake by muscle to assist in ammonia detoxification via glutamine synthase.**
Thus in sarcopenic cirrhotic patients, both reduced circulating BCAA levels and reduced muscle mass may
contribute to impaired ammonia clearance.*
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Nutritional assessment

Nutritional status is recognized as a predictor of morbidity and mortality in patients with advanced liver disease.>*’
Assessment of nutrition is challenging in cirrhotics, due to the complications of altered rates of protein metabolism
and presence of ascites and edema. Some laboratory tests are used as part of the nutritional assessment in cirrhosis,
including the prothrombin time or International Normalized Ratio (INR), albumin, prealbumin, creatinine height
index, and indirect evaluation of the immune function, like the delayed-type hypersensitivity reactions.®
Nevertheless, as cirrhosis confounds these common parameters of nutritional status, their utility in these patients is
limited. For example, patients with cirrhosis may have significant impairment in their hepatic synthetic function that
results in low serum albumin, prealbumin, transferrin levels, and prolonged INR, which may lead to an
overestimation of the prevalence of malnutrition. Also, the creatinine height index is an inaccurate measure of
malnutrition in cirrhosis as creatinine levels could be low due to muscle wasting, or alternatively could be high as in
renal impairment, which is common in these patients.”” Lastly, T cell anergy is a tolerance mechanism in which the
lymphocytes are inactivated following an antigen encounter, and this phenomenon is frequently present in cirrhotic
patients which makes delayed-type hypersensitivity an inaccurate measurement of malnutrition.>> The methods
which are universally used to evaluate the nutritional status and to detect the presence of malnutrition are subjective
global assessment (SGA) and anthropometric parameters.*®

The European Society of Clinical Nutrition and Metabolism (ESPEN) guideline recommends the use of the SGA,
anthropometry analysis, or the handgrip strength test to identify patients with cirrhosis who are at risk of
malnutrition.”® SGA is a bedside assessment tool used to collect information on dietary intake, weight change, and
gastrointestinal symptoms; it includes an examination for subcutancous fat loss, muscle wasting, edema, and
ascites.' However, this technique consistently underestimates the prevalence of malnutrition in this population when
compared with assessments made using objective measures and it does not accurately predict outcome.*® Royal Free
Hospital Global Assessment (RFH-GA)’ (Figure 3) incorporates both subjective and objective variables. In this
schema, measurements of body mass index, calculated using estimated dry body weight, and mid-arm muscle
circumference are utilized, together with details of dietary intake, in a semi-structured algorithmic construct.
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Traditional anthropometric measures such as weight, mid-arm circumference (MAC), and triceps skin-fold thickness
(TSF) are non-invasive bed-side methods for determination of nutritional status of cirrhotic patients but suffer from
high inter-observer variability.! Diagnosis of malnutrition is established on values of MAC and/or TSF below the
5th percentile in patients aged 18—74 years, or the 10th percentile in patients aged over 74 years.”® In a study’® the
use of body mass index (BMI) proved to be a reliable parameter for the detection of malnutrition by using different
BMI cut-off values depending on the presence and severity of ascites. In particular, patients with a BMI below 22
Kg/m’® with no ascites, 23 Kg/m* with mild ascites and 25 Kg/m® with tense ascites were considered malnourished.
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In liver cirrhosis patients, reactance and resistance (impedance) readouts from Body Impedance Analysis (BIA) can
be used to calculate phase angle or body cell mass as a measure of cell mass and cell function for the nutritional
assessment.” Most of our body water is stored in our muscle. Therefore, if a person is more muscular there is a high
chance that the person will also have more body water. The basic principle of BIA is that electrical conduction is
faster through water (because of lower resistance) and slower through fat tissue due to the resistance imposed by fat
deposits, thus estimating the percentages of total body water (TBW), fat and fat-free tissues. In BIA analysis, an
estimate of the phase angle can be obtained, which is based on changes in resistance and reactance as alternating
current passes through tissues causing a phase shift, and is an indicator of the distribution of water between the intra-
and extracellular spaces.”’ In Cirrhosis, low phase angle is associated with increased mortality as in many other
disease entities.*

Hand-grip dynamometry provides a functional assessment of muscle strength and in patients with cirrhosis, is a
sensitive and specific marker for depletion of body cell mass*' and is positive correlated with total body protein
stores.” The prevalence of malnutrition assessed using hand-grip strength is consistently higher than that obtained
with other bed-side techniques.™®*' Subjects are classified as malnourished if their grip strength is less than two
standard deviations (SD) from the mean of the age and sex groups.® Cut-off points suggested for reduced muscle
strength are < 20 kgf for women and < 30 kgf for men.”’

The handgrip test has been compared with the SGA in patients with cirrhosis and was found to be a superior
predictor of clinical complications such as uncontrolled ascites, hepatic encephalopathy, spontaneous bacterial
peritonitis, and hepatorenal syndrome.® ESPEN 2019 guidelines suggested that handgrip strength could be a valuable
tool to measure efficacy of nutritional intervention.*' Reduced muscle function can also be designated by reduced
gait speed; practical diagnostic cut-offs for gait speed is considered to be: < 0.8 m/s or < 1.0 m/s.*

Recent interest has focused on the use of imaging technique, such as cross-sectional CT/MR, for assessing core
skeletal muscle mass. On Computed Tomography (CT) images at the level of third or fourth lumbar vertebra,
skeletal muscle area can be measured and normalized for stature.*’ The skeletal muscle area at third lumbar vertebra
has been shown to be linearly correlated with whole body muscle mass.** Third lumbar vertebra skeletal muscle
index (L3 SMI) is established as the muscle area (in cm”) contained in this axial plane divided by the square of the
height of person (in m?). The cut-offs for sarcopenia in cirrhotic patients are 42 cm”*/m’ and 50 cm*/m’ for women
and men, respectively.”> Loss of skeletal muscle mass on CT has been associated with increased mortality in
cirrhotic patients'®, obese cirrhotic patients, patients wait listed for liver transplantation and in orthotopic liver
transplant recipients.” A French group® has also showed that transverse psoas muscle thickness measured at the
level of the umbilicus was inversely correlated with death on the wait list. However, although these assessments are
objective and are not influenced by hepatic synthetic dysfunction or salt and water retention; they are costly, involve
radiation and cannot easily be repeated to monitor progress.

Dual-energy X-ray absorptiometry (DEXA), In vivo neutron activation analysis, and Isotope dilution are other
methods used to measure nutritional status.*® Though they provide relevant and accurate information, their
widespread application has been limited by cost and technical complexity.® DEXA is based on measurement of body
composition according to a model dividing the body elements in bone, fat, lean and bone-free lean masses, which
can be distinct according to the energy photons passing through the body.** Through DEXA, the frequently used
measure to assess functional muscle is appendicular lean mass (APLM) - an APLM index of <4.61 kg/m2 in women
and < 6.57 kg/m” in men indicates sarcopenia.* A study*® assessing body composition using DEXA showed
significant changes in body fat and mass composition absorptiometry in patients with Child Pugh A to C cirrhosis.
Specifically, a higher loss of body fat was seen in the early stages of cirrhosis followed by an accelerated loss of
lean mass and function (sarcopenia) in the later stages of cirrhosis.

Protein Supplementation in cirrhosis

The restriction of dietary protein intake in patients with cirrhosis and hepatic encephalopathy became a common
practice in the 1970°s and 1980’s, based on uncontrolled observations.*’ Increased understanding of the
pathophysiology of cirrhosis has shown that most patients do not have high level porto-systemic shunting, and that
protein restriction in these patients has no impact on their encephalopathy and it may worsen their nutritional
status.* Studies have also revealed that protein requirements are increased in cirrhotic patients and that high protein
diets are well tolerated.*” Cirrhotic patients have different tolerance of dietary protein as vegetable and dairy protein
may be better tolerated than meat protein.”” A consensus statement from the International Society for Hepatic
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Encephalopathy and Nitrogen Metabolism (ISHEN) also recommends that patients with recurrent or persistent
hepatic encephalopathy should consume a diet low in animal protein and rich in vegetable protein.51 Nocturnal oral
supplements have been found beneficial in reducing gluconeogenesis and protein catabolism during the overnight
fasting period. A systematic review> has shown that in patients with cirrhosis a late-evening snack: (i) reverses the
aberrant substrate utilization pattern; (ii) has a more efficacious effect on substrate utilization and nitrogen retention
than day time calorie supplementation alone; (iii) may improve Health related quality of life (HRQOL) and survival
and; (iv) may reduce the frequency and severity of HE. The review further concluded that the optimal caloric
content and formulation for the late evening snack cannot be determined on the basis of the published data; however,
evidence suggested that it should contain at least 50 g of complex carbohydrate. The ESPEN guidelines for nutrition
in liver disease recommend that patients with liver cirrhosis should have an energy intake of 30 — 35 kcal’kg ideal
body weight per day and a protein intake of 1.2-1.5 g/kg ideal body weight per day.*” Oral BCAA supplements
(0.25 g/kg/day) may facilitate provision of an adequate nitrogen intake in the occasional patient who is truly protein
intolerant.

Malnutrition has been identified in up to 60% of cirrhotic patients and is increasingly being associated with poorer
prognosis among this patient population. Nutritional assessment should be done routinely in patients with cirrhosis
of liver by taking a good dietary history, with anthropometric data and muscle strength measurement to timely
identify those who are approaching the state of malnutrition so that an adequate early nutritional intervention could
be initiated to prevent the perils of widely prevalent malnutrition in these patients.

References:-

1. Cheung K, Lee SS, Raman M. Prevalence and Mechanisms of Malnutrition in Patients with advanced liver
disease and nutrition management strategies. Clin gastroenterol hepatol. 2012; 10: 117-25

2. Jensen GL, Mirtallo J, Compher C, Dhaliwal R, Forbes A, Grijalba RF, et al. Adult starvation and disease-
related malnutrition: a proposal for etiology-based diagnosis in the clinical practice setting from the
International Consensus Guideline Committee. J Parenter Enteral Nutr. 2010; 34: 156-9.

3. Merli M, Riggio O, Dally L. Does malnutrition affect survival in cirrhosis? PINC (Policentrica Italiana
Nutrizione Cirrosi). Hepatology. 1996; 23: 1041-6.

4. Alberino F, Gatta A, Amodio P, Merkel C, Pascoli LD, Boffo G, et al. Nutrition and survival in patients with
liver cirrhosis. Nutrition. 2001; 17: 445-50.

5. Peng S, Plank LD, McCall JL, Gillanders LK, Mcllroy K, Gane EJ. Body composition, muscle function, and
energy expenditure in patients with liver cirrhosis: a comprehensive study. Am J Clin Nutr. 2007; 85: 1257-66.

6. Figueiredo FA, Perez RM, Freitas MM, Kondo M. Comparison of three methods of nutritional assessment in
liver cirrhosis: subjective global assessment, traditional nutritional parameters, and body composition analysis. J
Gastroenterol. 2006; 41: 476-82.

7. Sam J, Nguyen GC. Protein-calorie malnutrition as a prognostic indicator of mortality among patients
hospitalized with cirrhosis and portal hypertension. Liver Int. 2009; 29: 1396—402.

8. Alvares-da-Silva MR, Reverbel da Silveira T. Comparison between handgrip strength, subjective global
assessment, and prognostic nutritional index in assessing malnutrition and predicting clinical outcome in
cirrhotic outpatients. Nutrition 2005; 21: 113-7.

9. Moller S, Bendtsen F, Christensen E, Henriksen JH. Prognostic variables in patients with cirrhosis and
oesophageal varices without prior bleeding. J Hepatol. 1994; 21: 940—6.

10. Montano-Loza AJ, Meza-Junco J, Prado CM, Lieffers JR, Baracos VE, Bain VG, et al. Muscle wasting is
associated with mortality in patients with cirrhosis. Clin Gastroenterol Hepatol. 2012; 10: 166—73.

11. Tandon P, Ney M, Irwin I, Ma MM, Gramlich L, Bain VG, et al. Severe muscle depletion in patients on the
liver transplant wait list: its prevalence and independent prognostic value. Liver Transplantation. 2012; 18:
1209-16.

12. Stephenson GR, Moretti EW, El-Moalem H, Clavien PA, Tuttle-Newhall JE. Malnutrition in liver transplant
patients: preoperative subjective global assessment is predictive of outcome after liver transplantation.
Transplantation. 2001; 72: 666—70

13. Merli M, Giusto M, Gentili F, Novelli G, Ferretti G, Riggio O, et al. Nutritional status: its influence on the
outcome of patients undergoing liver transplantation. Liver Int. 2010; 30: 208-14.

14. Tsiaousi ET, Hatzitolios Al, Trygonis SK, Savopoulos CG. Malnutrition in end stage liver disease:
recommendation and nutritional support. J Gastroenterol Hepatol. 2008; 23: 527-33.

15. Dolz C, Ravrich JM, Ibanez J, Obrador A, Marse P, Gaya J, et al. Ascites increases the resting energy
expenditure in liver cirrhosis. Gastroenterology 1991; 100: 738.

451



ISSN: 2320-5407 Int. J. Adv. Res. 8(10), 445-453

16.
17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.
30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Chen WJ, Chung YC. Energy expenditure in patients with hepatocellular carcinoma. Cancer 1994; 73: 590-5.
Braillon A, Gaudin C, Poo JL, Moreau R, Debaene B, Lebrec D. Plasma catecholamine concentrations are a
reliable index of sympathetic vascular tone in patients with cirrhosis. Hepatology 1992;15:58—62.

Braillon A, Cales P, Valla D, Gaudy D, Geoffroy P, Lebrec D. Influence of the degree of liver failure on
systemic and splanchnic haemodynamics and on response to propranolol in patients with cirrhosis. Gut 1986;
27:1204-9.

Pace A, de Weerth A, Berna M, et al. Pancreas and liver injury are associated in individuals with increased
alcohol consumption. Clin Gastroenterol Hepatol. 2009; 7: 1241-6.

Badley BWD, Murphy FM, Bouchier IAD. Diminished micellar phase lipid in patients with chronic non-
alcoholic liver disease and steatorrhea. Gastroenterology. 1970; 58: 781-9.

Owen OE, Reichle FA, Mozzoli MA, Kreulen T, Patel MS, Elfenbein IB, et al. Hepatic, gut, and renal substrate
flux rates in patients with hepatic cirrhosis. J Clin Invest. 1981; 68: 240-52.

Kalaitzakis E, Bosaeus I, Ohman L, Bjornsson E. Altered postprandial glucose, insulin, leptin, and ghrelin in
liver cirrhosis: correlations with energy intake and resting energy expenditure. Am J Clin Nutr. 2007; 85: 808—
15.

Merli M, Leonetti F, Riggio O, Valeriano V, Ribaudo MC, Strati F, et al. Glucose intolerance and insulin
resistance in cirrhosis are normalized after liver transplantation. Hepatology. 1999; 30: 649-54.

Agel BA, Scolapio JS, Dickson RC, Burton DD, Bouras EP. Contribution of ascites to impaired gastric function
and nutritional intake in patients with cirrhosis and ascites. Clin Gastroenterol Hepatol. 2005; 3: 1095-1100.
Mccullough AJ, Bugianesi E, Marchesini G, Kalhan SC. Gender dependent alterations in serum leptin in
alcoholic cirrhosis. Gastroenterology. 1998; 119: 947-53.

Vega MJ, Santolaria F, Gonzéalez-Reimers E, Aleman MR, Milena A, Martinez-Riera A, et al. High prevalence
of hyperhomocysteinemia in chronic alcoholism: the importance of the thermolabile form of the enzyme
methylenetetrahydrofolate reductase (MTHFR). Alcohol. 2001; 25: 59-67.

Tsiaousi ET, Hatzitolios Al, Trygonis SK, Savopoulos CG. Malnutrition in end stage liver disease:
recommendation and nutritional support. J Gastroenterol Hepatol. 2008; 23: 527-33.

Arteh J, Narra S, Nair S. Prevalence of vitamin D deficiency in chronic liver disease. Dig Dis Sci. 2010; 55:
2624-8.

Anand AC. Nutrition and Muscle in Cirrhosis. J Clin Exp Hepatol. 2017; 7: 340-57

Romiti A, Merli M, Martorano M, Parrilli G, Martino F, Riggio O, et al. Malabsorption and nutritional
abnormalities in patients with liver cirrhosis. Ital J Gastroenterol. 1990; 22: 118-23.

Merli M, Giusto M, Lucidi C, Giannelli V, Pentassuglio I, Gregorio VD, et al. Muscle depletion increases the
risk of overt and minimal hepatic encephalopathy: results of a prospective study. Metab Brain Dis 2013; 28:
281-4.

Kalaitzakis E, Josefsson A, Castedal M, Henfridsson P, Bengtsson M, Andersson B, et al. Hepatic
encephalopathy is related to anemia and fat-free mass depletion in liver transplant candidates with cirrhosis.
Scand J Gastroenterol. 2013; 48: 577-84.

Sinclair M, Gow PJ, Grossmann M, Angus PW. Review article: sarcopenia in cirrhosis -aetiology, implications
and potential therapeutic interventions. Aliment Pharmacol Ther. 2016; 43: 765-77

Holecek M. Ammonia and amino acid profiles in liver cirrhosis: effects of variables leading to hepatic
encephalopathy. Nutrition. 2015; 31: 14-20.

Montano-Loza AJ. Clinical relevance of sarcopenia in patients with cirrhosis. World J Gastroenterol. 2014;
20(25): 8061-71.

Plauth M, Cabre E, Riggio O, Assis-Camilo M, Pirlich M, Kondrup J. ESPEN guidelines on enteral nutrition:
liver disease. Clin Nutr. 2006; 25: 285-94.

Morgan MY, Madden AM, Soulsby CT, Morris RW. Derivation and validation of a new global method for
assessing nutritional status in patients with cirrhosis. Hepatology. 2006; 44: 823-35.

Campillo B, Richardet JP, Bories PN. Enteral nutrition in severely malnourished and anorectic cirrhotic patients
in clinical practice. Gastroenterol. Clin. Biol. 2005; 29: 645-51.

Plauth M, Bernal W, Dasarathy S, Merli M, Plank LD, Schtz T, et al. ESPEN Guideline on Clinical Nutrition in
Liver Disease. Clin Nutr. 2019; 38(2): 485-521.

Goovaerts HG, Faes TJ, de Valk-de Roo GW, Bolscher M, Netelenbosch JC, van der Vijgh WJ, Prado CM,
Birdsell LA, Baracos VE. The emerging role of computerized tomography in assessing cancer cachexia. Curr
Opin Support Palliat Care. 2009; 3(4): 269-75.

452



ISSN: 2320-5407 Int. J. Adv. Res. 8(10), 445-453

41.

42.

43.

44,
45,

46.

47.

48.

49.

50.

51.

52.

Figueiredo FA, Dickson ER, Pasha TM, Porayko MK, Therneau TM, Malinchoc M, et al. Utility of standard
nutritional parameters in detecting body cell mass depletion in patients with end-stage liver disease. Liver
Transpl. 2000; 6: 575-81.

Prado CM, Birdsell LA, Baracos VE. The emerging role of computerized tomography in assessing cancer
cachexia. Curr Opin Support Palliat Care. 2009; 3(4): 269-75.

Durand F, Buyse S, Francoz C, Laouenan C, Bruno O, Belghiti J, et al. Prognostic value of muscle atrophy in
cirrhosis using psoas muscle thickness on computed tomography. J Hepatol. 2014; 60(6): 1151-7.

Kohrt WM. Body composition by DXA: tried and true?. Med Sci Sports Exerc. 1995; 27: 1349-53.

Kelly TL, Wilson KE, Heymsfield SB. Dual energy X-ray absorptiometry body composition reference values
from NHANES. PLoS ONE. 2009; 4: €7038

Figueiredo FA, De Mello Perez R, Kondo M. Effect of liver cirrhosis on body composition: evidence of
significant depletion even in mild disease. J Gastroenterol Hepatol. 2005; 20: 209-16.

Donaghy A. Issues of malnutrition and bone disease in patients with cirrhosis. J Gastroenterol Hepatol. 2002;
17: 462-6.

Heyman JK, Whitfield CJ, Brock KE, McCaughan GW, Donaghy AJ. Dietary protein intakes in patients with
hepatic encephalopathy and cirrhosis: current practice in NSW and ACT. Med J Aust. 2006; 185:542-3.
Gustavo JS, Antonio Carlos LC, Julio C. The role of nutrition in hepatic encephalopathy. Current Opinion in
Clinical Nutrition and Metabolic Care. 2008; 11: 275-80.

Uribe M, Marquez MA, Garcia Ramos G, Ramos-Uribe MH, Vargas F, Villalobos A. Treatment of chronic
portal-systemic encephalopathy with vegetable and animal protein diets. A controlled crossover study. Dig Dis
Sci. 1982; 27(12): 1109-16.

Amodio P, Bemeur C, Butterworth R, Cordoba J, Kato A, Montagnese S, et al. The nutritional management of
hepatic encephalopathy in patients with cirrhosis: International Society for Hepatic Encephalopathy and
Nitrogen Metabolism Consensus. Hepatology. 2011; 58: 325-36.

Tsien CD, McCullough AJ, Dasarathy S. Late evening snack: Exploiting a period of anabolic opportunity in
cirrhosis. J Gastroenterol Hepatol. 2012; 27: 430-41.

453



