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Background and aims. Fatty liver is a common feature of different types of liver diseases. The
sensitivity and specificity of ultrasonography for diagnosing fatty liver are variable. A semi-
quantitative ultrasound score, i.e., the ultrasonographic fatty liver indicator (US-FLI), is closely
associated with metabolic/histological variables in patients with nonalcoholic fatty liver disease
(NAFLD). The main aims of this study were to assess the diagnostic performance of US-FLI in
detecting varying degrees of histological steatosis, and to examine the association of US-FLI with
metabolic/histological parameters in 352 biopsied patients with various chronic liver diseases
(173with hepatitis C [HCV], 23with hepatitis B [HBV], 123withNAFLDand 33with other etiologies).

Results. US-FLI accurately detected mild steatosis (minimum amount 10% on histology)
with a cut-off value ≥2 (sensitivity 90.1%, specificity 90%), moderate steatosis (≥30%) with
a cut-off value ≥3 (sensitivity 86.4%, specificity 92.5%) and severe steatosis (>66%) with a
cut-off value ≥5 (sensitivity 88.5%, specificity 87%). US-FLI was correlated with steatosis
percentage in each liver disease group as well as with lobular inflammation, ballooning,
portal fibrosis, grading and staging in patients with NAFLD or HCV. US-FLI was also
correlated with waist circumference, body mass index and insulin resistance both in the
whole sample and in each liver disease group.

Conclusions. US-FLI accurately identifies histological severity and is correlated with
metabolic parameters in patients with various steatogenic liver diseases. US-FLI is an easy
and versatile tool for the screening of steatosis and the metabolic health of these patients.

© 2017 Elsevier Inc. All rights reserved.
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1. Background

Fatty liver is a common condition that may result from
metabolic, viral, alcoholic and other etiologies [1]. Nonalco-
holic fatty liver disease (NAFLD) is the most common chronic
liver disease in Western countries and represents an increas-
ing healthcare issue inmany parts of the world [2,3]. NAFLD is
closely and bi-directionally related to insulin resistance (IR) and
metabolic syndrome (MetS) features [4–6]. Fatty liver inpatientswith
chronic hepatitis C virus (HCV) results from a complex interplay
betweenhost andviral factors, includingvisceral adiposity, IR,MetS,
lifestyle habits andHCVgenotype [7],while in thosewithhepatitis B
virus (HBV) fatty liver is more strongly associated with host
metabolic factors rather than with viral factors [1]. Finally, fatty
liver is also the hallmark of the alcohol-induced liver disease [1].

The severity of fatty liver is associatedwith an increased risk
of progressive steatohepatitis (NASH) and with an atherogenic
lipoprotein profile among patients with NAFLD [6,8]. Conversely,
HCV-related fatty liver is a risk factor for accelerated fibrogenesis,
impaired response to traditional antiviral treatments and
development of hepatocellular carcinoma [7].

Liver biopsy is the reference standard for the diagnosis of
fatty liver and concurrent necro-inflammatory and fibrotic
changes; however, this procedure is not free of acute
complications, and should be reserved only to patients at
risk of progressive liver disease [9,10].

Liver ultrasound being safe, well tolerated, inexpensive
and widely available is currently the accepted first-line
imaging technique for the diagnosis of fatty liver in both
clinical and epidemiological settings [9]. The reported sensitivity
and specificity of ultrasound in detecting fatty liver are variable
and may be influenced by the operator, the extent of steatosis
and the coexistence of obesity [9]. Traditionally, ultrasound is
deemed to have a poor sensitivity in identifying fatty liver
infiltration when less than 30% of hepatocytes are steatotic [11].
In contrast, recent studies reported that this technique is
sensitive for steatosis extent as low as 10–20% [12,13]. Moreover,
semi-quantitative ultrasound scores [14–16], such as the
Ultrasonographic Fatty Liver Indicator (US-FLI) recently developed
by our group [16], are strongly correlatedwith both anthropometric/
biochemical data and liver histology in patients with NAFLD.
However, it is currently uncertain if these findings can be also
extended to patients with fatty liver of other etiologies.

Thus, the main aim of this study was to assess the diagnostic
performanceofUS-FLI indetectingdifferentdegreesofhistologically
confirmed steatosis in a large series of biopsied patients with liver
diseases due to various etiologies. In particular, we attempted to
ascertain whether US-FLI may accurately detect mild steatosis. In
addition, we assessed the association between US-FLI and anthro-
pometric, metabolic or histological parameters of these patients.
2. Patients and Methods

In this retrospective studywe enrolled all patients consecutively
submitted to liver biopsy at our Institution over the years 2001
and 2014. Liver biopsy was a part of the diagnostic work-up of
abnormal liver tests, suspected liver diseases or grading/staging
of known liver diseases, and was invariably preceded by the
assessment of the US-FLI [16]. The present study includes all the
53 patients enrolled in our previous study [16]. All enrolled
patients were interviewed regarding their familial and personal
medical history notably including alcohol consumption. All patients
underwent complete physical examination and routine blood
sampling for laboratory tests (such as detailed below). Liver biopsy
was performed following signature of consent. Criteria for the
exclusion from the study were the presence of advanced cirrhosis
andeitherprimaryormetastatic livercancer.TheEthicalCommittee
of Modena approved the study protocol and the research was
performed according to the Declaration of Helsinki. All patients
signed an informed consent form to participate in this study.

NAFLD diagnosis was based on the presence of ultrasono-
graphic evidence of fatty liver in the absence of excessive
alcohol consumption (defined as daily alcohol intake >20 g in
both sexes) and other competing etiologies of liver disease.

The diagnosis of HCV infectionwas confirmed by polymerase
chain reaction testing in HCV antibody-positive patients, and
after excluding competing etiologies of liver disease. HCV was
also genotyped.

The diagnosis of HBV infection was based on typical
serological pattern determined by a standard commercially
available enzyme-linked immunosorbent assay.

The diagnosis of alcoholic liver diseasewas based on clinical
data and excessive alcohol consumption (>20 g/day) or abuse.

Other liver diseases (autoimmune or heredo-metabolic) were
diagnosed based on clinical data and appropriate testing [17].

2.1. Laboratory Tests

Laboratoryprofile includedserumliver tests [alanineandaspartate
aminotransferases (ALT, AST); gamma-glutamyltransferase (GGT);
alkaline phosphatase and bilirubin]. Moreover, glycolipid, urate
and iron metabolic parameters were also assessed [total choles-
terol (TC), high-density lipoprotein (HDL)-cholesterol, low-density
lipoprotein (LDL)-cholesterol, triglycerides (TG), fasting glucoseand
insulin, glycated hemoglobin; serum uric acid (SUA); serum iron,
transferrin and ferritin]. In addition, complete blood cell count,
serum creatinine, total and fractionated proteins, thyroid stimu-
lating hormone (TSH), free thyroxine (FT4) and triiodothyronine
(FT3) were all part of the study protocol. Glomerular filtration rate
was estimated using the Modification of Diet in Renal Disease
study equation [18].

In all patients, the presence of other etiologies of chronic
liver disease was ruled out by appropriate testing.

2.2. Metabolic Parameters

IR, calculated according to the homeostasis model assessment
(HOMA) index, bodymass index (BMI), waist circumference (WC),
glucose intolerance, diabetes, hypertension and the MetS were
defined based on standard criteria [19–22].

2.3. Abdominal Ultrasound Scanning

Abdominal ultrasound scanning was always performed after an
overnight fasting prior to liver biopsy, by expert physicians (S.B., A.L.,
D.R.), unawareof thebiochemicalandhistologicaldataofpatients,with
a 3.5–5 MHz convex probe and a high-resolution B-mode scanner
(Siemens AntaresTM Unit, Siemens Sonoline, Germany).
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The presence and severity of fatty liver was evaluated
according to a semi-quantitative ultrasonographic score,
i.e., the US-FLI score that has been recently developed by our
group [16]. Specifically, the US-FLI score ranges from 2 to 8. A
“conditio sine qua non” for the diagnosis of fatty liver is the
presence of liver-kidney contrast, graded as mild/moderate
(score 2) and severe (score 3). Additional criteria include the
presence (score 1 each) or absence (score 0 each) of posterior
attenuation of ultrasound beam, vessel blurring, difficult visual-
ization of the gallbladder wall, difficult visualization of the
diaphragm and areas of focal sparing. The mean duration of
each upper abdominal ultrasound scanning, which included
accurate examination of liver, gallbladder, spleen, pancreas,
abdominal aorta and kidneys was approximately 10–15 min.
The calculation of the US-FLI score was easy and required only
2 min extra time further to a standard abdominal ultrasound
scanning, thus carrying no significant extra costs to bear [16].
US-FLI score has shownan “almost perfect”–“substantial” inter-
observer agreement (k statistics 0.81–0.88) [16,23].

2.4. Histological Evaluation

Histological liver sampleswere evaluated by a single experienced
liver pathologist (L.L.); only biopsy samples at least 15 mm long
with at least six portal tractswere considered eligible for analysis.

Steatosis degreewas assessed continuously as percentage of the
hepatocytesaffected.Thehistologicdiagnosisof fatty liver,whatever
the etiology, required a 5%minimum amount of fat infiltration.

Biopsy specimens of patients with NAFLD were scored
according to Brunt's [24] and Kleiner's criteria [25]. Steatosis
was scored 0–3 (0 = <5%; 1 = 5–33%; 2 = 34–66%; 3= >66%);
lobular and portal inflammation were graded 0–3 (0 = none;
1 = mild; 2 = moderate; 3 = severe); hepatocellular ballooning
was scored 0–2 (0 = absent, 1 = mild/few cells, 2 = prominent/
many cells) [24,25]. The necro-inflammatory activity was
graded (NASH grading score) according to the Brunt's criteria,
and fibrosis staged (stage 0 = none; 1 = perisinusoidal/
pericellular or periportal; 2 = perisinusoidal/pericellular plus
periportal; 3 = bridging; 4 = cirrhosis) according to the Brunt's
and Kleiner's criteria, respectively [24,25]. Perisinusoidal
fibrosis was scored 0–3 based on the percentage of zone 3
foci involved [24] and portal fibrosis was scored 0–4 (0 = absent;
1 = enlarged, fibrotic portal tracts; 2 = periportal or portal-
portal septa, but intact architecture; 3 = bridging fibrosis with
architectural distortion; 4 = cirrhosis) [24,26]. Moreover, the
NAFLD activity score (NAS) was calculated according to the
Kleiner's criteria [25].

Biopsy specimens of patients with chronic viral hepatitis
were scored according to Ishak et al. [27].

Patients with other causes of liver diseases were scored
according to Brunt et al. [24] and according to Scheuer [26] as
appropriate. In all patients liver fibrosis was considered ad-
vanced in the presence of bridging fibrosis or cirrhosis, whatever
the staging system adopted.

2.5. Statistical Analysis

The Kolmogorov–Smirnov test was used to assess the
normality of variables. The results are shown as means ± SD
for continuous variables that were normally distributed and
medians (25th–75th percentile) for variables not normally
distributed. Categorical variables are shown as relative or
absolute proportions. The Spearman's rho correlation was
used to test the association between the US-FLI and histolog-
ical and clinical/metabolic parameters.

The diagnostic performance of the US-FLI and its individ-
ual criteria for detecting different histological degrees of
steatosis was evaluated by calculating the sensitivity, speci-
ficity, positive predictive value (PPV), negative predictive
value (NPV) and accuracy with standard formulas. Moreover,
the receiver operating characteristic (ROC) curves with 95%
confidence intervals (CI) were also calculated to determine
the optimal US-FLI cut-off for detecting the minimum
steatosis extent.

A P-value <0.05 was considered statistically significant.
Statistical analyses were performed by using the statistical
software package SPSS, version 17.0 for Windows (SPSS Inc.,
IL, USA) and STATA version 11 for Windows (StataCorp,
College Station, TX).
3. Results

The demographic, anthropometric, metabolic, ultrasonographic
and histological characteristics of the study population are
shown in Table 1.

Among the 352 biopsied patients enrolled in the study
173 (49.1%) had HCV (120 naïve and 53 treatment-experienced),
23 (6.5%) had HBV (all treatment-naïve), 123 (35%) had
NAFLD (70.7% of whom had NASH) and 33 (9.4%) had other
liver diseases.

Patients with NAFLD had a higher prevalence of metabolic
disorders compared to other forms of liver disease. The
prevalence of fatty liver (i.e., steatosis ≥5%) was 64.2% in the
whole sample: 45.1% in HCV, 43.5% in HBV, 100% in NAFLD
and 45.5% in the “Others” group. This latter group included
the following 33 patients: 5 with alcoholic liver disease (4 with
steatosis), 5 with autoimmune hepatitis (3 with steatosis), 2
with drug-induced hepatitis, 3 with steatosis due to familial
hypobetalipoproteinemia, 1 with hemochromatosis and steatosis,
2 with idiopathic biliary ductopenia (1 with steatosis), 2 with
systemic lupus erythematosus and steatosis, 1 with multiple
biliary hamartomas, 5 with primary biliary cholangitis (1 with
steatosis), 2 with primary sclerosing cholangitis, 1 with systemic
sclerosis associated liver disease, 1 with undetermined cholestatic
hepatitis, and 3 with serum cholestasis associated to minimal/
absent histological alterations. The mean histological extent of
steatosis was higher in NAFLD patients and in the “Others” group
compared to that in patients with HCV or HBV. The prevalence of
cirrhosis was quite similar among the groups while advanced
fibrosis was higher in patients with HCV.

3.1. Performance of US-FLI for Detecting Fatty Liver

The diagnostic performance of the US-FLI cut-offs to detect
different degrees of steatosis on histology was tested in the
whole sample (Tables 2 and S1). US-FLI ≥2 (i.e., the presence of
liver–kidney contrast) showed the best diagnostic perfor-
mance for detecting steatosis extent ≥10% (sensitivity 90.1%,
specificity 90%), while US-FLI ≥3 showed the best diagnostic



Table 1 – Characteristics of the study population.

All (n = 352) HCV (n = 173) HBV (n = 23) NAFLD (n = 123) Others (n = 33)

Biometrics
Age (years) 47.7 ± 11.6 47.9 ± 11.6 45.9 ± 9.5 46.8 ± 12.0 51.2 ± 10.6
Sex (M/F) 220/132 106/67 16/7 89/34 9/24
WC (cm) 96.6 ± 12.7 90.9 ± 9.8 91.1 ± 11.8 101.7 ± 11.6 92.4 ± 17.4
Hypertension (%) 103 (29.3) 44 (25.4) 6 (26.1) 43 (35.0) 10 (30.3)
BMI (kg/m2) 27.3 ± 4.6 26.0 ± 3.8 25.7 ± 4.6 29.5 ± 4.4 26.4 ± 6.0
Diabetes (%) 57 (16.2) 13 (7.5) 2 (8.7) 36 (29.3) 6 (18.2)
MetS (%) 92 (26.1) 19 (11.0) 4 (17.4) 62 (50.4) 7 (21.2)

Laboratory
Platelets (×103/mm3) 211.5 ± 61.5 204.3 ± 61.3 210.5 ± 70.2 222.9 ± 59.7 202.7 ± 58.5
Glucose (mg/dL) 95.0 (87.0÷103.0) 93.0 (84.0÷100.0) 93.0 (85.5÷99.5) 97.0 (90.0÷116.0) 95.0 (84.5÷124.8)
Insulin (mIU/L) 10.8 (6.9÷15.8) 9.7 (6.7÷15.9) 10.1 (8.7÷16.2) 11.5 (7.6÷15.7) 9.1 (6.8÷20.0)
HOMA-IR 2.5 (1.5÷4.0) 2.4 (1.5÷3.8) 2.2 (1.4÷2.4) 2.7 (1.7÷ 4.3) 2.0 (1.2÷3.5)
AST (U/L) 40.0 (28.6÷59.0) 46.0 (34.9÷71.0) 28.0 (24.5–39.5) 31.5 (26.0÷49.5) 49.0 (31.0÷86.5)
ALT (U/L) 65.0 (42.0÷110.0) 77.0 (48.0÷132.0) 38.5 (29.3–65.8) 61.0 (41.0÷92.0) 65.5 (42.3÷111.8)
GGT (U/L) 44.3 (27.4÷88.5) 40.0 (25.7÷69.8) 26.0 (16.0÷40.5) 50.0 (32.5÷110.0) 127.0 (70.0÷193.0)
T-BIL (mg/dL) 0.8 (0.6÷1.0) 0.8 (0.6÷1.0) 0.9 (0.7÷1.1) 0.8 (0.6÷1.1) 0.9 (0.7÷1.6)
D-BIL (mg/dL) 0.3 (0.2÷0.3) 0.3 (0.2÷0.3) 0.2 (0.1÷0.3) 0.2 (0.1÷0.3) 0.3 (0.1÷0.3)
TC (mg/dL) 188.5 ± 45.4 171.9 ± 36.5 185.1 ± 51.1 209.1 ± 45.8 197.6 ± 50.4
HDL-C (mg/dL) 46.5 ± 14.1 47.8 ± 14.6 48.4 ± 13.6 44.8 ± 13.3 48.2 ± 17.5
LDL-C (mg/dL) 120.6 ± 39.8 101.3 ± 30.3 111.3 ± 50.0 136.3 ± 39.2 124.3 ± 34.9
TG (mg/dL) 100.0 (70.0÷148.0) 82.0 (62.0÷113.0) 86.0 (58.0÷122.5) 144.5 (91.0÷222.3) 101.0 (68.5÷166.0)
SUA (mg/dL) 5.3 ± 1.4 4.8 ± 1.2 4.9 ± 0.9 6.0 ± 1.4 5.3 ± 1.1
Ferritin (mg/dL) 152.5 (79.0÷257.3) 134.5 (64.5÷264.3) 152.0 (47.0÷179.0) 178.0 (99.5÷279.0) 123.0 (50.5÷364.0)

Ultrasound
US-FLI ≥2 (%) 197 (56.0) 54 (31.2) 8 (34.8) 118 (95.9) 17 (51.5)

Histology
Steatosis (%) 226 (64.2) 78 (45.1) 10 (43.5) 123 (100.0) 15 (45.5)
Steatosis extent a 38.1 ± 24.8 27.5 ± 22.5 21.3 ± 25.8 45.5 ± 23.5 44.33 ± 22.1
Lobular inflammation 1 (0÷1) 1 (0÷1) 0 (0÷1) 1 (1÷1) 1 (0÷1)
Portal inflammation 1 (1÷2) 2 (1÷2) 1 (1÷1) 1 (1÷1) 1 (1÷2)
Ballooning 0 (0÷1) 0 (0÷1) 0 (0÷0) 1 (0÷1) 0 (0÷1)
Portal fibrosis 1 (1÷2) 1 (1÷2) 1 (1÷1) 1 (0÷1) 1 (1÷2)

Advanced fibrosis (%) 85 (24.1) 59 (34.1) 4 (17.4) 15 (12.2) 7 (21.2)
Cirrhosis (%) 16 (4.5) 8 (4.6) 1 (4.3) 5 (4.1) 2 (6.1)
Gradingb – 4 (3÷6) 2 (2÷4) 1 (0÷2) –
Staging c – 2 (1÷3) 1 (1÷2) 1 (0÷2) 1 (1÷2)

Data are expressed as means (±SD) for continuous variables normally distributed or as medians (25th–75th percentile) for those not normally
distributed, and as frequencies (percentages) for categorical variables. ALT: alanine aminotransferases; AST: aspartate aminotransferases; BMI:
body mass index; D-BIL: direct bilirubin; GGT; gamma-glutamyltransferase; HBV: hepatitis B virus; HCV: hepatitis C virus; HDL: high-density
lipoprotein; HOMA-IR: homeostasis model assessment of insulin resistance; MetS: metabolic syndrome; LDL: low-density lipoprotein; NAFLD:
nonalcoholic fatty liver disease; SUA: serum uric acid; T-BIL: total bilirubin; TC: total cholesterol; US-FLI: ultrasonographic fatty liver indicator;
WC: waist circumference.
a Only in the 226 patients with steatosis.
b According to Ishak et al. [27] for patients with HCV or HBV and to Brunt et al. [24] for patients with NAFLD.
c According to Ishak et al. [27] for HCV-HBV, to Brunt–Kleiner et al. [24,25] for NAFLD and to Scheuer [26] for the “Others” group.
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performance for detecting steatosis extent ≥30% (sensitivity
86.4%, specificity 92.5%) (Table 2). US-FLI ≥ 4 showed the best
diagnostic performance for detecting steatosis extent ≥40%
(sensitivity 89%, specificity 92.1%) and US-FLI ≥5 for severe
(>66%) steatosis extent (sensitivity 88.5%, specificity 87%)
(Table S1). The areas under the ROC (AUROC) curves (95% CI)
of US-FLI for detecting these different degrees of histological
steatosis were high: AUROC 0.934 (0.911–0.958) for steatosis
≥10%, 0.958 (0.939–0.978) for steatosis ≥30% (Fig. 1), 0.965
(0.941–0.982) for steatosis ≥40% and 0.954 (0.932–0.977) for
steatosis >66% (Figs. S1 and S2). Furthermore, US-FLI ≥3 had a
high specificity for steatosis ≥5–10% (specificity 100%) and
≥20% (specificity 96.8%), while US-FLI ≥ 4 had a high specific-
ity for steatosis ≥20–30% (specificity 99.5–98.1%).
A subgroup analysis was performed to assess the diagnostic
performance of US-FLI ≥2 (i.e., liver–kidney contrast positive)
for best identifyingminimumsteatosis percentage threshold in
each liver disease group (Table S2, Figs. S3–S7). In patients with
HCV, US-FLI ≥2 showed the best diagnostic performance for
detecting steatosis ≥20% (sensitivity 92.9%; specificity 88.6%)
(AUROC 0.941) while for steatosis ≥10% its sensitivity was lower
(76.7%), despite a good specificity (92.9%) (AUROC 0.864) (Table
S2, Figs. S3 and S4). In patients with HBV or NAFLD, US-FLI ≥ 2
showed the best diagnostic performance for detecting
steatosis ≥10% (sensitivity 85.7%; specificity 87.5%) (AUROC
0.893) and ≥5–10% (sensitivity 95.9–97.5%; specificity 66.7%)
(AUROC 0.956), respectively (Table S2, Figs. S5 and S6). In the
“Others” group, US-FLI ≥2 showed the best diagnostic



Table 2 – Performance of US-FLI ≥2 (i.e., liver–kidney
contrast positive) and US-FLI ≥3 for identifying different
histological degrees of steatosis.

Steatosis % n Se Sp PPV NPV Acc

US-FLI ≥ 2 (n = 197)
≥5 226 82.74 92.06 94.93 74.84 86.08
≥10 202 90.10 90.00 93.91 87.10 90.06
≥20 166 95.18 79.03 80.20 94.84 86.65
≥30 140 97.86 71.70 69.54 98.07 82.10
≥40 100 100.00 61.51 50.76 100.00 72.44
≥50 74 100.00 55.76 37.56 100.00 65.06
≥60 62 100.00 53.45 31.47 100.00 61.65
>66 52 100.00 51.67 26.40 100.00 58.81

US-FLI ≥ 3 (n = 137)
≥5 226 60.62 100.00 100.00 58.61 74.72
≥10 202 67.82 100.00 100.00 69.77 81.53
≥20 166 78.92 96.77 95.62 83.72 88.35
≥30 140 86.43 92.45 88.32 91.16 90.06
≥40 100 96.00 83.73 70.07 98.14 87.22
≥50 74 95.95 76.26 51.53 98.61 80.40
≥60 62 98.39 73.79 44.53 99.54 78.12
>66 52 98.08 71.33 37.23 99.53 75.28

Acc: accuracy; NPV: negative predictive value; PPV: positive predictive
value; Se: sensitivity; Sp: specificity; US-FLI: ultrasonographic fatty liver
indicator.
Diagnostic performance of other US-FLI cut-off scores is reported in
Table S1.
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performance for detecting steatosis ≥20% (sensitivity 86.7%;
specificity 77.8%) (AUROC 0.896) which was the minimum
steatosis extent in that group (Table S2, Fig. S7). However, we
point out that these results should be interpreted with some
caution, especially inNAFLDpatients due to the intrinsic lack of
true negative controls (all these patients had steatosis ≥5%) and
in HBV and “Others” patients subgroups due to the relatively
low number of subjects and the distribution of steatosis
percentage in the latter subgroup.

The presence of liver–kidney contrast (mild–moderate to
severe) was also observed in 10 out of 352 patients (2.8%)
without steatosis on histology: 5 patients with HCV (3 with
stage 1–2 and 2 with stage 3 fibrosis), 1 with HBV with stage 1
fibrosis, 1 with systemic sclerosis associated liver disease
(stage 1 fibrosis), 1 with autoimmune hepatitis (stage 1
fibrosis) and 2 with undetermined elevated serum liver
enzymes without any evidence of liver fibrosis. Conversely,
39 patients out of 352 (17.3%) with any degree of steatosis did
not show positive liver–kidney contrast (19 patients with 5–9%
steatosis, 12 with 10–15% steatosis, 5 with 20–25% steatosis
and 3 with 30–35% steatosis, respectively).

The diagnostic performance of the individual criteria of the
US-FLI to detect different degrees of steatosis on histology in
the whole sample of patients is shown in Table S3. The
presence of marked liver–kidney contrast as well as the
posterior attenuation of the ultrasound beam showed the best
diagnostic performance for detecting steatosis ≥40%, while
difficult visualization of diaphragm and gallbladder wall had
the highest accuracy rate in detecting steatosis >66%.

The diagnostic performance of US-FLI ≥2 for detecting
steatosis ≥5% (Table S4) and also higher steatosis thresholds
(data not shown) was much better as compared to some
surrogate steatosis indices, such as fatty liver index (FLI) and
lipid accumulation product (LAP) [28,29].

The diagnostic performance of US-FLI to detect steatosis
was also evaluated according to serum aminotransferases
levels and fibrosis staging in the whole sample of patients
(Table S5) and also according to the genotype status in
patients with HCV (Table S6). The diagnostic accuracy of US-
FLI was not remarkably changed in patients with and without
elevated serum aminotransferases. The sensitivity seemed
reduced in patients with advanced liver fibrosis. In addition,
the sensitivity seemed also increased in genotype 3 HCV
patients, however this result should be interpreted with some
caution due to the low number of patients.

3.2. Correlations Between US-FLI and Metabolic and
Histological Parameters

In the whole series US-FLI was positively correlated with WC,
BMI, number of MetS features, GGT, fasting glucose, insulin,
HOMA-IR, SUA, serum lipids and ferritin, while itwas negatively
correlated with HDL-C and direct bilirubin (Table 3). The
strongest correlations were observed between US-FLI and
WC, BMI, SUA and the number of MetS features. Interestingly,
US-FLI was correlated with WC, BMI, HOMA and the number of
MetS features in all patient groups, with the only exception
of number of MetS features in patients with HBV. Moreover,
US-FLI was correlated with ALT in patients with HCV and in
those with NAFLD.

Regarding the correlations between US-FLI and histological
parameters (Table 4), US-FLI was strongly correlated with
steatosis extent in the whole sample (Spearman's rho
coefficient = 0.883; p < 0.001) and in each group of patients.
US-FLI was mildly correlated with lobular inflammation
severity in all patients (rho = 0.380; p < 0.001) and in those
with HCV (rho = 0.380; p < 0.001), and moderately in those
with NAFLD (rho = 0.490; p < 0.001). US-FLI was strongly
correlated with ballooning degeneration in all patients
(rho = 0.619; p < 0.001) and in those with HCV (rho =0.615;
p < 0.001) and moderately in those with NAFLD (rho = 0.485;
p < 0.001). US-FLI was strongly correlated with the Brunt's
inflammatory grading in patients with NAFLD (rho = 0.622;
p < 0.001) and lesswith the Ishak's histological criteria (rho = 0.271;
p < 0.001) in those with HCV. Finally, US-FLI was mildly correlated
withportal fibrosisandfibrosis staging inpatientswithHCVbutonly
weakly in those with NAFLD. However, these results should be
interpretedwith some caution especially for patientswithHBV, due
to the relatively low number of these patients.
4. Discussion

Thenovel findingsof this studyare that theUS-FLI canaccurately
detectmild–moderatehepatic steatosis (minimal amount 10%on
histology) and is significantly correlated with histological and
metabolic parameters in liver diseases of different etiology. In
particular, US-FLI ≥2 showed the best diagnostic performance to
detect theminimumsteatosis amount of 10%onhistologywith a
high sensitivity (90.1%) and specificity (90%), while US-FLI ≥3
showed the best sensitivity (86.4%) and specificity (92.5%) for
detecting a moderate steatosis ≥30%.



Fig. 1 – ROC curve of US-FLI to best predict minimum liver
steatosis percentage thresholds. Panel A. Histological
steatosis ≥ 10%. AUROC (95% CI) of US-FLI to detect steatosis
≥10% was 0.934 (0.911–0.958); the best US-FLI cut-off was 2
(sensitivity 90.1%; specificity 90%). Panel B. Histological
steatosis ≥ 30%. AUROC (95% CI) of US-FLI to detect steatosis
≥30% was 0.958 (0.939–0.978); the best US-FLI cut-off was 3
(sensitivity 86.4%; specificity 92.5%).
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These findings are consistent with the results of a recent
meta-analysis by Hernaez et al. [30] who reported that among
patients with NAFLD the overall sensitivity and specificity of
ultrasonography for the detection of moderate-to-severe
hepatic steatosis, compared to histology, were approximately
85% and 95%, respectively. Moreover, in accordance with two
studies using semi-quantitative ultrasonographic scores
[13,14], but at variance with some previous studies [11,12,31]
suggesting that ultrasound was not accurate for detecting
steatosis <20–30%, we found that the minimum steatosis
threshold for the detection by ultrasound could be lowered to
10%, maintaining an adequate accuracy. Our US-FLI ≥2
showed much higher sensitivity (90.1% vs. 70%) but lower
specificity (90% vs. 100%) than the US fatty liver score ≥ 6
proposed by Bril et al. [13], while it showed quite similar
sensitivity (90% vs. 91.7%) but lower specificity (90% vs. 100%)
than the Hamuguchi's score ≥ 2 [14]. Recently, Dasarathy et al.
[12] also reported a higher sensitivity (96.4%) and specificity
(97.8%) of the bright liver echo pattern/liver–kidney contrast for
detecting steatosis ≥20% compared to those of our US-FLI for
steatosis ≥10%,while the sensitivity of US-FLI for steatosis ≥20%
was similar. Again, Palmentieri et al. [31] showed a diagnostic
performance of the bright liver echo pattern for detecting a 30%
steatosis quite similar to that of US-FLI for steatosis ≥10%.
Moreover, US-FLI ≥2 had a diagnostic performance for detecting
the presence of steatosis of any extent (≥5%) which was better
than that found in other studies [31,32].

The high heterogeneity of the study populations might
partly account for the wide inter-study variability of the
reported specificity. The two studies reporting maximum
specificity were conducted one in patients with NAFLD [13]
and another one in patients with NAFLD and liver diseases
other than viral or alcoholic [14]. Other studies, like the
present one, included a mixed liver disease population
[12,31,32]. However, Dasarathy et al. [12] reported high
sensitivity and specificity of ultrasound only for detecting
macrovesicular steatosis, while the accuracy of ultrasound
significantly fell for microvesicular steatosis. In our study, the
vast majority of patients presented a mixed steatosis pattern.
Three published studies that examined the accuracy of
ultrasound in predicting steatosis among HCV patients
reported a fair number of false positive cases, suggesting
that a high necro-inflammatory grading, but not fibrosis
stage, might generate a bright liver pattern beside steatosis
[33–35]. Conversely, Palmentieri et al. [31] reported only two
false positive HCV patients and showed histological steatosis
as the strongest predictor of ‘bright liver’ on ultrasound. In
our study, we found five false positive patients with HCV and
other five with different liver diseases, almost all with a low
level of hepatic inflammation and fibrosis on histology.
Nevertheless, in our study a subgroup analysis in patients
with HCV (Table S2 and Fig. S3) showed a performance of US-
FLI in detecting steatosis that was better than that reported in
other ultrasound studies of HCV patients [32–37].

Our study showed for the first time a semi-quantitative
ultrasonographic score cut-off (US-FLI ≥5) for the detection of
severe (>66%) liver steatosis. The positivity of individual US-
FLI criteria may also aid to identify the degree of steatosis:
marked liver–kidney contrast and posterior ultrasound beam
attenuation are strongly associated to moderate steatosis
(≥40%) while difficult diaphragm and gallbladder wall
visualization are more strongly associated to severe (>66%)
steatosis. Palmentieri et al.[31] previously reported that the
posterior attenuation was found exclusively in patients with
steatosis ≥30%.

Significant associations between semi-quantitative ultra-
sonographic steatosis indices and histological/metabolic pa-
rameters have been previously reported in patients with
NAFLD [9,14,16]. Our study confirms and extends this finding
by showing that these associations are valid not only in
patients with NAFLD but also in those with other liver
diseases. US-FLI is highly correlated with anthropometric
parameters and HOMA-IR in each liver disease group, thus
highlighting the strong association between fatty liver,
obesity and IR across different liver disease etiologies.
Moreover, US-FLI is strongly correlated with histological
steatosis extent both in all patients and in each group of
liver disease. The present study confirmed the existence of
strong correlations between US-FLI and histological



Table 3 – Univariate correlations between US-FLI and anthropometric and metabolic parameters.

US-FLI

All
(n = 352)

HCV
(n = 173)

HBV
(n = 23)

NAFLD
(n = 123)

Others
(n = 33)

WC (cm) 0.536 † 0.382 ⁎⁎ 0.797 ⁎⁎ 0.355 † 0.483 ⁎

BMI (kg/m2) 0.447 † 0.257 ⁎⁎ 0.510 ⁎ 0.300 ⁎⁎ 0.424 ⁎

Number of MetS traits 0.382 † 0.161 ⁎ 0.380 0.179 ⁎ 0.399 ⁎

Platelets (×103/mm3) 0.109 −0.038 0.438 0.050 -0.060
AST (U/L) -0.092 0.171 ⁎ −0.039 0.159 -0.027
ALT (U/L) 0.053 0.206 ⁎⁎ 0.067 0.267 ⁎ -0.067
GGT (U/L) 0.121 ⁎ 0.100 0.198 −0.103 -0.030
T-BIL (mg/dL) 0.063 0.179 ⁎ 0.206 0.086 -0.812 ⁎⁎

D-BIL (mg/dL) −0.151 ⁎⁎ −0.106 −0.017 −0.067 −0.143
Glucose (mg/dL) 0.258 † 0.115 0.469 0.108 0.323
Insulin (mIU/L) 0.265 † 0.128 0.147 0.419 † 0.480
HOMA-IR 0.314 † 0.240 ⁎ 0.777 ⁎ 0.354 † 0.587 ⁎

SUA (mg/dL) 0.408 † 0.161 ⁎ −0.248 0.357 † 0.057
TC (mg/dL) 0.188 ⁎⁎ −0.148 0.308 −0.120 -0.058
HDL-C (mg/dL) −0.152 ⁎ −0.051 0.123 −0.176 -0.442
LDL-C (mg/dL) 0.212 ⁎⁎ −0.043 0.444 −0.101 −0.167
TG (mg/dL) 0.297 † −0.029 0.153 0.041 0.161
Ferritin (mg/dL) 0.264 † 0.176 ⁎ 0.177 0.290 ⁎⁎ 0.450

Values are Spearman's rank correlation coefficients.
ALT: alanine aminotransferase; AST: aspartate aminotransferase; BMI: body mass index; D-BIL: direct bilirubin; GGT: gamma-
glutamyltransferase; HBV: hepatitis B virus; HCV: hepatitis C virus; HDL: high-density lipoprotein; HOMA-IR: Homeostasis Model of
Assessment-Insulin Resistance; LDL: low-density lipoprotein; MetS: metabolic syndrome; NAFLD: non-alcoholic fatty liver disease; SUA: serum
uric acid; T-BIL: total bilirubin; TC: total cholesterol; TG: triglycerides; WC: waist circumference.
⁎ p < 0.05.
⁎⁎ p < 0.01.
† p < 0.001.
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parameters of NAFLD (steatosis, lobular inflammation,
ballooning, NASH grade and NAS) we also found in our
previous study [16]. In addition, a mild correlation between
US-FLI and portal fibrosis and fibrosis staging was also found.
Interestingly, US-FLI showed a stronger correlationwith steatosis
percentage than that reported for other ultrasonographic scores
[13–15]. US-FLI correlated with hepatic inflammation, ballooning
severity and, to a lesser extent, with fibrosis mainly in patients
with NAFLD or HCV. A previous study also showed a positive
Table 4 – Univariate correlations between US-FLI and
features of liver histopathology.

US-FLI

All
(n = 352)

HCV
(n = 173)

HBV
(n = 23)

NAFLD
(n = 123)

Others
(n = 33)

Steatosis 0.883 † 0.754 † 0.723 † 0.797 † 0.805 †

Lobular
inflammation

0.380 † 0.380 † 0.102 0.490 † 0.228

Ballooning 0.619 † 0.615 † – 0.485 † 0.183
NAS – – – 0.721 † –
Portal fibrosis −0.125 ⁎ 0.278 † −0.336 0.177 ⁎ 0.059
Inflammatory
grading

– 0.271 † 0.100 0.622 † –

Fibrosis staging – 0.311 † 0.328 0.185 ⁎ 0.059

Values are Spearman's rank correlation coefficients.
NAS: Non-Alcoholic Fatty Liver Disease Activity Score.
⁎ p < 0.05.
† p < 0.001.
correlation between an ultrasonographic steatosis score and
fibrosis severity [15], although the severity of fibrosis does not
reflect the echogenicity of liver parenchyma [31,38].

The performance of our US-FLI is much better than the
surrogate FLI and LAP indexes for detecting steatosis ≥5%:
82.74% sensitivity and 92.06% specificity for our US-FLI vs.
62.00% sensitivity and 85.71% specificity for FLI index ≥60 cut-
off [28]; 62.26% sensitivity and 83.72% specificity for LAP
score ≥ 40 [29]. The diagnostic performance of these two
surrogate indexes of steatosis in our series was quite similar
to that found in a previously published study [39].

A recent study showed that a quantitative diagnostic index
derived from a computerized analysis on texture, backscattering
and attenuation features of ultrasound imaging was able to
distinguish severe NAFLD and a normal liver from mild NAFLD,
and itwas significantly correlatedwithmetabolic risk factors [40].
Evidence also suggests that the ultrasound severity ofNAFLD can
predict the presence and severity of coronary heart disease as
well as the incidence of future cardiovascular events [9,41,42].

Collectively, these findings suggest that US-FLI may help
to identify a subgroup of patients who are more likely to
develop advanced liver disease (cirrhosis) and future cardio-
vascular events.

Possible limitations of our study are its single-center,
retrospective, cross-sectional design, the relatively low num-
ber of patients submitted to liver biopsy for liver diseases
other than NAFLD and HCV and the operator dependency of
the ultrasound technique, although we demonstrated a very
good inter-observer agreement for US-FLI measurements
(k statistics 0.81–0.88) [16,23].
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In conclusion, our study shows that US-FLI is indeed
significantly correlated with both metabolic parameters and
histological features of steatogenic liver disease owing to various
etiologies. Our findings fully support the use of US-FLI in routine
clinical practice as an easy and versatile tool to screen for hepatic
steatosis and the metabolic health of patients.
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