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Abstract Steatohepatitis is a common finding in chronic
hepatitis C virus (HCV) infection. As in other forms of
steatohepatitis, oxidative damage may play an outstanding
role. However, there are conflicting results relative to the role
of iron on hepatic lipogenesis. Proinflammatory cytokines
up-regulate ferritin expression, probably reflecting a defen-
sive mechanism against increased oxidative stress, capable
to open haem ring and release reactive iron. On the contrary,
some adipokines, such as adiponectin, are associated with
low ferritin levels. The aim of this study is to analyse the
relationships of the amount of liver steatosis with serum iron,
transferrin and ferritin as well as with proinflammatory cy-
tokines, such as tumour necrosis factor (TNF)-α and inter-
leukin (IL)-6, and adiponectin levels. We included 82 HCV
infected patients and assessed the amount of liver fat by
histomorphometry and its relationships with serum iron,
ferritin and transferrin, adiponectin and TNF-α and IL-6.
Liver steatosis was observed in 67 patients out of 82; in the
remaining 15 patients, no steatosis at all was found. Patients
with steatosis showed significantly higher serum ferritin

levels than patients without steatosis (Z=2.14; p=0.032).
When patients were classified in quartiles according to the
intensity of steatosis, we observed that both TNF-α
(KW=10.6; p=0.014) and IL-6 (KW=15.2; p=0.002) were
significantly different among the four groups. Patients with
more intense steatosis (highest quartile) showed the highest
TNF-α and IL-6 values. Patients with severe hepatitis had
higher levels of serum iron than patients with mild to mod-
erate hepatitis. Serum iron also showed a correlation with the
proportion of fibrosis (ρ=0.30; p=0.007). Serum iron levels
are related with biochemical and histological parameters
derived from liver inflammation in HCV-associated liver
disease. Serum ferritin is higher among those with intense
steatosis and also shows a (non-significant) trend to be
associated with the more severe forms of hepatitis.
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Introduction

Steatohepatitis is a common finding in chronic hepatitis C virus
(HCV) infection, in which insulin resistance and/or deficiency
leads to an increasedmobilisation of fatty acids from the adipose
tissue to the liver. In HCV infection, other factors may be
involved. HCV genotype 3 may cause liver steatosis directly,
and obesity and concomitant alcohol abuse may favour fatty
acid deposition in the liver [1]. Cytokine activation and in-
creased lipid peroxidation may trigger the progression of simple
steatosis to steatohepatitis [2], although it is possible that oxida-
tive damagemay play also a role already in the initial steps of fat
accumulation within the hepatocyte [3]. Iron, in its ferrous form,
is able to generate free radicals, resulting in oxidative stress and
lipid peroxidation, therefore theoretically favouring progression
to steatohepatitis and, perhaps, also affecting initial steps of
simple steatosis. However, there are conflicting results regarding
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the role of iron on hepatic lipogenesis [4]. In addition, it was
recently shown that hepatic endothelial cells release ferritin in
response to increased oxidative stress [5] as a defensive mech-
anism against the dangerous, highly reactive iron of the haem
compound [6]. Proinflammatory cytokines up-regulate ferritin
expression [7]. On the contrary, some adipokines, such as
adiponectin, are associated with low ferritin levels [8].

The relation of liver steatosis with ferritin and iron levels
in HCV patients as well as the potential role of several
cytokines on ferritin alterations in HCV patients is incom-
pletely known. Therefore, in this study, we analyse the
relationships of the amount of liver steatosis with serum iron,
transferrin and ferritin as well as with proinflammatory cy-
tokines, such as tumour necrosis factor (TNF)-α and inter-
leukin (IL)-6, and adiponectin levels, in treatment-naïve
patients affected by HCV infection, considering also possible
differences between HCV genotypes.

Methods

Patients

We included 82 patients (26 women) affected by HCV, aged
40.45±9.04 years. The two diagnostic criteria for HCV
infection were the following: (1) presence of anti-HCV
and/or HCV RNA by reverse transcriptase polymerase chain
reaction and (2) histology consistent with HCV. Most pa-
tients (62) were infected by HCV type 1 genotype; 8, by type
3 genotype; and 11, by type 4, and 1 case showed infection
by several genotypes. All these patients were recruited be-
fore a treatment for virus C hepatitis was administered. Liver
function was still preserved; none of them showed ascites or
encephalopathy, and liver function tests were normal.
Twenty-eight patients also drank alcohol, median daily
amount=200 g/day (interquartile range=90–200 g/day) dur-
ing a median time of 10 years (interquartile range=6–
20 years).

Biochemical Assessment

Blood samples were taken at 8.00 a.m. in fasting conditions and
were immediately frozen at −20 °C. The following parameters
were determined: TNF-α, by immunometric chemiluminescent
assay (intra-assay variation coefficient=4–6.5 %, inter-assay
variation coefficient=2.6–3.6 %, recovery=92–112 %; Diag-
nostic Products Corporation (DPC), Los Angeles, CA,
USA); IL-6, by chemiluminescent assay (inter-assay varia-
tion coefficient=5.3–7.5 %, recovery=85–104 %; DPC, Los
Angeles, CA, USA); and serum adiponectin, by ELISA
(sensitivity=26 ng/ml, intra-assay variation coefficient=3.9–
5.9 %, inter-assay variation coefficient=6.3–7 %, recovery=
92.4–102.9 %; BioVendor, Heidelberg, Germany).

Lipid Peroxidation Products

Serum malondialdehyde (MDA) levels, referred to as
thiobarbituric acid-reactive substance (TBARS), were
measured according to the method described by Kikugawa
et al. [9]. A volume sample of 0.2 ml of plasma was added
to 0.2 ml of H3PO4 (0.2 M), and the colour reaction was
initiated by the addition of 25 μl of 0.11 M thiobarbituric
acid solution. Samples were placed in a 90 °C heating
block for 45 min. After the samples were cooled, the
TBARS (pink complex colour) were extracted with
0.4 ml of n-butanol. Butanol phase was separated by cen-
trifugation at 6,000×g for 10 min. Aliquots of the n-butanol
phase were placed in a 96-well plate and read at 535 nm in
a microplate spectrophotometer reader (Benchmark Plus;
Bio-Rad, Hercules, CA, USA). The calibration curve was
prepared with authentic MDA standards ranging from 0 to
20 μM. The intra- and inter-assay variation coefficients
were 1.8 and 4.0, respectively.

In order to get a reference value, cytokines and hormones,
as well as malondialdehyde, were also determined to a con-
trol group composed of 19 healthy hospital workers (seven
women), aged 40.45±3.57 years. As shown in Table 1, not
all the variables were determined to all the patients and
controls.

In addition, patients underwent a routine laboratory evalu-
ation, including, among others, prothrombin activity, serum
albumin and bilirubin, aspartate aminotransferase (ASAT) and
alanine aminotransferase (ALAT). Serum ferritin (immuno-
electrochemiluminiscence, normal range=15–150 ng/ml),
iron (spectrophotometry; normal range=37–145 μg/dl) and
transferrin (immunoturbidimetry; normal range=200–360mg/dl)
were also determined (Automatic Autoanalyser; Roche, Mann-
heim, Germany). Reference values for ferritin in our laboratory
are 15–150 ng/ml; therefore, values over 150 ng/ml are consid-
ered high values.

All these data were recorded on the day at which the
patients underwent a liver biopsy before receiving an active
treatment against HCV infection.

Histological Assessment

The amounts of liver steatosis and fibrosis were histomor-
phometrically determined, using a specific software (LEI
CAQWin, version 3.0; Wetzlar, Germany), at 40×, using sam-
ples stained with haematoxylin–eosin and Masson trichrome.
Both parameters were measured as a proportion of fat area in
relation with the total area and a proportion of fibrous tissue in
relation with the total area. Knodell index [10] and Metavir
score [11] were also recorded.

The study protocol was approved by the local ethical
committee of our hospital and conforms to the ethical guide-
lines of the 1975 Declaration of Helsinki.
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Statistics

The Kolmogorov–Smirnov test was used to test for normal
distribution. Student's t test was used to compare mean values
among two different groups (i.e. men andwomen), andANOVA
test, to assess differences among three groups or more.
Spearman's ρ and Pearson's correlation were utilised to compare
quantitative variables among each other. Also, χ2 square test
was used to compare qualitative variables with each other. In
those cases in which variables showed a non-parametric distri-
bution Mann–Whitney's U test and Kruskal–Wallis test were
used instead of Student's t and ANOVA tests. All these analyses
were performed with the SPSS programme (Chicago, IL, USA).

Results

Serum ferritin levels were high in 21 out of 82 patients (10
out of 26 women; 11 out of 56 men, χ2=2.39; not significant
(NS)). No association was observed between alcoholics and
non-alcoholics regarding abnormal ferritin values (χ2=0),
although alcoholics showed a non-significant trend to higher

ferritin values (Z=1.26; NS); similarly, no differences were
observed in serum transferrin and serum iron among both
groups.

Liver steatosis was observed in 67 patients out of 82; in
the remaining 15 patients, no steatosis at all was found.
Patients with steatosis showed significantly higher serum
ferritin levels than patients without steatosis (Z=2.14;
p=0.032; Table 2). When patients were classified in quartiles
according to the intensity of steatosis, we observed that both
TNF-α (KW=10.6; p=0.014; Fig. 1) and IL-6 (KW=15.2;
p=0.002) were significantly different among the four
groups. Patients with more intense steatosis (highest quar-
tile) showed the highest TNF-α and IL-6 values. On the
contrary, serum ferritin levels showed only a non-significant
trend (KW=6.6; p=0.087) when compared among the four
groups. Patients in the highest quartile showed significantly
higher TNF-α (Z=2.95) and IL-6 levels (Z=3.76; p<0.01 in
both cases) when compared with patients in the lowest
quartile.

Twenty-seven patients showed features of hepatitis,
according to Metavir score, which was severe in 16 of them
(Knodell index>9 and/or Metavir score>2). The presence of

Table 1 Differences in biochemical variables and BMI between patients and controls

Patients Controls

N X ± SD N X ± SD
Median (IQ range) Median (IQ range)

Adiponectin (ng/ml) 60 13.7±10.8 16 24.9±21.8 t=2.70; p=0.009

Tumour necrosis factor alpha (pg/ml) 82 11.2±7.2 19 6.1±1.9 Z=4.65; p<0.001
9.7 (7.0–13.1) 5.2 (4.4–8.0)

Interleukin-6 (pg/ml) 81 6.9±25.9 19 5.9±1.6 Z=4.78; p<0.001
2.0 (2.0–3.1) 5.0 (5.0–6.6)

Malondialdehyde (mmol/l) 51 3.6±2.9 15 1.7±1.2 Z=2.08; p=0.037

Body mass index (kg/m2) 82 23.9±3.5 19 25.2±3.4 t=1.43; NS

Comparisons were made using non-parametric tests, such as Mann–Whitney's U test (Z) or parametric ones (Student's t test)

Table 2 Biochemical variables
in patients with or without liver
steatosis

Comparisons were made using
non-parametric tests, such as
Mann–Whitney's U test (Z) or
parametric ones (Student's t test)

Steatosis No steatosis

n X ± SD n X ± SD
Median (IQ range) Median (IQ range)

Ferritin (ng/ml) 15 115.1±77.4 67 229.9±230.2 Z=2.14; p=0.032
107.0 (49.0–159.0) 150.0 (91.0–254.0)

Serum iron (μg/dl) 15 99.7±30.8 67 116.5±49.7 t=1.25; NS

Transferrin (mg/dl) 15 270.0±43.5 67 282.2±43.5 t=0.97; NS

MDA (mmol/l) 9 2.4±2.2 42 3.8±3.0 t=1.29; NS

Tumour necrosis factor
alpha (pg/ml)

15 9.1±3.0 67 11.9±7.9 Z=1.34; NS
8.5 (7.0–10.7) 9.9 (7.4–13.5)

Interleukin-6 (pg/ml) 15 3.8±4.6 64 7.7±29.3 Z=0.17; NS
2.0 (2.0–2.6) 2.0 (2.0–3.2)

Adiponectin (ng/ml) 11 14.5±8.9 49 13.5±10.9 t=0.27; NS
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hepatitis was associated to a more intense steatosis
(χ2=6.28; p=0.012). Although no significant differences
were observed among patients with simple steatosis or with
steatohepatitis (Table 3), patients with severe hepatitis had
higher levels of serum iron (133.4±33.0 μg/dl) than those of
patients with mild to moderate (102.3±43.9 μg/dl) hepatitis
(Fig. 2).

Serum iron also showed a correlation with the proportion
of fibrosis (ρ=0.30; p=0.007); indeed, those with more
intense fibrosis according to the Metavir score showed
higher serum iron (128.4±58.5 μg/dl) than those with less
fibrosis (102.9±33.9 μg/dl; t=2.50; p=0.015), and a similar
result was observed when serum iron was compared with
histomorphometrically assessed fibrosis (over the median vs
below the median, Z=2.48; p=0.013). No differences in
iron-related parameters were observed when genotype 3-

infected patients were compared with those with non-
genotype 3 infection, although IL-6 levels were significantly
higher among the former (Z=3.42; p=0.001), who also
showed significantly more liver fat than non-genotype 3-
infected patients (Z=2.60; p=0.009).

We failed to find any relation among iron-related vari-
ables, cytokines and MDA, but serum iron was directly
related with ASAT (ρ=0.32; p=0.003), ALAT (ρ=0.40;
p<0.001) and bilirubin (ρ=0.35; p=0.001), and ferritin also
showed a direct correlation with bilirubin (ρ=0.32;
p=0.003), ASAT (ρ=0.37; p<0.001) and ALAT (ρ=0.43;
p<0.0001).

Discussion

In this study, we have shown that liver steatosis is a frequent
feature among patients with HCV (81.7 %), a figure even
higher than the 50 % reported by others [12], although our
series include alcoholic patients and HIV-coinfected patients
(reflecting the “real world” of HCV infection in our geo-
graphical environment). We showed that liver steatosis
was associated to higher serum ferritin levels. Currently,
serum ferritin may be considered as a defensive resource
which is capable to protect the organism from free iron,
its synthesis being up-regulated by endothelial cells in
response to oxidant-mediated injury [5]. Indeed, oxidative
damage may be already present in early stages of liver
steatosis. Although no relation was observed between
MDA and liver steatosis, the patients included in this
study did show higher MDA levels than the control group,
suggesting that lipid peroxidation was increased; the pres-
ence of higher values also among those without hepatitis
reinforces the notion that oxidative damage takes place
even in early stages.

Fig. 1 Serum TNF according to the intensity of steatosis (KW=10.6;
p=0.014). Circles represent outliers, and asterisks, extreme values

Table 3 Biochemical variables in patients with steatohepatitis or without steatohepatitis

Steatohepatitis Simple steatosis

n X ± SD n X ± SD
Median (IQ range) Median (IQ range)

Ferritin (ng/ml) 27 265.5±249.9 55 181.1±192.0 Z=1.37; NS
137.0 (82.0–202.0)145.0 (96.0–491.0)

Serum iron (μg/dl) 27 120.7±40.2 55 109.8±50.1 t=0.99; NS

Transferrin (mg/dl) 27 290.7±51.7 55 274.6±38.3 t=1.59; NS

MDA (mmol/l) 19 3.7±2.7 32 3.5±3.1 t=0.24; NS

Tumour necrosis factor alpha (pg/ml) 27 9.1±3.0 55 10.5±4.8 Z=0.57; NS
9.8 (7.1–13.0)8.5 (7.0–10.7)

Interleukin-6 (pg/ml) 26 4.5±5.2 53 8.2±32.1 Z=0.11; NS
2.0 (2.0–2.8)2.0 (2.0–4.4)

Adiponectin (ng/ml) 22 12.7±11.5 38 14.3±10.5 t=0.59; NS

Comparisons were made using non-parametric tests, such as Mann–Whitney's U test (Z) or parametric ones (Student's t test)
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Twenty-seven out of the 82 patients also showed hepatitis.
Interestingly, in these patients, serum iron was raised, espe-
cially in the more severe forms of hepatitis. It is supposed
that pathogenesis of steatohepatitis requires the action of
proinflammatory cytokines, shaping the so-called “two-hit”
theory [13]. In this sense, although we failed to find a relation
between cytokines and steatohepatitis, we did find a relation
between intense steatosis and raised cytokine levels and a
relation between steatohepatitis and intense steatosis. Possi-
bly, raised cytokines associated to intense steatosis predis-
pose to the development of steatohepatitis. There is a clear
involvement of cytokine activation in the progressive accu-
mulation of fat within liver cells. There are theoretical mech-
anisms which support the findings of the present work:
TNF-α decreases glucose uptake by adipocytes and hepato-
cytes, leading to hyperglycaemia and hyperinsulinaemia.
Hyperinsulinaemia decreases synthesis of apoB-100, thus
preventing VLDL formation and leading to liver steatosis.
Moreover, transcription of lipoprotein lipase is decreased by
TNF-α, leading to hypertriglyceridaemia [14].

Ferritin is not able to separate diverse forms of non-
alcoholic fatty liver disease [15], although high values have
been reported in all stages of liver disease. Something similar
was observed in our study; although a trend was observed for
serum ferritin, only liver iron was significantly higher among
those with marked fibrosis. Although, as commented, iron
may exert oxidative damage, it is also involved in collagen
synthesis, as a cofactor of prolyl hydroxylase [16].

Iron, in its ferrous form, is able to generate free radicals
which, in turn, may stimulate stellate cells and induce its
transformation into myofibroblasts, major producers of col-
lagen [17]. Our results are therefore consistent with these
statements.

In accordance with the possible effect of iron as a trigger
of an inflammatory reaction, we found a direct relationship
between iron parameters and aminotransferases' levels and
bilirubin. Elevation of these parameters may be interpreted
as indicators of hepatitis. Therefore, iron correlates not only
with histological changes suggestive of hepatitis but also
with biochemical ones.

In conclusion, we have shown that serum iron levels are
related with biochemical and histological parameters derived
from liver inflammation in HCV-associated liver disease.
Serum ferritin is higher among those with intense steatosis
and also shows a (non-significant) trend to be associated
with the more severe forms of hepatitis, a finding which
could be interpreted as reactive or defensive against the
increased serum iron levels observed in these (more ad-
vanced) stages of the disease.
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