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ABSTRACT

Protein intake has a key role in liver cirrhosis in older adults.
However, types and amounts of protein intake in cirrhosis have
been controversial. The aim of this paper is to investigate the
optimal protein intake for management of cirrhosis and prevention
of hepatic encephalopathy in older adults. Protein restriction of 0.6
g/kg/d has traditionally been used as medical nutrition therapy in
liver cirrhosis. However, recent evidence has shown that protein
restrictions have many negative consequences for older adults with
cirrhosis. Current research indicates protein intakes of 1.2-1.5 g/
kg/d in liver cirrhosis; however, many older adults do not consume
this amount. Strategies to help increase protein intake and manage
cirrhosis include ensuring adequate protein at every meal through
either regular intake or supplementation, protein supplementation
prior to bedtime or overnight, and supplementation with branched-
chain amino acids. An emphasis on vegetable protein versus animal
protein is probably not an advantageous treatment option because
of lack of conclusive evidence regarding benefits and potential
negative side effects.

© 2015 ACT. All rights reserved.

Key words: Liver cirrhosis; Dietary Protein; Aged

© 2015 ACT. All rights reserved.

Tiames J, Logomarsino JV. Protein Recommendations for Older
Adults with Cirrhosis: A Review. Journal of Gastroenterology and
Hepatology Research 2015; 4(4): 1546-1556 Available from: URL:
http://www.ghrnet.org/index.php/joghr/article/view/1014

INTRODUCTION

Nutrition management is a critical component of managing cirrhosis.
Poor nutritional status in cirrhosis is strongly associated with life-
threatening complications, deterioration of liver function, and
decreased survival™?. This is especially true in older adults that
are already at greater risk of malnutrition, poor quality of life, and
increased morbidity and mortality™. Due to the fact that nutrition
plays such a critical role in cirrhosis and older adulthood, it would
seem that protein intake would be encouraged. However, this has not
always been the case.

Types and amounts of protein intake in cirrhosis have long been
debated with various recommendations. A review completed in 2013
by Bauer ef al'” specifically addressed protein needs in both healthy
older adults and particular acute and chronic diseases; however
cirthosis was not addressed'®. The aim of this paper is to review the
different protein recommendations for management of cirrhosis and
prevention of hepatic encephalopathy in older adults. A literature
search was conducted in PubMed and CINAHL using the search terms
dietary protein, older adults, liver cirrhosis, hepatic encephalopathy,
sarcopenia, nutrition, and age 65+. Studies were considered for
inclusion if they were written in English and had relevant applications
to older adults with cirrhosis. Additional publications were identified
by searching through the reference lists of retrieved articles.

Development of cirrhosis in older adults

In 2010, chronic liver disease was the fifth leading cause of death in
men for all age groups in the United States™; in 1989 it was the ninth
leading cause of death™, suggesting an overall increase in prevalence.
In addition, the most rapidly increasing population of patients with
cirrhosis is over the age of fifty"”. This is not surprising given the fact
that many characteristics of old age lend themselves to development



and progression of chronic liver disease and cirrhosis.

There are several different factors that naturally occur in older
adulthood that help contribute to the development of chronic liver
disease and cirrhosis. After reaching maximum size in early adulthood,
the liver steadily decreases in both size and the amount of blood flow
it receives, leading to decreased function and efficiency over time!'”.
Also, increased ammonia production and bacterial overgrowth are
common in older adulthood, both of which are thought to play a key
role in development of hepatic encephalopathy". Older adults tend
to have chronic constipation, intestinal dysmotility, and increased
colonic transit time, which predisposes them to increased ammonia
production"”. Finally, older adulthood is associated with a higher
incidence of diabetes, which is strongly correlated to progression of
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liver cirrhosis!™.

Pathogenesis of malnutrition in older adults with cirrhosis

It is estimated that 20% of patients with compensated cirrhosis and
60% of patients with decompensated cirrhosis have malnutrition™. In
older adults, protein energy malnutrition is associated with high health
care costs, increased frequency of infection and bedsores, increased
morbidity and mortality, and poor physical functioning™”. In canine
trials, poor nutritional status has been shown to encourage the
development of hepatic encephalopathy”. In addition, malnutrition
in cirrhosis is positively associated with old age"*. Multiple factors
help contribute to the development of malnutrition in older adults with
cirrhosis, including inadequate intake, altered absorption, sarcopenia,
and altered metabolism. All causes must be explored and taken into
consideration when developing treatment and prevention strategies.

In older adults, food intake naturally decreases over time!'®,
which promotes the development of malnutrition. Other reasons for
decreased intake in both older adults and patient with cirrhosis include
anorexia, early satiety secondary to ascites or increased leptin, altered
mental status, unpalatable diets, physical dependence, polypharmacy,
altered taste perceptions, and inadequate nutrient intake during
treatments or testing™*'*',

Altered absorption is another factor that encourages development
of malnutrition. In cirrhosis, it is caused by small bowel bacterial
overgrowth, imbalance of gut microflora, impaired pancreatic
exocrine function, portosystemic shunting, bile acid deficiency, and
competition with medications"**"". One study that examined the fecal
content of patients with cirrhosis and healthy controls found evidence
of impaired fatty acid metabolism, which may further contribute to
malabsorption!™. Furthermore, reduction of gastric acid and atrophic
gastritis are both common in older adults and can further contribute
to malabsorption, especially if they are precipitated by bacterial
overgrowth™,

Altered metabolism is another major contributing factor in the
development of malnutrition in cirrhosis. One of the main features
of cirrhosis is insulin resistance. Insulin resistance leads to decreased
glucose disposal and glycogen formation and thus overall diminished
hepatic and muscle glycogen stores. This leads to increased fat
oxidation and gluconeogenesis with protein catabolism from muscle
for energy use. There is also an overall loss of protein from reduced
synthesis of urea and hepatic proteins, as well as increased urinary
nitrogen excretion”"***", Furthermore, it has been shown that healthy
patients require 3 days of fasting to enter a starvation state whereas
patients with cirrhosis will switch to gluconeogenesis from amino
acids after only an overnight fast™.

Sarcopenia, or loss of skeletal muscle mass, is the most common
complication in cirrhosis and is thought to be a major contributor
to the development of malnutrition in cirrhosis””. Development of
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sarcopenia is accelerated by physical inactivity and inadequate protein
intake, both of which are common in cirrhosis and older adults®”. It
has been shown that 7.2-8.6% of older adult women consume protein
levels below 0.66 g/kg/d and approximately 10-25% of older adults
consume less than the recommended dietary allowance of protein of
0.8 g/kg/d”". After the age of 50 there is a 1% loss of muscle mass per
year”. In addition, decreased physical activity and bed rest associated
with hospitalization are very common in older adulthood and cirrhosis
and contribute to loss of muscle mass"™”. Loss of lean tissue in healthy
older adults during bed rest far exceeds the losses experienced by
younger adults®™. In cirrhosis as in older adults, skeletal muscle
protein synthesis is decreased and impaired compared to younger
healthy individuals, whereas total muscle protein breakdown is
increased, further contributing to decreased muscle mass'*'®.
Hypermetabolism does not occur in every case of cirrhosis,
but it has been shown to occur in 16-34% of cases, which further
contributes to malnutrition"”"®. Furthermore, increased protein is
required to offset inflammatory and catabolic conditions associated
with chronic and acute diseases””, and inflammation has been noted
in patients with even minimal hepatic encephalopathy™. Experts
currently recommend protein intakes of 1.2-1.5 g/kg/day to maintain
muscle mass and physical functioning in older adults®”. However, this
recommendation is contradictory to the protein restrictions that have
been common in treatment of cirrhosis and hepatic encephalopathy.

PROTEIN RESTRICTIONS AS A TREATMENT
AND PREVENTION STRATEGY IN CIRRHOSIS

Protein restrictions in cirrhosis to prevent and manage hepatic
encephalopathy (HE) have been commonplace for more than half a
century. In 1893, it was observed that dogs with porto-caval shunts
developed neurological symptoms after eating meat. In the 1930s,
the same types of dogs were noted to improve when fed bread and
milk instead of meat™. In the mid-20th century, protein restriction
was found to decrease HE in patients with surgical creation of a
portosystemic shunt. The theory was that decreased protein intake
led to decreased ammonia productions and therefore less HE. The
practice was then expanded to all patients with cirrhosis, with or
without HE®Y. A study in 2006 indicated that 58% of dietitians
continue to restrict dietary protein and 64% received requests for
inappropriate protein restrictions for patients with HEP*\. Even
though there is plenty of observational data to support the theory that
protein is harmful in HE, results from experimental data suggested
that this is not case. In fact, since the 1970’s, a significant amount
of research has shown protein restrictions can be detrimental in HE,
especially in older adults.

Effects of protein restrictions on progression of liver disease

Since the 1970’s, multiple studies have been done that have proven
that protein restriction is not beneficial in HE; a summary of
these studies can be found in table 1%****). As far back as 1977,
Greenberger et al™ described a case of one woman with chronic
HE who tolerated up to 90 g of vegetable protein and up to 70 g of a
combination of animal and vegetable protein with no adverse effects
on her clinical status®. The study itself had multiple flaws, including
the fact that it had only 3 subjects, but the fact that this women was
able to tolerate such a large amount of protein was unheard of at the
time. In the 1980’s, 4 studies were completed that demonstrated that
up to 78 g of protein (1.5 g/kg/day) is well tolerated. Compared to
control groups consuming 40 g of protein, the higher intake of protein
did not result in increased progression of liver failure or incidence
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of HE™*", Similar studies continued in the 1990’s, showing that
higher amounts of protein intake do not lead to worsening of hepatic
encephalopathy™"**1. In 2004 and 2005, two more studies were
done to completely remove any doubt as to whether or not dietary
protein is harmful in HE. In 2004, Cordoba et al*”! provided enteral
nutrition to cirrhotic patients with chronic HE. The first group
followed the same protein restricted requirements that have been
commonplace for decades (0g for 3 days, then gradually increased
every 3 days up to 1.2 g/kg/d) while the second group received 1.2
g protein/kg/day throughout the study. No significant differences in
course of HE between the two groups were noted. On the second day,
protein breakdown was exacerbated in the first group. No difference
in protein breakdown was noted at the end of study when dietary
protein content was the same'. Although the study only included
21 subjects, the results helped to strengthen the theory that increased
protein intake is safe and could even be beneficial in preventing
protein catabolism. In 2005, Gheorghe et al**! provided 153 stable
patients with overt HE a diet of vegetable and milk proteins at 30
kcal/kg and 1.2 g protein/kg/day. Results of the study showed that
79.7% of all patients showed improvement in mental status, while
patients with severe impairment showed the most improvement. All
patients showed decreases in blood ammonia level, regardless of
tolerance to diet. Also, because of the high fiber content of the diet,
67% of patients were able to either decrease or discontinue their
lactulose regimen!. For the last four decades, an overwhelming
amount of evidence has come out indicating that protein restrictions
are not beneficial in preventing development of HE in liver cirrhosis.
Moreover, restricting protein has been shown to cause many negative
consequences in older adults with cirrhosis.

Negative consequences of protein restrictions in older adults with
cirrhosis

Protein restrictions in cirrhosis may lead to negative consequences,
including higher rates of malnutrition, muscle wasting, and increased
serum ammonia levels. This is especially concerning in older adults
with cirrhosis who are already at increased risk of malnutrition.
Bunout ez al”” demonstrated that at a protein intake of 40 g/day,
an individual is in negative nitrogen balance. Negative nitrogen
balance can lead to muscle wasting'”, which has been noted to

27 As the muscle

be in up to one-third of patients with cirrhosis
is broken down it releases more ammonia into the body from the
skeletal muscle™. Moreover, because ammonia is metabolized in
the skeletal muscle, the less muscle that is available means higher
amounts of ammonia remain circulating in the body. Also, protein-
restricted diets are considered unpalatable and difficult for the patient
to maintain, which may contribute to poor intake. In fact, in one
study, 4 of the 6 participants were found to be consuming 60-77 g
protein/day, well above their prescribed 40 g/day””. Overall, low
protein intake has been shown to be associated with worsening of
hepatic encephalopathy while a higher protein intake correlates with
improvement in clinical status”’. Since the 1950’s, more research
has come out to demonstrate that factors other than ammonia may
be responsible for the development of HE, indicating there is a low
correlation between plasma ammonia and HE". In light of this
overwhelming evidence, it is clear that protein restrictions are no
longer a useful or safe practice in the treatment of cirrhosis or HE.

BENEFITS OF INCREASED PROTEIN INTAKE
IN OLDER ADULTS WITH CIRRHOSIS

Multiple studies have shown benefits to increasing protein intake in
older adults, especially those with liver cirrhosis. The Recommended
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Dietary Allowance (RDA) for protein in older adults is 0.8 g/kg.
However, this amount has been shown to only prevent deficiency.
Furthermore, it is the same as the RDA for younger adults and
does not take into account changes that occur with aging including
reduced muscle mass, increased fat mass, changes in food intake and
physical activity, and more-frequent illness'™. Higher protein intake
in older adults has been associated with reduced risk of strength loss
and incident frailty™. Also, women aged 60 and older with protein
intakes of 1.2-1.76 g/kg/day tended to have fewer health problems
than those with protein intakes of <0.8 g/kg/day™. General protein
supplementation in bed rest studies has shown further evidence of
the benefits of increased protein intake. Studies that did show benefit
from protein supplementation had baseline diets of 0.6-0.8 g/kg/d and
increased the protein given to 1-1.4 g/kg/d during the experimental
phase. Studies with no benefit had baseline diet already at 1.0-1.2,
further supporting the theory that an increased protein intake has a
positive impact on older adults™. While it is evident that increased
protein intake has a beneficial effect on older adults in general, the
same may also hold true for individuals with liver cirrhosis.

Multiple benefits have been shown with cirrhotic patients
consuming increased amounts of protein. Patients with a positive
nitrogen balance, as a result of consuming 60-80 g of protein, saw
their physical condition improve™”. At protein intakes of 1-1.8 g/
kg/day, improved liver function has been noted™ and at protein
intakes of 1.5 g/kg, subjects improved more rapidly compared to a
control group that consumed only 0.7 g/kg/d®". Gheorghe et al™*’
has also demonstrated that at intakes of 1.2 g/kg/day, 79.7% of all
patients showed improvement in mental status and decreases in blood
ammonia level, regardless of tolerance to diet. Also, because of the
high fiber content of the diet, 67% of patients were able to either
decrease or discontinue their lactulose regimen™”. Finally, a meta-
analysis of studies providing either oral or intravenous nutrition
supplementation showed either improvement or resolution of hepatic
encephalopathy compared to standard hospital diet”". Although the
meta-analysis only focused on patients with alcoholic hepatitis and
did not include age information, it included 262 subjects and did not
result in any negative outcomes, suggesting the possibility of being
beneficial in all types of liver disease and all age groups.

VEGETABLE VERSUS ANIMAL PROTEIN AS A
TREATMENT AND PREVENTION STRATEGY IN
CIRRHOSIS

Another treatment option that is popular in cirrhosis and hepatic
encephalopathy is the focus of more vegetable protein and less animal
protein. Mercaptans are by-products of methionine metabolism and
are thought to contribute to development of HE in cirrhotic patients.
It has been shown that vegetable proteins have significantly less
methionine than animal protein”®. Vegetable proteins also have the
benefit of having a higher fiber content, which causes decreased transit
time and fecal ammonia excretion. Plasma arginine and citrulline
concentrations are also higher in vegetable protein which facilitates
ammonia removal via the Krebs-Henseleit cycle™. It is because of
these factors that some studies have examined whether vegetable
proteins are better tolerated in HE than animal proteins.
Unfortunately, only a few inconclusive studies have examined
animal protein versus vegetable protein in cirrhosis. To date, only 7
studies have been completed that examined vegetable protein versus
animal protein and their effects on hepatic encephalopathy®**”*"*>*.
Six of the studies showed positive results on vegetable protein,
including improved HE, improved mental status, larger bowel



movements, EEG improvements, a trend toward positive nitrogen
balance, improved branched-chain amino acid to aromatic amino acid
ratio, lower urine nitrogen concentrations, and lower plasma ammonia
levels™®”**** One of the studies showed no significant differences
in grade of HE, nitrogen balance, or plasma amino acids”™”. However,
all of the studies included a very small sample size (N=3-8), and the
characteristics of the studies varied widely, making it difficult to draw
strong conclusions. Moreover, in each of the studies, the average age
of the participants was less than 60, making it impossible to draw
conclusions as to the effect of vegetable protein on older adults.
A more recent study was completed by Gheorghe ef a/™* in 2005.
It did not compare vegetable protein versus animal protein, but 153
subjects, average age of 54, were provided with a vegetable protein
diet comprised of 75 g protein, or 1.2 g/kg/d. The majority of patients
showed improvements in mental status, decreases in blood ammonia
level, and decreased or discontinued lactulose regimen“‘”. However,
the positive results could be attributed to the higher protein content of
the diet and not necessarily the vegetable protein alone.

In addition to lack of conclusive evidence relating to the benefit of
vegetable protein diets in HE, there is some evidence that they may be
contraindicated and unfavorable, especially with older adults. Diets
high in vegetable protein are notoriously high in fiber, which can cause
abdominal discomfort, bloating, and flatulence. In fact, many of the
study participants had low levels of compliance due to these negative
side effects. In addition, older patients that already struggle with
decreased intake overall due to early satiety would be at a disadvantage
because the high fiber content would cause delayed gastric emptying
and in turn decreased appetite™. In a study of healthy older women,
animal protein intake was able to predict muscle mass index, but the
vegetable protein was not”. Vegetable proteins are high in branched-
chain amino acids (BCAA). However, a high protein diet with a focus
on vegetable protein has been shown to lead to a decreased BCAA/
aromatic amino acid (AAA) ratio and increased plasma AAAP”.
Finally, a diet high in fiber can potentially lead to decreased absorption
of nitrogen™, thus potentially exacerbating a diminished nutritional
status. Due to lack of conclusive evidence regarding the benefits of
vegetable protein and the potential negative side effects, vegetable
protein is not an advantageous treatment option in HE.

STRATEGIES TO INCREASE PROTEIN INTAKE
IN OLDER ADULTS WITH CIRRHOSIS

Due to the altered metabolism seen in cirrhosis, simply increasing
calorie intake is not adequate enough to improve a patient’s
nutritional status. Moreover, excessive calories may confer negative
consequences on glycemic control, obesity rates, and steatosis”". It is
evident that increased protein intake is effective at managing cirrhosis,
preventing complications of cirrhosis, and beneficial in preserving
muscle mass and strength in older adults. Additionally, increased
protein intake would bypass the potential complications seen with
increased energy intake alone. Several different strategies have been
explored as options to increase protein and amino acid intake in both
older adults and cirrhosis.

Minimum Protein Intake at Every Meal

Different researchers have theorized whether giving a certain
minimum amount, or threshold, of protein at each meal could be
beneficial to maintaining muscle mass. It has been shown that older
adults require 25-40 g protein/meal to maximally stimulate muscle
protein synthesis™ *”. Additionally, research has shown that nonfrail
elderly individuals tend to have a more even protein distribution
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across daily meals, whereas frail and prefrail individuals tend to skew
their protein intake toward noon meal while consuming significantly
less at other meals. Both of these factors help support the theory
that a threshold amount of protein at each meal could be beneficial
to maintaining muscle mass. So far, research has yielded conflicting
results as to whether this theory is true or not. Mamerow et al'”
showed that when protein was evenly distributed across all 3 meals
compared to skewed toward the evening meal in healthy adults,
muscle protein synthesis was 25% higher. In addition, they also
demonstrated that muscle protein synthesis was approximately 30%
higher in the breakfast meal that contained 30 g protein compared to
the breakfast that contained 10 g protein™.

Although there has been some research that supports this theory,
there has been some that contradicts it. In a study completed by

Bouillane et al'”

, elderly hospitalized subjects were given a diet
of either even protein distribution of approximately 21.2 g/meal
or a skewed diet with protein intake ranging from 10-47.8 g. The
patients on the skewed diet had significant improvements in lean
mass compared to an even distribution diet®™. However, as noted
by Paddon-Jones et al™, the even distribution diet was less than the
suggested protein threshold of 25-30 g of protein, and most likely
did not provide an adequate amount of amino acids to promote
muscle synthesis. Although, the skewed diet did contain one meal
that was well above the threshold which would have been sufficient
to encourage muscle synthesis™. Another study that had opposing
results to this theory was a study completed by Amal et al™ in 1999.
Fifteen healthy, elderly women were given either a diet comprised
of an even distribution of protein at every meal (20-32 g/meal), or
a skewed protein distribution with a significantly higher amount of
protein at the noon meal (8-83 g/meal). The individuals on the skewed
protein diet exhibited more positive nitrogen balance, higher protein
rates, and higher rates of protein synthesis compared to the evenly
distributed protein diet. The evenly distributed protein diet did reach
the protein threshold for 2 of the daily meals and the overall protein
intake was 1.7 g/kg/d, indicating that the subjects had more than
adequate protein intake™”.

Even though there are some contradictory results, providing
minimum protein at every meal should not be ruled out as a potential
treatment option. Possible explanations for differences in results
of these studies could be explained by differences in study design,
number of subjects, and ages of the subjects. Additionally, all of these
studies only examined the short term-benefits of protein distribution,
leaving the question of potential long term benefits unanswered.
Although none of these studies explored the benefit of protein
threshold at meals in patients with cirrhosis, their subjects did have
very similar characteristics to those of patients with cirrhosis. Results
of the studies and a lack of negative outcomes indicate that providing
a minimum amount of protein at every meal would be worthwhile to
explore in older adults with cirrhosis, especially studies that look at
long term benefits.

Timing of Protein Supplementation

One strategy that has been examined is different timing of protein
supplementations, specifically at breakfast and prior to bedtime. It
has been shown that elderly individuals tend to ingest only 5-10 g
protein at breakfast, which is far below the threshold, and may benefit
from additional protein supplementation at breakfast'*”
very few studies have specifically investigated the impact of protein

. However,
supplementation at breakfast in patients with cirrhosis. In a short-term

bed rest study, healthy older men were given a protein supplement of
20 g after breakfast and before sleep versus no supplement. Results
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showed no difference between the treatment group and control group
in terms of preserving muscle mass or strength. However, the subjects’
baseline diet was 1.0-1.1 g/kg. The average weight of the subjects was
81 kg, indicating they were already consuming 81-89 g/day, or 27-30 g/
meal. Additionally, the supplement provided only contained 20 g/meal,
below the threshold amount required to stimulate muscle synthesis in
older adults™. In another study of cirrhotic patients, average age of 56,
subjects were either provided with a 500 kcal and 21 g protein breakfast
or fasted. The subjects that consumed breakfast showed improvements
in overall cognitive function compared to the fasting group”™. Even
though the amount of protein provided at breakfast was slightly lower
than the proposed protein threshold for older adults, it was higher than
the amount typically consumed at breakfast in older adults, suggesting
benefit to increasing the amount of protein at breakfast. Although few
studies have been completed that examined protein supplementation
with breakfast, results are encouraging. However, much more research
is needed before all the benefits of protein intake at breakfast in older
adults with cirrhosis are known.

Another potential beneficial time for protein supplementation in
older adults with cirrhosis is at bedtime and overnight. Research
has shown that muscle protein synthesis rates are very low during
overnight sleep™”
hepatic glycogen depletion and impaired metabolism
studies have shown that protein supplementation given prior to and

, and overnight fasting in cirrhosis can lead to

181 Several

during sleep in healthy older adults resulted in substantial increases in
overnight rates of muscle protein synthesis™”. In one study completed
in 2012, healthy elderly men were provided with either casein protein
or a placebo via nasogastic tube while sleeping. Baseline diet for the
participants provided 0.9 g/kg/d; and the protein supplement provided
an additional 40 g of protein. The experimental group was noted
to have increases in plasma amino acid concentrations as well as
increases in overall protein synthesis compared to the control group.
The experimental group did report decreased hunger the morning
following protein administration, but this did not seem to affect

energy or protein intake at breakfast™”

, suggesting that nocturnal
supplementation may have little to no effect on nutrient intake during
the day. A recent review examined the effect of late evening snacks
in cirrhosis in both short and long-term studies. Composition of
the snacks varied, and included liquid dietary supplements, high-
carbohydrate foods, and branched-chain amino acid (BCAA)-enriched
supplements. Results regarding increases in skeletal muscle and
decreased mortality were inconclusive. However, positive benefits
were noted in improved fuel metabolism in short-term studies and
increases in lean body mass in long term studies. The review did
attempt to determine the optimal caloric intake of supplements,
but did not review protein content of the supplements or age of the
subjects””", making it difficult to draw conclusions regarding evening
supplementation in older adults. A summary of studies providing late
evening or overnight supplementation to older adults (average age
>60) with cirrhosis can be found in table 2. Of the 7 studies completed
to date, all showed various positive benefits including improvements
in nitrogen balance, ratio of branched chain to aromatic amino
acids, serum albumin, fuel metabolism, and quality of life scores
and decreases in serum ketone bodies and muscle cramps® 7%,
The majority of the studies lasted 3 months or less, with one being
12 months. One study compared a late-evening snack of branched-
chain amino acids versus regular food. Although both groups
showed improvements in quality of life scores, only the branched-
chain amino acid group showed any improvement in catabolic state,
nitrogen balance, or serum albumin, though the difference could be
explained by the lower amount of protein provided in the regular
food group. Even though all of the results were positive, it is worth
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noting that each study had at least one limitation within their study
design. Of particular importance is the fact that other than the studies
that provided branched-chain amino acids, the protein content of
the snacks was somewhat low (3.6-9 g), suggesting that some factor
other than the protein content was responsible for the positive results.
However, only one study reported a potential negative side effect of
some hypoglycemia if the snack was missed””. This indicates that,
overall, providing a late evening snack is safe and has positive effects
on older adults with liver cirrhosis. Therefore, it can be considered as
a worthwhile treatment option. Future research should focus on long-
term benefits, as well as standardization in study design, particularly
outcome measures.

Branched Chain Amino Acid Supplementation in Older Adults
with Cirrhosis

Supplementation with BCAAs is another treatment option in liver
cirrhosis, but study results have been conflicting. Branched-chain
amino acids are characteristically low in patients with liver cirrhosis
and strongly correlate with degree of hepatic encephalopathy (HE)"".
Additionally, postprandial stimulation of muscle protein synthesis is
triggered by availability of plasma amino acids, particularly leucine”.
Meta-analysis of the effect of branched-chain amino acids in liver
cirrhosis has been problematic due to conflicting results, differences
in study design, duration of treatment, and type of nutritional
supplement[m. A review of 11 randomized trials in 2009 revealed that
when only including studies of high quality (clearly stated generation
of allocation sequence, allocation concealment, and double blinding),
BCAA supplementations did not show any benefit in HE, survival,
or adverse events”™”. Gluud ez al™® completed a meta-analysis of 8
studies in 2013. It reviewed such a small number of studies because it
only included patients that had HE at baseline. The analysis revealed
that BCAA supplementation had a beneficial effect on reducing HE
manifestations. No difference was found regarding overall mortality,
albumin, or nitrogen balance™". Both of these reviews examined
BCAA in liver cirrhosis in general, but so far no reviews have
specifically examined BCAA in older adults with cirrhosis.

Table 3 provides a summary of all studies completed that examined
BCAA supplementation in older adults (average age >60) with liver
cirrhosis. Of the 9 studies completed to date, 7 showed improvements
in nitrogen balance, ratio of branched chain to aromatic amino acids,
serum albumin, fuel metabolism, quality of life scores, liver function,
muscle mass, and survival, as well as decreases in serum ketone

[72-75,83-85

bodies and muscle cramps 1. Two of the studies showed no

significant differences between the treatment group and the control
group”™*”; however, they both included very small sample sizes.
Additionally, one of the studies that showed no difference had a
baseline diet of only 40 g protein/day, suggesting that increased
protein of any kind is beneficial whether it comes from BCAA or
casein. Similar to the reviews previously completed, it is difficult
to draw strong conclusions due to the fact that several of the studies
had limitations including small sample sizes, short study durations,
different study protocols, and varying outcome measures. The main
drawback to using BCAA supplementation is its high cost and poor
taste. However, none of the studies have reported any toxicity or
adverse events, suggesting that supplementation with BCAA is safe
in advanced liver disease”. Many questions are still unanswered
in regards to BCAA supplementation in liver cirrhosis, including its
mechanism and exact benefits. Nevertheless, its overall safety, as well
as promising results from previous studies, indicate it is worthwhile
to continue exploring in future research. Future research with BCAA
would benefit from larger sample sizes, longer study durations, and
more standardization between the control group and treatment groups.
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CONCLUSION

Protein intake has a key role to play in the prevention and
management of liver cirrhosis in older adults. Overwhelming evidence
has shown that protein-restricted diets do not confer any benefit to
patients with cirrhosis and have negative side effects, especially in
older adults. The evidence is inconclusive as to vegetable protein
being superior to animal protein. Additionally, a diet comprised of
vegetable protein may be contraindicated as well as unrealistic to
maintain in cirrhosis. The evidence points to the fact that BCAAs may
be beneficial in liver cirrhosis, but much more research is needed to
determine the mechanism behind their benefits and further validate
studies that have already been completed. The most promising
strategies are ensuring adequate protein at every meal, through either
regular intake or supplementation, and protein supplementation prior
to bedtime or overnight.
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