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Original Article 
FibroScan, aspartate aminotransferase  
and alanine aminotransferase ratio (AAR),  
aspartate aminotransferase to platelet ratio  
index (APRI), fibrosis index based on the 4 factor  
(FIB-4), and their combinations in the assessment  
of liver fibrosis in patients with hepatitis B

Deping Ding1*, Hongbing Li2*, Ping Liu1, Lingli Chen1, Jian Kang1, Yinhua Zhang1, Deqiang Ma1, Yue Chen1, 
Jie Luo3, Zhongji Meng1,4

1Department of Infectious Diseases, Taihe Hospital, Hubei University of Medicine, Shiyan 442000, China; 
2Department of Infectious Disease, Weinan Central Hospital, Weinan 714000, China; 3Department of Neurology, 
Taihe Hospital, Hubei University of Medicine, Shiyan 442000, China; 4Institute of Biomedical Research, Taihe 
Hospital, Hubei University of Medicine, Shiyan 442000, China. *Equal contributors and co-first authors.

Received June 9, 2015; Accepted August 1, 2015; Epub November 15, 2015; Published November 30, 2015

Abstract: Objectives: The aim of this study was to assess the effects of FibroScan, aspartate aminotransferase and 
alanine aminotransferase ratio (AAR), aspartate aminotransferase to platelet ratio index (APRI), fibrosis index based 
on the 4 factor (FIB-4) and their combinations on liver fibrosis in patients with hepatitis B. Methods: 406 hospital-
ized patients with chronic hepatitis B (CHB) and cirrhosis in our hospital were analyzed retrospectively and collected 
patients clinical indicators, including liver stiffness (LS), AAR, APRI and FIB-4, and then compared the differences 
of these indicators between CHB group and hepatitis B with cirrhosis group. Receiver operating curve (ROC) was 
used to evaluate the differentiating capacity of these indicators on CHB and liver cirrhosis. Results: Four indicators 
related to liver cirrhosis had a statistical significance between two groups (P < 0.01); the under ROC curve areas of 
LS, AAR, APRI and FIB-4 for differential diagnosis of CHB and liver cirrhosis were 0.866, 0.772, 0.632 and 0.885, 
respectively. The under ROC curve areas of LS, AAR, APRI and FIB-4 for differential diagnosis of liver cirrhosis at 
compensatory stage and de-compensatory stage were 0.627, 0.666, 0.795 and 0.820, respectively. Conclusion: 
LS, AAR, APRI and FIB-4 were good indicators as clinical diagnosis and differential diagnosis on hepatitis B related 
cirrhosis.
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Introduction

Liver fibrosis results from chronic damage to 
the liver in conjunction with the accumulation 
of extracellular matrix (ECM) proteins, which is 
a characteristic of most types of chronic liver 
diseases [1]. Hepatitis B virus (HBV) infection is 
a major cause of chronic liver diseases, espe-
cially in Asia-Pacific area including China. 
Nearly 20% of patients with chronic hepatitis B 
can evolve to cirrhosis, with hepatic insufficien-
cy and portal hypertension being the most seri-
ous consequences [2]. Clinically, cirrhosis has 
been regarded as an end-stage disease that 

invariably leads to death, unless liver transplan-
tation is done, and the only preventive strate-
gies have been screening for oesophageal vari-
ces and hepatocellular carcinoma [3].

Liver biopsy is still the gold standard to evaluate 
hepatic fibrosis, while its extensive application 
in the clinical practice is obstacle by the fact 
that sampling errors and interpreter biases may 
reduce diagnostic accuracy of liver biopsy, and 
invasive procedure with certain unavoidable 
risks and complications is not practical to fol-
low-up disease progression and treatment 
response [4, 5]. Therefore, the growing need for 
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alternative approaches to the assessment of 
liver disease severity has driven the develop-
ment of several non-invasive methods in order 
to overcome the limitations of liver biopsy.

Serum markers for liver fibrosis offer a cost-
effective alternative to liver biopsy being less 
invasive and theoretically without complica-
tions. Serum markers like procollagen peptide, 
matrix metalloproteinases (MMPs), tissue in- 
hibitors of matrix metalloproteinases (TIMPs), 
Laminins, Transforming growth factor beta 1 
(TGF-β1), Connective tissue growth factor 
(CTGF), human cartilage glycoprotein-39 (HC 
gp-39), human microfibril-associated protein 4 
(MFAP-4), and Cytokeratin-18 fragments, are 
correlated with molecules which derive directly 
from the ECM or are produced by activated 
hepatic stellate cells (HSC). Thus, the elevation 
of these serum markers suggests the activa-
tion of fibrogenesis [6, 7].

A major limitation of biological liver fibrosis 
markers is their continual quantitative nature, 

ies and have been recognized as having the 
best diagnostic performance for discriminating 
significant fibrosis or severe fibrosis and for 
assessing cirrhosis (reviewed by Guéchot J) [9].

A retrospective study included 1168 severe 
CHB patients conducted by Ma J and his col-
leagues showed that FIB-4 and Lok’s model are 
the most effective models for distinguishing 
significant and extensive fibrosis, whereas 
APRI, FIB-4, and Lok’s model are suitable for 
staging fibrosis in CHB patients [10]. Meta-
analysis showed that FibroTest has excellent 
diagnostic accuracy for identification of HBV-
related significant fibrosis and cirrhosis, and 
FIB-4 has modest benefits and may be suitable 
for wider scope implementation [11].

In this study, FibroScan was compared with 
fibrosis score systems aspartate aminotran- 
sferase and alanine aminotransferase ratio 
(AAR), aspartate aminotransferase to platelet 
ratio index (APRI), fibrosis index based on the 4 
factor (FIB-4) in the assessment of liver fibrosis 
in patients with hepatitis B. The accuracies, 
sensitivities, and specificities of different com-
binations of FibroScan with the fibrosis score 
systems were investigated in detail.

Material and methods

General data

406 patients diagnosed as chronic hepatitis B 
(CHB) and cirrhosis in our hospital during July, 
2012 to December, 2012 were studies, includ-
ing 297 males and 109 females, aged from 9 to 

Table 1. General data in all patients
N Age (year) ALT (U/L) AST (U/L) PLT (×109/L)

CHB 227 36.7±12.66 208.1±328.3 139.5±209.3 168.0±57.3
Cirrhosis 179 49.1±11.4 80.1±133.0 84.3±101.5 95.1±59.4
t --- -10.150 4.904 3.240 12.465
P --- < 0.001 < 0.001 0.001 < 0.001

Table 2. Comparisons of four indexes between CHB group and 
cirrhosis group

N AAR APRI FIB-4 LS
CHB 227 0.90±0.68 1.02±1.68 0.32±0.95 10.6±10.2
Cirrhosis 179 1.59±1.38 1.33±2.06 1.32±1.95 30.0±21.2
t --- -6.579 -1.617 -6.739 -12.116
P --- < 0.001 0.107 < 0.001 < 0.001

Figure 1. ROC curve of 4 liver fibrosis indexes for dif-
ferentiation of chronic hepatitis B and cirrhosis.

which does not necessarily 
reflect the complexity of the 
fibrotic process. They all dis-
criminate the presence of ex- 
treme stages (F0 and F4), but 
greater overlapping for inter-
mediate stages makes their 
discrimination difficult [8]. Four 
indices resulting from the com-
bination of serum markers of 
liver fibrosis are commercially 
available: FibrotestTM, Fibro- 
meterTM, HepascoreTM, ELF- 
TM test, and transient elastog-
raphy, FibroscanTM are well 
validated in chronic liver dis-
eases of various etiologies by 
US, European and Asian stud-
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86 years, and the mean age was 42.17±13.75 
years old. The diagnosis standard of CHB and 
cirrhosis complied with EASL clinical practice 
guidelines: management of chronic hepatitis B 
virus infection (2012 version) [12]. Meanwhile, 
patients who suffered from hepatitis A, C-E 
virus infections, HIV infection, CMV infection, 
EBV infection, alcoholic liver disease, autoim-
mune liver disease, drug induced liver injury or 
fatty liver were exclude. This study was con-
ducted in accordance with the declaration of 
Helsinki. This study was conducted with approv-
al from the Ethics Committee of Hubei Medi- 
cine University. Written informed consent was 
obtained from all participants.

Serum biochemical detection and fibrosis diag-
nosis model calculation

LC-170CRP automatic blood cell analyzer from 
Horiba, Ltd (Japan) and COBA INTEGRA 800 
automatic biochemistry analyzer from Roche 
Company were used to conduct blood routine 
examination and liver function detection. The 
biochemical indexes were from that day or yes-
terday results that patients received liver pro-
tective and anti-virus therapy. AAR [13] = 
AST(U/L)/ALT(U/L), APRI [14] = AST(U/L)/PLT 
(×109/L), FIB-4 index [15] = [Age(years)×AST- 
(U/L)]/[PLT(×109/L)×ALT(U/L)].

FibroScan test [16]

According to standard operation of FibroScan 
instrument (ECHOSENS Company, Paris, Fran- 
ce), liver fibrosis elasticity was measured. When 
measured, patients kept supine position, tak-
ing head with right hand, then the couplant 
agent was smeared at the 7th, 8th and 9th inter-
costals position of right side. Next, probes were 
connected with skin and kept vertical direction. 
The measurement should be succeeded con-
tinuously for 10 times, and the mediate value 
of the effective measurements represented 
liver stiffness (LS) (Kpa). If range interquartile 
was fewer than 30% of median and the succe- 
ss rate was more than 60%, this value was 
effective.

Statistical analysis

Statistical analysis was performed by SPSS17.0 
software and measurement data were repre-
sented as mean ± SD, LSD-t test was used  
for two samples comparisons from different 
groups by homogeneity test of variance and 
normal distribution test, and the correlation 
was analyzed by Pearson test. Receiver operat-
ing curve (ROC) was used to evaluate the effec-
tiveness and compare the differences of four 
indexes on chronic hepatitis B and cirrhosis.  
P < 0.05 denoted a significant statistical di- 
fference.

Results

General data

406 patients included 227 chronic hepatitis B, 
179 cirrhosis caused by hepatitis B, mean-
while, there were 61 cases with cirrhosis at 
compensatory stage and 118 at de-compensa-
tory stage. There were statistically significant 
differences of age, ALT level, AST level and PLT 
level between cirrhosis caused by hepatitis B 
group and chronic hepatitis B group (all P < 

Table 3. Related parameters of four indexes differentiating chronic hepatitis B and cirrhosis

Index AUC
Optimal 
critical 
value

Sensitivity Specificity
Positive 

predictive 
value

Negative 
predictive 

value
Accuracy Youden 

index

Positive 
likelihood 

ratio

Negative 
likelihood 

ratio
AAR 0.772 0.934 0.754 0.670 0.36 0.97 0.66 0.348 2.328244 0.528455
APRI 0.632 0.317 0.765 0.489 0.28 0.93 0.54 0.543 3.072519 0.264228
FIB-4 0.885 0.416 0.760 0.881 0.39 0.98 0.71 0.584 3.53913 0.241558
LS 0.866 12.6 0.793 0.793 0.34 0.96 0.68 0.266 1.736842 0.583725

Figure 2. ROC curve of 4 liver fibrosis indexes for dif-
ferentiation of cirrhosis at compensatory stage and 
de-compensatory stage.
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0.05). All patients’ age and biochemical indica-
tors were as follows (Table 1).

Comparisons of four indexes between CHB 
group and cirrhosis group

Table 2 showed that except APRI, other three 
indexes had significant differences to diagnose 
liver fibrosis between CHB group and cirrhosis 
group (P < 0.05).

Assessment capacity of ROC curve on differen-
tial diagnosis of chronic hepatitis B and cirrho-
sis caused by hepatitis B

Four liver fibrosis indexes and related indexes 
were as test variables and diagnosed as liver 
cirrhosis was as condition variables, then ROC 
curve was drawn. According to ROC curve 
(Figure 1), we found that the under ROC curve 
areas of FIB-4, LS, AAR and APRI indexes that 
differentiated chronic hepatitis B and cirrhosis 
were 0.885, 0.866, 0.772, 0.632, respectively. 
Table 3 showed the corresponding references 
for differential diagnosis of chronic hepatitis B 
and cirrhosis caused by hepatitis B.

Assessment capacity of ROC curve of four 
indexes for differential diagnosis of cirrhosis 
at compensatory stage and de-compensatory 
stage

Four liver fibrosis indexes and related indexes 
were as test variables and diagnosed as liver 
cirrhosis at de-compensatory stage was as 
condition variables, then ROC curve was drawn. 

According to ROC curve (Figure 2). The under 
ROC curve areas of FIB-4, APRI, AAR and LS 
indexes that differentiated liver cirrhosis at 
compensatory stage and de-compensatory 
stage were 0.820, 0.795, 0.666, 0.627, respec-
tively. Table 4 showed the corresponding 
parameters for differential diagnosis of cirrho-
sis at compensatory stage and de-compensa-
tory stage.

Analysis of AAR, APRI and FIB-4 correlated 
with LS

We conducted Pearson correlation analysis 
between LS and AAR, APRI and FIB-4 and the 
related coefficient was 0.313, 0.265, 0.156, 
respectively (all P < 0.05), which was a statisti-
cal significance. Table 5 showed the related 
coefficient value and Figure 3 showed the cor-
relation scatter graph.

Discussion

Liver fibrosis is a repaired response on chronic 
liver injury and pathophysiologic basis of many 
chronic liver diseases, meanwhile, liver fibrosis 
is a necessary step to develop from liver dis-
eases to cirrhosis and liver cancer. Therefore, 
to accurately understand liver fibrosis degree 
has an important significance for assessment 
of chronic liver diseases conditions, prediction 
of prognosis and therapy [17, 18]. Liver biopsy 
is still the gold standard to evaluate hepatic 
fibrosis and diagnose cirrhosis, but it has some 
disadvantages, such invasive procedure with 
certain unavoidable risks, poor repetitiveness, 
which limit its clinical applications for patients 
with end-stage liver diseases [19]. Recent 
years, many liver fibrosis diagnosis methods 
and model designs bring liver fibrosis diagnosis 
into a non-invasive period. Although these diag-
nosis techniques were not replaced by liver 
biopsy, they have non-trauma, convenience, 
good repetition advantages, moreover, these 

Table 4. Related parameters of four indexes differentiating cirrhosis at compensatory stage and de-
compensatory stage

Index AUC Optimal critical 
value Sensitivity Specificity Positive predictive 

value
Negative predictive 

value Accuracy

AAR 0.666 1.246 0.610 0.738 0.35 0.94 0.77
APRI 0.795 0.465 0.805 0.738 0.33 0.96 0.65
FIB-4 0.820 0.587 0.814 0.770 0.41 0.98 0.82
LS 0.627 21.7 0.627 0.639 0.31 0.89 0.61

Table 5. Pearson correlation analysis be-
tween LS and AAR, APRI and FIB-4
Index r value P value
LS and AAR 0.313 < 0.001
LS and APRI 0.265 < 0.001
LS and FIB-4 0.156 0.002
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techniques have high accurate rate of diagno-
sis on liver fibrosis to avoid receiving liver biop-
sy for some patients [20, 21].

Serum markers like AAR, APRI and FIB-4 for 
non-invasive liver fibrosis diagnosis were used 
to assess chronic hepatitis C and other alco-
holic liver diseases related to liver fibrosis in 
some European-American countries [22-24]. 
Whereas, there were few studies to assess 
hepatitis B related cirrhosis and it was contro-
versial whether these serum liver fibrosis diag-
nosis models were adapted to predict the 
degree of hepatitis B related cirrhosis [25-27]. 
FibroScan uses transient elastography to test 
liver hardness for non-invasive, subjective and 
quantitative assessments due to high accuracy 
and sensitivity, which becomes popular tech-
nique to evaluate liver fibrosis in recent years 
[28]. This study assessed the effects of 
FibroScan, AAR, APRI and FIB-4 indexes on clin-
ical and differential diagnosis of hepatitis relat-
ed to cirrhosis. Our results showed that except 
APRI, other three indexes had differential diag-
nosis values for chronic hepatitis B and liver cir-
rhosis caused by hepatitis B, and the minimum 
and maximum of corresponding under ROC 
curve area were 0.632 (APRI) and 0.885 (FIB-4 

index), which indicated that FIB-4 was the opti-
mal index to predict the degree of hepatitis B 
related to cirrhosis, and the best critical value 
of differential diagnosis was 0.416 and the 
accuracy value was 0.76. Furthermore, we com-
pared the difference between cirrhosis patients 
at compensatory stage and de-compensatory 
stage and implied that four indexes had good 
differential diagnosis value, in addition, the 
minimum and maximum of the corresponding 
under ROC curve area were 0.627 (LS) and 
0.820 (FIB-4 index), which also indicated that 
FIB-4 was the optimal index to distinguish cir-
rhosis patients at compensatory stage or de-
compensatory stage, and LS value was low due 
to some patients at de-compensatory stage 
with ascites. Additionally, AAR, APRI and FIB-4 
indexes had positive correlation with LS through 
Pearson analysis (all P < 0.05), which suggest-
ed that four indexes had some reference value 
for assessment of the degree of hepatitis B and 
liver fibrosis of cirrhosis caused by hepatitis B.

Recent years, there were more and more stud-
ies to focus on non-invasive diagnosis methods 
for liver fibrosis and the accuracy was higher 
and higher, which not only was benefit for eval-
uating the degree of liver fibrosis, but had 

Figure 3. Scatter graph between LS and 
AAR, APRI and FIB-4. A. Scatter graph 
between LS and AAR. B. Scatter graph 
between LS and APRI. C. Scatter graph 
between LS and FIB-4.
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important directive significance to assess dis-
eases and predict prognosis and so on [29]. 
This study confirmed that LS, AAR, APRI and 
FIB-4 indexes were the good indexes to diag-
nose the cirrhosis, furthermore, FibroScan and 
FIB-4 index were better for differential diagno-
sis of chronic hepatitis B and cirrhosis than 
AAR and APRI indexes. Meanwhile, the refer-
ence value of ARPI and FIB-4 indexes was bet-
ter in the differential process of liver cirrhosis 
at compensatory stage and de-compensatory 
stage than AAR and FibroScan test. Combin- 
ations of these diagnosis methods might im- 
prove the accuracy and effect of differential 
diagnosis, but there was still to be studied 
further.
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