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Effect of branched-chain amino acid supplementation on insulin
resistance and quality of life in chronic hepatitis C patients

ALICIA OCANA-MONDRAGON', JOSE ANTONIO MATA-MARIN?, MARIO URIARTE-LOPEZ?,
CAROLINA BEKKER-MENDEZ', ENRIQUE ALCALA-MARTINEZ?, ROSA MAR{A RIBAS-APARICIO?,
LUIS ANTONIO URIBE-NOGUEZ'#, DULCE MARIA RODRIGUEZ-GALINDO® and
MARIA DE LA LUZ MARTINEZ-RODRIGUEZ!

'Unidad de Investigacion Biomédica en Infectologia e Inmunologia; 2Unidad Médica de Alta Especialidad, Hospital de

Infectologia, Centro Médico Nacional La Raza, Instituto Mexicano del Seguro Social, Mexico City 02990;
3Departamento de Investigacion y Desarrollo, AYDSA Aminas y Derivados S.A. de C.V., Mexico City 06400;
4Departamento de Microbiologia, Programa en Biomedicina y Biotecnologia Molecular, Escuela Nacional

de Ciencias Biologicas, Instituto Politécnico Nacional, Mexico City 11340; 5Departamento de

Psicologia Clinica, Unidad Médica de Alta Especialidad, Hospital de Especialidades, Centro Médico

Nacional La Raza, Instituto Mexicano del Seguro Social, Mexico City 02990, Mexico

Received September 3, 2017; Accepted October 19, 2017

DOI: 10.3892/br.2017.1012

Abstract. The incidence rate of insulin resistance (IR) in
patients with chronic hepatitis C (CHC) is high. Recently,
branched-chain amino acids (BCAA) have been shown to
attenuate IR in CHC patients; however, their effect on patient
quality of life remains unclear. Therefore, the aim of the current
prospective study was to determine the effects of BCAA
supplement on IR and health-related quality of life (HR-QoL)
in patients with CHC. In the study, 20 non-diabetic patients
with CHC, who were non-responders to peginterferon-o and
ribavirin, were recruited. Patients took a BCAA supplement
once a day (30 g, after a minimum 10-h overnight fast) for
3 months. Serum levels of glucose, insulin, albumin, triglyc-
erides and cholesterol were measured at O and 3 months.
Additionally, IR was measured using the Homeostasis Model
Assessment-IR, HR-QoL was assessed using the 36-item
Short Form Health Survey and viral load was measured by
reverse transcription polymerase chain reaction using Tagman
probes. The Wilcoxon signed-rank test was used to determine
statistical significance. The results indicated that 70% of
the subjects were positive for IR, which decreased to 50%
by the end of the study; furthermore, 85% of the subjects

Correspondence to: Dr Alicia Ocafia-Mondragén, Unidad de
Investigacién Biomédica en Infectologia e Inmunologia, Hospital de
Infectologia, Centro Médico Nacional La Raza, Instituto Mexicano
del Seguro Social, Avenida Jacarandas Esquina Vallejo S/N, Colonia
La Raza, Delegacion Azcapotzalco, Mexico City 02990, Mexico
E-mail: oamal4@yahoo.com.mx

Key words: insulin resistance, branched-chain amino acids, chronic
hepatitis C, health-related quality of life, hepatitis C virus

demonstrated some level of improvement. Overall, the BCAA
treatment significantly decreased IR (P=0.006) and augmented
serum albumin concentration (P=0.008) compared with basal
values. Additionally, by the end of the treatment, viral load and
triglycerides levels had decreased, though these results were
not significant (P=0.084 and P=0.080, respectively). BCAA
treatment also improved HR-QoL regarding role limitations
due to physical health problems (P=0.017), role limitations
due to emotional problems (P=0.026) and social function
(P=0.008). In conclusion, BCAA supplementation reduced IR
and improved HR-QoL in patients with CHC. These findings
support the application of IR therapy as a possible therapeutic
strategy for hepatitis C infection.

Introduction

Infection with hepatitis C virus (HCV) is a health problem
worldwide. At present, an estimated 170 million people are
infected, and between 2-3 million new cases are diagnosed
each year, most of which will result in chronic infection (1).
HCV belongs to the Flaviviridae family and is an enveloped
virus with a 9.6 kb positive-sense, single-stranded RNA
genome (2). The virus encodes three structural proteins (core,
El and E2) and six nonstructural proteins (NS1, NS2, NS3,
NS4B, NS5A and NS5B) (3). Six genotypes of HCV have
been identified, with GTla and GT1b, and to a lesser extent,
GT2 and GT3a, being the predominant genotypes observed
in Mexicans (4). HCV causes metabolic alterations that have
been associated with lipogenesis, hepatic steatosis, insulin
resistance (IR), metabolic syndrome and diabetes (5).

The replication cycle of HCV has predominantly been
associated with alterations in lipid metabolism (6); however,
a number of studies have indicated that a direct activity of the
virus's core protein may alter glucose metabolism, eventually
causing IR (7-10). A proposed mechanism is that the HCV
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GTI core protein blocks the insulin signaling cascade
protein kinase B (Akt)/mammalian target of rapamycin
(mTOR)/ribosomal protein S6 kinase -1 by increasing the
expression of tumor necrosis factor a (TNF-a) and suppressor
of cytokine signaling 3 (11,12). This may lead to inactivation
of insulin receptor substrate 1 and block glucose entry into
cells by preventing the activation of glucose transporters
(13). GT1 and GT4 have been associated with a higher degree
of IR in the presence or absence of type 2 diabetes (T2D)
(14). Additionally, HCV may promote gluconeogenesis by
stimulating the expression of glucose 6-phosphate (G6P)
and phosphoenolpyruvate carboxykinase 2, also augmenting
IR (3,7,15,16). IR serves a key role in the development of
severe complications, including fibrosis and hepatic steatosis,
cirrhosis, liver cancer and therapeutic failure to achieve
sustained viral response (SVR) (17).

Certain therapies, including supplementation with
branched-chain amino acids (BCAAs), can increase insulin
sensitivity and decrease IR (18,19). Under conditions of IR,
BCAAs have been reported to activate phosphoinositide-3
kinase (PI3K), which increased insulin action (increased
insulin sensitivity and/or decreased IR) and enabled cellular
glucose entry and mTOR-mediated protein synthesis (20-22).
In patients with chronic hepatitis C (CHC), the serum levels
of BCAAs (leucine, valine and isoleucine) are relatively low
compared with those of aromatic amino acids (AAA; trypto-
phan, phenylalanine and tyrosine) and methionine (23). A low
BCAA/AAA ratio has been documented to reduce the biosyn-
thesis and secretion of albumin in hepatocytes and has also
been associated with the prognosis of patients with chronic
liver disease (24,25). Oral supplementation with BCAAs may
lower blood glucose (26,27) and mitigate CHC (28,29), and in
the liver, BCA As may suppress the expression of GO6P and thus
the final step of gluconeogenesis (30-32).

Health-related quality of life (HR-QoL) is considered
a determinant of health status. Generally, the HR-QoL of
patients with CHC deteriorates over the course of the infection
(33,34). Previous studies have suggested that BCAA supple-
mentation improves weakness and fatigue compared with other
commonly prescribed diets, as indicated by improved scores in
36-item Short Form Health Surveys (SF-36) (35,36). However,
the association between BCAAs and the HR-QoL of patients
with CHC is yet to be investigated. Therefore, the present study
evaluated the effect of BCAA supplementation, taken once
daily for 3 months, on IR and HR-QoL in patients with CHC.

Materials and methods

Study design and patients. An experimental, single-arm pilot
study was conducted at the Hospital de Infectologia, Centro
Medico Nacional La Raza (Infectious Diseases Hospital,
National Medical Center, La Raza, Mexico City, Mexico)
between February 2015 and December 2015. The selected
CHC patients (age =18 years) were diagnosed by the presence
of HCV antibodies and confirmed by serum viral load detec-
tion using reverse transcription polymerase chain reaction
(RT-PCR) and genotyping. Patients included were nonre-
sponders to peginterferon oo (PEG-INFa) and ribavirin (RBV)
and had completed antiviral treatment at least 3 months prior
to the start of the study. Patients with T2D or co-infected with

hepatitis B virus or human immunodeficiency virus were
excluded. All patients participated voluntarily and signed an
informed consent letter. The protocol was conducted in accor-
dance with the Declaration of Helsinki, and approved by the
Local Committee of Health Research of the Mexican Social
Security Institute (Mexico City, Mexico) under registration
number R-2015-3502-71. Patients were orally administered
30 g/day BCAA (HEPA-AYDSA®; Aminas y Derivados
S.A. de CV.; Mexico City, Mexico) on an empty stomach
after a minimum 10-h overnight fast for 3 months. To ensure
that patients adhered to the regiment, visits were scheduled
at 15-day intervals. At these visits, patients were given the
supplement and had their previous supplement package
reviewed.

Measurements. Peripheral blood samples were obtained
by venipuncture at O (baseline) and 3 months after the start
of supplementation following a minimum 10-h overnight
fast. Serum was obtained by centrifugation at 2,000 x g
for 15 min at room temperature. The isolated fraction was
used to determine glucose, insulin, albumin, triglyceride,
cholesterol, alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) levels. Serum glucose concentration
was measured by the glucose hexokinase enzymatic UV test
method using an Architect 16000 clinical chemistry analyzer
(Abbott Pharmaceutical, Co., Ltd., Lake Bluff, IL, USA).
Insulin level was assessed by radioimmunoassay (RIA) using
a commercial human insulin-specific RIA kit (cat. no.: HI-14K;
EMD Millipore, Billerica, MA, USA), according to the manu-
facturer's protocol. Albumin, triglyceride, cholesterol, ALT
and AST levels were quantified using the automated Architect
c16000 system. Specifically, albumin concentration was
measured by bromocresol green reaction whereas triglyceride
concentration was measured from enzyme products produced
by lipoprotein lipase; ALT and AST levels were determined
spectrophotometrically by NADH decrease, and cholesterol
level by quinonimine formation. Hemoglobin concentration was
evaluated using a Cell-Dyn Ruby Hematology Analyzer system
(Pharmaceutical, Co., Ltd.), according to the manufacturer's
protocol. Leukocyte count was determined by flow cytom-
etry using a Beckman Coulter counter (DxH 800; Beckman
Coulter, Inc., Brea, CA, USA), according to the manufacturer's
protocol. IR and pancreatic B-cell secretory capacity were
assessed using the Homeostasis Model Assessment (HOMA)
(37). HOMA-IR and -f-cell function (-p%) were calculated
according to the following formulas: HOMA-IR = fasting
glucose (mmol/l) x fasting insulin (xUI/1)/22.5, with the
cutoff value for IR set to 3 (38); HOMA-B% = [20 x fasting
insulin (uUI/1)])/[fasting glucose (mmol/l) -3.5], with the
reference range for normal (3-cell function as 67-68% (39).
HCYV viral load was determined by RT-PCR using a Procleix
Tigris System (Grifols, California, USA), according to the
manufacturer's instructions. HR-QoL was assessed at baseline
and after 3 months of BCAA treatment using the SF-36 ques-
tionnaire (39,40). Body-mass index (BMI) was calculated as
weight divided by height squared (kg/m?). Patients with a BMI
<25 kg/m? were considered normal weight whereas those with
BMI between 25-30 kg/m?* were considered overweight (41).
Baseline fibrosis (METAVIR) score was measured by magnetic
resonance imaging (42 ,43).
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Table 1. Effect of branched-chain amino acid supplementation on HCV viral load, glycemic profile, HOMA-IR, HOMA-% and
albumin, cholesterol and triglycerides levels after 3 months of treatment.

Category Basal End of treatment P-value®
Body-mass index (kg/m?) 24.1 (23.5-26.9) 25.5(24.1-29.0) 0.002°
Aspartate aminotransferase (U/1) 85.5(55.3-112.5) 80.5 (47.5-103.3) 0.028°
Alanine aminotransferase (U/1) 83.5 (61.8-96.0) 66.0 (45.5-94.3) 0.008"
Albumin (g/dl) 3.9 (3.6-4.1) 42(3.9-45) 0.008"
Cholesterol (mg/dl) 136 (110-163) 135 (115-157) 0.654
Triglycerides (mg/dl) 98 (68-156) 83 (74-117) 0.080
RNA HCV (logl10) 5.9 (5.0-6.2) 52(44-6.2) 0.084
Hemoglobin (g/dl) 149 (14.3-154) 153 (14.3-15.7) 0.027°
Leukocytes (10%/ul) 4.50 (3.56-5.76) 541 (4.06-6.70) 0.003*
Insulin (zU/1) 16 (11-31) 14 (9-22) 0.014°
Glucose (nmol/l) 6.9 (64-74) 6.7 (6.1-74) 0.732
HOMA-IR 3.5(2.6-7.9) 3.2(1.9-5.0) 0.006°
HOMA-f (%) 215 (145-439) 136 (119-253) 0.073

Values are presented as the median and interquartile range.*Wilcoxon signed-rank test; "significant to P<0.05 (two-tailed). HCV, hepatitis C
virus; HOMA-IR, Homeostasis Model Assessment of IR; HOMA-3, Homeostasis Model Assessment of 3-cell function.

Table II. Effect of branched-chain amino acid supplementation on health-related quality of life based on the 36-item Short Form

Health Survey.

Category Basal End of 3-month treatment P-value®
General health 30.0 (21.0-36.0) 32.0 (25.0-40.0) 0.178
Physical function 82.5(51.2-95.0) 80.0 (55.0-95.0) 0.938
Physical health problems 35.0 (0.0-40.0) 40.0 (40.0-40.0) 0.017°
Emotional problems 30.0 (2.5-30.0) 30.0 (30.0-30.0) 0.026°
Emotional function 29.0 (24.5-30.0) 30.0 (27.0-30.8) 0.433
Energy fatigue 20.0 (18.0-20.0) 192 (17.1-21.5) 0.948
Social function 13.5(9.1-18.0) 17.5 (15.6-20.0) 0.008°
Pain 18.0 (13.5-20.0) 17.0 (13.5-20.0) 0.797

Values are presented as the median and interquartile range. *Wilcoxon signed-rank test; "significant to P<0.05 (two-tailed).

Statistical analysis. The Shapiro-Wilk test was used to eval-
uate normality. To analyze the descriptive variables, medians
and interquartile ranges (IQRs) were used. The quantitative
variables, used to evaluate changes in the concentrations of
serum factors throughout the treatment period, were analyzed
by the Wilcoxon signed-rank test. Changes in HR-QoL
determined from SF-36 questionnaires were also analyzed
by the Wilcoxon signed-rank test. The statistical analyses
were performed using SPSS software version 20 (IBM Corp.,
Armonk, NY, USA) and P<0.05 (two-tailed) was considered to
indicate significance.

Results
Basal characteristics of the study population. A total of

20 patients (median age=53; IQR, 45-63), who exhibited no
response to PEG-INFa/RBYV, were selected for the study.

Among these, 5 patients also failed to elicit a response to
alternative treatments (3 to boceprevir and 2 to telaprevir).
All patients underwent =3 months of antiviral treatment
cessation and exhibited no notable side effects from treatment
withdrawal. During the 3-month BCAA treatment period,
2 patients developed a throat infection and were prescribed
antibiotics; however, removing these patients from the analysis
did not change the results. According to the adherence assess-
ment, all subjects consumed =95% of the supplement. Of the
20 patients that were included in the study, 10 were male. A
total of 9 patients presented with the GT1a genotype, 7 with
the GT1b genotype and 4 with the GT2a genotype. The base-
line fibrosis (METAVIR) score was F3 in 8 patients (40%) and
F4 in 12 patients (60%).

Effect of 3-month BCAA treatment on biochemical param-
eters. At baseline, 60% of patients were normal weight (BMI
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<25kg/m?); however, following the 3-month treatment period,
this decreased to 45%. Notably, there was a significant increase
in median BMI by the end of the treatment period compared
with baseline (P=0.002; Table I). There were no significant
changes in median fasting blood glucose and cholesterol levels
after the 3-month treatment period. Additionally, although
the majority of the patients exhibited decreased triglyceride
levels and decreased viral load (68 and 60%, respectively),
the median values of these parameters were not significantly
altered after the BCAA regimen (P=0.080 and P=0.084,
respectively). Conversely, the BCAA treatment caused
significant decreases in the serum levels of the AST and ALT
(P=0.028 and P=0.008, respectively), whereas the concentra-
tions of hemoglobin and leukocytes were increased (P=0.027
and P=0.003, respectively). BCAA treatment also significantly
increased albumin (P=0.008) and insulin levels (P=0.014)
(Table I).

The majority of the subjects (85%) exhibited some level
of improvement in HOMA-IR score with BCAA treatment,
and at 3 months post-treatment, the overall decrease in the
median HOMA-IR score was determined to be significant
(P=0.006; Table I). Furthermore, at the start of the study,
70% of the patients were positive for IR; however, following
BCAA treatment, this was decreased to 50%. The median
basal HOMA-B% also decreased, though this was not
significant (P=0.073; Table I). Interestingly, the reversal of
IR positivity with improved HOMA-f% score in 10 (50%)
patients suggests compensatory secretion and indicates that
[(-secretion capacity was conserved. In the remaining 10
patients, HOMA-IR did not change with improved [-cell
function, indicating normoglycemia with increased insulin
secretion.

Effect of 3-month BCAA treatment on HR-QoL parameters.
The HR-QoL of patients, assessed using the SF-36 question-
naire, was significantly improved in three of the eight aspects
evaluated: Role limitations due to physical health problems
(P=0.017), role limitations due to emotional problems
(P=0.026) and social function (P=0.008, Table II).

Discussion

Previous studies have proposed the use of BCAA supplemen-
tation for the treatment of hepatic encephalopathy (36.,44),
and others have noted improved nutritional balance and a
decreased frequency of cirrhosis-related complications with
BCAA supplementation (45-47). In addition to the nutritional
role of BCA As, studies have also evaluated patient QoL based
on SF-36 tests (46,47). However, the effect of BCAA supple-
mentation on IR and its association with viral load is less
understood (29,30). In the present study, it was demonstrated
that treatment with BCAA supplementation decreased IR and
improved HR-QoL.

HR-QoL is an important parameter for assessing overall
QoL. In the current study, the BCAA treatment significantly
improved the HR-QoL of patients in three of the eight aspects
evaluated: Role limitations due to physical health problems,
role limitations due to emotional problems and social function.
Limitations due to physical health are linked to an individual's
ability to perform activities, whereas role limitations due to

emotional problems and social function influence one's ability
to integrate into his or her environment. Overall, seven of the
aspects evaluated were improved to a degree.

In 80% of the patients, previous treatments had exerted
significant adverse effects during the time the antiviral was
administered. In the current study, prior to BCAA treatment,
the patients had an average weight loss of ~10 kg, all exhibited
thrombocytopenia, and some exhibited severe irritability,
insomnia, fatigue, hair loss and joint pain. However, these side
effects were undetectable or unacknowledged by the patient at
the time the BCAA was administered. Patients noted improve-
ment in sleep balance and increased physical energy within the
first month of the supplementation with BCAA (4 months after
stopping antiviral therapy), which was confirmed by the SF-36
questionnaire at 3 months post-BCAA treatment. This may
have been due to the BCAA treatment, as BCAA specifically
targets mTOR by activating protein synthesis, reflected by the
significant increases in serum albumin. This suggests that the
BCAA supplementation improved the nutritional status of the
patient and with it their perception of well-being, which may
be considered as an improvement in HR-QoL.

The current study also identified that BCAA supplemen-
tation improved hepatic protein synthesis and attenuated IR.
All patients exhibited normal serum glucose throughout the
study, which was expected due to the exclusion of patients
with T2D. Conversely, a range of serum insulin levels were
detected, potentially due to individual factors, including CHC
evolution and age. For the present cohort, the gender of the
patient or HCV genotype was not associated with insulin
levels or IR (data not shown). Patients who initially presented
with insulin levels above the normal range exhibited signifi-
cantly decreased insulin production and IR. Changes in IR
were markedly more discrete in patients with normal baseline
insulin levels; however, these patients demonstrated no change
in IR and increased (3-cell function following treatment, indi-
cating enhanced insulin secretion and thus IR.

Elevated albumin was detected in all patients, and >70% of
the patients exhibited marginally decreased triglyceride and
cholesterol levels. Albumin production was increased in an
indirect manner, indicating that the BCAAs activated hepatic
protein synthesis, probably through mTOR (25,48). At present,
the role of BCAAs and their implications in the development
of IR remain controversial. Indeed, in obese or overweight
individuals, BCA As have been reported to induce IR (49).

In the present study, BCAA supplementation was admin-
istered for 3 months. Conversely, in previous studies, BCAA
supplementation has been provided for 1-2 years (31,32).
Nevertheless, the current study observed a significant decrease
in IR, probably due to the relatively high administered dose
(30 g/day) and, unlike in other studies, the administration of
BCAAs on an empty stomach, which may have increased
absorption.

According to the current results, for patients with CHC,
BCAA supplementation improved IR and stimulated protein
synthesis. Additionally, the HOMA-IR and HOMA-f%
relationship was decreased in 10 patients, thus suggesting
conservation of the secretory capacity of the pancreas and
indicating salvageability of its function.

In the 10 patients with improved f-cell function only,
normoglycemia coexisted with increased insulin secretion,



suggestive of IR. BCAA supplementation is a potential
method of preventing or delaying the development of T2D in
these patients. Previous results have indicated an association
between IR and SVR (18); however, in the current study, this
association was not evaluated as the study population was not
under antiviral regimen, although viral loads did decrease.

The present study had some limitations. Firstly, the patients
were not under the supervision of a nutritionist, and thus food
consumption probably varied in terms of content and quantity
between individuals. Secondly, the physical routines of patients
was not considered. Exercise has been reported to reduce
IR (50); however, physical activity likely varied between the
current patients. Controlling these factors may further validate
the improvement in IR observed. Thirdly, as the study was
a pilot, the sample size was small and no control group was
recruited. Therefore, the results should be verified in a larger
sample size and with an increased duration and/or frequency
of supplementation. Regarding a non-BCA A-treated group,
similar results regarding insulin and IR have been identified
in treated groups (51), and as the current study focus was to
characterize the effect of BCAA supplementation on IR and
HR-QoL, there may have been little benefit to including a
non-BCAA treatment group. Finally, the relatively short treat-
ment duration of 3 months the treatment may have limited
results; however, this is a typical follow-up time for patients
under normal clinical settings, and thus was considered an
optimal time for determining whether continuation of BCAA
supplementation would be an appropriate course. Nevertheless,
analyses of the long-term effects of BCAA supplement on
HR-QoL are currently underway by our group.

In conclusion, a high percentage of patients with CHC
exhibit IR. BCAA supplementation decreased IR, and thus
may be an effective therapeutic strategy in the treatment of
hepatitis C infection. BCAA also supplementation improved
HR-QoL, hepatic protein synthesis and lipid metabolism. In
developing countries where public health institutions lack
modern antiviral therapies for improving SVR, alternative
strategies such as BCAA supplementation should be imple-
mented.
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