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Abstract

Background: Liver biopsy is the gold standard for detecting the degree of liver fibrosis; however, invasiveness
constitutes its main limiting factor in clinical application, so we aimed to evaluate the non-invasive biomarker
formulas (APRI and FIB-4) and their modified forms by BMI z-score (M-APRI, M-FIB-4, and B-AST) compared to liver
biopsy in the assessment of liver fibrosis in children with chronic liver diseases. Two hundred children aged 6.3 ±
3.8 years (98 males, 102 females) with chronic liver diseases underwent liver biopsy. The stage of fibrosis was
assessed according to the METAVIR system for all children, and the following non-invasive biomarker formulas were
calculated: APRI, modified APRI (M-APRI: BMI z-score × APRI), Fibrosis-4 index (FIB-4), modified FIB-4 (M-FIB-4: BMI z-
score × FIB-4), and B-AST (BMI z-score × AST). The best cutoff value was calculated to detect early fibrosis (F1–F2)
from advanced liver fibrosis (F3–F4).

Results: There were positive correlations between all studied non-invasive biomarker models (APRI, FIB-4, M-APRI,
M-FIB-4, B-AST) and fibrosis score as an increase in fibrosis score was associated with an increase in mean ± SD of
all studied biomarker formulas. The best cutoff values of non-invasive biomarker models in the diagnosis of early
fibrosis (F1–F2) were APRI > 0.96, M-APRI > 0.16, FIB-4 > 0.019, M-FIB-4 > 0.005, and B-AST > −8 with an area under
the curve above 0.7 each, while the best cutoff values of non-invasive biomarker models (APRI, M-APRI, FIB-4, M-FIB-
4, and B-AST) in the diagnosis of advanced liver fibrosis (F3–F4) were >1.96, >2.2, >0.045, and >0.015, >92.1,
respectively, with an area under the curve above 0.8 each.

Conclusion: APRI, M-APRI, FIB-4, M-FIB-4, and B-AST are good non-invasive alternatives to liver biopsy in the
detection of liver fibrosis in children with chronic liver diseases of different etiologies especially those that include
BMI z-scores in their formulas.
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Background
The degree and progression of liver fibrosis are major
determents of the outcome of liver disease in children.
Liver biopsy is still the gold standard for diagnosis, grad-
ing, and staging of liver fibrosis [1]. However, liver

biopsy is restricted being an invasive technique that
might result in patient hazards such as pain, bleeding,
and biliary system injury, along with variable accessibil-
ity, high cost, sampling mistakes, and inaccuracy due to
inconsistency of pathologic interpretations [2]. These
limitations promote the development of less invasive
methods to assess liver fibrosis especially in children [3].
Hepatic fibrosis scores and serum biomarkers can

serve as non-invasive, reproducible, and sensitive
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screening tools to predict fibrosis. Fibrosis scores such
as aspartate aminotransferase/platelet ratio index (APRI)
and fibrosis index based on four factors (Fibrosis-4
index, FIB-4) were developed based on the progression
of liver pathology to cirrhosis and derived from the
Apricot database in patients with chronic hepatitis C
virus (HCV) infection [4]. Many of serum fibrosis
models have been used to evaluate liver fibrosis and cir-
rhosis in adults with chronic hepatitis C. However, lim-
ited data on their accuracy in pediatric patients is
available, and none of them has been fully validated in
children [5]. Therefore, in this study, we aimed at the
evaluation of non-invasive serum biomarker fibrosis
models (APRI and FIB-4) and their modified forms by
BMI z-score (M-APRI, M-FIB-4, and B-AST), compared
to liver biopsy to assess liver fibrosis in children with
chronic liver diseases.

Methods
Subjects
This was a 5-year observational cross-sectional study
performed on 200 children suffering from various
chronic liver diseases (a long-standing irreversible
change in the hepatic structure that may end in compli-
cations like cirrhosis leading to premature death) [6],
and their diagnosis was based on clinical, laboratory, and
histopathological examination. Patients were recruited
from the outpatient pediatric hepatology clinic between
May 2015 and May 2019. Any patient with chronic liver
disease of different etiologies (chronic viral hepatitis B
or/and C, cholestatic liver disease, autoimmune hepatitis,
and metabolic liver diseases) who underwent liver biopsy
was included in the study. Patients were excluded if they
had chronic liver disease with other co-morbidity as
renal or C.V.S. or C.N.S. affection. This study was ap-
proved by the Ethical Committee of Faculty of Medicine,
in accordance with “The Code of Ethics of the World
Medical Association” (Declaration of Helsinki). Informed
consent was obtained from parents prior to enrollment
in the study after being fully informed about the study
and its procedures.

Methods

� All enrolled children were subjected to the
following:

� Full history taking and thorough clinical
examination: with emphasis on clinical presentations
(jaundice, abdominal pain and distension, melena
and bleeding manifestations as hematuria, epistaxis,
or bleeding gums), abdominal examination, and
anthropometric measurements including weight,
height, and BMI. Patients’ weights were measured in
kilograms (to the nearest 100 g) using an electronic

digital scale which accuracy was periodically verified
using reference weights, while their heights were
measured in centimeters (to the nearest millimeter).
Children were measured on scales with height
gauges, and the subject stood with back against the
gauge and feet on the weighing platform. A software
program that combines the raw data of the variables
(age, sex, height, and weight) to compute a
nutritional status index such as z-score, weight-for-
height, weight-for-age, and height-for-age was used
[7]. Patients’ weights and heights were recorded on
the day of the biomarker examination. BMI z-scores
were calculated using the World Health
Organization (WHO) Child Growth Standards and
Growth Reference data with the WHO anthropo-
metric calculator, AnthroPlus v.1.0.4.

Laboratory investigations: 9 ml venous blood was
drawn by aseptic venipuncture using a disposable sterile
syringe. Blood was divided in different vacutainer tubes
as follows: 3 ml on K3-EDTA for CBC (CELL-DYN Em-
erald Hematology Analyzer, Abbott, IL, USA); 3 ml on
sodium-citrate for prothrombin time (PT), INR, and ac-
tivated partial thromboplastin time (aPTT) (STA Com-
pact Max, STAGO, France); and 3 ml on the plain tube
that was allowed to clot at room temperature for 30 min
then serum was separated by centrifugation on 1262 g
for 10 min for biochemical and serological testing
including:

� Liver function tests: aspartate aminotransferase
(AST), alanine aminotransferase (ALT), alkaline
phosphatase (ALP), gamma-glutamyl transpeptidase
(GGT), total and direct bilirubin, serum protein, and
albumin (Biosystem A15 Auto-analyzer, BioSystem,
Spain)

� Hepatitis B surface antigen (HBsAg) and anti-HCV
antibody (HCV-Ab) by enzyme-linked immunosorb-
ent assay (ELISA) were done and confirmation of
HCV and HBV infection was done by using PCR
(Biokit, Spain)

� Serum immunoglobulin G (IgG) by radial
immunodiffusion (RID) (Binding Site, Birmingham,
UK)

� Qualitative determination of anti-nuclear antibodies
(ANA), anti-smooth muscle antibodies (ASMA),
liver-kidney microsome antibodies (LKM-1), and
anti-mitochondrial antibodies (AMA) by indirect
immunofluorescence (IIF) (Nova Lite, INOVA diag-
nostics, USA)

� Work-up for Wilson’s disease (serum ceruloplasmin,
24-h urinary copper before and after penicillamine)
and Keyser-Fleischer ring
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Liver biopsy: Ultrasound-guided sample of living tissue
of the liver was done for all patients either for diagnosis
(when the above investigations were not enough for
diagnosis) and/or detection of the degree of fibrosis
using Menghini aspiration needle (Hepafix Luer Lock
Braun Melsungen AG, Melsungen, Germany). A good
enough core that contains at least five portal tracts was
obtained. Biopsy specimens were fixed in formalin and
deeply set within paraffin. Five-micrometer-length sec-
tions were cut and stained with hematoxylin and eosin
to assess the histological activity of liver disease using
the METAVIR scoring system [8] which comprises of
five stages: F0 (no fibrosis), F1 (minimal fibrosis, portal
fibrosis without septa), F2 (moderate fibrosis, portal fi-
brosis with few septa), F3 (severe fibrosis, sepal fibrosis
with many septa but no cirrhosis), and F4 (cirrhosis).
Sections were stained with Mason-Trichrome to assess
fibrosis stage, Perls’ Prussian blue stain to show iron de-
position, and periodic acid chief stain to exclude alpha 1
anti-trypsin deficiency. Slides were blindly evaluated by
two pathologists.
Non-invasive serum biomarker models for fibrosis

evaluation: were calculated according to the published
analytic recommendations [9, 10] as follows:

� Aspartate transaminase (AST)-to-platelet ratio index
(APRI):
APRI = [[AST (IU/L)/(AST ULN (IU/L)]/platelet
count (109/L)] × 100

� Fibrosis-4 index (FIB-4):
FIB-4 = [age (years) × AST (IU/L)]/[platelet count
(109/L) × √ALT (IU/L)]

� The modified forms by BMI z-score:
M-APRI = APRI × BMI z-score
M-FIB-4 = FIB-4 × BMI z-score
B-AST = B-AST (IU/L) × BMI z-score

The upper limits of normal (ULN) for ALT and AST
were established as 40 IU/L, and the age used in formula
and laboratory investigations was at the time of liver
biopsy.

Statistical methods
The collected data were tabulated and analyzed using
SPSS software, ver. 16 (SPSS Inc., Chicago, IL, USA) and
MedCalc statistical software, ver. 17.2 (MedCalc Soft-
ware, Mariakerke, Belgium). Categorical data were pre-
sented as numbers and percentages while quantitative
data were expressed as mean ± standard deviation, me-
dian, interquartile range (IQR), and range. Quantitative
data were tested for normality using the Kolmogorov-
Smirnov test, assuming normality at P > 0.05. Differ-
ences between groups were tested using the Kruskal-
Wallis (KW) test for non-parametric variables; when

significant, it was followed by post hoc multiple compar-
isons using the Bonferroni test to detect the significant
pairs. Spearman’s correlation coefficient (rho) was used
to assess the correlation between non-parametric vari-
ables. ROC curve analysis was used to detect cutoff
values for the studied markers with optimum sensitivity
and specificity in the prediction of early fibrosis and ad-
vanced fibrosis. The accepted level of significance in this
work was stated at 0.05 (P < 0.05 was considered
significant).

Results
This study was carried out on 200 children suffering
from chronic liver disease of different etiologies; they
were 98 male and 102 female, aged 6.3 ± 3.8 years. Forty
percent of them had positive consanguinity and 30% had
a family history of chronic liver disease. Among the
studied patients, 25% were diagnosed with metabolic
liver diseases (MLD) [glycogen storage disease 17%, Nie-
mann pick disease 2%, Wilson disease 6%], 44% were di-
agnosed with chronic hepatitis [autoimmune hepatitis
15%, chronic hepatitis of unknown etiology 13% , steato-
hepatitis 8%, congenital hepatic fibrosis 8%], 15% were
diagnosed with viral hepatitis [HCV 10%, HBV 5%], and
16% had cholestasis disorders (progressive familial intra-
hepatic cholestasis 5%, Alagille syndrome 6%, α1anti
trypsin deficiency 1%, Caroli’s disease 2%, Dubin-
Johnson syndrome 2%). The most clinical presentations
of the studied hepatic patients were abdominal disten-
sion (60%), jaundice (44%), pallor (21%), hepatomegaly
(65%), and splenomegaly (16%). Anthropometric mea-
surements are shown in Table 1.
The baseline data of liver function tests in the studied

hepatic patients at the time of liver biopsy were found to
be elevated above their upper limit of normal (ULN)
(Table 1).
Histopathological evaluation of liver biopsy specimens

revealed that the majority of the studied patients (81%)
showed mild disease activity. Regarding the degree of fi-
brosis, 41% had minimal fibrosis (F1), 19% had moderate
fibrosis (F2), and severe fibrosis (F3) was present in 9%
of patients (glycogen storage disease 5 patients, Wilson
disease 4 patients, autoimmune hepatitis 5 patients,
chronic hepatitis of unknown etiology 3 patients, α1anti
trypsin deficiency 1 patient), while cirrhosis (F4) was ob-
served in 9% of cases (congenital hepatic fibrosis 8 pa-
tients, chronic hepatitis of unknown etiology 4 patients,
autoimmune hepatitis 6 patients ) (Table 2).
The median, interquartile range (IQR) of the five non-

invasive serum biomarkers in our study group is shown
in Table 3.
The studied non-invasive serum biomarkers (APRI,

FIB-4, M-APRI, M-FIB-4, B-AST) showed significant
positive correlations with HAI and fibrosis stage. The
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increase in the fibrosis score was associated with an in-
crease in mean ± SD of all five non-invasive biomarkers
as the APRI score increases from 0.48 ± 0.51 in F0 to
8.11 ± 52.9 in F4, the FIB-4 score increases from 0.008 ±
0.010 in F0 to 0.145 ± 0.078 in F4, the M-APRI score in-
creases from −2.03 ± 2.88 in F0 to 3.90 ± 1.79 in F4, M-
FIB-4 increases from −0.012 ± 0.037 in F0 to 0.56 ±

0.071 in F4, and B-AST increases from −213.4 ± 369.8
in F0 to 93.60 ± 59.1 in F4.
Moreover, APRI showed a significant positive correl-

ation with liver enzymes (ALT, ALP, and GGT) and
serum bilirubin (total and direct) levels, while M-APRI
showed a significant positive correlation with age of pa-
tient and serum total bilirubin. The FIB-4 index was
found to be positively correlated with serum ALP level.
There was a significant positive correlation between B-
AST and total bilirubin levels (Table 4).
In order to assess the performance of the studied non-

invasive biomarkers in the detection of early fibrosis
(F1–F2) and detection of advanced liver fibrosis (F3–F4),
it was found that the best cutoff for APRI in the detec-
tion of early fibrosis (F1–F2) was > 0.96 with AUC
0.745, sensitivity 46.4%, and specificity 91.9%, and in the
detection of advanced liver fibrosis (F3–F4), the best
cutoff point was >1.96, with AUC 0.849, sensitivity
89.9%, and specificity 84.5%, while for M-APRI, the best
cutoff for detection of early fibrosis (F1–F2) was > 0.16
with AUC 0.831, sensitivity 61.3%, and specificity 96.5%,
and for the detection of advanced liver fibrosis (F2–F4),
the cutoff point was >2.2 with AUC 0.958, sensitivity
87.8%, and specificity 96.6%. In FIB-4, early fibrosis (F1–
F2) could be detected at a cutoff point >0.019 with AUC
0.750, sensitivity 54.8%, and specificity 94.5%, while ad-
vanced liver fibrosis (F3–F4) could be detected at a cut-
off point > 0.045 with AUC 0.853, sensitivity 78.8%, and
specificity 85.6%. Using M-FIB-4, at a cutoff value
>0.005, early fibrosis (F1–F2) could be detected with
AUC 0.759, sensitivity 49.7%, and specificity 96.5%, while
at a cutoff value > 0.015 with AUC 0.896, sensitivity
89.8%, and specificity 82.4%, advanced liver fibrosis (F3–
F4) could be detected. The values of B-AST for detec-
tion of early fibrosis (F1–F2) was >−8 with AUC 0.758,
sensitivity 74.2%, and specificity 75.7%, while in the de-
tection of advanced liver fibrosis (F3–F4), the cutoff
point was > 92.1, with AUC 0.955, sensitivity 89.8%, and
specificity 91.2% (Tables 5 and 6, Figs. 1 and 2).

Discussion
Liver biopsy is an approved procedure that is indicated
to establish a diagnosis, assess the prognosis, and

Table 1 Clinical and laboratory characteristics of the study
group at the time of liver biopsy

Variable Hepatic patients (N = 200)

Age (years) 6.3 ± 3.8 (2–15)

Sex Male 98 (49%)

Female 102 (51%)

Weight (kg)
Centiles

18.2 ± 5.9 (9.0–40.0)
(5th–75th)

Height (cm)
Centiles

95.4 ± 32.4 (70.0–149.0)
(<3rd–85th)

BMI (kg/m2)
Centiles

19.3 ± 7.3 (13.0–50.7)
(0.1th–95th)

BMI z-score 0.13 ± 2.9 (−4.8:6.0)

AST (IU/L) 142.8 ± 198.8 (20–1080)

ALT (IU/L) 155.7 ± 205.8 (18–1170)

T. bilirubin (mg/dL) 4.5 ± 5.03 (0.2–21.0)

D. bilirubin (mg/dL) 2.6 ± 3.1 (0.1–13.0)

ALP (IU/L) 520.6 ± 493 (80–1192)

GGT (IU/L) 73.7 ± 119.5 (41–668)

Hb (g/dL) 9.6 ± 1.7 (8.5–11.0)

PLTs (103/μL ) 246.5 ± 137.9 (150.0–435.0)

Data expressed as mean ± SD (range). BMI body mass index, AST aspartate
aminotransferase, ALT alanine transaminase, T. bilirubin total bilirubin, D.
bilirubin direct bilirubin, ALP alkaline phosphatase, GGT gamma-glutamyl
transferase, Hb hemoglobin, PLTs platelets

Table 2 Histopathological evaluation of the liver biopsy
specimens among the study group according to METAVIR
scoring system

Variable Hepatic patients (N
= 200)

%
(100%)

HAI A0 = no activity 24 12.0%

A1 = mild activity 162 81.0%

A2 = moderate
activity

8 4.0%

A3 = severe
activity

6 3.0%

No fibrosis F0 44 22.0%

Fibrosis
stages

Minimal fibrosis F1 82 41.0%

Moderate fibrosis F2 38 19.0%

Severe fibrosis F3 18 9.0%

Cirrhosis F4 18 9.0%

HAI histological activity index

Table 3 Non-invasive biomarkers in the study group

Non-invasive biomarkers Median Interquartile range )IQR)

APRI 0.6 0.24–1.7

FIB-4 0.01 0.04–0.05

M-APRI 0.16 −0.64–0.65

M-FIB-4 0.001 −0.004–0.015

B-AST 15.65 −84.4–64.5

APRI AST-platelet ratio index, FIB-4 Fibrosis-4 index, M-APRI modified APRI, M-
FIB-4 modified FIB-4, B-AST AST in relation to BMI
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monitor therapy protocols [11]. Although the associated
complications are infrequent, finding new alternative
non-invasive methods for the evaluation of liver disease
is of great interest [12]. In the current work, the majority
of the studied 200 children with chronic liver disease
had mild, moderate, and severe disease activity that were
81%, 4%, and 3%, respectively, while minimal, moderate,
and severe fibrosis were 41%, 19%, and 18%, respectively.
This comes in consistent with Behairy et al., who found
that most of the studied HCV patients had minimal dis-
ease activity (80%) and no/mild fibrosis (72%); on the
other hand, they found that the majority of the AIH
group had mild to moderate activity (70%) and moderate
to severe fibrosis (95%) and all Wilson disease group had
mild to moderate activity (100%) and moderate to severe
fibrosis (100%) [13] and Pokorska-Spiewak et al., who re-
ported that most of the cases showed minimal to mild fi-
brosis [5]. However, Dhole et al. confirmed that
advanced fibrosis appeared in 23% of cases [14]. Fibrosis
staging in chronic liver disease is crucial in determining
the prognosis, selecting patients fit for anti-fibrotic treat-
ment, and monitoring treatment outcomes [15].
The median of the non-invasive biomarkers was APRI

0.6, FIB-4 index 0.01, M-APRI 0.16, M-FIB-4 0.001, and
B-AST 15.65. There were significant positive correla-
tions between all of them and fibrosis score and HAI (P
< 0.05 each), with a consistent increase in fibrosis score

with the increase in mean ± SD of the studied five non-
invasive biomarkers. This comes in line with Abd El-
Ghaffar et al., who reported a highly significant positive
correlation between APRI score and stage of fibrosis as
assessed by the METAVIR scoring system (r = 0.53 and
P-value = 0.000). APRI score mean in patients was 0.71
± 0.48 and increased from 0.3 ± 0.45 in fibrosis stage <2
to 0.71 ± 0.96 in fibrosis stage >2 [16]. Also, de Ledin-
ghen et al. studied APRI in comparison to Fibrosure and
Fibroscan and found that APRI correlated with stages of
fibrosis (rb = 0.32, P = 0.03) [17].
The aspartate aminotransferase (AST) to platelet ratio

index (APRI) is a simple biomarker that was developed
based on the progression of liver pathology and includes
standard-of-care tests that may reflect hepatocellular
damage and early development of portal hypertension
[10].
Furthermore, Leung et al. found that APRI performed

better than FIB-4 in predicting fibrosis studied in chil-
dren with cystic fibrosis liver disease. APRI may hold
great promise for earlier detection of fibrosis or clinically
silent liver disease in order to decrease further complica-
tions [18]. Similarly, Pokorska-Spiewak et al. found the
mean ± SD of the five biomarkers were APRI score 0.48
± 0.26, FIB-4 0.22 ± 0.13, M-APRI 0.28 ± 0.69, M-FIB-4
0.09 ± 0.28, and B-AST 31.71 ± 69.87 and confirmed a
significant positive association between the fibrosis

Table 4 Correlation between the non-invasive biomarkers and lab investigations and histopathological evaluation in the study
group

APRI M-APRI FIB-4 M-FIB-4 B-AST

Rho P Rho P Rho P Rho P Rho P

Age (years) 0.079 0.27 0.321 0.036 – – – – 0.147 0.18

ALT (IU/L) 0.649 <0.001 0.018 0.85 – – – – 0.018 0.85

T. bilirubin (mg/dL) 0.297 0.003 0.235 0.018 0.156 0.12 0.189 0.059 0.223 0.026

D. bilirubin (mg/dL) 0.314 0.002 0.186 0.67 0.173 0.08 0.167 0.098 0.160 0.11

ALP (IU/L) 0.340 0.001 0.130 0.19 0.223 0.034 0.102 0.31 0.125 0.21

GGT (IU/L) 0.253 0.011 0.107 0.29 0.179 0.074 −0.063 0.63 0.08 0.37

Hb (g/dL) −0.007 0.94 −0.076 0.45 −0.05 0.62 −0.135 0.18 −0.136 0.18

HAI 0.326 0.001 0.418 <0.001 0.316 0.002 0.343 <0.001 0.327 0.0013

Fibrosis stage 0.568 <0.001 0.629 <0.001 0.473 <0.001 0.537 <0.001 0.473 <0.001

BMI body mass index, ALT alanine aminotransferase, T. bilirubin total bilirubin, D. bilirubin direct bilirubin, ALP alkaline phosphatase, GGT gamma-glutamyl
transferase, Hb hemoglobin, HAI histological activity index

Table 5 Performance of the studied non-invasive markers in the detection of early (F1–F2) in the studied group

Cutoff value Sens% Spec% PPV% NPV% AUC 95% CI

APRI > 0.96 46.4% 91.9% 94.7% 32.2% 0.745 0.71–0.82

M-APRI >0.16 61.3% 96.5% 97.9% 40.4% 0.831 0.63–0.88

FIB-4 >0.019 54.8% 94.5% 97.7% 36.9% 0.750 0.55–0.85

M-FIB-4 >0.005 49.7% 96.5% 97.4% 34.4% 0.759 0.64–0.79

B-AST >−8 74.2% 75.7% 90.5% 43.2% 0.758 0.66–0.85

Sens sensitivity, Spec specificity, PPV positive predictive value, NPV negative predictive value, AUC area under the curve, CI confidence interval
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stages and M-APRI and B-AST scores with a trend to-
ward such an association with APRI and M-FIB-4 [5].
Elhenawy et al. stated that APRI and FIB-4 were sig-

nificantly correlated with fibrosis in BA (P = 0.007) and
were significantly higher in those with advanced fibrosis
(Russo F4 and F5; P = 0.007), and they stated that these
non-invasive serological markers, which are derived from
simple routine laboratory tests, may be of help in pre-
dicting advanced fibrosis and in long-term follow-up of
infants with BA and minimize the need for repeated
follow-up liver biopsies [19]. Many studies had reported
a positive correlation between APRI score and degree of
liver fibrosis [14, 17, 20].
Values of fibrosis biomarker models increase with the

progression of fibrosis stages because they are dependent
on ALT, AST, and platelet count, with ALT and AST in-
crease and platelet count decrease with increasing of fi-
brosis. Various factors induce decreased platelet count

such as secondary to decreased thrombopoietin produc-
tion by hepatocytes and/or sequestration and destruction
of platelets in the spleen when liver fibrosis advances
and portal hypertension develops with age. However,
with ongoing liver injury, AST release from mitochon-
dria is increased and hepatic fibrosis decreases its clear-
ance [21].
While assessing the performance of studied non-

invasive biomarkers, we found that the best cutoff for
APRI in the detection of early fibrosis (F1–F2) was >0.96
with an AUC of 0.745, while in advanced liver fibrosis
(F3–F4), it was >1.96, with AUC 0.849. This comes in
accordance with Kim et al. who reported that APRI
AUROC for F ≥ 3 and F = 4 were 0.92 and 0.91, respect-
ively. Distinct optimal cutoff values of APRI for F ≥ 3
and F = 4 were obtained (1.01 and 1.41, respectively)
[20]. Also, de Ledinghen et al. found an AUC of 0.73 for
predicting cirrhosis in children with various chronic liver

Table 6 Performance of the studied non-invasive biomarkers in the detection of advanced liver fibrosis (F3–F4) in the studied group

Cutoff value Sens% Spec% PPV% NPV% AUC 95% CI

APRI >1.96 89.9% 84.5% 34.8% 98.7% 0.849 0.76–0.92

M-APRI >2.2 87.8% 96.6% 72.7% 98.9% 0.958 0.92–0.98

FIB-4 >0.045 78.8% 85.6% 33.3% 97.5% 0.853 0.77–0.91

M-FIB-4 >0.015 89.8% 82.4% 32% 98.7% 0.896 0.84–0.97

B-AST >92.1 89.8% 91.2% 47.1% 98.8% 0.955 0.875–0.97

Sens sensitivity, Spec specificity, PPV positive predictive value, NPV negative predictive value, AUC area under the curve, CI confidence interval

Fig. 1 Diagnostic performance (ROC curves) of the studied non-invasive biomarkers in the detection of early fibrosis (F1–F2)
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diseases [17]. In addition, Grieve et al. using a cutoff
value of 1.22 [AUC 0.83] showed a sensitivity of 75%
and a specificity of 84% for macroscopic cirrhosis
[22], and McGoogan et al. found that the APRI was
moderately useful in predicting significant fibrosis
where it could be a substitute for liver biopsy with
AUC of 0.71 [23].
Moreover, in a meta-analysis that included 40 studies,

it was shown that APRI score > 1.0 had 76% sensitivity
and 72% specificity for predicting cirrhosis. Additionally,
APRI scores > 0.7 had a 77% sensitivity and 72% specifi-
city for predicting significant hepatic fibrosis [24].
Regarding the performance of FIB-4, the cutoff point to

detect early fibrosis (F1–F2) was > 0.019 with AUC 0.750,
and to detect advanced fibrosis (F3–F4), it was > 0.045
with AUC 0.853. These results agree with Elhenawy et al.
reports which showed the AUC of FIB-4 was 0.0098 with
AUR 0.644, 61.9% sensitivity, and 61.9% specificity to dis-
criminating advanced fibrosis [19]. More evidences came
from Pokorska-Spiewak et al. study, where FIB-4 at cutoff
point 0.18, with AUR 0.708, 85.7% sensitivity, and 93.7%
NPV, helped in detecting any stage of fibrosis; the cutoff
point was 0.09 with AUC 0.586 [5]. On the other hand,
Chen et al. reported that FIB-4 failed to correlate with the
fibrosis stage. This may be due to the small number of pa-
tients in Chen’s study (n = 24) [25].
In our study, during the assessment of the perform-

ance of BMI z-score modified models, we found M-

APRI, M-FIB-4, and B-AST at cutoff points >0.16,
>0.005, and >−8, respectively with corresponding AUC
0.831, 0.759, and 0.758, could detect early fibrosis (F1–
F2), while in detecting advanced fibrosis (F3–F4), the
cutoff points of M-APRI, M-FIB-4, and B-AST were
>2.2, >0.015, and >92.1 with AUC 0.958, 0.896, and
0.955, respectively.
These results were in agreement with Pokorska-

Spiewak et al., who reported the cutoff values of M-
APRI, M-FIB-4, and B-AST in the detection of any stage
of fibrosis were 0.08, 0.36, and 0.56 with corresponding
AUC 0.597, 0.568, and 0.614, respectively, while those
for detection of moderate to severe fibrosis were 0.577,
0.179, and 92.82 with corresponding AUC 0.842, 0.823,
and 0.848, respectively [5]. Also, Pokorska-Spiewak et al.
suggest that liver fibrosis in children with CHC is posi-
tively associated with the BMI z-score. In both univariate
and multivariate analyses, the BMI z-score was found to
be an independent predictor of fibrosis among 42
pediatric patients with CHC (P = 0.03) [12].
We had found that the BMI z-scores of modified non-

invasive biomarker models (M-APRI, M-FIB-4, and B-
AST) had better diagnostic values in detecting early fi-
brosis (F1–F2) with AUC exceeded 0.7. Therefore, we
supported the idea of incorporating the BMI z-score in
the well-established APRI and FIB-4 non-invasive bio-
marker formulas to improve their performance in pre-
dicting advanced fibrosis. In addition, we confirmed the

Fig. 2 Diagnostic performance (ROC curves) of the studied non-invasive biomarkers in the detection of advanced liver fibrosis (F3–F4)
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B-AST as a new non-invasive simple biomarker that can
easily detect liver fibrosis using very simple parameters.

Conclusion
APRI, M-APRI, FIB-4, M-FIB-4, and B-AST are good
non-invasive alternatives to liver biopsy in the detection
of liver fibrosis and its extent in children with chronic
liver diseases of different etiologies especially those that
include BMI z-scores in their formulas.
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