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Predictors of Liver Fibrosis in
Patients with Chronic HCV Infection

AABBSSTTRRAACCTT  OObbjjeeccttiivvee:: The aim of this study was to investigate the independent variables for the
degree of liver fibrosis in patients with chronic hepatitis C virus (HCV) infection. MMaatteerriiaall  aanndd
MMeetthhooddss:: In this cross-sectional retrospective study, the patients were divided in two groups as
Group A (patients with fibrosis score 0-2) and Group B (patients with fibrosis score 3-4) and they
were compared in terms of age, gender, body mass index, alcohol consumption, presence of diabetes,
serum HCV RNA, alanine aminotransferase, gamma-glutamyl transferase, and aspartate amino-
transferase, total bilirubin, albumin, globulin and alkaline phosphatase levels, prothrombin time,
blood thrombocyte count, splenomegaly in ultrasonographic examination, HCV genotype and liver
steatosis. RReessuullttss:: Of 201 patients, 93 (46.3%) were males; the median age was 51 (range: 18-77)
years. It was found that serum gamma-glutamyl transferase and aspartate aminotransferase levels,
age, prothrombin time and the presence of splenomegaly were independent variables predictive of
advanced liver fibrosis. Odds ratio and p values were 1.984 and 0.013 for gamma-glutamyl trans-
ferase, 1.633 and 0.018 for aspartate aminotransferase, 1.861 and 0.003 for age, 5.598 and 0.008 for
splenomegaly and 0.541 and 0.007 for prothrombin time, respectively. CCoonncclluussiioonn:: The results of
this study suggested that advanced age, elevated serum gamma-glutamyl transferase and, aspartate
aminotransferase levels, prolonged prothrombin time and the presence of splenomegaly are inde-
pendent variables determining severe liver fibrosis.

KKeeyy  WWoorrddss::  Liver cirrhosis; hepacivirus

ÖÖZZEETT  AAmmaaçç:: Bu çalışmanın amacı kronik hepatit C virüsü (HCV) enfeksiyonlu olgularda karaci-
ğer fibrozunun derecesini belirleyen bağımsız değişkenleri araştırmaktı. GGeerreeçç  vvee  YYöönntteemmlleerr:: Bu ge-
riye dönük kesitsel çalışmada hastalar Grup A (fibroz skoru 0-2 olanlar) ve Grup B (fibroz skoru 3-4
olanlar) olarak iki gruba ayrıldı ve gruplar yaş, cinsiyet, beden kitle indeksi, alkol kullanımı, diya-
bet varlığı, serum HCV RNA, alanin aminotransferaz, gama-glutamil transferaz, aspartat aminot-
ransferaz, total bilirubin, albumin, globulin ve alkalen fosfataz seviyeleri, protrombin zamanı, kan
trombosit sayısı, ultrasonografide splenomegali varlığı, HCV genotip ve karaciğer yağlanması açısın-
dan karşılaştırıldı. BBuullgguullaarr:: İkiyüz bir hastadan 93 (%46,3)’ü erkekti ve ortanca yaş 51 (alt ve üst
sınırlar: 18-77 yıl) idi. Serum gama-glutamil transferaz ve aspartat aminotransferaz düzeyleri, yaş,
protrombin zamanı ve splenomegalinin ileri karaciğer fibrozunu belirleyen bağımsız değişkenler ol-
duğu bulundu. Odds oranı ve p değerleri gamaglutamil transferaz için 1,984 ve 0,013; aspartat ami-
notransferaz için 1,633 ve 0,018; yaş için 1,861 ve 0,003; splenomegali için 5,598 ve 0,008 ve
protrombin zamanı için 0,541 ve 0,007 idi. SSoonnuuçç:: Bu çalışmanın sonuçları bize ileri yaş, yüksek
serum gamaglutamil transferaz ve aspartat aminotransferaz düzeyleri, uzamış protrombin zamanı
ve splenomegali varlığının ileri karaciğer fibrozunu belirleyen bağımsız değişkenler olduğunu ol-
duğunu düşündürmüştür.  

AAnnaahhttaarr  KKeelliimmeelleerr:: Karaciğer sirozu; hepasivirüsler  
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hronic hepatitis C virus (HCV) infection has
an unpredictable clinical course, and some
patients may develop serious complications

such as liver cirrhosis or hepatocellular carcinoma.1

Combination therapy of chronic HCV infection
with pegylated interferon and ribavirin achieves
55-60% sustained virologic response.2 However,
the use of this costly treatment with serious side ef-
fects is controversial in patients with a low proba-
bility for development of advanced liver fibrosis.
In cases where liver biopsy is not an option, vari-
ables predictive of liver fibrosis progression become
essential in treatment decisions.3-23 The predictors
of liver fibrosis were reported as long duration of
chronic HCV infection, advanced age, alcohol use,
elevated serum alanine aminotransferase (ALT)
levels, high body mass index (BMI) and fatty infil-
tration or elevated histologic activity index in liver
biopsy.3-23 However; when we analyzed these stud-
ies, we realized that only some variables that might
predict liver fibrosis were evaluated in every study,
and studies including most of the variables were
only a few.In our study; different from other stud-
ies, we have evaluated a number of variables which
are commonly used in clinical practice and may
predict fibrosis score, and tried to find out the in-
dependent variables that determined the liver fi-
brosis. The aim of this study was to investigate the
independent variables for the degree of liver fibro-
sis in Turkish patients with chronic HCV infection. 

MATERIAL AND METHODS

Medical files of 201 patients treated for chronic
HCV infection in our Chronic Hepatitis Outpatient
Clinic between January 2001 and January 2010
were retrospectively analyzed. The inclusion crite-
ria were diagnosis of chronic HCV infection, liver
biopsy assessed using the modified Knodell scoring
system and being treatment-naïve for HCV infec-
tion before the biopsy. 

Patients with autoimmune hepatitis, he-
mochromatosis, acute viral hepatitis, malignancy,
pregnancy, co-infection with HBV or HIV, with
former treatment for chronic HCV infection before
tests or biopsy were excluded.

Patients’ sociodemographic and medical data
including age, gender, height, weight, alcohol con-
sumption, presence of diabetes, serum HCV RNA,
ALT, gamma-glutamyl transferase (GGT), and as-
partate aminotransferase (AST), total bilirubin, al-
bumin, globulin and alkaline phosphatase (ALP)
levels, prothrombin time, blood thrombocyte
count, splenomegaly in ultrasonographic examina-
tion, HCV genotype, steatosis, histopathologic ac-
tivity index by the modified Knodell scoring
system and fibrosis score were retrieved from their
medical records. 

The patients were grouped in two groups as
Group A (patients with fibrosis score 0-2) and
Group B (patients with fibrosis score 3-4) and com-
pared.

HCV RNA QUANTIFICATION

HCV-RNA quantification was done using branched
DNA signal amplification (Versant HCV RNA 3.0
Assay, Bayer Corporation Diagnostics, USA; detec-
tion range 615-7690000 U/mL) or real-time poly-
merase chain reaction (Cobas TaqMan HCV test v
2.0; detection range 25-391000000 U/mL). HCV
genotype was assessed by Innolipa HCV II (Bayer
Diagnostics, USA). We divided the cases in two
groups as HCV RNA level ≥800.000 U/mL and
<800.000 U/mL, considering the effect of HCV
RNA level fluctuations.

ASSESSMENT OF LIVER HISTOLOGY

Liver biopsy was assessed using the modified Kn-
odell scoring system. 

STATISTICAL ANALYSIS

Data were analyzed using SPSS-13 (SPSS Inc.,
Chicago, IL). Continuous variables were expressed
as median and minimum-maximum measurements
and categorical variables were expressed as num-
ber and percentage of patients. The patients with
mild and severe fibrosis scores were compared
using the χ2 test for categorical variables and the
Mann Whitney-U test for continuous variables
without normal distribution. The logistic regres-
sion analysis was used for the multiple regression
analysis of independent factors affecting fibrosis
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score. When we performed logistic regression
analysis including prothrombin time, GGT, AST
and age values, we used the rates of this values to
standard deviations. The level of significance was
set as p<0.05. 

The approval of ethics committee was not ob-
tained because of the retrospective nature of the
study.

RESULTS

Of patients, 93 (46.3%) were males; the mean age
was 51 (range: 18-77) years (Table 1). Comparative
data for patient groups with mild and severe fibro-

sis are summarized in Table 2. The age (p=0.001),
prothrombin time (p=0.001), serum AST (p=0.001),
globulin (p=0.017), ALP (p=0.019), ALT (p=0.001)
and serum GGT (p=0.001) levels were higher in the
group with a severe fibrosis score. 

Serum albumin level and blood thrombocyte
counts were lower in the severe fibrosis group
compared to the mild fibrosis group (p=0.013 and
0.001, respectively).

The number of patients with diabetes or
splenomegaly was higher in the severe fibrosis
group compared to the mild fibrosis group (p=0.01
and p=0.003, respectively).

Patients with chronic HCV infection (n=201)

Male cases* 93 (46.3%)

Patients with

Alcohol use* 26 (12.9%)

Steatosis* 67 (49.6%)

Splenomegaly* 20 (10.6%)

HCV genotype 3* 8 (4,4%)

Diabetes* 39 (19.5%)

Patients with IU/mL*

HCV RNA level >800000 131 (65.2%)

Age, years** 51 (18-77)

Patients who have AST/ALT ratio greater than 1* 41 (20.4%)

Serum HCV RNA level (IU/mLx103) ** 1940 (2.28-1350000)

Serum ALT level (U/L)** 59 (11-476)

Serum AST level (U/L)** 49 (12-240)

Serum total bilirubin level (mg/dL)** 0.89 (0.2-3.07)

Serum albumin level (g/L)** 4.1 (2.9-5.2)

Serum globulin level (g/ L)** 3.5 (2-5.6)

Serum GGT level (U/L)** 60 (10-588)

Serum ALP level (U/L)** 124 (40-450)

Prothrombin time** 92 (40-158)

Blood thrombocyte count (x1000/mm³)** 215 (60-592)

Body mass index ** 27.18 (16.61-46.09)

Histological activity index** 8 (1-16)

Patients with

Fibrosis score 0* 18 (9%)

Fibrosis score 1* 101 (50.2%)

Fibrosis score 2* 5 (2.5%)

Fibrosis score 3* 61 (30.3%)

Fibrosis score 4* 16 (8%)

TABLE 1: Analysis of the variables.

HCV: Hepatitis C virus; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; GGT: Gamma glutamyl transferase; ALP: Alkaline phosphatase.
* Number of cases (%); ** Mean (range).
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The logistic regression analysis model revealed
that serum GGT and AST levels, age, prothrombin
time and splenomegaly were independent variables
predictive of advanced liver fibrosis (Table 3). Stage
3-4 liver fibrosis probability of splenomegaly cases
compared to stage 0-2 fibrosis was 5 times more
(Odds ratio 5.598, p=0.008). Stage 3-4 liver fibrosis
probability of the patients compared to stage 0-2 fi-
brosis was increased 1.861 times with every 10.61
years increase of age, 1.633 times with every 40.37
U/L increase in AST, 1.984 times with every 60.44
U/L increase in GGT (Odds ratio and p value 1.861
and 0.003 for age; 1.633 and 0.018 for AST; 1.984
and 0.013 for GGT, respectively). Stage 3-4 liver fi-
brosis probability of the patients was decreased
1.848 (1/0.541) times with every 15.27% increase
in PTZ (Odds ratio: 0.541, p=0.007).

DISCUSSION

There are numerous publications in the literature
investigating factors affecting liver fibrosis in
chronic HCV infection.3-23 These studies suggest
longer duration of chronic HCV infection, advanced
age, alcohol use, elevated serum ALT or aspartate
aminotransferase levels, HCV genotype, ultrasono-
graphic indicators of chronic liver disease, gender
and fatty infiltration or elevated histologic activity
index in liver biopsy as predictors of the severity of
liver fibrosis. In our study, age, elevated serum GGT
and AST levels, prolonged prothrombin time and
the presence of splenomegaly were found to be in-
dependently related to more severe liver fibrosis. 

It was reported that the duration of infection
was an independent variable increasing liver 

Cases with liver fibrosis stage 0-2 Cases with liver fibrosis stage 3-4 

(n = 124; 61.7 %) (n = 77; 38.3 %) p

Male patients* 60 (48.4) 33 (42.9) 0.445

Patients with

Alcohol use* 19 (15.3) 7 (9.1) 0.201

Steatosis* 35 (44.3) 32 (57.1) 0.142

Splenomegaly* 6 (5.3) 14 (18.7) 0.003

HCV genotype 1 and 4* 98 (89.1) 64 (88.9) 0.966

HCV genotype 3* 4 (50) 4 (50) 0,714

Diabetes* 17 (13.8) 22 (28.6) 0.010

Patients with HCV RNA level > 800,000 IU/mL* 81 (65.3) 50 (64.9) 0.955

Age, years ** 48 (18-71) 55 (19-77) 0.001

Patients who have AST/ALT ratio greater than 1* 24 (19.4) 17 (22,1) 0.641

Serum HCV RNA level (IU/mlx103) ** 1510 (6.22-304000) 2760 (2.28-1350000) 0.729

Serum ALT level (U/L)** 49.5 (11-476) 92 (16-458) 0.001

Serum AST level (U/L)** 40 (18-232) 69 (12-240) 0.001

Serum total bilirubin level (mg/dl)** 0.89 (0.2-3) 0.89 (0.27-3.07) 0.334

Serum albumin level (gr/L)** 4.12 (3.2-4.9) 4.1 (2.9-5.2) 0.013

Serum globulin level (gr/ L)** 3.5 (2-4.8) 3.6 (2.6-5.6) 0.017

Serum GGT level (U/L)** 46 (10-254) 67 (18-588) 0.001

Serum ALP level (U/L)** 118 (40-450) 124 (46-437) 0.019

Prothrombin time (%)** 94 (40-158) 88 (61-128) 0.001

Blood thrombocyte count (x 1000/mm³)** 228.5 (97-417) 193 (60-592) 0.001

Body mass index** 26 (16-46) 27 (19-41) 0.549

Histological activity index** 6.5 (1-12) 11 (6-16) 0.001

TABLE 2: Comparison of patients with mild and severe fibrosis.

HCV: Hepatitis C virus; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; GGT: Gamma glutamyl transferase; ALP: Alkaline phosphatase.
* Number of cases (%); ** Mean (range).
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fibrosis, however other studies did not support
this.3,5,8,10,11,13,14,19 The date of the patient’s first 
intravenous drug use or transfusion is customarily
acknowledged as the start of the HCV infection,
which is an unreliable method for determination
of the time of infection. However, it is rather diffi-
cult in Turkey to determine the duration of chronic
HCV infection because of low ratio of drug use as
a route of infection in our country. 

While some studies suggest that alcohol con-
sumption increases liver fibrosis in chronic HCV in-
fection, it is still controversial.3-6,8-10,12-14,16,17,20-23 It has
been suggested that HCV core protein and alcohol
have an additive effect in aggravating lipid peroxi-
dation and synergistically increase the expression of
TGF-β and TNF-α in the liver, which results in the
activation of hepatic stellar cells and the develop-
ment of fibrosis.24 We could not find a significant
relationship between alcohol consumption and liver
fibrosis. This may be due to retrospective design of
our study, and the lack of data regarding the dura-
tion and amount of alcohol consumption.16-23 

There is no consensus for the effect of age in
liver fibrosis.3,5-10,12-14,16-23 While aging seems to ex-
tend the duration of chronic HCV infection and
thus increases the severity of liver fibrosis, studies
demonstrated that the patient’s age and the dura-
tion of infection independently aggravated fibrosis
and indicated that aging affected fibrosis progres-
sion through a different pathway.3,25,26 One study
has suggested that antioxidant defense mechanism
deteriorates with age, and leaves the liver vulner-
able to oxidative stress.27 Our finding was consis-
tent with the literature. 

Studies suggest that histological activity index
in liver biopsy has deteriorating or no effect on fi-
brosis.4,5,8,10,14,16,17,21,23 In our study, we found higher
Knodell scores in patients with more severe fibro-
sis. The aim of our study was to predict liver fibro-
sis without a liver biopsy. Because of this, the
Knodell score was not included in the multiple re-
gression analysis as a variable predictive of fibro-
sis. 

There are publications supporting and con-
trasting with the idea that steatosis increases liver
fibrosis in chronic HCV infection.4-6,9,11,12,17-19,21,23

The contentious conclusions might be due to fol-
lowing three reasons: 1) Studies are either cross-
sectional or longitudinal and involve repeated liver
biopsies: In cross-sectional studies that evaluate a
single liver biopsy, the duration of fatty infiltration
is unknown. Therefore, longitudinal studies are
more powerful. 2) The cause/effect relationship be-
tween steatosis and inflammation of the liver is un-
specified. 3) Due to factors possibly related to both
liver fibrosis and steatosis, such as age, elevated
ALT levels, the severity of liver inflammation, high
BMI and insulin resistance, it is not known
whether liver steatosis has a direct or indirect effect
on liver fibrosis. We were unable to ascertain a sig-
nificant relationship between steatosis and the
severity of fibrosis, which we consider to be due to
the cross-sectional design of our study and thus the
undetermined duration of steatosis. Since this was
a retrospective analysis, we did not evaluate the ef-
fects of insulin resistance, a mechanism recognized
to increase the aggravating effect of liver steatosis
on fibrosis. Steatohepatitis and diabetes which may

Beta value Odds ratio 95% Confidence Interval (lower and upper limits) p

Presence of splenomegaly 1.722 5.598 1.583-19.79 0.008

Age, years 0.621 1.861 1.233-2.810 0.003

Serum GGT level 0.685 1.984 1.157-3.405 0.013

Prothrombin time -0.615 0.541 0.345-0.848 0.007

Serum AST level 0.490 1.633 1.089-2.447 0.018

Constant -0.482 0.618 - 0.794

TABLE 3: Results of logistic regression analysis for the variables predictive of liver fibrosis.

GGT: Gamma glutamyl transferase; AST: Aspartate aminotransferase. 
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indirectly be relevant with liver fibrosis were eval-
uated as variables in our study. However, we could
not find a significant relationship between the
severity of liver disease and diabetes. In a study on
114 cases, a correlation was found between diabetes
and liver fibrosis with univariate analysis, but no
correlation was found with multivariate analysis.27

In this study, when a case group with ALT levels
1.5 times high were evaluated in multi-variate
analysis, fibrosis progression was found higher in
diabetic cases. However, in this study it is assessed
as a major limitation not to include liver steatosis
as a variable that can affect liver fibrosis.

Studies showed that BMI values of mild and
severe fibrosis groups are not different.6,8,10,12,13,14,17,19

Although the difference was not significant, we
found higher BMI values in patients with severe fi-
brosis compared to those with mild fibrosis. 

Previous studies showed controversial results
regarding the relationship between serum HCV
RNA levels and liver fibrosis.8,12,13,16,17,28-30 This dis-
crepancy has been attributed to the intermittent
viremia in patients with chronic HCV infection.
The lack of relationship between HCV RNA lev-
els and liver fibrosis in our study may be due to a
single HCV RNA value. Results on the effect of
gender on fibrosis in chronic HCV infection are
controversial.3,4,6-12,16-23 Two studies suggest that
male gender has a worsening effect on fibrosis
progression.16,17 Some authors attributed the
higher prevalence of severe liver fibrosis in male
patients with chronic HCV infection to the in-
hibitory effect of estrogen on stellate cell prolif-
eration and fibrosis in women.31 We could not
find a significant relationship between gender and
liver fibrosis. 

Previous studies have demonstrated a lack of
correlation between HCV genotype and liver fi-
brosis.32 One study determined HCV genotype-3 as
an independent predictor of liver fibrosis progres-
sion.17 Since our cases were mostly infected with
HCV genotype 1 virus, a healthy evaluation of ef-
fect of genotype on liver fibrosis could not be made
because genotype 3 infected cases were limited in
number. 

In one study, it was revealed that the presence
of one of the findings as ultrasonographic presence
of splenomegaly, hepatomegaly, ascites, esophageal
varices or liver heterogeneity  were the independ-
ent variables affecting the degree of liver fibrosis.13

In our study, only presence of splenomegaly was
included as an ultrasonographic finding and was
considered as an independent factor for liver fi-
brosis.

Serum GGT, total bilirubin, albumin level,
prothrombin time and blood thrombocyte count
are not independent variables for severe liver fi-
brosis.7,8,10-12,14,15,18 Our study showed that elevated
serum GGT levels and prolonged prothrombin time
were independent variables predicting  the sever-
ity of liver fibrosis. While chronic liver disease
progress to cirrhosis, decreased albumin level and
thrombocyte count, and increased bilirubin level
are expected findings. In our study, thrombocyte
count, serum bilirubin and albumin levels were not
detected as variables affecting liver fibrosis, and
this may be due to small number of stage 4 fibrosis
cases.

Although some studies suggested that elevated
ALT, AST levels were common in severe liver fi-
brosis, some others found no relationship.3-15,17-19

We found no significant relationship between
serum ALT levels and degree of liver fibrosis. Our
result may be due to fluctuating ALT levels in
chronic HCV infections and only one measurement
in our study.

It was demonstrated that in a population of pa-
tients with nonalcoholic liver disease, an AST/ALT
ratio of 1 or more strongly suggested the presence
of cirrhosis.33 In this study, cirrhosis was defined as
stage 4 fibrosis according to Knodell scoring system
or clinical existence of portal hypertension or
esophageal varices.

A study from our country showed that high
AST/ALT ratio was related to liver fibrosis.34 In this
study, chirrosis was defined as stage 5-6 fibrosis ac-
cording to Ishac scoring system.

Elevation of ALT more than AST in severe
liver fibrosis is related to AST presence in the mi-



tochondria, as ALT is in the cytoplasm and more
hepatocellular damage is necessary for AST liber-
ation of the cell. Besides, cirrhotic damage of si-
nusoidal cells with an important role in AST
clearing from plasma  may contribute to the dom-
inant AST elevation. However, we found that
AST/ALT ratio >1 did not affect severe liver fibro-
sis. In our study, less severe fibrosis degrees such as
stage 3 fibrosis were included in the severe fibro-
sis group. Therefore, we concluded that this might
have caused the result that AST/ALT ratio did not
affect fibrosis.

Besides, in literature there are some studies
claiming that AST/ALT ratio might not be related
to cirrhosis on the contrary of accepted opinion,
and these are compatible with our study.35,36

In conclusion, advanced age, elevated serum
GGT and AST levels, prolonged prothrombin time
and the presence of splenomegaly are independent
variables determining severe liver fibrosis.

AAcckknnoowwlleeddggeemmeenntt
The authors greatly appreciate Günay Can, MD for sta-
tistical analysis.

REFERENCES

1. Wasley A, Alter MJ. Epidemiology of hepatitis
C: geographic differences and temporal
trends. Semin Liver Dis 2000;20(1):1-16.

2. Fried MW, Shiffman ML, Reddy KR, Smith C,
Marinos G, Gonçales FL Jr, et al. Peginter-
feron alfa-2a plus ribavirin for chronic hepati-
tis C virus infection. N Engl J Med
2002;347(13): 975-82.

3. Danta M, Dore GJ, Hennessy L, Li Y, Vickers
CR, Harley H, et al. Factors associated with
severity of hepatic fibrosis in people with
chronic hepatitis C infection. Med J Aust
2002;177 (5):240-5.

4. Boccato S, Pistis R, Noventa F, Guido M, Ben-
vegnù L, Alberti A. Fibrosis progression in ini-
tially mild chronic hepatitis C. J Viral Hepat
2006;13(5):297-302.

5. Ryder SD, Irving WL, Jones DA, Neal KR, Un-
derwood JC; Trent Hepatitis C Study Group.
Progression of hepatic fibrosis in patients with
hepatitis C: a prospective repeat liver biopsy
study. Gut 2004;53(3):451-5.

6. Williams MJ, Lang-Lenton M; Trent HCV
Study Group. Progression of initially mild he-
patic fibrosis in patients with chronic hepati-
tis C infection. J Viral Hepat 2011;18(1):
17-22.

7. Forns X, Ampurdanès S, Sanchez-Tapias JM,
Guilera M, Sans M, Sánchez-Fueyo A, et al.
Long-term follow-up of chronic hepatitis C in
patients diagnosed at a tertiary-care center. J
Hepatol 2001;35(2):265-71.

8. Hui CK, Zhang HY, Shek T, Yao H, Yueng YH,
Leung KW, et al. Disease progression in Chi-
nese chronic hepatitis C patients with persist-
ently normal alanine aminotransaminase
levels. Aliment Pharmacol Ther  2007;25(11):
1283-92.

9. Assy N, Minuk GY. Serum aspartate but not
alanine aminotransferase levels help to pre-
dict the histological features of chronic hepa-
titis C viral infections in adults. Am J
Gastroenterol 2000;95(6):1545-50.

10. Ghany MG, Kleiner DE, Alter H, Doo E,
Khokar F, Promrat K, et al. Progression of fi-
brosis in chronic hepatitis C. Gastroenterology
2003;124(1):97-104.

11. Mendes LS, Nita ME, Ono-Nita SK, Mello ES,
da Silva LC, Alves VA, et al. Prognostic factors
for progression of liver structural lesions in
chronic hepatitis C patients. World J Gas-
troenterol 2008;14(16):2522-8.

12. Fernández-Rodriguez CM, Gutiérrez ML, Ser-
rano PL, Lledó JL, Santander C, Fernández
TP, et al. Factors influencing the rate of fibro-
sis progression in chronic hepatitis C. Dig Dis
Sci 2004;49(11-12):1971-6.

13. Wong V, Caronia S, Wight D, Palmer CR,
Petrik J, Britton P, et al. Importance of age in
chronic hepatitis C virus infection. J Viral
Hepat 1997;4(4):255-64.

14. Rigamonti C, Andorno S, Maduli E, Capelli F,
Boldorini R, Sartori M, et al. Gender and liver
fibrosis in chronic hepatitis: the role of iron sta-
tus. Aliment Pharmacol Ther 2005;21(12):
1445-51.

15. Arhan M, Köksal AŞ, Yüksel O, Akdoğan M.
[Serum hyaluronic acid levels for the evalua-
tion of liver fibrosis]. Turkiye Klinikleri J Med
Sci 2007;27(1):21-6.

16. 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(5):
730-9.

17. Bochud PY, Cai T, Overbeck K, Bochud M,
Dufour JF, Müllhaupt B, et al. Genotype 3 is

associated with accelerated fibrosis progres-
sion in chronic hepatitis C. J Hepatol
2009;51(4):655-66.

18. Cross TJ, Quaglia A, Hughes S, Joshi D,
Harrison PM. The impact of hepatic steato-
sis on the natural history of chronic hepatitis
C infection. J Viral Hepat  2009;16(7):492-
9.

19. Kurosaki M, Matsunaga K, Hirayama I,
Tanaka T, Sato M, Komatsu N, et al. The pres-
ence of steatosis and elevation of alanine
aminotransferase levels are associated with
fibrosis progression in chronic hepatitis C with
non-response to interferon therapy. J Hepatol
2008;48(5):736-42.

20. Westin J, Lagging LM, Spak F, Aires N,
Svensson E, Lindh M, et al. Moderate alcohol
intake increases fibrosis progression in un-
treated patients with hepatitis C virus infection.
J Viral Hepat  2002;9(3):235-41.

21. Hézode C, Lonjon I, Roudot-Thoraval F,
Pawlotsky JM, Zafrani ES, Dhumeaux D. 
Impact of moderate alcohol consumption 
on histological activity and fibrosis in pa-
tients with chronic hepatitis C, and specific
influence of steatosis: a prospective study.
Aliment Pharmacol Ther 2003;17(8):1031-
7.

22. Cholet F, Nousbaum JB, Richecoeur M, Oger
E, Cauvin JM, Lagarde N, et al. Factors asso-
ciated with liver steatosis and fibrosis in
chronic hepatitis C patients. Gastroenterol Clin
Biol 2004;28(3):272-8.

23. Fujiwara A, Sakaguchi K, Fujioka S, Iwasaki
Y, Senoh T, Nishimura M, et al. Fibrosis pro-
gression rates between chronic hepatitis B
and C patients with elevated alanine amino-
transferase levels. J Gastroenterol 2008;43(6):
484-91.

1528

Ceylan ve ark. Enfeksiyon Hastalıkları ve Klinik Mikrobiyoloji

Turkiye Klinikleri J Med Sci 2012;32(6)



Turkiye Klinikleri J Med Sci 2012;32(6) 1529

Infectious Diseases and Clinical Microbiology Ceylan et al.

24. Perlemuter G, Lettéron P, Carnot F, Zavala F,
Pessayre D, Nalpas B, et al. Alcohol and hep-
atitis C virus core protein additively increase
lipid peroxidation and synergistically trigger
hepatic cytokine expression in a transgenic
mouse model. J Hepatol 2003;39(6):1020-7.

25. Hu SX, Kyulo NL, Xia VW, Hillebrand DJ, Hu
KQ. Factors associated with hepatic fibrosis
in patients with chronic hepatitis C: a retro-
spective study of a large cohort of U.S. pa-
tients. J Clin Gastroenterol 2009;43(8):758-64.

26. Costa LB, Ferraz ML, Perez RM, Ferreira AS,
Matos CA, Lanzoni VP, et al. Effect of host-re-
lated factors on the intensity of liver fibrosis in
patients with chronic hepatitis C virus infec-
tion. Braz J Infect Dis 2002;6(5):219-24.

27. Ortiz V, Berenguer M, Rayón JM, Carrasco D,
Berenguer J. Contribution of obesity to hepa-
titis C-related fibrosis progression. Am J Gas-
troenterol 2002;97(9):2408-14.

28. Alberti A, Morsica G, Chemello L, Cavalletto
D, Noventa F, Pontisso P, et al. Hepatitis C 

viraemia and liver disease in symptom-free in-
dividuals with anti-HCV. Lancet 1992;340
(8821):697-8.

29. Irving WL, Neal KR, Underwood JC, Sim-
monds PN, James V. Chronic hepatitis in
United Kingdom blood donors infected with
hepatitis C virus. Trent Regional Hepatitis C
Virus Study Group. BMJ 1994;308(6930):695-
6.

30. Bruno S, Rossi S, Petroni ML, Villa E, Zuin M,
Podda M. Normal aminotransferase concen-
trations in patients with antibodies to hepatitis
C virus. BMJ 1994;308(6930):697.

31. Yasuda M, Shimizu I, Shiba M, Ito S. Sup-
pressive effects of estradiol on dimethylni-
trosamine-induced fibrosis of the liver in rats.
Hepatology 1999;29(3):719-27.

32. Roffi L, Ricci A, Ogliari C, Scalori A, Minola E,
Colloredo G, et al. HCV genotypes in North-
ern Italy: a survey of 1368 histologically
proven chronic hepatitis C patients. J Hepatol
1998;29(5):701-6.

33. Giannini E, Risso D, Botta F, Chiarbonello B,
Fasoli A, Malfatti F, et al. Validity and clinical
utility of the aspartate aminotransferase-ala-
nine aminotransferase ratio in assessing dis-
ease severity and prognosis in patients with
hepatitis C virus-related chronic liver disease.
Arch Intern Med 2003;163(2):218-24.

34. Özkara S, Tosun İ, Sarı B, Kılıç G, Aker FV,
Sezikli M, et al. The correlation of serum
transaminase values with fibrosis staging and
necroinflammatory activity scores in chronic
hepatitis. Turkiye Klinikleri J Med Sci
2011;31(1):68-74.

35. Reedy DW, Loo AT, Levine RA. AST/ALT ratio
> or = 1 is not diagnostic of cirrhosis in patients
with chronic hepatitis C. Dig Dis Sci
1998;43(9):2156-9.

36. Imperiale TF, Said AT, Cummings OW, Born
LJ. Need for validation of clinical decision aids:
use of the AST/ALT ratio in predicting cirrho-
sis in chronic hepatitis C. Am J Gastroenterol
2000;95(9):2328-32.


