
ABSTRACT

Introduction: insulin resistance (IR) promotes the progression
of fibrosis and diminishes response to treatment in patients with
hepatitis C. Recently, Sydney’s index (includes IR) has been pro-
posed as a non-invasive method for the prediction of fibrosis.

Objective: to assess the usefulness of Sydney’s index for the
prediction of advanced fibrosis (F3-F4) or absence of significant fi-
brosis (F0-F1) in patients with chronic hepatitis C.

Patients and methods: we included 131 patients suffering
from chronic hepatitis C. Mean age was 40 ± 11, 78 men and 53
women. Fibrosis stage was (F0-F1) 69 patients, F2: 40, and ad-
vanced (F3-F4) in 22 patients. We measured baseline AST, ALT,
GGT, platelet, cholesterol, alcohol, and IR (HOMA - IR) levels.
Sydney, Forns’ and APRI indexes were calculated.

Results: the area under the curve for the diagnosis of absence
of significant fibrosis in each method was: Sydney: 0.80, Forns:
0.71, APRI: 0.70; p = ns. Moreover, the diagnostic capacity of
advanced fibrosis was: Sydney: 0.88, Forns: 0.83, APRI: 0.82; p
= ns. The predictive negative value of significant fibrosis was 74,
72, and 67%, respectively. Due to the presence of intermediate
values, the indexes were not applicable to 36, 44 and 43% of pa-
tients respectively.

Conclusions: the incorporation of insulin resistance among
biochemical non-invasive methods slightly improves the yield of
other indexes. Nevertheless, results are suboptimal, and more
than one third of patients might not be correctly classified.
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ABBREVIATIONS

IR: insulin resistance.
HOMA: homeostasis model assessment.
APRI: ast platelet ratio index.
GGT: gammaglutamyl-transpeptidase.
ALT: alanin-aminotransferase.
AST: aspatartate-amino-transferase.
AUC: area under curve.
PPV: positive predictive value.

INTRODUCTION 

Hepatitis C is a worldwide disease that affects 1-3% of
the population, depending on geographical areas. In Spain
its prevalence has been estimated around 2% (1). The
knowledge of fibrosis stage is very useful in the manage-
ment of patients with hepatitis C, as it allows to value need
of treatment, and to establish a prognosis. Although liver
percutaneous biopsy continues to be the only diagnostic
method that delimits fibrosis, new non-invasive models
have been designed, based both in biochemical and imag-
ing technologies. Biochemical models can be classified in
four types: a) models using parameters obtained in clinical
practice [Forns’: (platelets, GGT, cholesterol and age) (2)
and APRI index: (platelets and AST)] (3); b) models in-
cluding biochemical parameters not measured in clinical
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practice [Fibrotest (alpha 2 macroglobulin, apolipoprotein
A1, haptoglobin, GGT, and total bilirubin)] (4); c) indexes
including markers of fibrogenesis such as peptide-procol-
lagen III, hyaluronic acid, and YKL-40 (5,6); and d) mod-
els using parameters obtained by means of proteomic ap-
proaches for the study of glycoproteins (7). Hepatitis C
promotes the development of insulin resistance, probably
because of a direct effect of the virus on the intracellular
insulin signaling pathway (8). Besides, the role of insulin
resistance has been stated in the progression of disease (9).
In euglycemic patients the calculation of HOMA’s index
allows to quantify insulin resistance. A correlation be-
tween fibrosis and insulin resistance has been demonstrat-
ed (10). A group from the University of Sydney (11) pro-
posed a non-invasive model for fibrosis prediction that
included insulin resistance together with age, AST, choles-
terol, and alcohol use. This Sydney model has demonstrat-
ed a high capacity for fibrosis prediction in patients with
hepatitis C. In view of the enormous interest that non-inva-
sive methods have for standard clinical practice, we de-
signed the present study to validate the usefulness of Syd-
ney’s index in a group of patients with hepatitis C in our
Unit.

PATIENTS AND METHODS 

We reviewed the medical records of 131 patients with
chronic hepatitis C submitted to percutaneous hepatic biop-
sy between 1999 and 2003 in the Unit of Hepatology of
Valme University Hospital, of which there were available
data regarding platelets, AST, cholesterol, age, gamma-glu-
tamyl-transpeptidase (GGT), HOMA-IR, and information
on the degree of alcohol consumption at the time of liver
biopsy. They all had anti-HCV and positive HCV RNA. No
patient was an AgHBs or anti-HIV carrier, or had any pre-
vious antiviral treatment. It was a series of 78 men and 53
women with a mean age of 40 ± 11 (22-67). Genotype 1: 56
(42.7%); genotype 2/3: 25 (19.1%), and an unknown geno-
type in 50 (38.2%). The stage of fibrosis was evaluated be-
tween F0 and F4 using Scheuer’s classification (12). All
biopsies were evaluated by the same pathologist, who se-
lected those with an optimal size. The average number of
portal tracts was 10 ± 2. Patients were classified according
to fibrosis into three groups: mild fibrosis (F0-F1), ad-
vanced fibrosis (F3-F4), and significant fibrosis (F2-F3-
F4). We calculated insulin resistance using the HOMA
(Homeostasis Model Assessment test) = insulin (mU/ml) *
glucemia (mMol/L)/22.5. All biochemical parameters, his-
tologic information, HOMA-IR, and alcohol consumption
for the 131-patient sample are listed in Table I. We re-
viewed the medical records and gathered information about
GGT, age, cholesterol, and platelets to calculate Forns’s in-
dex according to the formula: [7.811-3.131 * In (n°
platelets) + 0.781 * ln (GGT) +3.467* ln (age) - 0.014 *
(cholesterol)]. Patients were classified according to the cut-
offs indicated by Forns et al. into three different groups:

< 4.2 points [n = 46 (41.4%)], between 4.2 and 6.9 points
[(n = 49 (41.1%)], and > 6.9 points [n = 16 (14.41%)]. The
APRI was calculated as the number of times AST was
greater than normal/number of platelets: [nº times AST >
normal value/platelets*109* 100]. AST normal value was
37 U/L, and platelets normal value was 142.000
platelets/microliter for our laboratory. Patients were also
classified according to the cutoffs suggested by Wai et al.:
APRI < 0.50 [n = 37 (33.1%)], between 0.5 and 1.5 [(n =
48; 42.8%)], and APRI > 1.5 [(n = 27; (24.1%)]. The Syd-
ney index was calculated using the formula [e*/1 + and *],
where ‘*’ is [-10.929 + (1.827*LnAST) + (0.081* age)
+ (0.768*alcohol graduate of 0-2) + (0.385*HOMA-IR)
- (0.447*cholesterol in mmol)]. To calculate the HOMA in-
dex, insulinemia was determined by means of ECLIA in
samples frozen to -80 ºC after collection at the time of liver
biopsy. Patients were classified into three groups according
to the threshold indicated by Sud et al.: Sydney < 0.2 [n =
54 (45%)], between 0.2 and 0.9 [n = 51 (42.5%)] and Syd-
ney > 0.9 [n = 15 (12.5%)].

Statistical analysis

We calculated Forns’, APRI, and Sydney indexes for
each patient. We analyzed the ability to predict mild fi-
brosis (F0-F1) and to confirm advanced fibrosis (F3-F4)
by means of the ROC curve. In addition, using the Epidat
3.0 (Xunta of Galicia, Santiago de Compostela, Spain)
software program we calculated the sensitivity, specifici-
ty, positive predictive value, and negative predictive val-
ue, as well as the 95% confidence interval, of every para-
meter for each cutoff value in the exclusion of significant
fibrosis and the detection of advanced fibrosis. Using the
SPSS 12.0 (SPSS, Chicago, IL) program we performed a
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Table I. Histological, biochemical, hematological, and
environmental parameters of patients included

Fibrosis (Scheuer)
Fibrosis F0 10 (7.8%)
Fibrosis F1 59 (45%)
Fibrosis F2 40 (30.5%)
Fibrosis F3 8 (6.1%)
Fibrosis F4 14 (16.7%)

Platelets 198,000 (56,000)

Cholesterol 170 (38)

AST 78.6 (66)

ALT 130 (149)

GGT 74 (94)
Alcohol
Abstemious or < 10 g/d consumers 76 patients (59%)
10-40 g/d consumers 20 patients (16%) 
> 40 g/d consumers 32 patients (25%)
Unknown 3 patients
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multivariate study to analyze the role of every single
variable in the prediction of mild fibrosis. We presented
all data as mean ± standard deviation. We considered sig-
nificance for p < 0.05. 

RESULTS 

We detected a correlation between each of the indexes
and fibrosis: Forns’ index (r = 0.46; p < 0.001), APRI index
(r = 0.48; p < 0.001), and Sydney index (r = 0.59; p < 0.001). 

Usefulness of the three methods in the prediction of
absence of significant fibrosis (F0-F1)

The analysis by means of the ROC curve demonstrated
that the area under the curve of the Sydney index regard-
ing diagnostic capacity for absence of significant fibrosis
is higher than that of the other two models (Sydney’s in-
dex AUC = 0.80), whereas Forns’ and APRI models had
a similar diagnostic capacity with an AUC of 0.71 and
0.70, respectively (Fig. 1). The model from Sydney
reached a negative predictive value for significant fibro-
sis of 74%, so in 54 patients we detected a Sydney index
lower than 0.2 and, out of them, 40 (74%) had F0-F1 fi-
brosis. Therefore, Forns’ model reached a negative pre-
dictive value for significant fibrosis of 72%, since out of
46 patients with a Forns’ index < 4.2, 33 cases (72%) had
F0-F1 fibrosis, and the APRI model reached a negative
predictive value for significant fibrosis of 67%, so that of
37 patients with an APRI index < 0.5, 25 had non-signifi-
cant fibrosis.

Usefulness of the three methods in the prediction of
advanced fibrosis (F3-F4) 

The area under the ROC curve of the diagnosis of
advanced fibrosis was 0.88 for the Sydney index, and
0.83 and 0.82 for Forns’ and APRI indices, respective-
ly (Fig. 2). Patients with a result above 0.9 in the Syd-
ney index showed a positive predictive value of ad-
vanced fibrosis of 73%, since 10 out of 15 patients with
a Sydney result > 0.9 had advanced fibrosis (F3-F4); a
Forns’ index > 6.9 demonstrated a positive predictive
value of 75.2%, since out of 16 patients with a Forns’
score > 6.9, 12 cases were showing fibrosis (F3-F4).
Patients who had an APRI > 1.5 showed a positive pre-
dictive value of advanced fibrosis of only 55%, since of
27 patients with an APRI index > 1.5, only 15 had fi-
brosis (F3-F4). 

Relationship between fibrosis and the included
variables

Univariate analysis:

To analyze the weight of every variable we performed
a linear regression between fibrosis and each of the stud-
ied parameters. We found a correlation between fibrosis
and insulin resistance (r = 0.37; p < 0.001), age (r = 0.43;
p < 0.001), alcohol use (r = 0.22; p = 0.013), number of
platelets (r = -0.45; p < 0.001), AST (r = 0.35; p < 0.001),
and GGT (r = 0.33; p < 0.001); however, we found no
correlation with cholesterol levels (r = 0.06; p = 0.37). 
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Fig 1.- Analyses of the ability to diagnose non-significant fibrosis (A) and advanced fibrosis (B) using the ROC curve.
Análisis de la capacidad de predicción de ausencia de fibrosis significativa y fibrosis avanzada usando el área bajo la curva ROC.
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Multivariate analysis

A multiple linear regression model was configured (r2

= 0.36), in which age (p = 0.006), platelet number (p =
0.001), AST (p = 0.006), and HOMA-IR (p = 0.02) were
defined as independent variables for fibrosis prediction
(Table II). 

DISCUSSION 

Determining the Sydney index in patients with hepati-
tis C slightly improves the yield of methods such as
Forns’ or APRI, although this improvement is very small
and stays far from clinical and statistical significance.
The main problems of non- invasive methods for fibrosis
prediction in hepatitis C remain unsolved after the incor-
poration of insulin resistance in the model, and despite its
narrow association with fibrosis. The most important lim-
itations detected in the validation studies of the various
non-invasive methods for fibrosis prediction in hepatitis
C are: a) on the one hand, between a third and half of pa-
tients have intermediate values in which we cannot pre-
dict fibrosis; b) the negative predictive value of signifi-
cant fibrosis is clearly below that reported by authors in
their validation series, and stay far from the requirable
quality standards (> 85%). Forns’ index conveyed a NPV
of 96% that decreased to 71.4% in a subsequent group.
Also, APRI fell from 86 to 72.4% (13) and in the current
study, the Sydney index had NPV for significant fibrosis
of 70%, in contrast to the 93% reported by the authors.
These discrepancies could be explained by the different
statistical power and the prior prevalence of fibrosis in
the reported studies. Besides, most methods separate well
advanced fibrosis (F3-F4) from stage-2 fibrosis. How-
ever, the ability to separate F1 from F2 is still subopti-
mal; and c) in the multivariate analyses leading to the de-
sign of the formula to calculate these indexes variables
such as cholesterol are still included, which in our cohort
are not related to fibrosis. For all this, though this is an
area of great interest for the practice of medicine, these

limitations do not seem to be corrected by the incorpora-
tion of markers of fibrogenesis (14) or markers related to
fibrosis such as insulin resistance.

Fibrosis staging in patients diagnosed with hepatitis C
is clinically relevant, as it allows us to determine the
prognosis, as well as the need to receive treatment.
Nowadays, percutaneous hepatic biopsy with echograph-
ic control continues to be the gold standard to delimit fi-
brosis stages. Liver biopsy has a number of limitations,
among which intra- (15) and inter-observer (16) variabil-
ity must be emphasized –the sample error that can miss a
cirrhosis diagnosis in 15 to 20% of cases (17). In a group
of 124 patients with hepatitis C submitted to laparoscopy
with biopsy collection from both hepatic lobes, it was
verified that in one third of cases a difference in stage be-
tween biopsies was detected, and that in 15% of cases liv-
er cirrhosis was confirmed in only one lobe (18).

Recently, it has been stated that sample size is very im-
portant for fibrosis staging reproducibility. In small biop-
sies, the pathologist tends to underestimate fibrosis,
whereas in biopsies greater than 25 mm the valuation of
fibrosis is more reproducible (19,20). Nevertheless, this
increase in sample size also increases the risk of compli-
cations. Anyway the risk of suffering a motor vehicle ac-
cident on the way to hospital is thought to be higher than
mortality in relation to liver biopsy (http: //www.dgt.es/).

Diagnostic possibilities when using these non-invasive
predictive models of fibrosis improve with the use of a
combination of several models. Considering patients with
genotype 1, using Forns’ score together with APRI al-
lows to improve the negative predictive value for signifi-
cant fibrosis up to 82% (13). This figure is supported by a
better result obtained using the Fibrotest together with
elastography (21). Due to the limitations of biochemical
methods, new image techniques are being developed for
the estimation of hepatic fibrosis. The use of transient
elastography is a promising method that has been validat-
ed in external groups (22). Moreover, the optical analysis
of computerized tomography liver images from patients
with hepatitis C allows to assess the stage of liver fibrosis
(23). 

The ideal diagnostic method for liver fibrosis must be
simple, cheap, safe, and non-invasive. In a validation
study including 1,252 patients, a PPV of 58.2% for ad-
vanced fibrosis was reported using Forns’ method, versus
75.2% as obtained in the current study. Similarly, in the
current study, as reported by Iacobellis et al. (24), PPV
was 55% for advanced fibrosis using the APRI index.
These figures would confirm a drop in the performance
of these tests in validation studies.

In conclusion, the development of simple models in-
cluding biochemical parameters used in regular clinical
practice permits to predict liver fibrosis in patients with
hepatitis C. Nevertheless, further improvement of these
methods is still needed, as results are suboptimal and fi-
brosis assessment has a deep impact on the management
of patients with chronic hepatitis C.

Table II. Multivariate analyses of a multiple linear
regression to analyze the influence of each variable on liver
fibrosis. We found that AST, platelets, age, and HOMA - IR
were independent variables associated with fibrosis. GGT

and cholesterol levels did not relate significantly

Coefficient T Sig.
Beta

(Constant) 0.862 0.391
AST 0.233 2.806 0.006
GGT 0.055 0.637 0.526
Platelets -0.262 -3.147 0.002
AGE 0.231 2.791 0.006
HOMAIR 0.193 2.275 0.025
Dependent variable: fibrosis.
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