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Abstract
Objectives: The aim of this study was to compare the correlation of gamma-glutamyl 
transpeptidase-to-platelet ratio (GPR), aspartate aminotransferase-to-platelet ratio 
index (APRI), fibrosis index-4 (FIB-4), and liver stiffness measurement (LSM) in the di-
agnosis of liver fibrosis, and perform a diagnostic value of GPR for predicting fibrosis 
in CHB patients with NAFLD.
Methods: A retrospective study was conducted on CHB patients concurrent with 
NAFLD between September 2019 and December 2020. They were divided into con-
trol group (LSM ≤ 9.7 kpa) and fibrosis group (LSM ≥ 9.8 kpa). Demographic data were 
collected; ALT, AST, and PLT were also detected. LSM was measured by transient elas-
tography (TE). The GPR, APRI, and FIB-4 were calculated. The correlation between 
GPR, APRI, FIB-4, and LSM was compared. The accuracy of predicting liver fibrosis 
using GPR, APRI, and FIB-4 was assessed.
Results: Eighty-five CHB patients with NAFLD were enrolled. Multivariate analysis 
showed that age (p = 0.005), GGT (p = 0.001), and PLT (p = 0.013) were the independ-
ent risk factors for LSM. The GPR (p = 0.008), APRI (p = 0.001), and FIB-4 (p = 0.001) 
values in fibrosis group were higher than control group. Pearson linear correlation was 
used to analyze the correlations between LSM and GPR, APRI, and FIB-4. LSM was 
correlated with GPR, APRI, and FIB-4. The AUCs of GPR, APRI, and FIB4 were 0.805, 
0.766, and 0.826 in assessing liver fibrosis, respectively. No significant differences in 
the areas of GPR were comparable to that of APRI and FIB-4.
Conclusion: GPR has a good correlation with LSM in assessing liver fibrosis and can 
be used as a noninvasive index for the assessment of liver fibrosis in patients with 
concomitant CHB and NAFLD.
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1  |  INTRODUC TION

Chronic hepatitis B (CHB) is a common chronic liver disease, which 
have a high risk of progression to cirrhosis and even liver cancer.1 
With the improvement of living conditions and lifestyle changes, the 
incidence rate of nonalcoholic fatty liver disease (NAFLD) is increas-
ing. Coexistence of NAFLD and CHB is commonly observed in high 
HBV-endemic regions.2 A meta-analysis reported that the prevalence 
of hepatic steatosis was about 25%–30% among patients with CHB.3 
Previous studies reported that concomitant presence of HBV and 
hepatic steatosis is associated with increased risk of disease progres-
sion to cirrhosis and hepatic and extrahepatic malignancies,4,5 as Choi 
et al.6 reported that patients with CHB and nonalcoholic steatohepa-
titis (NASH) had higher liver-related outcomes and overall mortality 
than those with CHB alone. Therefore, it is desirable to have biomark-
ers that can identify the degree of liver fibrosis in patients concom-
itant CHB and NAFLD for timely prevention disease progression.5,7 
Liver biopsy is the gold standard to diagnose fibrosis; however, it is 
difficult to be accepted by patients due to the factors of invasive, high 
cost, complications, and so on. As an important measure of noninva-
sive diagnosis of liver fibrosis, transient elastography (TE) is widely 
used in clinical practice.8 Previous studies have already demonstrated 
the diagnostic value of serum markers for the degree of liver fibrosis. 
For example, the aspartate aminotransferase- (AST-) to-platelet ratio 
index (APRI) and fibrosis-4 (FIB-4) are scores showing satisfactory per-
formance to exclude liver cirrhosis.9–11 Recently, the gamma-glutamyl 
transpeptidase- (GGT-) to-platelet ratio (GPR) has been shown to have 
the same diagnostic value as APRI and FIB-4 in assessment of liver 
fibrosis with CHB, and even it is considered that GPR is more accu-
rate than APRI and FIB-4 in evaluating liver fibrosis in patients with 
CHB.12,13 However, there are few data to explore the diagnostic value 
of GPR for liver fibrosis in patients with concomitant CHB and NAFLD. 
Therefore, the aims of this retrospective study were to (a) compare the 
correlation of GPR and liver stiffness measurement (LSM) detected by 
TE in diagnosis of hepatic fibrosis (b) explore the diagnostic value of 
GPR for liver fibrosis in patients with concomitant CHB and NAFLD.

2  |  PATIENTS AND METHODS

2.1  |  Study population

This retrospective study collected consecutive patients from the 
Department of Hepatology, the Third Affiliated Hospital of Shenzhen 
University between September 1, 2019, and December 31, 2020. All 
patients were enrolled with CHB and NAFLD. CHB patients were di-
agnosed with the Guideline of Prevention and Treatment for Chronic 
Hepatitis B (2019 Version).14 NAFLD was diagnosed with TE and 
Doppler ultrasound. The controlled attenuation parameter (CAP) value 
of TE was used to determine the degree of fatty liver. Further eligi-
bility criteria were as follows: age 18–75 and have detectable HBsAg 
for 6 months. The exclusion criteria included the following: significant 
alcohol consumption (alcohol consumption is defined as alcohol intake 

>30 g/day for men and intake >20 g/day for women), coinfection with 
other hepatitis virus or HIV, autoimmune hepatitis, and drug-induced 
liver disease, concurrent tumors, pregnant, and nursing women. The 
study protocol conformed to the ethical guidelines of the Declaration 
of Helsinki and was approved by Luohu hospital's Ethical Committee. 
Informed consent was obtained from each patient enrolled in the study.

2.2  |  LSM and CAP detected by TE

TE was detected with a Fibrotouch system (HepTest) using the M probe. 
All LSM and CAP were detected under fasting conditions by experi-
enced operators according to the manufacturer's protocol. According 
to well-established methods,15 operators were blinded to the clinical 
data. The value expressed in kilopascal (kPa) was recorded as a repre-
sentation of the LSM. The value expressed in db/m was recorded as 
a representation of the CAP. Up to 10 valid measurements were per-
formed on each patient. A success rate above 70% and an interquartile 
range/median ratio of less than 30% were considered reliable.15

The fatty liver degree is diagnosed by CAP value. normal: CAP ≤ 
239 db/m, mild fatty liver: 240-264 db/m, moderate fatty liver: 265-
294 db/m, severe fatty liver: CAP ≥ 295 db/m. The fibrosis degree is 
determined according to the LSM value. Significant fibrosis assess-
ment uses LSM (F3 ≥ 9.8 kpa) as a reference standard.

2.3  |  Assay methods

All laboratory parameters were detected by standard automated lab-
oratory methods and using commercially available kits according to 
the manufacturer's protocols. Serum HBV DNA levels were detected 
using a quantitative real-time PCR assay (DAAN Gene Co., Ltd.), with 
a lower limit of detection of 100 IU/ml. HBV serum markers were de-
termined using an commercially available chemiluminescence assay 
kits (Abbott Diagnostic Systems). Liver function, other biochemical 
indexes assays, and blood cell counts were measured using auto-
mated techniques. On the basis of these biological parameters, the 
following noninvasive fibrosis scores were calculated as follows:

GPR =  [(GGT/upper limit of normal GGT) × 100]/platelet count 
(109/L)13;
APRI =  [(AST/upper limit of normal AST) × 100]/platelet count 
(109/L)15;
FIB-4  =  [age (years)] × [AST (U/L)]/[platelet count 
(109/L)] × [ALT(U/L)]1/2.16

2.4  |  Statistical analysis

Data were analyzed using the SPSS software version 20.0 (SPSS Inc.) 
and MedCalc version 15.2.2 (MedCalc Software). Quantitative data 
were presented as the mean ± standard deviation (SD). Categorical 
data were presented as counts and percentages. HBV DNA levels 



    |  3 of 7LUO et al.

were presented as log transformation. ANOVA and Student's t test 
were used for quantitative data. Pearson chi-square and Fisher exact 
tests were used for categorical variables. Logistic regression analy-
sis was used to investigate the factors were associated with LSM to 
clinical parameters. Pearson's correlation was used to analyze the 
correlations of LSM and noninvasive hepatic fibrosis indexes. The 
diagnostic performance was estimated by using receiver operating 
characteristic (ROC) curves. Differences between the areas under 
the ROC curves (AUCs) were compared using DeLong's test. A two-
tailed p-value <0.05 was considered statistically significant.

3  |  RESULTS

3.1  |  Subject disposition

A total of 85 chronic hepatitis B patients concurrent with non-alcohol 
fatty liver disease were eligible for this analysis. Characteristics of 
the participants are shown in Table 1. According to the LSM value 
detected by TE, they were divided into control group (LSM ≤ F2) and 
fibrosis group (LSM ≥ F3). In fibrosis group, 87.5% (n = 16) were male, 
mean age was 48 years, and mean HBV DNA was 3.85 log10IU/ml. 
AST and GGT were higher in fibrosis group than control group. PLT 
was lower in fibrosis group than control group. Statistical differ-
ences were observed between the two groups.

3.2  |  Influence factors associated with LSM

The univariate and multivariate Logistic regression model were 
used to analyze risk factors analysis for LSM. The univariate regres-
sion analysis showed that age, AST, GGT, and PLT were the influ-
encing factors of LSM. Multivariate analysis showed that age (OR, 
1.062; 95% CI, 1.000–1.128; p  =  0.05), GGT (OR, 1.046; 95% CI, 
1.018–1.075; p = 0.001), and PLT (OR, 1.98; 95% CI, 1.964–1.996; 
p = 0.013) were the independent risk factors for LSM (Table 2).

3.3  |  Comparison of GPR, APRI, and FIB-4 at 
different fibrosis stages

The value of GPR and FIB-4 at different levels was compared by 
independent-sample t test. It was concluded that the value of GPR 
(p = 0.008), APRI (p = 0.001), and FIB-4 (p = 0.001) at fibrosis group 
was higher than at control group, respectively. The difference was 
statistically significant (all p < 0.01, Table 3).

3.4  |  Correlations between LSM and GPR, 
APRI, and FIB-4

Pearson linear correlation was used to analyze the correlations be-
tween LSM and GPR, APRI, and FIB-4. LSM was positively correlated 

with GPR (r = 0.244, p = 0.024), APRI (r = 0.344, p = 0.001), and 
FIB-4 (r = 0.306, p = 0.004), respectively (Figure 1).

3.5  |  Diagnostic value for significant fibrosis

ROC curve was used to evaluate the diagnostic value of GPR in 
liver fibrosis patients concurrent with HBV and NAFLD. Significant 
fibrosis assessment uses LSM (F ≥ 9.8 kpa) as a reference standard. 
The diagnostic value of GPR, APRI, and FIB-4 for significant fibro-
sis assessment is showed in Figure 2. The AUCs of GPR, APRI, and 
FIB-4 were 0.806, 0.766, and 0.826，respectively. No significant 
differences in the areas of GPR were comparable to that of APRI 
(p = 0.7921) and FIB-4 (p = 0.5453). The desired sensitivity level of 
75% was respectively achieved at cutoff values of 0.31, 0.29, and 
1.07 for GPR, APRI, and FIB-4. Correspondingly, the specificity was 
79.7%, 66.7%, and 79.7%, respectively. The Youden index of GPR, 
APRI, and Fib-4 was 0.547, 0.417, and 0.547 (Table 4).

4  |  DISCUSSION

Noninvasive assessment of liver fibrosis is urgently essential. 
Transient elastography(TE), which is widely used, can accurately 
evaluate the inflammation and fibrosis of liver tissue.8,10 Relevant 
research results suggest that Fibroscan may improve the sensitiv-
ity of the diagnosis of liver fibrosis in patients with CHB and ALT 
levels <2 times the upper normal limit, and that this sensitivity may 
increase with the progression of liver fibrosis.17 However, the LSM is 
affected by inflammation, congestion, cholestasis, different probes, 
and other factors.18 Liver inflammation can increase the value of 
liver stiffness detected by TE.19 During the acute flare of chronic 
hepatitis, the value of LSM will increase when ALT reflecting inflam-
mation of the liver elevated. Inflammation has a significant influ-
ence on LSM values in patients with chronic hepatitis B with mild 
fibrosis, but not in those with significant fibrosis.20,21 In this study, 
multivariate logistic regression analysis showed that age, GGT, and 
ALP were independent influencing factors of LSM. It is suggested 
that biochemical indexes should be taken into consideration when 
interpreting LSM report.

Several serum biochemical markers (such as FIB-4 and APRI) 
have also been used to evaluate the degree of liver fibrosis in chronic 
liver disease.11,22 Recently, a new biochemical marker GPR has been 
recommended for patients with chronic liver disease. GPR has been 
shown to be equivalent or superior to APRI and FIB-4 in CHB pa-
tients in several studies.23,24 Khare et al. reported that noninvasive 
blood parameters (APRI, FIB-4, and GPR) with negative predictive 
values above 93% are excellent parameters for ruling-out signifi-
cant fibrosis in patients with chronic hepatitis B.25 However, less is 
known about the diagnostic value in hepatic fibrosis of GPR in CHB 
patients with NAFLD. This study analyzed the correlation between 
GPR, APRI, FIB-4, and LSM in CHB patients with NAFLD. The results 
showed that GPR, APRI, and FIB-4 were highly correlated with LSM. 
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Characteristic Control group (n = 69) Fibrosis group (n = 16) p-Value

Male gender (n, %) 54 (78.3%) 14 (87.5%) 0.509

Age (years) 39.16 ± 11.59 47.68 ± 10.70 0.009

BMI (kg/m2) 24.26 ± 3.25 25.28 ± 3.73 0.274

ALT (U/L) 33.74 ± 22.15 47.75 ± 42.15 0.064

AST (U/L) 24.72 ± 8.86 42.24 ± 35.51 0.000

TBIL (μmol/L) 11.92 ± 6.22 12.26 ± 5.10 0.840

GGT (U/L) 31.29 ± 19.91 103.38 ± 186.25 0.002

ALP (U/L) 75.58 ± 33.67 83.31 ± 27.97 0.339

BUN (mmol/L) 4.81 ± 1.10 4.91 ± 0.79 0.723

CR (μmol/L) 78.13 ± 13.94 75.81 ± 14.74 0.555

UA (μmol/L) 365.03 ± 97.66 355.94 ± 104.76 0.741

WBC (×109/L) 6.09 ± 1.43 6.22 ± 1.22 0.728

RBC (×109/L) 5.04 ± 0.73 4.77 ± 0.78 0.187

HGB (g/L) 146.35 ± 16.50 143.38 ± 17.02 0.520

PLT (×109/L) 232.04 ± 50.36 197.00 ± 54.95 0.016

HBeAg positive (n, %) 25 (36.2%) 6 (37.5%) 0.924

HBVDNA (log10 IU/ml) 3.18 ± 1.74 3.85 ± 2.03 0.178

CAP (db/m)

Mild fatty liver 49 (71%) 10 (62.5%)

Moderate fatty liver 16 (27.2%) 6 (37.5%)

Sever fatty liver 4 (5.8%) 0 (0%)

Note: Data were expressed as means and standard deviations or percentages.
Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate 
aminotransferase; BMI, body mass index; BUN, blood urea nitrogen; CR, serum creatinine; GGT, 
Gamma-glutamyl transpeptidase; HGB, hemoglobin; PLT, platelets count; RBC, red blood cell; TBIL, 
total bilirubin; UA, uric acid; WBC, white blood cell.

TA B L E  1 Concomitant with HBV and 
NAFLD Patients characteristics

Parameter

Univariate analysis Multivariate analysis

OR 95% CI p OR 95% CI p

Age 1.060 1.012–1.111 0.014 1.062 1.000–1.128 0.05

Gender 1.944 0.397–0.952 0.412

BMI 1.098 0.929–1.297 0.273

ALT 1.016 0.998–1.034 0.089

AST 1.055 1.011–1.101 0.015

TBIL 1.009 0.923–1.103 0.838

GGT 1.037 1.013–1.061 0.002 1.046 1.018–1.075 0.001

ALP 1.007 0.992–1.021 0.358

UA 0.999 0.993–1.005 0.738

WBC 1.073 0.725–1.589 0.725

PLT 1.985 1.972–1.998 0.022 1.98 1.964–1.996 0.013

AFP 1.190 0.952–1.486 0.126

HBeAg (+) 1.056 0.343–3.252 0.924

HBVDNA 1.211 0.914–1.604 0.182

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate 
aminotransferase; BMI, body mass index; BUN, blood urea nitrogen; CR, serum creatinine; GGT, 
Gamma-glutamyl transpeptidase; HGB, hemoglobin; PLT, platelets count; RBC, red blood cell; TBIL, 
total bilirubin; UA, uric acid; WBC, white blood cell.

TA B L E  2 Univariate and multivariate 
analyses of influence factors associated 
with LSM

http://m.shortof.com/suolueci/bun-blood-urea-nitrogen
http://shortof.com/suolueci/hgb-hemoglobin
http://m.shortof.com/suolueci/bun-blood-urea-nitrogen
http://shortof.com/suolueci/hgb-hemoglobin
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It is suggested that serological markers could better evaluate liver 
fibrosis.

ROC curve was used to appraise the diagnostic value of GPR 
in hepatic fibrosis patients concurrent with HBV and NAFLD. GPR, 
APRI, and FIB-4 have better diagnostic value in the evaluation of 
liver fibrosis in CHB patients with NAFLD. The AUCs of GPR, APRI, 
and FIB-4 were 0.805，0.766，and 0.826，respectively. The AUC 
area of GPR and FIB-4 seems to be higher than that of APRI, but 

the difference is not statistically significant, and the AUC area of 
GPR was similar to that of APRI (p = 0.7921) and FIB-4 (p = 0.5453). 
This result is consistent with previous study on the value of non-
invasive markers in the evaluation of liver fibrosis in patients with 
chronic hepatitis B and nonalcoholic fatty liver disease.12 Similarly, 
in another study, GPR was used to compare with APRI and FIB-4 in 
the diagnosis of liver fibrosis in patients with chronic hepatitis B. 
The results showed that the diagnostic value of GPR did not show 
a greater advantage compared with APRI and FIB-4.26,27 However, 
Lemoine suggested that GPR may be better than APRI in predict-
ing significant hepatic fibrosis and cirrhosis in CHB patients.13 This 
result is inconsistent with the above studies. The reason may be re-
lated to whether fatty liver aggravates the inflammation of the liver 
and also be different from the normal range of biochemical tests in 
different hospitals.

However, in different diseases states, the diagnostic value of the 
corresponding noninvasive indicators in evaluating fibrosis is differ-
ent. GPR and APRI were reported to be more effective than FIB-4 
and red cell distribution width-platelet ratio (RPR) at diagnosing liver 

TA B L E  3 Comparison of GPR, APRI, and FIB-4 at different 
groups

Control group Fibrosis groups p-Value

GRP 0.233 ± 0.151 1.266 ± 0.178 0.008

APRI 0.285 ± 0.145 0.647 ± 0.370 0.001

FIB-4 0.807 ± 0.379 1.919 ± 0.684 0.001

Abbreviations: APRI, aspartate aminotransferase-to-platelet ration 
index; FIB-4, fibrosis-4; GPR: gamma-glutamyl transpeptidase -to-
platelet ration; LSM, liver stiffness measurement.

F I G U R E  1 Correlations between LSM and GPR, APRI, and FIB-4. (A) between LSM and GPR (r = 0.244, p = 0.024), (B) between LSM and 
APRI (r = 0.344, p = 0.001), (C) between LSM and FIB-4 (r = 0.306, p = 0.004). Abbreviations: APRI, aspartate aminotransferase-to-platelet 
ration index; FIB-4, fibrosis-4; GPR, gamma-glutamyl transpeptidase -to-platelet ration; LSM, liver stiffness measurement

F I G U R E  2 ROC curves of GPR, APRI, and FIB-4 for significant fibrosis assessment in CHB patients with NAFLD. (A) GPR (AUC = 0.806), 
(B) APRI (AUC = 0.767), (C) FIB-4 (AUC = 0.826). Abbreviations: APRI, aspartate aminotransferase-to-platelet ration index; AUC, area under 
the ROC curve; FIB-4, fibrosis-4; GPR, gamma-glutamyl transpeptidase -to-platelet ration
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inflammation and fibrosis in treatment-naive CHB patients.28 Dong 
et al. suggested that HBeAg status should be taken into account 
when GPR was used to diagnose liver fibrosis and cirrhosis.24 FIB-4 
seems to be more useful than GPR and APRI in predicting the risk 
assessment of CHB-induced HCC development.29

Other new indicators or combined detection indicators are 
used to predict liver fibrosis. INR-to-platelet ratio (INPR) is re-
garded as a new marker to predict fibrosis in patients with CHB. 
The AUCs of INPR for predicting significant fibrosis, advanced 
fibrosis, and cirrhosis were 0.74, 0.76, and 0.86, respectively.30 
The FibroScan-AST (FAST) score also provides an efficient way 
to noninvasively identify patients at risk of activity and fibrosis 
for NASH and could reduce unnecessary liver biopsy.31 GPR com-
bined with fibrinogen could be used as a prognostic indicator of 
HBV-related hepatocellular carcinoma.32 A sequential combina-
tions of FIB4-FM (VCTE) provide an excellent diagnostic accuracy 
of 90% of advanced fibrosis in NAFLD.33 The above studies sug-
gest that different noninvasive markers have different values in 
predicting liver fibrosis.

Unfortunately, there are some defects in this study. Liver biopsy 
is recognized as the gold standard for the diagnosis of liver fibrosis. 
However, it is unwilling to perform liver biopsy for many patients 
considering its invasiveness, high cost, discomfort, and other risks. 
Due to the limitation of conditions, the LSM value detected by TE 
was used as the diagnostic reference of liver fibrosis, rather than 
liver biopsy. In addition, It cannot reflect the whole process of the 
development of liver disease in this cross-sectional study. Therefore, 
a multi-center, large sample randomized controlled clinical study is 
needed to further explore the diagnostic value of GPR in predicting 
liver fibrosis in HBV patients concomitant with NAFLD.

In conclusion, GPR has a good correlation with LSM in assessing 
liver fibrosis in CHB patients with NAFLD and can be used as a non-
invasive measure to predict hepatic fibrosis in patients concomitant 
with CHB and NAFLD, which is simple, convenient, and effective.
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the ROC curve; FIB-4, fifibrosis-4; GPR, gamma-glutamyl transpeptidase-to-platelet ratio; NLR, 
negative likelihood ratio; NPV, negative predictive value; PLR, positive likelihood ratio； PPV, 
positive predictive value.

TA B L E  4 Diagnostic value of GPR, 
APRI, and FIB-4 in CHB patients with 
NAFLD for significant fibrosis
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