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Background/Aims: Several noninvasive scoring systems have been developed to determine 
the risk of advanced fibrosis in nonalcoholic fatty liver disease (NAFLD). We examined the diag-
nostic accuracy of the fibrosis-4 (FIB-4) score and NAFLD fibrosis score (NFS) in patients with 
biopsy-proven NAFLD.
Methods: For this meta-analysis, various databases including PubMed (MEDLINE), EMBASE, 
OVID Medline and the Cochrane Library were systematically searched. After the acquired ab-
stracts were reviewed by two investigators, manuscripts were chosen for a full-text examination.
Results: Thirty-six studies evaluating biopsy-proven NAFLD were selected for meta-analysis. A 
total of 14,992 patients were analyzed. The lower cutoff sensitivity of the FIB-4 score predicting 
histological fibrosis stage 3 or more (≥F3) was 69%, with specificity of 64%, positive likelihood 
ratio (LR+) of 1.96, and negative likelihood ratio (LR–) of 0.47. The low baseline sensitivity of the 
NFS score predicting ≥F3 was 70%, with a specificity of 61%, LR+ of 1.83, and LR– of 0.48. The 
area under the receiver operating characteristic curve (AUC) values of the FIB-4 score predicting 
≥F3 and ≥F2 were 76% and 68%, respectively. The AUC values of the NFS score predicting ≥F3 
and ≥F2 were 74% and 60%, respectively.
Conclusions: The FIB-4 or NFS test can be used to predict the degree of liver fibrosis in NAFLD, 
and the diagnostic accuracy resulted as relatively high in fibrosis stages of F3 or higher. (Gut 
Liver 2022;16:952-963)

Key Words: Liver fibrosis; Meta-analysis; Nonalcoholic fatty liver disease; Predictive value of 
tests

INTRODUCTION

With a prevalence of 25% to 40% in the general popu-
lation, nonalcoholic fatty liver disease (NAFLD) is the 
most common liver disease worldwide, a pressing health 
concern associated with insulin resistance and metabolic 
syndrome.1,2 NAFLD affects nearly 100 million individu-

als in the United States and occurs in 90% of the obese 
population.1,3 Due to such burden of the disease, the early 
identification of patients with high morbidity and mortal-
ity associated with NAFLD is essential.

NAFLD can be categorized into various stages, from 
simple steatosis without fibrosis to nonalcoholic steato-
hepatitis related cirrhosis.1 The severity of NAFLD is 
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determined by three factors: steatosis, inflammation, and 
fibrosis. Among these factors, the degree of hepatic fibrosis 
is the most essential factor in clinical settings, allowing 
clinicians to estimate the long-term prognosis in patients 
with NAFLD, such as the development of hepatocellular 
carcinoma, liver-related death or cardiovascular mortal-
ity.1,4 In fact, while simple steatosis is considered a non-
progressive condition, nonalcoholic steatohepatitis or sig-
nificant fibrosis (SF) is regarded as one of the main causes 
of liver transplantation.5 Therefore, it is vital to promptly 
identify advanced fibrosis (AF; ≥stage 3 fibrosis) or SF 
(≥stage 2 fibrosis) in such patients.6

Liver biopsy is the gold standard for staging and iden-
tifying fibrosis in NAFLD patients.7 However, it is not 
suitable for a routine screening use, due to various reasons 
including its invasive nature, potential complications, 
possibility of sampling error, and high cost.7,8 Therefore, 
a simple, inexpensive and noninvasive panel to identify 
and quantify liver fibrosis is necessary. Likewise, though 
techniques such as magnetic resonance elastography or 
transient elastography have been recently developed, their 
high expense prevents their use as routine screening tests. 
Thus, noninvasive fibrosis scoring systems based on sero-
logic tests such as the fibrosis-4 (FIB-4) index and NAFLD 
fibrosis score (NFS) have been developed and widely used 
as screening tools to assess the degree of fibrosis.9,10 How-
ever, a comprehensive study on such scoring system is cru-
cial, since not only was the FIB-4 score developed only for 
patients with viral hepatitis, the accuracy of these serologic 
scoring systems in NAFLD patients also differ among stud-
ies. The aim of this systematic review and meta-analysis is 
to evaluate the diagnostic accuracy of noninvasive fibrosis 
scoring systems (FIB-4 and NFS), compared to that of the 
corresponding liver histologic data, to predict AF and SF 
in patients with NAFLD. 

MATERIALS AND METHODS

This meta-analysis adhered to the protocol previously 
registered with PROSPERO (International Prospective 
Register of Systematic Reviews, CRD42021241243). We 
administered this systematic review and meta-analysis 
following guidelines provided by the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses extension 
for Diagnostic Test Accuracy. 

1. Inclusion criteria, exclusion criteria, and study 
outcome
Studies that documented the accuracy of FIB-4 and 

NFS, evaluated by the corresponding liver histology results 

in NAFLD patients, were considered eligible for inclu-
sion. The following criteria were required for studies to be 
selected: (1) patients with NAFLD; (2) reports of the accu-
racy of FIB-4 and NFS based on liver histology results. The 
state of fatty liver was determined by histologic character-
istics. Eligible study designs were randomized controlled 
trials, cross-sectional studies, and cohort studies, both 
prospective and retrospective. Studies were excluded by the 
following criteria: (1) case reports; (2) case series, in which 
less than five patients in total were involved; (3) reviews; 
(4) cell or animal studies; (5) chronic viral hepatitis, such 
as hepatitis B or hepatitis C; (6) human immunodeficiency 
virus; (7) significant alcohol consumption; (8) fatty liver 
defined by imaging or serologic criteria, without any his-
tology result provided; or (9) non-English studies. 

The primary outcome of this meta-analysis was the di-
agnostic accuracy of the FIB-4 score and NFS, compared to 
the corresponding liver histology in patients with NAFLD. 

2. Search strategy 
We searched PubMed (MEDLINE), EMBASE, the 

Cochrane Library, Korean Medical Database, and Korean 
Studies Information Service System to identify studies 
published in English between January 1, 1997, and October 
31, 2020. The keywords used in the Patient/Problem, In-
tervention, Comparison, and Outcome model are provided 
in the Supplementary Material. The search words were 
NAFLD index words, FIB-4-related index words or NFS-
related index words. We combined free-text words and 
controlled terms such as Medical Subject Headings and 
EMTREE according to the databases. The search strategy 
and the following result of each database are provided in 
the Supplementary Material. The entire search process was 
administered by a professional librarian (M.C.). 

3. Study selection and data extraction
During the process of study selection, two reviewers 

(S.H. and J.J.Y.) first independently extracted relevant titles 
and abstracts. After an independent examination of the 
full-text articles, any resulting disparity between the two 
reviewers was resolved by a discussion with a third review-
er (H.W.L. or S.H.K.).

In addition, the two reviewers thoroughly examined the 
remaining procedures, such as screening full-text articles 
and assessing the risk of bias. The extraction of study char-
acteristics and outcomes was conducted independently 
and documented in a standardized format by the two re-
viewers. Any discrepancy was settled by a discussion with 
Y.C. and S.B.A. 
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4. Methodological quality and risk of bias assessment
To determine the risk of bias, we utilized the Cochrane 

risk of bias tool, with any relevant information provided in 
the Supplementary Material. Again, any discrepancy was 
resolved by a discussion with additional reviewers (D.S.S. 
and D.W.J.). Risk of bias was evaluated using two tools, 
QUADAS11 and QUIPS12 tools. The overall outcome of 
the risk of bias is provided in the Supplementary Material. 
Publication bias was evaluated through a funnel plot. 

5. Statistical analysis
The process of meta-analysis with sensitivity, specificity, 

positive likelihood ratio, and negative likelihood ratio is as 
the following: (1) transform the proportion into a quantity 
(Freeman-Tukey variant of the arcsine square root trans-
formed the proportion); (2) calculate the pooled preva-
lence as the back-transformation of the weighted mean 
of the transformed prevalence using DerSimonian-Laird 
weights assuming the random-effect model; (3) calculate 
the confidence interval with the Clopper-Pearson interval. 
To further analyze the heterogeneity within the studies, 
researchers conducted a meta-regression to understand the 
influence of other factors on diagnostic accuracy. RevMan 
5 (Cochrane Library) or the meta package in R version 4.1.0 
(The R Foundation for Statistical Computing, Vienna, 
Austria) were utilized in the statistical analyses. 

RESULTS

1. Characteristics of included studies
A thorough database search of titles and abstracts re-

sulted in 86 relevant studies. Out of the 86, 50 studies were 
excluded due to inappropriate patient population (n=1), 
inappropriate outcome measurement (n=42), overlap-
ping population (n=6), or insufficient data (n=1). Finally, 
36 studies were eligible for inclusion in this review (Fig. 
1). Detailed characteristics of the studies included in this 
meta-analysis are provided in Table 1.13-48 A total of 14,992 
patients were analyzed, with a mean age of 48.57±6.13. 
Studies were conducted in various countries in the world 
(Asia 16, Europe 8, America 9, two or more continents 2, 
and Australia 1). The median co-morbidity rates of dia-
betes, hypertension, and dyslipidemia were 36.2%, 43.5%, 
and 54.3%, respectively. Median aspartate aminotransfer-
ase and alanine aminotransferase levels were 43 U/L and 
62 U/L, respectively.

2. FIB-4 for predicting AF (≥ F3) 
Analyzing the diagnostic accuracy of FIB-4 for predict-

ing AF involved 13,764 patients from 32 studies (Table 
2). As a lower cutoff value for predicting AF, a value from 
1.02 to 1.45 was most frequently used (20 studies), and as a 
higher cutoff value, 2.67 was predominantly used (18 stud-

1,574 Records identified through databases searching

322 Ovid-MEDLINE
818 EMBASE
286 Cochrane Library

7 KMBASE
141 KISS
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1,409 Records excluded by title and abstract screening

50 Records excluded according to selection criteria
1 Wrong study population

42 Wrong outcome measurement
6 Overlap of population with included study
1 Insufficient data

1,495 Records after duplicates removed

1,495 Records screened

86 Full-text articles assessed for eligibility

36 Studies included for synthesis
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Fig. 1.Fig. 1. Flowchart showing the process of study inclusion and exclusion in the systematic review.
KMBASE, Korean Medical Database; KISS, Korean Studies Information Service System.
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ies). Regarding the FIB-4 index, pooled sensitivity was 0.42 
(95% confidence interval [CI], 0.33 to 0.51) and pooled 
specificity was 0.93 (95% CI, 0.91 to 0.95). Pooled diagnos-
tic odds ratio (DOR) with 95% CI was 10.83 (7.55 to 15.54) 
with I2 of 85% (p<0.01). Summary statistics of FIB-4 at 
various thresholds for prediction of AF and forest plots are 
presented in Supplementary Table 1 and Supplementary 

Fig. 1. The area under the receiver operating characteristic 
curve (AUC) of summary receiver operating characteristic 
(SROC) was 0.76 (95% CI, 0.74 to 0.81) (Fig. 2A).

3. NFS for predicting AF (≥F3) 
Analyzing the diagnostic accuracy of NFS for predicting 

AF involved 13,337 patients from 33 studies (Table 2). As 

Table 1.Table 1. Characteristics and Results of the Included Studies

Author (year) Location Method
No. of 

samples
Mean 
age, yr

Male, %

Clinical characteristics

DM, % HTN, %
Dyslip-
idemia, 

%

Mean 
BMI,

kg/m2

Mean 
waist, 

cm

Mean 
AST,
U/L

Mean 
ALT,
U/L

Aida (2015)13 Japan FIB-4 148 61 36 - - - 26.9 - 42 52
Anstee (2019)14 Global FIB-4/NFS 3,123 59 42 68 - - - - 44 45
Balakrishnan (2020)15 USA FIB-4/NFS  99 44.7 33.9 43.5 - - 32.1 - 59 108
Boursier (2019)16 France FIB-4/NFS 938 56.5 58.5 51.1 - - 31.8 - 39 56
Chan (2015)17 Malaysia NFS 147 50.5 54.4 52.4 89.1 - 29.3 98.2 41 71
Chan (2019)18 Asia FIB-4/NFS 583 50.9 52.9 52.3 55.1 74.5 28.9 96.5 38 63
Cui (2015)19 USA FIB-4 102 51 41.2 25.5 - - 31.7 - 42.3 58
Demir (2013)20 Germany NFS 120 43.8 47.2 19.9 41.9 - 37 - 36.8 56.6
de Carli (2019)21 Brazil NFS 266 36.5 20.4 10.5 - - 44.2 123.9 24.9 32.3
Goh (2015)22 USA NFS 238 52 29.3 100 - 42 37.1 - 53.5 64

USA NFS 263 46 46 0 - 15.2 35.2 - 58.5 78
Joo (2017)23 Korea FIB-4/NFS 315 55 50.8 37.8 38.4 - 27 94.6 36 43
Jun (2017)24 Korea FIB-4/NFS 328 36.4 70.7 33 14.6 - 28.6 96.4 91.3 98.5
Kakisaka (2018)25 Japan FIB-4  63 54.9 58 - - - 28.1 - 62 94
Kao (2020)26 Taiwan FIB-4  73 35.3 31.5 16.9 26.8 - 41 118.3 38.2 55
Kaya (2020)27 Turkey FIB-4/NFS 463 46 47.5 37.8 34.8 - 31.7 104 42 66
Kim (2013)28 USA FIB-4/NFS 142 52.8 26.8 27.5 45.1 - 36.32 - 47.2 60.4
Labenz (2018)29 Germany FIB-4/NFS 261 51 52.5 29.9 - 37.5 30.9 - 48 60
Lang (2020)30 Germany FIB-4/NFS  95 50 46.2 10.8 56.9 - 30 105 32.5 50.5
Lum (2020)31 Singapore FIB-4/NFS 263 50.4 52.5 49 - 66.5 30.4 113.2 - -
McPherson (2013)32 UK FIB-4/NFS  70 54 56 43 - - 32.9 105 28 28

UK FIB-4/NFS 235 48 63 40 - - 34.4 110 59 95
Meneses (2020)33 Spain FIB-4/NFS  50 49 30 26 52 28 44.3 135 21 25
Nasr (2016)34 Sweden FIB-4/NFS  58 60.4 71 53 93 - 28 102 34 60
Ooi (2017)35 Australia FIB-4/NFS 101 49 33.7 34.7 79.2 73.3 41.9 - - -
 Australia FIB-4/NFS  53 43 30.2 24.5 45.3 19.2 46.6 - - -
Patel (2018)36 USA FIB-4/NFS 114 41.8 79 30 - - 33.9 - 49 84

USA FIB-4/NFS 151 60 95 70 - - 33.7 - 48.2 54.6
Pérez-Gutiérrez
   (2013)37

Mexico FIB-4/NFS 243 48.6 49 21.5 - - - - 57.6 73

Petta (2015)38 Italy FIB-4/NFS 179 45.4 67.5 19.5 24 - 29.3 - 45.7 80.3
Italy FIB-4/NFS 142 43.9 71.8 15.4 11.9 - 27.4 - 42.2 75.6

Petta (2019)39 Global FIB-4/NFS  968 50.1 62.9 37 39.4 - 29.3 - 46.1 76.1
Siddiqui (2020)40 USA FIB-4/NFS 1,904 50.3 37 39 58 62 34.4 - 51.2 69.8
Singh (2020)41 USA FIB-4/NFS 1,134 51.1 35.4 100 74.5 70.8 35.5 - 27 28
Treeprasertsuk
   (2016)42

Thailand FIB-4/NFS  139 40.9 47 38 - - 36.1 - 38 56

Wong (2008)43 Hong Kong NFS  128 46 59 57 48 - 28.5 95 43 75
Wong (2010)44 Hong Kong FIB-4/NFS  246 51 54.9 36.2 40.2 - 28 94 - 75
Xun (2012)45 China FIB-4/NFS  152 37.1 79.6 32.2 - - 26.1 - 61 100
Yang (2019)46 China FIB-4/NFS  453 36.56 58.9 30.2 34.8 - 26.93 - 74.12 135.11
Yoneda (2013)47 Japan FIB-4/NFS  235 59.9 - 46 - 63.8 26.9 - 24.7 23.7
Zhou (2019)48 China FIB-4/NFS  207 41.8 73 24.6 20.3 46.6 27 91.2 45.7 49

DM, diabetes mellitus; HTN, hypertension; BMI, body mass index; AST, aspartate aminotransferase; ALT, alanine aminotransferase; FIB-4, Fibro-
sis-4; NFS, nonalcoholic fatty liver disease (NAFLD) fibrosis score.
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a lower cutoff value for predicting AF, a value from –1.98 
to –1.03 was most frequently used (23 studies), and as a 
higher cutoff value, 4.39 to 4.8 was predominantly used (31 
studies). For NFS, pooled sensitivity was 0.38 (95% CI, 0.28 
to 0.50) and pooled specificity was 0.94 (95% CI, 0.90 to 
0.96) (Table 2). Pooled DOR with 95% CI was 10.16 (7.18 
to 14.37) with I2 of 85% (p<0.01), indicating heterogeneity 
of the meta-analysis (Table 2, Supplementary Fig. 2). Sum-
mary statistics of FIB-4 at various thresholds for predic-
tion of AF and forest plots are presented in Supplementary 
Table 2 and Supplementary Fig. 2. The AUC of SROC was 
0.74 (95% CI, 0.71 to 0.79) (Fig. 2B).

4. FIB-4 and NFS for predicting SF (≥F2)
Studies on SF were relatively scarce, compared to stud-

ies on AF (32 studies vs 6 studies) (Table 2). Also, while 
the cutoff for AF was consistent for each study, the cutoff 
for SF differed significantly between studies. In regard to 
the FIB-4 index, the pooled sensitivity was 0.42 (95% CI, 
0.16 to 0.73) and pooled specificity was 0.93 (95% CI, 0.56 
to 0.99). The pooled DOR with 95% CI was 9.71 (2.43 to 
38.70) with I2 of 0% (p=0.54). The AUC of SROC was 0.68 
(95% CI, 0.65 to 0.76) (Fig. 2C). Summary statistics of FIB-
4 at various thresholds for prediction of SF and forest plots 

are presented in Supplementary Table 3 and Supplemen-
tary Fig. 3.

In regard to NFS, the pooled sensitivity was 0.25 (95% 
CI, 0.02 to 0.82) and pooled specificity was 0.76 (95% CI, 
0.37 to 0.94). The pooled DOR with 95% CI was 1.16 (0.37 
to 3.57) with I2 of 0% (p=0.54), indicating homogeneity. 
The AUC of SROC was 0.60 (95% CI, 0.52 to 0.69) (Fig. 
2D). Summary statistics of NFS at various thresholds for 
prediction of SF and forest plots are presented in Supple-
mentary Table 4 and Supplementary Fig. 4.

5. Difference in diagnosis accuracy according to 
region and body mass index 
Finally, we analyzed whether the accuracy of NFS or 

FIB-4 differs according to the study area and body mass 
index (BMI) (Table 3). Regions could be classified into 
three categories, Asia/Europe/America, except for the two 
studies that were conducted globally on two or more conti-
nents. We found that the accuracy of FIB-4 or NFS to pre-
dict F3 relatively increased in Europe (FIB-4: pooled DOR 
16.37, NFS: pooled DOR 21.94) compared with Asia (FIB-
4: pooled DOR 6.09, NFS: pooled DOR 6.22) or America 
(FIB-4: pooled DOR 6.23, NFS: pooled DOR 3.70). For 
BMI, individual patient BMI data could not be obtained, 
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so the average BMI for each study was used. In all studies, 
BMI was 25 kg/m2 or higher (minimum, 26.1 kg/m2), and 
BMI was classified into three groups: <30 kg/m2, 30 to <35 
kg/m2, and 35 kg/m2 or higher. As a result of stratification 
analysis, BMI values did not significantly affect the accu-
racy of NFS or FIB-4. Meta-regression analysis was added 
for the effect of BMI on DOR of FIB-4 or NFS, but it was 
not significant as well (Table 4).

DISCUSSION

This systematic review and meta-analysis of 36 relevant 
studies indicated that the FIB-4 index and NFS can be 
effectively used to predict the degree of liver fibrosis in 
NAFLD. Additionally, our results demonstrated that the 
diagnostic accuracy of FIB-4 and NFS is relatively higher 
in predicting AF than in SF. Our study holds significance 
in its ability to assist clinicians in deciding treatments for 
NAFLD patients, by accurately predicting the degree of 
liver fibrosis. 

Out of all panels based on serological markers, the NFS 
system was the most frequently studied. NFS is a scoring 
system based on 733 NAFLD patients diagnosed by liver 
biopsy.10 In previous studies, the diagnostic ability of NFS 
for hepatic fibrosis was AUC 0.82-0.88. Given such prec-
edent, two cutoff values (<–1.455 [low probability, negative 
predictive value 88% to 93%] and >0.676 [high probability, 
positive predictive value 82% to 90%]) were proposed.10 
Existing meta-studies on the diagnostic predictive ability of 
NFS in NAFLD have reported up to AUC 0.73–0.86, which 
is consistent with the results of our study.49-51 However, in 
the NFS scoring system, there are cases in which either 
high or low probability for advanced liver fibrosis cannot 
be classified (indeterminate probability); in such cases, a 
liver biopsy may be necessary.52 

On the other hand, the FIB-4 index was created by Ster-
ling et al.9 using a cohort of 832 human immunodeficiency 
virus/hepatitis C virus co-infected patients. Compared to 
NFS, FIB-4 has been widely validated for liver diseases of 
relatively diverse etiologies.53-55 In previous meta-studies, 
the diagnostic AUC of FIB-4 for AF in NAFLD was 0.76. 
Like NFS, FIB-4 has two cutoffs: FIB-4 <1.30 can be inter-
preted as low possibility of AF, while FIB-4 >2.67 can be 
interpreted as high possibility of AF. In addition to NFS 
and FIB-4, other noninvasive markers exist. 

However, in regard to NAFLDs, NFS and FIB-4 showed 
higher diagnostic abilities than other noninvasive panels 
have. Notably, both markers demonstrated a diagnostic 
ability of AF similar to that of magnetic resonance elastog-
raphy.56 Therefore, most of the NAFLD guidelines recom-
mend NFS and FIB-4 as screening tools for diagnosing 
AF.57-59

First, our study found that FIB-4 has better diagnostic 
performance than NFS in predicting AF (AUC 0.76 vs 
AUC 0.74). Similar results have been manifested in previ-
ous studies. According to a meta-analysis conducted on 
13,046 NAFLD subjects in 2017, AUROC of FIB-4 and 
NFS for the prediction of AF were 0.80 and 0.78, respec-
tively, indicating that FIB-4 index has higher diagnostic 
accuracy than NFS.49 Also, in a meta-analysis of 5,735 
NAFLD patients in 2021, AUROC of FIB-4 index and NFS 
were 0.76 (95% CI, 0.74 to 0.77) and 0.73 (95% CI, 0.71 to 
0.75), respectively.60

Secondly, according to our data, the ability to predict SF 
was inferior to the AF predictive abilities of both markers. 
We can assume diagnostic accuracy of each scoring system 
is higher for more severe types of patients, as supported by 
previous studies. According to a study by Xiao et al.,49 AU-
ROC values of FIB-4 and NFS increased according to SF, 
AF, and liver cirrhosis (0.75, 0.80 and 0.85 for FIB-4 and 
0.72, 0.78 and 0.83 for NFS).

Table 4.Table 4. Meta-Regression for Diagnostic Odds Ratio of Each Measurement

Variable
FIB-4 for AF NFS for AF

Coefficient (95% CI) p-value Coefficient (95% CI) p-value

Mean age, yr 0.063 (0.022 to 0.104) 0.002 0.095 (0.048 to 0.143) <0.001
Proportion of male, % –0.019 (–0.037 to –0.001) 0.034 –0.022 (–0.043 to –0.001) 0.040
DM, %  0.005 (–0.011 to 0.021) 0.561 0.013 (–0.001 to 0.028) 0.065
HTN, %  0.028 (–0.001 to 0.045) 0.055 0.021 (–0.003 to 0.046) 0.089
Dyslipidemia, % –0.009 (–0.067 to 0.048) 0.747 0.005 (–0.028 to 0.039) 0.758
Mean BMI, kg/m2  0.004 (–0.086 to 0.095) 0.919 0.062 (–0.032 to 0.156) 0.196
Mean waist, cm –0.009 (–0.075 to 0.056) 0.774 0.001 (–0.070 to 0.071) 0.997
Mean AST –0.020 (–0.041 to 0.001) 0.060 –0.023 (–0.047 to 0.001) 0.055
Mean ALT –0.014 (–0.026 to –0.002) 0.017 –0.018 (–0.032 to –0.005) 0.007

FIB-4, fibrosis-4; AF, advanced fibrosis; NFS, nonalcoholic fatty liver disease (NAFLD) fibrosis score; CI, confidence interval; DM, diabetes mellitus; 
HTN, hypertension; BMI, body mass index; AST, aspartate aminotransferase; ALT, alanine aminotransferase.
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Third finding of our study is that the ability of FIB-4 or 
NFS to predict AF is lower than that of previous reports. 
This is interpreted because of the diversity of the patient 
population used in our study analysis. In fact, when com-
paring existing studies or meta-analyses, the AUC of FIB-
4 or NFS gradually decreases as the number of patients or 
studies analyzed in the study increases. When analyzing 
145 patients, AUC of FIB-4 and NFS was 0.86 and 0.81, 
respectively.61 In 1,038 patients, AUC of FIB-4 was 0.849.50 

When analyzed in 5,735 patients from 37 studies, the AUC 
for FIB-4 and NFS was 0.76 and 0.73, which is almost con-
sistent with our study results.60 In our study, the AUCs of 
FIB-4 and NFS were 0.76 and 0.74, respectively.

Finally, our study found that accuracy of FIB-4 or NFS 
to predict F3 relatively increased in Europe compared with 
Asia or America. This is interpreted because the propor-
tion of Caucasians in the cohort study in which FIB or NFS 
was developed was relatively high, 79% for FIB-4 and 90% 
for NFS.9,10,62 Therefore, the accuracy of FIB or NFS is rela-
tively low in Asian countries or in the multiracial America 
continent.

Advantages of these markers in NAFLD include low 
cost, quick diagnosis, and easy repeatability. In primary 
care, the use of noninvasive markers can increase early 
detection of AF, decrease avoidable referral of patients with 
mild diseases and ensure cost-effectiveness.63 Therefore, 
many experts recommend implementing a two-tier ap-
proach to improve resource utilization.18,57,64 On the other 
hand, compared to transient elastography or magnetic 
resonance elastography, disadvantages such as the low abil-
ity to diagnose AF should always be noted.60 

The strength of our meta-analysis is its focus on com-
paring the diagnostic accuracies of two noninvasive and 
routinely usable scoring systems to predict the degree 
of liver fibrosis in NAFLD patients. To the best of our 
knowledge, this meta-analysis has the largest sample size, 
amongst those that compare the diagnostic accuracy of 
noninvasive scoring systems for AF and SF in NAFLD 
patients. However, there are some limitations to consider. 
First, the biggest limitation of this study is that it lacks new 
information compared to the existing meta-analysis related 
to FIB-4 or NFS. Before starting the study, we reviewed 
the existing meta-analysis literature and found that more 
literature than expected was not included in the analysis. 
Therefore, in order to obtain more accurate results, it was 
determined that accurate inclusion criteria should be re-
applied, and as a result, a wider range of papers could be 
analyzed than existing meta-analysis papers. Eventually, 
the results of our study are not very different from the ex-
isting meta-analyses, and thus provide few new revelations. 
However, our study has clinical significance as the most 

extensive analytical research on this subject. Second, limit-
ing our review to manuscripts published only in English 
may have caused publication bias. We conducted a funnel 
plot and Egger’s test, later to confirm that our study has no 
publication bias with p=0.135 in FIB-4 for AF. However, 
there was a publication bias in FIB-4 for SF, and NSF for 
AF and SF with p<0.05, which may limit the credibility of 
our results. Third, only two noninvasive scoring systems 
were the focus of our analysis. Other noninvasive scoring 
systems such as BMI, aspartate aminotransferase/alanine 
aminotransferase ratio, diabetes (BARD) score, and aspar-
tate aminotransferase to platelet ratio tests were not con-
sidered.50,65 Fourth, our research focused on liver fibrosis 
and did not consider the degree of hepatic steatosis. Fur-
thermore, the included studies did not provide sufficient 
information on the patients’ duration of NAFLD or past 
treatments, which can affect the incidence and severity of 
liver fibrosis. 

In summary, both FIB-4 index and NFS were useful in 
predicting the degree of liver fibrosis in NAFLD. The diag-
nostic accuracy of these scoring systems was higher in pre-
dicting AF than in SF. Thus, the FIB-4 index and NFS may 
be considered as alternative diagnostic methods to liver 
biopsy when predicting the level of fibrosis in NAFLD.
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