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Therapy in Women With Chronic Hepatitis C

ERICA VILLA,* AIMILIA KARAMPATOU,* CALOGERO CAMMÀ,‡ ALFREDO DI LEO,§ MONICA LUONGO,* ANNA FERRARI,*
ALVATORE PETTA,‡ LUISA LOSI,* GLORIA TALIANI,� PAOLO TRANDE,¶ BARBARA LEI,* AMALIA GRAZIOSI,*

VERONICA BERNABUCCI,* ROSINA CRITELLI,* PAOLA PAZIENZA,§ MARIA RENDINA,§ ALESSANDRO ANTONELLI,# and
ANTONIO FRANCAVILLA§

*Department of Gastroenterology, University of Modena and Reggio Emilia, Modena; ‡Department of Gastroenterology, University of Palermo, Palermo; §Department
� ¶
f Gastroenterology, University of Bari, Bari; Department of Infectious Diseases, University of Rome “La Sapienza,” Rome; Department of Gastroenterology, AUSL,

odena; and #Department of Internal Medicine, University of Pisa, Pisa, Italy

t
m
c
m
a
v
r
f
m

t
m
w
l
w
o

See editorial on page 776.

BACKGROUND & AIMS: Chronic hepatitis C (CHC)
and liver fibrosis progress more rapidly in men and
menopausal women than in women of reproductive
age. We investigated the associations among meno-
pause, sustained virologic response (SVR), and liver
damage in patients with CHC. METHODS: We per-
formed a prospective study of 1000 consecutive, treat-
ment-naïve patients 18 years of age and older with
compensated liver disease from CHC. Liver biopsy
samples were analyzed (for fibrosis, inflammation, and
steatosis) before patients received standard antiviral
therapy. From women (n � 442), we collected data on
the presence, type, and timing of menopause; associ-
ated hormone and metabolic features; serum levels of
interleukin-6; and hepatic tumor necrosis factor
(TNF)-�. RESULTS: Postmenopausal women achieved

VRs less frequently than women of reproductive age
46.0% vs 67.5%; P � .0001) but as frequently as men
51.1%; P � .283). By multivariate regression analysis,
ndependent significant predictors for women to not
chieve an SVR were early menopause (odds ratio [OR],
.055; 95% confidence interval [CI], 1.834 –25.350), lev-
ls of �-glutamyl transpeptidase (OR, 2.165; 95% CI,
.364 –3.436), infection with hepatitis C virus genotype
or 4 (OR, 3.861; 95% CI, 2.433– 6.134), and choles-

erol levels (OR, 0.985; 95% CI, 0.971– 0.998). Early
enopause was the only independent factor that pre-

icted lack of an SVR among women with genotype 1
epatitis C virus infection (OR, 3.933; 95% CI, 1.274 –
2.142). Baseline levels of liver inflammation, fibrosis,
teatosis, serum interleukin-6 (P � .04), and hepatic
NF-� (P � .007) were significantly higher among

postmenopausal women than women of reproductive
age. CONCLUSIONS: Among women with CHC,
early menopause was associated with a low likeli-
hood of SVR, probably because of inflammatory

factors that change at menopause.
Keywords: HCV Therapy; Prognostic Factors; Antiviral
Therapy; Menopause.

Appraisal of the clinical course of chronic hepatitis C
(CHC) has revealed several striking differences be-

ween men and women. The progression of fibrosis is
ore than twice as fast in men,1,2 even when potential

onfounding factors such as age, duration of infection, or
etabolic features are accounted for by multivariate

nalysis.1,3 There are conflicting data about sustained
irologic response (SVR) rates in women; some studies
eport that response rates are not significantly different
rom those of men,4 whereas others have identified fe-

ale sex as an independent factor associated with SVR.5

This inconsistency might arise from the fact that the
female cohorts have always been evaluated as a whole,
without taking into account differences in responses due
to hormonal state.

The reduced rate of fibrosis among women disappears
after menopause; in fact, postmenopausal women have
accelerated progression of fibrosis6,7 compared with men
hat is slowed by long-term estrogen exposure with hor-

one replacement therapy (HRT).7 Postmenopausal
omen are also at higher risk for developing hepatocel-

ular carcinoma; there is a more balanced ratio of men/
omen in later life that results from the higher incidence
f hepatocellular carcinoma in older women.8,9

Antiviral therapy greatly improves the natural course
of CHC when it results in an SVR,10 even in patients with
established cirrhosis.11 Negative predictive factors for
SVR include older age,12–14 which might coincide with

Abbreviations used in this paper: CHC, chronic hepatitis C; CI, con-
fidence interval; GGT, �-glutamyl transpeptidase; HOMA, homeostasis
model assessment; HRT, hormone replacement therapy; IL, interleu-
kin; OR, odds ratio; SVR, sustained virologic response; TNF, tumor
necrosis factor.
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March 2011 EARLY MENOPAUSE AND CHRONIC HEPATITIS C 819
menopause. However, no studies have evaluated the im-
pact of menopause itself on response to antiviral therapy.

We therefore evaluated the impact of menopause on
SVR and on histologic features in a prospective study. We
collected data on the type and timing of menopause,
parity, and the use and duration of HRT in a cohort of
1000 patients with CHC undergoing standard antiviral
therapy with pegylated interferon and ribavirin.

Patients and Methods
Patients
From January 2002 to December 2008, 1000 con-

secutive patients with CHC were recruited to receive
standard antiviral treatment at the Gastrointestinal and
Liver Units of the University Hospitals of Modena and
Bari. Eligible patients were 18 years of age or older with
compensated liver disease due to chronic hepatitis C
virus (HCV) infection (any fibrosis stage, including com-
pensated cirrhosis), with a detectable plasma HCV RNA
level, and who had not been previously treated for hep-
atitis C. All patients had undergone liver biopsy within 1
year before enrollment. All biopsy specimens were re-
viewed and scored according to Ishak et al15 by a single

athologist (L.L.) who was unaware of patient identity or
istory. The percentage of hepatocytes containing mac-
ovesicular fat was determined for each 10� field, and
teatosis was classified as absent-mild (�5%), moderate
�5 to �20%), or severe (�20%).

Patients were excluded if they were coinfected with
uman immunodeficiency virus or hepatitis B or had any
ther cause of liver disease, severe depression or psychi-
tric disorder, or active substance or alcohol consump-
ion �20 g/day in the last year or more, evaluated by a
pecific questionnaire.

The study was approved by the institutional review
oards at the 2 centers and was conducted in accordance
ith provisions of the Declaration of Helsinki and Good
linical Practice guidelines.

Clinical and Laboratory Assessment
The following data were collected at the time of

liver biopsy: age, sex, weight, height, and body mass
index. In women only, the following data were collected:
occurrence, type (spontaneous, surgical), and age at
menopause; length of estrogen deprivation; use and du-
ration of HRT; and number of full-term pregnancies and
abortions. Menopause was defined as no menstrual peri-
ods for 12 consecutive months and was defined as “early”
when present for �5 years.

At the time of biopsy, serum levels of alanine aminotrans-
ferase, �-glutamyl transpeptidase (GGT), alkaline phospha-
tase, ferritin, glucose, and insulin as well as platelet count
were obtained. Insulin resistance was determined with the
homeostasis model assessment (HOMA) method.16 HCV
NA was quantified by Abbott RealTime HCV assay (Ab- i
ott Molecular Inc, Des Plaines, IL) and genotyped by
NNO-LiPA (Innogenetics, Gent, Belgium).

Antiviral Treatment Schedule and Outcomes
Standard antiviral treatment consisted of either (1)

pegylated interferon alfa-2a (Pegasys; Roche, Basel, Switzer-
land) 180 �g/wk or (2) pegylated interferon alfa-2b (Peg-
Intron; Schering–Plough, Kenilworth, NJ) 1.5 �g · kg�1 ·
wk�1 for 48 weeks for genotype 1 and 4 and for 24 weeks for
genotype 2 and 3. Ribavirin was always used at a dosage of
1000 or 1200 mg/day according to body weight (1000
mg/day if �75 kg, 1200 mg/day if �75 kg). SVR was

efined as undetectable HCV RNA on polymerase chain
eaction (detection limit, 12 IU/mL) 6 months after stop-
ing antiviral therapy. Patients with an insufficient virologic
esponse at 12 weeks (detectable HCV RNA and a decrease

2 log10 IU from baseline) or at 24 weeks (detectable HCV
RNA) discontinued therapy.

Serum Cytokine Concentrations
Serum interleukin (IL)-6 and tumor necrosis factor

(TNF)-� levels were measured at enrollment in 638 patients
with CHC (442 women and 196 men with characteristics
comparable to the entire male cohort) and in 80 age-
matched (�3 years) controls (40 women and 40 men with-
out HCV infection) using quantitative sandwich immuno-
assays (R&D Systems, Minneapolis, MN) with sensitivities
of 0.7 pg/mL and 0.12 pg/mL, respectively.17

Immunohistochemistry
Immunohistochemistry was performed on 177

baseline liver biopsy specimens from female patients (93
of reproductive age, 84 menopausal). Paired liver biopsy
specimens were collected from 39 women (for 20 pa-
tients, both biopsy specimens were obtained at reproduc-
tive ages; for 19 patients, the biopsy specimens were
obtained before and after menopause). Only 2 of the
latter group (both nonresponders) received antiviral
treatment in the time between the 2 biopsies. Liver tissue
from 5 subjects undergoing elective cholecystectomy (no
liver disease; negligible alcohol consumption; normal al-
anine aminotransferase values; and no evidence of HCV,
hepatitis B virus, or human immunodeficiency virus in-
fection) served as control. Immunohistochemistry with
standard streptavidin-biotin and immunoperoxidase
staining procedures was performed on 4-�m serial sec-
ions with a monoclonal anti-human TNF-� antibody
R&D Systems) or a rabbit polyclonal anti-human
OCS3 antibody (Abcam, Cambridge, England) diluted
:100 and incubated overnight at 4°C after antigen re-
rieval in 10 mmol/L citrate buffer, pH 6.0, at 90°C for 45

inutes.18,19 Antibody binding was detected using the
RP Polymer Detection Kit (Biocare Medical, Concord,
A) for TNF-�, while the Dako REAL Detection System

Dako, Glostrup, Denmark) was used for SOCS3. Stain-

ng was scored as negative/weak (�/�) or moderately/
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820 VILLA ET AL GASTROENTEROLOGY Vol. 140, No. 3
strongly positive (�/��). Colocalization of TNF-�
and SOCS3 was calculated as the percentage of hepa-
tocytes showing positive cytoplasmic staining for both
proteins.

Statistics
Continuous variables were summarized as mean �

Table 1. Baseline Demographic, Laboratory, Metabolic, and
to the Presence or Absence of Menopause

Variables
Women o

(

Mean age at enrollment (y) 40
Source of infection, n (%)

Community acquired 1
Posttransfusional
Drug addiction
Parenteral exposure

Estimated duration of HCV infection (y), n (%) 1
Mean age at menopausal onset (y)

Overall
Surgical (n � 54)
Spontaneous (n � 220)

Length of estrogen deprivation (y)
Overall
Surgical (n � 54)
Spontaneous (n � 220)

History of pregnancies, n (%) 1
HRT, n (%)
Mean period on HRT (y)

ean body mass index (kg/m2) 23
latelet count (�103/mm3) 2

Alanine aminotransferase (IU/L) 65
GGT (IU/L)
Cholesterol (mg/dL) 1
Triglycerides (mg/dL)
Ferritin (ng/mL)
Blood glucose (mg/dL) 83
Insulin (�U/mL) 9
HOMA score 2
HCV RNA (IU/mL � 103) 1.4
HCV genotype, n (%)

1–4
2–3

TNF-� (pg/mL) 28
L-6 (pg/mL) 2
istology at biopsy, n (%)
Steatosis

�5% 1
�5% to �20%
�20%

Grade of inflammation
0–5 1
6–11
12–18

Stage of fibrosis
0–3 1
4–6

Cirrhosis

OTE. Values are expressed as mean � SD unless otherwise noted
A, not applicable.

aP � .0001.
E and categorical variables as frequency and percentage.
Student t test and analysis of variance were used when
appropriate. Multiple logistic regression models were
used to assess the relationship between (1) SVR, (2) severe
fibrosis (Ishak staging �3), (3) severe necroinflammation
(Ishak grading �8), and (4) presence of steatosis. In the
statistical models, the dependent variables were coded as

logic Features of 442 Female Patients With CHC According

oductive age
68)

Menopausal women
(n � 274) P value

8.4 59.0 � 5.4 �.001

0.2) 191 (69.7) .90
6.7) 52 (19.0) .68
.5) 0 (0) �.001
.5) 31 (11.3) .16
.3) 14.7 (4.2) .0001

47.7 � 4.7 —
42.5 � 6.9a

49.0 � 2.7a

11.4 � 6.3 —
15.6 � 8.1a

10.3 � 5.3a

1.3) 242 (88.3) �.001
54 (19.7) —

5.5 � 3.2 —
3.5 25.1 � 3.9 .001
63.9 187 � 63.1 �.001
58.2 78.3 � 70.0 .03
21.5 42 � 43.8 �.001
38 185 � 37 .017
45.3 80 � 32.8 .050
92.0 172 � 158.5 .001
8.9 98.0 � 23.8 .002
7.9 10.2 � 7.2 .931
1.5 2.3 � 2.0 .646
4.230 1.455 � 3.402 .88

7.7) 169 (61.7) .425
2.39) 105 (38.3)
2.4 27.7 � 2.5 .106
1.5 11.8 � 7.5 .040

0.4) 158 (58.5) .034
4.0) 86 (31.8)
.4) 26 (9.6)

6.7) 194 (76.0) .021
2.5) 54 (21.1)
.6) 7 (2.7)

7.4) 217 (84.7) �.0001
.5) 39 (15.3)
.7) 28 (10.8) .0018
Histo

f repr
n � 1

.3 �

18 (7
28 (1
11 (6
11 (6
1.5 (3

NA

NA

03 (6
NA
NA

.9 �
29 �
.3 �
30 �
67 �
93 �
76 �
.8 �
.9 �
.0 �

26 �

97 (5
71 (4
.6 �
.6 �

17 (7
40 (2
9 (5

38 (8
20 (1
1 (0

55 (9
4 (2
3 (1

.

1 (present) versus 0 (absent). We included all patients
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who received at least one dose of pegylated interferon
(intention-to-treat analysis).

In the female group, we also considered age at meno-
pause, type of menopause (spontaneous, surgical), length
of estrogen deprivation (3 different periods were evalu-
ated: �5 years, 5–10 years, and more than 10 years), use
and duration of HRT, and number of full-term pregnan-
cies and abortions. Variables associated with the depen-
dent variable in univariate analyses (probability thresh-
old, P � .10) were included in the multivariate regression

odels.
To avoid colinearity effects, menopause and length of

strogen deprivation were not included in the same mul-
ivariate model.

Regression analyses were performed using PROC
OGISTIC, PROC REG, and subroutines in SAS (SAS
nstitute, Inc, Cary, NC).20

Results
Baseline features of all 1000 patients according to

sex are shown in Supplementary Table 1. Ninety-nine
atients (9.9%) had a diagnosis of cirrhosis; cirrhosis was
ore frequent in men (12.3%) than women (6.7%) (P �

.003), despite the latter being significantly older (52 vs 48
years; P � .001).

Characteristics of Female Patients
At enrollment, 274 of 442 women (62.0%) were

menopausal. Table 1 reports the baseline characteris-

Table 2. Univariate and Multivariate Logistic Regression Ana
Patients With CHC

Variables

Univaria

OR (95% CI)

Mean age (y) 1.066 (1.016–1.11
enopause 6.964 (2.438–19.8

ength of estrogen deprivation by
menopausal length (y)

�5 2.576 (0.556–11.9
5–10 7.110 (2.099–24.0
�10 9.038 (3.079–26.5

stimated duration of HCV infection (y) 1.070 (0.988–1.16
ean body mass index (kg/m2) 1.084 (1.006–1.16

Platelet count (�103/mm3) 0.975 (0.970–0.97
Alanine aminotransferase (IU/L) 1.005 (1.003–1.00
GGT (IU/L) 1.017 (1.009–1.02
Cholesterol (mg/dL) 0.992 (0.984–1.00
riglycerides (mg/dL) 0.999 (0.993–1.00
erritin (ng/mL) 1.001 (1.000–1.00
OMA score 1.040 (0.91–1.850
CV RNA (IU/mL � 103) 1.000 (1.000–1.00

HCV genotype
1–4 vs 2–3 0.810 (0.547–1.20

istology at biopsy
Steatosis 1.295 (0.876–1.91
Grade of inflammation 1.429 (1.326–1.53
ics of the female group stratified by reproductive l
tatus. In 220 women (80.2%) menopause was sponta-
eous, whereas in 54 (19.8%) it resulted from surgery.
ean age at the time of menopause was 49.0 � 2.7

years for spontaneous and 42.5 � 6.9 years for surgical
menopause (P � .0001). Length of estrogen depriva-
ion was significantly longer in women with surgical

enopause versus those with spontaneous menopause
Table 1). Fifty-four of the women (19.7%) had a his-
ory of past estrogen therapy or HRT starting soon
fter the onset of menopause and continuing for a
edian of 5 years (range, 1–20 years). In 51 of these
omen (94.5%), HRT was stopped a mean of 8.2 � 3.2

ears (median, 7 years) before standard antiviral ther-
py was started.

At baseline, menopausal women had significantly more
requent metabolic alterations (blood glucose, choles-
erol) and significantly more histologic liver damage than
heir counterparts who were of reproductive age (Table
). An increase in the severity of fibrosis was evident
etween nonmenopausal and early menopausal women
staging score, 1.4 [1.0] vs 2.0 [1.0]; P � .002) and be-
ween early menopausal and late menopausal women
staging score, 2.0 [1.0] vs 2.4 [1.2]; P � .009); cirrhosis
as present in 1.7% of nonmenopausal women, 6.0% of

arly menopausal women, and 11.0% of late menopausal
omen (nonmenopausal vs late menopausal, P � .0014).
ultivariate analysis showed that, in addition to necro-

nflammatory activity (odds ratio [OR], 1.464; 95% con-
dence interval [CI], 1.256 –1.707; P � .001), low platelet

of Risk Factors for Severe Fibrosis (F4–F6) in 442 Female

alysis Multivariate analysis

P value OR (95% CI) P value

.009 1.084 (0.882–1.334) .442
�.0001 1.261 (0.009–18.899) .926

.226 0.848 (0.135–5.317) .860

.002 4.930 (1.176–20.668) .029
�.0001 6.377 (1.912–21.265) .003

.097 1.135 (0.931–1.383) .211

.034 0.941 (0.732–1.211) .637
�.0001 0.982 (0.955–1.010) .982
�.0001 0.996 (0.982–1.010) .588
�.0001 1.020 (0.997–1.043) .082

.063 0.999 (0.950–1.049) .954

.817

.010 0.992 (0.982–1.003) .143

.890

.740

.293

.195
�.0001 2.471 (1.116–5.471) .026
lyses

te an

9)
91)

27)
82)
30)
0)
8)
9)
7)
6)
0)
6)
2)
)
0)

0)

5)
evels (OR, 0.976; 95% CI, 0.966 – 0.986; P � .001), and
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elevated GGT levels (OR, 1.010; 95% CI, 1.003–1.018; P �
.008), a longer duration of estrogen deprivation (5–10
years: OR, 4.078 [95% CI, 1.013–16.409]; P � .048; more
han 10 years: OR, 4.867 [95% CI, 1.476 –16.042]; P �
009) was independently linked with severe fibrosis (Table
). Other factors influencing exposure to estrogen, in-
luding past pregnancies (OR, 0.764; 95% CI, 0.464 –
.259; P � .29), more than 2 lifetime pregnancies (OR,
.914; 95% CI, 0.607–1.377; P � .66), and HRT use (OR,

0.454; 95% CI, 0.059 –3.508; P � .44) were unrelated to
brosis severity. Menopausal women also had signifi-
antly higher liver necroinflammatory activity and a
igher rate of steatosis compared with women of repro-
uctive age (Table 1). Multivariate analysis for severe
ecroinflammatory activity showed that stage of fibrosis

OR, 3.610; 95% CI, 1.785–7.301; P � .001), GGT levels
(OR, 1.032; 95% CI, 1.003–1.062; P � .030), and longer

uration of estrogen deprivation (5–10 years: OR, 11.823;
5% CI, 2.779 –50.302; P � .001; �10 years: OR, 9.292;
5% CI, 2.531–34.111; P � .001) were independently

inked with higher inflammatory activity (Table 3). Sim-
larly, age (OR, 1.133; 95% CI, 1.059 –1.213; P � .0001),
aseline cholesterol level (OR, 0.981; 95% CI, 1.026 –
.333; P � .0001), body mass index (OR, 1.170; 95% CI,

1.003–1.062; P � .019), and duration of estrogen depri-
vation (�5 years: OR, 3.726; 95% CI, 1.219 –11.385; P �
.021; 5–10 years: OR, 2.648; 95% CI, 1.117– 6.276; P �
.027; more than 10 years: OR, 1.474; 95% CI, 0.732–2.969;
P � .278) were independently associated with steatosis by

Table 3. Univariate and Multivariate Logistic Regression Ana
442 Female Patients With CHC

Variables

Univariat

OR (95% CI)

Mean age (y) 1.045 (1.016–1.07
Menopause 3.873 (1.967–7.62
Length of estrogen deprivation by

menopausal length (y)
�5 4.115 (1.707–9.92
5–10 2.993 (1.246–7.18
�10 3.778 (1.822–7.83

Estimated duration of HCV infection (y) 1.044 (0.981–1.11
Mean body mass index (kg/m2) 1.032 (0.965–1.10
Platelet count (�103/mm3) 0.002 (0.987–0.99
Alanine aminotransferase (IU/L) 1.007 (1.003–1.01
GGT (IU/L) 1.018 (1.008–1.02
Cholesterol (mg/dL) 0.990 (0.980–1.00
Triglycerides (mg/dL) 1.003 (0.995–1.01
Ferritin (ng/mL) 1.004 (1.001–1.00
Blood glucose (mg/dL) 1.030 (1.005–1.05
HOMA score 1.021 (0.990–1.85
HCV RNA (IU/mL � 103) 1.000 (1.000–1.00
HCV genotype

1–4 vs 2–3 1.054 (0.603–1.84
Histology at biopsy

Steatosis 3.920 (1.777–8.64
Stage of fibrosis 2.470 (1.901–3.20
multivariate analyses.
Paired liver biopsy specimens taken shortly before and
after menopause were available for 19 women (median in-
terval 3 years before and 2 years after); in 20 other women,
paired biopsy specimens were obtained while the women
were still of reproductive age, at a median interval of 4 years.
Analysis of the pairs of menopausal women and those of
reproductive age revealed that inflammation had worsened
in 8 women (42.1%), increasing by 2 points in 4 women, by
3 points in 3, and by 4 points in 1 of them. It was un-
changed in 5 women (26.3%) and improved in 6 (31.6%),
decreasing by 2 points in 2 women and 4 points in 4 of
them. Fibrosis had progressed in 7 (36.8%), with fibrosis
scores increasing by 1 point in 4 women, 2 points in 2, and
3 points in 1 of them. Two women improved by 1 point
each and 10 women (52.6%) had no change in fibrosis stage.
In the pairs of women who were both of reproductive age,
inflammation had worsened in 6 women (30.0%), increasing
by 1 point in 3 women and by 2 points in 3 of them. It was
unchanged in 5 women (25.0%) and improved in 9 (45.0%),
decreasing by 1 point in 4 women and 2 points in 5 of them.
Fibrosis had progressed by 1 point in 7 (35.0%), improved by
1 point in 6 (30.0%), and was unchanged in 7 (35.0%).

Results of Antiviral Treatment
Results are reported as intention-to-treat analysis.

A total of 838 patients completed the antiviral treatment
program; 49 (4.9%; 34 men and 15 women) withdrew
because of side effects. SVR was achieved in 511 individ-

of Risk Factors for Severe Necroinflammatory Activity in

lysis Multivariate analysis

P value OR (95% CI) P value

.002 0.981 (0.894–1.076) .682
�.0001 2.594 (0.381–17.645) .330

.002 3.490 (0.881–13.921) .075

.014 11.823 (2.779–50.302) .001
�.0001 9.292 (2.531–34.111) .001

.174

.362

.001 0.991 (0.979–0.998) .019
�.0001 1.002 (0.995–1.009) .642
�.0001 1.023 (0.998–1.049) .075

.055 .991 (0.739–1.009) .991

.459

.006 1.003 (0.999–1.008) .642

.018 1.014 (0.967–1.063) .573

.760

.515

.854

.001 0.842 (0.242–2.930) .787
�.0001 3.524 (1.794–6.923) �.0001
lyses

e ana

6)
7)

3)
9)
3)
1)
3)
7)
0)
8)
0)
2)
8)
6)
0)
0)

1)

6)
uals (51.1%).
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Significant independent predictors of SVR failure by
multivariate analysis were genotype 1/4, necroinflam-
matory activity, and GGT levels (Supplementary Table
2).

Influence of menopause on response to antiviral
therapy. Overall, SVR was achieved by 231 of 442 women

Table 4. Univariate and Multivariate Logistic Regression Ana
With CHC

Variables

U

OR (9

Entire female cohort (n � 442)
Mean age (y) 1.033 (1.0
Menopause 2.436 (1.6
Length of estrogen deprivation (y) 1.042 (1.0
Length of estrogen deprivation by menopausal

length (y)
�5 2.497 (1.0
5–10 1.295 (0.4
�10 2.374 (1.1

Estimated duration of HCV infection (y) 1.089 (1.0
Mean body mass index (kg/m2) 1.009 (0.9
Platelet count (�103/mm3) 0.992 (0.9
Alanine aminotransferase (IU/L) 0.999 (0.9
GGT (IU/L) 1.017 (1.0
Cholesterol (mg/dL) 0.992 (0.9
Triglycerides (mg/dL) 0.999 (0.9
Ferritin (ng/mL) 1.000 (0.9
HOMA score 1.007 (0.9
HCV RNA (IU/mL � 103) 1.000 (1.0
HCV genotype

1–4 vs 2–3 3.690 (2.4
Histology at biopsy

Steatosis 1.402 (0.9
Grade of inflammation 1.131 (1.0
Stage of fibrosis 1.494 (1.2
Cirrhosis 0.823 (0.2

Women with genotype 1 HCV infections (n � 252)
Mean age (y) 1.032 (1.0
Menopause 3.625 (1.5
Length of estrogen deprivation (y) 1.040 (1.0
Length of estrogen deprivation by menopausal

length (y)
�5 4.833 (81.
5–10 2.071 (0.5
�10 2.201 (0.8

Estimated duration of HCV infection (y) 1.017 (0.9
Mean body mass index (kg/m2) 0.970 (.87
Platelet count (�103/mm3) 0.992 (0.9
Alanine aminotransferase (IU/L) 1.000 (0.9
GGT (IU/L) 1.021 (1.0
Cholesterol (mg/dL) 0.990 (0.9
Triglycerides (mg/dL) 0.995 (0.9
Ferritin (ng/mL) 1.000 (0.9
HOMA score 1.010 (0.9
HCV RNA (IU/mL � 103) 1.000 (1.0
Histology at biopsy

Steatosis 1.776 (0.7
Grade of inflammation 1.224 (1.0
Stage of fibrosis 1.220 (0.8
Cirrhosis 1.680 (0.2
52.2%). SVR occurred in 121 of 263 menopausal women h
46.0%) versus 110 of 163 women of reproductive age
67.5%; OR, 2.436; 95% CI, 1.620 –3.662; P � .0001). The
ate of SVR was similar among women of reproductive
ge who were stratified for parity (nulliparous vs parous,
2 of 65 [64.6%] vs 69 of 103 [66.9%]; OR, 1.200; 95% CI,
.521–2.724; P � .668). Nulliparous menopausal women

of Risk Factors for SVR Failure in 442 Female Patients

iate analysis Multivariate analysis

I) P value OR (95% CI) P value

.052) �.0001 0.983 (0.950–1.068) .686

.662) �.0001 1.884 (1.177–3.016) .008

.070) .002 1.115 (1.048–1.185) .001

.172) .047 8.055 (1.834–25.390) .006

.375) .597 1.683 (0.335–8.458) .527

.354) .021 4.277 (0.747–24.503) .103

.140) �.0001 1.047 (0.973–1.126) .221

.060) .719

.995) �.0001 0.997 (0.993–1.001) .119

.001) .346

.026) �.0001 2.165 (1.364–3.436) .001

.001) .074 0.985 (0.971–0.998) .026

.007) .731

.003) .925

.045) .381

.000) .049 1.000 (1.000–1.000) .279

.617) .000 3.875 (2.444–6.134) �.0001

.091) .097 3.053 (0.925–10.076) .067

.225) .002 1.110 (1.021–1.224)

.793) �.0001 1.079 (0.839–1.388) .063

.292) .783 .553

.055) .005 0.972 (0.911–1.037) .386

.699) .003 2.908 (1.544–5.478) .001

.086) .048 1.088 (1.006–1.177) .035

1.561) .038 3.933 (1.274–12.142) .017
.593) .272 2.300 (0.982–5.386) .055
.602) .098 1.437 (0.743–2.781) .282
.077) .559

072) .552
.999) .030 0.998 (0.989–1.006) .564
.004) .851
.035) .004 1.012 (0.999–1.025) .062
.004) .162
.008) .454
.003) .839
.039) .399
.000) .168

.166) .187

.444) .017 1.039 (0.299–3.605) .952

.679) .223

.632) .560
lyses

nivar

5% C

15–1
20–3
15–1

10–8
97–3
37–4
40–1
60–1
89–0
96–1
08–1
83–1
90–1
98–1
88–1
00–1

27–5

40–2
45–1
46–1
06–3

10–1
62–5
08–1

83–2
65–7
65–5
61–1
8–1.
85–0
95–1
07–1
77–1
82–1
96–1
66–1
00–1

57–4
37–1
ad worse SVR compared with postmenopausal women
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824 VILLA ET AL GASTROENTEROLOGY Vol. 140, No. 3
with any number of pregnancies (nulliparous vs parous,
4 of 32 [12.5%] vs 130 of 242 [53.7%]; OR, 0.132; 95% CI,
0.029 – 0.607; P � .009).

The probability of SVR failure between men and un-
stratified women was similar (OR, 0.827; 95% CI, 0.615–
1.113; P � .210). Instead, women of reproductive age had

significantly lower risk of not achieving an SVR (women
f reproductive age vs men: OR, 0.452; 95% CI, 0.295–
.693; P � .0001; menopausal women vs men: OR, 1.212;
5% CI, 0.853–1.722; P � .283). Among men, the risk of
ot achieving an SVR was similar after stratification for
ge groups and comparable to that of women of repro-
uctive age (younger than 45 years) or menopausal (older
han 55 years) women (men aged younger than 45 years
s men older than 55 years: OR, 1.204; 95% CI, 0.964 –
.502; P � .101). The percentage of SVR in men younger
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March 2011 EARLY MENOPAUSE AND CHRONIC HEPATITIS C 825
than 45 years was 59.2% and in those older than 55 years
was 50.0% (P � .114).

By multivariate analysis, significant independent base-
line predictors of SVR failure in women were the presence
of menopause (OR, 1.884; 95% CI, 1.177–3.016; P �
008), cholesterol level (OR, 0.985; 95% CI, 0.971– 0.998; P

.026), high GGT levels (OR, 2.165; 95% CI, 1.364 –
.436; P � .001), and genotype 1/4 (OR, 3.875; 95% CI,
.444 – 6.134; P � .0001) (Table 4, top). Substituting “du-
ation of estrogen deprivation” for “menopause” in the

ultivariate model, the OR of SVR failure for women
ho were postmenopausal for �5 years was 8.055 (95%
I, 1.834 –25.390; P � .006); longer periods of estrogen
eprivation were not significantly associated with SVR
ailure. In addition, when replacing length of estrogen
eprivation as a categorical variable with the linear vari-
ble, the latest remained significantly associated with
ower SVR rate (OR, 1.115; 95% CI, 1.048 –1.185).

Restricting analysis to genotype 1–infected women,
ogistic regression analysis identified only menopause
s an independent predictive factor for SVR failure
OR, 2.908; 95% CI, 1.544 –5.478, P � .001) (Table 4,
ottom). Substituting “duration of estrogen depriva-
ion” for “menopause” in the multivariate model re-
ealed that the OR of SVR failure decreased in parallel
ith increasing time from the menopausal event: less

han 5 years, 3.933 (95% CI, 1.274 –12.142; P � .017);
–10 years, 2.300 (95% CI, 0.982–5.386; P � .055);
ore than 10 years, 1.437 (95% CI, 0.743–2.781; P �

282). Similar to the entire population, in G1, when
eplacing length of estrogen deprivation as a categor-
cal variable with the linear variable, the latest re-

ained significantly associated with lower SVR rate
OR, 1.088; 95% CI, 1.006 –1.177).

Cytokine Levels
Regardless of reproductive status, HCV-positive

women had significantly higher serum levels of both

4™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™
Figure 1. (A) Serum levels of TNF-� and IL-6 in 682 patients with CHC
age-matched men without HCV infection). The level of cytokines was as
and each group of patients with CHC were significant at the �.0001 lev
of reproductive ages and postmenopausal women; the difference was s
levels of TNF-� were similar in all 3 age groups (difference not signific

etween women of reproductive age and women at early postmenopau
f reproductive age and women at late postmenopause (P � .017). Leve
nd without a history of pregnancies in comparison with women of rep
onsidered without significant differences between each group. They w
or all combinations) but nulliparous postmenopausal women (P � .025
ld, and men older than 60 years, respectively). (B) Serum levels of TNF

during reproductive age, and 19 women before menopause and afte
menopause and 2 years after menopause. (C) Panel i shows hepatic TN
reproductive age, early postmenopause, or late postmenopause groups
in women at early postmenopause compared with women of reprod
between women of reproductive age and women at late stages of men

aired liver biopsy specimens. In 20 women, both biopsy samples we
omen, the first biopsy sample was collected at a median of 3 years befo

amples were obtained at the same time points as the sera collected for an
TNF-� and IL-6 compared with controls (P � .0001 for
ll combinations) (Figure 1A). IL-6 levels in women of
eproductive age were significantly lower than those in
arly postmenopausal women (2.6 � 1.5 vs 8.9 � 10.3
g/mL; P � .007) and were lower, although to a lesser
egree, than those in late postmenopausal women (2.6 �
.5 vs 4.8 � 8.2 pg/mL; P � .017). When only nulliparous
omen were considered, the difference in IL-6 levels be-

ween women of reproductive age and postmenopausal
omen was greater (3.2 � 2.2 vs 42.3 � 18.2 pg/mL; P �

0001) and a small but significant difference was found
lso in TNF-� levels (27.0 � 3.1 vs 29.2 � 2.5; P � .001)
Figure 1A). Among menopausal women, but not women
f reproductive age, baseline levels of IL-6 correlated with
igher baseline necroinflammatory scores (menopausal:
R, 3.571; 95% CI, 1.494 – 8.536, P � .004; reproductive

ge: OR, 0.727; 95% CI, 0.305–1.736; P � .473).
Analysis of the paired serum samples taken shortly

efore and after menopause revealed significantly differ-
nt levels for IL-6 (before vs after: 2.0 � 1.2 vs 9.2 � 2.2;
� .03) but not for TNF-� (29.6 � 2.4 vs 28.7 � 3.5; P �

395) (Figure 1B). The postmenopausal increase in IL-6
evels correlated with fibrosis progression (OR, 3.333;
5% CI, 1.293– 8.591; P � .011) and with worsened necro-

nflammatory score (OR, 3.667; 95% CI, 1.397–9.624; P �
004).

Levels of TNF-� and IL-6 in men were stratified to have
ge groups comparable to those of female patients strat-
fied by hormonal status: younger than 45 years (repro-
uctive age), 50 –55 years (early menopause), and older
han 60 years (late menopause). Levels found for both
ytokines did not differ significantly among the 3 age
roups (TNF-�: 28.7 � 16.2, 29.2 � 21.2, and 29.5 � 7.5;

IL-6: 27.2 � 35.0, 29.0 � 42, and 34 � 51, respectively;
not significant for all combinations). Levels of TNF-� did

ot differ significantly between men and women (not
ignificant for all combinations), whereas levels of IL-6

™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™
women, 196 men) and in 80 controls (40 age-matched women and 40
d as described in Patients and Methods. Differences between controls

r levels of TNF-�, there were no significant differences between women
ant when only nulliparous women were considered (P � .001). In men,
mong all 3 combinations). For IL-6, there was a significant difference
� .007), those at early and late postmenopause (P � .004), and women
IL-6 were also significantly higher among postmenopausal women with
tive age (P � .0001). In men, IL-6 levels were high in all 3 age groups

lso significantly higher than in each female group evaluated (P � .0001
.098, and P � .393 for men younger than 45 years, men 50–55 years

d IL-6 in paired sera from 20 women, in whom sera were both obtained
nopause. Sera were obtained at a median interval of 3 years before
xpression. Women with CHC were stratified by reproductive status into
ignificant and marked increase in hepatic levels of TNF-� was observed

age and with women at later stages of menopause. The difference
se was not statistically significant. Panel ii shows TNF-� expression in
llected while they were of reproductive age, whereas for the other 19
enopause and the other was collected 2 years after menopause. Biopsy
™™™
(442
sesse
el. Fo
ignific
ant a
se (P
ls of
roduc
ere a
, P �
-� an
r me
F-� e
. A s

uctive
opau
re co
re m
alysis of cytokine levels (B).
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were significantly higher among men (P � .0001 for all
combinations but vs nulliparous menopausal female pa-
tients: P � .025, P � .098, and P � .393 for men younger
than 45 years, men 50 –55 years old, and men older than
60 years, respectively).

Immunohistochemical Evaluation of TNF-�
and SOCS3

Control liver tissue was negative or had very slight
TNF-� staining. TNF-� positivity increased significantly

Figure 2. Immunohistochemical evaluation of TNF-� in liver biopsy s
TNF-�. Representative staining for TNF-� in 2 biopsy specimens from

enopause. In the first biopsy specimen, there are few positive hep
expression in the cytoplasm of hepatocytes, spread over the entire lob
of a postmenopausal, genotype 1 nonresponder (biopsy specimen wa

OCS3. There was strong and diffuse immunohistochemical positivit
olocalization of TNF-� and SOCS3 in about 60% of hepatocytes (vi).
fter menopause, with the highest values present in bi- f
psy specimens taken shortly after the occurrence of
enopause (liver biopsy specimens scored �/�� for
NF-�: nonmenopausal vs menopausal: 21 of 93 [22%] vs

36 of 84 [43%]; P � .007) (Figure 1C, panel i).
No significant differences were observed in levels of TNF-�

between 20 paired liver biopsy specimens collected from
women of reproductive age (Figure 1C, panel ii), whereas in the

9 paired liver specimens taken before and after menopause,
taining intensity and the number of positive hepatocytes in-
reased after menopause (Figure 1C, panel ii; Figure 2A). Dif-

ens from women with CHC. (A) Immunohistochemical evaluation of
ame patient with CHC, obtained (i) 3 years before and (ii) 2 years after
ytes (arrowheads), whereas in the second there was strong TNF-�
) Representative staining of TNF-� and SOCS3 expression in the liver

tained 2 years after menopause). (iii) H&E staining, (iv) TNF-�, and (v)
both TNF-� and SOCS3; double staining for both proteins showed
pecim
the s
atoc

ule. (B
s ob
y for
erences in TNF-� scores correlated with circulating levels of
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IL-6 (2.5 � 1.0 vs 20.6 � 41.8 pg/mL in specimens staining
negative vs positive for TNF-�; P � .045).

Staining for SOCS3 was absent from normal liver
amples; it was also absent, or very weak, in samples from
omen of reproductive age and strong to very strong in

amples from postmenopausal women (reproductive age
s menopausal: 17 of 93 [18.2%] vs 39 of 84 [46.6%]; P �
0001). TNF-� and SOCS3 were colocalized in 60% � 10%
f hepatocytes (Figure 2B).

Discussion
In this prospective study of 1000 consecutive pa-

tients with CHC, we found that menopause is indepen-
dently associated with the severity of liver damage and with
a remarkably lower likelihood of achieving SVR.

Various lines of evidence support a link between meno-
pause and the severity of fibrosis in patients with CHC.
Recent studies suggest that postmenopausal women have
accelerated progression of fibrosis,6,7 which is prevented

y long-term estrogen exposure from HRT.7 In this large
ohort of female patients with HCV, we confirmed that
iver inflammation and higher levels of GGT (a known
urrogate marker of metabolic alterations and of TNF-�

up-regulation)21 are independently associated with severe
brosis. We also identified the length of estrogen depri-
ation as a strong independent risk factor for fibrosis; the
onger the menopausal period, the higher the risk of
evere fibrosis. It was 5-fold higher in women who had
een menopausal for more than 10 years in comparison
ith early menopausal women.
We found menopause to be significantly correlated with

ecroinflammation, steatosis, and metabolic alterations
high cholesterol and glucose levels). Accordingly, a recent
linical study showed a higher prevalence of steatosis in
ostmenopausal patients with CHC who were older than 55
ears.13 Experimental studies are in line with our clinical
ata on the association between menopause and liver dam-
ge, showing that menopause is associated with a proin-
ammatory state that can drive fibrosis progression and

ead to hepatocellular carcinoma.8 In addition, some exper-
mental data also indicate a potential role of estrogen in-
ufficiency in steatogenesis.22,23

Menopause coincides with older age, which has been
identified as a negative predictive factor for an
SVR.13,14 However, the influence of menopause itself

n response to antiviral therapy has not been investi-
ated. We examined age and menopause in multivari-
te analysis and found that age was not independently
orrelated with SVR, whereas menopause was. Our
ndings indicate that menopause is associated with a
emarkable and unrecognized resistance to antiviral
herapy, especially in carriers of genotype 1 HCV.

oreover, our data indicate that early stages of meno-
ause (estrogen deprivation for �5 years) correlate
ith failure of antiviral therapy. This is particularly
vident in women with genotype 1 HCV, who have less g
esistance to antiviral therapy with the passage of years
fter the onset of menopause. A possible explanation
or this finding resides in the marked up-regulation of
epatic TNF-� and circulating IL-6 occuring at the
ime of menopause (potentially but unlikely due to
ccasional NSAID assumption or hidden alcohol use).
evels of both cytokines decrease after menopause, and
epatic expression of TNF-� levels become nonsignifi-

cantly different from those of women of reproductive
age (Figure 1C, panel i). A similar phenomenon has
been described regarding bone loss and levels of IL-6,
which affect bone loss less with time after menopause,
becoming insignificant after 10 years.24 It is interesting
that in men, who had levels of cytokines that were
constant yet greater than those of women at all age
groups tested, the OR of not achieving an SVR was not
significantly different among those younger than 45
years or older than 55 years (ie, in 2 age groups similar
to those of women of reproductive age or menopausal
women).

Although our study was not designed to clarify the
pathogenesis of this association, the results do suggest
several hypotheses. We focused our attention on levels of
TNF-� and IL-6; these cytokines undergo large changes

uring menopause25 and in HCV infection, during which
their levels are greatly up-regulated,26 –29 and they are able
to interfere with antiviral response. Our data show that
the occurrence of menopause is associated with a large
additional increase in circulating IL-6 levels, a striking
increase in hepatic TNF-� levels, and an increase in the
expression of SOCS3 in the liver. Although there are no
reports linking serum IL-6 levels with resistance to IFN,
TNF-� has been implicated as an independent factor
associated with response to IFN,21,29,30 and hepatic

OCS3 is reportedly the strongest factor influencing the
utcome of interferon-based antiviral therapy,31–34 espe-

cially in patients with genotype 1.33 SOCS3 is induced by
CV core protein35 and also by IL-6 and TNF-�.31,32

These data support the hypothesis that menopause de-
termines a switch to a systemic and hepatic proinflam-
matory state25 in which increased IL-6 and TNF-� pro-

uction contributes to the observed resistance to IFN-
ased therapies. Women entering menopause would
apidly go from an estrogen-protected environment,
here HCV-mediated inflammation is limited, to an es-

rogen-deprived one in which inflammation becomes less
ontrolled and resistance to antiviral therapy increases
emarkably, thus increasing the risk of developing severe
brosis.
We have also confirmed that genotype 1 and higher

GT levels are independent negative predictors of SVR,
oth for the entire cohort and when women are consid-
red as a group. Although hidden alcohol or drug abuse
annot be excluded in principle to explain changes in
GT levels, the bias, if present, was equally shared by all
roups, with the methodology of ascertainment the same
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for all. More relevant, in this context, is the demonstrated
relationship between GGT levels and hepatic TNF-� mes-
senger RNA, which in turn is strongly related to nonre-
sponse in patients with HCV.21

The study has some limitations. In particular, we can-
not rule out that lack of data on vitamin D serum levels,
a recently recognized factor influencing achievement of
an SVR,36 could affect the interpretation of our results, as
well as the absence of data about other adipokines/
cytokines.

In conclusion, our data from a large cohort of Euro-
pean women with CHC show that menopause is associ-
ated with profound changes in TNF-� and IL-6 levels.
These changes are greater than those resulting from HCV
infection in women of reproductive age and result in a
more pronounced inflammatory state, more rapid pro-
gression to fibrosis, and a hitherto unrecognized resis-
tance to antiviral therapy. This suggests that CHC in
women should be treated early, disregarding the fact that
liver disease is milder in women of reproductive age, as
this condition will last only as long as the estrogen-
exposed period. Alternative strategies should be tested for
HCV-positive women presenting in early postmenopause.
We are currently examining the combination of HRT
with pegylated interferon/ribavirin therapy in a con-
trolled randomized trial (EudraCT 2008-001260-36).

Supplementary Material

Note: To access the supplementary material ac-
companying this article, visit the online version of Gas-
troenterology at www.gastrojournal.org, and at doi:

0.1053/j.gastro.2010.12.027.
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Supplementary Table 1. Baseline Demographic, Laboratory,
According to Sex

Variables Men (n � 558

Mean age at enrollment (y) 47.9 � 11.6
Mean body mass index (kg/m2) 26.3 � 3.6
Platelet count (�103/mm3) 179.0 � 56.5
Alanine aminotransferase (IU/L) 98.6 � 87.4
GGT (IU/L) 57.1 � 52.4
Cholesterol (mg/dL) 161.9 � 38.0
Triglycerides (mg/dL) 103.4 � 52.8
Ferritin (ng/mL) 332.6 � 328.
Blood glucose (mg/dL) 103.5 � 19.9
Insulin (�U/mL) 6.1 � 3.5
HOMA score 1.5 � 0.7
Source of infection, n (%)

Community acquired 370 (67.4)
Posttransfusional 64 (11.7)
Drug addiction 85 (15.4)
Parenteral exposure 30 (5.5)

HCV RNA (IU/mL � 103) 1418 � 128
ength of HCV infection (y) 14.1 � 1.6

HCV genotype, n (%)
1 313 (56.4)
2 132 (23.8)
3 84 (15.1)
4 26 (4.7)

Histology at biopsy, n (%)
Steatosis

�5% 328 (63.1)
�5% to �20% 150 (28.8)
�20% 42 (8.0)

Grade of inflammation
0–5 391 (71.89
6–11 128 (24.5)
12–18 4 (0.8)

Stage of fibrosis
0–3 443 (84.4)
4–6 82 (15.6)

Cirrhosis 69 (12.3)
Metabolic, and Histologic Features of 1000 Patients With CHC

) Women (n � 442) P value

51.9 � 11.3 �.001
24.7 � 3.8 �.001

203.4 � 66.5 �.001
73.4 � 67.4 �.001
37.1 � 37.3 �.001
175 � 36.5 �.001
85.9 � 39.3 �.001

0 139.5 � 139.5 �.001
99.9 � 36.2 .713
10.0 � 6.4 .093

2.6 � 2.2 .124

309 (69.5) .54
80 (18.1) .002
11 (2.5) �.001
42 (9.5) .01

1436 � 183 .92
13.5 � 2.2 .073

252 (57.0) .80
149 (33.7) �.001
27 (6.1) �.001
14 (3.2) .29

261 (63.5) .95
116 (28.2) .99
34 (8.2) .99

) 332 (80.2) .018
74 (17.9)
8 (1.9)

372 (80.6) .020
43 (10.4)
30 (6.7) .003
NOTE. Data are given as mean � SD unless otherwise noted.
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Supplementary Table 2. Univariate and Multivariate Logistic Regression Analyses of Risk Factors for SVR in 1000 Patients
With CHC

Variables

Univariate analysis Multivariate analysis

OR (95% CI) P value OR (95% CI) P value

Age (y) 1.020 (1.009–1.031) �.001 1.010 (0.991–1.031) .362
Sex (male/female) 0.882 (0.684–1.137) .332
Mean body mass index (kg/m2) 1.003 (0.971–1.037) .854
latelet count (�103/mm3) 2.039 (1.483–2.803) �.001 0.999 (0.995–1.000) .761

Alanine aminotransferase (IU/L) 1.317 (1.023–1.695) .030 0.996 (0.992–1.000) .031
GGT (IU/L) 2.256 (1.745–2.916) �.001 1.013 (1.006–1.021) .001
Cholesterol (mg/dL) 0.997 (0.992–1.003) .293
Triglycerides (mg/dL) 0.999 (0.994–1.003) .599
Ferritin (ng/mL) 1.000 (1.000–1.001) .379
HOMA score 1.008 (0.998–1.018) .118
HCV RNA (IU/mL � 103) 1.000 (1.000–1.000) .048 1.000 (1.000–1.000) .868
HCV genotype

1–4 vs 2–3 4.784 (3.597–6.369) �.0001 3.448 (2.538–6.896) �.0001
Histology at biopsy

Steatosis 1.104 (0.849–1.434) .461
Grade of inflammation 1.147 (1.086–1.211) .000 1.076 (0.968–1.196) .173
Stage of fibrosis 1.409 (1.260–1.575) .000 1.071 (0.858–1.336) .546

Cirrhosis 2.885 (0.979–8.501) .055 1.261 (0.447–3.552) .661
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