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Abstract. — OBJECTIVE: Liver biopsy is the
gold standard method to evaluate patients with
non-alcoholic fatty liver disease (NAFLD). How-
ever, due to its several limitations and compli-
cations, a reliable and non-invasive marker is
required to assess liver fibrosis. In this study,
we compared the performance of the FIB-4 in-
dex [based on age, aspartate aminotransferase
(AST), and alanine aminotransferase (ALT) lev-
els and platelets count] with the Scheuer scor-
ing system of liver biopsies to evaluate the di-
agnostic utility of FIB-4 among NAFLD patients
with different liver fibrosis severities.

PATIENTS AND METHODS: A cross-section-
al study was conducted at An-Najah National Uni-
versity Hospital (NNUH) in Palestine. The FIB-4
index was calculated using laboratory data for
128 NAFLD patients who underwent liver biop-
sies between November 2014 and July 2022. The
results of FIB-4 were compared with the Scheuer
scoring system of liver biopsies (using FO, F1+F2,
F3+F4) to determine the sensitivity and specifici-
ty of FIB-4 in detecting and staging liver fibrosis.

RESULTS: Out of 128 patients involved in our
study, 49 of them had advanced fibrosis accord-
ing to liver biopsy (F3+F4), where their FIB-4
indices showed 87% sensitivity at 1.45 cut off
point and 87% specificity at 3.25 cut off point.

CONCLUSIONS: The FIB-4 index may be
used as a screening tool in the primary care set-
ting. To raise awareness of liver diseases, this
non-invasive, inexpensive, simple, and quick
marker could identify people in need of further
liver fibrosis evaluation and diagnosis.
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Introduction

Non-alcoholic fatty liver disease (NAFLD)
is characterized by an inflammatory fatty liver
without secondary causes such as drug use, ex-
cessive alcohol intake, or other metabolic issues!'.
Yet, it is thought to be associated with impaired
insulin function, metabolic disorders, obesity,
and diabetes’. Additionally, NAFLD remains
largely symptomless most of the time. Still, it can
progress to non-alcoholic steatohepatitis (NASH)
or cirrhosis, or even liver cancer (HCC), which is
more severe and devastating®*. For this reason,
liver transplantation is expected to become nec-
essary in the next decade’. Early detection and
effective treatment of liver fibrosis in NAFLD are
crucial. Because it is associated with other unde-
sirable outcomes, for example, cardiac arrests,
ischemic strokes, and metabolic abnormalities.
That is why its importance extends beyond its
effect on liver function®.

Nowadays, it is considered the leading cause of
chronic liver disease in developed countries due
to its epidemic-status development'. Globally, 6%
to 35% of individuals are thought to already have

Corresponding Authors: Qusay Abdoh, MD; e-mail: qusayabdoh@najah.edu;
3104 Mohammad Alnees, MD; e-mail: a2011z2012z2013@gmail.com



FIB-4 as a non-invasive tool for liver fibrosis scoring among NAFLD patients

NAFLD’; on the other hand, the Middle East seems
to have the highest prevalence of NAFLD (32%)®.
In response to this huge, constantly growing prev-
alence, which causes a significant economic and
clinical burden, we must optimize its prevention,
diagnosis, and treatment’. It was always necessary
to execute a liver biopsy to diagnose the progres-
sive form of the disease (NASH). Nevertheless,
its invasiveness and involvement of sampling and
interobserver variability made scaling up impos-
sible for the 1 billion people affected®. This has
led to the development of alternative noninvasive
approaches, which have been the topic of intensive
research over the previous decade'’.

One of these non-invasive techniques we used
in our research is the fibrosis index based on 4
factors (FIB-4), which was developed to pinpoint
liver fibrosis in HIV/hepatitis C virus (HCV)
coinfection by combining age, aspartate ami-
notransferase (AST), alanine aminotransferase
(ALT), and platelet counts. It was calculated by
the formula of [age (years) x AST (U/L)] / (plate-
let (10°/L) x (ALT (U/L))1/2]". Its low cost and
accessibility in routine clinical practice made the
fibrosis-4 (FIB-4) tool one of the most widely
validated and advised tests. Among NAFLD pa-
tients, these scores are most convincing at iden-
tifying advanced fibrosis (F3-F4) and excluding
significant fibrosis'. This index is valuable be-
cause it is based on simple, reachable test values
that are routinely measured in health checkups.
Moreover, it is not influenced by body mass index
(BMI) as in any other screening tests".

In this cross-sectional study, we evaluated the
diagnostic utility of FIB-4 as a non-invasive
method of scoring liver fibrosis among NAFLD
patients at An-Najah National University Hospi-
tal and determined an optimal cutoff to rule out
fibrosis. This will help us in the early detection of
liver fibrosis among NAFLD patients and, on the
other hand, enable us to use the most appropriate
methods for its evaluation, progression, manage-
ment, and treatment.

Patients and Methods

Ethical Consideration

The Ethical Committee of the Institution-
al Review Board (IRB) at An-Najah National
University (ANNU)-Palestine has approved the
study and protocols in accordance with ethical
standards. Before participating, every participant
signed informed consent.

Data privacy and confidentiality were highly
assured for all participants. All data were collect-
ed, treated confidentially, and kept in a strictly
safe place; moreover, they were available for and
accessible by the researchers. Personal informa-
tion is not mentioned in the manuscript. Partic-
ipants were provided with written information
about the study. They were informed that they
had the right to participate or leave the study at
any time without consequences.

Study Design and Population

This is a cross-sectional, non-intervention-
al, retrospective study that mainly aims to
identify liver fibrosis using the FIB-4 index
in already diagnosed NAFLD patients by liver
biopsy between November 2014 and July 2022.
The study included 130 NAFLD patients who
underwent liver biopsies at the Department of
Gastroenterology, An-Najah National Univer-
sity Hospital.

Inclusion and Exclusion Criteria

Patients >18 years old who had risk factors
for developing liver fibrosis and who showed
fatty liver infiltrates (NAFLD) were enrolled in
our research. Patients who consume alcohol and
patients diagnosed with chronic hepatitis B or C
were excluded from our research.

Liver Histological Examination

A minimum of 15 mm of liver tissue with at
least 6 portal tracts is considered sufficient. For
histological scoring, the Scheuer scoring system
was adopted as the histological standard of liver
fibrosis. Liver fibrosis was classified into 5 stages:
F0, no fibrosis; F1, enlarged fibrotic portal tracts;
F2, periportal or portal-portal septa but intact
architecture; F3, fibrosis with architectural dis-
tortion but no obvious cirrhosis; and F4, cirrhosis,
probable or definite (Table I)*.

Patients were categorized into three groups.
The first group, named minimal fibrosis, included
patients with the FO stage on the Scheuer scoring
system; the second group, named mild fibrosis,
included patients with stages F1 and F2, and the
third group, named advanced fibrosis, included
patients with stages F3 and F4.

FIB-4 Score

FIB-4 score was calculated using laboratory
data based on the following formula (Table II):
FIB-4 = [age (year) x AST (IU/L))/ [PLT (10°/L)
x (ALT (U/L)1/2].
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Table I. Liver histological examination.

FO F1 F2 F3 F4
Scheuer system™  No fibrosis Enlarged, fibrotic Periportal or portal — Fibrosis with Cirrhosis,
portal tracts portal septa but architectural probable or
intact architecture distortion but no definite
obvious cirrhosis

Statistical Analysis

Descriptive statistics and Fisher’s exact sta-
tistical test are performed. A p-value lower than
0.05 was considered significant. Results were ana-
lyzed using IBM SPSS Statistics Version 26 (IBM
Corp., Armonk, NY, USA) predictive analytics
software'’. Data was expressed as means + SD con-
tinuous variables and as frequencies (percentages)
for categorical variables. Variables not normally
distributed were expressed as medians (lower-up-
per quartiles). Variables were tested for normality
using Kolmogorov-Smirnov test. The chi-square
test was used to test the significance between
categorical variables. The Kruskal-Wallis test, fol-
lowed by the Mann-Whitney test, was used to test
for differences in the means between categories.

Results

Patients (n=128) (ages ranging from 18 to 79
- the mean age was 44) with NAFLD had un-
dergone liver fibrosis testing by liver biopsy
during the study period. In the study population,
there were more females than males (51.9% vs.
48.1%). We divided the study population into
three groups based on liver fibrosis stages by the
Scheuer system, i.e., minimal fibrosis (F0), mild
fibrosis (F1+F2), and advanced fibrosis (F3+F4).
Patients with different stages of liver fibrosis
were found as follows: 40 (31.2%) patients with
stage FO, 39 (30.5%) patients with stages F1 and
F2, and 49 (38.3%) patients with stages F3 and
F4. FIB-4 results were divided into 3 groups (the
mean FIB-4 index was 2.69), as seen in Table III.

The FIB-4 score results were compared to
liver fibrosis stages, as shown in Table I'V. Of 54
patients with a FIB-4 score lower than 1.45, 23

Table II. Liver histological examination.

<1.45 1.45-3.25 >3.25
No or minimal Mild or moderate Advanced
fibrosis fibrosis fibrosis
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had FO fibrosis stage, 25 had F1 or F2 fibrosis
stage, and only six patients had advanced fibrosis
(F3, F4). 29 of 39 patients who had FIB-4 scores
higher than 3.25 were concordant with liver biop-
sy results.

To evaluate the efficacy of FIB-4 as a tool for
detecting liver fibrosis, we calculated the sensi-
tivity, specificity, positive predictive value (PPV),
and negative predictive value (NPV) of FIB-4 for
mild and advanced fibrosis (Table V). For mild
fibrosis, we used 1.45 as a cutoff point, and any
patient who had an FIB-4 score of more than 1.45
was considered positive for mild fibrosis. Two
cutoff points were used for advanced fibrosis:
1.45 and 3.25.

We conducted further analysis to see if there
was a cause for the mismatch between the FIB-4
score and liver biopsy results for some patients.
We discovered that 40% of patients with mild to
moderate fibrosis (FO, F1/F2) and a FIB-4 score
higher than 3.25 had diabetes mellitus, and 40%
had hypertension. On the other hand, from 31 pa-
tients with mild to advanced fibrosis (F1/F2, F3/
F4) with FIB-4 scores lower than 1.45, 9 (29%)
patients were found to have diabetes mellitus, and
7 (22.5%) patients had hypertension as shown in
Table VI.

Discussion

The development of NASH, together with their
elevated probability of acquiring progressively
increasing degrees of liver fibrosis, makes as-
sessing patients with NAFLD a critical priority.
Additionally, individuals with advanced liver dis-
ease are more prone to complications like liver
failure and even cancer. Therefore, accurately
identifying the stage of fibrosis in these patients
is essential for subsequent treatment decisions as
well as assessing risks.

Incorporating noninvasive tests (NITs), includ-
ing the FIB-4 index, NAFLD Fibrosis Score
(NFS), and AST/platelet ratio index (APRI) into
the diagnostic algorithms for NAFLD becomes
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Table Ill. General characteristics of the population.

Characteristic variable Count (n) Percentage (%)
Gender Female 67 51.9%
Male 62 48.1%
Diabetes mellitus diagnosis No 90 69.8%
Yes 39 30.2%
Hypertension diagnosis No 97 75.2%
Yes 32 24.8%
Ischemic heart disease diagnosis No 114 88.4%
Yes 15 11.6%
Smoking status No 104 80.6%
Yes 25 19.4%
Family history of hepatic diseases No 126 97.7%
Yes 3 2.3%
Drug intake No 30 23.3%
Yes 99 76.7%
Cancer diagnosis No 119 92.2%
Yes 10 7.8%
Fibrosis stages FO 40 31.2%
F1/F2 39 30.5%
F3/F4 49 38.3%
FIB-4 <1.45 54 42.2%
1.45-3.25 35 27.3%
>3.25 39 30.5%
Fibrosis index based on 4 factors (FIB-4).
Table IV. Correlation between FIB-4 score and liver biopsy results.
Scheuer system
FIB-4 score (n and %) FO F1, F2 F3, F4 Total P
<1.45 23 (42.6%) 25 (46.3%) 6 (11.1%) 54 0.000
1.45-3.25 12 (34.3%) 9 (25.7%) 14 (40.0%) 35
>3.25 5(12.8%) 5 (12.8%) 29 (74.4%) 39
Fibrosis index based on 4 factors (FIB-4).
Table V. Performance of FIB-4 in detecting mild and advanced fibrosis.
Cutoff Sensitivity Specificity PPV NPV
Mild fibrosis (>F1) 1.45 64% 57.5% 77% 42.5%
Advanced fibrosis (>F3) 1.45 87% 60% 58% 88.8%
3.25 59% 87% 74.4% 77%

Positive predictive value (PPV), negative predictive value (NPV).

Table VI. Variables associated with discordant liver biopsy and FIB-4 results.

25.6% of those with FIB-4 score

or mild/moderate (F1/F2)

>3.25 had no/minimal fibrosis (FO)

57.4% of those with FIB-4 score
<1.45 had mild/moderate (F1/F2)

or advanced (F3/F4)

Diabetes mellitus 40%
Hypertension 40%
Ischemic heart disease 20%
Smoking status 20%
Cancer diagnosis 10%

29%
22.5%
6.5%
19%
6.5%
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necessary and clinically beneficial as its stage can
often predict long-term clinical outcomes. These
models possess exceptional predictive capabili-
ties when it comes to discerning potential diseas-
es or fatalities related specifically to the liver’s
functioning. Indeed, it has been demonstrated
that these results sometimes even surpass those
obtained through traditional methods such as liv-
er biopsy when it comes down to accuracy levels
attained by medical practitioners, thereby prov-
ing invaluable in clinical settings. By employing
non-invasive methods, a wealth of valuable, ac-
tionable data regarding the fibrosis stage becomes
readily accessible, bypassing the need for painful,
invasive procedures. Consequently, this expe-
dites the process of risk stratification, facilitating
prompt decision-making regarding preventative
treatments aimed at enhancing patient outcomes
and halting disease progression!*!16-17,

The utility of the FIB-4 index as a screening
tool has primarily been studied® in patients with
hepatitis C virus (HCV) and Human Immuno-
deficiency Virus (HIV) infection, amongst other
high-prevalence populations at secondary centers.
However, its comparative effectiveness to liver
stiffness measurement (LSM) using Fibroscan re-
mains uncertain. Although encouraging results?**!
have emerged regarding the potential of FIB-4 for
non-invasive liver fibrosis scoring amongst certain
patient groups, further evaluation is needed before
definitive conclusions can be drawn.

This investigation aimed to examine whether
utilizing the FIB-4 index could successfully iden-
tify levels of liver fibrosis in those afflicted by NA-
FLD. The study consisted of a group comprising
128 subjects who were assessed by taking a sample
of a biopsy. Our analysis indicates that utilizing the
Scheuer system effectively distinguishes between
different severity levels in cases of non-alcoholic
fatty liver disease, where methods like the Fibro
Test or APRI test may not be effective for non-in-
vasive detection of hepatic conditions.

The distribution of liver fibrosis stages resulted
in findings indicating that approximately thir-
ty-one percent (31%) presented minimal fibrosis
(FO), while roughly thirty-point five (30.5%) indi-
cated milder forms of fibrosis (F1+F2); advanced
fibrosis (F3+F4) was observed in the majority
of cases which accounted for thirty-eight-point
three (38.3%) percent of those assessed.

In analysis, the FIB-4 index underwent group-
ings based on cutoff points indicating less than
1.45, between 1.45 and 3.25, and greater than
values denoting >3.25.
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In NAFLD patients with liver fibrosis, results
were compared using the FIB-4 index and the
Schueuer scoring system. Of the 54 cases with
a FIB-4 score <1.45, 48 (88.9%) agreed with the
liver biopsy results (Scheuer FO-F1-F2). To ex-
clude severe fibrosis (F3-F4), 39 cases had a FIB-
4 score >3.25; 29 (74%) of them were concordant
with the liver biopsy findings (Scheuer F3-F4),
and 10 (26%) had disagreeing results (FO-F1-F2).

The FIB-4 test is an effective, noninvasive tool
that can help healthcare professionals identify
individuals with metabolic co-factors who are at
risk of developing liver disease. In recognition of
its utility, the European Association for the Study
of the Liver (EASL) has included it in its clinical
practice guideline (CPG)* on noninvasive tests
(NITs). According to the EASL CPG, patients
with a FIB-4 score lower than 1.3 have a low-risk
profile and do not need a referral to specialist liv-
er clinics, provided they complete follow-up test-
ing after one or three years — depending on their
risk category — for monitoring purposes. Howev-
er, patients with a FIB-4 score equal to or greater
than 1.3 should be considered for additional as-
sessment through another noninvasive diagnostic
test called Fibroscan followed by re-stratification
accordingly®.

NPV and sensitivity of the test were 88.8% and
87%, respectively, at an advanced fibrosis cutoff
point of 1.45, which allowed to exclude nearly
89% of patients suffering from advanced fibrosis.
Using the upper cutoff value of 3.25, 74.4% of
patients with advanced fibrosis were correctly
classified.

The findings of various studies®-* showed that
FIB-4 had an NPV of 94.7%, 74.3% sensitivity,
and 80% specificity for advanced fibrosis at cut-
off point 1.45; however, the upper cutoff value of
3.25 to diagnose significant fibrosis had a sensi-
tivity of 59% and a specificity of 74%.

The primary goal of further analysis was to
determine why some patients’ liver biopsy results
varied from their corresponding FIB-4 scores.
After reviewing patient records closely, research-
ers identified that individuals with mild to mod-
erate fibrosis levels (FO, F2) registering a score
higher than 3.25 on the FIB-4 test showed an
elevated incidence of co-existing conditions such
as diabetes mellitus or hypertension - around
40% for both variables, respectively. In contrast,
patients displaying mild to severe damage levels
(F1, F4) but scoring below 1.45 on the test had
considerably lower percentages for both comor-
bidities.
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These findings are consistent with previous
studies?*®. Therefore, this suggests that if some-
one has preexisting conditions like hypertension or
diabetes mellitus, this can significantly influence
their corresponding FIB-4 test results, leading to
discordance with liver biopsy results. Consequent-
ly, it’s essential to consider such factors while in-
terpreting FIB-4 scores in a clinical setting.

When it comes to advanced fibrosis, the FIB-4
index can be used similarly to magnetic reso-
nance elastography. Thus, it may be possible to
predict the risk of HCC using the FIB-4 index.
In previous studies®, chronic hepatitis B (CHB)
and NAFLD patients with a high FIB-4 index
were more likely to develop HCC. Hepatic fibro-
sis is still diagnosed through liver biopsy, which
remains the gold standard. It is, however, unlikely
that invasive biopsies can be performed on all
patients with NAFLD-CHB, so the FIB-4 index
might be a more appropriate tool to evaluate
hepatic fibrosis. In developing nations, the consti-
tutive FIB-4 parameters (age, AST, ALT, platelet
count) are already included in the standard liver
disease workup'“.

Our research results have many limitations. As
a first concern, its retrospective design may impact
the sensitivity and specificity of the evaluated tests.
Second, the study setting (specialty care hospitals
for NAFLD patients) may explain the high preva-
lence of cirrhosis and advanced fibrosis since ma-
ny cases of cirrhosis go untreated and neglected.
Thirdly, the comparison is very challenging. The
FIB-4 tool’s results are compared with those of the
gold-standard fibrosis evaluation tool. However,
the degree of fibrosis may also be overestimated or
underestimated by liver biopsy (LB). Finally, the
technical difficulties involved in examining liver
biopsy samples would make them unreliable.

Additional studies are required to confirm that
FIB-4 is as accurate as liver biopsy in risk strati-
fication for liver-related morbidity and mortality.
Using more sophisticated models to prognosticate
NAFLD events may improve the performance
and clinical utility of non-invasive markers.

Conclusions

The FIB-4 index may be used as a screening
tool in the primary care setting. To raise aware-
ness of liver diseases, this non-invasive marker,
which is inexpensive, simple, and quick, could
identify people in need of further liver fibrosis
evaluation.
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