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Malnutrition in Cirrhosis
1Ashutosh Barve

Review Article

Introduction :

The liver is possibly the most complex organ in the 
body in terms of metabolic activity.  The liver plays 
a vital role in protein, carbohydrate, and fat 
metabolism, as well as micronutrient metabolism.  
Due to that liver disease, especially advanced liver 
disease, frequently alters nutritional status. But apart 
from altered metabolism, in liver disease, 
malnutrition can result from undernutrition or 
overnutrition due to multiple factors. Examples 
include inadequate protein / calorie intake due to 
anorexia or nausea as well as large consumption of 
empty calories from alcohol. A widely recognized 
phenotype for malnutrition in liver disease is 
skeletal muscle loss (sarcopenia) with or without 
loss of fat mass.

ABSTRACT

Malnutrition is very closely associated with cirrhosis. An important phenotype of malnutrition is loss of muscle mass 
or sarcopenia. Malnutrition can be defined as a state of nutritional imbalance either due to undernutrition leading to 
sarcopenia or overnutrition from excess caloric intake, as in NAFLD patients, leading to sarcopenic obesity. Major 
causes of malnutrition in cirrhosis are anorexia, altered taste and smell, nausea, vomiting, delayed gastric emptying, 
diarrhea, malabsorption, bacterial overgrowth, unpalatable diets, hormonal and cytokine disruption, and 
complications of cirrhosis. Each of these etiologies of malnutrition should be addressed and improved to the extent 
possible. In general a balanced oral diet should be achieved with 2 gm per day sodium restriction for patients with 
fluid retention. Protein intake is usually recommended at 1.2 - 1.5 gms/Kg body weight / day. Oral nutritional 
supplements should be used for patients who cannot consume the necessary amount of normal food. Frequent and 
small feedings are optimal. A bedtime snack with sufficient calories and protein is crucial to avoid nighttime 
starvation and muscle loss in outpatients as well as inpatients.  Hospitalized patients should be carefully monitored to 
see if they are meeting their daily caloric and protein needs in the first 24-48 hrs after admission. Efforts should be 
made to provide >80% of estimated or calculated energy and protein goal within 48-72 hours to achieve the clinical 
benefit of enteral nutrition (EN).  EN is favored over parenteral nutrition (PN) Cirrhotics with hepatic 
encephalopathy (HE) should receive the same amount of protein per day as those without HE. Each patient should 
have a nutritional plan and should undergo follow-up nutritional assessment to monitor progress.
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Nutrition support may have been the first carefully 
investigated form of therapy in cirrhosis. Indeed, the 
terms “nutritional cirrhosis” and “cirrhosis” were 
often used interchangeably in the first half of the 
20th century. Interest in nutritional therapy in 

1
cirrhosis was initially stimulated when Patek, et al.  
demonstrated that a nutritious diet (~3500 calories 
and 140 g protein) improved the 1 - and 5 - year 
outcome of patients with cirrhosis compared with 
historical control cirrhotic patients not offered the 
nutritious diet. Subjects were generally low-income 
patients with alcoholic cirrhosis.

Probably the most extensive longitudinal studies of 
nutritional status in patients with liver disease are in 
patients with alcoholic liver disease (usually 
cirrhosis with superimposed alcoholic hepatitis). 
The most detailed initial reports are two large 
studies from the United States Veterans Health 
Administration (VA) Cooperative Studies Program 

2-5in patients with alcoholic hepatitis.  The first study 
demonstrated that virtually every patient with 
alcoholic hepatitis (AH) had some degree of 

3malnutrition (Table 1) . Patients’ mean alcohol 
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consumption was an impressive 228 g/day 
(approximately 50% of energy intake was from 
alcohol). Thus, while calorie intake was generally 
adequate, there was often deficient intake of protein 
and important micronutrients. The severity of liver 
disease generally correlated with the severity of 

6malnutrition in both studies.  The patients were 
given a balanced 2500-kcal hospital diet (monitored 
carefully by a dietitian) and encouraged to consume 
the diet. However, severe anorexia was common and 
was correlated with severity of liver disease. In the 
second study, patients in the therapy arm of the 
protocol also received an enteral nutritional support 
product high in branched-chain amino acids 
(BCAAs) as well as the anabolic steroid 
oxandrolone (80 mg/day). An anabolic steroid was 
used because patients with AH/cirrhosis frequently 

7-10have low levels of anabolic hormones.  Patients 
were not fed by feeding tube even if voluntary oral 
intake was not adequate. Voluntary oral food intake 
measured over the month of hospitalization 
correlated in a stepwise fashion with 6-month 
mortality data. Thus, patients voluntarily consuming 
< 1000 kcal/day had > 80% 6-month mortality while 
those eating > 3000 kcal/day had virtually no 
mortality (Figure 1). Moreover, the degree of 
malnutrition correlated with the development of 
serious complications such as encephalopathy, 
ascites and hepatorenal syndrome, as well as 

2mortality (FIgure 2).

Investigators attempted to address this important 
issue of inadequate food intake by administering 
nutritional supplements via nasogastric feeding 

Every Patient is malnourished

Severity of Liver Disease

Initial Laboratory Mild Moderate Severe

Lymphocytes  (1000 - 4000 / mm3) 2,067 + 148 1,598 + 90 1,366 + 83

Albumin (3.5-5.1 g/dl) 3.7 + 0.1 2.7 + 0.1 2.3 + 0.1

CHI - Creatinine - Height 75.7 + 2.84 62.9 + 3.3 64.0 + 4.65
 Index (% of standard)

Table 1 : Nutritional Status in Alcoholic Hepatitis

The CHI ratio is the measured 24-hour urine creatinine excretion in the patient compared to expected excretion in a 
normal individual of the same sex and height : CHI > 80% indicates normal protein status : CHI 60 - < 80% indicates 
mild protein depletion; CHI 40 - < 60% indicates moderate protein depletion and CHI < 40% indicates severe protein 

12,13depletion.

Figure 2 :  A protein / calorie malnutrition score
demonstrates that protein/calorie malnutrition

relates in a graded response with mortality
(a perfect score is 100)

Figure 1 :  Data from VA Cooperative research
indicates voluntary caloric intake over one

month of hospitalization correlates in a dose
response fashion with six months mortality
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and had bilirubin levels < 3 mg/dl.  These patients 
had indicators of malnutrition similar to those in 

14patients with alcoholic hepatitis.  Thus, it appears 
that once advanced cirrhosis develops, malnutrition 
is frequently observed irrespective of acute 
inflammation. It is also possible that alcohol, rather 
than the underlying liver pathology, could be an 
important variable in malnutrition in liver disease. 
Several major studies compared patients having 
either ALD or nonalcoholic (especially viral) 

15-19
induced liver disease.  These reports from various 
countries present consistent findings that clinically 
important malnutrition occurred in alcoholic and 
non-alcohol-related causes of cirrhosis (although 
sometimes more severe when it was alcohol 

15
induced). For example, Sarin et al.  demonstrated 
that protein-energy malnutrition was equally severe 
in alcoholic and nonalcoholic liver disease and that 
dietary intake decreased equally in both diseases. 

16Caregaro et al.  from Italy found that the 
prevalence, characteristics, and severity of protein 
energy malnutrition were comparable in alcoholic 
and viral-induced cirrhosis. Importantly, 
malnutrition correlated with the severity of the liver 
disease. Peng and co-workers performed a very 
sophisticated cross-sectional assessment of 
nutritional status in 268 patients with cirrhosis of 

20multiple etiologies . Total body protein was 
calculated by neutron activation analysis, grip 
strength by dynamometry, and respiratory muscle 
strength by using a pressure transducer. Dietary 
intakes of energy and protein were assessed. 
Significant protein depletion was noted in 51% of 
patients. The prevalence of protein depletion 
increased significantly with disease severity. Thus, 
multiple studies in different disease etiologies 
suggest that the severity of liver disease is critical in 
the development of malnutrition and muscle loss in 
cirrhosis.

CAUSES OF MALNUTRITION

Anorexia / Altered Taste / Smell

Anorexia is a major symptom associated with 
cirrhosis. VA Cooperative Studies indicated that 
over 60% of AH patients (most with cirrhosis) had 
anorexia, and greater severity of liver disease was 

11tubes. Kearns, et al.  showed that patients 
hospitalized for alcoholic liver disease (ALD) and 
given an enteral nutritional supplement via feeding 
tube had significantly improved serum bilirubin 
levels and liver function as assessed by antipyrine 
clearance. Tube fed patients had improved caloric 
and protein intake compared to patients offered a 
nutritious diet alone, thus documenting the 
importance of tube feeding in many of these 
anorexic patients.  A multicenter randomized study 
from Spain of enteral nutrition via feeding tube 
versus corticosteroids in patients with AH showed 
similar overall short-term mortality results (one 

12
month survival - primary endpoint).  Moreover, 
those receiving enteral nutrition (rich in BCAAs) 
had a better long-term outcome with fewer deaths 
from infections. In another multi-center trial of 
aggressive enteral nutrition in severe liver disease 
by Moreno et al., patients with biopsy-documented 
severe AH were treated with either intensive enteral 
nutrition via feeding tube for 14 days plus 
methylprednisolone or conventional nutrition plus 

13
methylprednisolone.   The primary end point was 
survival at six months.  While the authors concluded 
in the title that intensive enteral nutrition was 
ineffective, the six-month mortality was 
numerically lower in the enteral group (44.4%) 
compared with the control group (52.1%), and this 
study was underpowered.  More importantly, 
patients receiving < 21.5 kcal/kg/day had 
significantly lower survival rates, as did those 
receiving < 77.6 gm of protein per day.  In summary, 
most cirrhotics have some evidence of malnutrition, 
with malnutrition correlating with severity of liver 
disease. Nutritional supplementation clearly 
improves nutritional status and, in some instances, 
improves hepatic function and other outcome 
indicators in cirrhosis. 

These previously noted studies generally evaluated 
patients with an active inflammatory response 
(hepatitis) in acutely ill hospitalized patients. Thus, 
it was important to assess nutritional status in a 
population with stable cirrhosis without AH or other 
inflammation. One such study evaluated patients 
with stable cirrhosis followed in an ascites clinic 
who were not actively drinking, were free of AH, 
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which can result in malabsorption of fat and fat 
soluble vitamins. Small intestinal bacterial 
overgrowth (SIBO) has been frequently reported in 

23patients with cirrhosis  due to delayed small 
intestinal transit time and an enhanced adrenergic 

24state . Due to this there is maldigestion that may 
predispose to the development of minimal hepatic 

25encephalopathy . Furthermore, SIBO can cause 
nausea and bloating which can reduce dietary 
intake.

Poor Food Availability / Quality / Unpalatable Diets 
(Na, Protein)

Patients with alcohol - or NASH-related cirrhosis 
frequently have unbalanced diets and may have high 
intake of empty calories through alcoholic or sugar-
laden beverages. Cirrhosis patients are prescribed 
low sodium diets that may be unpalatable. Certain 
nutritional supplements also have palatability issues 
due, in part, to the taste of certain amino acid 
components. Unfortunately, some patients with 
cirrhosis are still incorrectly recommended a low-
protein diet. These cumulative effects can cause an 
overall decrease in energy consumption and / or food 
quality, and possibly more importantly, a decrease in 
necessary protein intake.

Hormones / Cytokine Effects

Altered levels of anabolic hormones likely play a 
role in sarcopenia and malnutrition in cirrhosis.  
Testosterone levels are generally decreased in men 
with cirrhosis, and levels decrease as the severity of 

7liver disease progresses.  Testosterone has well 
documented anabolic effects on non-reproductive 
tissue such as muscle, and it induces a dose-response 
increase in muscle mass. A 12-month, double-blind, 
placebo-controlled trial of intramuscular 
testosterone undecanoate in 101 men with cirrhosis 
and low serum testosterone documented the 
beneficial effect of this anabolic hormone on lean 

26
muscle mass.  Fat mass also was decreased, 
hemoglobin A1C was improved, and there were 
mild improvements in some quality of life measures. 
Cirrhotics also have reductions in other important 
anabolic hormones such as insulin-like growth 
factor 1 (IGF-1) that mediate many of the effects of 
growth hormone, since IGF-1 is extensively 

2-6associated with more severe anorexia . In an 
outpatient study of 200 liver patients from Eastern 
India, 100% of patients with alcoholic cirrhosis 

21
complained of anorexia . Moreover, many patients 
with liver disease are older and anorexia is very 
common with aging. Furthermore, with both 
cirrhosis and aging, impairments in smell and taste 
can limit the desire to eat.

Nausea / Vomiting / Delayed Gastric Emptying

Nausea, vomiting, and abdominal bloating are 
important complaints frequently observed in 
cirrhotics.  In VA alcoholic hepatitis studies, nearly 

650% of subjects had nausea.  Similarly, in a large 
group of cirrhotics who were not eligible for 

22transplantation, 58% had evidence of nausea.  
Some of the abdominal pain, nausea and vomiting 
may be related to autonomic dysfunction and 
gastroparesis that is frequently observed in 
cirrhosis.  These complaints may play an etiologic 
role in the malnutrition of chronic liver disease.

Diarrhea / Malabsorption / Bacterial Overgrowth

Diarrhea is a common clinical symptom in patients 
with advanced liver disease, with half of cirrhotic 
patients reporting diarrhea in VA Cooperative 

6
Studies.  Many times it is iatrogenic; secondary to 
the use of medicines like lactulose in the treatment 
and prevention of hepatic encephalopathy. Portal 
colopathy and generalized colonic edema due to 
hypoalbuminemia may also contribute to altered 
fecal consistency and increased stool output in 
pat ients  wi th  c i r rhosis .  Long s tanding 
malabsorption can also lead to continued diarrhea 
and malnutrition.  The decline of hepatic synthetic 
function in cirrhosis causes hypoalbuminemia 
which predisposes to small intestinal bowel wall 
edema that can serve as a mechanical barrier to 
nutrient absorption. Furthermore, with severe portal 
hypertension portosystemic shunts can develop 
which can cause nutrients to bypass metabolism in 
the liver. All this, coupled with underling hepatic 
dysfunction and an increased catabolic state sets up 
a state of nutritional imbalance. Cholestatic liver 
diseases, such as primary biliary cholangitis (PBC) 
and primary sclerosing cholangitis (PSC) cause a 
dysfunction in bile acid metabolismand secretion 



VJIM  < Volume 25  <  July 2018  < 44

Vidarbha Journal of Internal Medicine  <  Volume 25  <  July 2018

COMPONENTS OF MALNUTRITION AND 
THEIR SIGNIFICANCE

A. Macronutrient Malnutrition

i. Protein -

Sarcopenia is one of the most evident clinical 
manifestations of malnutrition in patients with 
cirrhosis.  Indeed, patients with advanced cirrhosis 
frequently have muscle wasting that has been shown 
to impact multiple outcome variables ranging from 
factors such as quality of life and fibrosis all the way 

31-36to survival.  Patients with obesity can also have 
sarcopenia, termed “sarcopenic obesity.” In 
sarcopenic obesity there is not only loss of muscle 
mass but also infiltration of ectopic fat into muscle.  
Both impaired protein synthesis and increased 
muscle breakdown have been postulated to play a 
role in the sarcopenia of liver disease. Multiple 
factors appear to mediate this sarcopenia, and 
metabolic pathways for sarcopenia have been 
detailed by Dasarathy’s group and others over the 

37-42
past decade.  Hyperammonemia is a regular 
feature of cirrhosis. Hyperammonemia in skeletal 
muscle enhances muscle autophagy and it can 
impair muscle function irrespective of muscle 

42mass.  It also induces an upregulation of myostatin. 
Myostatin is a member of the TGF-beta superfamily, 
and it inhibits protein synthesis by impairing mTOR 
signaling. Major increases in both muscle and 
plasma myostatin levels have been reported in 
cirrhosis. Other factors, such as decreased anabolic 
hormones (e.g., testosterone or growth hormone) 
and endotoxemia with increased proinflammatory 
cytokines, have also been postulated to play roles in 
the sarcopenia and an altered liver-muscle axis in 
cirrhosis.

An imbalance in plasma amino acid levels, with 
increased aromatic amino acids (AAA--
phenylalanine, tyrosine, and tryptophan) and 
decreased branched chain amino acids (BCAA 
isoleucine, leucine and valine) is observed in 
various types of liver disease, especially more 
decompensated liver disease, including hepatic 
encephalopathy. Cirrhosis is a catabolic state, and 
there are frequently decreased hepatic glycogen 
stores. Therefore, gluconeogenesis frequently relies 

produced in the liver. Not only are low levels of IGF-
1 regularly observed in patients with chronic liver 
disease, but levels tend to decrease as severity of 

8liver disease and sarcopenia increases.   
Inflammation also appears to cause a decrease in 
IGF-1, and there is a negative correlation between 
IL-6 (proinflammatory cytokine) and IGF-1 in liver 
disease. Low IGF-1 levels have been shown to be 
harbingers of poor prognosis in subjects with 

10
decompensated liver disease . Proinflammatory 
cytokines are frequently elevated in chronic liver 
diseaseand mediate muscle wasting through 
increased protein degradation and decreased protein 

27synthesis.  Catecholamines and sympathetic over-
activity can play a role in the sarcopenia of cirrhosis. 
Also, subsets of patients with liver disease appear to 
be hypermetabolic, possibly due to increased pro-

20, 27-29
inflammatory cytokine / sympathetic activity.

Complications of Liver Disease (Hepatic 
encephalopathy, Ascites)

Patients with complications of cirrhosis, such as 
ascites or hepatic encephalopathy, more often also 
have sarcopenia and malnutrition. Encephalopathic 
patients, even those with minimal encephalopathy, 
may be distracted and not eat appropriately.  
Moreover, some dietitians and physicians still 
counsel patients with encephalopathy to consume a 
low-protein diet. Patients with ascites may have 
abdominal fullness, gastric compression, anorexia 
and nausea.

Fasting for Procedures / Interruption of Feeding

Patients with cirrhosis are not only at high risk for 
malnutrition prior to hospitalization, but this risk 
also frequently escalates with hospitalization. These 
patients often have feedings interrupted due to 
fasting for procedures, such as endoscopies or 
radiologic tests. Feeding goals for patients in the 
hospital (especially the ICU) are frequently not met 
as observed by Arabi et al. in their study of 
permissive under-feeding vs. standard enteral 

30feeding in critically-ill adults . The standard group 
achieved only 71% of daily caloric requirement 
despite being in a clinical trial. The situation is 
probably worse for patients in routine practice.
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35 gm high-quality protein several times a day is 
likely the optimal way of inducing protein synthesis 
in healthy individuals. Whether this translates to 
enhanced protein synthesis in cirrhotics is unclear.  
Importantly, levels of protein intake may need to be 
increased in both obese patients and elderly patients. 

ii. Fat

Dietary fat is an important cofactor in the 
development and progression of fatty liver disease, 
both nonalcoholic (NAFLD) and alcoholic (ALD) in 
origin and it is an area of intense preclinical and 
clinical research. There are three main types of 
dietary fat : saturated, monounsaturated, and 
polyunsaturated.  The difference between saturated 
and unsaturated fats relates to the fatty acid (FA) 
carbon bond structure.  Saturated fatty acids (SFAs) 
contain no double bonds. Monounsaturated fatty 
acids (MUFAs) have one double bond, and 

polyunsaturated fatty acids (PUFAs, including ω-3 

PUFAs (e.g., alpha linolenic acid (ALA, [18:3ω-3]), 

eicosapentaenoic acid (EPA, [20:5ω-3]) and 

docosahexaenoic acid (DHA, [22:6ω-3]) and ω-6 

PUFAs (e.g., linoleic acid [LA, 18:2ω-6]) have more 
than one. FAs in the diet are also divided into short, 
medium and long chain FAs as assessed by the 
carbon chain length. There is evidence in the 
literature suggesting distinctive roles for different 
types of dietary fat in NAFLD and ALD 
pathogenesis. In general, dietary saturated fat is 

45believed to promote NAFLD  and to protect against 
ALD, whereas dietary unsaturated fat is beneficial 
in NAFLD and exacerbates ALD. Based on 
epidemiological evidence, dietary intake of 
saturated fat (SF) is associated with lower mortality 
rates, whereas dietary intake of unsaturated fat 
(USF) is associated with a higher mortality from 

46
alcoholic cirrhosis in humans . However, it is 
important to recognize that different SFAs (e.g., 

medium vs long chain SFAs) or PUFAs (e.g., ω-3 vs 

ω-6 PUFAs) may exert different metabolic effects.   
Based on current understanding it appears that 
amongst the SFAs, medium chain fatty acids are the 
more beneficial fatty acids while amongst the 

PUFAs the ω-3 fatty acids are more beneficial than 

on proteolysis of muscle and uses amino acids as a 
non-carbohydrate fuel source. Increased muscle 
catabolism of BCAAs is associated with decreased 
plasma levels but not necessarily muscle 
concentration. On the other hand, AAAs are 
metabolized in the liver, and with hepatic 
dysfunction, plasma concentrations are frequently 
elevated. The altered BCAA / AAA ratio has been 
postulated to play a role in hepatic encephalopathy, a 
concept popularized by Fischer and colleagues over 

4340 years ago.  The increased levels of AAAs due to 
liver disease accompanied by an increased 
breakdown of BCAAs would give rise to a decrease 
in the BCAA / AAA ratio, which is thought to play a 
role in an influx of AAAs into the brain, causing 
hepatic encephalopathy. The increased AAA levels 
are thought to lead to imbalances in neurotransmitter 
synthesis and possible accumulation of false 
neurotransmitters, such as octopamine. Also of 
interest is the impact of leucine on muscle 
metabolism. In studies performed on stable 
alcoholic cirrhotics administered a single oral 
branched-chain amino acid solution enriched with 
leucine showed improved mTOR signaling and 

44
autophagy markers.

The primary management strategy for sarcopenic 
patients should be adequate nutrition and potential 
nutritional supplement support. Several studies 
suggest that cirrhotics consume inadequate amounts 
of protein. For example, VA Cooperative studies 
suggested that 85 gm of protein per day or more were 
required to maintain nitrogen balance, yet AH 
patients (both inpatient and outpatient) were 

6
consuming less than this.  Importantly, provision of 
excess energy in the form of non-protein calories did 
not positively impact malnutrition.

Cirrhotics have “anabolic resistance,” and this 
response can also occur in the elderly or in stressed / 
septic ICU patients. Cirrhotics also tend to be older 
and frequently have infections or other 
inflammatory conditions, and thus, there are 
multiple reasons for anabolic resistance in 
cirrhotics. Meals enriched with branched-chain 
amino acids, especially leucine, may act as a trigger 
for protein synthesis. Consuming a stimulus of 20-
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the ù-6 fatty acids.  In fact the consumption of a diet 

rich in linoleic acid (ω-6 PUFA) is harmful in ALD 
and possibly has a deleterious effect in NAFLD too. 

iii. Carbohydrate

Similar to excess fat consumption, increased 
carbohydrate intake has been associated with the 
development of fatty liver. When consumed in 
excess, all carbohydrates can cause obesity and fatty 
liver, but fructose has received special interest. The 
increased fructose consumption in the United States 
parallels the increased prevalence of obesity and 
NAFLD. In the US, fructose is consumed mainly as 
added sugars, such as sucrose and high-fructose 
corn syrup (HFCS), which represented 45% and 
41% of the total added sugars ingested, respectively, 

47as of 2007 .

High fructose intake can induce a whole range of 
48-51metabolic changes, including NAFLD . Increased 

fructose consumption is associated with greater 
52,53fibrosis severity in adult NAFLD patients . 

Collectively, dietary fructose may be an important 
risk factor for the pathogenesis and disease 
progression of NAFLD.

B. Selected Micronutrient Malnutrition (Table 2)

i. Vitamins

Vitamin A : The liver is the major storage site for 
Vitamin A (> 90%), with most found in the stellate 
cells. Vitamin A is secreted from the liver bound to 

retinol binding protein (RBP). In liver disease, there 
can be inadequate intake of Vitamin A, impaired 
absorption (especially in cholestatic liver disease), 
altered metabolism (in part related to zinc 
deficiency), and poor hepatic storage related, in part, 

54
to stellate cell activation . Most studies indicate that 
over 60% of cirrhotics have low serum Vitamin A 
levels, and 40% in one study had impaired dark 

54,55adaptation that was not recognized by the patient.  
Importantly, because RBP, the carrier protein for 
Vitamin A, is made in the liver, its serum 
concentration is frequently low in liver disease and 
does not increase appropriately after Vitamin A 
intake.  This low RBP level potentially increases the 
risk for Vitamin A liver toxicity with Vitamin A 
supplementation.  Thus, supplementation in patients 
with liver disease / injury must be undertaken with 
care, and patients need to be monitored for toxicity. 

Vitamin D : Vitamin D deficiency is frequently 
observed in end-stage liver disease. In one study, 
81% of cirrhotics evaluated for liver transplantation 
were Vitamin D deficient, and this impacts bone 
health. Cirrhotics are at high risk for osteoporosis 
both before and after liver transplantation. 
Moreover, Vitamin D may have multiple metabolic 
effects beyond bone health in liver disease, ranging 
from innate immune system activation to 
modulation of gut barrier function.

Folate : Chronic alcoholics are often folate deficient 
due to reduced dietary folate intake, intestinal 

Nutrient Deficiency Possible Manifestations

Vitamin A Night blindness, Dry skin

Vitamin D Bone Disease, Altered Immune and gut barrier function

Vitamin E Possible increased susceptibility to liver injury, Oxidative stress

Folate/B Anemia, Possible increased susceptibility to ALD, Altered methionine metabolism12

Niacin Pellegra dermatitis, Neurologic alterations, Hallucinations

Thiamine Neurologic problems, Wernike’s encephalopathy

Zinc Skin lesions, Anorexia, Depressed wound healing,
Hypogonadism, Altered immune function, Impaired night vision, 
Depressed mental function, Diarrhea, Increased Susceptibility to liver injury

Magnesium Muscle cramps, Glucose intolerance

Selenium Myopathy, Cardiomyopathy, Oxidative stress

Copper Anemia, neutropenia, neuropathy

Table 2 : Micronutrient Deficiencies in Alcoholic Hepatitis
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effects, such as copper deficiency, resulting from 
reduced copper absorption.

Magnesium : Magnesium deficiency can cause 
muscle cramps, a frequent complaint in patients 
with cirrhosis. Magnesium supplementation has 
been shown to reduce muscle cramps, with the dose 
of 400 mg of magnesium oxide frequently being 
used.

NUTRITIONAL RECOMMENDATIONS

a. In Patient / ICU

Patients with cirrhosis (and all stages of liver disease 
really) are at high risk for malnutrition during 
hospitalization. Multiple professional societies have 
established guidelines related to nutritional 
assessment and nutritional support for patients with 
liver disease. It is suggested that all liver patients 
admitted to the hospital, and not just to the ICU, be 
monitored for malnutrition because of their 
heightened baseline risk.

Initial assessment using simple measures such as 
anthropometry or Subjective Global Assessment 
(SGA) should be performed. Anthropometry refers 
to methods such as Body Mass Index (BMI) or 
change in body weight which are widely used to 
assess nutritional status. However, fluid retention 

malabsorption, reduced liver uptake and storage, 
56

and increased urinary folate excretion.  In one 
study, folate levels were inversely associated with 
evidence of liver damage and with development of 
HCC in patients with chronic hepatitis B virus 

57infection.

Thiamine : Thiamine is absorbed in the jejunum 
and ileum and is transported to the liver bound to 
albumin via the portal circulation. Patients with 
chronic alcohol abuse or cirrhosis have been found 
to be thiamine deficient. Thiamine deficiency is 
especially prevalent in patients with alcoholic 
cirrhosis due to inadequate dietary intake and 
through the direct effect of ethanol on thiamine 

58uptake from the gastrointestinal tract.  Thiamine 
deficiency can cause peripheral neuropathy or 
cardiac disease (beriberi) or neurologic impairment 
characterized by nystagmus, ophthalmoplegia, 
ataxia, and confusion (Wernicke’s encephalopathy). 
Korsakoff syndrome can also develop from 
thiamine deficiency and is a chronic neurologic 
condition, usually as a consequence of Wernicke’s 
encephalopathy, and is characterized by impaired 
short-term memory and confabulation with 
otherwise grossly normal cognition. Wernicke's 
encephalopathy is an acute disorder and requires 
emergent treatment, usually with intravenous 
thiamine, to prevent death and long-term neurologic 
complications (Korsakoff syndrome).

ii. Minerals

Zinc : Zinc deficiency or altered zinc metabolism is 
frequently observed in liver disease, especially 
ALD, and may result from decreased dietary intake, 
impaired absorption and increased urinary 
excretion, abnormal activation of certain zinc 

.59
transporters  Zinc deficiency may manifest itself in 
many ways, ranging from raised, crusting skin 
lesions around the eyes, nose and mouth (Figure 3) 
to impaired wound healing or liver regeneration, to 
altered mental status or to altered immune 

59
function.  The dose of zinc used for treatment of 
liver disease is usually 50 mg of elemental zinc 
taken with a meal to decrease the potential side 
effect of nausea. Intake of greater than 50 mg of 
elemental zinc per day can cause dose-related side 

Figure 3 :  A large cohort of patients with alcoholic 
liver disease demonstrated that those without clinical 
decompensation had depressed serum zinc levels 
(ALD) compared with controls. Patients with 
decompensation and hepatic encephalopathy (HE) 
had the lowest serum zinc concentrations.  The insert 
shows  the  c la s s i c  crus t ing  sk in  l e s ions  
(acrodermatitis) of severe zinc deficiency in a patient 
with ALD and recurrent vomiting. 
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It is important to monitor food intake because it is 
often underestimated. In patients with inadequate 
oral intake, early enteral nutrition (EN) support with 
a nasogastric feeding tube is especially important 
because it has the potential to reduce complications 
and length of stay, and to positively impact patient 
outcome.  EN support should be initiated within 24-
48 hours following hospitalization in patients unable 
to maintain oral nutritional intake. Efforts to provide 
> 80% of estimated or calculated goal energy and 
protein within 48-72 hours should be made to 

65
achieve the clinical benefit of EN.  A concentrated 
energy formula may be utilized in patients with 
ascites.  When patients are started on EN support, 
they should be monitored daily for tolerance.  
Interrupting feeding for diagnostic tests and 
procedures should be minimized. Monitoring 
gastric residual volumes is not documented to be 

65useful as a measure of feeding tolerance.  If 
nasogastric feeds are not tolerated, a nasojejunal 
tube can be placed to continue enteral nutrition.

Enteral nutrition is favored over parenteral nutrition 
(PN) because of cost, risk of line sepsis with 
parenteral nutrition and maintenance of the gut 
barrier function. Moreover, PN can, in some 
instances, cause liver disease as one of its 
complications. If EN is not possible, then PN can be 
used with the knowledge that it is important to return 
to the enteral route as soon as the small bowel shows 
evidence of recovered function. Parenteral nutrition 
can be started with a standard amino acid formula in 
amounts that are increased until nitrogen needs are 
met.

with edema and / or ascites in cirrhotics can interfere 
with the accuracy of this method. Other 
anthropometric methods include the triceps skin 
fold (TSF) which is the width of a skin fold 
measured over the triceps muscle using skinfold 
calipers half way between the olecranon process of 
the ulna and acromion process of the scapula. The 
mid-upper arm circumference (MAC) is measured 
at that same midpoint using a non-stretchable 
measuring tape.  The Mid Arm Muscle 
Circumference (MAMC) is derived from the TSF 
and MAC. The TSF reflects body fat and MAMC 
reflects muscle mass. Of note, these techniques also 

14, 60, 61can be impacted by fluid retention .

Subjective global assessment (SGA) is a simple, 
62bedside evaluation of nutritional status.  The SGA 

includes patient history regarding weight loss, usual 
dietary intake, functional capacity, gastrointestinal 
symptoms, and evidence of malnutrition on physical 
exam (loss of muscle or fat mass, or presence of 

63edema).  Using this information, patients are 
classified as : 1) well nourished; 2) moderately 
malnourished; or 3) severely malnourished.

A defined approach to achieve appropriate 
nutritional support in patients with cirrhosis is 
needed as illustrated in Table 3. The use of oral 
nutrition supplements, including a night time snack 
is encouraged in patients able to consume projected 
energy requirements by the oral route. Protein intake 
is usually recommended at 1.2-1.5 g/kg BW/d. A 
caloric target of 35-40 kcal/kg BW/d is 

64recommended in hospitalized non-obese patients .  

= Early evaluation of electrolyte disturbances

= Early nutrition assessment and regular follow-ups

= Total energy:  1.2-1.4 x resting energy expenditure or 35-40 kcal/kg BW/d

= Protein:  1.2-1.5 g/kg/d (upper level in hospital)

= Fat:  30-40% of non-protein energy

= Formulate water and electrolyte intake to individual needs, renal function, diuretic sensitivity

= Replace vitamins and minerals (avoid excessive iron, copper, and vitamin A supplementation)

= Complement daily requirements with enteral feedings (parental if enteral route otherwise contraindicated)

= Hypocaloric, high protein diet for obese subjects

= Nutrition education with dietician including nighttime snacks

Table 3 : Nutritional Recommendations for Patients with Liver Disease
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study (approximately five years). Patients with 
milder disease (Child-Pugh Class A) derived the 

68most benefit.

An important component of the dietary management 
of the patient with advanced liver disease is to 
minimize periods without food intake because these 
patients rapidly enter into “starvation mode” with 
decreased glucose oxidation and increased protein 

69
and fat catabolism . Owen and co-workers 
demonstrated that cirrhoticscan develop a 
‘starvation’ metabolic state in one night, while it 
takes a healthy person approximately 2-3 days of 
fasting to enter into a similar metabolic state. To 
prevent this starvation, the diet should optimally be 
divided into 3 meals (the first early in the morning), 
three snacks if possible, and one critical bedtime 
supplement. The early breakfast improves cognitive 
function in patients with subclinical (minimal) 

70hepatic encephalopathy , and the bedtime 
supplement improves body protein stores / muscle 
mass. The improvement in muscle mass with 
nighttime supplements was convincingly 
documented by Plank, et al. who randomized 103 
cirrhotic patients to receive two cans of Ensure Plus 
(710 kcal with 26g of protein) or two cans of 
Diabetic Resource (500 kcal with 30g of protein) 
either during the day or at bedtime, for a total of 12 

71months . The bedtime supplement group showed a 
gain in muscle mass over a 12-month period while a 
similar improvement was not seen in the other 
group, which consumed the daytime supplement.  
Energy and protein intake was increased by a similar 
amount in both groups. This benefit was observed 
not only in decompensated but also in compensated 
Child's A cirrhosis. There was also significant 
improvement in quality of life for subjects eating the 
nighttime snack compared to the daytime snack.  
This important study confirms similar results from 
several shorter or smaller trials. Thus, nighttime 
snacks are vital for helping to maintain muscle mass 
and quality of life.

Unfortunately, there is a long tradition of protein 
restriction for patients with advanced liver disease 
who also have hepatic encephalopathy (HE). This 
tradition has no solid scientific basis, and multiple 
studies refute this approach. Cordoba, et al., in a 

If patients develop hepatic encephalopathy (HE), 
then standard therapy with lactulose, neomycin, or 
rifaximin must be given. If the patient is still unable 
to tolerate the amount of amino acids needed to 
satisfy nitrogen requirements, then the standard 
amino acids can be replaced by a BCAA-enriched 

66, 67solution specifically designed for liver disease.  It 
is unusual to require either PN or BCAA formulas, 
and the primary goal is always aggressive enteral 
support.

Obese, very ill patients with liver disease represent a 
unique nutritional challenge. These patients are 
predisposed to develop problems with fuel 
utilization which makes them more susceptible to 
loss of lean body mass. They are also at greater risk 
for insulin resistance and altered lipid metabolism. 
Current guidelines recommend the use of 
hypocaloric, high protein nutrition therapy in an 
attempt to preserve lean body mass, to mobilize fat 
stores, and to minimize the risk of overfeeding 
complications in these at-risk obese patients with 

65
liver disease.  Energy targets are low in patients 
with BMIs of 30-50, usually 65-70% of 
requirements as measured by indirect calorimetry or 
approximately 11-14 kcal/kg of actual body weight 
per day. However, protein requirements are high, 
usually projected at 2.0-2.5 g/kg of ideal body 

65
weight per day.

b. Out Patient

Patients with cirrhosis require nutritional 
assessment and a nutritional plan, not only as 
inpatients, but also as part of long term outpatient 
therapy. Several studies support the concept of 
improved outpatient outcome with nutritional 
support in patients with cirrhosis. An outpatient 
study from Japan studied two groups of over 100 
cirrhotics. The first group of patients received no 
dietary counseling, and the second group received 
both nutritional assessment and nutritional 
counseling by a registered dietitian every one to 
three months. Patients were advised to eat a late-
evening snack and administered branched-chain 
amino acid supplements, if appropriate. Mortality 
was significantly lower in the subjects receiving 
dietary counseling / intervention at the end of the 
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prospective randomized study, treated 30 cirrhotic 
patients who suffered episodic overt hepatic 
encephalopathy with either a low-protein enteral 
formula or a normal protein formula from the first 
day. The incidence of episodes of hepatic 

72
encephalopathy was similar with both formulas.  In 
a second study, Gheorghe, et al. treated 153 
consecutive cirrhotic patients with overt HE with a 
diet providing 30 kcal/kg/day and 1.2 g 
protein/kg/day.  Most patients showed improvement 
in their HE, with the best results seen in the patients 

73with more severe HE.  The HE should be treated 
with lactulose and with rifaximin, if needed. If the 
HE persists, despite maximal medical therapy and 
evaluation for other causes of changes in mentation, 
then protein intake can be decreased to the maximal 
tolerated, and a BCAA - enriched formula 
supplement can be administered to complete the 
nitrogen needs.

CONCLUSIONS :

There is no standardized definition of malnutrition 
in the setting of cirrhosis, but it generally represents 
a state of nutritional imbalance that occurs with 
undernutrition (inadequate protein/calorie intake) 
leading to sarcopenia, or over-nutrition due to 
excess caloric intake (fat and/or carbohydrate) 
leading to sarcopenic obesity.  Each patient should 
have a nutritional plan as detailed above and should 
undergo follow-up nutritional assessment to 
monitor progress.
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