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Abstract
AIM: To evaluate the effects of soy supplementation 
on insulin resistance, fatty liver and alanine aminotrans-
ferase (ALT) levels in non-diabetic patients with chronic 
hepatitis C (CHC).

METHODS: In a prospective, randomized and single-
blinded clinical trial, we compared patients with CHC 
who had casein as a supplement (n  = 80) (control 
group), with patients who consumed a soy supplement 
diet (n  = 80) [intervention group (IG)]. Both groups 
received 32 g/d of protein for 12 wk.

RESULTS: Patients’ baseline features showed that 
48.1% were overweight, 43.7% had abdominal fat ac-
cumulation, 34.7% had hepatic steatosis and 36.3% 
had an homeostasis model assessment index of insu-
lin resistance (HOMA-IR) ≥ 3.0. Descriptive analysis 
showed that protein supplementation diet reduced 
hepatic steatosis in both groups; however, significant 
reductions in ALT levels occurred in the soy group. Mul-
tiple regression modeling indicated that in the presence 
of severe fibrosis (F3/F4), g glutamyl transferase eleva-
tion and high density lipoprotein (HDL) reduction, the 
intervention group had 75% less chance of developing 
hepatic steatosis (OR= 0.25; 95% CI: 0.06-0.82) and 
55% less chance of presenting with an ALT level ≥ 1.5 
× the upper limit of normal (ULN) (OR = 0.45, 95% 
CI: 0.22-0.89). Soy treatment did not have any effect 
on insulin resistance (OR = 1.92; 95% CI: 0.80-4.83), 
which might be attributed to the fact that the HOMA-
IR values at baseline in most of our patients were in 
the normal range. Advanced hepatic fibrosis, an ALT 
level > 1.5 × ULN and visceral fat were predictors of an 
HOMA-IR ≥ 3. The IG group had a reduced risk of an 
ALT level > 1.5 × ULN. An HOMA-IR ≥ 3.0 and HDL < 
35 mg/dL were also risk factors for increased ALT.

CONCLUSION: Soy supplementation decreased ALT 
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levels and thus may improve liver inflammation in he­
patitis C virus (HCV) patients; it also reduced hepatic 
steatosis in a subgroup of patients but did not change 
insulin resistance. It should be considered in the nutri-
tional care of HCV patients.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Hepatitis C virus (HCV) infection is considered an im-
portant public health problem[1] and is the leading cause 
of  liver transplantation in the Western world. Chronic 
HCV infection increases the risk for hepatic steatosis, 
insulin resistance, glucose intolerance and type 2 diabe-
tes[2-4].

The pathophysiology of  nonalcoholic fatty liver dis-
ease (NAFLD) involves histology ranging from fat alone 
(hepatic steatosis) to fat plus inflammation (nonalcoholic 
steatohepatitis, NASH) to fat plus hepatocyte injury (bal-
looning degeneration) with or without fibrosis or Mallory’s  
bodies which can lead to liver failure[5]. NAFLD and 
NASH have been associated with insulin resistance re-
sulting in glucose intolerance and hyperglycemia[6]. Insulin 
resistance also contributes to increased lipolysis, which 
reduces fat uptake and oxidation by peripheral tissues. 
Both mechanisms lead to fat influx and accumulation in 
hepatic tissue[7].

Insulin resistance induced by HCV may involve sev-
eral mechanisms, such as an immune response mediated 
by Th1 lymphocytes, the action of  pro-inflammatory cy-
tokines [tumor necrosis factor-alpha (TNF-α), interleukin 
(IL)-1 and IL-6), the degradation of  intracellular compo-
nents that participate in the insulin signaling system, in-
cluding insulin receptor substrates (IRS-1 and IRS-2), and 
the reduced activation of  phosphatidyl inositol 3-kinase 
(PI3-K) and protein kinase B (AKT)[8-12]. 

Considering these factors, appropriate nutrition be-
comes an essential tool to minimize HCV’s comorbidities 
such as fatty liver, inflammation and insulin resistance. 
Recently, functional foods have been considered essen-
tial for promoting and maintaining health. According to 
some reports, soy protein and its derivatives might be 

able to lower insulin resistance in patients with chronic 
liver diseases due its constituents, such as fiber, isofla-
vones and high biological value protein[13], and modula-
tion of  hepatic lipid metabolism[14,15]. The aim of  this 
study was to evaluate the influence of  soy protein supple-
mentation on insulin resistance, liver fat content and ala-
nine transaminase (ALT) levels in non-diabetic patients 
with chronic hepatitis C.

MATERIALS AND METHODS
Subjects
Non-diabetic patients with chronic hepatitis C were re-
cruited from a reference ambulatory unit of  the Federal 
University of  Bahia’s Hospital between June 2008 and 
December 2009. The diagnosis of  HCV infection was 
made by the presence of  serum anti-HCV, which was 
confirmed by qualitative determination of  HCV RNA. 
Inclusion criteria were the following: patients aged over 
18 years, with or without liver cirrhosis; patients with 
ethanol consumption below 20 g/d; patients with normal 
liver function (Child-Pugh A); and patients who were not 
under antiviral therapy or who had discontinued antiviral 
therapy for at least three months.

Patients co-infected with HIV and/or HBV with renal 
failure as well as those with heart disease, decompensated 
cirrhosis, pregnancy, any malignancy, diabetes mellitus or 
obesity (BMI > 30 kg/m2) were excluded. The subjects 
gave written informed consent before participating in the 
study. The Ethics Committee of  the Federal University 
of  Bahia approved the study.

Study design
The study was a prospective, randomized and single-
blinded clinical trial. Patients who were regularly followed 
in the Hepatology outpatient clinic were informed about 
the protocol and referred to the Nutrition clinic. Subjects 
who met the inclusion criteria of  the study were random-
ly allocated into one of  two study groups. The study was 
single-blinded (only blinded for patients). The estimated 
sample size was 160 patients.

The 160 patients were equally divided into two groups 
(n = 80), and each group received isonitrogenous protein 
supplementation with 32 g of  protein per day for twelve 
weeks. The control group (CG) was supplemented with 
animal protein (casein), and the intervention group (IG) 
was supplemented with vegetable protein (soy). The 
nutritional composition of  the supplements used in this 
study is reported in Table 1.

Patients were instructed to dissolve the protein sup-
plement in water, juice, soup, porridge or to consume it 
with fruits. Additionally, considering their nutritional sta-
tus and dietary habits, patients received dietary guidelines 
to promote healthy eating and weight control. Diet coun-
seling aimed to promote the ingestion of  a normocaloric, 
normoglycidic and high protein (1.5 g/kg per day) diet by 
both groups. Patients returned monthly to receive their 
supplements.
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Clinical parameters
Clinical survey data such as clinical diagnosis, viral geno-
type, necroinflammatory activity index and fibrosis (ME
TAVIR classification) were either collected from medical 
records or from patient examinations.

Patients underwent ultrasonography of  the upper 
abdomen with a team of  three examiners using a single 
piece of  equipment at the University Hospital’s radiology 
service. Hepatic steatosis was graded as mild, moderate 
or severe according to the classification of  Saverumuttu 
et al[16].

Measurement of  waist circumference was performed 
according to the World Health Organization recommen-
dations using an inelastic tape measure (TBW Import 
Ltd.) that was 0.5 cm wide and 200 cm in length. Waist 
circumference was measured at a level midway between 
the superior aspect of  the iliac crests and the lower lateral 
margins of  the ribs. The cutoff  points adopted for clas-
sifying central obesity and increased risk of  metabolic 
complications were above 80 cm for women and 94 cm 
for men[17]. Socio-demographic and lifestyle information 
was also collected using a structured questionnaire during 
the first appointment of  follow-up (baseline).

Patients underwent follow-up visits once a month 
with registered dietitians to elucidate the adherence to the 
diet prescription and protein supplementation. Schedule 
monitoring also included weekly telephone calls in the 
first month and biweekly thereafter. After 12 wk of  sup-
plementation, physical, biochemical and anthropometric 
tests as well as a questionnaire were applied to evaluate 
possible changes during the intervention program. Ul-
trasound was also performed in patients with a diagnosis 
of  hepatic steatosis at baseline. All procedures were per-
formed within a maximum interval of  ten days after the 
nutrition counseling.

Laboratory measurement
After a 12-h fast, a blood sample was collected for the 
determination of  aspartate aminotransferase (AST), ALT, 
gamma glutamyl transferase (γGT), alkaline phosphatase, 
plasma glucose, insulin, total cholesterol and cholesterol 
fractions. Analyses were performed on a Beckman Coul-
ter LX-20 PRO and CX-9 equipment. Serum insulin was 
measured using an electrochemiluminescence method 
with an Elecsys 2010 device.

The insulin resistance index was predicted according 
to the homeostasis model assessment index of  insulin re-
sistance �������������������������������������     �� ��������(������������������������������������     �� ��������HOMA-IR). The formula was as follows: insulin 
resistance (HOMA-IR) = fasting insulinemia (microU/
mL) × fasting glycemia (mmol/L)/22.5[18]. We considered 
≥ 3.0 as the cutoff  point to define insulin resistance.
 
Virological tests
An enzyme linked immunosorbent assay was performed 
on all serum samples to detect the presence of  anti-HCV 
using third generation commercial kits (anti-HCV Hepati-
tis C® Wiener Lab.) following the manufacturer’s instruc-
tions. Reverse transcription-polymerase chain reaction 
(RT-PCR) was performed on all samples for qualitative 
determination of  HCV RNA. The method used was the 
nested PCR (HCV-RNA detectable using the COBAS®  
AMPLICOR HCV Test, v2.0, Roche). HCV genotyping 
was performed using the technique of  restriction frag-
ment polymorphism (RFLP-PCR).

Histological analysis
The stages of  fibrosis and inflammation were determined 
according to the METAVIR scoring system: F0 = no fi-
brosis, F1 = expansion of  fibrosis in portal areas without 
septa, F2 = fibrous portal expansion with septa, F3 = nu-
merous septa or fibers with nodular transformation, and 
F4 = cirrhosis[19]. 

Statistical analysis
Descriptive analysis was performed to characterize the 
population. Mann-Whitney U and Wilcoxon’s rank sum 
tests were used to compare the biochemical values in 
the intervention and control groups and to evaluate the 
differences obtained at baseline and after intervention. 
Logistic regression analysis was used to evaluate risk 
predictor factors for hepatic steatosis, insulin resistance 
(HOMA-IR ≥ 3.0) and changes in ALT levels (1.5 above 
the upper limit of  normal). Confounding and interaction 
analyses were performed to select the final models. Mul-
tiple regression analysis was performed after the inter-
vention considering the groups had similar demographic, 
clinical and laboratory features before protein supple-
mentation.

The sample size was calculated using an estimated 
20% loss to follow-up, a confidence level of  95% and 
80% power. A statistical significance was inferred at  
P < 0.05. In some biochemical analyses, the Bonferroni 
method was applied to adjust the multiple comparisons 
P-value between the groups at the significance level of  
0.007. Statistical analysis was performed with the statisti-
cal package R version 2.12[20].

RESULTS
Characteristics of patients
The characterization of  the study population is presented 
in Table 2. Males (63.8%) were predominant. The preva-
lence of  HCV genotype 1 infected patients was 83.5%. 

Table 1  Nutritional content per 100 g of supplement

 Whole soy powder1 Calcium caseinate

Energy (Kcal)   392 371
Carbohydrate (g)     14        0.2
Protein (g)     40      97.4
Total fat (g)        18.8        2.4
Alpha linolenic acid (mg) 1252     0
Linoleic acid (mg) 9332     0
Dietary fiber (g)     18     0
Isoflavones (mg)          53.82     0

1Soyos® ingredients.

Oliveira LPM et al . Soy supplementation with CHC
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Advanced fibrosis (Metavir F3/F4) was detected in 40.5% 
of  patients.  The average age was 52.2 (± 10.5) years, 
48.1% were overweight and 51.9% had a BMI < 25 kg/
m2; 43.7% individuals had abdominal fat accumulation. It 
was also observed that 34.7% of  the patients had hepatic 
steatosis, and 36.3% had an HOMA-IR ≥ 3.0 at baseline.

Biochemical data presented in Table 2 show that glu-
cose and lipid profiles were not altered; however, high 
transaminase levels were observed in both groups. It is 
also observed that the median value for γGT is greater 

in the CG than in the IG (102.0 U/L vs 87.0 U/L); how-
ever, no significant difference was detected between the 
groups. Median alkaline phosphatase was in the normal 
range for both groups. Baseline demographic, anthropo-
metric, clinical and laboratory data show that the study 
population had a homogeneous distribution between the 
groups.

Prevalence of steatosis at baseline and after intervention
Table 3 shows the comparison of  the prevalence of  he-
patic steatosis before and after the intervention in the 
IG and CG. The prevalence of  hepatic steatosis was dif-
ferent between the groups at baseline (29.7% vs 40.0%) 
and remained different after the interventions (15.6% 
vs 26.7%), but without statistical significance in both in-
stances (Figure 1).

Paired analysis, within groups (before and after pro-
tein supplementation), showed the reduction in hepatic 
steatosis was significant for both groups. The IG showed 
a reduction from 19 to 10 cases (47.4% reduction, P = 

Table 2  Characterization of the study population  n  (%)

CG-casein IG-soy Total P  value

Demographic characteristics
   Gender
      Male 49 (61.2) 53 (66.2) 102 (63.8) 0.621

      Female 31 (38.8) 27 (33.8)  58 (36.2)
   Marital Status
      Married 56 (70.0) 55 (68.7) 111 (69.4) 1.001

      Single, widowed or 
      divorced

24 (30.0) 25 (31.3)  49 (30.6)

Anthropometric data
   Body mass index
      < 25 kg/m2 40 (50.0)  43(53.8)  83 (51.9)   0.7511

      ≥ 25 kg/m2 40 (50.0)  37(46.2)  77 (48.1)
   Waist circumference
      Adequate 43 (53.7) 46 (59.0)  89 (56.3)   0.5251

      Inadequate 37 (46.3) 32 (41.0)  69 (43.7)
Clinical data
   Genotype
      1 66 (88.0) 61 (79.2) 127 (83.5)   0.1891

      2/3    9 (12.0) 16 (20.8)   25 (16.5)
   Necroinflammatory activity
      A0 26 (41.3) 29 (46.8)  55 (44.0)   0.7921

      A1 26 (41.3) 22 (35.5)  48 (38.4)
      A2 e A3 11 (17.4) 11 (17.7)  22 (17.6)
   Stage of fibrosis
      F0/F1/F2 35 (55.6) 40 (63.5)  75 (59.5)   0.4681

      F3/F4 28 (44.4) 23 (36.5)  51 (40.5)
   Hepatic steatosis
      Yes 24 (40.0) 19 (29.7)  43 (34.7)   0.2601

      No 36 (60.0) 45 (70.3)  81 (65.3)
   HOMA-IR
      < 3.0 55 (53.9) 47 (46.1) 102 (63.7) 0.251

      ≥ 3.0 25 (43.1) 33 (56.9)  58 (36.3)
Biochemical data Median (iq r) Median (iq r)
   Glucose (mg/dL)   91.0 (14.2)   91.5 (14.2) 0.702

   HOMA-IR   2.35 (2.24)   2.26 (2.59) 0.992

   Triglycerides 
   (mg/dL)

  96.5 (60.2)   96.0 (67.2) 0.572

   Total cholesterol 
   (mg/dL)

149.0 (49.7) 160.0 (44.0) 0.422

   HDL (mg/dL)   44.0 (14.2)   44.0 (15.5) 0.302

   LDL (mg/dL)   90.5 (40.7)   90.0 (43.0) 0.942

   AST (U/L)   59.5 (40.7)   52.0 (44.5) 0.142

   ALT (U/L)   76.5 (54.5)   73.5 (53.0) 0.382

   γGT (U/L) 102.0 (118.0)   87.0 (114.0) 0.712

   Alkaline phosphatase
   (U/L)

  79.0 (33.5)   80.0 (53.2) 0.492

1Fisher’s exact test; 2Mann-Whitney; iq r: Interquartile range. n = 160. CG-
casein: Control group-casein; IG-soy: Intervention group-soy; Adequate 
waist circumference: ≤ 80 cm for women and ≤ 94 cm for men. HOMA-IR: 
Homeostasis model assessment index of insulin resistance; HDL: High den-
sity lipoprotein; LDL: Low density lipoprotein; AST: Aspartate aminotrans-
ferase; ALT: Alanine aminotransferase; γGT: Gamma glutamyl transferase.

Table 3  Comparison of the distribution of hepatic steatosis 
before and after intervention between groups of patients with 
hepatitis C virus

Hepatic Steatosis n Yes No P value

Before 0.26041

IG-soy 64 19 (29.7) 45 (70.3)
CG-casein 60 24 (40.0) 36 (60.0)
After 0.18501

IG-soy 64 10 (15.6) 54 (84.4)
CG-casein 60 16 (26.7) 44 (73.3)
IG-soy: before vs after 0.0076 2

With hepatic steatosis 19 10 (52.6)   9 (47.4)
Without hepatic steatosis 45 0 (0.0)   45 (100.0)
GC-casein: before vs after 0.01332 
With hepatic steatosis 24 16 (66.7)   8 (33.3)
Without hepatic steatosis 36 0 (0.0)   36 (100.0)

1Fisher's exact test: Comparison between groups before and after interven-
tion; 2Paired analysis: McNemar’s test: Comparison in each group. CG-
casein: Control group-casein; IG-soy: Intervention group-soy.
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of patients with hepatitis C virus.
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0.0076) and the CG decreased from 24 to 16 cases (33.3% 
reduction, P = 0.0133) (Figure 2 and Table 3).

Biochemical data before and after intervention
After protein supplementation, a significant reduction 
was observed in the transaminase levels of  the IG vs the 
CG (AST: 49.5 U/L vs 61.5 U/L, P = 0.02; ALT: 64.0 
U/L vs 73.0 U/L, P = 0.007). A reduction in the levels of  
γGT was observed in the IG compared to the CG (84.0 
U/L vs 108.0 U/L, P = 0.09) but without statistical sig-
nificance (Table 4).

The IG had a significant reduction in ALT levels (73.5 
U/L vs 64.0 U/L; 12.92% change, P = 0.006) (Figure 3) 
and γGT levels (87.0 U/L vs 84.0 U/L; 3.45% change, P 
= 0.007) after 12 wk of  intervention. Reductions were 
also observed in total cholesterol (160.0 mg/dL vs 153.0 
mg/dL; 4.37% change), but without statistical signifi-
cance (Table 5). It is noteworthy that the CG did not 
present improvements in these biochemical tests.

Predictors of hepatic steatosis after intervention
Table 6 presents the logistic regression analysis for pre-
dictive factors of  hepatic steatosis. Multiple regression 
modeling indicates that, in the presence of  severe fibrosis 
(F3/F4), γGT elevation and HDL reduction, the IG had 
a 75% less chance of  developing hepatic steatosis (OR = 
0.25; 95% CI: 0.06-0.82). Nevertheless, in the IG, those 
with an HOMA-IR ≥ 3 were three times more likely to 
develop hepatic steatosis (OR = 3.49; 95% CI: 1.10-11.90) 
(Table 6). The bivariate analysis also revealed that an 
age ≥ 60 years (crude OR = 3.81; 95% CI: 1.50-9.70), 
abdominal fat accumulation (crude OR = 3.87; 95% CI: 
1.57-10.29) and BMI ≥ 25.0 kg/m2 (crude OR = 1.32; 
95% CI: 1.12-1.61) were independent risk factors for he-
patic steatosis (data not shown).

Predictors of insulin resistance (HOMA-IR ≥ 3.0) after 
intervention
Soy treatment did not have any effect on insulin resis-
tance (OR = 1.92; 95% CI: 0.80-4.83). In patients with 
advanced fibrosis, an ALT level ≥ 1.5 times upper limit 
of  normal (ULN) and increased abdominal fat accumula-
tion were independent risk factors for insulin resistance. 
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Figure 2  Prevalence of hepatic steatosis condition after intervention for 
those who begin with hepatic steatosis.
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AL
T 

(U
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)
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A

B

CG-casein IG-soy Treatment 
difference

Exams n median (iq r) n median (iq r) P  value1

Total cholesterol 
(mg/dL)

80 152.0 (61.5) 80 153.0 (44.7) 0.54

HDL (mg/dL) 80 46.0 (17.0) 80 43.5 (15.2) 0.21
LDL (mg/dL) 80 89.5 (45.0) 80 84.5 (41.5) 0.39
AST (U/L) 78 61.5 (40.5) 80 49.5 (44.2) 0.02
ALT (U/L) 78 73.0 (65.7) 79 64.0 (50.0)   0.007
γGT (U/L) 75 108.0 (120.5) 73   84.0 (107.0) 0.09
HOMA-IR 79 2.4 (2.7) 80 2.6 (2.2) 0.91

Table 4  Median values of biochemical tests in patients with 
hepatitis C virus after protein supplementation 

1Mann-Whitney test (P < 0.05): comparison between groups; Bonferroni 
correction (P < 0.007); CG-casein: Control group-casein; IG-soy: Interven-
tion group-soy; iq r: Interquartile range; n < 80: When an examination 
was not performed; HOMA-IR: Homeostasis model assessment index of 
insulin resistance; HDL: High density lipoprotein; LDL: Low density lipo-
protein; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; 
γGT: Gamma glutamyl transferase.
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Logistic regression analysis showed that the presence 
of  severe fibrosis promoted a five-fold increase in the 
chance (OR = 5.25; 95% CI: 2.17-13.67) for an HOMA-
IR ≥ 3.0 as well as accumulation of  abdominal fat (OR 
= 5.57; 95% CI: 2.23-15.27). Those with an ALT level ≥ 
1.5 × ULN had a three times greater chance of  develop-
ing insulin resistance. Being single, widowed or divorced 
was a protective factor (OR: 0.24; 95% CI: 0.08-0.65) for 
an HOMA-IR ≥ 3.0 (Table 7).

Predictors of elevated an ALT level after intervention
The independent predictive factors for changes in ALT 
levels (≥ 1.5 × ULN) were an HOMA-IR ≥ 3.0, HDL 
< 35 mg/dL and being a male subject (Table 8).  Severe 
fibrosis and alterations in AST and γGT levels were also 

independent predictors of  an increased ALT level (≥ 1.5 
× ULN). Multivariate analysis showed that supplementa-
tion with soy protein per se represents a protective factor; 
the IG had a 55% less chance of  presenting with an ALT 
level ≥ 1.5 × ULN (OR = 0.45, 95% CI: 0.22-0.89), and 
subjects with an HOMA-IR ≥ 3.0 were three times more 
likely to have an increased ALT level (OR = 3.16, 95% 
CI: 1.51-6.93). However, females had 72% less chance 
to have an increased ALT level (OR = 0.28, 95% CI: 
0.12-0.60) (Table 8).

DISCUSSION
Our population was predominantly male, infected with 
HCV genotype 1, overweight and presented abdominal 

Table 5  Median values of biochemical tests in patients with hepatitis C virus at the beginning of monitoring and after protein 
supplementation

IG-soy CG-casein

Baseline 12 wk Baseline 12 wk

Exams n Median (iq r) Median (iq r) change % change P  value1 n Median (iq r) Median (iq r) change % change P  value1

Total cholesterol 
(mg/dL)

80 160.0 (44.0) 153.0 (44.7) -7.0 -7.37 0.05 80 149.0 (49.7) 152.0 (61.5) +3.0 +2.01 0.63

HDL (mg/dL) 79 44.0 (15.5) 43.5 (15.2) -0.5 -1.14 0.69 80 44.0 (14.2) 46.0 (17.0) +2.0 +5.54 0.13
LDL (mg/dL) 78 90.0 (43.0) 84.5 (41.5) -5.5 -6.11 0.03 80 90.5 (40.7) 89.5 (45.0) -1.0 -1.10 0.66
AST (U/L) 80 52.0 (44.5) 49.5 (44.2) -2.5 4.81 0.32 78 59.5 (40.7) 61.5 (40.5) +2.0 +3.36 0.04
ALT (U/L) 76 73.5 (53.0) 64.0 (50.0) -9.5 -12.92 0.006 78 76.5 (54.5) 73.0 (65.7) -3.5 -4.57 0.48
γGT (U/L) 73 87.0 (114.0) 84.0 (107.0) -3.0 -3.45 0.007 75 102.0 (118.0) 108.0 (120.5) +6.0 +5.88 0.19
HOMA-IR 80 2.3 (2.6) 2.6 (2.2) +0.3 +13.04 0.23 79 2.3 (2.2) 2.4 (2.7) +0.1 +4.35 0.09

1Paired analysis: Wilcoxon test (P < 0.05): Change in the group, the Bonferroni correction (P < 0.007). HDL: High density lipoprotein; LDL: Low density li-
poprotein; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; γGT: Gamma glutamyl transferase; CG-casein: Control group-casein; HOMA-
IR: Homeostasis model assessment index of insulin resistance; IG-soy: Intervention group-soy; iq r: Interquartile range; n < 80: When an examination was 
not performed.

Table 6  Logistic regression model for factors predictive of 
hepatic steatosis in patients with hepatitis C virus after 12 wk 
of protein supplementation 

Bivariate analysis Multivariate analysis

 Crude OR 
(95% IC)

P  
value

Adjusted OR1 
(95% IC)

P  
value

Groups
   Control-casein 1 1
   IG-soy 0.51 (0.20-1.22) 0.135 0.25 (0.06-0.82) 0.032
HOMA-IR
   < 3.0 1 1
   ≥ 3.0 1.97 (0.82-4.77) 0.129 3.49 (1.10-11.90) 0.037
Stage of fibrosis
   F0/F1/F2 1 1
   F3/F4 1.78 (0.68-4.69) 0.239 1.59 (0.50-5.40) 0.436
γGT
   < 85 U/L 1 1
   ≥ 85 U/L 2.07 (0.81-5.64) 0.135 1.52 (0.47-5.18) 0.487
HDL-C
   ≥ 35 mg/dL 1 1
   < 35 mg/dL 1.25 (0.41-3.40) 0.677 2.18 (0.56-8.21) 0.247

1Adjusted for the other variables shown in the table; γGT: 85 U/L upper limit 
of normal. γGT: Gamma glutamyl transferase; HOMA-IR: Homeostasis mod-
el assessment index of insulin resistance; HDL: High density lipoprotein; IG-
soy: Intervention-soy; OR: Odd ratio; 95% IC: 95% confidence interval.

Table 7  Logistic regression model for factors predictive of 
homeostasis model assessment of insulin resistance in patients 
with hepatitis C virus after 12 wk of protein supplementation 

Bivariate analysis Multivariate analysis

Crude OR 
(95% IC)

P  
value

Adjusted OR1 
(95% IC)

P  
value

Groups
   Control-casein 1 1
   Intervention-soy 0.90 (0.47-1.70) 0.745 1.92 (0.80-4.83) 0.15
Stage of fibrosis
   F0/F1/F2 1 1
   F3/F4 4.21 (1.99-9.19) 0.0002 5.25 (2.17-13.67) 0.0004
Alanine aminotransferase
   1.5 times below ULN 1 1
   1.5 times above ULN 2.22 (1.16-4.30) 0.017 3.26 (1.30-8.71) 0.014
Marital status
   Married 1 1
   Single, widowed or 
   divorced

0.52 (0.24-1.07) 0.081 0.24 (0.08-0.65) 0.007

Waist circumference2

   Adequate 1 1
   Inadequate 2.62 (1.37-5.16) 0.004 5.57 (2.23-15.27) 0.0004

1Adjusted for the other variables shown in the table; 2Adequate waist cir-
cumference: ≤ 80 cm for women and ≤ 94 cm for men; ULN: Upper limit 
of normal; OR: Odd ratio; 95% IC: 95% confidence interval.
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fat accumulation. Both studied groups had similar charac-
teristics. These clinical conditions increase the chances of  
developing insulin resistance and hepatic steatosis, which 
have a negative impact in patients with chronic hepatitis 
C[21]. In patients infected with HCV genotype 1, steatosis 
is frequently associated with metabolic syndrome and in-
sulin resistance and is also called “metabolic steatosis”[4,8,21].

A large proportion of  our patients had increased liver 
enzymes (i.e., ALT, AST, γGT) and had not yet been 
subjected to antiviral treatment. In our population, at 
baseline, there was a 34.7% prevalence of  hepatic steato-
sis and a 36.3% prevalence of  an HOMA-IR ≥ 3.0. The 
prevalence of  hepatic steatosis associated with HCV var-
ies widely in the literature[22,23] and may differ depending 
on the population profiles[24].

In this study, protein supplementation caused a sig-
nificant reduction of  hepatic steatosis in both groups; 
however, this reduction was not significant between 
the groups. The probable mechanism is not associated 
with the quality of  protein supplementation (animal or 
vegetable) but likely the nutritional care offered to both 
groups, which promoted changes in eating habits and 
consequently improved the overall quality of  the diet. Of  
note, there was no change in body mass index (BMI) or 
in the pattern of  physical activity of  these patients.

It is controversial whether insulin resistance is a cause 
or consequence of  steatosis, however the literature sug-
gests that it seems to work more like a cause than a 
consequence of  steatosis in patients infected with HCV 
genotype 1[2]. In the present study, the regression model 
showed that an HOMA-IR ≥ 3 increased the chances 
of  hepatic steatosis more than three-fold. The regression 
model also revealed that advanced age (≥ 60 years) and 
a higher waist circumference and BMI were independent 
predictor factors for hepatic steatosis. These results are 
in agreement with other studies which have observed a 

direct correlation between BMI, visceral obesity and liver 
steatosis[25-27]. 

Clinical and experimental studies suggest that soy 
protein and isoflavones can synergistically act to promote 
a greater benefit in controlling hypercholesterolemia, hy-
pertriglyceridemia, insulin resistance and steatosis[13,28,29]. 
We observed that consumption of  soy protein had a pro-
tective effect and was associated with 75% less chance of  
having hepatic steatosis.

In an experimental study with obese Zucker rats, a 
diet with isolated soy protein favored reduced triglycer-
ides in the liver. The proportions of  AST/ALT, alkaline 
phosphatase, bile acids in plasma and pro-inflammatory 
cytokines (TNF-α and IL1) were also reduced. The 
authors suggested that soy protein enriched with isofla-
vones has a favorable effect on the inflammatory status 
of  obese mice, which may promote a favorable outcome 
in NAFLD patients[28]. It is known that oxidative stress 
is a decisive factor in the progression of  steatosis[30,31]; 
thus, if  isoflavones can act as an antioxidant, then they 
may minimize the negative progression of  steatosis[32,33]. 
The morbidity of  hepatic steatosis is increasing and has 
been recognized as a liver component of  the metabolic 
syndrome, which also has a negative effect on HCV treat-
ment[8,26,34-36].

Our data revealed a significant decrease in ALT values 
after supplementation with soy protein compared to the 
control patients who consumed casein. These findings 
agree with experimental studies, which have found that 
soy protein enriched with isoflavones reduces plasma 
aminotransferase levels[32] and the proportion of  AST/
ALT[28]. However, a reduction in HOMA-IR levels after 
supplementation with soy was not observed in our study, 
which can be attributed to the fact that the HOMA-IR 
values at baseline in most of  our patients were in the 
normal range. In contrast, Jayagopal et al[13] in a study 
conducted with diabetic women in which the mean value 
of  the HOMA-IR was 5.54 in the intervention group and 
5.14 in the control group, supplementation with soy pro-
tein enriched with isoflavones significantly reduced serum 
insulin and the HOMA-IR.

We found that insulin resistance (HOMA-IR ≥ 3.0) 
and lower HDL values were predictors for increased ALT. 
Soy protein intervention in female subjects presented per 
se as a protective factor for increased ALT levels. Our 
data are in agreement with a recent study that showed 
higher levels of  ALT were significantly associated with 
gender, a low HDL level and a high HOMA-IR[25]. When 
evaluating patients with HCV with and without changes 
of  ALT levels and healthy controls, Addel-Azziz et al[37] 
found a higher value of  HOMA-IR in patients with ab-
normal ALT levels compared with those with no change 
in ALT levels and healthy controls (3.98 vs 2.69 vs 1.92, 
respectively), with a significant difference between those 
with abnormal ALT levels and controls (3.98 vs 1.92).

In our study, abdominal fat concentration, an ALT 
level ≥ 1.5 the upper limit of  normal and the presence 
of  advanced fibrosis were independent predictors of  
insulin resistance, and even in a multivariate model, they 

Table 8  Logistic regression model for factors predictive of 
alanine aminotransferase levels in patients with hepatitis C 
virus after 12 wk of protein supplementation

Bivariate analysis Multivariate analysis

 Crude OR 
(95% IC)

P  
value

Adjusted OR1 
(95% IC)

P  
value

Groups
   Control-casein 1 1
   IG-soy 0.55 (0.29-1.04) 0.068 0.45 (0.22-0.89) 0.024
HOMA-IR
   < 3.0 1 1
   ≥ 3.0 2.22 (1.16-4.30) 0.017 3.16 (1.51-6.93) 0.001
Gender
   Male 1 1
   Female 0.39 (0.20-0.77) 0.007 0.28 (0.12-0.60) 0.003
HDL-C
   ≥ 35 mg/dL 1 1
   < 35 mg/dL 3.15 (1.37-7.76) 0.008 2.85 (1.18-7.40) 0.024

1Adjusted for the other variables shown in the table. HOMA-IR: Homeo-
stasis model assessment index of insulin resistance; HDL: High density 
lipoprotein; IG-soy: Intervention-soy; OR: Odd ratio; 95% IC: 95% confi-
dence interval.
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remained significant. Addel-Azziz et al[37] also detected a 
positive correlation between the HOMA-IR and fibrosis. 
We detected that marital status was a predictor for insulin 
resistance as well; single, widowed or divorced patients 
were less susceptible to inadequacy of  the HOMA-IR. 
This could be associated with the fact that a higher preva-
lence of  overweight and abdominal fat accumulation has 
been described among married subjects.

In patients with hepatitis C, the presence of  a high 
BMI, insulin resistance and high cholesterol are impor-
tant predictors for mortality. Multivariate analysis has 
shown increased mortality associated with metabolic 
disorders such as diabetes, hypertension and a higher 
BMI[36,38]. Mehta et al[39] found that individuals with HCV 
and an age above 40 years had a three-fold higher chance 
of  presenting with type 2 diabetes. Therefore, it is recom-
mended that all patients with chronic hepatitis C avoid 
excess weight and maintain blood glucose, cholesterol 
levels and blood pressure within normal ranges[40].

Soy supplementation decreased ALT levels and thus 
may improve liver inflammation in HCV patients. It also 
reduced hepatic steatosis in a subgroup of  individuals 
with advanced fibrosis, insulin resistance, increased γGT 
levels and low HDL. On the other hand, soy supplemen-
tation did not change insulin resistance, which might be 
attributed to the fact that the HOMA-IR values at base-
line in most of  our patients were in the normal range. 
To our knowledge, this is the first study to show that 
soy protein supplementation reduces hepatic steatosis 
and decreases ALT levels in chronic hepatitis C patients. 
Control of  insulin resistance, hepatic steatosis, abdominal 
obesity and body weight seems to play an essential role 
in nonpharmacological therapies for chronic hepatitis C 
treatment. These practices should therefore be encour-
aged by a multidisciplinary team. Supplementation with 
soy protein should be considered as an important choice 
of  nutritional management of  patients with chronic hep-
atitis C.

COMMENTS
Background
Hepatitis C virus (HCV) infection is an important public health problem and is 
the leading cause of liver transplantation in the Western world. Chronic HCV 
infection increases the risk for hepatic steatosis, insulin resistance, glucose 
intolerance and type 2 diabetes. The improvement of these comorbidities may 
benefit the clinical course of the patients.
Research frontiers
Several studies have shown that soy protein may stimulate peroxisome 
proliferator-activated receptors-α and thus might increase liver fatty oxidation 
and decrease hepatic steatosis. It also may inhibit sterol regulatory element-
binding transcription factor 1 and decrease hepatic lipogenesis. Clinical studies 
have previously demonstrated that soy consumption may reduce plasma lipid 
levels, promote insulin resistance reduction and maintain normal glucose levels. 
HCV infection may be associated with hepatic steatosis and increased insulin 
resistance. The morbidity of hepatic steatosis is increasing and it has been 
recognized as a liver component of the metabolic syndrome, which also has a 
negative effect on HCV treatment. The role of soy supplementation in the im-
provement of liver diseases is still a matter of debate and there are no studies 
that have evaluated its effect on insulin resistance, liver fat content and alanine 
transaminase (ALT) levels in non-diabetic patients with chronic hepatitis C.

Innovations and breakthroughs
Our work is characterized by its originality since it evaluated the impact of soy 
nutritional intervention in a population of patients infected with hepatitis C. To 
our knowledge, this is the first study to show that soy protein supplementation 
decreases ALT levels and reduces hepatic steatosis in a subgroup of individuals 
with advanced fibrosis, insulin resistance, increased γGT levels and low HDL in 
chronic hepatitis C. In an experimental study with obese Zucker rats, a diet with 
isolated soy protein favored reduced triglycerides in the liver. The AST/ALT ra-
tio, alkaline phosphatase, bile acids in plasma and pro-inflammatory cytokines 
(tumor necrosis factor-α and interleukin-1) were also reduced.  However, there 
are no clinical studies that have evaluated the role of soy supplementation on 
liver enzymes levels, insulin resistance and hepatic steatosis of patients with 
chronic HCV infection. The authors emphasize the need for further clinical trials 
to confirm the soy effects on ALT levels and hepatic steatosis of patients with 
chronic HCV infection.
Applications
This study showed that soy supplementation may improve liver inflammation 
(decrease ALT level), and may improve steatosis in a sub-group of patients with 
HCV. Therefore, supplementation with soy protein should be considered in the 
nutritional management of patients with chronic hepatitis C. However, further 
clinical trials are necessary to confirm our results.
Terminology
HOMA-IR: Homeostasis model assessment index of insulin resistance; PPARs: 
Peroxisome proliferator-activated receptors. These are nuclear receptors that 
function as transcription factors regulating the expression of genes. PPARs 
play essential roles in the regulation of cellular differentiation and metabolism 
(carbohydrate, lipid, protein); SREBP-1: Sterol regulatory element-binding tran-
scription factor 1 is a transcription factor involved in sterol biosynthesis.
Peer review
The topic of the study is interesting and based on rational logic. The design of 
the study is appropriate, but to be sure of that we need to know some more in-
formation about the recruitment, randomization and blinding method. In a clini-
cal trial design the conclusions are based only in the analysis performed for the 
main objectives of the study, otherwise the conclusion from sub-analysis must 
be biased.
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