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Abstract
AIM: To evaluate steatosis, insulin resistance (IR) 

and patatin-like phospholipase domain-containing 3 
(PNPLA3) and their relation to disease progression in 
hepatitis B and C viruses (HCV-HBV) co-infected pa-
tients.

METHODS: Three hundred and thirty patients with 
biopsy proven chronic hepatitis were enrolled: 66 had 
HBV-HCV, 66 HBV and 198 HCV infection. Prevalence 
of steatosis, IR and PNPLA3 polymorphisms and their 
relation to anthropometric, biochemical, virological and 
histological parameters were evaluated. 

RESULTS: Prevalence of steatosis in group HBV-HCV 
was similar to that in HCV (47.0% vs  49.5%, respec-
tively); group HBV showed the lowest steatosis (33.3%). 
Group HBV-HCV had a lesser degree of steatosis than 
HCV (P  = 0.016), lower HCV RNA levels (P  = 0.025) 
and lower prevalence and degree of IR (P  = 0.01). 
PNPLA3 polymorphisms were associated with steatosis. 
Group HBV-HCV showed higher levels of liver fibrosis 
than group HCV (P  = 0.001), but similar to that ob-
served in HBV group. In HBV-HCV group, liver fibrosis 
was not associated with steatosis, IR or PNPLA3. HBV 
infection was the independent predictor of advanced 
liver fibrosis.

CONCLUSION: HBV-HCV co-infected patients have 
lower degree of hepatic steatosis, IR and HCV RNA 
than HCV mono-infected; co-infected patients showed 
a more rapid liver fibrosis progression that seems to be 
due to the double infection and/or HBV dominance.
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Core tip: We evaluated the prevalence and role of 
steatosis, insulin resistance and patatin-like phospholi-
pase domain-containing 3 (PNPLA3) polymorphisms on 
disease progression in hepatitis B and C viruses (HCV-
HBV) co-infected patients. The data showed that HBV-
HCV patients have lower levels of liver steatosis and 
insulin resistance than HCV mono-infected patients. 
HBV seems to interact with HCV reducing HCV replica-
tion and HCV-related metabolic features. Thus, the in-
fluence of HCV-related steatosis and insulin resistance 
as well as PNPLA3 polymorphism do not significantly 
impact liver fibrosis progression in HBV-HCV patients. 
The more rapid progression of liver fibrosis observed in 
HBV-HCV co-infected patients seems to be mostly as-
sociated with HBV infection. 

Zampino R, Coppola N, Cirillo G, Boemio A, Minichini C, Mar-
rone A, Stanzione M, Starace M, Durante-Mangoni E, Sagnelli E, 
Restivo L, Salzillo G, Fascione MC, Nevola R, del Giudice EM, 
Adinolfi LE. Insulin resistance and steatosis in HBV-HCV co-in-
fected patients: Role of PNPLA3 polymorphisms and impact on 
liver fibrosis progression. World J Hepatol 2014; 6(9): 677-684  
Available from: URL: http://www.wjgnet.com/1948-5182/full/
v6/i9/677.htm  DOI: http://dx.doi.org/10.4254/wjh.v6.i9.677

INTRODUCTION
Liver steatosis is a feature of  chronic hepatitis C virus 
(HCV) infection[1-3]. HCV genotype 3 directly induces the 
highest degree and prevalence of  steatosis (up to 80%), 
whereas HCV-related steatosis in non-3 genotypes is 
mainly associated with metabolic conditions[4]. A close 
association between steatosis and insulin resistance (IR) 
has been reported in HCV non-3 genotype-infected 
patients, but, normally, insulin resistance is not a feature 
of  genotype-3 infection[2]. In HCV infection, IR pre-
cedes the development of  steatosis and modulates fatty 
liver deposition through several, non-mutually exclusive, 
mechanisms; the appearance of  steatosis, in turn, wors-
ens IR[2,5]. Furthermore, it has been reported that in gen-
otype-1 infection, IR correlates with the serum level of  
HCV RNA[6-7]. Both steatosis and IR are associated with 
a more rapid progression of  liver fibrosis[1,8]. In chronic 
hepatitis B virus (HBV) infection, hepatic steatosis has 
been reported with a lower prevalence[9,10] than that ob-
served in HCV infection, although one report[11] showed 
a high prevalence of  steatosis in HBV-infected patients. 
Furthermore, in HBV infection, steatosis seems to be 
related to metabolic factors and does not seem to cor-
relate with histological hepatic damage[9,12-14]. Recently, the 
single nucleotide polymorphism (SNP) of  the patatin-like 
phospholipase domain-containing 3 (PNPLA3) gene, in-
volved in the lipid metabolism, has been associated with 
liver steatosis in chronic hepatitis[15-20].

Chronic HBV-HCV co-infection is infrequent, but it 
is associated with a more severe clinical presentation[21-25] 

and with a more rapid progression to liver cirrhosis and 

hepatocellular carcinoma[26-28]. There are no direct data 
on liver steatosis and IR in patients with HBV-HCV co-
infection, nor on their impact on the progression of  the 
liver disease. During HBV-HCV co-infection, a reciprocal 
inhibition of  the viral genomes has been reported[29-31] 
and this condition, especially in HCV-genotype-1 infec-
tion, could influence the development of  IR and steato-
sis. Thus, at present, it remains unclear whether HBV 
infection affects the prevalence and level of  steatosis and 
IR in HBV-HCV co-infected patients and their impact on 
liver disease progression. 

Accordingly, the aim of  this study was to evaluate the 
prevalence and degree of  liver steatosis and IR and their 
role in the progression of  liver disease in a cohort of  
HBV-HCV co-infected patients as compared with a co-
hort of  HBV and HCV mono-infected patients. The role 
of  the viral and host metabolic and genetic factors, such 
as PNPLA3 polymorphisms, was also evaluated.

MATERIALS AND METHODS
Patients
Three hundred and thirty Caucasian patients with histol-
ogy proven chronic hepatitis were enrolled in the study. 
Sixty-six were HBV-HCV co-infected patients, 66 HBV 
mono-infected (ratio 1:1) and 198 HCV mono-infected 
(ratio 1:3). HBV-HCV co-infected patients were age-, 
gender-, and HCV genotype-matched with control mono-
infected groups. The study was conducted from 2009 to 
2013. However, considering the low prevalence of  HBV-
HCV co-infected patients, all HBV-HCV co-infected pa-
tients recorded in the data base from 2006 were enrolled 
if  there was a serum sample stored at -30 ℃ at the time 
of  the liver biopsy and if  there was a sample available for 
genetic purposes. 

Patients were recruited from four Liver Units (see 
author’s affiliations) of  the Second University of  Naples, 
Italy. The patients were considered co-infected and en-
rolled in the study if  they were HBs Ag positive/HCV-
Ab positive/HBV-DNA and HCV-RNA positive; all 
patients HBV and HCV mono-infected were HBV-DNA 
positive and HCV-RNA positive, respectively. All patients 
included were anti-HIV- and anti-HDV-negative, naive 
for antiviral therapy and reported no active intravenous 
drug addiction or daily alcohol intake over 30 g. The pos-
sible source of  infection was identified only in the mi-
nority of  the enrolled patients; in fact, anamnestic blood 
transfusion was present in 8%, previous surgery in 4%, a 
family history of  hepatitis infection in 4%, and a past his-
tory of  drug abuse in 1.8%. All patients underwent com-
plete physical examination, full liver function tests, fasting 
glucose, triglycerides, cholesterol, blood cell counts, viral 
markers (HBV, HCV, HDV, HIV) and liver ultrasound 
scan. The body mass index (BMI: kg/m2) and waist 
circumference were recorded for all patients. Visceral 
obesity was defined as waist circumference > 102 cm in 
male and > 88 in female. An anamnestic estimation of  
possible duration of  infection was made. All laboratory 
data presented in this study refer to the values at the time 
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of  the liver biopsy. All blood samples were withdrawn at 
the time of  liver biopsy and serum were stored at -30 ℃ 
within two hours from collection.

Serum insulin and homeostasis model 
assessement-insulin resistance 
Serum insulin was evaluated using human insulin immu-
noassay (Insulin Cobas, Roche Diagnostics, Indianapolis, 
IN, United States). IR was determined by homeostasis 
model assessement-insulin resistance (HOMA-IR) using 
the following formula: fasting plasma glucose (mmol/dL) 
x fasting serum insulin (IU/mL)]/22.5. To establish the 
cut-off  level of  IR in our population, HOMA-IR was 
evaluated in 130 healthy subjects and the cut-off  value 
was set at the 75th percentile of  the HOMA-IR value in 
our mono-infected control groups[32] that was 2.60. In 
the three groups evaluated the determination of  levels of  
insulinemia and glycaemia were done at the same time us-
ing the stored serum and samples from the three groups 
were analysed in parallel.

Liver histology
All patients gave their informed consent for liver biopsy. 
Liver specimens were fixed in formalin, embedded in 
paraffin and stained with hematoxylin-eosin and Masson’s 
trichrome stain and evaluated in a blinded way by the pa-
thologist. The Ishak scores to grade necro-inflammation-
and fibrosis were used[33]. Steatosis was scored as follows: 
0, if  less than 5% of  hepatocytes had fatty deposition; (1)  
from 5% to 29%; (2) from 30% to 59%; and (3) > 60%.

All the evaluations were conducted in accordance 
with good clinical practice and with the Helsinki Declara-
tion. The local Ethics Committee approved the study. 

Serological determinations
Serum markers for HBV, HCV, HDV and HIV infec-
tion were sought in serum using commercially available 
immune-enzymatic assays (Abbott Laboratories, North 
Chicago, IL and Ortho Diagnostic Systems, Raritan, NJ). 

HBV and HCV genotypes and viral load
Hepatitis B virus genotypes were determined by phylo-
genetic analysis of  sequences of  400 nt of  the S region, as 
previously described[34]. HCV genotypes were determined 
using immunoblotting HCV genotype assay Lipa (VER-
SANT HCV Genotype 2.0 Assay (LIPA), Siemens, Erlan-
gen, Germany) following the manufacturer’s instructions. 
HBV DNA and HCV RNA viral load were assessed by re-
al-time PCR using commercial kits (COBAS® AmpliPrep/
COBAS® TaqMan® HBV Test, v2.0, COBAS® TaqMan® 
HCV Test v2.0; Roche diagnostics, S.p.A. Monza, Italy).

PNPLA3 polymorphism study
Genomic DNA was extracted from whole blood by the 
QIAamp DNA Mini Kit (Qiagen, Hilden, Germany) and 
analyzed for the PNPLA3 polymorphism.All patients 
were genotyped for the PNPLA3 rs738409 C to G variant 
underlying the I148M substitution. The following prim-

ers were used, F: 5’-GCCCTGCTCACTTGGAGAAA-3’ 
and R: 5’-TGAAAGGCAGTGAGGCATGG-3’. The 
FokI restriction enzyme, as previously described, was 
used to identify the variant, since the G allele eliminates a 
FokI restriction site. Random samples were confirmed by 
direct genotyping, which provided concordant results in 
all cases[35].

Statistical analysis
The data are expressed as mean or median. Differences 
between the groups were evaluated by Student’s t test 
for parametric data and by the Mann-Whitney U test for 
non-parametric data. Spearman’s correlation test was 
used to identify factors significantly associated. The Chi-
square test was used to evaluate differences in the preva-
lence. The analysis of  variance was used to evaluate the 
different distribution of  steatosis in the genetic polymor-
phisms. Logistic regression analysis was used to evaluate 
the independent factors associated with advanced liver 
fibrosis. The data were analysed using SPSS 13.5, and P < 
0.05 was assumed to denote significance.

RESULTS
General characteristics of patients
The general characteristics of  the study population are 
shown in Table 1. The three groups were comparable 
for demographic and anthropometric parameters. The 
approximate duration of  the disease and the lipid profile 
were similar in the three groups. Waist circumference was 
similar in groups HCV-HBV and HCV (91.7 ± 9.8 and 
90.2 ± 10, respectively). The serum glucose levels were 
lower, albeit not significantly, in group HBV-HCV than 
in group HCV (P = 0.09). The AST values were signifi-
cantly lower in the co-infected patients than in the HBV 
mono-infected (P = 0.02), while the ALT values were sig-
nificantly lower in the co-infected than in the HBV and 
HCV mono-infected (P = 0.001).

Virological characteristics of patients
The median values of  the HBV DNA and HCV RNA 
levels are shown in Table 1. HBV-HCV co-infected 
patients showed lower levels of  HBV DNA and HCV 
RNA than those observed in the HBV and HCV mono-
infected patients (P = 0.0001 and P = 0.025, respectively). 
The majority (93%) of  the HCV patients were infected 
by genotype non-3 (Table 1) and 98% of  HBV patients 
had genotype D.

Steatosis and IR
Table 2 shows the prevalence and degree of  steatosis in 
the three groups. There was no difference in the preva-
lence of  liver steatosis between group HBV-HCV and 
group HCV (47.0% vs 49.5%), but a lower prevalence of  
steatosis was observed in group HBV (34%). An analysis 
of  the degree of  steatosis showed higher levels (scores 
2-3) in group HCV than in group HBV-HCV (P = 0.016, 
Table 2). The above results did not change when the 
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phisms. In accordance with our recently published data[19], 
the results of  the present study showed that the PNPLA3 
I148M polymorphism was associated with a more severe 
degree of  steatosis both in groups HCV and HBV-HCV 
(P =0.003). An analysis of  the overall study population 
confirmed that the PNPLA3 I148M polymorphism 
caused a predisposition to liver steatosis (P = 0.001). In 
Table 3, the data have been showed aggregate (HBV and 
HBV-HCV groups) considering that similar results have 
been obtained.

Liver fibrosis progression
The data given in Table 1 show that HBV-HCV co-in-
fected patients had similar levels of  liver fibrosis to those 
observed in group HBV, but significantly higher than 
those observed in group HCV (P = 0.001).This higher 

analysis was done excluding patients with HCV genotype 
3, but considering the low number of  patients with geno-
type 3 the results deserve further evaluation. In group 
HBV, a higher degree of  steatosis (score 2-3) was closely 
associated with obesity (BMI > 30).

Figure 1 shows the mean serum levels of  HOMA-
IR in the three groups studied. HBV-HCV co-infected 
patients showed an intermediate value of  HOMA-IR, 
i.e., between the highest level in group HCV and the low-
est in group HBV, however, such value was significantly 
lower than that observed in HCV but not significantly 
higher than that observed in group HBV. Similarly, the 
prevalence of  IR (HOMA-IR cut-off  > 2.60) in the HBV-
HCV co-infected patients was lower than that observed in 
group HCV (21% vs 54%, P = 0.005), but not significantly 
different from that observed in group HBV (23%).

The relation between IR and steatosis was evaluated 
and, as expected, in group HCV a correlation between 
the levels of  IR and steatosis was observed (r = 0.27; P 
= 0.006), whereas, such a correlation was not seen in the 
HBV-HCV co-infected group (data not shown).

PNPLA3 polymorphisms and steatosis
Table 3 shows the distribution of  the PNPLA3 polymor-

HBV-HCV group HBV group HCV group P  

  No. of patients 66 66 198
   Medianage (range) 48.5 (25-67) 47 (23-65) 50 (22-65) NS
  Males 60.60% 63.60% 55.50% NS
  Disease duration (yr ± SD) 22.3 ± 9.7 21 ± 7.6 23.2 ± 8.4 NS
  BMI (mean ± SD) 25.7 ± 3 26 ± 4.5 26.7 ± 4 NS
  Glycaemia (mean ± SD) mg/dL 90 ± 13.4 85.8 ± 14.4a 95 ± 20b 0.09 (a vs b)
  HOMA 2.48 ± 2.65c 2.0 ± 1.17 3.63 ± 4.5d 0.042 (c vs d)
  Cholesterol (mean ± SD) mg/dL 182 ± 34 182 ± 31 182 ± 41 NS
   Triglycerides (mean ± SD) mg/dL 109 ± 55 85 ± 29 103 ± 53 NS
  AST (mean ± SD) IU/L 55 ± 39e 83 ± 84f 65 ± 52 0.02 (e vs f) 
  ALT (mean ± SD), IU/L 44 ± 62.5g 124.95 ± 92h 90 ± 74i 0.001 (g vs h) 0.001 (g vs i)

0.01 (h vs i)
  Median HBV DNA (range) IU/mL 1.9 × 103 (1500-10 × 107) 2 × 105 (3000-1× 108) 0.0001
  Median HCV RNA (range) IU/mL 1.15 × 105 (120- 6.4 × 105) 6.98 × 105 (2818-8 × 106) 0.025
  HCV genotype:
     3 7% 8.7% NS
     Non-3 93% 91.3%
  HAI score (mean ± SD) 5.9 ± 2.9 6.2 ± 3.4 6.3 ± 3.6 NS
  Fibrosis score (mean ± SD) 3.32 ± 0.45l 3.46 ± 0.48m 2.9 ± 0.30n 0.001 (l vs n)

0.001 (m vs n)

Table 1  General characteristics of the 330 patients include in the study

HBV: Hepatitis B virus; HCV: Hepatitis C virus; HOMA: Homeostasis model assessement; AST: Aspartate transferase; ALT: Alanine transferase; NS: No significant.

Steatosis 
prevalence

Steatosis 
grade 1

Steatosis 
grade 2-3

  HBV-HCV group (n = 66) 47.0% 43.6%   3.4%
  HBV group (n = 66) 33.3% 21.2%  12.1%
  HCV group (n = 198) 49.5% 23.2%   26.3%a

Table 2  Steatosis prevalence and distribution in the different 
groups

aP = 0.016 vs group HBV-HCV. HBV: Hepatitis B virus; HCV: Hepatitis C 
virus.

  PNPLA3 Steatosis no Steatosis yes    Steatosis 
score 1

Steatosis score 
2-3

  Overall
     p.148I/I 83 (55) 65 (36) 44%    23%
     p.148I/M 62 (41) 82 (46) 49%    40%
    p.148M/M 6 (4)  32 (18)b   7%    37%
  HBV/HBV-HCV groups
     p.148I/I 32 (61) 36 (45.6) 55% 12.5%
     p.148I/M 20 (38) 33 (41.8) 42% 37.5%
     p.148M/M 1 (1)  10 (12.6)d   3% 50.0%
  HCV group
     p.148I/I 53 (54) 44 (44) 60%    17%
     p.148I/M, 43 (44) 31 (31) 30%    33%
     p.148M/M 2 (2)  25 (25)f 10%    50%

Table 3  Distribution of patatin-like phospholipase domain-
containing 3 polymorphisms and their relation to steatosis  n  (%)

bP = 0.0001; dP = 0.0001; fP = 0.0001 vs Steatosis no group. PNPLA3: 
Patatin-like phospholipase domain-containing 3; HBV: Hepatitis B virus; 
HCV: Hepatitis C virus.

Zampino R et al . Insulin resistance and steatosis in HBV-HCV co-infection



681 September 27, 2014|Volume 6|Issue 9|WJH|www.wjgnet.com

degree of  fibrosis in HBV-HCV group was independ-
ent of  necro-inflammatory activity, because the HAI was 
similar in the three groups (Table 1), and, in addition, was 
not independently associated with liver steatosis, IR or 
PNPLA3 polymorphisms.

Factors associated with liver fibrosis
An overall evaluation, including all groups, on the fac-
tors associated with advanced liver fibrosis showed that 
the presence of  HBV (P = 0.0001), age (P = 0.031), liver 
necro-inflammation (P = 0.02), and liver steatosis (P = 
0.047) were the factors associated at univariate analysis 
with liver fibrosis. Regression analysis showed that HBV 
was the only independent factor associated with advanced 
fibrosis (coefficient B, 0.214; standard error of  B, 0.055; 
95%CI, lower: 0.104 - higher: 0.323; P = 0.0001).

DISCUSSION
In the present study, we explored the prevalence and pos-
sible role of  liver steatosis and IR on liver disease pro-
gression in patients with chronic HBV-HCV co-infection. 
The data show that HBV-HCV co-infection does not 
influence the well-known capacity of  HCV to induce 
steatosis; HBV-HCV co-infected patients showed a lesser 
amount of  liver fat accumulation in comparison with 
HCV-infected patients. In addition, the results of  this 
study demonstrate that HBV-HCV co-infected patients 
had lower serum levels of  HCV RNA, a lower prevalence 
and degree of  IR, and despite a similar duration of  the 
disease, HBV-HCV patients showed higher levels of  liver 
fibrosis than those observed in HCV mono-infected 
patients. The data suggest that HBV may interact with 
HCV and change some HCV metabolic characteristics. 
The mechanisms implicated in such interaction are not 
known, but some hypotheses can be made based on the 
results of  this study.

Hepatic steatosis in chronic HCV infection is associ-
ated with alterations in the lipid and glucose metabo-
lism[36,37]. IR in HCV infection has been reported in up 
to 80% of  cases[38]. A close association between steatosis 

and IR has been observed in HCV genotype non-3-in-
fected patients, but IR is not generally a feature of  geno-
type-3 infection[39,40]. HCV genotype-1-infected patients 
have higher prevalence of  impaired glucose metabolism, 
and IR is correlated with the level of  viral replication[6,7]. 
In HCV infection, IR precedes the development of  stea-
tosis and modulates fatty liver deposition[41,42]. The data 
of  the present study show that HBV-HCV co-infected 
patients had lower levels of  HCV RNA, IR and glucose. 
A fluctuating virological profile related to mutual HBV-
HCV interference and the effect of  this biological pro-
cess on the clinical presentation and treatment strategy 
have been described[29,43]. It is possible that viral inter-
ference between HBV and HCV in hepatocytes might 
control or modulate the interaction between HCV and 
the lipid and glucose metabolism. However, a recent in 
vitro study[44] supports the hypothesis that HBV and HCV 
can replicate in the same cell without evidence of  direct 
interference and that the in vivo effects may depend on the 
host immune response. However, the extensive virologi-
cal and molecular interactions between the two viruses in 
co-infected patients are not well understood. Evidence 
seem to indicate that an in verse relationship occurs in the 
replication levels of  the two viruses, suggesting direct or 
indirect viral interference[44,45]. Studies in vitro showed that 
the HCV core protein suppresses HBV replication[29,46,47]. 
On the other hand, an inhibition of  HCV replication in 
patients with chronic hepatitis C who were super-infected 
with HBV have also been demonstrated[21,48]. Thus, the 
type of  interaction between these two viruses in patients 
who are co-infected may be influenced by which virus in-
fection is experienced first[24]. On these bases, our results 
seem to confirm that HBV “interference” induces lower 
levels of  HCV replication, which may not support a sig-
nificant development of  IR and, in turn, not favor high 
amounts of  liver fat deposition. Future experimental stud-
ies analyzing the effects of  HBV replication on the de-
velopment of  IR and steatosis in HBV-HCV co-infected 
cells could produce interesting results. 

It is well known that metabolic factors, in particular 
high levels of  steatosis and IR are associated with a de-
creased likelihood of  achieving a sustained virological re-
sponse with interferon-based treatment[49-51], but little in-
formation is available for protease-inhibitor regimens[52]. 
Thus, determining the metabolic profile in HBV-HCV 
patients could prove useful to predict the outcome of  
treatment for these patients, but specific studies are nec-
essary.

In accordance with the data available on the correla-
tion between the PNPLA3 I148M variant and liver stea-
tosis in NAFLD and in chronic HCV and HBV infec-
tion[15-20], the data of  this study confirm the independent 
role of  the PNPLA3 polymorphisms in inducing high 
degree of  steatosis.

It has been well established that in chronic HCV 
infection, IR, a high degree of  steatosis (greater than 
20%-30%) and higher levels of  glucose are associated 
with a more rapid progression of  liver fibrosis[1,39]. Al-
though the data from this study showed that HBV-HCV 
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Figure 1  Homeostasis model assessement-insulin resistance in the three 
groups of patients. bP < 0.001, HCV vs HBV-HCV and HBV groups. HOMA-
IR: Homeostasis model assessement-insulin resistance; HBV: Hepatitis B virus; 
HCV: Hepatitis C virus.
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co-infected patients had a more “favorable” anti-fibrotic 
metabolic profile, these patients had higher levels of  liver 
fibrosis than those observed in HCV-infected patients. 
These data seem to indicate a prominent “direct” viral 
effect of  the two viruses, rather than HCV-related meta-
bolic factors, in the progression of  liver fibrosis. Alterna-
tively, considering that the levels of  fibrosis in HBV-HCV 
co-infected patients are similar to those observed in the 
HBV mono-infected, and that HBV is the independent 
factor associated with advanced fibrosis, it is possible that 
HBV infection plays a dominant role in the progression 
of  liver fibrosis.

It is necessary to underline that this study has some 
limitations; first, it is a cross-sectional study conducted 
in one geographic area; second, the very low number of  
HCV genotype 3 enrolled do not permit to draw conclu-
sion about the role of  genotype; third, due to the very 
low frequency of  occurrence of  double infection, a rela-
tive low number of  patients have been included in the 
HBV-HCV co-infected group. However, despite these 
limitations, this study represents the essential basis for a 
future larger multicenter study evaluating the interaction 
between HBV and HCV infection.

In conclusion, the results of  this study demonstrate 
that in HBV-HCV co-infected patients a high degree of  
liver steatosis is uncommon, possibly due to reciprocal 
viral interference causing lower levels of  HCV replication 
and subsequently lower levels of  IR. However, despite 
the “anti-fibrotic” metabolic profile observed, HBV-
HCV co-infected patients had a higher degree of  fibrosis, 
probably due to the dual infection and/or HBV domi-
nance.Thus, in the unstandardized complex therapeutic 
managements of  HBV-HCV co-infected patients an early 
control of  HBV infection could be of  importance to 
avoid the rapid progression of  liver fibrosis. 
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