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Background and Aim: Early diagnosis and treatment of chronic hepatitis B 
(CHB) disease are important for the prevention of complications such as cirrhosis 
and hepatocellular cancer. Liver biopsy is an invasive, complicated, and expensive 
diagnostic method, which is the gold standard for detecting fibrosis. The aim of 
this study was to investigate the role of these tests in predicting liver fibrosis and 
treatment decision.
Materials and Methods: A total of 1051 patients diagnosed with CHB between 
2010 and 2020 in the Gaziantep University Gastroenterology Department were ret-
rospectively evaluated. AAR, API, APRI, FIB-4, KING score, and FIBROQ score 
were calculated at the time of onset diagnosis. In addition, the Zeugma score, a new 
formula that is thought to be more sensitive and specific, was determined. Nonin-
vasive fibrosis scores were compared according to the biopsy results of the patients
Results: In this study, the area values under the curve were 0.648 for the API score, 
0.711 for the APRI score, 0.716 for the FIB-4 score, 0.723 for the KING score, 
0.595 for the FIBROQ score, and 0.701 for the Zeugma score (p<0.05). No statis-
tically significant difference was obtained for the AAR score. The KING, FIB-4, 
APRI, and Zeugma scores were the best indicators for detecting advanced fibrosis. 
For KING, FIB-4, APRI, and Zeugma scores, the cutoff value for the prediction 
of advanced fibrosis were ≥8.67, ≥0.94, ≥16.24, and ≥9.63 with a sensitivity of 
50.52%, 56.77%, 59.64%, and 52.34%, specificity of 87.26%, 74.96%, 73.61%, 
and 78.11%, respectively (p<0.05). In our study, we compared the globulin and 
GGT parameters with fibrosis, which we used in the Zeugma score formula. Glob-
ulin and GGT mean values were significantly higher in the fibrosis group (p<0.05). 
There was a statistically significant correlation between fibrosis and globulin and 
GGT values (p<0.05, r=0.230 and p<0.05, r=0.305, respectively).
Conclusion: The KING score was found to be the most reliable method for the 
noninvasive detection of hepatic fibrosis in patients with chronic HBV. The FIB-4, 
APRI, and Zeugma scores were also shown to be effective in determining liver 
fibrosis. It was shown that the AAR score was not sufficient for detecting hepatic 
fibrosis. The Zeugma score, a novel noninvasive test, is a useful and easy tool to 
evaluate liver fibrosis in patients with chronic HBV and has better accuracy than 
AAR, API, and FIBROQ.
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Introduction
Despite significant advances in primary prevention, diagnosis, and 
treatment, hepatitis B virus (HBV) infections continue to be a serious 
public health problem. Chronic HBV infection is a slow and insidious 
disease that can progress to cirrhosis and hepatocellular cancer over 
the years.[1] Early and effective antiviral treatment is one of the most 
important factors in preventing these complications. Therefore, early 
detection of fibrosis and effective antiviral treatment should be given to 
prevent the progression and complications of the disease.[2]

The degree of fibrosis in the liver is very important for the prognosis and 
treatment management of chronic HBV patients. The gold standard for de-
tecting and grading liver fibrosis is liver biopsy. However, it should be kept 
in mind that complications such as pain, bleeding, infection, perforation, 
and, albeit rare, death may occur.[3] There are many scoring systems used 
to evaluate chronic hepatitis and fibrosis. The most commonly used scoring 
systems are ISHAK and METAVIR scoring systems. These scoring sys-
tems are very helpful in determining prognosis and directing clinical treat-
ment. However, being an invasive method and possible complications are 
among the biggest limitations of the method. In addition, if fibrosis is not 
detected in the biopsies, it is necessary to perform a biopsy again in the fu-
ture in terms of treatment. For this purpose, various noninvasive assessment 
methods and scoring systems have been developed to predict fibrosis.[4,5]

There are two types of noninvasive methods in the evaluation of fibro-
sis. The first is the imaging method in which liver stiffness is evaluated. 
This includes transient elastography (FibroScan), magnetic resonance 
elastography, and acoustic radiation force impulse imaging. FibroScan 
is the most commonly used method among these. However, besides be-
ing an expensive and not easily accessible method, obesity, pregnancy, 
and cholestasis are the limitations of this method.[6–8] The second is the 
serological method in which various serum biomarkers and formulas 
obtained with biochemical parameters are used. The methods most 
commonly used are AAR (AST/ALT ratio), APRI (AST/platelet ratio 
index), FIB-4 score, FibroIndex, Hepascore, KING score, and FibroQ 
score. These methods are less expensive and easily applicable. Besides, 
there are also a few noninvasive markers and tests that need expensive 
instruments for measurement and are difficult to use in clinical prac-
tice, such as α2-macroglobulin, haptoglobin, and apolipoprotein A1.[9] 
Although the sensitivity and specificity of these tests vary considerably 
according to the cutoff values, an ideal noninvasive test to predict fi-
brosis has not been defined yet.[10,11] Considering all these limitations, 
the development of noninvasive and easily applicable practical tests 
showing liver fibrosis has gained importance in recent years.
It is known that globulin and GGT levels increase and albumin and 
thrombocyte levels decrease in chronic hepatitis and liver cirrhosis. 
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It is suggested that these parameters can be very useful in predicting 
fibrosis. In addition, many studies have shown that globulin and gam-
ma-glutamyl transferase (GGT) levels increase in chronic hepatitis and 
cirrhosis and may be associated with fibrosis.[9,12] This study aimed to 
compare liver biopsy, which is the gold standard for predicting liver 
fibrosis, and noninvasive tests. In addition, it was planned to investigate 
the effectiveness of a newly developed noninvasive serum model using 
albumin, platelet, globulin, and GGT.

Materials and Methods
In this study, 1600 patients, who applied to Gaziantep University 
Hospital Gastroenterology Department between 2010 and 2020 and 
were diagnosed with chronic hepatitis B (CHB) by serological and 
histopathological methods and underwent liver biopsy, were evaluat-
ed retrospectively.
The inclusion criteria were being older than 18 years of age, having 
CHB disease, and having a liver biopsy. The diagnosis of CHB was 
made according to the EASL and AASLD guidelines for HBsAg pos-
itive for more than 6 months. Patients with underlying diseases such 
as liver cirrhosis, cardiac diseases, renal diseases, diabetes mellitus, 
atherosclerotic disease, chronic infections, history of hypertension, 
patients with comorbidities that may cause chronic liver disease other 
than hepatitis B (HCV, HDV, HIV, NASH, Wilson’s disease, hemochro-
matosis, autoimmune hepatitis, alcoholic liver disease, metabolic liver 
diseases), malignancy, autoimmune disorders, rheumatic diseases, he-
matological diseases, and chronic obstructive lung diseases, as well as 
patients taking drugs such as aspirin, warfarin, heparin, antidiabetics, 
hyperlipidemics, and antihypertensives, were excluded from this study. 
However, patients with insufficient or missing laboratory parameter 
data for formulations of noninvasive fibrosis markers to be used in the 
study were not included. The study flow chart is given in Figure 1.
All complete blood count analysis was performed in the hematology 
laboratory with the Cell-Dyn 3700 SL analyzer (Abbott Diagnostics, 
Chicago, IL, USA) in our hospital. Serum levels of AST, ALT, total 
bilirubin, albumin, and other routine biochemical parameters were 
determined using automated techniques (Abbott Architect C16000 
and Abbott Diagnostics).
The histological evaluation of biopsy specimens was performed in 
the pathology department of our hospital according to ISHAK’s sev-
en-grade staging system. According to the liver biopsy results of the 
patients included in the study, those with an ISHAK fibrosis score of 
≥3 were considered to have significant fibrosis. The liver biopsy was 
performed on all our patients. The AAR, API, APRI, FIB-4, KING, Fi-
broQ, and our Zeugma scores were used in the noninvasive evaluation 
of hepatic fibrosis. Scoring formulas were arrived at as follows:

Noninvasive fibrosis degrees found by the laboratory data of the pa-
tients included in the study were analyzed using ROC analysis accord-
ing to the gold standard ISHAK scoring system. The areas under the 
curve were calculated for each noninvasive method in the patients in-
cluded in the study as a result of the ROC analysis (Fig. 2). The ethics 
committee approval was obtained for the study from Gaziantep Univer-
sity Clinical Research Ethics Committee with the decision numbered 
2020/26, and the study was carried out in accordance with the Declara-
tion of Helsinki Principles.

Statistical Analysis
Demographic data and biochemical parameters obtained from the 
study were given with descriptive statistics (minimum, maximum, 
mean, and median) in addition to frequency and percentage distribu-
tions. Student’s t-test was used to compare biochemical parameters 
(GGT and globulin) and variables of AAR, API, APRI, FIB 4, KING 
score, FibroQ, and Zeugma score according to fibrosis groups. The 
relationship between GGT and globulin variables and fibrosis val-
ues was determined with the help of Spearman’s correlation analy-
sis. In addition, the ROC analysis was used to determine the cutoff 
points of AAR, API, APRI, FIB-4, KING score, FibroQ, and Zeug-
ma variables. All analyses were performed using SPSS for windows 
version 22 and Medcalc. A value of p<0.05 was considered statisti-
cally significant.

Results
The mean age of the patients included in the study was 36±12.2 
years, and 59.9% (n=630) of the patients were males. No fibro-
sis was detected in 63.5% (n=667) of the patients, while 36.5% 
(n=384) had significant fibrosis. The distribution according to fi-
brosis scores was: 9.9% (n=104) of the patients were fibrosis 0, 
17.5% (n=184) fibrosis 1, 36.1% (n=379) fibrosis 2, 21.1% (n=222) 
fibrosis 3, 9.9% (104) fibrosis 4, 4.5% (n=47) fibrosis 5, and 1% 
(n=11) fibrosis 6. Laboratory characteristics of the patients were 

3003 chronic hepatitis 
patients were evaluated

275 patients with 
HBV-related cirrhosis

549 patients with 
insufficient or missing data

1128 patients were excluded from study;

•	 HCV, HDV, HIV, NASH, Wilson’s 
disease, Hemochromatosis, 
autoimmune hepatitis, alcoholic liver 
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•	 Malignancy, autoimmune disorders, 
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Figure 1. Flow chart of the study.
HCV: Hepatitis C virus; HDV: Hepatitis D virus; HIV: Human immunodeficiency Vi-
rus; NASH: Non-alcoholic steatohepatitis; HBV: Hepatitis B virus.
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evaluated. The mean INR level was 1.05±0.12, PLT 223 000±65 
350 µL–1, AST 28 U/L (9–1930), ALT 36 U/L (1–2286), ALP 93 
U/L (15–844), GGT 22 U/L (4–654), total bilirubin 0.57±0.57 mg/
dL, direct bilirubin 0.18±0.39 mg/dL, indirect bilirubin 0.39±0.31 
mg/dL, total protein 7.46±0.49 g/dL, globulin 3.00±0.55 g/dL, and 
albumin 4.41±0.44 g/dL.
Hepatic fibrosis values were calculated separately for all patients 
using the calculation method with 6 different noninvasive fibrosis 
scores (AAR, API, APRI, FIB-4 index, KING score, and FibroQ 
indexes). In addition, the hepatic fibrosis value of the patients was 
recorded with the Zeugma score we created. The results of the non-
invasive fibrosis scoring tests of the patients are shown in Table 1.
Noninvasive fibrosis scoring systems were analyzed by performing 
the ROC analysis according to the ISHAK scoring system. The area 
under the curve was 0.529 for the AAR score, 0.648 for the API 
score, 0.711 for the APRI score, 0.716 for the FIB-4 score, 0.723 
for the KING score, 0.595 for the FIBROQ score, and 0.701 for 
the Zeugma score. Sensitivity and specificity values for the scoring 

methods were, respectively, 61.72% and 43.78% for the AAR score, 
46.09% and 79.31% for the API score, 59.64% and 73.61% for the 
APRI score, 56.77% and 74.96% for the FIB-4 score, 50.52% and 
87.26% for the KING score, 24.22% and 93.10% for the FIBROQ, 
and 52.34% and 78.11% for the Zeugma score. While the p-value 
was significant (p<0.05) for the API, APRI, FIB-4, KING, FIBROQ, 
and Zeugma scores, no statistically significant p-value could be ob-
tained for the AAR score (Table 2). A new cutoff value was calcu-
lated using the Youden index method in the patients included in our 
study. The cutoff values were calculated as 0.87 for the AAR score, 
20.24 for the API score, 16.24 for the APRI score, 0.94 for the FIB-
4 score, 8.67 for the KING score, 8.67 for the FibroQ score, and 
9.63 for the Zeugma score.
Globulin and GGT parameters we used in the Zeugma score formu-
la were compared between the two groups. We found a statistical-
ly significant difference in the globulin value (p<0.05). The mean 
globulin was higher in the group with fibrosis. When the GGT value 
was compared according to both groups, it was found that the mean 
GGT was statistically higher in the fibrosis group (p<0.05). A statis-
tically significant, positive, and low correlation was found between 
fibrosis values and globulin and GGT values (p<0.05, r=0.230 and 
p<0.05, r=0.305, respectively) (Table 3).
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Figure 2. ROC curves for non-invasive scoring system.
ROC: Receiver operating characteristic; API: Age/platelet index; APRI: AST/platelet 
ratio index; FIB-4: Fibrosis-4 index; FIBROQ: Fibro-quotient.

Table 1. Results of hepatic fibrosis scoring tests

	 AAR	 API	 APRI	 FIB-4	 King	 FIBROQ	 Zeugma

Average	 0.79	 15.86	 13.20	 0.78	 4.84	 1.33	 6.65

Standard deviation	 1.39	 9.07	 65.15	 1.04	 25.15	 3.10	 39.57

Minimum	 0.06	 3.20	 2.62	 0.18	 0.90	 0.13	 0.84

Maximum	 36.0	 73.00	 1191.36	 14.82	 384.73	 78.31	 665.00

AAR: AST/ALT ratio; API: Age/platelet index; APRI: AST/platelet ratio index; FIB-4: Fibrosis-4 index; FIBROQ: Fibro-quotient.

Table 2. ROC analysis results of non-invasive scoring systems

Non-invasive	 AUROC	 Cut-off	 Sensitivity 	 Specifity	 p 
scoring system

AAR	 0.529	 0.87	 61.72	 43.78	 0.115

API	 0.648	 20.24	 46.09	 79.31	 0.001*

APRI	 0.711	 16.24	 59.64	 73.61	 0.001*

FIB-4	 0.716	 0.94	 56.77	 74.96	 0.001*

King	 0.723	 8.67	 50.52	 87.26	 0.001*

FİBROQ	 0.595	 2.72	 24.22	 93.10	 0.003*

Zeugma	 0.701	 9.63	 52.34	 78.11	 0.001*

ROC: Receiver operating characteristic; AUROC: Area under receiver operating 
characteristics; AAR: AST/ALT ratio; API: Age/platelet index; APRI: AST/platelet 
ratio index; FIB-4: Fibrosis-4 index; FIBROQ: Fibro-quotient.

Table 3. Comparison of globulin and GGT averages with fibrosis

	 No fibrosis (n=667)	 Fibrosis (n=384)	 p

Globuline	 2.99±0.48	 3.25±0.62	 <0.05

GGT	 27.94±40.47	 53.77±82.15	 <0.05

GGT: Gama glutamyl transferase.
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Discussion
Chronic HBV is one of the most important causes of cirrhosis and he-
patocellular carcinoma. Chronic HBV is an important health problem 
in Turkiye and worldwide. Although the pathway of chronic hepatitis 
to cirrhosis is not well known, it is estimated that it takes 10–15 years. 
It is well known as cirrhosis is decompensated and causes fatal com-
plications and significant psychological and economic problems.[13] 
Although classical laboratory methods used in the diagnosis of chron-
ic HBV partially evaluate the necroinflammation in the liver tissue, 
they provide little information about fibrosis. Knowing the degree 
of fibrosis and necroinflammatory activity of this disease in the liver 
allows us to predict the course of the disease and the results of the 
treatment. Percutaneous liver biopsy is considered the gold standard 
for the diagnosis and treatment of progressive chronic liver disease.[14] 
However, liver biopsy is an invasive procedure, and therefore its risks 
and benefits should be carefully considered. Percutaneous liver biop-
sy has 1%–5% risk of complications such as pain, bleeding, infection, 
and gallbladder perforation.[15]

Noninvasive tests with less risk can be important aids for clinicians. 
For this reason, we focused on the usability of the Zeugma scoring 
system. Although the AAR (AST/ALT ratio) is used as an index of 
liver fibrosis, the data reported so far are conflicting.[16] AAR was the 
noninvasive fibrosis measurement method with the lowest AUROC 
value in our study. When the AAR scores of patients with and with-
out fibrosis were compared, no statistically significant difference was 
found. Our results were similar to the results of the study by Guéchot 
et al.[17] A total of 590 untreated chronic hepatitis C patients were in-
cluded in the multicenter prospective study conducted by Guéchot 
et al.[17] in 2007. Liver fibrosis and necroinflammatory activity were 
evaluated according to the METAVIR scoring system by biopsy. A 
weak but significant correlation was found between the METAVIR 
fibrosis stage and AAR. However, the ROC curve analysis showed 
that the AST/ALT ratio did not distinguish between significant fi-
brosis (F2) (AUROC=0.531) and had very poor diagnostic accura-
cy for severe fibrosis (F≥3) (AUROC=0.584) or cirrhosis (F4) (AU-
ROC=0.626). In addition, in the study of Eminler et al.[16] in 2015 
that included 380 viral hepatitis patients (237 with chronic HBV, 143 
with chronic HCV), no significant relationship was found between 
the degree of hepatic fibrosis and AAR score. API (age-platelet index) 
was one of the first methods used in the noninvasive determination of 
hepatic fibrosis. In the multicenter study published by Koksal et al.[18] 
in 2018, 216 chronic HCV patients were included and their APRI, 
AAR, FIB-4, API, and Forns index were compared in determining 
liver fibrosis. In patients with significant fibrosis for API, the AUROC 
value was 0.589, sensitivity 37.3%, and specificity 79.8% (p<0.05). 
In our study, the sensitivity and specificity rates for API were similar 
to those obtained in Koksal et al.’s[18] study.
The WHO guideline on the management of chronic HBV infection, 
published in March 2015, recommends the use of APRI as a noninva-
sive tool to detect liver cirrhosis and significant fibrosis in situations 
where resources are limited. In the study conducted by Liu et al.[19] in 
2016, 1157 HBeAg-positive and 859 HBeAg-negative patients were 
evaluated. For significant fibrosis, the APRI score was found to be 
0.775 in HBeAg-positive patients and 0.744 in HBeAg-negative pa-
tients (p<0.05). In our study, the AUROC value for the APRI score 
was found to be 0.711. In addition, in our study, when the cutoff value 
of 16.24 was taken for APRI, the sensitivity of the test was 59.64% 
and the specificity was 73.61%.

FIB-4, one of the newer methods for detecting liver fibrosis, has re-
ceived more attention recently and has been extensively studied for its 
role in hepatitis B patients. Yin et al.[20] published a meta-analysis on 
the diagnostic importance of the FIB-4 score in the determination of 
liver fibrosis in 8274 HBV patients in 2017. In this meta-analysis, the 
AUROC value for FIB-4 was calculated as 0.720, the sensitivity 77%, 
and the specificity 66%, when the cutoff value was 0.8–1.1. Similarly, 
in our study, when we considered the cutoff value as 0.94, the AU-
ROC value for FIB-4 was found to be 0.716. For significant fibrosis, we 
found the sensitivity of the FIB-4 score to be 56.77% and the specificity 
as 74.96%. There are also studies showing that FIB-4 has a relatively 
high diagnostic value for detecting liver fibrosis in hepatitis B patients 
when the diagnostic threshold is greater than 2.0. It has been shown 
that the KING score is superior to the AAR, APRI, and FIB-4 scores.
[21] In the study of Hamidi et al.,[22] when the cutoff value of 0.661 was 
taken for the KING score, 0.661 AUROC, 62.9% sensitivity, and 57.6% 
specificity were obtained. In our study, the highest AUROC value for 
significant fibrosis was found in the KING score.
The FibroQ score was proposed by Hsieh et al.[23] in 2009. A total of 
140 patients with chronic viral hepatitis (Hepatitis B and C) were in-
cluded in the study. Significant liver fibrosis was defined as >1 (F2–4) 
METAVIR fibrosis score. When the cutoff value was taken as 1.6, the 
AUROC value of the FibroQ score for significant fibrosis was 0.783, 
the sensitivity was 79%, and the specificity was 71%, and it was shown 
that the FibroQ score was superior to AAR and APRI in determining 
liver fibrosis. In our study, we calculated the cutoff value of the FibroQ 
score as 2.72. For significant fibrosis, the AUROC value was 0.595, the 
sensitivity was 24.2%, and the specificity was 93.1%.
The Zeugma score, which we recommend to predict liver fibrosis, is 
formulated using a combination of platelet, albumin, globulin, and 
GGT. It is known that globulin and GGT levels increase and albumin 
and thrombocyte levels decrease in chronic hepatitis and liver cirrho-
sis (23–109). On the basis of this information, we created the formula 
for the Zeugma score. We found that the globulin and GGT values we 
used in the formula were statistically significantly higher in the fibrosis 
group compared to the patients without fibrosis (p=0.001). There was 
also a positive correlation between GLB and GGT values and fibro-
sis (p<0.05, r=0.230 and r=0.305, respectively). That is, as the fibrosis 
stage increases, both GGT and GLB values increase. When we consid-
ered the cutoff value of the Zeugma score as 9.63, we found 0.701 AU-
ROC, 52.34% sensitivity, and 78.11% specificity for significant fibrosis.
As a result, six different noninvasive fibrosis detection methods were 
compared using patient data. In addition, the effect of the newly created 
Zeugma score, which is simple, applicable, and easy to calculate, in 
determining liver fibrosis was investigated and compared with other 
noninvasive methods. The advantage of our study is the simultaneous 
evaluation of seven different noninvasive methods and a large number 
of patients. In our study, the KING score was found to be the most 
effective noninvasive method in predicting liver fibrosis. At the same 
time, FIB-4, APRI, and Zeugma scores were also shown to have good 
efficacy in determining hepatic fibrosis. It was observed that the Zeug-
ma score was superior to AAR, API, and FibroQ indices and had similar 
effectiveness to the APRI score. The AAR score was the noninvasive 
fibrosis measurement method that reached the lowest AUROC value in 
our study, which was shown to be insufficient to determine significant 
fibrosis in chronic HBV patients. The disadvantages of our study are 
that the data were obtained retrospectively; therefore, some patients 
were excluded from the study due to the lack of data, and laboratory 
data and liver biopsies could not be synchronized in all patients.
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