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Abstract 

Background: Non-alcoholic fatty liver disease (NAFLD) is the most common chronic liver disease worldwide. 
Researchers have tried to develop indices to assess liver fibrosis in NAFLD patients to avoid liver biopsy. In this study 
we aimed to compare fibrosis-4 (FIB-4), aspartate aminotransferase (AST) to platelet ratio index (APRI), and aspartate 
aminotransferase/alanine aminotransferase (AST/ALT) ratio with FibroScan for the assessment of hepatic fibrosis in 
patients with NAFLD.

Methods: This cross-sectional study included patients with NAFLD or non-alcoholic steatohepatitis (NASH) referred 
to the Gastroenterology Clinic of Shahid Mohammadi Hospital, Bandar Abbas, Iran, in 2019. Demographic features of 
the participants including age and gender were recorded. All participants underwent FibroScan and had their AST, 
ALT, and platelet count measured in a random blood sample, taken within 1 month of the FibroScan.

Results: Of the 205 NAFLD patients included in this study with a mean age of 42.95 ± 10.97 years, 144 (70.2%) were 
male. Fibroscan results revealed that 94 patients (45.9%) had F1, 67 (32.7%) F2, 29 (14.1%) F3, and 15 (7.3%) F4 liver 
fibrosis. A significant correlation was found between FibroScan score and FIB-4 (r = 0.572), APRI (r = 0.667), and AST/
ALT (r = 0.251) (P < 0.001). Sensitivity, specificity, positive predictive value, negative predictive value, and accuracy of 
APRI at the 0.702 cut-off for the differentiation of F3 and F4 from F2 and F1 were 84.1, 88.2, 66.1, 95.3, and 87.3%, FIB-4 
at the 1.19 cut-off 97.7, 72.7, 49.4, 99.2 and 78%, and AST/ALT at the 0.94 cut-off 61.4, 77, 42.2, 87.9, and 73.7% respec-
tively. Moreover, the area under the receiver operating curve of APRI, FIB-4, and AST/ALT for the differentiation of F3 
and F4 from F2 and F1 was 0.923, 0.913, and 0.720, respectively.

Conclusions: Based on these results, APRI appears to be the most appropriate substitute of FibroScan for the detec-
tion of significant fibrosis in NAFLD patients. FIB-4 was the second best, suggesting that in case of FibroScan unavail-
ability, APRI and FIB-4 are the best indices to assess liver fibrosis in NAFLD patients.
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Introduction
With an estimated prevalence of approximately 25%, 
non-alcoholic fatty liver disease (NAFLD) is consid-
ered an increasing public health problem, owing to its 
close association with type 2 diabetes mellitus, obesity, 
and metabolic syndrome, as well as their undeniable 
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epidemics worldwide [1–3]. The prevalence of NAFLD 
among Iranians has been estimated at 33.9% in a recent 
systematic review and meta-analysis of 23 studies [4]. In 
fact, NAFLD is a spectrum of liver diseases, from fatty 
infiltration to steatohepatitis, fibrosis, and cirrhosis [5]. 
Progression of NAFLD leads to hepatic inflammation 
and fibrosis. Liver fibrosis is associated with an increased 
risk of complications, such as cirrhosis, hepatic failure, 
hepatocellular carcinoma, and even death [1–3]. NAFLD 
is also closely related to multiple significant extrahepatic 
manifestations, including chronic kidney disease, cardio-
vascular disease (CVD), and some extrahepatic cancers 
resulting in an increased disease burden [6]. Also, liver 
complications of NAFLD are expected to become the 
most common reason for liver transplantation in the near 
future. Moreover, CVD is regarded as the most common 
cause of mortality in NAFLD patients [1, 6].

Abdominal ultrasonography (US) is the most com-
mon imaging method for the assessment of NAFLD, 
with sensitivity and specificity of around 85% and 90%, 
respectively [7]; however, it has some limitations, includ-
ing being operator-dependent and ineffective in patients 
with central obesity [8]. Liver biopsy is the gold stand-
ard for quantification and assessment of liver fibrosis 
in NAFLD patients. Not only is liver biopsy an invasive 
method causing pain and discomfort for the patients, but 
it also has rare but non-negligible complications, such as 
sepsis, bleeding, and damage to the surrounding struc-
tures [9]. Therefore, liver biopsy is not preferred as the 
first line method of evaluation and is most often reserved 
for patients with inconclusive results from non-invasive 
methods [10]. The European Association for the Study of 
the Liver (EASL) and the American Association for the 
Study of Liver Diseases (AASLD) recommend the use of 
transient elastography by FibroScan for the evaluation 
of liver fibrosis in NAFLD patients. FibroScan is a non-
invasive, easy-to-use modality that can assess hepatic fat 
deposition and liver stiffness with high accuracy; never-
theless, this method is also limited by obesity [11–13]. 
Aside from FibroScan, various alternative non-invasive 
methods have been developed for the assessment of liver 
fibrosis in NAFLD during the past decade, such as aspar-
tate aminotransferase/alanine aminotransferase (AST/
ALT) ratio, fibrosis-4 (FIB-4) score, and AST to platelet 
ratio index (APRI) [14–16].

Given the high prevalence of NAFLD in Iran and its 
potential complications, the detection of this condition 
is very important, especially at its early stages. Moreo-
ver, non-invasive methods are preferred over liver biopsy 
in this regard. However, although non-invasive, Fibro-
Scan is costly and may not be available at every center. 
Thus, we aimed to compare FIB-4, APRI, and AST/ALT 

to FibroScan for the assessment of hepatic fibrosis in 
patients with NAFLD.

Methods
Participants
This cross-sectional study included patients with 
NAFLD or non-alcoholic steatohepatitis (NASH) 
diagnosed based on US findings or liver enzymes by 
an expert gastroenterologist according to the recom-
mendations of the EASL, the European Association 
for the Study of Diabetes (EASD), and the European 
Association for the Study of Obesity (EASO) [17], 
who were referred to the Gastroenterology Clinic of 
Shahid Mohammadi Hospital, Bandar Abbas, Iran, 
during 2019. Of these patients, those who gave writ-
ten informed consent to participate in the study were 
enrolled. This study was given ethical approval by 
the Ethics Committee of Hormozgan University of 
Medical Sciences (IR.HUMS.REC.1398.170) and it 
complies with the statements of the Declaration of 
Helsinki. Exclusion criteria were incomplete demo-
graphic or clinical information, other chronic liver 
diseases, including hepatitis B, hepatitis C, or autoim-
mune hepatitis (AIH), alcoholic liver disease, the use 
of hepatotoxic medications such as chronic intake of 
methotrexate, advanced liver disease, congestive heart 
failure, hepatic congestion, any condition interfering 
with FibroScan evaluation such as elevated body mass 
index (BMI), decompensated cirrhosis based on clini-
cal or US evidence, and the use of hormonal or herbal 
medications. Patients were recruited through conveni-
ence sampling. The sample size was calculated as at 
least 200 based on the correlation coefficient of 0.23 in 
Fallatah et al.’s study [18], α = 0.05, β = 0.5, and the fol-
lowing formula:

Study design
A checklist was used to record the data. First demo-
graphic features of the patients including age and gender 
were recorded. Then, all patients underwent FibroScan 
using the FibroTouch 502 device (Echosens, France). All 
FibroScans were performed according to the manual of 
the manufacturer. Based on the previous studies and the 
recommendations of the manufacturer, FibroScan results 
were classified as:

• F0: 1–6 kPa
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• F1: 6.1–7 kPa
• F2: 7.1–9 kPa
• F3: 9.1–10.3 kPa
• F4: ≥ 10.4 kPa

Controlled attenuation parameter (CAP) score, show-
ing the amount of liver with fatty change, was also deter-
mined in FibroScan for each patient. The following 
measurements were done in random blood samples of all 
patients within 1 month of the FibroScan evaluation:

• Serum ALT with 45.25 U/L as upper limit of normal 
in men and 30.47 in women

• Serum AST with 15–37 U/L as the normal range
• Platelet count with 150,000–400,000/µL as the nor-

mal range

Liver enzymes (AST and ALT) were measured using 
the Flex Reagent Cartrige (Siemens Healthcare Diagnos-
tics, Germany).

AST/ALT ratio was calculated for each patient. APRI 
and FIB-4 were also calculated based on the following 
formulas:

Data analysis
The Statistical Package for the Social Sciences (SPSS) 
software (version 25.0, Armonk, NY: IBM Corp.) was 
used for data analysis. Mean, standard deviation, median, 
interquartile range (IQR), frequency, and percentages 
were used to describe the results. Distribution normal-
ity of quantitative variables were determined using the 
Kolmogorov–Smirnov normality test. Accordingly, 
Spearman’s correlation was used to determine their cor-
relations and the Mann-Whitney test was used for com-
parison by gender. The receiver operating characteristic 
(ROC) curves were drawn to determine the diagnostic 
value of FIB-4, AST/ALT ratio, and APRI for the differ-
entiation of F1 and F2 of liver fibrosis from F3 and F4 (in 
FibroScan). The area under the ROC (AUROC) curve 
was calculated for each non-invasive index. The optimal 
cut-off of all three indices was also determined for this 
purpose using the ROC curves. Sensitivity, specificity, 
positive predictive value (PPV), negative predictive value 
(NPV), and diagnostic accuracy (DA) were calculated for 

APRI =

AST level
ASTULN (upper limit of normal)

Platelet count
(

109/L
) × 100

FIB− 4 =
Age (years)× AST (U/L)

Platelet count (109/L)×
√

ALT (U/L)

these cut-offs as well. P values ≤ 0.05 were regarded as 
statistically significant.

Results
Of the 205 patients with NAFLD or NASH included in 
this study, with a mean age of 42.95 ± 10.97 years, 144 
(70.2%) were male and 61 (29.8%) were female. General 
characteristics of the study participants are shown in 
Table 1. Based on FibroScan results, 94 patients (45.9%) 
were classified as F1, 67 (32.7%) as F2, 29 (14.1%) as 
F3, and 15 (7.3%) as F4. The mean AST and ALT levels 
were 44.75 ± 22.58 and 51.57 ± 43.37 U/L, respectively. 
The mean platelet count was 236,414.63 ± 91,908.84/
µL.

A significant correlation was found between FibroS-
can score and FIB-4 (r = 0.572), APRI (r = 0.667), and 
AST/ALT ratio (r = 0.251) (P < 0.001). Nonetheless, the 
correlation of FibroScan with FIB-4 was moderate, with 
APRI was strong, and with AST/ALT ratio was weak. 
Among different indices, only FIB-4 was significantly 
correlated with age (r = 0.272, P = 0.001); however, the 
correlation was weak (Table 2). Comparison of different 
indices between men and women showed no significant 
difference (Table 3).

Figure 1 demonstrates the ROC curves of APRI, FIB-
4, and AST/ALT ratio for the detection of F3 and F4 of 
liver fibrosis from the lower stages (F1 and F2). Based 
on these curves, the best index to diagnose F3 and F4 
from lower stages of liver fibrosis was APRI, with an 

Table 1 General characteristics of the study participants

N number, SD standard deviation, AST aspartate aminotransferase, ALT alanine 
aminotransferase, CAP controlled attenuation parameter, APRI AST to platelet 
ratio index, FIB-4 fibrosis-4

Variables Values

Age (years) mean ± SD 42.95 ± 10.97

Gender N (%)

 Male 144 (70.2)

 Female 61 (29.8)

AST (U/L) mean ± SD 44.75 ± 22.58

ALT (U/L) mean ± SD 51.57 ± 43.37

Platelet count (/µL) mean ± SD 236,414.63 ± 91,908.84

FibroScan score (kPa) mean ± SD 8.70 ± 5.43

CAP score (dB/m) mean ± SD 307.33 ± 47.62

APRI mean ± SD 0.629 ± 0.661

FIB-4 mean ± SD 1.45 ± 1.27

AST/ALT ratio mean ± SD 0.92 ± 0.25

FibroScan results N (%)

 F1 94 (45.9)

 F2 67 (32.7)

 F3 29 (14.1)

 F4 15 (7.3)
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AUROC curve of 0.923 (95% confidence interval [CI] 
0.876–0.970). The optimal cut-off of APRI was 0.702 for 
this purpose, with a sensitivity of 84.1%, specificity of 
88.2%, PPV of 66.1%, NPV of 95.3%, and DA of 87.3%. 
Results for other indices are shown in Table 4.

Discussion
The results of the current study revealed APRI as the best 
index to differentiate F3 and F4 of liver fibrosis from F1 
and F2 compared to FIB-4 and AST/ALT ratio. APRI, 
with an AUROC curve of 0.923 at a cut-off of 0.702, had 
84.1% sensitivity, 88.2% specificity, 66.1% PPV, 95.3% 
NPV, and 87.3% DA for this purpose. Meanwhile, for 
FIB-4, the AUROC curve was 0.913 and the correspond-
ing diagnostic values at a cut-off of 1.19 were 97.7, 72.7, 
49.4, 99.2, and 78.0%, respectively. As for AST/ALT ratio, 
the AUROC curve was 0.720 with an optimal cut-off of 
0.94, having 61.4% sensitivity, 77.0% specificity, 42.2% 
PPV, 87.9% NPV, and 73.7% DA.

APRI was primarily introduced by Wai et  al. who 
showed an AUROC curve of 0.8 for advanced fibro-
sis (F3-F4) [19]; however, they evaluated patients with 

chronic hepatitis C, who were excluded from our study. 
AST/ALT ratio has also been primarily used in cohorts 
of patients with chronic hepatitis C [20]. The diagnostic 
accuracy of APRI and AST/ALT ratio has been reported 
to be low for diagnosing advanced fibrosis in patients 
with NAFLD (AUROC of 0.74 for the differentiation of 
F3 liver fibrosis) in one study [21]. The best performance 
of APRI for the diagnosis of significant fibrosis has been 
reported in patients with chronic hepatitis C, with val-
ues ≥ 1.5 predicting advanced fibrosis with a PPV of 88%. 
Nevertheless, weaker performance of this index has been 
shown in chronic liver diseases of different etiologies, 
including chronic hepatitis B, alcoholic liver disease, and 
NAFLD with AUROC of 0.72, 0.59, and 0.73, respectively 
[22]. The higher diagnostic performance of APRI in our 
study, contrary to previous findings, can be due to the 
measurement accuracy of laboratory parameters in the 
APRI formula, as well as NAFLD as the etiology of fibro-
sis in our study, and taking FibroScan results instead of 
biopsy findings as the reference of fibrosis staging. How-
ever, FibroScan has been recommended by the EASL and 
the AASLD for the assessment of liver fibrosis in NAFLD 
patients due to its non-invasiveness, ease of use, and high 
accuracy. The only limitation of FibroScan appears to be 
obesity [11–13]. Yet, a recent study reported that FIB-4 
and APRI are valuable for excluding advanced fibrosis in 
morbidly obese patients with NAFLD [23].

Of note, although liver biopsy has traditionally been 
the gold standard and reference method for evaluat-
ing liver fibrosis, it has some limitations that has made 
its use questionable. This can also be the reason for the 
difference between the findings of previous studies and 
our results regarding the diagnostic performance of non-
invasive indices, as they have most commonly taken the 
results of biopsy as reference, while we used FibroScan 
results. One limitation of liver biopsy is that a small vol-
ume of liver is evaluated which cannot reflect the fibrotic 
changes in the entire liver. Another limitation is that vari-
ous parts of the liver may be at different stages of liver 
fibrosis and the extracted sample may not be indica-
tive of the true stage of fibrosis. Moreover, biopsies are 

Table 2 Correlation of different indices with FibroScan, CAP 
scores, and age

AST aspartate aminotransferase, ALT alanine aminotransferase, CAP controlled 
attenuation parameter, APRI AST to platelet ratio index, FIB-4 fibrosis-4
* Analyzed by Spearman’s correlation

First variable Second variable Correlation 
coefficient

P value*

FIB-4 CAP score 0.057 0.417

FibroScan score 0.572 < 0.001

Age 0.272 0.001

APRI CAP score 0.046 0.511

FibroScan score 0.667 < 0.001

Age − 0.142 0.090

AST/ALT ratio CAP score − 0.048 0.496

FibroScan score 0.251 < 0.001

Age − 0.045 0.596

FibroScan score Age − 0.022 0.791

Table 3 Comparison of different indices by gender

IQR interquartile range, AST aspartate aminotransferase, ALT alanine aminotransferase, CAP controlled attenuation parameter, APRI AST to platelet ratio index, FIB-4 
fibrosis-4

*Analyzed by Mann–Whitney test

Indices Male (n = 144) Female (n = 61) P value*

FibroScan score (kPa) median (IQR) 7.30 (6.30–8.80) 7.20 (6.60–9.65) 0.144

APRI median (IQR) 0.43 (0.26–0.69) 0.45 (0.25–0.84) 0.577

FIB-4 median (IQR) 0.98 (0.74–1.56) 1.24 (0.84–1.95) 0.055

AST/ALT ratio median (IQR) 0.89 (0.81–0.97) 0.92 (0.84–0.97) 0.535
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evaluated by pathologists which makes their experience 
an influential factor in the assessment of fibrosis [15].

FIB-4 and APRI have been recommended by many 
guidelines, including the World Health Organization 
(WHO) guidelines to determine the stage of fibrosis in 
countries with limited resources [24–26]. A retrospec-
tive study of 113 chronic hepatitis C patients has demon-
strated good diagnostic performance of APRI and FIB-4 
for determining advanced fibrosis and cirrhosis in hepa-
titis C patients [27]. Moreover, in a systematic review by 
Lee et  al., FIB-4 and APRI were comparable with liver 
biopsy in terms of risk stratification for liver-related mor-
bidity and mortality. Nonetheless, NAFLD fibrosis score 
(NFS) had the same properties in their study [28]. The 

high NPV of these two indices in our study (99.2% and 
95.3%, respectively), suggests that they can be used to 
exclude advanced fibrosis in NAFLD patients. Nonethe-
less, AST/ALT ratio had a lower NPV. McPherson et al. 
have also reported a high NPV for AST/ALT ratio and 
FIB-4 (93% and 95%, respectively) [16].

FIB-4 was the only index significantly correlated with 
age in our study. This is because only FIB-4 includes age 
in its formula. This index was first used by Sterling et al. 
for the evaluation of liver fibrosis in patients with hepa-
titis C coinfected by human immunodeficiency virus. 
These researchers showed an AUROC of 0.765 for FIB-4 
to identify advanced fibrosis [29]. FIB-4 has also been val-
idated for the detection of significant fibrosis in isolated 

Fig. 1 ROC curves of APRI, FIB-4, and AST/ALT ratio for the detection of F3 and F4 of liver fibrosis from the lower stages

Table 4 Diagnostic performance of the indices for the differentiation of F3 and F4 from lower stages

AST aspartate aminotransferase, ALT alanine aminotransferase, CAP controlled attenuation parameter, APRI AST to platelet ratio index, FIB-4 fibrosis-4, AUC  area under 
the curve, CI confidence interval, PPV positive predictive value, NPV negative predictive value, DA diagnostic accuracy

Indices AUC (95% CI) P value Optimal cut-off Sensitivity (%) Specificity (%) PPV (%) NPV (%) DA (%)

APRI 0.923 (0.876–0.970) < 0.001 0.702 84.1 88.2 66.1 95.3 87.3

FIB-4 0.913 (0.868–0.958) < 0.001 1.19 97.7 72.7 49.4 99.2 78.0

AST/ALT 0.720 (0.631–0.808) < 0.001 0.94 61.4 77.0 42.2 87.9 73.7
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hepatitis C and B infections with AUROCs of 0.85 and 
0.81, respectively [30, 31]. However, contradictory to our 
findings, FIB-4 has been reported to have better perfor-
mance compared to APRI in NAFLD [16, 32].

In the current study, AST/ALT ratio had the lowest 
diagnostic performance compared to FIB-4 and APRI 
to differentiate mild to moderate from advanced fibro-
sis. This is in line with the findings of Fallatah et  al. 
[18]. They also compared APRI, FIB4, and AST/ALT 
ratio for the diagnosis of significant fibrosis in NAFLD 
patients, suggesting APRI and FIB-4 scores to be used 
in the follow-up of NAFLD patients at early stages with 
no clear indication for liver biopsy.

Conclusions
We found APRI to be the best index to predict advanced 
liver fibrosis compared to FIB-4 and AST/ALT ratio, with 
this index having the strongest correlation with FibroS-
can results. Therefore, in the setting of limited resources 
where FibroScan is not available, APRI is an appropri-
ate index for the prediction of significant liver fibrosis, 
contributing to decision making for further evaluations, 
referral to higher levels, and potentially lifestyle modifi-
cations or prescription of medications.

Abbreviations
AASLD: American Association for the Study of Liver Diseases; AIH: Autoim-
mune hepatitis; ALT: Alanine aminotransferase; APRI: AST to platelet ratio 
index; AST: Aspartate aminotransferase; BMI: Body mass index; CAP: Controlled 
attenuation parameter; CI: Confidence interval; DA: Diagnostic accuracy; EASD: 
European Association for the Study of Diabetes; EASL: European Associa-
tion for the Study of the Liver; EASO: European Association for the Study of 
Obesity; FIB-4: Fibrosis-4; NAFLD: Non-alcoholic fatty liver disease; NASH: 
Non-alcoholic steatohepatitis; NPV: Negative predictive value; PPV: Positive 
predictive value; SPSS: Statistical Package for the Social Sciences.

Acknowledgements
We would like to thank the dedicated efforts of the personnel of Shahid 
Mohammadi Hospital, Bandar Abbas, Iran, especially those cooperating with 
us at the Hormoz Gastroenterology Clinic.

Authors’ contributions
SHM designed the study and was a major contributor in writing the manu-
script. BA implemented the study and wrote the manuscript. FB and GZ 
analyzed and interpreted the data. All authors read and approved the final 
manuscript.

Funding
The study has received no funding.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was given ethical approval by the Ethics Committee of Hormozgan 
University of Medical Sciences (IR.HUMS.REC.1398.170) and it complies with 

the statements of the Declaration of Helsinki. Written informed consent was 
obtained from all the participants.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Gastroenterology, Faculty of Medicine, Hormozgan University 
of Medical Sciences, Bandar Abbas, Iran. 2 Student Research Committee, 
Faculty of Medicine, Hormozgan University of Medical Sciences, Bandar Abbas, 
Iran. 3 Endocrinology and Metabolism Research Center, Hormozgan University 
of Medical Sciences, Bandar Abbas, Iran. 

Received: 28 May 2021   Accepted: 22 November 2021

References
 1. Younossi ZM. Non-alcoholic fatty liver disease—a global public health 

perspective. J Hepatol. 2019;70(3):531–44.
 2. Polyzos SA, Kountouras J, Mantzoros CS. Obesity and nonalcoholic 

fatty liver disease: from pathophysiology to therapeutics. Metabolism. 
2019;92:82–97.

 3. Stefan N, Häring H-U, Cusi K. Non-alcoholic fatty liver disease: causes, 
diagnosis, cardiometabolic consequences, and treatment strategies. 
Lancet Diabetes Endocrinol. 2019;7(4):313–24.

 4. Moghaddasifar I, Lankarani KB, Moosazadeh M, Afshari M, Ghaemi A, 
Aliramezany M, et al. Prevalence of non-alcoholic fatty liver disease and 
its related factors in Iran. Int J Organ Transpl Med. 2016;7(3):149–60.

 5. Kopec KL, Burns D. Nonalcoholic fatty liver disease: a review of 
the spectrum of disease, diagnosis, and therapy. Nutr Clin Pract. 
2011;26(5):565–76.

 6. Adams LA, Anstee QM, Tilg H, Targher G. Non-alcoholic fatty liver disease 
and its relationship with cardiovascular disease and other extrahepatic 
diseases. Gut. 2017;66(6):1138–53.

 7. Hernaez R, Lazo M, Bonekamp S, Kamel I, Brancati FL, Guallar E, et al. 
Diagnostic accuracy and reliability of ultrasonography for the detection 
of fatty liver: a meta-analysis. Hepatology. 2011;54(3):1082–90.

 8. Castera L, Friedrich-Rust M, Loomba R. Noninvasive assessment of liver 
disease in patients with nonalcoholic fatty liver disease. Gastroenterology. 
2019;156(5):1264-81.e4.

 9. Bravo AA, Sheth SG, Chopra S. Liver biopsy. N Engl J Med. 
2001;344(7):495–500.

 10. Boyd A, Cain O, Chauhan A, Webb GJ. Medical liver biopsy: background, 
indications, procedure and histopathology. Front Gastroenterol. 
2020;11(1):40–7.

 11. Chalasani N, Younossi Z, Lavine JE, Charlton M, Cusi K, Rinella M, et al. The 
diagnosis and management of nonalcoholic fatty liver disease: practice 
guidance from the American Association for the Study of Liver Diseases. 
Hepatology. 2018;67(1):328–57.

 12. European Association for the Study of The L, European Association for the 
Study of D. EASL-EASD-EASO Clinical Practice Guidelines for the manage-
ment of non-alcoholic fatty liver disease. Obes Facts. 2016;9(2):65–90.

 13. Machado MV, Cortez-Pinto H. Non-invasive diagnosis of non-alcoholic 
fatty liver disease. A critical appraisal. J Hepatol. 2013;58(5):1007–19.

 14. Lin ZH, Xin YN, Dong QJ, Wang Q, Jiang XJ, Zhan SH, et al. Performance 
of the aspartate aminotransferase-to-platelet ratio index for the staging 
of hepatitis C-related fibrosis: an updated meta-analysis. Hepatology. 
2011;53(3):726–36.

 15. Fallatah HI. Noninvasive biomarkers of liver fibrosis: an overview. Adv 
Hepatol. 2014;2014.

 16. McPherson S, Stewart SF, Henderson E, Burt AD, Day CP. Simple non-
invasive fibrosis scoring systems can reliably exclude advanced fibrosis in 
patients with non-alcoholic fatty liver disease. Gut. 2010;59(9):1265–9.

 17. Blond E, Disse E, Cuerq C, Drai J, Valette P-J, Laville M, et al. EASL–EASD–
EASO clinical practice guidelines for the management of non-alcoholic 



Page 7 of 7Amernia et al. BMC Gastroenterology          (2021) 21:453  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

fatty liver disease in severely obese people: do they lead to over-referral? 
Diabetologia. 2017;60(7):1218–22.

 18. Fallatah HI, Akbar HO, Fallatah AM. Fibroscan compared to FIB-4, APRI, 
and AST/ALT ratio for assessment of liver fibrosis in Saudi patients with 
nonalcoholic fatty liver disease. Hepat Mon. 2016;16(7):e38346.

 19. Wai C-T, Greenson JK, Fontana RJ, Kalbfleisch JD, Marrero JA, Conjee-
varam HS, et al. A simple noninvasive index can predict both significant 
fibrosis and cirrhosis in patients with chronic hepatitis C. Hepatology. 
2003;38(2):518–26.

 20. Wong VW-S, Adams LA, de Lédinghen V, Wong GL-H, Sookoian S. Non-
invasive biomarkers in NAFLD and NASH—current progress and future 
promise. Nat Rev Gastroenterol Hepatol. 2018;15(8):461–78.

 21. Shaheen AAM, Myers RP. Diagnostic accuracy of the aspartate 
aminotransferase-to-platelet ratio index for the prediction of hepatitis C–
related fibrosis: a systematic review. Hepatology. 2007;46(3):912–21.

 22. Jin W, Lin Z, Xin Y, Jiang X, Dong Q, Xuan S. Diagnostic accuracy of the 
aspartate aminotransferase-to-platelet ratio index for the prediction of 
hepatitis B-related fibrosis: a leading meta-analysis. BMC Gastroenterol. 
2012;12(1):1–8.

 23. Alqahtani SA, Golabi P, Paik JM, Lam B, Moazez AH, Elariny HA, et al. 
Performance of noninvasive liver fibrosis tests in morbidly obese patients 
with nonalcoholic fatty liver disease. Obes Surg. 2021;31(5):2002–10.

 24. Sarin SK, Kumar M, Lau GK, Abbas Z, Chan HLY, Chen CJ, et al. Asian-Pacific 
clinical practice guidelines on the management of hepatitis B: a 2015 
update. Hepatol Int. 2016;10(1):1–98.

 25. World Health O. Guidelines for the prevention care and treatment of per-
sons with chronic hepatitis B infection: Mar-15. World Health Organiza-
tion. 2015.

 26. Shiha G, Ibrahim A, Helmy A, Sarin SK, Omata M, Kumar A, et al. Asian-
Pacific Association for the Study of the Liver (APASL) consensus guide-
lines on invasive and non-invasive assessment of hepatic fibrosis: a 2016 
update. Hepatol Int. 2017;11(1):1–30.

 27. Cheng C-H, Chu C-Y, Chen H-L, Lin IT, Wu C-H, Lee Y-K, et al. Subgroup 
analysis of the predictive ability of aspartate aminotransferase to platelet 
ratio index (APRI) and fibrosis-4 (FIB-4) for assessing hepatic fibrosis 
among patients with chronic hepatitis C. J Microbiol Immunol Infect. 
2020;53(4):542–9.

 28. Lee J, Vali Y, Boursier J, Spijker R, Anstee QM, Bossuyt PM, et al. Prognos-
tic accuracy of FIB-4, NAFLD fibrosis score and APRI for NAFLD-related 
events: a systematic review. Liver Int. 2021;41(2):261–70.

 29. Sterling RK, Lissen E, Clumeck N, Sola R, Correa MC, Montaner J, et al. 
Development of a simple noninvasive index to predict significant fibrosis 
in patients with HIV/HCV coinfection. Hepatology. 2006;43(6):1317–25.

 30. Vallet-Pichard A, Mallet V, Nalpas B, Verkarre V, Nalpas A, Dhalluin-Venier 
V, et al. FIB-4: an inexpensive and accurate marker of fibrosis in HCV 
infection. Comparison with liver biopsy and fibrotest. Hepatology. 
2007;46(1):32–6.

 31. Mallet V, Dhalluin-Venier V, Roussin C, Bourliere M, Pettinelli ME, Giry C, 
et al. The accuracy of the FIB-4 index for the diagnosis of mild fibrosis in 
chronic hepatitis B. Aliment Pharmacol Ther. 2009;29(4):409–15.

 32. Shah AG, Lydecker A, Murray K, Tetri BN, Contos MJ, Sanyal AJ, et al. Com-
parison of noninvasive markers of fibrosis in patients with nonalcoholic 
fatty liver disease. Clin Gastroenterol Hepatol. 2009;7(10):1104–12.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	FIB-4, APRI, and ASTALT ratio compared to FibroScan for the assessment of hepatic fibrosis in patients with non-alcoholic fatty liver disease in Bandar Abbas, Iran
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Participants
	Study design
	Data analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


