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Changes in the Body Composition and Nutritional Status
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Akito Iwanaga, Terasu Honma and Toshiaki Yoshida

Abstract:
Objective Rifaximin has become available for treating hyperammonemia in patients with hepatic encephalo-

pathy. This study analyzed the changes in the body composition and nutritional status after long-term rifaxi-

min therapy.

Methods Twenty-one patients who underwent rifaximin therapy at 1,200 mg/day for more than 24 weeks

were evaluated for the changes in the controlling nutritional status (CONUT) scores for the nutritional assess-

ment, albumin-bilirubin (ALBI) scores for the liver function assessment, and skeletal muscle index (SMI) for

the body composition assessment.

Results There were 17 men and 4 women, with a mean age of 67.14±8.32 years. Eleven cases had a porto-

systemic shunt (52.3%), and 10 had hepatocellular carcinoma (47.6%). The Child-Pugh class was A in 9

cases (42.9%), B in 9 cases (42.9%), and C in 3 cases (14.2%). The blood ammonia levels in the rifaximin

group improved significantly upon rifaximin therapy, from 124.76±28.68 μg/dL at baseline to 47.00±14.43

μg/dL after 2 weeks (p<0.001) and 49.81±15.02 μg/dL after 24 weeks (p<0.001). The CONUT scores im-

proved significantly during rifaximin therapy, from 6.47±3.25 at baseline to 3.33±2.65 after 24 weeks (p=

0.0007). The ALBI scores also improved significantly from -0.39±1.89 at baseline to -2.20±0.55 after 24

weeks (p=0.0002). The SMI scores showed that the body composition had been maintained in response to ri-

faximin therapy (50.20±7.67 at baseline and 51.29±7.62 after 24 weeks).

Conclusion Rifaximin administration for hepatic encephalopathy improved the CONUT and ALBI scores. It

may have a secondary effect on the improvement in the nutritional status and hepatic reserve.
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Introduction

The risk of the first bout of overt hepatic encephalopathy

is 5% to 25% within the first 5 years after a cirrhosis diag-

nosis, depending on the presence of risk factors (1). It mani-

fests with atypical psychoneurotic symptoms and produces

various alterations in consciousness, from mild symptoms to

a coma (2). Hepatic encephalopathy is known to be one of

the factors leading to a poor patient prognosis (3). Improv-

ing hepatic encephalopathy is of crucial importance to man-

aging cirrhosis.

Rifaximin is a poorly absorbable oral antibiotic that has a

broad spectrum of activity with infrequent bacterial resis-

tance (4). Rifaximin has been used for the treatment of he-

patic encephalopathy in many countries (5). In Japan, rifaxi-

min (RifximaⓇ; ASKA Pharmaceutical, Tokyo, Japan) has

been available since November 2016, based on the data on

its safety and efficacy for improving hyperammonemia in

Japanese patients with hepatic encephalopathy (6). However,

the safety and efficacy of long-term rifaximin administration

in Japanese patients remains to be elucidated. Malnutrition
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Table　1.　Characteristics of 21 Patients with Hepatic 
Encephalopathy.

Variable Data

Age (years) 67.14±8.32

Gender (male:female) 17:4

Body mass index 23.92±3.67

Etiology (HBV/HCV/Alc/NASH/PBC) 5/7/5/3/1

AST (IU/L) 37.95±21.78

ALT (IU/L) 27.14±15.79

Albumin (g/dL) 3.52±0.58

Total bilirubin (mg/dL) 1.13±0.55

Ammonia (mg/dL) 124.76±28.67

Child-Pugh score 7.19±1.53

ALBI score -0.39±1.89

CONUT score 6.47±3.25

Fib-4 index 3.99±1.17

M2BPGi 3.66±3.08

History of hepatocellular carcinoma 10:11

Portosystemic shunts 11:10

HCV: hepatitis C virus, HBV: hepatitis B virus, Alc: alcohol abuse, 

NASH: nonalcoholic steatohepatitis, PBC: primary biliary cholan-

gitis, AST: aspartate aminotransaminase, ALT: alanine aminotrans-

aminase, ALBI: Albumin-Bilirubin, CONUT: controlling nutritional 

status, Fib-4: fibrosis 4, M2BPGi: Mac-2 binding protein glycan 

isomer

in patients with hepatic encephalopathy associated with cir-

rhosis is also a factor reportedly contributing to a poor prog-

nosis (7).

In the present study, we therefore investigated the safety

and efficacy of 24-week long-term rifaximin therapy for hy-

perammonemia in Japanese patients with hepatic encephalo-

pathy associated with cirrhosis and explored whether or not

the therapy was secondarily involved in changes to the nutri-

tional status and body composition.

Materials and Methods

Patients

Of 87 Japanese patients who received rifaximin at our

hospital between November 2016 and December 2019, there

were 21 long-term administration cases that met all of the

selection criteria and none of the exclusion criteria.

These cases were studied retrospectively. The selection

criteria were as follows: 1) having cirrhosis or a portosys-

temic shunt and 2) having a hepatic encephalopathy at the

start of rifaximin treatment. The exclusion criteria were as

follows: 1) acute hepatic failure, 2) a dosage period of less

than 24 weeks, 3) hyperammonemia with serum ammonia �
80 μg/dL at the start of rifaximin, 4) no serum ammonia as-

sessment conducted prior to rifaximin therapy, 5) a dosage

of <1,200 mg/day at the start of rifaximin administration, 6)

no computed tomography performed during follow-up obser-

vation, 7) additional treatment for hepatic encephalopathy

and sarcopenia and the liver reserve during follow-up obser-

vation, and 8) the recurrence of hepatocellular carcinoma

during follow-up.

Rifaximin (1,200 mg/day) was administered orally after

each meal, with administration being continued until the

progression of the underlying disease made oral ingestion

impossible.

Analyses included changes in blood ammonia levels at the

start of rifaximin therapy, 2 weeks later, and 24 weeks later

as well as changes in the albumin-bilirubin (ALBI)

score (8), controlling nutritional status (CONUT) score (9),

fibrosis 4 (Fib-4) index (10), and CT findings at the start

and 24 weeks later.

The skeletal muscle index (SMI) at the L3 vertebral level

for body composition were measured by cross-sectional

enhanced-CT (Aquilion ONE; Toshiba Medical Systems, To-

kyo, Japan). The SMI was determined using the SYNAPSE

VINCENT V3.3 software program (Fuji Film Medical, To-

kyo, Japan) that enables specific tissue demarcation using

previously reported Hounsfield unit (HU) thresholds. The

skeletal muscle mass was normalized to the height (m2) and

expressed as the SMI (cm2/m2). Using these values for the

SMI, muscle depletion was defined as <42 cm2/m2 in men

and <38 cm2/m2 in women, in accordance with the Japan

Society of Hepatology (JSH) criteria (11).

The present study was approved by our hospital’s ethics

committee. Each patient was offered the opportunity to de-

cline to participate in the study via an opt-out option.

Statistical analyses

Fisher’s exact test or the Kruskal-Wallis exact test was

used to compare categorical variables, and the Mann-

Whitney U test was used to compare the median values of

continuous variables. Wilcoxon’s signed-rank test was used

to compare paired continuous variables. Statistical compari-

sons were performed using the EZR software program (12),

and p values of <0.05 by a two-tailed test were considered

statistically significant.

Results

The patient characteristics are outlined in Table 1. There

were 17 men and 4 women, with a mean age of 67.14±8.32

years. The causes of liver cirrhosis were hepatitis C virus

antibody-positive (HCV) in seven cases, hepatitis B virus

antigen positive (HBV) in five cases, alcohol abuse in five

cases, nonalcoholic steatohepatitis (NASH) in three cases,

and primary biliary cholangitis (PBC) in one case. Eleven

cases had a portosystemic shunt (52.3%), and 10 had hepa-

tocellular carcinoma (47.6%).

The Child-Pugh score was 7.19±1.53, and the Child-Pugh

class was A in 9 cases (42.9%), B in 9 cases (42.9%), and

C in 3 cases (14.2%), with an ALBI score of -0.39±1.89

and an ALBI grade of 1 in 2 cases (9.5%), 2 in 6 cases

(28.6%), and 3 in 13 cases (61.9%). The concomitant medi-

cations during rifaximin administration were branched-chain

amino acid preparations in 19 cases (90.1%), carnitine
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Figure.　Changes in serum ammonia levels after rifaximin ini-
tiation. The ammonia levels improved significantly post-rifaxi-
min therapy, from 124.76±28.68 μg/dL at baseline to 
47.00±14.43 μg/dL and 49.81±15.02 μg/dL after 2 weeks and 
after 24 weeks, respectively (p<0.001). A statistically significant 
difference was observed between the blood concentrations of 
ammonia at baseline and after 2 weeks (p<0.001).

Table　2.　Concomitant Oral Medications 
during Rifaximin Treatment.

Variables n=21

Oral branched-chain amino acid 19 (90.1%)

Synthetic disaccharides 19 (90.1%)

Carnitine 15 (71.4%)

Zinc supplementation  2 (9.5%)

Proton pump inhibitor  5 (23.8%)

Diuretics  4 (19.0%)

Table　3.　Changes in Body Composition, Clinical Data and 
Nutritional Status after Administration of Rifaximin.

Categories Baseline Post 24Week p value

SMI 50.20±7.67 51.29±7.62 0.5228

AST (IU/L) 37.95±21.78 39.23±39.28 0.8122

ALT (IU/L) 27.14±15.79 27.67±18.87 0.8768

Albumin (g/dL) 3.52±0.58 3.53±0.52 0.8715

Total bilirubin (mg/dL) 1.13±0.55 1.31±0.31 0.4357

Child-Pugh score 7.19±1.53 6.71±1.70 0.0291

ALBI score -0.39±1.89 -2.20±0.55 0.0002

CONUT score 6.47±3.25 3.33±2.65 0.0007

Fib-4 index 3.99±1.17 3.98±1.19 0.9037

M2BPGi 3.66±3.08 3.53±2.62 0.7755

SMI: skeletal muscle index, AST: aspartate aminotransaminase, ALT: alanine 

aminotransaminase, ALBI: Albumin-Bilirubin, CONUT: controlling nutri-

tional status, Fib-4: fibrosis 4, M2BPGi: Mac-2 binding protein glycan isomer

preparations in 15 cases (71.4%), zinc preparations in 2

cases (9.5%), non-absorbable synthetic disaccharides in 19

cases (90.1%), and proton pump inhibitors in 5 cases

(23.8%), with diuretics used in 4 cases (19.0%) (Table 2).

The ammonia levels improved significantly after rifaximin

therapy, from 124.76±28.68 μg/dL at baseline to 47.00±

14.43 μg/dL after 2 weeks and 49.81±15.02 μg/dL after 24

weeks (p<0.001) (Figure).

The mean CONUT score, used for the nutritional assess-

ment, improved significantly from 6.47±3.25 at baseline to

3.33±2.65 after 24 weeks of therapy (p=0.0007). The mean

ALBI scores also improved significantly from -0.39±1.89 at

baseline to -2.20±0.55 after 24 weeks (p=0.0002) (Table 3).

The SMI that was used for the body composition analysis

did not show a significant difference but was relatively well

maintained (50.20±7.67 at baseline and 51.29±7.62 after 24

weeks).

In terms of adverse events from rifaximin, there was 1

case of grade 1 diarrhea (4.7%) and 1 case of grade 1 ab-

dominal pain (4.7%), both of which improved with conser-

vative treatment.

Discussion

Cirrhosis is a condition where progressive, chronic liver

damage causes long-term, repeated chronic inflammation as

well as hepatocyte destruction in the liver, resulting in the

development of highly fibrotic tissue and a hardened, atro-

phic liver (13). Clinically, it is classified into compensated

and decompensated stages. The compensated stage, where

the liver function has largely been maintained, is often as-

ymptomatic, whereas the decompensated stage that follows

may involve jaundice, edema, ascites, hepatic encephalopa-

thy, gastrointestinal bleeding associated with portal hyper-

tension, and other symptoms. Patients with cirrhosis have

experienced progressive liver damage over many years, often

resulting in chronic malnutrition that is caused by anorexia,

a decreased digestive absorption function, energy use restric-

tions based on liver damage, and increased basic energy

consumption. An especially prevalent problem is defective

protein metabolism associated with the decreased liver func-

tion, manifesting as protein-energy malnutrition (PEM) (14).

The presence of PEM in a patient with cirrhosis is reflective

of the severity not only of the malnutrition but also the liver

disease (15). Patients with cirrhosis are at a high risk nutri-

tionally, with their malnutrition having a decisive influence

on their prognosis. When patients with decompensated cir-

rhosis develop hepatic encephalopathy, their food intake also

suffers, causing their nutritional status to further deteriorate.

The mechanism underlying sarcopenia in patients with

liver cirrhosis is thus multifactorial and can include hy-

perammonemia (16). Hyperammonemia in skeletal muscle

induces transcriptional up-regulation of myostatin (17) and

increases autophagy (18), both of which contribute to sarco-

penia in patients with liver cirrhosis. Furthermore, it is re-

ported that ammonia-lowering therapy improved the skeletal

muscle phenotype, function, and molecular perturbations of

hyperammonemia in in vitro and in vivo models (19).

A small but controlled clinical study outside of Japan

found that rifaximin had an equivalent or better effect in im-
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proving hepatic encephalopathy than non-absorbable syn-

thetic disaccharides. A meta-analysis also showed that rifaxi-

min has outcomes equivalent to those of non-absorbable

synthetic disaccharides (20). A phase II/III trial performed

on Japanese patients with hyperammonemia who had a por-

tosystemic shunt or cirrhosis compared lactitol and rifaximin

and reportedly showed an improvement in the day-15 portal

systemic encephalopathy index (PSE) (rifaximin group: from

0.33±0.11 to 0.20±0.14; p<0.0001, lactitol group: from 0.33

±0.10 to 0.23±0.17; p<0.0001) and hepatic encephalopathy

coma level (rifaximin group: from 1.2±0.4 to 0.6±0.6; p<

0.0001, lactitol group: from 1.2±0.4 to 0.6±0.7; p<0.0001)

for both groups (6).

In a phase II/III trial on Japanese patients, the decrease in

blood ammonia was maintained at least until week 12. In

the present study as well, the blood ammonia levels im-

proved significantly (p<0.05) after 2 weeks, and the down-

ward trend was maintained even after 12 weeks (6).

The advent of rifaximin has thus expanded the methods

of controlling hyperammonemia in patients with hepatic en-

cephalopathy. Nevertheless, there has been an insufficient

assessment of the nutrition, hepatic reserve, and changes in

the body composition during the long-term administration of

rifaximin. We therefore conducted the present study to as-

sess the therapeutic effects of rifaximin in actual clinical

practice.

The CONUT score is a novel, simple evaluation measure

that is calculated using the serum albumin level, total cho-

lesterol concentration, and total lymphocyte count measure-

ment (9). In the present study, we used the CONUT score to

objectively assess nutrition as a secondary effect of rifaxi-

min against hepatic encephalopathy. The CONUT score,

which uses multiple parameters related to nutrition, includ-

ing the lymphocyte count, is regarded as being especially

useful in this context. The use of serum albumin levels, total

lymphocyte count, and total cholesterol to classify the nutri-

tional status into four groups, from severe to normal, has

garnered growing attention in recent years, as it makes the

comprehensive assessment of nutrition possible.

Cirrhosis produces sarcopenia and a decrease in muscle

mass over time. Hanai et al. reported the annual rates of the

decrease in the mass of skeletal muscle corresponding to the

liver disease severity classified by Child-Pugh A, B, and C

as -1.3%, -3.5%, and -6.1% respectively, which warrants in-

tervention (21). Sarcopenia as muscle depletion predicts he-

patic encephalopathy in patients with liver cirrhosis (22).

In terms of nutrition, the improvement of the CONUT

score in the present study is believed to be responsible for

the SMI maintenance, according to the analysis of the body

composition following long-term rifaximin administration

for hepatic encephalopathy. We speculate that rifaximin for

hepatic encephalopathy potentially improves the CONUT

score and may lead to a positive effect by maintaining an

SMI that naturally declines over time.

Another recent proposal is the ALBI grade, which is a

method of assessing the hepatic reserve based on the ALBI

score, a continuous variable calculated using albumin and

total bilirubin. The ALBI grade is regarded as being superior

to the Child-Pugh classification at extracting cases with a

good hepatic reserve. It is a particularly useful method for

assessing the hepatic reserve in cases where the prothrombin

time (PT) cannot be determined due to the use of anticoagu-

lant therapy, cases with objective encephalopathy, and cases

with ascites that are difficult to assess.

Our finding that rifaximin, which is a treatment for hy-

perammonemia in patients with hepatic encephalopathy, also

improved the ALBI score may be largely due to the im-

provement in nutritional status. Long-term rifaximin admini-

stration for hepatic encephalopathy produced a short-term

decrease in blood ammonia and maintained low ammonia

levels, resulting in an improvement in the nutritional status

as assessed by the CONUT score.

The curative effect of rifaximin on improving the dietary

intake may be due in part to the improvement of hepatic en-

cephalopathy and small intestinal bacterial overgrowth

(SIBO). Patients with hepatic encephalopathy have a high

prevalence of SIBO and are often encountered with cirrhosis

as a result of an impaired intestinal motility and delayed

transit time, including malabsorption (23). Rifaximin is the

best studied antibiotic for SIBO treatment, as it is a poorly

absorbed oral antibiotic, which allows for local enteric anti-

bacterial activity with a minimal risk of systemic toxicity.

However, it may be necessary to consider other factors.

An improvement in the hepatic reserve was also seen, which

made it possible to maintain the SMI. In addition, any ad-

verse events associated with rifaximin were mild and im-

proved with conservative treatment.

Several limitations associated with the present study war-

rant mention. First, it was a single-center study; thus, there

is a possibility of selection bias by area. Second, given the

cross-sectional nature of the study, inferring causality was

not possible. Third, it is necessary to examine the validity of

24 weeks as a long-term therapy.

In the present study, the long-term use of rifaximin to

control hepatic encephalopathy improved the CONUT and

ALBI scores after 24 weeks. It also made it possible to

maintain the SMI, showing the potential for long-term ri-

faximin administration to improve the prognosis of patients

with decompensated cirrhosis nutritionally, by improving

their hepatic reserve and maintaining the body composition.

More long-term studies with a greater number of cases will

be needed to assess whether or not rifaximin can also im-

prove the prognosis of sarcopenia.
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