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Abstract
Background This study aimed to reveal the utility of  age-platelet (AP) index and aspartate aminotransferase 
(AST) to alanine aminotransferase (ALT) ratio (AAR), which are non-invasive markers, in patients with 
chronic Hepatitis C virus (HCV) infection in prediction of  fibrosis and evaluate whether viral markers could 
be used for that purpose or not.
Material and Methods A total of  treatment-naïve 49 patients with chronic HCV who underwent liver biopsy were 
included in this retrospective study. Anti-HCV S/CO and HCV-RNA viral load (copy/mL) values measured 
simultaneously with biopsy were determined. AP index and AAR score were calculated and compared.
Results Staging of  liver biopsy samples of  49 HCV patients was assessed. Comparable diagnostic accuracies 
of  AP index and AAR in prediction of  significant fibrosis (F≥2) were showed with ROC curve analysis. The 
areas under the ROC (AUROCs) were 0.713 and 0.506, respectively. Diagnostic accuracy of  API in prediction 
of  significant fibrosis was superior to that of  AAR (p=0.03). AUROC of  HCV-RNA viral load in prediction 
of  F≥2 was 0.531. Anti-HCV S/CO value (AUROC=0.464) was not found as a suitable marker in prediction 
of  fibrosis. 
Conclusions AP index, AAR score and HCV viral load among non-invasive markers assessed in this study 
were useful in predicting significant fibrosis. Especially API was the most useful test in predicting significant 
fibrosis. AP index can be preferred in patients with near normal ALT values.
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Introduction

The stage of  liver fibrosis is important for 
clinical management of  chronic hepatitis C. 
Patients without fibrosis or with mild fibrosis 
have the chance to receive more positive results 
compared to the patients with severe fibrosis.1–3 
Development of  cirrhosis is closely related with 
the stage of  fibrosis. Therefore, liver biopsy is 
recommended before antiviral treatment.4 The 
available gold standard for assessment of  liver 
disease is degree and stage determined with liver 
biopsy. However, liver biopsy has limitations, risks 
and costs.5 Therefore, invasive methods are needed 
to determine the severity of  liver disease, especially 
the degree of  fibrosis. An ideal noninvasive method 
to assess liver biopsy should be both reliable and 
based on readily available blood tests.6

This study aimed to reveal the utility of  age-
platelet (AP) index and aspartate aminotransferase 
(AST) to alanine aminotransferase (ALT) ratio 
(AAR), which are non-invasive markers, in patients 
with chronic Hepatitis C virus (HCV) infection in 
prediction of  fibrosis and evaluate whether viral 
markers could be used for that purpose or not.

Material and Methods

Study Group
The population of this retrospective, single-

center and cross-sectional study consisted of 49 
patients diagnosed with chronic HCV. Patients 
above the age of 18 who underwent liver biopsy 
and who were diagnosed with chronic HCV 
were included in the study. Patients under the 
age of 18, patients diagnosed with hepatocellular 
carcinoma, patients diagnosed with hepatitis B,  
hepatitis D and other hepatotropic viruses or 
human immunodeficiency virus infections, 
patients with active alcoholism history and patients 
diagnosed with other defined liver diseases were 
excluded from the study. A total of 49 patients 
who met the inclusion and exclusion criteria were 
included in the study. This study was approved 
by the Ethics Committee of Gulhane Training 
and Research Hospital at the University of Health 
Sciences (Reference number: 2020/03/62).

Serological and Molecular Analysis
Patients whose serum samples were sent to 

Microbiology Virology Laboratory between 1st 

of October 2016 and 31st of December 2019 for 
HCV-RNA test and whose results were anti-
HCV reactive were evaluated in this study. Anti-
HCV test was performed with chemiluminescent 
microparticular immunoassay (CMIA) technique 
in serum samples by using anti-HCV Reactive 
Kit (Abbott, Germany) on Architect i2000SR 
system (Abbott, USA). Anti-HCV test results 
were assessed on Sample/Cut-off (S/CO) ratio 
and S/CO value <1.0 was accepted as nonreactive 
and S/CO value ≥1 as reactive. All the samples 
found as an intermediate value between 0.80-0.99 
were reanalyzed according to instructions of the 
manufacturer.

Isolation device (Magnesia 2448 Anatolia 
Geneworks, Turkey) and HCV-RNA isolation kit 
(Viral RNA Isolation kit, Anatolia Geneworks, 
Turkey) were used in detection of HCV-RNA. 
The PCR mixture prepared with Real-time 
PCR kit (Bosphore HCV Quantification Kit v2, 
Turkey) was amplified on Real-Time PCR device 
(Montania 4896 Anatolia Geneworks, Turkey). 
Patient results were retrospectively obtained from 
the laboratory operating system.

Non-invasive tests and formulation
Age, platelet count, and AST and ALT levels 

were used in calculations of AST to ALT ratio 
(AAR) and AP index scores of patients included 
in the study. Tests were conducted in the 
Biochemistry Laboratory of Gulhane Training 
and Research Hospital.

AAR: AST to ALT ratio.7 AP Index: Age Score 
+ Platelet Score.

Age (years) <30 = 0; 30–39 = 1; 40–49 = 2; 50–
59 = 3; 60–69 = 4; ≥70 = 5.

Platelet count (109/L): ≥225 = 0; 200–224 = 1; 
175–199 = 2; 150–174 = 3; 125–149 = 4; <125 = 5.8

Diagnostic accuracies of these markers in 
prediction of significant fibrosis were assessed 
with Receiver Operating Characteristic (ROC) 
curve analysis.

Histopathological diagnosis
Patients liver needle biopsy histopathology 

reports obtained from the Department of 
Pathology archive were reassessed. All the liver 
biopsy samples were stained with hematoxylin-
eosin and Masson’s trichrome for histological 
assessment. Liver biopsy samples were assessed 
by pathologists and scored according to Ishak 



scoring system. Ishak modified-hepatitis activity 
index (mHAI) grading and staging system was 
used in detecting chronic hepatitis activity level 
and fibrosis level in microscopic examination 
performed with histochemical preparations. In 
this scoring system, activity level ranged from 0 
to 18 and fibrosis stage from 0 to 6. Significant 
fibrosis was defined as stage 2 fibrosis.

Statistical Analysis
Statistical analysis was performed with SPSS 

25 software program (SPSS, Inc., Chicago, IL). 
Continuous variables were expressed as median 
(interquartile range). Mann-Whitney U test 
was used in comparison of continuous variables 
between two groups. Pearson’s Chi-square or 
Fisher’s Exact tests were used in comparison of 
categorical variables. Spearman’s correlation 
analysis was used to evaluate the relationship 
between variables. Performances of anti-HCV, 
HCV viral load, and API index and AAR scores, 
which are among viral markers, in prediction of 
significant F≥2 and HAI≥5 were assessed with 
ROC curve analysis. Statistical significance level 
was accepted as p<0.05.

Results

Data of 49 patients whose ages ranged from 
20 to 82, who met the inclusion and exclusion 
criteria, and who were diagnosed with chronic 
HCV infection were analyzed. Of the patients 
included in the study, 34 (69%) were male. 
Median ages of male and female patients were 21 
(interquartile range [IQR]: 20-39) and 62 (IQR: 
40-72) respectively (p<0.001). Median age of the 
patients with fibrosis score of 2 and above was 
61.5 and significantly high (p=0.005). 

According to the results of liver biopsy, 21(43%) 
out of 49 patients had significant fibrosis (F≥2). 
Fibrosis score in 32% (11/34) of male patients and 
67% (10/15) of female patients was 2 and above 
(p=0.02).

AAR score and AP index of all the patients were 
calculated. Patients with chronic HCV infection 
(n=49) were divided into two groups according 
to their liver biopsy histopathology stages of F<2 
and F≥2. They were compared in terms of age, 
gender, serum platelet, AST, ALT, total bilirubin, 
albumin, anti-HCV (S/CO), HCV viral load, HAI 
score, AP index and AAR score (Table 1). Ages 
of female patients with significant fibrosis were 
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more advanced (p=0.004). HAI score was higher 
in patients with significant fibrosis (p<0.001). 
AAR score and AP index were higher in patients 
with significant fibrosis and this difference was 
statistically significant for API (p=0.006) (Table 2).

The relationship between AAR, AP index, 
anti-HCV S/CO, and HCV-RNA viral load values 
and fibrosis and HAI scores was assessed with 
Spearman’s correlation analysis. A moderately 
significant correlation was found between AP 
index and fibrosis and HAI scores (Spearman’s 
rho=0.471, p=0.001 and Spearman’s rho=0.470, 
p=0.001 respectively) (Table 2).

The areas under the ROC curve were specified 
in order to determine the accuracy of serum anti-
HCV S/CO, HCV-RNA viral load, AAR score 
and AP index of patients in detecting significant 
fibrosis (F≥2) and HAI≥5. The presence of 
significant fibrosis as a result of liver biopsy 
was accepted as a reference and sensitivity and 
specificity rates of HCV-RNA viral load, AAR 
score, and AP index were calculated.

While the areas under the ROC curve in 
prediction of F≥2 for anti-HCV S/CO and HCV-
RNA viral load were 0.464 and 0.531 respectively 
AUROCs in prediction of HAI≥5 were 0.335 and 
0.382 respectively. Sensitivity and specificity rates 
were 60% and 59.1% at HCV-RNA viral load cut-
off value of 1.65X106 in prediction of F≥2 (p=0.57) 
(Figure 1).

While the areas under the ROC curve in 
prediction of F≥2 for API and ARR were 0.713 
and 0.506 respectively AUROCs in diagnosis 
of HAI≥5 were 0.579 and 0.512 respectively. 
Optimal cut-off values providing total maximum 
sensitivity and specificity rates and predicting F≥2 
and HAI≥5 were given in Table 3 and ROC curves 
were given in Figure 2.

Discussion 

For centuries, scientists have attempted to define 
thIn this study, we investigated the diagnostic 
performances of biochemical biomarkers such 
as AAR and API and viral markers such as 
anti-HCV and viral load in order to predict the 
presence and absence of significant fibrosis in 
patients with chronic HCV. The limitation of all 
indices developed up to now is that they cannot 
differentiate the fibrosis stages alone.9 As a result 
of our study, AP index was more successful in 
predicting significant fibrosis (F≥2) compared to 
the AAR score. AP index had higher sensitivity 
and specificity. Sensitivity and specificity rates for 
optimal cut-off value of 2.5 for API in diagnosing 
significant fibrosis were 68.4% and 78.9% 
respectively. While the area under the ROC curve 
was 0.713 for API it was 0.506 for AAR. API can 
also predict the degree of significant histological 
activity level, but we found a more important 
correlation with significant fibrosis stage (p=0.03 
and p=0.77 respectively). AP index was the sum of 
age and platelet count scores.10 It has been asserted 
in various studies that AP index is a good one in 
predicting the stage of liver fibrosis. In a study 
on patients with HCV by Lackner et al., the area 
under the ROC curve was 0.740 in prediction of 
significant fibrosis and predicted fibrosis.11

Male gender, duration of the disease and 
acquiring the disease above the age of 40 are factors 
that can affect the rate of fibrotic progression in 
the liver.10,12 Sensitivity to environmental factors 
(especially oxidative stress) increases with aging 
and a decrease occurs in blood flow, mitochondrial 
capacity or immune capacity. Annual rate of 
fibrosis regression in men especially between 
the ages of 61 and 70 was 300 times higher 
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than in men between the ages of 21 and 40.13 

Thrombopoietin (TPO) is mainly produced in 
liver hepatocytes and promotes the production 
of platelets from megakaryocytes. Serum TPO 
levels in patients with chronic hepatitis and liver 
cirrhosis are negatively correlated with progression 
of fibrosis in the liver.14 Decline in hepatic TPO 
production, increased splenic sequestration of 
platelets secondary to portal hypertension, and 
myelosuppressive effect of HCV are among the 
causes of thrombocytopenia.15,16

No significant correlation was found between 
AAR and liver fibrosis stage and inflammatory 
activity scores in our study. Moreover, AAR 
had a weak diagnostic (AUROC=0.506) 
accuracy for significant fibrosis. Guéchot et 
al. revealed that ROC curve analysis and AST 
to ALT ratio did not differentiate significant 
fibrosis (F≥2) (AUROC=0.531) in 590 treatment-
naïve patients with chronic HCV and that they 
had only a very weak diagnostic accuracy for 
fibrosis (F≥3) (AUROC=0.584) or cirrhosis 
(F4) (AUROC=0.626), which is similar to 
the results of our study. They also found that 

AST to ALT ratio significantly increased with 
histological stage of liver fibrosis and that there 
was a significant correlation (r=0.129, p<0.0035) 
between METAVIR fibrosis stage and AST to 
ALT ratio.17 No significant correlation was found 
between AAR and fibrosis stage in this study. It 
was reported that although liver fibrosis developed 
very slowly in most of HCVs which continuously 
had normal or near normal ALT levels within 
years a progress in liver fibrosis occurred in 
about 40% of asymptomatic patients with HCV 
infection and cirrhosis developed in a few patients 
with near normal ALT level.18 Elevation of AST to 
ALT ratio in cirrhotic patients can be explained by 
the increase in serum AST levels due to reduction 
in AST clearance. Moreover, AST release from 
mitochondria and cytoplasm can increase as a 
result of mitochondrial damage in advanced liver 
disease.19

In this study, no significant difference was 
found between HCV viral load and anti-HCV 
S/CO levels and groups of F<2 and F≥2. In 
addition, no correlation was found between 
increasing fibrosis stage and histological activity 
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scores. Similarly, there are studies revealing 
no correlation between histological result and 
HCV-RNA levels.20–22 However, it was asserted 
in some study reports that viral titer may affect 
the severity of liver damage and that high viremia 
titer was associated with severe liver damage.20–23 
These different results can be associated with the 
truth that serum HCV-RNA viral load shows 
a fluctuation and is an unstable parameter.24 
Moreover, HCV is known to increase in both liver 
and areas outside of liver. Therefore, high HCV in 
circulation does not always mean an active viral 
replication in the liver or indicate a more severe 
liver disease.25,26 The most important limitation of 
this study is that the number of patients included 
in the study is limited.

In conclusion, AP index, AAR score and 
HCV viral load, which are non-invasive markers, 
assessed in this study were useful in predicting 
significant fibrosis in chronic HCV. Especially 
API was the most useful test in predicting 
significant fibrosis. AP index can be preferred in 
patients with near normal ALT values.
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