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Natural history and predictors of disease severity
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Cirrhosis is the end-stage consequence of fibrosis progression in patients with chronic hepatitis C. The median time
from infection to cirrhosis is 30 years, with a high inter-individual variability, which is now better understood. Several
factors have been clearly shown to be associated with fibrosis progression rate: duration of infection, age, male gender,
alcohol consumption, HIV co-infection and low CD4 count. Metabolic conditions such as steatosis, being overweight
and diabetes are emerging as independent co-factors of fibrogenesis. The recent validation of non-invasive biomarkers
should facilitate the study of fibrosis progression in large populations.
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1. Introduction
The major hepatological consequence of hepatitis C virus
(HCV) infection is the progression to cirrhosis and its
potential complications: haemorrhage, hepatic insufficiency
and primary liver cancer [1].
Current understanding of HCV infection has been
advanced by the concept of liver fibrosis progression [2,3].
Fibrosis is the deleterious but variable consequence of
chronic inflammation. It is characterised by the deposition
of extracellular matrix component leading to the distortion
of the hepatic architecture with impairment of liver
microcirculation and liver cell functions. HCV is usually
only lethal when it leads to cirrhosis, the last stage of liver
fibrosis. An estimate of fibrosis progression therefore
represents an important surrogate endpoint for evaluation
of the vulnerability of an individual patient and for
assessment of the impact of treatment on natural history
[2,3].
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2. Fibrosis stages and necro-inflammatory activity
grades
Activity and fibrosis are two major histological features
of chronic hepatitis C that are included in different proposed
classifications [4–7]. One of the few validated scoring
systems is called the METAVIR scoring system [6,7]. This
system assesses histological lesions in chronic hepatitis C
using two separate scores, one for necro-inflammatory grade
(A for activity from A0 to A3) and another for the stage of
fibrosis (F from F0 to F4 cirrhosis).
Activity grade, which represents the necrosis feature, is
not a good predictor of fibrosis progression [2,8], and
fibrosis alone is the best marker of ongoing fibrogenesis
[2,3,8,9]. Fibrosis stage and inflammatory grade are
correlated but for approximately one-third of patients
there is discordance. Clinicians should not take a
‘significant activity’ as a surrogate marker of ‘a severe
disease’. The clinical hallmarks of major necrosis and
inflammation (i.e. severe acute hepatitis and fulminant
hepatitis) are very rare in hepatitis C compared with
hepatitis B. Even in immunologically compromised patients
there are very few acute flare-ups in patients with chronic
hepatitis C.
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3. The dynamic view of fibrosis progression
Fibrosis stage summarises the vulnerability of a patient
and is predictive of the progression to cirrhosis [2,3,9,10].
There is a strong correlation for fibrosis stages with age at
biopsy and duration of infection. This correlation was not
observed between activity grades [2,3,9].
The informative value of fibrosis stage allows the
assessment of the speed of the fibrosis progression.
The distribution of fibrosis progression rates suggests the
presence of at least three populations: a population of ‘rapid
fibrosers’, a population of ‘intermediate fibrosers’ and a
population of ‘slow fibrosers’. Therefore, the expression of
a mean (or median) fibrosis progression rate per year (stage
at the first biopsy/duration of infection) and of a mean
expected time to cirrhosis does not signify that the
progression to cirrhosis is universal and inevitable. Using
the median fibrosis progression rate, in untreated patients,
the median expected time to cirrhosis is 30 years; 33% of
patients have an expected median time to cirrhosis of less
than 20 years and 31% of patients will progress to cirrhosis
after more than 50 years or will never progress to cirrhosis
[2,3,9,10].
The limitations of any estimate of fibrosis include: (i) the
difficulty in obtaining paired liver biopsies; (ii) the necessity
for a large numbers of patients to achieve statistical power;
and (iii) the sample variability in fibrosis distribution.
Because the time elapsed between biopsies is relatively
short (usually between 12 and 24 months), events (transition
from one stage to another) are rare. Therefore the
comparisons between fibrosis progression rates require a
large sample size to observe significant differences. The rate
of progression is difficult to assess because there is no large
database with several biopsies. The real rate is therefore
unknown and even if there is a linear relationship between
stages and age at biopsy or duration of infection, other
correlations are possible [11–13]. Using a large database we
confirmed that the fibrosis progression was mainly
dependent on the age and the duration of infection with
four different periods—very slow, slow, intermediate and
rapid progression rates [9,10].

Furthermore, liver biopsy has its own limitations for the
assessment of liver fibrosis. Although it is the gold standard
for scoring fibrosis, its value is limited by very high sample
variability [13–16]. Future studies using validated noninvasive biochemical markers, such as FibroTeste, should
improve modelling of fibrosis progression [17–20].

4. Factors associated with fibrosis progression
Factors associated and not associated with fibrosis are
summarised in Table 1. Several factors have been shown to
be associated with fibrosis progression rate: duration of
infection, age, male gender, heavy consumption of alcohol,
HIV co-infection, low CD4 count and necrosis grade
[2,3,9,10,21–23]. The progression from infection to
cirrhosis depends strongly on age, either expressed by
duration of infection, by age at infection or age at last biopsy
[9,10]. Metabolic conditions such as obesity, steatosis and
diabetes are emerging as independent co-factors of
fibrogenesis [24–27].
4.1. Age
The role of ageing in fibrosis progression could be related
to higher vulnerability to environmental factors (especially
oxidative stress), or to reduction in blood flow, mitochondria capacity or immune capacities [26]. The effect of age
on fibrosis progression is so important (Fig. 1) that
modelling the hepatitis C epidemic without taking age
into account is not possible. The estimated probability
of progression per year for men aged 61–70 years was
300-times greater than that for men aged 21–40 years [9,10].
Age of transplanted liver has also been associated with
higher fibrosis progression rates [27].
4.2. Male gender
Males have a 10-times more rapid progression to
cirrhosis than females, regardless of age [10]. Oestrogen
modulates fibrogenesis in experimental injury, blocks
proliferation and fibrogenesis by stellate cells in primary

Table 1
Factors associated or not with fibrosis progression
Associated in uni- and multi-variate analysis

Not sure

Not associated

Fibrosis stage
Age at infection
Duration of infection
Age at biopsy
Consumption of alcohol O50 g per day
HIV co-infection
CD4 count !200/ml
Male gender
Necrosis
Body mass index and or diabetes and/or steatosis

Inflammation
Haemochromatosis heterozygote
Cigarette consumption
Moderate alcohol consumption
Genotype 3
Schistosomiasis

Last serum viral load
Genotype non-3
Mode of infection
Liver viral load
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Progression to F4 according to age at infection
1.00
>50 years

4.6. Risk of fibrosis in patients with normal transaminase
levels

41– 50years

21– 30 years

0.50

0.25
< 21 years
0.00
10

suspected, because of the steatosis associated with this
genotype [9,35–37].

31– 40 years

0.75

0
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Fig. 1. Probability of fibrosis progression to cirrhosis (F4) in patients
with hepatitis C virus infection, according to age at infection. Modeling
in 2313 patients with known duration of infection [31].

culture, and may modify the expression of transforming
growth factor and other soluble mediators [23]. We
observed that when metabolic factors were taken into
account the association between male gender and fibrosis
was reduced [28] but also that long term estrogen exposure
reduces liver fibrosis progression in women [29].
4.3. Alcohol
The role of alcohol consumption has been established for
daily intake greater than 40 or 50 g per day [2,9,21,22]. For
lower intake, there are discordant results with even
preliminary studies suggesting a protective effect of very
small quantities of alcohol. Alcohol consumption is difficult
to quantify and conclusions must be prudent. However it
seems that the influence of alcohol is independent from
other factors, weaker than the influence of age, and is
exerted only at toxic levels of intake.
4.4. HIV co-infection
Several studies have demonstrated that patients coinfected with HCV and HIV (and not treated) have more
rapid fibrosis progression than mono-infected patients or
other patients liver diseases, even after taking into account
age, sex and alcohol consumption [9,30–32]. A HIVinfected patient with less than 200 CD4 cells/ml and
drinking more than 50 g of alcohol daily has a median
expected time to cirrhosis of 16 years versus 36 years for a
HIV-infected patient with more than 200 CD4 cells/ml and
drinking 50 g or less of alcohol daily [22].
4.5. HCV viral genotype
Viral factors such as genotype, viral load at the time of
the biopsy, and quasi species are not associated with fibrosis
[2,9,32–34]. An association with fibrosis and genotype 3 is

Patients with repeatedly normal serum transaminase
activity have a lower fibrosis progression rate than matched
control patients with elevated transaminases [9,38,39].
However, 15–19% of patients with normal transaminase
levels have moderate or high fibrosis progression rates. We
therefore recommend assessment of the fibrosis stage with
liver biopsy or biochemical markers in these PCR positive
patients. If the patient has avanced fibrosis with a high
fibrosis rate, treatment should be considered. Fibroteste has
the same predictive value in patients with normal or
elevated transaminases [18]. In patients aged 65 years or
older, extensive fibrosis and normal transaminases are
frequently observed and this population is particularly at
risk of high fibrosis progression rates [40].

5. Metabolic factors
5.1. Impact of steatosis on the pathogenesis of chronic
hepatitis C
With a few exceptions [41,42], steatosis is associated
with more severe necro-inflammatory activity [43,44] or
fibrosis [36,44–49], even after adjustment for age [42].
Steatosis is also associated with a higher cumulative
incidence of hepatocellular carcinoma, independent of
age, cirrhosis and treatment with interferon [49]. The
fibrosis progression rate appeared to be higher when marked
steatosis [42]. Few studies with follow-up biopsies are
available. A faster progression of fibrosis in patients with
steatosis on the first biopsy has been observed, but the small
sample size precludes an analysis according to the genotype
[46]. Other studies suggested that the increase in steatosis
rather than the total amount of steatosis may be indicative of
fibrosis progression [45].
No study has documented an association between
steatosis and fibrosis independent of other confounding
factors. In one study, an apparent association between
steatosis and fibrosis disappeared after adjustment for serum
glucose and BMI, thus casting doubt on the true relevance of
steatosis per se to fibrogenesis [28].
5.2. Impact of diabetes on the pathogenesis of chronic
hepatitis C
Although many studies have documented an epidemiological association between hepatitis C and type 2 diabetes,
only a few have focused on its consequences for liver injury
[50]. Fibrosis stage is usually higher in diabetics, but results
are discordant when taking into account other well-identified
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risk factors of liver fibrosis [48,50–53]. In the largest study to
date, performed on 710 patients with a known duration of
infection, a high serum glucose (as well as overt, drug-treated
diabetes) was associated with more advanced liver fibrosis as
well as a higher fibrosis progression rate, independent of
other risk factors of fibrosis [28]. The fibrogenic impact of
high serum glucose was higher than the impact of obesity,
suggesting that measurement of blood glucose could provide
more accurate information on the fibrogenic potential of
underlying insulin resistance than the measurement of the
body mass index [28].
A common caveat of these transversal observational
studies is that cirrhosis-induced alterations of glucose
homeostasis may confound the relationship between a
high serum glucose and/or diabetes and liver fibrosis. Some
studies still documented a significant association after
exclusion of cirrhotic patients [28]. High serum glucose is
associated with intermediate and advanced stages of fibrosis
but not with early stages, suggesting a more important role
in the perpetuation and progression of fibrogenesis rather
than in initiation [28].
5.3. Impact of obesity on the pathogenesis of chronic
hepatitis C
Overall, obesity seems to worsen liver histology in
chronic hepatitis C. One study has documented a highly
significant association between obesity and steatosis and
between steatosis and fibrosis, but no direct association was
found between obesity and fibrosis [54]. Obese patients
have more advanced fibrosis stages than lean patients, but
this does not appear to be independent of other confounding
factors such as a high serum glucose and/or diabetes
[28,52,53]. These discrepancies may result from the fact
that none of these studies makes the distinction between
visceral and peripheral obesity: only visceral obesity is
correlated to insulin resistance and its complications, in
particular hepatic steatosis [55,56].
As a consequence of the complex interactions between
insulin resistance and liver injury, it is difficult to analyse
the specific contribution of obesity.
Several authors have attempted to identify, on histological grounds alone, the presence of lesions compatible with
non-alcoholic steatohepatitis (NASH) in obese patients with
chronic hepatitis C. Their assumption is that these two
fibrogenic conditions would increase liver fibrosis when
occurring together, which in turn would demonstrate the
contribution of obesity to fibrosis in HCV-infected patients.
Unfortunately, the two conditions share many common
histological lesions, which makes it difficult to assert the
presence of NASH in chronic hepatitis C. The attributable
risk of NASH to liver fibrosis in obese patients with
hepatitis C may not be determined until more specific
markers of NASH are identified.
Preliminary data demonstrates that after a 3-month
period of controlled weight loss through diet and exercise,

nine out of 10 patients with hepatitis C had reduced steatosis
and five out of 10 had less fibrosis [57]. Weight loss was
associated with improved insulin sensitivity. Although
sampling variability of liver biopsy is a significant concern
in such a small sample size, the demonstration that cellular
markers of stellate cell activation were also turned off in
patients with reduced weight and less fibrosis, further
strengthens the hypothesis of a deleterious impact of obesity
in chronic hepatitis C. Furthermore, surgical treatment of
obesity decreases fibrosis [58].
5.4. Interaction between genotype and metabolic factors
Fibrosis was associated with steatosis only in genotype 3
infected individuals and with past alcohol abuse and
diabetes only in non-3 genotype infected patients [59].
Other studies showed that hepatitis C virus may induce
insulin resistance and accelerate fibrosis progression—this
effect seemed to be genotype 3 specific in one study [60] but
not in a study in mild hepatitis C [61].

6. Conclusion
Tremendous progress has been achieved in the comprehension of fibrosis progression in patients with chronic
hepatitis C. The role of ageing and metabolic factors is
particularly important for therapeutic decisions. The
treatment of hepatitis C with interferon and ribavirin
combination is very effective for blocking fibrosis progression and can even induce reversal of cirrhosis, a concept
unthinkable 10 years ago. Unfortunately, even in developed
countries, death due to hepatitis C is increasing because of
inadequate detection and treatment.

References
[1] Poynard T, Yuen MF, Ratziu V, Lai CL. Viral hepatitis C: review.
Lancet 2003;362:2095–2100.
[2] Poynard T, Bedossa P, Opolon P, for the OBSVIRC, METAVIR,
CLINIVIR and DOSVIRC Groups. Natural history of liver fibrosis
progression in patients with chronic hepatitis C. Lancet 1997;349:
825–832.
[3] Sobesky R, Mathurin P, Charlotte F, Moussalli J, Olivi M, Vidaud M,
et al. Modeling the impact of interferon alfa treatment on liver fibrosis
progression in chronic hepatitis C: a dynamic view. Gastroenterology
1999;116:378–386.
[4] Knodell RG, Ishak KG, Black WC, Chen TS, Craig R, Kaplowitz N,
et al. Formulation and application of a numerical scoring system for
assessing histological activity in asymptomatic chronic active
hepatitis. Hepatology 1981;1:431–435.
[5] Ishak K, Baptista A, Bianchi L, Callea F, De Groote J, Gudat F, et al.
Histological grading and staging of chronic hepatitis. J Hepatol 1995;
22:696–699.
[6] The METAVIR Cooperative Group. Inter- and intra-observer
variation in the assessment of liver biopsy of chronic hepatitis C.
Hepatology 1994;20:15–20.

J. Massard et al. / Journal of Hepatology 44 (2006) S19–S24
[7] Bedossa P, Poynard T. An algorithm for the grading of activity in
chronic hepatitis C. The METAVIR Cooperative Study Group.
Hepatology 1996;24:289–293.
[8] Paradis V, Mathurin P, Laurent A, Charlotte F, Vidaud M, Poynard T,
et al. Histological features predictive of liver fibrosis in chronic
hepatitis C infection. J Clin Pathol 1996;49:998–1004.
[9] Poynard T, Ratziu V, Charlotte F, Goodman Z, McHutchison J,
Albrecht J. Rates and risk factors of liver fibrosis progression in
patients with chronic hepatitis C. J Hepatol 2001;34:730–739.
[10] Deuffic-Burban S, Poynard T, Valleron AJ. Quantification of fibrosis
progression in patients with chronic hepatitis C using a Markov
model. J Viral Hepat 2002;9:114–122.
[11] Yano M, Kumada H, Kage M, Ikeda K, Shimamatsu K, Inoue O, et al.
The long term pathological evolution of chronic hepatitis C.
Hepatology 1996;23:1334–1340.
[12] Datz C, Cramp M, Haas T, Dietze O, Nitschko H, Froesner G, et al.
The natural course of hepatitis C virus infection 18 years after an
epidemic outbreak of non-A, non-B hepatitis in a plasmapheresis
centre. Gut 1999;44:563–567.
[13] Ghany MG, Kleiner DE, Alter H, Doo E, Khokar F, Promrat K, et al.
Progression of fibrosis in chronic hepatitis C. Gastroenterology 2003;
124:97–104.
[14] Regev A, Berho M, Jeffers LJ, Milikowski C, Molina EG,
Pyrsopoulos NT, et al. Sampling error and intraobserver variation in
liver biopsy in patients with chronic HCV infection. Am
J Gastroenterol 2002;97:2614–2618.
[15] Colloredo G, Guido M, Sonzogni A, Leandro G. Impact of liver
biopsy size on histological evaluation of chronic viral hepatitis: the
smaller the sample, the milder the disease. J Hepatol 2003;39:
239–244.
[16] Bedossa P, Dargère D, Paradis V. Sampling variability of liver fibrosis
in chronic hepatitis C. Hepatology 2003;38:1449–1457.
[17] Gebo KA, Herlong HF, Torbenson MS, Jenckes MW, Chander G,
Ghanem KG, et al. Role of liver biopsy in management of chronic
hepatitis C: a systematic review. Hepatology 2002;36:S161–S172.
[18] Imbert-Bismut F, Ratziu V, Laurence Pieroni L, Charlotte F,
Benhamou Y, Poynard T, et al. Biochemical markers of liver fibrosis
in patients with hepatitis C virus infection: a prospective study. Lancet
2001;357:1069–1075.
[19] Poynard T, Munteanu M, Imbert-Bismut F, Charlotte F, Thabut D, Le
Calvez S, et al. Prospective analysis of discordant results between
biochemical markers and biopsy in patients with chronic hepatitis C.
Clin Chem 2004;50:1344–1355.
[20] Poynard T, Imbert-Bismut F, Munteanu M, Messous D, Myers RP,
Thabut D, et al. Overview of the diagnostic value of biochemical
markers of liver fibrosis (FibroTest, HCV-Fibrosure) and necrosis
(ActiTest) in patients with chronic hepatitis C. Comp Hepatol 2004;3:8.
[21] Wiley TE, McCarthy M, Breidi L, McCarthy M, Layden TJ. Impact of
alcohol on the histological and clinical progression of hepatitis C
infection. Hepatology 1998;28:805–809.
[22] Benhamou Y, Bochet M, Di Martino V, Charlotte F, Azria F,
Coutellier A, et al. Liver fibrosis progression in human immunodeficiency virus and hepatitis C virus co-infected patients. The
multivirc group. Hepatology 1999;30:1054–1058.
[23] Bissell DM. Sex and hepatic fibrosis. Hepatology 1999;29:988–989.
[24] Hourigan LF, Macdonald GA, Purdie D, Whitehall VH, Shorthouse C,
Clouston A, et al. Fibrosis in chronic hepatitis C correlates
significantly with body mass index and steatosis. Hepatology 1999;
29:1215–1219.
[25] Ortiz V, Berenguer M, Rayon JM, Carrasco D, Berenguer J.
Contribution of obesity to hepatitis C-related fibrosis progression.
Am J Gastroenterol 2002;97:2408–2414.
[26] Poynter ME, Daynes RA. Peroxysome proliferator-activated receptor
a activation modulates cellular redox status, represses nuclear factorkB signaling, and reduces inflammatory cytokine production in
aging. J Biol Chem 1998;273:32833–32841.

S23

[27] Wali M, Harrison RF, Gow PJ, Mutimer D. Advancing donor liver age
and rapid fibrosis progression following transplantation for hepatitis
C. Gut 2002;51:248–252.
[28] Ratziu V, Munteanu M, Charlotte F, Bonyhay L, Poynard T, LIDO
Study Group. Fibrogenic impact of high serum glucose in chronic
hepatitis C. J Hepatol 2003;39:1049–1055.
[29] Di Martino V, Lebray P, Myers RP, Pannier E, Paradis V, Charlotte F,
et al. Progression of liver fibrosis in women infected with hepatitis C:
long-term benefit of estrogen exposure. Hepatology 2004;40:
1426–1433.
[30] Pol S, Fontaine H, Carnot F, Zylberberg H, Berthelot P, Brechot C,
et al. Predictive factors for development of cirrhosis in parenterally
acquired chronic hepatitis C: a comparison between immunocompetent and immunocompromised patients. J Hepatol 1998;29:12–19.
[31] Soriano V, Sulkowski M, Bergin C, Hatzakis A, Cacoub P,
Katlama C, et al. Care of patients with chronic hepatitis C and HIV
co- infection: recommendations from the HIV–HCV International
Panel. AIDS 2002;16:813–828.
[32] Poynard T, Mathurin P, Lai CL, Guyader D, Poupon R,
Tainturier MH, et al. A comparison of fibrosis progression in chronic
liver diseases. J Hepatol 2003;38:257–265.
[33] De Moliner L, Pontisso P, De Salvo GL, Cavalletto L, Chemello L,
Alberti A. Serum and liver HCV RNA levels in patients with chronic
hepatitis C: correlation with clinical and histological features. Gut
1998;42:856–860.
[34] Roffi L, Ricci A, Ogliari C, Scalori A, Minola E, Colloredo G, et al.
HCV genotypes in Northern Italy: a survey of 1368 histologically
proven chronic hepatitis C patients. J Hepatol 1998;29:701–706.
[35] Ratziu V, Saboury M, Poynard T. Worsening of steatosis and fibrosis
progression. Gut 2003;52:1386–1387.
[36] Poynard T, Ratziu V, McHutchison J, Manns M, Goodman Z,
Zeuzem S, et al. Effect of treatment with peginterferon or interferon
alfa-2b and ribavirin on steatosis in patients infected with hepatitis C.
Hepatology 2003;38:75–85.
[37] Castera L, Hezode C, Roudot-Thoraval F, Bastie A, Zafrani ES,
Pawlotsky JM, et al. Worsening of steatosis is an independent factor
of fibrosis progression in untreated patients with chronic hepatitis C
and paired liver biopsies. Gut 2003;52:288–292.
[38] Mathurin P, Moussalli J, Cadranel JF, Thibault V, Charlotte F,
Dumouchel P, et al. Slow progression rate of fibrosis in hepatitis C
virus patients with persistently normal alanine transaminase activity.
Hepatology 1998;27:868–872.
[39] Alberti A, Noventa F, Benvegnu L, Boccato S, Gatta A. Prevalence of
liver disease in a population of asymptomatic persons with hepatitis C
virus infection. Ann Intern Med 2002;137:961–964.
[40] Thabut D, Le Calvez S, Thibault V, Massard J, d’Arondel C,
Moussalli J, et al. Hepatitis C in 2,410 patients 65 years or older. A
severe and neglected curable disease? Hepatology 2003;38.
[41] Czaja A, Carpenter H, Santrach P, Moore S. Host- and diseasespecific factors affecting steatosis in chronic hepatitis C. J Hepatol
1998;29:198–206.
[42] Rubbia-Brandt L, Quadri R, Abid K, Giostra E, Male PJ, Mentha G,
et al. Hepatocyte steatosis is a cytopathic effect of hepatitis C virus
genotype 3. J Hepatol 2000;33:106–115.
[43] Fiore G, Fera G, Napoli N, Vella F, Schiraldi O. Liver steatosis and
chronic hepatitis C: a spurious association? Eur J Gastroenterol
Hepatol 1996;8:125–129.
[44] Adinolfi LE, Gambardella M, Andreana A, Tripodi MF, Utili R,
Ruggiero G. Steatosis accelerates the progression of liver damage of
chronic hepatitis C patients and correlates with specific HCV
genotype and visceral obesity. Hepatology 2001;33:1358–1364.
[45] Hwang SJ, Luo JC, Chu CW, Lai CR, Lu CL, Tsay SH, et al. Hepatic
steatosis in chronic hepatitis C virus infection: prevalence and clinical
correlation. J Gastroenterol Hepatol 2001;16:190–195.
[46] Westin J, Nordlinder H, Lagging M, Norkrans G, Wejstal R. Steatosis
accelerates fibrosis development over time in hepatitis C virus
genotype 3 infected patients. J Hepatol 2002;37:837–842.

S24

J. Massard et al. / Journal of Hepatology 44 (2006) S19–S24

[47] Wong VS, Wight DG, Palmer CR, Alexander GJ. Fibrosis and other
histological features in chronic hepatitis C virus infection: a statistical
model. J Clin Pathol 1996;49:465–469.
[48] Ong JP, Younossi ZM, Speer C, Olano A, Gramlich T, Boparai N.
Chronic hepatitis C and superimposed nonalcoholic fatty liver
disease. Liver 2001;21:266–271.
[49] Ohata K, Hamasaki K, Toriyama K, Matsumoto K, Saeki A,
Yanagi K, et al. Hepatic steatosis is a risk factor for hepatocellular
carcinoma in patients with chronic hepatitis C virus infection. Cancer
2003;97:3036–3043.
[50] Knobler H, Schihmanter R, Zifroni A, Fenakel G, Schattner A.
Increased risk of type 2 diabetes in noncirrhotic patients with chronic
hepatitis C virus infection. Mayo Clin Proc 2000;75:355–359.
[51] Petit J-M, Bour J-B, Galland-Jos C, Minello A, Verges B, Guiguet M,
et al. Risk factors for diabetes mellitus and early insulin resistance in
chronic hepatitis C. J Hepatol 2001;35:279–283.
[52] Monto A, Alonzo J, Watson JJ, Grunfeld C, Wright TL. Steatosis in
chronic hepatitis C: relative contributions of obesity, diabetes
mellitus, and alcohol. Hepatology 2002;36:729–736.
[53] Ortiz V, Berenguer M, Rayon JM, Carrasco D, Berenguer J.
Contribution of obesity to hepatitis C-related fibrosis progression.
Am J Gastroenterol 2002;97:2408–2414.
[54] Hourigan LF, MacDonald GE, Purdie D, Whitehall VH,
Shorthouse C, Clouston A, et al. Fibrosis in chronic hepatitis C

[55]

[56]
[57]

[58]

[59]

[60]

[61]

correlates significantly with body mass index and steatosis.
Hepatology 1999;29:1215–1219.
McCullough AJ, Falck-Ytter Y. Body composition and hepatic
steatosis as precursors for fibrotic liver disease. Hepatology 1999;29:
1328–1330.
Kral JG, Schaffner F, Pierson RN, Wang J. Body fat topography as an
independent predictor of fatty liver. Metabolism 1993;42:548–551.
Hickman IJ, Clouston AD, Macdonald GA, Purdie DM, Prins JB,
Ash S, et al. Effect of weight reduction on liver histology
and biochemistry in patients with chronic hepatitis C. Gut 2002;51:
89–94.
Kral JG, Thung SN, Biron S, Hould FS, Lebel S, Marceau S, et al.
Effects of surgical treatment of the metabolic syndrome on liver
fibrosis and cirrhosis. Surgery 2004;135:48–58.
Rubbia-Brandt L, Fabris P, Paganin S, Leandro G, Male PJ, Giostra E,
et al. Steatosis affects chronic hepatitis C progression in a genotype
specific way. Gut 2004;53:406–412.
Hui JM, Sud A, Farrell GC, Bandara P, Byth K, Kench JG, et al.
Insulin resistance is associated with chronic hepatitis C and virus
infection fibrosis progression. Gastroenterology 2003;125:
1695–1704.
Fartoux L, Chazouillères O, Wendum D, Poupon R, Serfaty L. Impact
of steatosis on progression of fibrosis in patients with mild hepatitis C.
Hepatology 2005;41:82–87.

