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Abstract 
Background: Recent findings suggest a higher prevalence of hepatic steatosis in patients with chronic hepatitis C, estimated at 50%. Both 
host and viral factors contribute to the development of steatosis in chronic hepatitis C. Steatosis is an initial stage, which promotes hepatic 
fibrosis through oxidative stress. Aim: To assess the pathogenic mechanism of genotype 1 hepatitis C virus in steatosis and to evaluate the 
correlation between the degree of steatosis and the level of oxidative stress. Patients and Methods: The study was carried out on 
50 patients (29 males, 21 females) with genotype 1 HCV and liver biopsy proven chronic hepatitis C. Patients with other etiology of chronic 
liver disease were excluded. We statistically correlated the degree of steatosis with clinical (age, sex, waist circumferences) and biological 
parameters (alaninaminotransferase, gammaglutamyltranspeptidase – GGT, insulin, ferritin, serum viral load, oxidative stress). Insulin 
resistance (IR) was determined by the homeostasis model assessment (HOMA) method. The oxidative stress was estimated by serum 
malondialdehyde (MDA) and glutathione (GSH). Results: 27 patients presented steatosis (57%): 14 out of 29 men (48%) and 14 out of 
21 women (66%); in two thirds of them, steatosis was moderate. Univariate analysis identified five parameters that significantly influenced 
steatosis: age >45 years, sex – female, IR (HOMA>2.5), BMI, central adiposity (as reflected by waist circumferences and high GGT-
values). Multivariate analysis identified four significant parameters: sex – female, insulin resistance (HOMA>2.5), BMI>30 kg/m2 and 
GGT>2N. No relationship was found between steatosis and viral replication. The study demonstrated a significant correlation between 
steatosis and IR on the one hand and between steatosis and liver fibrosis on the other hand (p<0.05). Liver fibrosis was significant 
correlated with the increase levels of free radicals (MDA>250 nmol/dL). Conclusions: The pathogenic mechanism of genotype 1 HCV in 
steatosis is independent from viral replication and it may be linked to virus induced metabolic abnormalities such as IR. More women 
(66%) than men (48%) developed steatosis. Increased levels of free radicals, correlated with moderate and severe steatosis suggest the 
intervention of oxidative stress in determining the hepatic lesions associated with steatosis. 
Keywords: hepatic steatosis, chronic hepatitis C, insulin resistance, viral steatosis, oxidative stress. 

 Introduction 

Hepatitis C virus infection (CHC) represents a major 
cause of mortality and morbidity all over the world, at 
present 170 000 000 of people bearing the chronic 
infection given by this virus. The prevalence of the 
hepatitis C virus (HCV) in Romania is 4.9%. 

Hepatic steatosis is a histological feature that is 
frequently encountered in C virus chronic infections. 
There are two forms of steatosis that may be found in 
patients infected with hepatitis C virus: metabolic 
steatosis and virus-induced steatosis [1–3]. 

Metabolic steatosis was described in patients infec-
ted with C virus who also possessed other metabolic 
disorders such as obesity, dyslipidemia and diabetes 
mellitus [4, 5]. This form is the consequence of the 
mitochondrial dysfunction involved in the process of 
beta-oxidation of the free fatty acids. Metabolic 
steatosis is not induced by the C virus itself, but the 
combination between this form of steatosis and the 

presence of the virus is associated with an accelerated 
progression towards fibrosis. 

C virus-induced steatosis is determined by the direct 
effect of the virus, more frequently genotype 3a, and the 
severity of the steatosis is proportional with the level of 
viral replication [6, 7]. It has been noticed that in heap-
titis caused by the genotype 3a C virus, steatosis impro-
ves and has a sustained virologic answer, a consequence 
of the combined antiviral treatment. After the virus is 
eradicated, the steatosis not only disappears but, further-
more, the recurrence of the disease is associated with 
the histological recurrence of steatosis [8].  

It is difficult to estimate if the C virus induced 
steatosis and metabolic steatosis equally contribute to 
the progression of the disease in these patients. It is 
assumed that there is a significant correlation between 
the severity of steatosis and the extent of hepatic 
fibrosis. There are no studies at present that analyze the 
contribution of each form to the progression of the 
disease. 
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The purpose of the study is to establish the particular 
features of the C virus chronic infection, especially of 
the pathogenic mechanisms involved in the progression 
of hepatic lesions, the presence of steatosis, as well as 
its contribution to hepatic fibrosis. 

Clinical studies based on large number of enrolled 
patients have indicated that hepatic steatosis is negate-
vely influencing the answer of HCV to the antiviral 
treatment. It is assumed that the mechanism involved in 
the progression of fibrosis, process that is associated 
with steatosis, may imply the lipid peroxidation proce-
sses, with subsequent activation of the stellate cells that 
are mainly responsible for the intrahepatic collagen syn-
thesis. 

The first hypothesis that we seek to test is that 
steatosis arising in HCV chronic hepatitis is a multi-
factorial process that is significantly linked with all the 
factors that determine changes in lipid metabolism, 
independently of the viral infection. These elements 
include obesity, diabetes mellitus, alcohol consumption, 
dyslipidemia, cryoglobulins and metabolic syndrome 
with insulin resistance. Besides metabolic steatosis, the 
accumulation of triglycerides inside hepatic cells in 
HCV is the consequence of the direct cytopathogen 
effect of the virus on mitochondrial metabolism, effect 
that is correlated with specific features of the C virus: 
genotype, subtype, viral loading. No matter the cause 
behind it, steatosis is probably an initial stage in the 
development of the disease that acts as a trigger 
mechanism for hepatic fibrosis. 

The first objective is to determine the risk factors 
associated with steatosis occurring in C virus chronic 
infection by assessing the correlation between the 
degree of steatosis and clinic parameters (age, sex, body 
weight, and alcohol consumption), biological para-
meters (insulin resistance, serum glucose level, lipid 
profile, cryoglobulins) and viral parameters (genotype, 
viral load). 

The second hypothesis is that in all patients having a 
HCV chronic infection steatosis is an initial stage, 
which promotes hepatic fibrosis through oxidative 
stress. In order to test this hypothesis we wish to disco-
ver a correlation between the degree of steatosis and the 
level of oxidative stress.  

 Patients and Methods 

Patients with HCV chronic infections were selected 
out of 308 patients who addressed to the University 
Hospital in Bucharest for hepatic cytolysis; 75 of them 
showed positive viral markers for hepatitis C virus and 
had the necessary investigations in order to classify their 
hepatic disorder. Inclusion criteria were: 

1. Patients with chronic C virus infection without 
previous antiviral treatment; 

2. Hepatic cytolysis (ALT>1.5×N); 
3. Liver punction biopsy compatible with the histo-

logical diagnosis of chronic hepatitis regardless of the 
degree of fibrosis; 

4. Hematological tests: ♀/♂ Hg>12/13 g/dL, 
leukocytes >3000/mm3, PMN>1200, thrombocytes 
>100 000/mm3. 

HCV infection was defined by the presence in serum 
of anti HCV antibodies using the 3rd generation ELISA 
(enzyme-linked immunoabsorbent assay). C virus infec-
tion was confirmed by performing the COBAS TaqMan 
HCV-test – the test of in vitro amplification of the C 
virus nucleic acid, which uses the High Pure System 
Viral nucleic acid kit for manual preparation and the 
COBAS TaqMan 48 analyzer for automatic amplifi-
cation and detection. The RNA titter was expressed in 
international units (IU/mL). The detection limit is 
>10 IU/mL with a positive rate of 95%. 

Patients with other forms of chronic hepatic disor-
ders (viral, metabolic and of autoimmune etiology) were 
excluded from the study.  

All the patients included in the study were informed 
about the study protocol and all of them gave their 
consent in a written form in order to take part in the 
study. The research was carried out in conformity with 
the international provisions regarding medical ethics. 

Study protocol 

A research form was filled in for every patient, 
containing information on common risk factors, medical 
history, and lifestyle and associated conditions: smoking 
habit, hypertension, diabetes, overweight, hypercholes-
terolemia. 

All the patients were classified according to the 
calculated body mass index (BMI [kg/m2]) as follows: 
normal, BMI 18.5–24.9; weight excess, BMI 25.0–29.9; 
moderate obesity, BMI 30.0–34.9; severe obesity, BMI 
35.0–39.9. In obese patients, the distribution of the body 
fat was established using waist circumference measure-
ments. The waist was considered to be the lowest cir-
cumference between the inferior edge of the thoracic 
cage and the iliac crest when the measurements are 
performed in orthostatic position. According to the 
classification of Lean MEJ et al., patients have been 
marked as having visceral obesity if the waist circum-
ference was in women >88 cm, and in men >102 cm [9]. 

The biological parameters were prelevated from the 
blood of the patients after 24 hours of fasting and 
consisted of ALT, AST, glucose, gamma-glutamyl-
transpeptidase (GGT), HDL- and LDL-cholesterol, 
triglycerides, INR, bilirubin. All were measured on an 
automatic analyzer (Dimension). Serum ferritin levels 
were measured by chemiluminescence (Immulite). 

Insulin determinations were performed using the 
method of indirect chemiluminescence (MEIA). Insulin 
resistance was calculated according to the HOMA score 
(homeostasis model assessment): the product between 
the serum glucose and insulin levels in basal conditions 
were divided at 22.5. For insulin resistance the cut-off 
value was considered to be 2.5. 

The oxidative stress was estimated by determining 
the lipid peroxides for which the marker is malondi-
aldehyde (MDA) using the method of high performance 
liquid chromatography (HPLC) which measures MDA 
in its free state. Also, another marker of oxidative stress 
was glutathione, which is a tripeptide considered to be 
the main non-enzymatic antioxidant. Thus, the Ellman’s 
method was used. It is used to detect non-protein thiolic 
groups by measuring the mercapto-benzene acid with 
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the help of the spectrophotometer color reaction (with 
2,4-dinitrobenzene).  

In order to determine the genotype of the C virus the 
Linear Array Hepatitis C Genotyping test was used with 
AMPLICOR R HCV-test and COBAS AMPLICOR 
HCV Test version 2. The test uses the RNA reverse 
transcriptase to produce complementary RNA (cADN), 
the Polymerase Chain Reaction (PCR) to amplify the 
cDNA and hybridization methods to determine the HCV 
genotype. Serum RNA was detected with EDTA as an 
anticoagulant. The serum detection limit is >500 IU/mL 
with a positive response rate >95%; the clinic specificity 
of the test is >99.99%. 

Histological assessment 

The analysis of a liver sample obtained by liver 
biopsy punction (using a Menghini needle) was perfor-
med. The section was fixed in tamponated 10% forma-
lin and immersed in paraffin in the laboratories of 
Pathologic Anatomy of the University Hospital in 
Bucharest. The dimension of the hepatic fragment was 
at least of 15 mm in order to examine at least 10 portal 
spaces. The diagnosis was established using Hemato-
xylin–Eosin stained cross-sections and was made 
complete with the help of special staining methods such 
as Van Gieson and Prussia blue. The histological exami-
nation was aimed to detect:  

▪ The necroinflammatory activity (histological acti-
vity index was established according to the Knodell’s 
classification; 

▪ Fibrosis was stadialized according to the METAVIR 
system F0–F4; 

▪ Steatosis was assessed according to the percent of 
hepatic cells that included macrovesicular drops of fat 
on each field, as follows:  

– 0, absent; 
– 1, light, 1–20% of the hepatocytes;  
– 2, moderate, 21–40% of the hepatocytes;  
– 3, severe, >40% of the affected hepatocytes. 
▪ The iron deposits were determined using the Pearls 

staining method and were graded according to Brissot 
following a scale of 0–4. 

Statistical analysis 

For data interpretation and result comparison, stati-
stical analysis was used. This established the contri-
bution of clinical, biological and virologic parameters to 
the determination of steatosis and it correlated the 
degree of steatosis with the severity of hepatic fibrosis 
and the oxidative stress level. For this purpose, a data-
base and a questionnaire were used. They were created 
with the help of Epi Data v. 3.0 ©Jens Lauritsen.  
The statistical package used was “SPSSv13 for Mac 
OSX” (©SPSS Inc., 1989–2006). The chosen statistic 
significance threshold was p<0.05.The statistic tests 
were used for:  

▪ Testing the continuous, normally distributed varia-
ble means and estimating the confidence intervals 95%: 
two-samples, two-tailed t-test (pooled variances or sepa-
rate variances). 

▪ Mann–Whitney U-test for ordinal, non-normal 
distributed variables. 

▪ One Way ANOVA for multiple average testing. 
▪ For nominal and ordinal variables: Pearson χ2-test; 

Fisher for expected values <5. 
▪ Pearson χ2-test for proportion testing and estima-

tion of confidence levels 95% 
▪ R-Pearson coefficient for correlations between 

continuous variables and Spearman’s rho for non-
parametric correlations. 

▪ Cox-regression analysis used to estimate the 
Hazard Ratio for the risk factors as well as for the 
protection factors in the occurrence of the endpoints. 

 Results 

Patients with HCV chronic infections were selected 
out of 308 patients who addressed to the University 
Hospital in Bucharest for hepatic cytolysis; 75 of them 
showed positive viral markers for hepatitis C virus and 
had the necessary investigations in order to classify their 
hepatic disorder. Fifty patients that fulfilled the inclu-
sion criteria in the study were selected taking into 
consideration the criteria created in order to establish 
the particular features of the C virus and the pathogenic 
mechanisms involved in the occurrence of hepatic 
lesions. Thus, the incidence of HCV chronic infection 
represented 4.1% of the total hepatic disorders.  

Epidemiologic features: among the patients under 
study, the ratio between genders was: 29 men and 21 
women, and the average age 45 years (21–66 years). 
The highest incidence of the C virus chronic infection 
was encountered at the age interval ranging from 41–55 
years. 

Steatosis was present in 27 patients (57%), the 
distribution was the following: grade 1 – light 11/50 
(22%), grade 2 – moderate 10/50 (20%), grade 3 – 
severe – 6/50 (12%). 

Note that in the studied group, steatosis was a 
frequent histological feature, which was present in more 
than 50% of the patients, fact confirmed by the samples 
obtained by hepatic punction biopsies.  

A number of 16/50 (32%) patients had an accompa-
nying metabolic syndrome: seven patients (14%), 
obesity – BMI>30 kg/m2, two (4%) – alcohol con-
sumption, 4 (8%) – type 2 diabetes mellitus, 3 (6%) 
dyslipidemia.  

Among the patients disclosing a metabolic synd-
rome, hepatic steatosis was present in 12 of the cases 
(24%): five (10%) – obesity, four (8%) diabetes 
mellitus, one (2%) alcohol consumption, two (4%), 
dyslipidemia (triglycerides >180mg/dL). The proportion 
of steatosis of metabolic origin was of 12/27 (44%). 

Excluding the patients with associated metabolic 
factors, a number of 15 patients (30%) presented hepatic 
steatosis. The proportion of viral steatosis was of 66%. 
All the patients of the study had genotype 1. Note the 
fact that although all the patients had genotype 1, viral-
induced steatosis was leading (66%) regardless of the 
metabolic status of the host. 

The clinical, epidemiologic and biological features 
of the patients depending on the degree of steatosis are 
listed in Table 1. 
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Table 1 – Patient’ characteristics according of stea-
tosis’ degree 

Variables Absence Light 
steatosis 

Moderate 
steatosis 

Severe 
steatosis

No. of cases N=23 N=11 N=10 N=6 
Average 

age [years] 45.3±10.6 43.2±11.2 52.3±9.9 54.1±11.9

Age [years] 
<45 12 (52%) 4 (36%) 2 (20%) 0 
>45 11 (48%) 7 (44%) 8 (80%) 6 (100%)

Sex 
Men 15 (52%) 8 (27%) 4 (14%) 2 (7%) 

Women 7 (33%) 2 (10%) 6 (28%) 6 (28%) 
BMI [kg/m2] 

<25 15 (66%) 7 (44%) 5 (50%) 0 
25–29 8 (34%) 3 (27%) 3 (30%) 2 (23%) 
>30 2 (9%) 0 1 (10%) 4 (67%) 

Waist [cm] 
<88 8 1 0 0 
>88 0 2 6 4 

<102 15 1 0 0 
>102 0 7 4 2 

     

ALT 3×N 3.1×N 2.9×N 3.2×N 
GGT 1.2×N 1.5×N 1.9×N 2.2×N 

Glucose 
[mmol/L] 4.63±0.82 4.52±0.91 4.62±0.85 4.86±0.76

Ferritin 
[ng/mL] 250±165 307±182 326±176 332±297 

HOMA 2.3±2.0 2.4±2.1 2.5±2.2 3.4±3.1 
Cholesterol 

[mg/dL] 195±32.7 192±31.4 195±36.9 184±34.2

Triglycerides 
[mg/dL] 103±43.4 105±46.1 108±44.2 117±52.3

Log10 HCV 
RNA [IU/mL] 12.5±2.1 12.7±2.4 12.8±1.8 12.5±2.3 

As observed from the table, there were no significant 
differences of the biological values between the 
different forms of steatosis. The only exceptions were 
the ferritin, GGT values and the HOMA net superior 
scores in patients with steatosis, proportional with its 
degree. Also, the total cholesterol was not modified and 
neither the LDL or HDL fractions were different among 
the groups of steatosis. Liver steatosis was in 81% 
(22/27) of cases light or moderate.  

Two patients with high triglyceride levels in the 
serum have shown moderate steatosis at hepatic 
biopsies. There were no significant differences of the 
other hepatic samples and 12 (24%) of the patients 
revealed the presence of cryoglobulins in their serum. 

Insulin resistance was present in 16 patients (32%) 
and out of the 27 cases of steatosis 13 (48%) disclosed 
hyperinsulinemia through peripheral resistance. The cut-
off value of the HOMA test was considered 2.5.  
The HOMA score was net superior in patients with 
steatosis and it was directly proportional with its 
severity. The HOMA score estimates insulin resistance. 
An important pathogenic mechanism involved in the 
occurrence of steatosis in HCV chronic infections 
would be hyperinsulinemia that is secondary to 
peripheral insulin resistance. 

Steatosis was more frequent in women (66%) than in 
men (48%). Also in women, moderate forms were 

prevalent (28%) and severe (28%) while in men the 
predominant form was the light one (27%). Also, steato-
sis was not associated with viral replication, viral RNA 
having comparable values regardless of the presence or 
absence of hepatic steatosis and its severity.  

Histological features 

The distribution of histological scores is shown in 
Table 2. 

Table 2 – Patient distribution according to fibrosis 
stage, activity grade and steatosis 

Features Score Total no. % 
8 11 22 
9 18 36 

10 10 20 
11 8 16 

Inflammation 

12 3 6 
0 0 0 
1 4 8 
2 35 70 
3 10 20 

Fibrosis 

4 1 2 
0 23 46 
1 11 22 
2 10 20 

Steatosis 

3 6 12 

It is noted that the majority of patients had moderate 
necroinflammatory activity (score 9) and the prevalent 
degree of fibrosis was 2 (70%). Iron deposits were 
absent in 23 (63%) of the patients, grade 1 in 10 (20%) 
patients, grade 2 in eight (16%) of the patients, grade 3 
in five (10%) of the patients and grade 4 in four (8%) of 
the patients. 

Factors associated with steatosis 

In order to establish the predictive factors for stea-
tosis in patients with hepatitis C virus, a univariate and 
multivariate analysis were performed. Univariate ana-
lysis compared the basal values between the patients 
with steatosis and the ones without steatosis. After the 
univariate analysis the predictive factors of the steatosis 
were consider to be the following: age >45 years, 
female sex, raised body mass index (BMI>30 kg/m2), 
visceral obesity (waist >88 cm for women and >102 cm 
for men), HOMA score and raised values of GGT 
(Table 3).  

Table 3 – Predictive factors for steatosis in C virus 
chronic infection (univariate analysis) 

Variables No. of 
patients 

Steatosis (moderate 
and severe) p 

Age [years] 
<45 
>45 

 
18 
32 

 
2 (11%) 

14 (43%) 
<0.05 

Sex 
Men 

Women 

 
29 
21 

 
6 (21%) 

12 (67%) 
<0.05 

BMI [kg/m2] 
<30 
>30 

 
43 
7 

 
10 (23%) 
5 (71%) 

<0.05 

Visceral obesity 
<88/102 
>88/102 

 
9/16 

12/13 

 
0 (0) / 0 (0) 

10 (83%) / 6 (46%) 
<0.05 
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Variables No. of 
patients 

Steatosis (moderate 
and severe) p 

HOMA 
<2.5 
>2.5 

 
23 
27 

 
3 (13%) 

13 (49%) 
<0.05 

ALT 
<3×N 
>3×N 

 
33 
17 

 
10 (33%) 
6 (35%) 

ns 

Log10 HCV RNA 
[IU/mL] 
<12.7 
>12.7 

 
 

24 
26 

 
 

7 (29%) 
9 (34%) 

ns 

Cholesterol [mg/dL] 
>260 
<260 

 
15 
35 

 
6 (40%) 

10 (35%) 
ns 

GGT 
<1.8×N 
>1.8×N 

 
34 
16 

 
0 (0) 

16 (100%) 
<0.05 

Multivariate analysis confirmed as predictive factors 
the following: female sex: OR 5.2 95% CI (1.9–14.1), 
HOMA score >2.5 OR 4.1 95% CI (1.2–11.4), BMI 
>30 kg/m2 OR 5.1 95% CI (1.3–12) and increased basal 
values of GGT >2 N (visceral obesity: OR 1.36; 95% CI 
1.08–2.6) (Table 4). 

Table 4 – Predictive factors for steatosis in C virus 
chronic infection (multivariate analysis) 

Variables OR 95% CI p 
Female sex 5.2 1.9–14.1 

HOMA score >2.5 4.1 1.2–11.4 
BMI>30 kg/m2 5.1 1.3–16 

Visceral obesity:  
Values > GGT >1.8×N 1.36 1.08–4.8 

<0.05 

Factors associated with fibrosis 

Factors associated with fibrosis in HCV chronic in-
fection were established using the uni- and multivariate 
analysis. According to the univariate analysis, the factors 
associated with fibrosis were: age >45 years, HOMA 
>2.5, moderate or severe steatosis, Log10 HCV RNA 
>12.7 UI/mL, GSH<40 µmol/dL, MDA>250 nmol/dL 
(Table 5). 

Table 5 – Predictive factors for fibrosis in C virus 
chronic infection (univariate analysis) 

Variables No. of 
patients 

Fibrosis 
(moderate/severe) p 

Age [years] 
<45 
>45 

 
18 
32 

 
1 (5%) 

10 (30%) 
<0.05

Sex 
Men 

Women 

 
29 
21 

 
7 (24%) 
4 (19%) 

ns 

HOMA 
<2.5 
>2.5 

 
23 
27 

 
2 (9%) 

9 (33%) 
<0.05

ALT 
<3×N 
>3×N 

 
33 
17 

 
9 (27%) 
2 (12%) 

ns 

Log10 HCV RNA [UI/mL] 
<12.7 
>12.7 

 
24 
26 

 
1 (4%) 

10 (38%) 
<0.05

Steatosis 
0.1 
2.3 

 
34 
16 

 
3 (9%) 

8 (50%) 
<0.05

MDA [nmol/dL] 
<250 
>250 

 
28 
22 

 
2 (7%) 

9 (40%) 
<0.05

GSH [µmol/dL] 
>40 
<40 

 
31 
19 

 
3 (9%) 

8 (42%) 
<0.05

Multivariate analysis has shown as predictive factors 
for fibrosis: severe steatosis, GSH<40 µmol/dL and 
MDA>250 nmol/dL (Table 6). 

Table 6 – Predictive factors for fibrosis in C virus 
chronic infection (multivariate analysis) 

Variables OR 95% CI P 
Severe steatosis 15 3.3–44 

MDA>250 nmol/dL 5.2 1.9–22 
GSH<40 µmol/dL 6.9 6.2–21 

<0.05 

 Discussion 

In this study, factors associated with steatosis in 
patients bearing chronic hepatitis induced by the 
genotype 1 C virus were analyzed. The mechanism by 
which hepatitis C virus induces chronic, progressive 
hepatic lesions is not known. The absence of connection 
between the intrahepatic level of viral RNA and the 
necroinflamatory activity suggests an immunologic 
mediated pathogenic mechanism [10]. 

Hepatic steatosis, a common feature that was encoun-
tered in our study with a prevalence of 57%, supports 
the cytopathic effect of the C virus. All the randomized 
patients had genotype 1, a well-known condition for our 
country. The factors associated with hepatic steatosis 
described up to present include: chronic alcohol cons-
umption, obesity, dyslipidemia, diabetes mellitus, drugs, 
and genotype 3 of the C virus. Metabolic factors were 
encountered in 16 patients (32%) and 12/27 (44%) of 
them had hepatic steatosis. 

In our study, the measured Body Mass Index (BMI) 
was independently associated with steatosis. Similar 
results were reported by Hourigan LF et al. [11] while 
Adinolfi LE et al. [4] discovered a link between steato-
sis and central (visceral) obesity which was estimated 
by making waist measurements. In our study, both obe-
sity as well as its visceral distribution were predictive 
factors for steatosis in the univariate analysis as well as 
in the multivariate one. 

In order to estimate visceral obesity we have used as 
indicators the waist circumference: >88 cm in women 
and >102 cm in men, as well as the high values of 
gamma glutamiltranspeptidase (GGT). Stranges S et al. 
have proven that in both women and men there is a 
more tight association between abdominal circum-
ference, which is a simple anthropometric indicator of 
visceral obesity, and the GGT values, compared to the 
association between visceral obesity and the global 
body mass index [12]. In our study, it was shown that 
patients with increased basal values of GGT had a 
higher probability for developing moderate or severe 
steatosis. The association between GGT and steatosis is 
probably linked to the association between the regional 
distribution of the fat and hepatic steatosis, regardless of 
the body mass global index. In a study that included 69 
healthy, randomly selected patients [13] significant 
correlations were reported between the GGT values and 
the waist/hips ratio, regardless of the BMI. We have 
considered as well that GGT was a superior marker for 
the visceral and liver fat especially since it was present 
in patients with normal values of BMI, but with high 
values of the waist circumference. Our randomized 
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patients had no recent history of alcohol or drug 
consumption, which might have been responsible for the 
etiology of the increased values of GGT. 

Diabetes mellitus plays a certain role in the etiology 
of hepatic steatosis [14, 15]; in our study, steatosis was 
present in all four diabetic patients, but the small 
number explains why the two conditions were not signi-
ficantly associated after the analysis of Cox regression. 
Obesity represents a causal factor of the type 2 diabetes; 
the link between obesity and diabetes is so tight that  
it can conceal the link between diabetes and steatosis, 
independently of obesity. Diabetes determined by obesi-
ty induces hepatic steatosis and finally fibrosis and 
hepatic fibrosis may generate changes in lipid metabo-
lism [16, 17]. 

Ceasing the significant alcohol consumption six 
months prior to the study was one of the inclusion 
criteria applied to the patients that were hospitalized in 
order to receive antiviral treatment, in order to achieve a 
better therapeutic compliance. Thus, it makes sense why 
there was no association between alcohol and steatosis, 
alcoholic steatosis being reversible after temperance. 

After excluding all recognized cofactors, steatosis 
was present in 15/27 patients (66%). Previous studies 
have proved the fact that patients bearing genotype 3 
and who obtain a sustained virologic answer after being 
subjected to the antiviral treatment show a significant 
decrease of steatosis, fact that was confirmed in repea-
ted biopsy examinations. The conclusion drawn from 
these observations is that steatosis in genotype 3 is a 
consequence of the viral infection [8, 18, 19]. All these 
considering, we still do not know whether steatosis 
associated with genotype 1 is the consequence of the 
viral infection or of other non-viral factors such as 
metabolic ones. 

“Viral” steatosis associated with genotype 3 is deter-
mined by the cytopathic effects of the virus and its pro-
teins [1]. The genotype segregation of the types of stea-
tosis cannot be absolute and there is a possibility that 
viral steatosis may be present in other genotypes as well, 
genotypes such as genotype 1. Supporting this concept 
it was shown in transgenic mice experiments that the 
core viral protein can interact directly with the intra-
cellular lipids and produce steatosis, even when these 
proteins originate from genotype 1 [20]. The unique 
effect of the hepatitis C virus on the lipid metabolism is 
also sustained by the genetic analysis of the hepatocytes 
after the acute viral infection with the C virus in chim-
panzee [4]. These studies have shown the modulating 
effect exerted over the genes involved in lipid meta-
bolism, immediately following the infection, which is 
an argument in favor of the direct action of the virus and 
does not sustain the theory of the C virus acting through 
the agency of the hepatic lesions induced by it. Several 
mechanisms by which the C virus and its proteins 
induce steatosis have been proposed. Interference with a 
microsomial protein which transfers triglycerides is a 
theory that counts among these. This is a heterodimeric 
protein localized in the smooth sarcoplasmic reticulum 
of the hepatocytes and enterocytes, which plays a key 
role in apo β-lipoproteins assembly and secretion [21, 
22]. This mechanism is sustained by the fact that drugs 

inducing hepatic steatosis determine a decrease in this 
transfer protein’s activity followed by a decrease in the 
liver secretion of lipoproteins. In favor of this mecha-
nism, patients in the study presented low serum levels of 
cholesterol proportional to the degree of steatosis [22]. 

The link we have discovered between steatosis and 
insulin resistance through univariate analysis as well as 
multivariate analysis is suggestive for the hypothesis 
that in C virus induced chronic hepatitis; IR represents a 
risk factor for steatosis. Recent studies revealed a clear 
link between HCV chronic hepatitis and insulin resist-
ance, mediated by metabolic factors as well as viral 
factors [23–25]. The prevalence of the IR in chronic he-
patitis shows geographical variations between 20–70%. 
In our study, IR was present in 16 patients (32%) [25]. 
Among the patients with steatosis 13 (48%), disclosed 
insulin resistance. A tight association between IR and C 
virus infection was observed on one hand and on the 
other hand, an association between insulin resistance 
and steatosis was noticed. It is worth mentioning that IR 
was encountered in the presence as well as in the 
absence of metabolic factors. This last argument 
suggests a direct viral implication as well, not only 
through the agency of metabolic factors. Recent data 
reveal the fact that hepatic insulin resistance is 
responsible for the accumulation of free fatty acids in 
the liver cells, such as triglycerides [26–28]. Also, 
hepatic resistance to insulin is exacerbated by the 
systemic resistance to insulin and by inadequate usage 
of sugars and free fatty acids in the skeletal muscle and 
the adipose muscle. The consequence of the hepatic 
insulin resistance – inadequate signal transduction of 
insulin in the liver cell-leads to cellular and molecular 
changes that intensify the triglyceride depositing in the 
liver cell [29–31]. The association between insulin 
resistance/steatosis is important because of the cumula-
ted risk for fibrosis and because of the reduction in the 
sustained virologic answer to antiviral treatment [32].  

In women, hepatic steatosis was more frequent 
(66%) and more sever (28%) comparing to that occu-
rring in men for whom the registered prevalence was 
(48%) and who suffered mild forms of the disease 
(27%). These differences regarding frequency and seve-
rity of steatosis between genders can be explained by 
the hormonal differences. Estrogens influence lipid 
homeostasis and adiposity distribution. In experiments 
with mice with estrogenic insufficiency, two conditions 
aroused: hepatic steatosis and obesity progressive with 
age. It is noted that out of the 12 patients with moderate 
and severe steatosis, eight had already reached meno-
pause and did not receive any substitution treatments. 

The lack of association between steatosis and viral 
replication encountered in our study suggests as a possi-
ble mechanism for steatosis the direct changes in lipid 
metabolism. 

In this study, moderate and severe steatosis was 
independent risk factors for advanced fibrosis. Although 
recent studies have suggested that insulin resistance may 
contribute to the progression of fibrosis in HCV chronic 
hepatitis, in the study we have performed we have not 
found any direct association between the HOMA score 
and the severity of the hepatic fibrosis [32–34]. 
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The studies performed in the last years tried to ex-
plain the mechanism by which steatosis associated with 
hepatitis C virus contributes to the emergence of hepatic 
lesions. The hypothesis by which progression towards 
fibrosis may occur through non-inflammatory mecha-
nisms was postulated [35]. Such a mechanism might be 
represented by the C virus induced lipid peroxidation, 
followed by free radical arousal, secondary activation of 
the stellate cells and collagen production [36–38]. 

In order to support this hypothesis we have consi-
dered in our study that the increase of malondialdehyde 
(MDA), which is a marker of the oxidative stress, along 
with the decrease in glutathione (GSH), which is an 
antioxidant protector, to be suggestive for the process of 
lipid peroxidation. This process is situated at the origin 
of liver lesions induced by steatosis and is accompanied 
by the stimulation of fibrogenesis. 

 Conclusions 

In conclusion, hepatic steatosis in chronic infection 
with C virus is a complex process to which both 
metabolic factors of the host with a confirmed role in 
steatosis induction as well as viral factors contribute. 
The predictive factors for steatosis in chronic infection 
with the C virus were: female gender, visceral obesity 
(raised values of GGT), global body mass index and 
insulin resistance. The significant relation between 
insulin resistance and chronic infection with the C virus 
genotype 1 sustains the implication of the virus in lipid 
metabolism of the hepatocytes having consequently 
secretion disorders of the lipid fractions and their 
accumulation within the liver cells. Increased levels of 
free radicals, correlated with moderate and severe 
steatosis suggest the intervention of oxidative stress in 
determining the hepatic lesions associated with steato-
sis. Moderate and severe steatosis have clinical impor-
tance, being associated with severe hepatic fibrosis and, 
implicitly, with an inefficient answer to antiviral 
therapy. Since hepatic steatosis represents a predictive 
indicator for the antiviral answer, getting to know the 
main causal factors and their mechanisms of action may 
create the premises for a pathogenic therapy along with 
the estrogenic one. 
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