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Protein restriction in hepatic encephalopathy is appropriate
for selected patients: a point of view
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Abstract Since the late nineteenth century, protein

restriction has been shown to improve hepatic encepha-

lopathy. However, malnutrition has been described in up to

60 % of cirrhotic patients and is associated with increased

mortality. Furthermore, emerging clinical evidence has

revealed that a large proportion of cirrhotic patients may

tolerate normal protein intake. However, approximately

one third of cirrhotic patients with hepatic encephalopathy

may need a short course of protein restriction, in addition

to maximum medical therapy, to ameliorate the clinical

course of their hepatic encephalopathy. For patients with

chronic hepatic encephalopathy who are protein-sensitive,

modifying their sources of nitrogen by using more vege-

table protein, less animal protein, and branched-chain

amino acids may improve their encephalopathy without

further loss of lean body mass. In conclusion, among cir-

rhotics with hepatic encephalopathy, modulation of normal

protein intake must take into account the patient’s hepatic

reserve, severity of hepatic encephalopathy, and current

nutritional status.
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Introduction

Clinically, hepatic encephalopathy is a range of neu-

ropsychiatric disturbances among patients with liver

disease. It is characterized by personality changes,

intellectual impairment, and altered level of con-

sciousness. The manifestations of this syndrome range

from mild abnormalities only detectable by psycho-

metric testing to confusion and coma. The development

of hepatic encephalopathy is a sign of decompensation

and a marker of poor prognosis that may herald the

need for transplantation. Important factors contribu-

ting to hepatic encephalopathy include degree of

hepatocellular failure, portosystemic shunting, and

such exogenous factors as infection and variceal

bleeding [1].

The main tenet in the pathogenesis of hepatic

encephalopathy is the concept that nitrogenous sub-

stances derived from the gut adversely affect brain

function. It is theorized that putative neurotoxins enter

the systemic circulation from the gut and cross the

blood–brain barrier, where they change the function and

morphology of astrocytes. A variety of toxins, including

ammonia, gamma-aminobutyric acid-ergic (GABA-ergic),

catecholamine pathways, and false neurotransmitters,

have been described in experimental hepatic encepha-

lopathy [2].

Several studies suggest that ammonia, derived from

dietary protein that enters the gut, is a key factor in the

pathogenesis of hepatic encephalopathy [3, 4]. Treatment

of hepatic encephalopathy is based on suppression of pre-

cipitating factors and on reducing ammonia production.

Intestinal production of ammonia can be reduced by

restricting the intake of dietary protein and inhibiting

urease-producing bacteria.
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Malnutrition in liver disease

Among patients with decompensated disease, protein calorie

malnutrition has been described for up to 60 % of patients

[5]. Population studies have demonstrated that malnutrition

is a factor affecting the morbidity and/or mortality of patients

with chronic liver disease [6, 7]. Among cirrhotics, malnu-

trition has been associated with several complications,

including variceal bleeding, refractory ascites, spontaneous

bacterial peritonitis, and heptorenal syndrome [2, 8, 9]. The

pathogenesis of malnutrition in cirrhotics is multifactorial.

Contributing factors include inadequate dietary intake,

impaired digestion, and altered metabolism.

For more than half a century, protein restriction has been

one of the main treatments for hepatic encephalopathy [10–

13]. Clinical observation has shown that high protein intake

may worsen encephalopathy for 35 % of cirrhotic patients

[1]. The purpose of the low-protein diet is to reduce intes-

tinal ammonia production and thereby prevent exacerbation

of hepatic encephalopathy. The dilemma for practicing

clinicians is that resting energy expenditure is increased in

patients with cirrhosis relative to their lean body mass [14].

Among cirrhotics, utilization of macronutrients is affected;

excessive activation of lipolysis and utilization of fat stores,

and switch from glycogenolysis to gluconeogenesis, are also

observed [15, 16]. Because muscle tissue is also important

in removing circulating ammonia [17], loss of muscle mass

may compound underlying encephalopathy [18]. Therefore,

in the management of hepatic encephalopathy, special die-

tary manipulation and adjustment of the protein content of a

patient’s diet should always ensure appropriate nutritional

support in patients with cirrhosis [19].

Hepatic encephalopathy and protein intake

Nitrogen metabolism is significantly involved in the

development of hepatic encephalopathy in cirrhotic patients

[20]. Therefore, modulation of this important relationship is

necessary in the management of hepatic encephalopathy.

Early clinical observation revealed that bouts of overt

hepatic encephalopathy among patients with cirrhosis could

be controlled by reducing protein intake [11]. The American

College of Gastroenterology Practice Guidelines on Hepatic

Encephalopathy recommend that for cirrhotic patients with

acute encephalopathy, protein intake should be started at

0.5 g/kg/day with subsequent progressive increase to

1.0–1.5 g/kg/day, depending on patient tolerance [21].

In 2004 Cordoba et al. [22] published the first prospec-

tive, randomized controlled study among cirrhotics who

received different amounts of dietary protein. Among a

cohort of 62 patients, 30 were ultimately enrolled with 15

receiving normal protein and 15 receiving no protein. The

main exclusion criteria were acute alcoholic hepatitis, GI

hemorrhage, and terminal illness. All patients were evalu-

ated and treated for their primary cause of hepatic enceph-

alopathy. Patients were also given lactulose and neomycin.

The low-protein group received no protein for three days,

then protein intake was slowly increased to 1.2 g/kg/day;

the normal-protein group received the standard 1.2 g/kg/

day. At the end of the study, protein synthesis and degra-

dation were similar in the two groups. Biochemical data

(including ammonia) and clinical course of encephalopathy

were also similar in the two groups.

The Cordoba study of 2004 had several limitations. Only

20 patients were analyzed and nearly one-third of enrolled

patients died. Randomization, also, may have been inade-

quate, because there seemed to be inequalities between the

two groups. For example, average baseline weight was 60 kg

in the low-protein group and 69 kg in the normal-protein

group. In addition, the tools used for nutritional assessment

of the patients were unclear, and although patients with

advanced liver disease are, typically, fluid overloaded with

loss of lean body mass, this did not seem to have been taken

into account. Finally, the type of dietary protein was not

classified in the study. Therefore, the Cordoba study cannot

be uniformly applied to all cirrhotic patients with acute

hepatic encephalopathy or to stratify which cirrhotic patients

may tolerate normal protein intake.

Despite its many limitations, the Cordoba study does

suggest that for selected patients with acute hepatic

encephalopathy who are on maximum medical therapy,

nutrition support with standard protein supplementation at

1.2 g/kg/day may be tolerated. On the other hand, the Cor-

doba study also demonstrated that short-term protein

restriction will not result in significant total body protein

turnover and worsening clinical outcome. In cases of med-

ically refractory hepatic encephalopathy, short-term protein

restriction may be of clinical benefit, as observed in his-

torical cohorts, without seriously harming total body protein

turnover. However, it is unclear whether or not this is true

for the severely malnourished. Modulation of protein intake

by these patients must take all clinical observations into

account, including an understanding of the patient’s nutri-

tional status, degree of hepatic encephalopathy, and hepatic

reserve.

Dietary nitrogen sources

Sources of proteins

Although the Cordova study suggests that not all patients

with hepatic encephalopathy will require a protein-

restricted diet, the study does not take into account the

sources of protein. The type of protein consumed may be as
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important as the total amount of protein ingested. Cirrhotic

patients have different tolerance of dietary protein. Several

early studies have shown that dairy protein may be better

tolerated than protein from mixed sources, and vegetable

proteins are better tolerated than meat protein [23–26].

Vegetable protein diets contain more dietary fiber than

isonitrogenous meat protein diets [20]. Fiber increases the

rate of transit of food through the intestines, resulting in

increased fecal ammonia excretion, and reduces the pH of

the colonic lumen, which may result in a favorable mic-

robiota [27–29]. Compared with meat-based protein, veg-

etable protein is poor in the sulfated amino acids

methionine and cysteine, which are precursors of the

mercaptans and indole and/or oxindole compounds which

have been implicated in the pathogenesis of hepatic

encephalopathy [30]. Vegetable proteins are high in orni-

thine and arginine, which facilitate ammonia disposal

through the urea cycle [31].

Uribe et al. [32] demonstrated improvement in mental

state, number connection test times, and electroencephalo-

grams for patients with mild chronic hepatic encephalopathy

on vegetable protein diet monotherapy compared with those

on animal protein diets plus neomycin. In another controlled

study, Bianchi et al. [33] enrolled patients with chronic

hepatic encephalopathy despite being on maximum lactu-

lose therapy and randomized them into two groups with

equal caloric and equal nitrogenous diets for seven days.

Improved nitrogen balance, reduced serum ammonia, and

improved clinical grading and psychometric testing were

observed for the group consuming vegetable protein.

As already mentioned, studies have demonstrated that a

large proportion of cirrhotic patients can tolerate a high

protein intake without induction or exacerbation of hepatic

encephalopathy. However, it is also recognized that a

subset of cirrhotics is protein-intolerant [34]. Gheorghe

et al. [35] demonstrated that 80 % of patients with hepatic

encephalopathy were able to tolerate a high-calorie, high-

casein-vegetable-based diet without further deterioration of

mental status. However, 31 of the 122 enrolled patients

required a brief course of protein restriction to 0.5 g/kg/

day, and clinical improvement of their encephalopathy was

subsequently observed for nearly 70 % of those patients.

A recent consensus statement from the International

Society for Hepatic Encephalopathy and Nitrogen Metab-

olism recommends that patients with recurrent or persistent

hepatic encephalopathy should consume a diet low in

animal protein and rich in vegetable protein [20]. Typi-

cally, 30–40 g vegetable protein per day can usually be

achieved, because higher levels may cause significant

diarrhea and abdominal bloating, which may become

intolerable for patients. However, it is important to rec-

ognize that, despite use of vegetable-based protein for

patients with treatment-resistant hepatic encephalopathy, a

subset of cirrhotics with acute encephalopathy might still

benefit from a brief period of protein restriction.

Branched-chain amino acids

The branched-chain amino acids (valine, leucine, and iso-

leucine) are essential amino acids which are metabolized

by the skeletal muscle rather than by the liver. Plasma

branched-chain amino acids are reduced in cirrhotics,

whereas concentrations of aromatic amino acids, for

example phenylalanine and tyrosine, are increased [36]. It

has been postulated that the aromatic amino acids would

flood the central nervous system, because aromatic amino

acids and branched-chain amino acids compete for the

same transporter to cross the blood brain barrier [37].

These imbalances between the aromatic amino acids and

branched-chain amino acids result from a combination of

poor hepatic function, portal-systemic shunting, hyperam-

monemia, hyperinsulinemia, and hyperglucagonemia [20].

In a multicenter study from Italy, Marchesini et al. [38]

recruited patients with chronic hepatic encephalopathy

confirmed by psychometric testing. Patients were ran-

domized to either receiving branched-chain amino acids or

placebo for eight weeks. At the end of the study, the group

that received branched-chain amino acids had a statistically

significant improvement in psychometric testing. A Coch-

rane review of 11 controlled studies, totaling 556 patients,

suggests that supplements containing branched-chain acids

favorably affect hepatic encephalopathy but have no effect

on mortality [39]. However, in a randomized control study

of 116 cirrhotics, branched-chain amino acids failed to

prevent recurrent hepatic encephalopathy although they did

result in improvement of muscle mass [40].

On the basis of the current literature it seems that among

cirrhotics who are protein-intolerant, reducing the level of

protein intake and supplementing with branched-chain

amino acids may maintain lean body mass without aggra-

vating hepatic encephalopathy. However, branched-chain

amino acids should not be routinely used for patients with

cirrhosis because they do not seem to improve overall

mortality.

Conclusions

Malnutrition has been described for up to 60 % of cirrhotic

patients. Malnutrition among cirrhotics has been associated

with multiple complications including variceal bleeding,

refractory ascites, spontaneous bacterial peritonitis, and

hepatorenal syndrome [2]. Malnutrition is also associated

with poorer prognosis among this patient population [41].

Since the late nineteenth century, protein restriction has

been shown to improve hepatic encephalopathy. Emerging
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clinical evidence suggests that a large a proportion of cir-

rhotic patients may tolerate a normal level of protein

intake. However, approximately one third of cirrhotics with

hepatic encephalopathy are protein-intolerant. In the subset

of patients who are protein-intolerant, a short trial of pro-

tein restriction for a few days may ameliorate their hepatic

encephalopathy without significant loss of total body pro-

tein turnover. Also, for patients with chronic hepatic

encephalopathy who have worsening symptoms on a high-

protein diet, substitution of nitrogen sources (i.e., vegetable

protein or branched-chain amino acids) should be consid-

ered. Future studies are necessary to identify which group

of cirrhotics would benefit from early protein restriction

and the maximum duration for which these patients can

undergo protein restriction.

In conclusion, among cirrhotics with hepatic encepha-

lopathy, modulation of normal protein intake must take

into account the patient’s hepatic reserve, severity of

hepatic encephalopathy, and current nutritional status.

Protein restriction, particularly protein from animal sour-

ces, should be a considered for patients with acute or

chronic hepatic encephalopathy for whom other treatment

modalities have failed to completely control symptoms.

Compliance with ethical requirements and Conflict of inter-
est This article does not contain any studies with human or animal

subjects by any of the authors.
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