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Abstract

Background: We evaluated the validity of some non-invasive scores and ultrasound findings to predict fibrosis and
steatosis in a cohort of NAFLD patients who underwent liver biopsy. Ninety-seven NAFLD patients were enrolled
and classified into NASH (66) and simple steatosis groups (31) based on liver biopsy. ROC curves were constructed
for Fibrosis-4 index (FIB4), aspartate aminotransferase to platelet ratio index (APRI), and NAFLD fibrosis score (NFS) in
fibrosis prediction, also for (hepatic steatosis index; HSI, fatty liver index; FLI) and ultrasonographic subcutaneous
and visceral adipose tissue measurements (SAT and VAT) for steatosis prediction.

Results: FIB4 had AUC of 0.6, APRI and NFS at cutoffs of 0.3 and -.2.4 had AUC of 0.64 and 0.63 in detecting the
presence of any grade of fibrosis, and of (0.52, 0.55, and 0.58) for significant fibrosis. FIB4 at a cut-off of (0.76) had
the highest AUC in detecting any grade of fibrosis in the simple steatosis group (0.81). SAT (at cutoff of 2.1 and 2.5)
was superior to VAT. HSI (at cutoff 45.35 and 45.7) was superior to FLI in detecting moderate or marked steatosis.

Conclusion: FIB4 and NFS can be used in screening for silent liver disease with ongoing fibrosis in simple steatosis.
They are unsatisfactory predictors for significant fibrosis in NAFLD. SAT is better than VAT in predicting moderate
steatosis and is slightly better than biochemical HSI.
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Background
NAFLD represents the most common liver disorder in
Western countries, with 17–46% prevalence among
adults [1]. In Egypt, the prevalence of NAFLD is rising
owing to rising prevalence of obesity. NAFLD was found
in 57.65% of a cohort of obese Egyptian adolescents in
one study [2].
NAFLD is tightly associated with several risk factors;

the presence of which impacts the severity and progres-
sion of the disease. The most important risk factors are
known to be insulin resistance (IR) and metabolic syn-
drome (MetS) [3].

The diagnosis of NASH provides important prognostic
information and indicates an increased risk of fibrosis
progression, cirrhosis, and possibly HCC. It also prompts
closer follow-up and possibly a greater need for more in-
tensive therapy [4]. Similarly, steatosis should be docu-
mented whenever NAFLD is suspected as the primary
disease or as a coexisting condition as it predicts future
diabetes mellitus, cardiovascular events, and arterial
hypertension [4].
Unfortunately, the standard diagnostic tool for NASH,

namely, liver biopsy, has significant limitations such as
sampling variability [5], being prohibitively expensive
and relatively invasive with some morbidity and very
rare mortality risk [6]. Also, quantification of fat content
is not of interest in clinical practice, except as a surro-
gate of treatment efficacy, and is therefore not generally
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recommended. Imaging, especially ultrasound is the pre-
ferred tool for diagnosis of NAFLD being cheaper and
more available than MRI; the gold standard. However,
imaging has the limitation of low sensitivity in the detec-
tion of mild degrees of steatosis; hence, it is not suitable
for screening purposes [4].
Recent guidelines started to support the use of non-

invasive biomarkers and scores of fibrosis and steatosis,
as well as transient elastography ± controlled attenuation
parameter (CAP), as acceptable non-invasive procedures
for fibrosis/steatosis assessment in NAFLD cases [4].
Among non-invasive markers for fibrosis assessment,

the FIB4 index has been independently validated in sub-
jects with HCV infection. It is a simple and relatively in-
expensive method that correlates with the stage of
fibrosis [7]. Another simple fibrosis scoring system is the
NAFLD fibrosis score (NFS) which was found to inde-
pendently identify patients with and without advanced
fibrosis at initial NAFLD diagnosis [8].
Fatty liver index (FLI) and hepatic steatosis index

(HSI), on the other side; are steatosis scores that were
found to reliably predict the presence, rather than the
severity, of steatosis [9].
In the current study, we aim to evaluate the validity of

three non-invasive fibrosis markers, namely, FIB-4,
APRI, and NFS, in detecting both significant fibrosis in
patients with NAFLD, and any stage of fibrosis in the
subgroup of patients with simple steatosis. As well as to
compare the diagnostic performance of two other non-
invasive hepatic steatosis indices (HSI and FLI) to US
findings (grading of liver brightness and subcutaneous
and visceral fat measurements) versus liver biopsy as a
gold standard, being cheap, simple, readily available indi-
ces for steatosis detection in NAFLD patients in the set-
ting of low socioeconomic status and high prevalence,
and morbidity of NAFLD.

Methods
The current study included 97 NAFLD patients who
sought medical advice at NASH multi-disciplinary clinic,
Kasr Alainy Hospital, Cairo University, Cairo, Egypt.
The clinic involves a multidisciplinary team including
hepatologists, nutritionists, pathologists, endocrinolo-
gists, endoscopists, and bariatric surgeons.
Among 250 patients presented to the NAFLD clinic,

97 patients enrolled after exclusion of those with positive
viral hepatitis markers and those who did not consent
for liver biopsy. The study was conducted in the period
from July 2014 to July 2016.
Patients who fulfilled the following inclusion criteria

were recruited.

– Age ≥ 18 years.
– Bright liver by ultrasound.

– Negative hepatitis markers (negative HBsAg,
HBcAb, HCVAb).

– Negative history of other chronic liver diseases as
autoimmune hepatitis, primary biliary cirrhosis, etc.

Enrolled patients were subjected to the following:
- Informed consent: All patients enrolled had signed

an informed consent form. The study was carried out
per the Helsinki Declaration [10] and was approved by
the ethical committee of the endemic medicine depart-
ment, Kasr Alainy Hospital, Cairo University.
- Clinical evaluation including sex, age, body-mass index

(BMI), history of DM, HTN, or any comorbidities, detailed
dietary questionnaire, and anthropometric measurements.
- Laboratory investigations in the form of liver bio-

chemical profile (BIL, AST, ALT, ALP, GGT, INR), lipid
profile (cholesterol, triglycerides, HDL, LDL), and fasting
blood glucose.
- Calculation of fibrosis indices:

� Calculation of APRI by the formula [(AST/upper
limit of normal × 100)/platelet count] [11]. Where,
non- significant fibrosis (< F2): < 0.7, significant
fibrosis (≥ F2-< F4): 0.7-<1 and cirrhosis (F4): ≥ 1.

� Calculation of FIB-4 by the formula (Age × AST/
platelet count × sqr ALT) [12]. Non-significant fi-
brosis (< F2) was identified as FIB4 < 1.45, signifi-
cant fibrosis (≥ F2-<F4): 1.45-<3.25 and cirrhosis
(F4): ≥ 3.25.

� Calculation of NAFLD fibrosis score:

The NFS is composed of 6 variables, including age,
hyperglycemia, BMI, platelet count, albumin, and AST/
ALT ratio.
NAFLD fibrosis score = −1.675 + 0.037 × age (year) +

0.094 × BMI (kg/m2) + 1.13 × IFG/diabetes (yes = 1, no
= 0) + 0.99 × AST/ALT ratio − 0.013 × platelet count (×
109/L) − 0.66 × albumin(g/dL) [8]. NAFLD patients with
a score less than −1.5 were classified as “low probability
of advanced liver fibrosis,” and those patients with a
score of at least −1.5 were classified as “intermediate or
high probability of advanced liver fibrosis” [8].
- Calculation of steatosis indices:

� Hepatic steatosis index (HSI) [13]

HSI = 8 × ALT/AST + BMI + 2, if DM; +2, if female
with values < 30 ruling out and values > 36 ruling in
steatosis.

� Fatty liver index (FLI) [14]

FLI = logistic (0.953 × ln (TG)+0.139 × BMI+0.718 ×
ln(γGT) +0.053 × waist−15.745) × 100; where logistic(x)
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= 1/(1+e −x) denotes the logistic function and ln the nat-
ural logarithm.
Values < 30 rule out and values > 60 rules in steatosis.
- Abdominal ultrasonography: Real-time abdominal

US was done using a transabdominal 4C-AH46701AA
machine with a 1-5MHZ convex linear transducer, with
a built-in color flow mapping (CFM) and Doppler func-
tions. US evaluation included subcutaneous adipose tis-
sue (SAT) measurement and visceral adipose tissue
(VAT) measurement. The appearance of the liver con-
cerning size, echo pattern, presence of hepatic focal le-
sion/s and portal vein patency, scanning for spleen,
examination for ascites, abdominal lymphadenopathy,
and abdominal masses, together with scanning for other
abdominal and pelvic organ.
- Liver biopsy: All enrolled patients had undergone

liver biopsy to differentiate NAFL from NASH, with the
calculation of NAFLD activity score (NAS). The NAS is
the sum of the biopsy scores for steatosis (0 to 3), lobu-
lar inflammation (0 to 3), and hepatocellular ballooning
(0 to 2), in addition to the calculation of the fibrosis
stage (0 to 4). A NAS < 3 corresponds to NAFL, 3 to 4
corresponds to borderline NASH, and a score ≥ 5 corre-
sponds to NASH [15]. Steatosis grades were also deter-
mined (mild, moderate, severe) [16].

Statistical methods

– Numerical variables are presented as mean (standard
deviation); while categorical variables are presented
as numbers and percentages.

– Logistic regression analysis was done to identify
predictors of the presence of NASH, NAS score ≥ 5,
and to identify predictors of NAS score > 4. Logistic
regression analysis was done to identify factors
associated with higher grades of fibrosis.

– ROC curves were constructed to analyze the
discriminatory power of non-invasive fibrosis
markers, Fib4, APRI, and NFS, for the prediction of
the presence of fibrosis, and another time for pre-
dicting significant fibrosis, with liver biopsy being
the gold standard.

– (ROC) curve analysis was used to identify the best
cut-off value of various liver fat indices for detecting
moderate/marked steatosis

– Data analysis was done using Statistics/Data Analysis
(STATA) version 13.1 software.

Results
Baseline characters of the study population
Mean age was 42 years, 74.2% were females, mean BMI
was 34.3, 20.6% were diabetic, 59% had macro- and
microvesicular steatosis in liver biopsy. 17/80 (21.3%)
patients had severe steatosis. In total, 20.6% (20/97) had

significant fibrosis (≥ F2). Two patients (2.1%) had severe
inflammation. Two subgroups have been then identified:
the NASH group (66 patients) and the simple steatosis
group (31 patients). DM, female waist circumference,
fasting blood sugar, and fibrosis stage were statistically
different between both groups (Table 1). Patients with
marked steatosis had statistically significant higher ALT
(p 0.04), as well as a higher number of patients with
grade III liver brightness by ultrasound (p <0.0001).

Risk factors for significant and higher grades of fibrosis
Albumin, bilirubin, and NFS were significantly associ-
ated with significant fibrosis on performing univariate
logistic regression (Table 2).

Risk factors for the presence of fibrosis in simple steatosis
subgroup
Higher age, lower serum albumin, NFS, and FIB4 were
significantly associated with the presence of fibrosis des-
pite the absence of inflammation in studied biopsies
(Table 3).

Sensitivity and specificity of different indices for fibrosis
prediction
At a cutoff of 0.76, FIB4 was 83.3% sensitive, 69.2% spe-
cific, with an accuracy of 77.4%, positive likelihood ratio
(LR+) of 2.7, and negative likelihood ratio (LR−) of 0.2
for detection of fibrosis in patients with simple steatosis.
APRI had sensitivity, specificity, and accuracy rates of
66.1%, 61.3%, and 65.6% at the cutoff of 0.30 in the de-
tection of any grade of fibrosis. A cutoff value of −2.44
NFS had sensitivity, specificity, LR+, and LR− of 73.44%,
51.6%, +1.52, and −0.51 in detecting the presence of any
grade of fibrosis (Fig. 1).

AUC of different markers in fibrosis prediction
FIB4, APRI, and NFS had acceptable and comparable
AUC of 0.60, 0.64, 0.63 in detecting the presence of any
grade of fibrosis, however, all markers were poor predic-
tors of significant fibrosis ≥ F2 (AUC: 0.52, 0.55, 0.58)
(Fig. 1, Table 4).
In the subgroup of patients with simple steatosis (NAS

score of ≤ 4); FIB4 had the highest AUC curve compared
to NFS and APRI in the detection of any grade of fibro-
sis (0.81 versus 0.74 and 0.78) (Fig. 1, Table 4).

AUC for HSI and FLI in the prediction of different grades
of steatosis
HSI was superior to FLI in detecting either moderate or
marked steatosis. At the cutoff of 45.35, HSI had the
sensitivity of 73.17%, specificity of 58.06%, LR+ of 1.74,
LR− of 0.5, and accuracy of 66.67% in predicting moder-
ate steatosis with AUC of 0.64, and nearly the same per-
centages with less accuracy in detecting marked steatosis
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at a cutoff value of 45.7 (sensitivity was 73.33%, specifi-
city was 50.88%, LR+ was 1.49, LR− was 0.52, while ac-
curacy was 55.6%) with AUC of 0.66. On the other hand,
FLI had AUCs of 0.52 and 0.56 for predicting the pres-
ence of moderate and marked steatosis (Fig. 2).

AUC for ultrasound parameters (SAT and VAT) in the
prediction of different grades of steatosis
SAT shows a higher AUC for predicting moderate stea-
tosis (AUC 0.66 vs 0.56) and nearly equal AUC as VAT
for detecting marked steatosis (AUC 0.57 vs 0.60). A
cutoff value of 2.1, SAT had a sensitivity of 81.25%,

specificity of 60%, LR+ of 2.03, LR− of 0.3, and accuracy
of 73.08% in detecting moderate steatosis. For predicting
marked steatosis, SAT had a sensitivity of 62.5%, specifi-
city of 66.7%, LR+ of 1.9, LR− of 0.6, and accuracy of
65.4% at cutoff value of 2.5. On the other hand, at a cut-
off value of 1.8, VAT showed a sensitivity of 66.67%,
specificity of 52.63%, LR+ of 1.41, LR− of 0.63, and ac-
curacy of 58.06% in predicting marked steatosis (Fig. 3).

Discussion
In this cross-sectional observational study, we aimed to
evaluate the role of some non-invasive, simple, readily

Table 1 Baseline characteristics of the study population

The whole group NAS < 4 (n = 31) NAS ≥ 4
(n = 66)

P value

Age 42.02 (8.99) 42 (10.44) 42.03 (8.30) 0.9

Gender
Male/female

25 (25.8%)/72 (74.2%) 10 (32.2%)/21(67.7%) 15 (22.72%)/51 (77.27%) 0.3

Residence
Rural/urban

18 (27.3%)/48 (72.7%) 4 (12.9%)/16 (51.61%) 14 (21.21%)/32 (48.48%) 0.4

Diabetes mellitus 20 (20.6%) 2 (6.45%) 18 (27.27%) 0.01

Hypertension 13 (13.40%) 2 (6.45%) 11 (16.67%) 0.1

BMI median (IQR) 32.9 (29.15-38.14) 32 (28-35.99) 33.05 (30-38.86) 0.2

Waist circumference Males
Median (IQR)

55 (16.84%) 44 (40-50) 52 (49-62) 0.07

Females
Median (IQR)

81 (38.41%) 48.5 (45-56) 68 (55-127) 0.01

Laboratory parameters

Hemoglobin 12.91 (1.70) 12.61 (2.08) 13.05 (1.49) 0.2

Platelets 272.12 (69.69) 272.97 (62.003) 271.72 (73.52) 0.9

AST median (IQR) 30 (22-41.5) 27 (22-34) 30 (23-44) 0.06

ALT median (IQR) 32.5 (21-57) 26 (18-38) 40 (23-60) 0.01

Bilirubin median (IQR) 0.56 (0.4-0.9) 0.5 (0.4-0.84) 0.6 (0.4-0.9) 0.8

Albumin 4.27 (0.43) 4.21 (0.48) 4.30 (0.41) 0.4

INR 1.001 (0.09) 1.01 (0.05) 0.99 (0.10) 0.7

Cholesterol median (IQR) 202 (177-229) 202 (166-225) 202 (180-234) 0.4

Triglycerides median (IQR) 140 (100-180) 141 (96-200) 135.5 (100-179.5) 0.9

FBG median (IQR) 99.5 (90-110) 92 (86-101) 100 (90-116) 0.04

Liver biopsy

Type of steatosis Macro and microvesicular 29 (59.2%) 10 19 0.3

Macrovesicular 12 (24.5%) 4 8

Microvesicular 8 (16.3%) 5 3

Fibrosis stage F0 31 (31.96%) 13 18 0.04

F1 46 (47.42%) 17 29

F2 17 (17.5%) 1 16

F3 2 (2.1%) 0 2

F4 1 (1.03%) 0 1

Unless otherwise stated, numerical variables presented as mean (SD)
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available, and cheap indices, namely, FIB-4, APRI, and
NFS in the detection of significant fibrosis (≥ F2) in pa-
tients with NAFLD, as well as their role in detecting any
stage of fibrosis in a subgroup of patients with simple
steatosis. Similarly, we could evaluate the predictability
of other non-invasive steatosis indices (HSI and FLI) and
compare them to US findings (grading of liver brightness
and subcutaneous and visceral fat measurements) taking
liver biopsy results as a standard in diagnosis and grad-
ing of hepatic steatosis/fibrosis.
Significant fibrosis (≥ F2) was observed in 20.6%, while

advanced fibrosis (F3-4) was seen in 3.1% of patients.

According to the National Health and Nutrition Exam-
ination Survey conducted in 1988-1994, advanced fibro-
sis (NFS > 0.676) was only observed in 3.2% of patients
with NAFLD [17].
In this study, the prevalence of T2DM was signifi-

cantly higher in the NASH group compared to the sim-
ple steatosis one. It is well known that diabetes risk and
type 2 DM (T2DM) are closely associated with the se-
verity of NAFLD, progression to NASH, advanced fibro-
sis, and HCC development [18].
Regression analysis for predictors of significant fibrosis

revealed that lower serum albumin, higher bilirubin, and
NFS were significantly associated with higher grades of
fibrosis (≥ F1). Several studies revealed that NFS is an
important predictor of advanced fibrosis in NAFLD pa-
tients [19].
Although patients with simple steatosis without in-

flammation were considered for a long time to have a
benign course with little progression [1], this view has
been modified by results of different studies demonstrat-
ing that steatosis alone may progress to NASH with fi-
brosis, however, at a slower rate [20].
In the subgroup of patients with simple steatosis, pre-

dictors of fibrosis were older age, lower serum albumin,
FIB4, and NFS. The importance of identifying patients
who had fibrosis is that this could carry the risk of pro-
gressing to NASH. In one study by Pais et al., 64% of 25
patients with simple steatosis developed NASH after an
average of 3.7 years. They showed that severe ballooning,
presence of bridging fibrosis, older age, and deterioration
of metabolic risk factors were associated with a more
rapid progression [21].
In the current study, FIB4, APRI, and NFS had com-

parable AUC for detecting the presence of any grade of
fibrosis. Detecting the early stages of fibrosis is of great
importance in preventing disease progression to
minimize complications [22]. On the other hand, all
markers were poor predictors of significant fibrosis ≥ F2.
Contrarily, Castera in 2018 reported AUC for transient
elastography, FIB-4, and the NAFLD fibrosis scores in
diagnosing severe fibrosis-cirrhosis of 0.88, 0.84, and
0.84 respectively [23]. Mohamed et al. studied the diag-
nostic performance of FIB4, NFS, and APRI in NAFLD.
They found AUC for advanced fibrosis of 0.936, 0.916,
and 0.907 [24]. Also, in a meta-analysis of 13 studies
consisting of 3064 patients, NFS had an AUROC of 0.85
for predicting advanced fibrosis [25]. This difference
may be related to the small number of patients with ad-
vanced fibrosis (≥ F3) in our study (3%).On the other
hand, Nones et al. evaluated results of FIB4, APRI, and
NFS in 67 patients with NAFLD, the best diagnostic ac-
curacy was achieved with FIB 4 model (AUROC = 0.83)
versus APRI and NFS. Again, the difference may be at-
tributed to the higher number of patients with advanced

Table 2 Univariate logistic regression analysis for factors
associated with significant fibrosis ≥ F2 in NAFLD patients

Odds ratio (95% conf. interval) P value

Age 1.01 (0.96-1.06) 0.7

Gender (female) 1.62 (0.62-4.18) 0.3

DM 3.24 (0.9-12.03) 0.07

BMI > 35 1.18 (0.49-2.87) 0.7

AST 1.02 (0.99-1.05) 0.1

ALT 1.004 (0.99-1.02) 0.5

ALP 1.01 (0.99-1.02) 0.3

GGT 0.99 (0.98-1.004) 0.2

Triglycerides 0.99 (0.99-1.001) 0.1

Cholesterol 0.99 (0.98-1.01) 0.4

Albumin 0.31 (0.11-0.89) 0.03

Bilirubin 7.19 (1.59-32.50) 0.01

APRI 3.18 (0.52-19.51) 0.2

FIB4 2.17 (0.80-5.87) 0.1

NFS 1.41 (1.1-1.89) 0.02

Table 3 Predictors of higher grades of fibrosis in simple
steatosis group (NAS score ≤ 4) (n = 31)

Odds ratio (95% conf. interval) P value

Age 1.1 (1.04-1.18) 0.04

Gender (female) 3 (0.63-14.23) 0.1

BMI > 35 1.12 (0.24-5.21) 0.9

AST 1.06 (0.98-1.14) 0.1

ALT 1.01 (0.97-1.05) 0.6

ALP 0.99 (0.98-1.02) 0.9

GGT 0.99 (0.98-1.01) 0.7

Triglycerides 0.99 (0.98-1.003) 0.2

Cholesterol 0.99 (0.98-1.01) 0.6

Albumin 0.1 (0.01-0.67) 0.02

FIB4 10.73 (1.41-81.54) 0.02

NFS 1.94 (1.11-3.40) 0.02
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fibrosis (≥ F3) in his study 18 (26.86%) compared to the
current one (3%) [26].
Among non-invasive scores of hepatic steatosis, the

hepatic steatosis index (HSI) has been derived from data
of a Korean cross-sectional study that involved more than
10,000 patients and has been validated against ultrasound
[13]. It is a promising score that seems to predict incident
metabolic syndrome [27]. In the current study, HSI has

been validated against liver biopsy results and showed ac-
ceptable AUC in the prediction of moderate and marked
steatosis. Our results go hand in hand with those of Fed-
chuk et al., where HSI had an AUC of 0.65 in the predic-
tion of the presence of hepatic steatosis [9].
The fatty liver index (FLI) was mentioned as one of

the best-validated steatosis scores, as it has been exter-
nally validated in the general population or grade 3

Fig. 1 ROC curves for predictivity of FIB4, APRI, NFS of different degrees of fibrosis. (A) Fib-4, APRI, NFS in predicting any degree of fibrosis in the
whole study population. (B) Fib-4, APRI, and NFS in predicting significant fibrosis (≥ F2) in the whole study population. (C) Fib-4, APRI, NFS in
predicting any degree of fibrosis in the subset of patients with simple steatosis (NAS < 4)
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obese persons and can variably predict metabolic, hep-
atic, and cardiovascular outcomes/mortality [4]. How-
ever, in the current study, FLI had unsatisfactory AUC
for predicting the presence of moderate and marked
steatosis and was inferior to HSI. The discrepancy
maybe since the fatty liver index (FLI) has only been val-
idated against liver ultrasonography in published studies
[28] rather than liver biopsy that has been taken in our
study.

Despite its limitations, ultrasound is still recom-
mended by EASL 2016 guidelines to be the preferred
first-line diagnostic procedure for imaging of NAFLD, as
it provides additional diagnostic hepatobiliary informa-
tion [4]. In the current study, subcutaneous adipose tis-
sue (SAT) showed better AUC than visceral adipose
tissue (VAT) in predicting moderate steatosis and simi-
lar AUC in predicting marked hepatic steatosis. Lower
AUC for detection of marked steatosis in the current

Fig. 2 ROC curve for HSI and FLI in the prediction of moderate/marked steatosis

Table 4 AUROC of tested markers in detection of presence of fibrosis as well as significant fibrosis in the whole cohort and in
simple steatosis subgroup

AUROC (95% conf. interval) for detection of

Presence of fibrosis Significant fibrosis Presence of fibrosis in simple steatosis subgroup

APRI 0.64 (0.52-0.76)
(Cutoff: 0.30)

0.55 (0.4-0.72) 0.788 (0.61-0.97)

FIB4 0.60 (0.48-0.73) 0.52 (0.4-0.69) 0.81 (0.64-0.98)

NFS 0.64 (0.51-0.76) 0.58 (0.45-0.73) 0.74 (0.53-0.95)
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study may be due to the technical limitation of higher
waist circumference and obesity of this cohort.
In the current study, subcutaneous adipose tissue

(SAT) showed the best results among all tested non-
invasive measures, namely, serum biomarkers (HSI and
FLI) as well as visceral adipose tissue (VAT) by ultra-
sound in detecting moderate steatosis.
The main point of strength of the current study is the

presence of liver biopsy results as a gold standard for
comparison with non-invasive markers. Note that many
other published studies lack the results of liver biopsy
and compare the accuracy of non-invasive biochemical
markers with imaging or controlled attenuation param-
eter (CAP) measures which are still not considered the
gold standard for fibrosis/steatosis diagnosis. The main
limitation of our study is that the main cohort of pa-
tients has no or mild degree fibrosis (F0-F1) by liver bi-
opsy (79%), while significant and advanced fibrosis was
present in 21% which may have affected the results.

Conclusion
Based on the results of the current study, we can
conclude that FIB4 could be used as a screening tool
for silent liver disease with ongoing fibrosis in NAFL
D patients with simple steatosis, which warrants
closer follow-up and more intensive therapies. How-
ever, FIB4, APRI, and NFS are still unsatisfactory
non-invasive markers for the detection of significant
fibrosis in NASH patients and further studies are
needed to reach optimal markers. We can also con-
clude that ultrasound assessment of subcutaneous adi-
pose tissue (SAT) rather than visceral adipose tissue
(VAT) performs well in the prediction of moderate
steatosis and slightly better than hepatic steatosis
index (HSI) which proves also to be a good noninva-
sive biochemical tool in the prediction of moderate
steatosis and performs better than the fatty liver
index.

Fig. 3 ROC curve for SAT and VAT in the prediction of moderate/marked steatosis
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