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Abstract

Fibrosis assessment in chronic hepatitis B (CHB) is essential for prediction of long-term prognosis and proper treatment decision.
This study was conducted to assess predictability of 5 simple noninvasive ﬁbrosis indexes in comparison to liver biopsy in CHB
patients.
A total of 200 CHB adult Egyptian patients were consecutively included in this study, all were subjected to liver biopsy with staging
of ﬁbrosis using METAVIR scoring system. Fibrosis indexes including S-index, red cell distribution width to platelets ratio index (RPR),
ﬁbrosis-4 index (Fib-4), AST to platelets ratio index (APRI), and AST/ALT ratio index (AAR) were compared to biopsy result and their
predictabilities for the different ﬁbrosis stages were assessed using area under receiver operating characteristic curve (AUROC)
analysis.
S-index showed the highest AUROCs for predicting ﬁbrosis among the studied indexes. AUROCs of S-index, RPR, Fib-4, APRI,
and AAR were: 0.81, 0.67, 0.70, 0.68, and 0.60 for prediction of signiﬁcant ﬁbrosis (F2–F4), 0.90, 0.66, 0.68, 0.67, and 0.57 for
advanced ﬁbrosis (F3–F4), and 0.96, 0.62, 0.61, 0.57, and 0.53 for cirrhosis (F4), respectively. The optimal S-index cutoff for ruling in
signiﬁcant ﬁbrosis was ≥0.3 with 94% speciﬁcity, 87% PPV, and 68% accuracy, while that for ruling out signiﬁcant ﬁbrosis was <0.1
with 96% sensitivity, 91% NPV, and 67% accuracy. Accuracy of S-index was higher for predicting cirrhosis (91%) than that for
predicting advanced ﬁbrosis (79%) and signiﬁcant ﬁbrosis (68%).
S-index has the highest predictability for all ﬁbrosis stages among the studied ﬁbrosis indexes in HBeAg-negative CHB patients,
with higher accuracy in cirrhosis than in the earlier ﬁbrosis stages.
Abbreviations: AAR = AST/ALT ratio, AFP = alpha fetoprotein, ALP = alkaline phosphatase, ALT = alanine transferase, ANOVA =
analysis of variance, APRI = AST/platelets ratio index, AST = aspartate transferase, AUROC = area under receiver operating
characteristics, BMI = body mass index, CHB = chronic hepatitis B, Fib-4 = ﬁbrosis-4 index, GGT = gamma glutamyl
transpeptidase, HBV = hepatitis B virus, HCC = hepatocellular carcinoma, HCV = hepatitis C virus, INR = International Normalization
Ratio, IQR = interquartile range, NPV = negative predictive value, PPV = positive predictive value, RPR = red cell distribution width/
platelets ratio, TE = transient elastography, ULN = upper limit of normal.
Keywords: AAR, APRI, chronic hepatitis B, Fib-4, noninvasive indexes, RPR, S-index

1. Introduction

Editor: Ludovico Abenavoli.

Globally, 240 million persons have chronic hepatitis B infection
(CHB) with the highest prevalence in Africa and Asia.[1] It is
estimated that the annual CHB-related deaths are 340,000 and
310,100 because of liver cancer and liver decompensation
respectively.[2–4,]
An accurate assessment of liver ﬁbrosis in patients with CHB
infection is essential not only in determining whether and when to
initiate antiviral therapy but also in predicting long-term clinical
prognosis.[4–6] Liver biopsy remains the gold standard for
assessing liver ﬁbrosis despite it has some limitations like
invasiveness, sampling error, and variability in pathological
interpretation.[7–9] Furthermore, the dynamic process of liver
ﬁbrosis with the subsequent disease progression and regression
cannot be easily quantiﬁed.
These limitations of liver biopsy have led to growing interest in
the use of noninvasive methods including serum markers and
transient elastography (TE) to assess hepatic ﬁbrosis,[6] and most
attention has been focused on whether these methods can detect
the presence or absence of signiﬁcant ﬁbrosis (F2), severe ﬁbrosis
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3.5. Liver biopsy

(F3), and cirrhosis (F4) according to the METAVIR histological
score.[10–13] The aim of this study was to compare diagnostic
validity of S-index, red cell distribution width to platelets ratio
index (RPR), ﬁbrosis-4 index (Fib-4), AST to platelets ratio index
(APRI), and AST/ALT ratio index (AAR) as noninvasive ﬁbrosis
indexes in Egyptian HBeAg-negative CHB patients.

3. Patients and method

Indications for liver biopsy were either elevated ALT > the upper
limit of normal (ULN) or HBV viremia ≥ 2000 IU/mL regarding
the Egyptian consensus for management of HBeAg-negative CHB
adult patients. Selected patients were subjected to ultrasoundguided liver biopsy using an automated 16-gauge Trucut needle
within 2 weeks from the initial clinical and laboratory
assessment. A minimum length of 2 cm and about 6 portal tracts
were checked in each biopsy for accurate staging. All biopsies
were stained by hematoxylin and eosin (H&E), and orcein stain.
METAVIR score (F0–F4) was used for staging of liver ﬁbrosis by
2 expert histopathologists who were independent, blinded for
each other and masked about the biochemical proﬁle of the
patients. Patients who had concordant results from the 2
pathologists were included and grouped into: signiﬁcant ﬁbrosis
(F2–F4), advanced ﬁbrosis (F3–F4), and cirrhosis (F4) groups.

3.1. Patients recruitment

3.6. Fibrosis indexes

This study was conducted in Benha University Hospital and Qena
Fever Hospital, Egypt, between January 2016 and June 2017. All
patients were already starting regular followed up visits in HBV
out-patient clinic in both hospitals and underwent laboratory
investigations and diagnostic liver biopsy as a routine procedure
for identiﬁcation of their ﬁbrosis stage before starting or declining
antiviral treatment. Patients have been selected based on
laboratory and biochemical investigations which were then
compared to biopsy result.

Fibrosis indexes were calculated as listed below and were then
compared to the biopsy result.

2. Ethical clearance
The study protocol adheres to the terms of the latest version of the
Declaration of Helsinki for Medical Research and it was
approved by the ethical committees of Benha Faculty of
Medicine, Benha University, Egypt and the Egyptian Ministry
of Health. A written informed consent was obtained from each
patient before enrollment in this study.







S-index: 1000  GGT  Platelets  Albumin2.[14]
RPR: RDWc%  Platelets.[15]
AST/ALT ratio (AAR): AST  ALT.[16]
p
Fib-4: (Age  AST)  (Platelets  ALT).[17]
APRI: (AST/ULN  Platelets)  100, when 40 IU/L was deﬁned
as ULN.[18]

3.2. Inclusion criteria

3.7. Statistical analysis

Adult naive HBeAg-negative CHB patients were prospectively
included in a consecutive manner after checking that their liver
biopsy results have achieved the agreement of 2 expert
histopathologists. CHB was deﬁned as persistent HBsAg
positivity for more than 6 months and conﬁrmed by PCR.

Data were analyzed using analysis of variance (ANOVA),
nonparametric test, Chi-squared test, paired t test, and pooled t
test. The overall diagnostic performance for each ﬁbrosis index
was evaluated by area under receiver operating characteristics
(AUROC) curve analysis. Index with the highest AUROC was
validated by calculation of its sensitivity, speciﬁcity, positive
predictive value (PPV), negative predictive value (NPV) and
accuracy for ruling in (conﬁrmation) or ruling out (exclusion)
each ﬁbrosis stage. Kappa value (k) was calculated to measure the
signiﬁcance of agreement between the 2 pathologists. A P-value
<.05 was considered statistically signiﬁcant. All statistical
analyses were performed using JMP version 13, SAS Institute,
Inc., Cary, NC.

3.3. Exclusion criteria
Patients who already started anti-HBV therapy.
Immunetolerant patients deﬁned as HBeAg positivity with
persistent normal ALT in patient <40 years.
Conditions that might alter liver biochemistry pattern like
combined liver diseases, alcohol, and drug intake within 3
months before inclusion.

4. Results
From January 2016 till June 2017, 238 adult naïve HBeAgnegative CHB patients were initially selected, interobservers
agreement was achieved in 200 patients who were included in this
study (84% agreement, k = 0.7, P < .0001). Based on METAVIR
score, patients were classiﬁed into 5 ﬁbrosis stages 17%, 34%,
22%, 16%, and 11% were in F0, F1, F2, F3, and F4, respectively.
Baseline characteristics of the studied patients are shown in
Table 1 which shows statistically signiﬁcant differences among
means of: age (P < .008), platelets (P = .04), GGT (P < .0001),
and serum albumin (P < .0001) while other variables showed
statistically insigniﬁcant differences.
Table 2 shows that means of all studied indexes were
statistically signiﬁcant among F0, F1, F2, F3, and F4 ﬁbrosis
stages. Means of S-index were: 0.05, 0.06, 0.06, 0.1, and 0.2
(P < .001), RPR: 0.06, 0.06.0.07, 0.08, and 0.08 (P < .001),
APRI: 0.07, 0.07, 0.6, 0.7, and 0.7 (P < .001), AAR: 1.1, 0.8, 0.9,

3.4. Laboratory investigations
All laboratory investigations including complete blood count
(CBC) and liver biochemistry proﬁle have been done routinely
before taking liver biopsy as follow:
 CBC: automated CBC using Sysmex KX-21N (Sysmex
Corporation, Kobe, Japan), with assessment of red cell
distribution width coefﬁcient of variation (RDWc%).
 Alanine amino transferase (ALT) and aspartate amino
transferase (AST): enzymatic rate method.
 Serum bilirubin: Jendrassik and Grof method.
 Albumin: modiﬁed Bromocresol green colorimetric method.
 Alkaline phosphatase (ALP): kinetic determination.
 Alpha-fetoprotein (AFP): enzyme-linked immunosorbent assay
(ELISA) using immunometric assays (Monobind Incorporation, Lake Forest, CA).
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Table 1
Demographic and laboratory features of studied patients in each stage of ﬁbrosis.
Variables
∗

Female
Age, y
Hemoglobin, g/dL
RDWc, %
MCV, fL
Platelets, 103
ALT, IU/L
AST, IU/L
ALP, IU/L
GGT, IU/L
AFP, IU/L
INR
Albumin, g/L
Bilirubin, mg/dL
PCR HBV DNA†

F0 (n = 34)

F1 (n = 68)

F2 (n = 44)

F3 (n = 32)

F4 (n = 22)

P

4 (2%)
29.5 ± 5
14 ± 1.5
16 ± 0.3
86.2 ± 5.6
234 ± 50
34 ± 27
39 ± 15
67 ± 8
32 ± 12
1.3 ± 1.4
1.03 ± 0.06
37 ± 2.5
0.7 ± 0.2
10,200
IQR25: 2965
IQR75: 3923

6 (3%)
36 ± 6.7
14 ± 1.3
16 ± 0.7
85.3 ± 6.6
217 ± 45
46 ± 33
45 ± 15
71 ± 8
37 ± 14
1.1 ± 1
1.04 ± 0.05
35 ± 2.4
0.7 ± 0.6
19,400
IQR25: 2713
IQR75: 5366

6 (3%)
36 ± 7.7
14 ± 1.4
16 ± 1.2
84 ± 11.7
202 ± 49
39 ± 30
47 ± 13
69 ± 9
38 ± 16
4.6 ± 1.7
1.04 ± 0.06
33.4 ± 2.7
0.6 ± 0.2
6120
IQR25: 3391
IQR75: 1666

4 (2%)
36.3 ± 9.8
13 ± 1.3
17 ± 1.2
84 ± 12.7
188 ± 65
32 ± 14
53 ± 12
70 ± 11
63 ± 40
1.1 ± 0.9
1.06 ± 0.06
33 ± 3
0.6 ± 0.2
4926
IQR25: 1052
IQR75: 4942

18 (9%)
39.1 ± 7
13.6 ± 1.4
16 ± 1.8
85.7 ± 5
182 ± 67
40 ± 31
47 ± 12
71 ± 6
104 ± 51
0.7 ± 0.5
1.05 ± 0.06
29.5 ± 3
0.8 ± 0.2
9244
IQR25: 2416
IQR75: 19,200

.2‡
.008
.5
.06
.9
.04
.4
.05
.4
<.0001
.5
.6
<.0001
.7
.4‡

Data are presented as means ± standard deviations and analyzed by analysis of variance (ANOVA) unless indicated.
AFP = alpha fetoprotein, ALP = alkaline phosphatase, ALT = alanine transferase, AST = aspartate transferase, GGT = gamma glutamyl transpeptidase, INR = International Normalization Ratio, RDWc = red cell
distribution width coefﬁcient of variation.
∗
Number and percent.
†
Median and interquartile ranges.
‡
Chi-squared test.

Table 2
Mean values of the studied indexes in the different ﬁbrosis stages.
Variables

F0 (n = 34)

F1 (n = 68)

F2 (n = 44)

F3 (n = 32)

F4 (n = 22)

P

S-index
RPR
APRI
AAR
FIB-4

0.05 ± 0.026
0.06 ± 0.027
0.07 ± 0.025
1.1 ± 0.544
1.03 ± 0.057

0.06 ± 0.020
0.06 ± 0.012
0.07 ± 0.022
0.8 ± 0.463
1.04 ± 0.051

0.06 ± 0.026
0.07 ± 0.013
0.6 ± 0.204
0.9 ± 0.445
1.04 ± 0.061

0.1 ± 0.072
0.08 ± 0.042
0.7 ± 0.211
1.1 ± 0.347
1.05 ± 0.060

0.2 ± 0.195
0.08 ± 0.049
0.7 ± 0.287
1 ± 0.477
1.05 ± 0.066

<.001
<.001
<.001
<.001
<.001

Data are presented as means ± standard deviations and analyzed by analysis of variance (ANOVA).
AAR = AST/ALT ratio, APRI = AST/platelets ratio index, Fib-4 = ﬁbrosis-4 index, RPR = red cell distribution width/platelets ratio.

1.1, and 1 (P < .001), and Fib-4: 1.03, 1.04, 1.04, 1.05, and 1.05
(P < .001), respectively.
As shown in Table 3, S-index could signiﬁcantly distinguish
between F4 versus F0, F4 versus F1, F4 versus F2, F4 versus F3,
F3 versus F0, F3 versus F1, and F3 versus F2, both RPR and Fib-4
could signiﬁcantly distinguish between F4 versus F0, F4 versus

F1, F4 versus F2, F3 versus F0, and F3 versus F1, APRI could
signiﬁcantly distinguish between F4 versus F0, F4 versus F1, F3
versus F0, and F3 versus F1, while AAR could only distinguish
between F3 versus F1.
Our patients were grouped into 3 ﬁbrosis groups: signiﬁcant
ﬁbrosis (F2–F4, n = 98), advanced ﬁbrosis (F3–F4, n = 54) and

Table 3
Diagnostic ability of each studied marker in distinguishing between different pairs of ﬁbrosis stages.
Levels of ﬁbrosis

S-index

RPR

Fib-4

APRI

AAR

F4
F4
F4
F4
F3
F3
F3
F2
F1
F2

<0.0001
<0.0001
<0.0001
0.0002
0.0010
0.0019
0.0157
0.2474
0.4661
0.5638

0.0053
0.0064
0.0784
0.4785
0.0198
0.0253
0.2524
0.1693
0.6465
0.2592

0.0006
0.001
0.02
0.3
0.003
0.01
0.1
0.1
0.3
0.3

0.002
0.008
0.06
0.7
0.002
0.009
0.09
0.09
0.09
0.3

0.9
0.2
0.9
0.5
0.5
0.03
0.4
0.9
0.1
0.1

vs
vs
vs
vs
vs
vs
vs
vs
vs
vs

F0
F1
F2
F3
F0
F1
F2
F0
F0
F1

Data are analyzed by paired t test.
AAR = AST/ALT ratio, APRI = AST/platelets ratio index, Fib-4 = ﬁbrosis-4 index, RPR = red cell distribution width/platelets ratio.
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Table 4
Comparison between AUROCs of the studied indexes for prediction of signiﬁcant ﬁbrosis (F2–F4), advanced ﬁbrosis (F3–F4), and cirrhosis
(F4).
Signiﬁcant ﬁbrosis (F2–F4, n = 98)

Advanced ﬁbrosis (F3–F4, n = 54)

Cirrhosis (F4, n = 22)

Markers

AUROC

P

AUROC

P

AUROC

P

S-index
RPR
Fib-4
APRI
AAR

0.81633
0.67847
0.70348
0.68627
0.60084

.0002
.01
.001
.003
.08

0.90538
0.66286
0.68696
0.67605
0.57636

<.0001
.01
.002
.003
.1

0.96118
0.62104
0.61696
0.57661
0.52860

.0008
.03
.02
.03
.7

AUROC = >0.9 excellent, >0.8 good, >0.7 average, and >0.6 fair. Chi-squared test.
AAR = AST/ALT ratio, APRI = AST/platelets ratio index, Fib-4 = ﬁbrosis-4 index, RPR = red cell distribution width/platelets ratio.

Table 5
Diagnostic validity of S-index in detection of different ﬁbrosis stages.
Fibrosis stage

Cutoff values

F2–F4 (n = 98)

Rule
Rule
Rule
Rule
Rule
Rule

F3–F4 (n = 54)
F4 (n = 22)

in ≥ 0.3
out < 0.1
in ≥ 0.5
out < 0.2
in ≥ 0.9
out < 0.3

Sensitivity, %

Speciﬁcity, %

PPV, %

NPV, %

LR+

LR

Accuracy

P

41
96
30
85
27
100

94
39
97
82
99
85

87
60
80
64
75
46

62
91
79
94
92
100

7
1.5
11
4.8
24
7

0.6
0.1
0.7
0.2
0.7
0

68%
67%
79%
83%
91%
87%

<.0001
<.0001
<.0001

Different cutoff values of S-index for diagnosis (ruling in) or exclusion (ruling out) of signiﬁcant ﬁbrosis (F2–F4), advanced ﬁbrosis (F3–F4), and cirrhosis (F4) are shown with the corresponding: sensitivity,
speciﬁcity, positive predictive value (PPV), negative predictive value (NPV), likelihood ratio for the positive test (LR+), likelihood ratio for the negative test (LR), and P-value. Chi-squared test.

cirrhosis (F4, n = 22). Table 4 shows the diagnostic ability of the
studied indexes as presented by AUROCs in each group. For
signiﬁcant ﬁbrosis (F2–F4), AUROC of S-index (0.81633) was
higher than that of Fib-4 (0.70348), APRI (0.68627), RPR
(0.67847), and AAR (0.60084). In advanced ﬁbrosis (F3–F4),
AUROC of S-index (0.90538) was better than RPR, Fib-4, APRI,
and AAR, and regarding cirrhosis (F4); AUROC of S-index
(0.96118) was higher than that RPR (0.62104), Fib-4 (0.61696),
APRI (0.57661), and AAR (0.52860).
As S-index had the highest AUROCs in all ﬁbrosis groups (Figs.
1–3) in our result, we calculated its sensitivity, speciﬁcity, PPV,
NPV, and accuracy at the best cutoff values for ruling in and
ruling out different ﬁbrosis stages (Table 5). In signiﬁcant ﬁbrosis
group, S-index had 94% speciﬁcity, 87% PPV, and 68%
accuracy for ruling in signiﬁcant ﬁbrosis at a cutoff value ≥0.3,
and 96% sensitivity, 91% NPV, and 67% accuracy for ruling out
at a cutoff <1. For advanced ﬁbrosis, the best cutoff for ruling in
advanced ﬁbrosis was ≥0.5 with 97% speciﬁcity, 80% PPV, and

79% accuracy, and <0.2 for ruling out with 85% sensitivity,
94% NPV, and 83% accuracy. Also, in S-index was highly
valuable for diagnosing cirrhosis (F4 group) at a cutoff ≥0.9 with
99% speciﬁcity, 75% PPV, and 91% accuracy, and for exclusion
of cirrhosis at a cutoff <0.3 with 100% sensitivity, 100% NPV,
and 87% accuracy. Accuracy of S-index has increased for
conﬁrming higher stages of ﬁbrosis as it was 68% for signiﬁcant
ﬁbrosis, 79% for advanced ﬁbrosis, and 91% for cirrhosis.
Regarding prediction of inﬂammatory activity (A0, A1, A2,
A3), differences between means of S-index and AAR were
statistically signiﬁcant (Table 6) and both were the only
statistically signiﬁcant predictors with P values of .002 and
.01, respectively. In A0, A1, A2, and A3 activity groups,
AUROCs were 0.7243, 0.6047, 0.4996, 0.6981 for S-index and
0.6627, 0.5920, 0.5980, 0.5733 for AAR, respectively (Fig. 4).
No complications related to blood sampling or liver biopsy
were recorded within 2 hours of close follow up following biopsy
taking or within 24 hours after discharge.

Figure 1. Area under receiver operator characteristics (AUROC) curve of the
studied ﬁbrosis indexes in signiﬁcant ﬁbrosis group (F2–F4, n = 98).

Figure 2. Area under receiver operator characteristics (AUROC) curve of the
studied ﬁbrosis indexes in advanced ﬁbrosis group (F3–F4, n = 54).
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Our result showed that S-index had the highest ability for
prediction of all ﬁbrosis stages among all studied indexes,
AUROCs of S-index were (0.81633, 0.90538, 0.96118) versus
RPR: (0.67847, 0.66286, 0.62104), Fib-4 (0.70348, 0.68696,
0.61696), APRI: (0.68627, 0.67605, 0.57661) and AAR:
(0.57636, 0.60084, 0.52860) for signiﬁcant ﬁbrosis, advanced
ﬁbrosis, and cirrhosis, respectively. Also, it was noticed that
predictability of S-index steadily increased with higher ﬁbrosis
stages as noticed by its higher AUROCs in cirrhosis and advanced
ﬁbrosis than in signiﬁcant ﬁbrosis.
The optimal cutoff for detection of signiﬁcant ﬁbrosis was ≥0.3
with 94% speciﬁcity, 87% PPV, and 68% accuracy which is
lower than what has been stated by Zhou et al[14] and Tarigan
et al[26] (≥0.5) with 94.8% speciﬁcity and 87.8% PPV. Another
study,[27] showed that S-index alone had successfully identiﬁed
signiﬁcant ﬁbrosis in 87.5% patients with sensitivity 87.5% and
speciﬁcity 100%, PPV 100%, NPV 66.7%, and AUC 0.93. Also,
the cutoff values for exclusion and for detection of advanced
ﬁbrosis (F3–F4) were <0.2 with 85% sensitivity, 94% NPV, and
83% accuracy, and ≥0.5 with 97% speciﬁcity, 80% PPV, and
79% accuracy, respectively. Regarding cirrhosis the optimal
cutoff for its diagnosis was ≥0.9 with 99% speciﬁcity, 75% PPV,
and 91% accuracy in our result versus ≥1.5 with 98.5%
speciﬁcity and 80% PPV in Zhou et al.[14] The lower cut-off
values in our results may be due to racial differences and
restriction of our study to HBeAg-negative CHB patients while in
Ref.[14] HBeAg-positive CHB patients were included and in
Ref.[26] both CHC and CHB patients were included. Also, our
patients were relatively younger with mean age of 35.3 ± 7.7
years versus 48.5 ± 12.70 years compared to Tarigan et al.[26]
However mechanisms underlying association between RDW
and stage of liver ﬁbrosis in CHB patients are unclear,
inﬂammatory stress, impaired iron mobilization, and iron
overload might play key roles in mediating this process as
suggested in 2 previous studies.[27,28] Another study among 229
naïve CHB cases reported that RDW and RPR in patients with
advanced ﬁbrosis (F3–F4) were signiﬁcantly higher than that in
patients with nonadvanced ﬁbrosis (F0–F2) with P values <.05
and <.001, respectively.[29]
Our result showed that RPR was a fair predictor for different
ﬁbrosis stages as it came ﬁrst to Fib-4, APRI, and AAR in prediction

Figure 3. Area under receiver operator characteristics (AUROC) curve of the
studied ﬁbrosis indexes in cirrhosis group (F4, n = 22).

Table 6
Markers of ﬁbrosis among activity groups (F0–F4).
Markers

A0, n = 30

A1, n = 46

A2, n = 70

A3, n = 54

P

S-index
Fib-4
APRI
RPR
AAR

0.13 ± 0.07
1.5 ± 0.7
0.6 ± 0.3
0.08 ± 0.02
2 ± 0.5

0.2 ± 0.2
1.5 ± 0.7
0.5 ± 0.2
0.08 ± 0.04
1.8 ± 0.5

0.25 ± 0.3
1.7 ± 1.7
0.6 ± 0.4
0.08 ± 0.04
1.4 ± 0.8

0.4 ± 0.4
1.8 ± 1.2
0.7 ± 0.4
0.09 ± 0.04
1.5 ± 0.6

.02
.8
.5
.6
.01

Data are presented as means ± standard deviations, and analyzed by analysis of variance (ANOVA).
AAR = AST/ALT ratio, APRI = AST/platelets ratio index, Fib-4 = ﬁbrosis-4 index, RPR = red cell
distribution width/platelets ratio.

5. Discussion
The use of noninvasive diagnostic indexes for predicting liver
ﬁbrosis and cirrhosis has been validated since 2001 but most
studies were conducted in chronic hepatitis C (CHC) patients and
only few data are available on their application in CHB
patients.[19–22] However, APRI was not an appropriate ﬁbrosis
marker in CHB patients as reported in a previous metaanalysis,[23] S-index and RPR were acceptable markers in other
studies.[14,24,25] This study aimed to compare validity of 5
noninvasive indexes to liver biopsy in HBeAg-negative CHB
patients.

Figure 4. Area under receiver operator characteristics (AUROC) curves of S-index (left side) and AAR (right side) in the different activity groups (A0–A3).
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[13] Li Y, Chen Y, Zhao Y. The diagnostic value of the FIB-4 index for
staging hepatitis B-related ﬁbrosis: a meta-analysis. PLoS ONE 2014;9:
105–28.
[14] Zhou K, Gao CF, Zhao YP, et al. A Simpler score of routine laboratory
tests predicts liver ﬁbrosis in patients with chronic hepatitis B. J
Gastroenterol Hepatol 2010;25:1569–77.
[15] Chen B, Ye B, Zhang J, et al. RDW to platelet ratio: a novel noninvasive
index for predicting hepatic ﬁbrosis and cirrhosis in chronic hepatitis B.
PLoS ONE 2013;8:68780.
[16] Giannini E, Risso D, Botta F, et al. Validity and clinical utility of the
aspartate aminotransferase-alanine aminotransferase ratio in assessing
disease severity and prognosis in patients with hepatitis C virus-related
chronic liver disease. Arch Intern Med 2003;163:218–24.
[17] Sterling RK, Lissen E, Clumeck N, et al. Development of a simple
noninvasive index to predict signiﬁcant ﬁbrosis in patients with HIV/
HCV coinfection. Hepatology 2006;43:1317–25.
[18] Wai CT, Greenson JK, Fontana RJ, et al. A simple noninvasive index can
predict both signiﬁcant ﬁbrosis and cirrhosis in patients with chronic
hepatitis C. Hepatology 2003;38:518–26.
[19] Gressner AM, Weiskirchen R. Modern pathogenic concepts of liver
ﬁbrosis suggest stellate cells and TGF-b as major players and therapeutic
targets. J Cell Mol Med 2006;10:76–99.
[20] Mohamadnejad M, Montazeri G, Fazlollahi A, et al. Noninvasive
markers of liver ﬁbrosis and inﬂammation in chronic hepatitis B-virus
related liver disease. Am J Gastroenterol 2006;101:2537–45.
[21] Hui AY, Chan HL, Wong VW, et al. Identiﬁcation of chronic hepatitis B
patients without signiﬁcant liver ﬁbrosis by a simple noninvasive
predictive model. Am J Gastroenterol 2005;100:616–23.
[22] Zeng MD, Lu LG, Mao YM, et al. Prediction of signiﬁcant ﬁbrosis in
HBeAg-positive patients with chronic hepatitis B by a noninvasive model.
Hepatology 2005;42:1437–45.
[23] Kao JH, Chen DS. Global control of hepatitis B virus infection. Lancet
Infect Dis 2002;2:395–403.
[24] Liaw YF, Chu CM. Hepatitis B virus infection. Lancet 2009;373:582–92.
[25] Jin W, Lin Z, Xin Y, et al. Diagnostic accuracy of the aspartate
aminotransferase-to-platelet ratio index for the prediction of hepatitis Brelated ﬁbrosis: a leading meta-analysis. BMC Gastroenterol
2012;12:14.
[26] Tarigan E, Dairy LB, Sembiring J, et al. S-index and APRI score to predict
liver ﬁbrosis chronic in hepatitis B and C patients. Indonesian J
Gastroenterol Hepatol Digest Endosc 2013;14:64–8.
[27] Allen LA, Felker GM, Mehra MR, et al. Validation and potential
mechanisms of red cell distribution width as a prognostic marker in heart
failure. J Card Fail 2010;16:230–8.
[28] Ramm GA, Ruddell RG. Iron homoeostasis, hepatocellular injury, and
ﬁbrogenesis in hemochromatosis: the role of inﬂammation in a
noninﬂammatory liver disease. Semin Liver Dis 2010;30:271–87.
[29] Karagoz E, Ulcay A, Tanoglu A, et al. Clinical usefulness of mean platelet
volume and red blood cell distribution width platelet ratio for predicting
the severity of hepatic ﬁbrosis in chronic hepatitis B virus patients. Eur J
Gastroenterol Hepatol 2014;26:1320–4.
[30] European Association for Study of Liver Asociacion Latinoamericana
para el Estudio del HigadoEASL-ALEH Clinical Practice Guidelines:
non-invasive tests for evaluation of liver disease severity and prognosis. J
Hepatol 2015;63:237–64.
[31] Castera L. Noninvasive methods to assess liver disease in patients with
hepatitis B or C. Gastroenterology 2012;142:1293–302.
[32] Castera L, Foucher J, Bernard PH, et al. Pitfalls of liver stiffness
measurement: a 5-year prospective study of 13,369 examinations.
Hepatology 2010;51:828–35.
[33] Wong GL, Wong VW, Chim AM, et al. Factors associated with
unreliable liver stiffness measurement and its failure with transient
elastography in the Chinese population. J Gastroenterol Hepatol
2011;26:300–5.
[34] EASL 2017 Clinical Practice Guidelines on the management of hepatitis
B virus infection. J Hepatol 2017;67:370–98.

of cirrhosis with higher AUROC of 0.62104 versus 0.61696,
0.57661, and 0.52860 for Fib-4, APRI, and AAR, respectively.
Both Fib-4 and APRI were better than RPR in prediction of
signiﬁcant and advanced ﬁbrosis with AUROCs of 0.70348,
0.68627, and 0.67847 in signiﬁcant ﬁbrosis and 0.68696,
0.67605, and 0.66286 in advanced ﬁbrosis for Fib-4, APRI, and
RPR, respectively. In a study conducted by Chen et al[15] AUROCs
of RPR were higher than ours, 0.82 versus 0.68 and 0.88 versus
0.62 for signiﬁcant ﬁbrosis and cirrhosis, respectively.
This study was limited to ﬁbrosis indexes that depend on
routine investigations for CHB patients so important indexes that
depend on nonroutine investigations like Forns score and
Hepascora were not included. Another important limitation of
our study was missing correlation of the surrogate indexes to TE
which is a fast, simple, safe, reliable, and widely available
procedure,[30] and despite high technical failure rates and certain
confounding factors,[31–33] TE is currently a recommended tool
for ﬁbrosis assessment in CHB patients with normal or elevated
ALT not exceeding 5-fold ULN.[34]
In conclusion, S-index has the highest predictability for all
ﬁbrosis stages among the studied indexes in HBeAg-negative
CHB patients, with higher accuracy in cirrhosis than in the earlier
ﬁbrosis stages. However, its validation in a larger number of
patients is recommended.
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