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ABSTRACT
Objective:  Noninvasive liver fibrosis evaluation is an important issue in chronic hepatitis B 
infection, and may be assessed using transient elastography (Fibroscan) or with blood markers. 
We compared the value of Fibroscan with that of a panel of routine serum markers.
Materials and methods:  We recruited 278 chronic hepatitis B patients who underwent 
Fibroscan and HBV DNA testing. Fibroscan assessments were made, and blood taken for the 
measurement of the gamma-glutamyl transferase (GGT) to platelet ratio (GPR), platelet count, 
aspartate aminotransaminase (AST), alanine aminotransaminase (ALT), international normalised 
ratio (INR), total cholesterol, trigylcerides, bilirubin, mean platelet volume (MPV), AST to platelet 
ratio index (APRI) and neutrophil to lymphocyte ratio.
Results: A fibrosis index based on four factors (FIB-4) and GPR were higher and platelets were 
lower in mild liver fibrosis than in non-liver fibrosis. GGT, AST, ALT, INR, MPV, APRI, FIB-4, GPR, 
and NLR were higher, and platelet and cholesterol were lower in severe liver fibrosis than in mild 
liver fibrosis. Elevated GPR (Odds ratio 95% CI 9.1 [1.66–50.0] p = 0.011) and FIB-4 (2.3 [1.2–4.2], 
p = 0.01) were associated with greater risk of liver fibrosis. The areas under the curve (AUC) were 
for GPR 0.84 at a cut-off of 0.299 and for FIB-4 0.82 at cut-off 1.571.
Conclusions:  FIB-4 and GPR may be useful blood markers for evaluating the severity of liver 
fibrosis in chronic hepatitis B patients. Further prospective study is required to validate these 
noninvasive blood markers in a clinical practice.

Introduction

Liver fibrosis is an important characteristic of chronic 
hepatitis B virus (HBV) infection. HBV is a potentially 
oncogenic virus and its prevalence is highest in sub-Sa-
haran Africa and East Asia, in which 5–10% of the adult 
population are chronically infected [1]. The evaluation 
of liver fibrosis is crucial for the management of chronic 
hepatitis B infection. Although liver biopsy is the gold 
standard and the most specific test for assessing the 
nature and severity of liver fibrosis, but it is invasive, 
requires considerable experiences, and has associated 
clinical complications [2]. The noninvasive assessment of 
liver fibrosis is an important issue in chronic HBV infec-
tion, and many noninvasive methods to diagnose various 
liver diseases have been introduced, such as transient 
elastography (TE, Fibroscan) and blood biomarkers [3,4].

Several studies have examined the role of routine 
blood markers in liver disease. Wai et al. [5] reported the 
value of the aspartate aminotransferase (AST) to platelet 
ratio index (APRI) in chronic hepatitis C infection (HCV), 
damage being defined by liver biopsy. Sterling et al. [6] 

reported the development of the FIB-4 score (age [yr] x 
AST [U/L] / (platelet count [109/L] x alanine aminotrans-
ferase (ALT) [U/L]1/2)) in HCV/HIV infection, wherein liver 
damage was assessed by the Ishak score. Shah et al. [7] 
confirmed the value of FIB-4 in biopsy-defined non-alco-
holic fatty liver disease, and Lemoine et al. [8] reported 
a comparison of the gamma-glutamyl transferase (GGT) 
to platelet count ratio and FIB-4 in chronic HBV infection 
in West Africa: liver damage was defined by biopsy. Zhao 
et al. [9] reported that the platelet to lymphocyte ratio 
(PLR) and neutrophil to lymphocyte ratio (NLR) are asso-
ciated with chronic HBV infection in China, and Giannini 
et al. reported the value of the AST/ALT ratio and plate-
let count in HCV related chronic liver disease as defined 
by monoethyl glycinexylidide testing [10]. Chronic HBV 
infection is a major public health issue in China [1,11].

Accordingly, we hypothesised that certain routine 
blood markers, alone and in combination, would be 
linked to the degree of liver damage as defined by fibro-
scan elastography. We tested our hypothesis in a modest 
cohort of patients with chronic HBV infection.
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groups, we performed a multivariate logistic regression 
analysis with those indices significant in univariate analy-
sis. Receiver operating characteristic curve (ROC) analysis 
was performed to compare the abilities of variables to 
differentiate between liver fibrosis and non-liver fibrosis.

Results

Table 1 shows laboratory and LSM data of the 278 
patients (median [interquartile range] 47 [40–54] years, 
176 men) of whom 116 (41.7%) were positive for HBeAg. 
The strongest correlations (r > ± 0.4) between LSM and 
directly measured indices were with GGT, AST, ALT, the 
platelet count and the INR. Of the derived indices, there 
were significant correlations (r > 0.67) between LSM and 
APRI, GPR and FIB-4.

Table 2 shows data sorted by category of increased 
liver stiffness. Platelet count decreased as LSM increased, 

Material and methods

We recruited 278 patients who had transient elastog-
raphy (TE) using a Fibroscan device (FS502, Echosens, 
France), providing a liver stiffness measurement (LSM), 
and a quantified HBV DNA test from April 2009 to June 
2017. TE was considered a valid test when the following 
three conditions were satisfied; Firstly, valid TE measure-
ments count, secondly, a ratio of interquartile range to 
median LSM <0.3, and finally, a TE success rate >60%. 
The TE cut-off value was defined by the studies of Li et 
al. and of Kim et al. [12,13]. TE cut-off value for a diag-
nosis of severe liver fibrosis in chronic HBV patients was 
7.2 kPa. TE values were interpreted to present following 
liver fibrosis status; normal < 5.3 kPa; mild fibrosis 5.3–
<7.2 kPa; significant fibrosis; 7.2–<9.4 kPa; severe fibrosis; 
9.4–<12.2 kPa; liver cirrhosis ≥ 12.2 kPa.

Venous blood was obtained for routine markers by 
standard pathology techniques. In the haematology 
laboratory, these were platelet count (local reference 
range 165–360 × 109/L), mean platelet volume (6.4–9.7 
fL) and INR (0.92–1.13). In the biochemistry laboratory, 
these were GGT (male, <60; female, <40 U/L), total cho-
lesterol (<5.2  mmol/L), triglycerides (<2.26  mmol/L), 
AST (<40 U/L), ALT (<40 U/L) and bilirubin (<22 μmol/L). 
From these, secondary indices were calculated: AST/ALT 
ratio, AST to platelet ratio index (APRI) [100 × AST (U/L) 
/ upper limit of normal for that laboratory (40 (U/L) if 
male, 35 (U/L) if female) / platelet count (109/L)], GGT 
to platelet ratio (GPR) [100 × GGT (U/L) / upper limit of 
normal for that laboratory (60 (U/L) if male, 40 (U/L) if 
female) / platelet count (109/L)], neutrophil to lympho-
cyte ratio (NLR), NLR to platelet ratio and the FIB-4 score 
[5–10]. The latter was calculated as age x AST/platelet 
count x ALT½ [6]. Chronic HBV patients were tested for 
the presence of HBeAg. The study protocol conformed 
with the ethical guidelines of the 1975 Declaration of 
Helsinki and was approved by the institutional review 
board of our institute.

Analysis was performed using SPSS version 24.0 
(SPSS Inc., Chicago, IL). Distribution was verified by the 
Kolmogorov–Smirnov test. Statistical significance was 
accepted for p < 0.05. To determine the significant indi-
ces discriminating liver fibrosis and non-liver fibrosis 

Table 1. Baseline characteristics of the 278 hepatitis B virus 
patients.

notes: data median (inter-quartile range). lsm, liver stiffness measure-
ment. GGt, gamma-glutamyl transferase; ast, aspartate aminotrans-
ferase; alt, alanine aminotransferase; inr, international normalised ratio 
of prothrombin time; mPV, mean platelet volume; aPri, ast to platelet 
ratio index; fiB-4, fibrosis index based on four factors; GPr, GGt to platelet 
ratio; nlr, neutrophil to lymphocyte ratio.

aspearman rho and p value.

Parameters Data
Correlation with 

LSMa 

Direct indices

lsm (kPa) 8.5 (5.4−15.7) na
Platelet count (×109/l) 177 (130−223) −0.62, p < 0.001
GGt (u/l) 43 (22−83) 0.59, p < 0.001
cholesterol (mmol/l) 4.5 (3.8−5.1) −0.25, p < 0.001
ast (u/l) 37 (26−60) 0.61, p < 0.001
alt (u/l) 40 (24−70) 0.44, p < 0.001
inr (sec) 1.04 (1.01−1.11) 0.52, p < 0.001
Bilirubin (μmol/l) 14 (9–19) 0.28, p < 0.001
hBV dna (iu/ml) 1.9 × 104 (800–

1.3 × 106)
0.35, p < 0.001

triglyceride (mmol/l) 0.97 (0.71−1.27) −0.04, p = 0.517
mPV (fl) 8.2 (7.7−8.8) 0.38, p < 0.001

Derived indices

ast/alt 0.94 (0.72−1.18) −0.11, p = 0.078
aPri 0.55 (0.35−1.19) 0.74, p < 0.001
GPr 0.48 (0.21−1.21) 0.72, p < 0.001
nlr 1.52 (1.12−2.04) −0.05, p = 0.384
nlr/platelet count 0.009 (0.006−0.014) 0.37, p < 0.001
fiB-4 1.67 (1.02−3.0) 0.68, p < 0.001

Table 2. Values of study variables at different liver stiffness measurement levels.

notes: data mean with standard deviation or absolute numbers with percentage. see table 1 for abbreviations.
ap < 0.001 between lsm <5.3 and 5.3–<7.2 kPa; bp = 0.002 between lsm <5.3 and 5.3–<7.2 kPa; cp = 0.003 between lsm < 5.3 and 5.3–<7.2 kPa; dp < 0.001 

between lsm 5.3–<7.2 and ≥7.2 kPa.

Scale of liver stiffness measurement (kPa) <5.3 kPa 5.3–<7.2 kPa 7.2–<9.4 kPa 9.4–<12.2 kPa ≥12.2 kPa
number 60 54 38 34 92
age [year] 44 ± 13 47 ± 11 47 ± 12 47 ± 10 49.5 ± 10
male (n, %) 34, 56.7 34, 63.0 20, 52.6 19, 55.9 69, 75.0
liver stiffness measurement (kPa) 4.0 ± 0.7 6.0 ± 0.5a 8.1 ± 0.7d 10.7 ± 0.9 24.9 ± 12.8
Platelet count (×109/l) 231 ± 51 198 ± 59b 194 ± 82d 189 ± 63 129 ± 55
ast (u/l) 30 ± 33 34  ± 19 58 ± 50d 57 ± 41 147 ± 284 
alt (u/l) 40 ± 93 41 ± 37 81 ± 96d 69 ± 72 198  ± 474
fiB-4 1.06 ± 0.57 1.54 ± 1.02c 2.02 ± 1.81d 2.02 ± 1.13 4.66 ± 3.96 
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whereas AST, ALT and FIB-4 were generally increased 
with LSM. FIB-4 and GPR (0.25  ±  0.27 v 0.43  ±  0.48, 
p  =  0.018) were higher in the mild liver fibrosis 
group than in the non-liver fibrosis group, whereas 
platelet count was lower in mild liver fibrosis group 
than in non-liver fibrosis group. In comparing mild 
liver disease (LSM 5.3–<7.2  kPa) with severe dis-
ease (LSM  ≥  7.2  kPa), there were increases in GGT 
(0.43  ±  0.48 v 1.38  ±  1.83 U/L), AST (34  ±  19.0 v 
108  ±  219 U/L), ALT (41  ±  37 v 144  ±  363 U/L), INR 
(1.02 ± 0.06 v 1.12 ± 0.16), MPV (8.0 ± 0.7 v 8.5 ± 0.9 
fL), APRI (0.50  ±  0.39 v 2.27  ±  5.47), FIB-4 (1.6  ±  1.0 
v 3.5  ±  3.4), GPR (0.43  ±  0.48 v 1.38  ±  1.8) and NLR 
to platelet count (0.009 ± 0006 v 0.013 ± 0.01) were 
higher (all p < 0.001), whereas platelet count (198 ± 59 
v 156 ± 71 x 109/L, p < 0.001) and cholesterol (177 ± 35 
v 166 ± 33, p = 0.033) were lower.

In multivariate logistic regression analysis, FIB-4 
(OR = 2.3, 95% CI: 1.2–4.2, p = 0.01) and GPR (OR = 9.1, 
95% CI: 1.7–50.0, p = 0.011) were significant independent 
predictors of liver fibrosis (TE, ≥5.3  kPa) and non-liver 
fibrosis (TE, <5.3 kPa). In ROC analysis, areas under the 
curve were 0.82 for FIB-4 and 0.84 for GPR (Figure 1). The 
cut-off values and diagnostic sensitivities and specifici-
ties, with positive and negative predictive value of the 
markers, alone and in combination, are shown in Table 
3. The combination of FIB-4 and GPR had the lowest 
sensitivity, but the highest specificity, and positive and 
negative predictive value.

Discussion

As chronic HBV infection inevitably leads to fibrosis and 
subsequent hepatic failure [1,11], we compared the 
several blood markers with the LSM index to determine 
which could have potential in noninvasively assessing 
the severity of liver fibrosis. The proportion of patients 
with clinically diagnosed liver cirrhosis and hepatocellu-
lar carcinoma development has been shown to be signif-
icantly greater among those with a higher LSM [14] and 
thus, these measurements may provide a useful means 
of noninvasively screening for liver fibrosis during regular 
health check-up. TE is widely used for this purpose and 
has been shown to be a powerful tool for determining 
the level of fibrosis in chronic liver diseases [15,16].

We focused on noninvasive blood markers likely to 
reflect liver fibrosis status in chronic HBV patients [5–10]. 
It is an important issue to determine TE cut-off level for 
assessing liver fibrosis severity in chronic liver disease 
patients. The TE cut-off range for the upper normal TE 
level has been established to be 7–8  kPa [17,18]. One 
meta-analysis reported a significant liver fibrosis (F2) at 
a TE level of >13 kPa [19] and in a study on the assess-
ment of liver fibrosis using LSM in chronic HBV patients 
a cut-off level of 7.2 kPa was reported [20]. In the present 
study, we used 7.2 kPa as a cut-off to determine the pres-
ence of severe liver fibrosis based on the previous study 
[20], a recent systematic meta-analysis [12] and a Korean 
study conducted in the general population [13]. Trend 
analysis showed that GGT, INR, MPV, APRI, FIB-4 and GPR 

Figure 1. receiver operating characteristic (roc) curve analysis of GPr and fiB-4 for the evaluation of liver fibrosis based on transient 
elastography (fibroscan) results. GPr, gamma-glutamyl transferase to platelet ratio; fiB-4, fibrosis index based on four factors.
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identifying severe fibrosis/cirrhosis. Therefore, we should 
consider that a combination diagnostic modality can 
increase diagnostic sensitivity for assessing liver fibrosis. 
For example, with the use of ELF and LSM algorithm, a 
significant proportion of patients can avoid liver biopsy 
[28]. These extended noninvasive liver fibrosis markers 
can easily be monitored and used to be helpful for med-
ical practitioners.

More prospective and large-scale studies need to be 
conducted to validate the diagnostic values of these 
noninvasive blood markers in clinical practice. This work 
represents an advance in biomedical science because it 
shows that GPR and FIB-4 can significantly screen liver 
fibrosis statuses in chronic HBV patients, and that GPR 
showed best diagnostic performance.

Summary table

What is known about this subject?
•  development of noninvasive liver fibrosis assessment markers is an 

important issue in chronic hepatitis B and c virus infections
•  Blood markers such as liver enzymes and certain blood cell counts, and 

the fibroscan, have been assessed in screening for liver fibrosis
•  the fiB-4 score has been assessed in dual hepatitis c/hiV infections, 

the gamma-glutamyl transpeptidase to platelet ratio (GPr) in chronic 
hepatitis B virus infection

What this paper adds:
•  GPr and fiB-4 elevations are superior to ast, alt, the ast/alt ratio and 

the nlr in assessing hBV induced liver fibrosis
•  roc areas under the curve for GPr was 0.84, and for fiB-4 was 0.82 for 

detecting liver fibrosis related with hepatitis B virus infection
•  GPr is a promising marker of liver fibrosis, and that it provides a poten-

tial means of screening for mild liver fibrosis

Disclosure statement

No potential conflict of interest was reported by the 
authors.
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