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Abstract. Assessment of the extent of liver fibrosis is a crucial 
requirement for the design of antiviral treatments for patients 
with chronic hepatitis B (CHB). Several non‑invasive predic‑
tive indices have been developed as potential alternatives to 
liver biopsy for fibrosis assessment. The present study aimed 
to establish a novel non‑invasive method for predicting liver 
fibrosis in patients with CHB. A total of 382 patients with CHB 
who underwent liver biopsy and pathological examination at 
The Second Hospital of Anhui Medical University (Hefei, 
China) were enrolled into the present study. Liver fibrosis was 
assessed according to the meta‑analysis of histological data 
in viral hepatitis scoring system. Logistic regression analyses 
were performed to explore possibly significant characteristics 
associated with liver fibrosis. In addition, potential correlations 
between the alkaline phosphatase (AKP)‑to‑platelet count 
(PLT) ratio (APPR) and the aspartate transaminase‑to‑platelet 
ratio index (APRI), fibrosis index based on four factors 
(FIB‑4) and γ‑glutamyl transpeptidase‑to‑platelet ratio 
(GPR) were assessed using Spearman's correlation analysis. 
Subsequently, the performance of APPR was compared with 
APRI, FIB‑4 and GPR using receiver operating characteristic 
(ROC) analysis. Logistic regression analysis identified AKP 
and PLT to be significant independent predictors of fibrosis. 
Therefore, an index was then constructed for predicting the 
degree of fibrosis, which was expressed using the formula 
APPR=AKP (IU/ml)/PLT (1x109/l). APPR was found to be 
positively associated with the fibrotic stage of the liver in 
addition to being positively correlated with APRI, FIB‑4 
and GPR. The area under the ROC curve (AUROC) values 
of APPR were also significantly higher compared with those 

of APRI and FIB‑4 in predicting significant fibrosis but were 
equal to those of GPR. However, for advanced fibrosis and 
cirrhosis, the AUROC value of APPR was shown to be higher 
compared with that of APRI, FIB‑4 and GPR. In conclusion, 
these observations suggest that APPR is a viable marker that 
can be used to assess liver fibrosis in patients with CHB.

Introduction

Liver fibrosis occurs during the crucial stage of disease 
progression from chronic hepatitis B (CHB) virus (HBV) 
infection to cirrhosis, which is a key determinant of the thera‑
peutic decision taken for this condition (1,2). According to the 
European Association for the Study of the Liver guidelines, 
treatment should be initiated in patients with significant 
fibrosis [meta‑analysis of histological data in viral hepatitis 
(METAVIR) scores ≥F2] (3). Therefore, accurate assessment 
of liver fibrosis is critical for the establishment of optimal 
management protocols in clinical practice.

Liver biopsy is currently the gold standard used for the 
assessment of liver fibrosis, although it is far from being 
perfect (4,5). Since it is an invasive procedure, it confers certain 
inevitable limitations such as pain, risk of severe complications 
and sampling errors that restrict its wider application to fibrosis 
screening in patients with CHB (6,7). Therefore, a number of 
non‑invasive tests for fibrosis have been developed for clinical 
application, several of which are becoming widely applied. In 
particular, the aspartate transaminase (AST)‑to‑platelet ratio 
index (APRI) and the fibrosis index based on four factors (FIB‑4) 
are non‑invasive tests that have proposed widespread utility for 
the clinical assessment of liver fibrosis (8‑10). However, various 
obstacles remain to be overcome, including the complexity, 
reproducibility, diagnostic accuracy and the cost of routine 
use (11). Lemoine et al (12) previously proposed a novel index 
based on the γ‑glutamyl transpeptidase (GGT)‑to‑platelet ratio 
(GPR) for identifying patients with fibrosis or cirrhosis who are 
afflicted with CHB infections in West Africa. Subsequently, 
the favorable performance of GPR for predicting fibrosis and 
cirrhosis was verified by another previous study of HBV e 
antigen‑positive patients with CHB in China (13). However, 
this novel index requires further validation in larger cohorts of 
patients with CHB, particularly in China.
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In the present study, the potential relationship between 
fibrosis and a number of parameters were investigated in a 
large cohort of well‑characterized, treatment‑naïve patients 
with CHB. In addition, a novel non‑invasive index was devel‑
oped with the aim of discriminating patients with CHB with 
different grades of liver fibrosis.

Materials and methods

Study population. A total of 382 patients with CHB were 
selected from the clinic or hospitalization unit at the 
Department of Infectious Diseases of The Second Affiliated 
Hospital of Anhui Medical University (Hefei, China) between 
January 2014 and December 2018. None of the patients had 
history of treatment for HBV (interferon, nucleoside, nucleo‑
tide analogues or other drugs directed against HBV) prior 
to the present study. The clinical diagnosis of all selected 
patients complied with the standards for CHB diagnosis 
in the prevention and treatment guidelines recommended 
for liver disease by the Chinese Medical Association (14). 
Patients with the following conditions were excluded from 
the present study: i)  Co‑infection with another hepatitis 
virus or human immunodeficiency virus; ii) alcoholic liver 
disease; iii) nonalcoholic fatty liver disease; and/or iv) auto‑
immune liver disease. The present study protocol complied 
with the Ethical Guidelines of Anhui Medical College and 
The Second Hospital of Anhui Medical University. Written 
informed consent was obtained from all individuals included 
in the present study.

Clinical evaluation. Clinical and laboratory parameters of all 
patients were extracted from the medical records, including 
age, sex, alanine aminotransferase (ALT), AST, alkaline 
phosphatase (AKP), GGT, albumin and total bilirubin levels, 
international normalized ratio, platelet counts (PLT) and HBV 
DNA levels. If a patient was admitted > once during the study 
period, only information obtained on the first admission was 
extracted.

Liver biopsy. The present protocol was approved by the 
Ethics Committee of the Second Hospital of Anhui Medical 
University, in which all patients provided informed consent 
prior to liver biopsy. Needle biopsy was performed using an 
automatic biopsy gun with a 16G disposable needle (Bard Ma
x‑Core Disposable Biopsy Instrument; Becton, Dickinson and 
Company) under sonographic guidance (thermal index for soft 
tissue, 0.4; mechanical index, 1.3). The liver biopsy specimens 
were fixed in 10% formalin at room temperature for 2 h and 
embedded in paraffin. The paraffin sections were stained with 
hematoxylin for 5 min and with eosin for 1 min, or with Masson 
staining for 5 min at room temperature for pathological diag‑
nosis. Liver fibrosis was evaluated according to the METAVIR 
scoring system as follows: i) F0, no fibrosis; ii) F1, portal 
fibrosis without septa; iii) F2, portal fibrosis with rare septa; 
iv) F3, numerous septa without cirrhosis; and v) F4, cirrhosis. 
Significant fibrosis was defined as ≥F2, advanced fibrosis was 
defined as ≥F3 and cirrhosis was defined as F4. All biopsy 
samples were analyzed by two independent pathologists. 
These slides were also reviewed by a third hepato‑pathologist 
in the event of any discrepancies.

Non‑invasive index calculation. APRI was calculated as the 
APRI=[AST (IU/l)/upper limit of normal] x100/PLT (109/l). 
FIB‑4 was calculated using the formula [(age, years) x (AST, 
U/l]/[(platelet count, 109/l) x√(ALT, U/l)]. GPR was calculated 
using the formula (GGT, IU/l)/(PLT, 109/l).

Statistical analysis. Quantitative data are expressed as either n 
(%), mean ± SD or median (interquartile range). All statistical 
analyses were conducted using SPSS version 16.0 (SPSS, Inc.), 
GraphPad Prism 5.0 (GraphPad Software, Inc.) and MedCalc 
statistical software 10.4 (MedCalc Software bvba).

Shapiro‑Wilk's test or Kolmogorov‑Smirnov test were 
used to test the normality of continuous variables, where 
those with a P>0.10 were considered to be normally distrib‑
uted. Categorical variables were compared using the χ2 test, 
whereas continuous variables were compared using unpaired 
Student's t‑test, the Mann‑Whitney test or the Kruskal‑Wallis 
test (followed by Dunn's test) as appropriate. P<0.05 was 
considered to indicate a statistically significant difference. 
Correlations were evaluated using Spearman's correlation 
coefficient. To identify significant independent predictors of 
liver fibrosis (≥F2), univariate and subsequent multivariable 
logistic regression analyses with a backwards stepwise method 
were performed to identify them (15). The area under the 
receiver operating characteristic (AUROC) curve, sensitivity, 
specificity, positive predictive value (PPV) and negative 
predictive value (NPV) of the non‑invasive indices were also 
calculated. The optimal cut‑off values used for each test were 
determined by maximizing the Youden's index (sensibility + 
specificity‑1).

Table I. Clinical characteristics of the patients in the study. 

Characteristics	 Recorded data

Sex 	
  Male 	 268 (70.16)
  Female	 114 (29.84)
Age, years	 38.48±19.09
Alanine transaminase, IU/l	 50 (30‑105)
Aspartate aminotransferase, IU/l	 38 (26‑67)
Total bilirubin, µmol/l	 13 (10‑18)
γ‑glutamyl transpeptidase, IU/l	 32 (19‑64) 
Alkaline phosphatase, IU/l	 92 (74‑118)
Platelet count, 109/l	 168.33±19.79 
Hepatitis B virus DNA, log10	 5.03±2.65
Fibrosis stage 	
  F0	 14 (3.66)
  F1	 188 (49.21) 
  F2	 90 (23.56)
  F3	 59 (15.45)
  F4	 31 (8.12)

Data are presented as either n (%), mean ± SD or median (interquar‑
tile range). F0, no fibrosis; F1, portal fibrosis without septa; F2, portal 
fibrosis with rare septa; F3, numerous septa without cirrhosis; F4, 
cirrhosis.
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Results

General characteristics of the study population. In total, data 
from 382 patients with CHB were obtained (Table I). Among 
them, 14 patients (3.66%) were histologically classified as F0, 
188 (49.21%) as F1, 90 (23.56%) as F2, 59 (15.45%) as F3 and 
31 (8.12%) as F4.

Development of the AKP‑to‑PLT (APPR) index. The presence 
of significant liver fibrosis was found to be associated with age 
(P=0.016), ALT (P<0.001), AST (P<0.001), GGT (P<0.001), 
AKP (P<0.001) and PLT (P<0.001) according to univariate 
analysis (Table II). Subsequent multiple logistic regression 
analysis using a backwards stepwise method identified ALT 
(P=0.001), AST (P<0.001), AKP (P=0.009) and PLT (P<0.001) 
to be independent predictors of significant liver fibrosis 
(Table III). Based on this, a non‑invasive index of APPR was 
developed using the formula (AKP, IU/ml)/(PLT, 109/l).

Association between APPR with different stages of fibrosis 
and other noninvasive fibrosis indices. The APPR increased 
with each advancing stage of fibrosis. There was no difference 
in the APPR of patients with F1 fibrosis compared with that in 
patients with F0 fibrosis. However, the APPR in patients with 
F2 fibrosis (P<0.0001), F3 fibrosis (P<0.0001) and F4 fibrosis 

(P<0.0001) was all significantly higher compared with that 
in patients with F1 fibrosis (Fig. 1). In addition, a significant 
difference in the APPR among the five stages of fibrosis was 
detected (P<0.0001), according to the Kruskal‑Wallis test 
(Fig. 1). APPR was also found to be positively correlated 
with other established non‑invasive test methods of fibrosis 
(Fig. 2), specifically with APRI (rho=0.504; P<0.0001), FIB‑4 
(rho=0.535; P<0.0001) and GPR (rho=0.591; P<0.0001).

Diagnostic performance of APPR for predicting fibrosis and 
cirrhosis. The performance of APPR in predicting fibrosis 
was subsequently evaluated using AUROC analysis with 
liver biopsy analysis data used as the reference standard. For 
predicting fibrosis, the AUROC of APPR was calculated to 
be significantly higher compared with that of APRI (P=0.034) 
and FIB‑4 (P<0.001), but it was no different compared with 
that of GPR (Tables IV and V). The optimal cut‑off value of 
APPR was 0.64, with 58.89% sensitivity, 79.21% specificity, 
71.62% PPV and 68.37% NPV (Fig. 3).

For predicting advanced fibrosis, the AUROC of APPR 
was higher compared with that of APRI, FIB‑4 and GPR, but 
there was no statistical significance (Tables IV and V). The 
optimal cut‑off value of APPR was 0.65, with a sensitivity of 
68.89%, specificity of 70.55%, PPV of 41.89% and NPV of 
88.03% (Fig. 3).

Table III. Independent predictors of significant fibrosis by multivariate logistic regression analysis.

Characteristics	 Odds ratio	 95% CI	 P‑value

Age	 1.017	 0.996‑1.038	 0.120
Sex	 0.939	 0.567‑1.556	 0.807
Alanine transaminase	 1.009	 1.004‑1.015	 0.001
Aspartate aminotransferase	 0.982	 0.972‑0.992	 <0.001
Total bilirubin	 0.996	 0.983‑1.009	 0.543
γ‑glutamyl transpeptidase	 1.003	 0.999‑1.007	 0.169
Alkaline phosphatase	 1.008	 1.002‑1.015	 0.009
Platelet count	 0.986	 0.982‑0.991	 <0.001
Hepatitis B virus DNA	 1.053	 0.926‑1.198	 0.430

Table II. Univariate analysis of variables associated with the presence of significant fibrosis.

Characteristics	 No significant fibrosis (F0 + F1)	 Significant fibrosis (F2 + F3 + F4)	 P‑value

Age, years	 36.81±11.29	 39.40±12.24	 0.016
Sex, male/female 	 135/67	 133/47	 0.146
Alanine transaminase, IU/l	 43 (25‑86)	 60 (36‑134)	 <0.001
Aspartate aminotransferase, IU/l	 32 (23‑60)	 43 (31‑72)	 <0.001
Total bilirubin, µmol/l	 12.9 (10‑17.3)	 13.8 (10.3‑18.8)	 0.234
γ‑glutamyl transpeptidase, IU/l	 24 (16‑42)	 42 (25‑90)	 <0.001
Platelet count, 109/l	 180.68±51.24	 162.62±62.01	 <0.001
Alkaline phosphatase, IU/l	 84 (68‑103)	 101 (82‑130)	 <0.001
Hepatitis B virus DNA, log10	 5.23±1.96	 5.27±1.85	 0.504

Data are presented as either mean ± SD or median (interquartile range). F0, no fibrosis; F1, portal fibrosis without septa; F2, portal fibrosis with 
rare septa; F3, numerous septa without cirrhosis; F4, cirrhosis.
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For predicting cirrhosis, the AUROC of APPR was also 
higher compared with that of APRI, FIB‑4 and GPR, but there 
was also no statistical significance (Tables IV and V). The 
optimal cut‑off value of APPR was 0.67, with sensitivity of 
87.10%, specificity of 68.38%, PPV of 19.55% and NPV of 
98.36% (Fig. 3).

Discussion

Liver fibrosis is commonly found in patients with CHB 
infection (16,17). Previous epidemiological studies have revealed 
that there are >350  million HBV carriers worldwide  (18). 

In addition, these carriers are at increased risk of developing 
advanced fibrosis and cirrhosis during their lifetime. In China, 
there are ~20 million carriers of CHB, 10‑30% of whom will 
progress to advanced fibrosis, cirrhosis or hepatocellular 
carcinoma (19). Although the pathophysiological mechanisms 
underlying the progression from HBV infection to liver fibrosis 
remain poorly understood, significant progress has been made in 
the diagnosis of hepatic fibrosis (20). At present, liver biopsy is 
the gold standard for the diagnosis of hepatic fibrosis. However, 
it has several disadvantages, including invasiveness, clinical 
complications, high cost and poor patient compliance  (21). 
Considering these limitations, non‑invasive predictors of 
fibrosis are now in demand. Ideally, a non‑invasive method for 
application in clinical settings should not be too complex whilst 
being rapid, reproducible and cost‑effective to perform (22). 
APRI and FIB‑4 are currently widely utilized for measuring the 
degree of fibrosis in patients with CHB, particularly in regions 
with limited health care resources (23,24). In 2015, the APRI 
was recommended by the WHO as the preferred non‑invasive 
tool for detecting significant fibrosis (25). However, a previous 
study from Singapore demonstrated the AUROC of APRI in 
predicting significant fibrosis to be only 0.63, suggesting APRI 
may not be sufficiently accurate for patients with CHB in some 
countries or regions (26). To the best of our knowledge, none of 
the non‑invasive markers that have been studied have yielded 
satisfactory results (27).

In the present study, a potentially simpler method for 
predicting liver fibrosis and cirrhosis was developed using 
routinely available laboratory test results. ALT, AST, AKP and 
PLT were found to be independent predictors of significant 

Table V. Comparative analysis of AUROCs. 

	 P‑values
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Comparison of AUROCs	 Significant fibrosis	 Advanced fibrosis	 Cirrhosis

APPR vs. aspartate transaminase‑to‑platelet ratio	 0.034	 0.144	 0.055
APPR vs. fibrosis index based on four factors	 <0.001	 0.107	 0.102
APPR vs. γ‑glutamyl transpeptidase‑to‑platelet ratio	 0.873	 0.902	 0.090

AUROCs, area under the receiver operating characteristic curve; APPR, alkaline phosphatase‑to‑platelet ratio.

Table IV. Diagnostic performance of APPR, APRI, GPR and FIB‑4 for the diagnosis of fibrosis and cirrhosis.

	 Significant fibrosis	 Advanced fibrosis	 Cirrhosis
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
	 AUROC	 Cut‑off	 AUROC	 Cut‑off	 AUROC	 Cut‑off
Characteristics	 (95% CI)	 values	 (95% CI)	 values	 (95% CI)	 values

APPR	 0.73 (0.679‑0.771)	 0.64	 0.75 (0.704‑0.793)	 0.65	 0.82 (0.785‑0.863)	 0.67
APRI	 0.66 (0.617‑0.713)	 0.52	 0.71 (0.660‑0.754)	 0.53	 0.74 (0.693‑0.783)	 0.75
FIB‑4	 0.63 (0.581‑0.681)	 1.37	 0.70 (0.653‑0.747)	 2.3	 0.75 (0.704‑0.793)	 2.9
GPR	 0.73 (0.675‑0.767)	 0.21	 0.74 (0.701‑0.790)	 0.22	 0.78 (0.739‑0.824)	 0.27

APPR, alkaline phosphatase‑to‑platelet ratio; APRI, aspartate transaminase‑to‑platelet ratio; FIB‑4, fibrosis index based on four factors; GPR, 
γ‑glutamyl transpeptidase‑to‑platelet ratio; AUROC, area under the receiver operating characteristic curve.

Figure 1. Association between APPR and the five stages of liver fibrosis. 
APPR, alkaline phosphatase‑to‑platelet ratio. 
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fibrosis. All independent predictors except for AKP, form the 
principal components of available non‑invasive indices that are 
currently applied, including APRI, FIB‑4 and GPR. Similar to 
GGT, AKP is also a marker of liver fibrosis as part of the liver 
biochemical testing routine. As previously reported, non‑inva‑
sive indices APRI, FIB‑4 and GPR can be calculated using 
age, ALT, AST, GGT and PLT, all of which can be applied 
to predict fibrosis in patients with CHB (28). For this reason, 
it was hypothesized that the APPR may also be an useful 
index for distinguishing liver fibrosis from CHB. Therefore, 
following univariate and multivariate logistic regression 
analyses, an APPR two‑marker index was developed. For 
significant fibrosis, APPR displayed superior performance 
compared with APRI and FIB‑4. Compared with GPR, APPR 
exhibited similar diagnostic performance for predicting 
significant fibrosis. Since significant fibrosis is a determinant 
factor for the designation of the antiviral therapy strategy in 
patients with CHB, the application of APPR for significant 
fibrosis screening may be of clinical benefit. In addition to 
the superior diagnostic performance for predicting significant 
fibrosis, two attractive features of APPR have also been found: 
Ease of calculation and low cost. These advantages conferred 
by APPR may reduce the need for liver biopsy in patients with 

CHB to partially relieve the high burden of HBV infection 
in China. APPR can also be used to assess advanced fibrosis 
and cirrhosis. The AUROCs of APPR were 0.75 and 0.82 for 
the diagnosis of advanced fibrosis and cirrhosis in the present 
study, respectively. These were either somewhat superior or 
comparable to the AUROCs of APRI, FIB‑4 and GPR. In 
particular, GPR predicted significant fibrosis with an AUROC 
of 0.73 in the present study. This was not consistent with the 
results of a previous study from China (AUROC, 0.66) (13). 
This discrepancy may have originated from the different 
composition of study populations. A study from Li et al (13) 
was conducted in patients positive for HBV e‑antigen with 
high HBV DNA levels and with low levels of transaminases. 
This patient population is generally considered to be at low 
risk of developing significant fibrosis and cirrhosis. However, 
the present study population consisted entirely of patients with 
CHB. Although it remains difficult to explain why the diag‑
nostic performance of APPR is superior to that of APRI and 
FIB‑4, two possible explanations can be proposed. Elevated 
AKP levels showed the lowest coefficient of variation among 
all liver biochemical parameters tested, including ALT, AST 
and GGT (29). This finding suggests that AKP is a more stable 
parameter compared with other liver biochemical parameters. 

Figure 2. Correlation analysis of APPR with APRI, FIB‑4 and GPR. APPR, alkaline phosphatase‑to‑platelet ratio; APRI, aspartate transaminase‑to‑platelet 
ratio; FIB‑4, fibrosis index based on four factors; GPR, γ‑glutamyl transpeptidase‑to‑platelet ratio.

Figure 3. Receiver operating characteristics curves for the prediction of significant fibrosis, advanced fibrosis and cirrhosis by each of the four indices examined. 
APPR, alkaline phosphatase‑to‑platelet ratio; APRI, aspartate transaminase‑to‑platelet ratio; FIB‑4, fibrosis index based on four factors; GPR, γ‑glutamyl 
transpeptidase‑to‑platelet ratio.
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In addition, the fluctuating aminotransferase levels in patients 
with chronic viral hepatitis can influence the predictive accu‑
racy of non‑invasive fibrosis scoring systems containing AST 
or ALT (30).

A number of limitations warrant consideration in the 
present study. This was only a single‑center study, which lacked 
a validation cohort. Therefore, the findings in the present study 
require validation in multi‑center trials. Furthermore, the use 
of liver biopsy as the ‘gold standard’ was a potential limita‑
tion, since this procedure may yield ‘imperfect gold standard 
bias’ (31,32). The reported data may be more convincing if 
APPR was compared with some other indices, such as aspar‑
tate aminotransferase‑to‑alanine aminotransferase ratio, 
fibrosis index and King scores (33). Therefore, further studies 
are required to clarify the relationship between the different 
HBV genotypes and APPR.

In conclusion, the present study found that APPR provides 
a potentially simple, inexpensive, rapid and non‑invasive 
method for assessing significant fibrosis, advanced fibrosis and 
cirrhosis in patients with CHB, which may reduce the need for 
liver biopsy in China.
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