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the degree of steatohepatitis in patients
with low-grade fatty liver disease
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Abstract

Background/Aims Nonalcoholic fatty liver disease (NAFLD) is the most common liver disease worldwide. Ultra-
sound, the most used tool for diagnosing NAFLD, is operator-dependent and shows suboptimal performance in
patients with mild steatosis. However, few studies have been conducted on whether alternative noninvasive methods
are useful for diagnosing mild hepatic steatosis. Also, little is known about whether noninvasive tests are useful for
grading the severity of hepatic steatosis or the degree of intrahepatic inflammation. Therefore, we aimed to evaluate
whether the HSI, the FLI and HU values in CT could be used to discriminate mild hepatic steatosis and to evaluate the
severity of hepatic steatosis or the degree of intrahepatic inflammation in patients with low-grade fatty liver disease
using liver biopsy as a reference standard.

Methods Demographic, laboratory, CT imaging, and histological data of patients who underwent liver resection or
biopsy were analyzed. The performance of the HSI, HU values and the FLI for diagnosing mild hepatic steatosis was
evaluated by calculating the area under the receiver operating characteristic curve. Whether the degree of hepatic
steatosis and intrahepatic inflammation could be predicted using the HSI, HU values or the FLI was also analyzed.
Moreover, we validate the results using magnetic resonance imaging proton density fat fraction as an another refer-
ence standard.

Results The AUROC for diagnosing mild hepatic steatosis was 0.810 (p < 0.001) for the HSI, 0.732 (p < 0.001) for liver
HU value, 0.802 (p < 0.001) for the difference between liver and spleen HU value (L-S HU value) and 0.813 (p < 0.001)
for the FLI. Liver HU and L-S HU values were negatively correlated with the percentage of hepatic steatosis and NAFLD
activity score (NAS) and significantly different between steatosis grades and between NAS grades. The L-S HU value
was demonstrated the good performance for grading the severity of hepatic steatosis and the degree of intrahepatic
inflammation.
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Conclusions The HU values on CT are feasible for stratifying hepatic fat content and evaluating the degree of intra-
hepatic inflammation, and the HSI and the FLI demonstrated good performance with high sensitivity and specificity

in diagnosing mild hepatic steatosis.

Keywords Nonalcoholic fatty liver disease, Hepatic steatosis, Nonalcoholic steatohepatitis, Hounsfield unit, Liver

biopsy

Introduction

Nonalcoholic fatty liver disease (NAFLD) is the most
common liver disease worldwide, characterized by an
excessive accumulation of intrahepatic fat associated
with insulin resistance [1]. Globally, the prevalence of
NAFLD diagnosed by imaging tests is approximately
25.24% [2-4]. Patients diagnosed with nonalcoholic stea-
tohepatitis (NASH), a progressive form of NAFLD which
indicates hepatic inflammation and steatosis on histol-
ogy, have an increased risk of progression of fibrosis, liver
cirrhosis, and hepatocellular carcinoma [5-8].

Liver biopsy is the gold standard for diagnosing
NAFLD. Based on the percentage of hepatocytes that
contain fat vacuoles, steatosis is classified as normal or
grade 0 if steatotic hepatocytes are < 5%; mild or grade 1
if 5%—33%; moderate or grade 2 if 34%—66%; and severe
or grade 3 if>66% [9-11]. However, liver biopsy is an
invasive technique with potentially fatal complications
[12]. Therefore, noninvasive methods for diagnos-
ing fatty liver are preferred in various clinical settings.
In particular, ultrasound is the most commonly used
method. However, it is operator-dependent and has
suboptimal performance in diagnosing mild steatosis
and grading the severity of hepatic steatosis [13—-16].
Therefore, CT is often used as an initial evaluation
for patients with elevated liver enzyme levels and sus-
pected hepatic steatosis, especially patients with obesity
with poor sonic window on ultrasound examination. In
many studies, both the liver HU value and the differ-
ence between the HU value of the liver and spleen (L-S
HU value) have proven to be useful tools for diagnosing
fatty liver disease [17-20]. Moreover, some guidelines
recommend that scores using serum biomarkers could
provide an alternative mean for diagnosing NAFLD
[21]. Considering the under-diagnosis of and the lack
of adequate care for NAFLD in the primary care set-
ting, introducing an effective but simple steatosis scor-
ing system that can be easily used by primary care
providers is necessary [22, 23]. Among various stea-
tosis scores, the hepatic steatosis index (HSI) and the
fatty liver index (FLI) are ones of the simplest and con-
sist of easily obtainable information [24]. HSI consists
of sex, the presence of type 2 diabetes mellitus (DM),
body mass index (BMI), and aspartate aminotransferase
(AST) and alanine aminotransferase (ALT) levels, while

fatty liver index consists of BMI, waist circumference,
triglycerides (TG) level, and gamma-glutamyl trans-
ferase (GGT) level. However, studies which aimed to
evaluate the usefulness of noninvasive methods, includ-
ing CT, the HSI, and the FLI, in diagnosing mild hepatic
steatosis, which is relatively common in clinical prac-
tice, are few. Additionally, whether the HU value, the
HSI, or the FLI correlates with the histological severity
of hepatic steatosis remains unclear.

Meanwhile, several guidelines have stated that these
noninvasive methods have limitations in diagnosing
steatohepatitis [2, 25]. The presence of steatohepatitis
is known to be the most important factor in the pro-
gression of fibrosis, while the severity of fibrosis is the
most important histologic marker associated with the
incidence of liver-related complications and mortal-
ity in patients with NAFLD [26-29]. In addition, since
improvement of intrahepatic inflammation is known
to be associated with improvement of fibrosis, the
improvement of intrahepatic inflammation has been
used as surrogate endpoints in various clinical tri-
als [30]. NAFLD activity score (NAS) is a widely used
scoring system to evaluate the degree of steatohepati-
tis in patients with NAFLD [11]. NAS is based on his-
tological findings and calculated by scoring the degree
of steatosis, hepatocyte ballooning, and inflammation
and summing these values. The usefulness of NAS has
been confirmed in several studies and is recommended
as a method for evaluating changes in liver histology
in patients with NASH. However, since liver biopsy is
invasive and carries the risk of complications, it has
limitations in being used as a method for evaluating
the improvement of steatohepatitis in a general clinical
practice. While several guidelines have stated that non-
invasive tests are not acceptable alternative to biopsy
for the diagnosis of NASH, few studies have been con-
ducted on whether noninvasive tests are useful for
evaluating the severity of intrahepatic inflammation in
patients with biopsy-proven NAFLD [2, 25]. If there
is a noninvasive method that can evaluate the severity
of intrahepatic inflammation in patients with biopsy-
proven NAFLD, it will be useful for determining the
effectiveness of treatment in clinical situations.

Therefore, we aimed to evaluate whether HU values,
the HSI, and the FLI could be helpful in diagnosing
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mild hepatic steatosis, stratifying the severity of hepatic
steatosis and predicting inflammatory activity in
patients with low-grade hepatic steatosis.

Materials and methods

Study design and participants

Patients aged between 18 and 75 years who under-
went histological examination of the liver at Chung-
nam National University Hospital between January
2008 and December 2022 were enrolled in this study.
Patients who underwent CT within 3 months prior to
liver biopsy were included, and their electronic medi-
cal records were retrospectively reviewed. We excluded
patients who had steatosis in>33% of the hepatocytes
on liver biopsy, therefore, only patients with mild
or grade 1 hepatic steatosis were enrolled. We also
enrolled patients with a magnetic resonance imag-
ing proton density fat fraction (MRI-PDFF) of less
than 33% among patients who underwent MRI-PDFF
and CT within 6 months of MRI-PDFF at Chungnam
National University Hospital. Patients with other liver
diseases, such as chronic viral hepatitis B, chronic viral
hepatitis C, autoimmune hepatitis, and primary bil-
iary cholangitis, and those with excessive alcohol con-
sumption (>30 g/d of alcohol consumption for men
and > 20 g/d for women) were excluded. Additionally,
patients with liver cirrhosis and a history of hepato-
cellular carcinoma or other liver-related malignancies
within 5 years were also excluded.

Data collection, calculation of the HSI and the FLI,

and measurement of the HU value

We reviewed the histological data of the enrolled
patients and collected demographic, laboratory, CT
imaging, and MRI-PDFF data by investigating elec-
tronic medical records. From the data collected, the HSI
and the FLI were calculated. The HSI was calculated as
‘8 x (ALT/AST ratio) + BMI (+ 2, if female; + 2, if with

DM)’ [31], while the FLI was calculated as ’(e®9%3 * In(TG)
+0.139 x BMI + 0.718 x In(GGT) + 0.053 x WC 15745 1 4 40953 x

In(TG) + 0139 x BMI + 0.718 x In(GGT) + 0053 x WC 15754y 3 ()0’

We also used only pre-contrast CT images to measure
the HU values of the liver and spleen. Specifically, the
HU values of ten randomly selected parts of the liver
and spleen were measured, and the averages of HU val-
ues were calculated. The area measured at each time
was set to 2.5-3 cm® We defined the average of HU val-
ues of the liver as the liver HU value. The L-S HU value
was calculated by subtracting the average HU value of
the spleen from the average HU value of the liver.
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Definition of hepatic steatosis, low-grade hepatic steatosis,
mild steatosis grade, and NAS grade

Hepatic steatosis was defined as the accumulation of fat
vacuoles in>5% of hepatocytes. In our study, low-grade
hepatic steatosis was defined as the presence of steatosis
in<33% of hepatocytes, and these patients were classified
again according to the percentage of hepatic steatosis as
follows: steatosis<5%, the mild steatosis grade 0 (mild
GO or mGO) group; steatosis 5%—19%, the mild steatosis
grade 1 (mild G1 or mG1) group; and steatosis 20%—33%,
the mild steatosis grade 2 (mild G2 or mG2) group. Simi-
larly, patients who underwent MRI-PDFF were classified
according to MRI-PDFF as follows: MRI-PDFF <5%, the
mild steatosis grade 0 (mild GO or mGO0) group; MRI-
PDFF 5%-19%, the mild steatosis grade 1 (mild G1 or
mG1) group; and MRI-PDFF 20%—33%, the mild steatosis
grade 2 (mild G2 or mG2) group. In our study, each NAS
grade was defined as follows. NAS <3, the grade 1 (G1);
NAS 3-4, grade 2 (G2); and NAS >4, grade 3 (G3).

Statistical analyses

The Student’s t-test for continuous data and chi-squared
test for categorical data were used to compare the baseline
characteristics between patients with and without hepatic
steatosis. We evaluated the performance of each method
to diagnose hepatic steatosis by calculating the area under
the receiver operating characteristic curve (AUROC). Cor-
relations between variables were determined using Pear-
son correlation coefficient. Logistic regression analyses
were performed to identify independent predictive factors
of hepatic steatosis. All factors with a p<0.05 in the uni-
variate analysis were included in the multivariate analy-
sis, with the exception of multivariate analysis to assess
whether the HSI or the FLI are an independent predictive
factor for hepatic steatosis. In that exceptional case, DM,
BM]I, and the AST and ALT levels were excluded for cal-
culating the HSI and BMI, waist circumference, TG level,
and GGT level were excluded for calculating the FLI due
to potential multicollinearity. Student’s t-test was used to
compare the HSI, liver HU value, L-S HU value and the
FLI between the two steatosis grade groups or the two
NAS grade groups. All statistical analyses were performed
using SPSS (version 26.0; IBM Corp., Armonk, NY, USA).

Results

Altogether, the data of 2,031 patients aged between 18
and 75 years, who underwent liver biopsy or hepatic
resection at Chungnam National University Hospi-
tal between January 2008 and December 2022, were
reviewed. Among them, 1,746 patients underwent CT
within 3 months prior to liver biopsy or hepatic resection,
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and the rest 285 patients were excluded. And among
these 1,746 patients, 1,604 patients who did not meet
the enroll criteria were sequentially excluded. Finally, of
the patients who underwent liver biopsy or liver resec-
tion, 142 patients were enrolled in our study. Of the 142
patients analyzed, 44 had hepatic steatosis>5%, and 98
patients had hepatic steatosis <5% or did not have clini-
cally significant hepatic steatosis (Fig. 1).

Comparison of the baseline characteristics of patients

with and without hepatic steatosis

The baseline characteristics of the patients are summa-
rized in Table 1. The number of patients classified into
the mild steatosis group was 98 (mGO), 33 (mG1), 11
(mG2). And the number of patients classified into the
steatohepatitis group using NAFLD activity score (NAS)
was 23 (G1), 29 (G2), 6 (G3). BMI and serum AST, ALT,
triglyceride (TG), albumin levels, and waist circumfer-
ence (WC) were significantly higher in patients with
hepatic steatosis than in those without hepatic steatosis.
The mean HSI value was higher in patients with hepatic
steatosis (37.37, 95% confidence interval [CI]: 35.60-
39.31) than in those without hepatic steatosis (31.54,
95% CI: 30.62-32.88) (p<0.001), while mean liver HU
value and mean L-S HU value were lower in patients
with hepatic steatosis (liver HU: 46.56, 95% CI: 45.85—
51.75/L-S HU: -1.401, 95% CI. -2.586-3.051) than in
those without hepatic steatosis (liver HU: 54.38 95% CI:
53.74-56.63/L-S HU: 7.813, 95% CI: 6.884-9.936) (both
p<0.001). The mean FLI value was higher in patients
with hepatic steatosis (61.83, 95% CI: 54.07-69.55) than
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in those without hepatic steatosis (33.06, 95% CI: 27.55—
38.89) (p<0.001).

Comparison of performance of the HSI, liver HU value, L-S
HU value and the FLI for diagnosing mild hepatic steatosis
The HSI had the highest AUROC for diagnosing hepatic
steatosis (AUROC 0.810), followed by L-S HU value
(AUROC 0.802), liver HU value (AUROC 0.732) and the
FLI (AUROC 0.813) (Fig. 2). The HSI, with a low cut-
off value of 30 and a high cut-off value of 36, diagnosed
hepatic steatosis with 87% sensitivity and 74% specificity.
Additionally, the L-S HU value with a cut-off value of 3
diagnosed hepatic steatosis with 70% sensitivity and 82%
specificity, while the liver HU value with a cut-off value
of 47 diagnosed hepatic steatosis with 54% sensitivity and
89% specificity. The FLI, with a low cut-off value of 30
and a high cut-off value of 60, diagnosed hepatic steatosis
with 85% sensitivity and 77% specificity.

Factors associated with hepatic steatosis

The univariate analysis revealed that age, BMI, serum
AST, ALT, TG, albumin levels, WC, the HSI, liver HU
value, L-S HU value and the FLI were associated with
hepatic steatosis. In the multivariate analysis, HSI, L-S
HU value and the FLI remained as independent diag-
nostic factors for hepatic steatosis (Tables 2, 3 and 4). In
patients with hepatic steatosis, the liver HU value was
negatively correlated with BMI, AST, ALT, TG and glu-
cose level. The L-S HU value was also negatively cor-
related with BMI, AST, ALT, TG and glucose level in
patients with hepatic steatosis (data not shown).

Patients who undergone

histopathological examination and liver biopsy (N=2031)

Excluded patients (N=285)
- Patients who had not undergone computerized tomography

Patients who underwent computerized tomography (N=1746)

- Patients

Excluded patients (N=1604)
- Patients who had hepatocellular carcinoma

alcoholic, autoimmune hepatitis, primary biliary cirrhosis, acute
hepatitis, etc.)

- Patients with a history of liver-related malignancies in 5 years

- Patients who had cirrhotic patients

- Patients with more than 33% steatosis in the liver

who had hepatitis (Chronic viral hepatitis B or C,

Patients without
hepatic steatosis
(N=98)

Patients with hepatic
steatosis
(N=44)

Fig. 1 Flow chart showing enroliment of patients who underwent liver biopsy or liver resection
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Table 1 A comparison of characteristics between participants with and without hepatic steatosis
Baseline characteristics
Variables Steatosis (-) Steatosis (+) p value
(N=98) (N=44)
Demographic variables
Age (years) 54.534+13.85 4493+14.66 <0.001
Gender (M/F) 34/64 22/22
Body mass index (kg/m?) 230543243 26.26+3.493 <0.001
Comorbidities
Diabetes mellitus 11 (11.2%) 10 (22.7%)
Hypertension 11 (11.2%) 5(11.4%)
Dyslipidemia 13 (13.3%) 3(6.82%)
Biochemical parameters
Aspartate aminotransferase (IU/L) 28.56+19.72 415543344 0.004
Alanine aminotransferase (IU/L) 2647 £2340 53.02+65.72 0.001
Triglycerides (mg/dL) 103.6+62.79 2024+1249 <0.001
Total cholesterol (mg/dL) 184.2+46.02 200.8+47.92 0.068
Total bilirubin (mg/dL) 0.970+0.985 0932+£0973 0.830
Gamma-glutamy! transpeptidase (IU/L) 119941580 111.8+£1338 0.7720
Serum glucose (mg/dL) 105.9+36.69 119.3+£45.89 0.064
Serum albumin (g/dL) 3.8124+0.580 4.161£0.500 <0.001
Platelet count (10°/uL) 2479+83.54 2599+£81.19 0419
Waist circumference (cm) 81.65+9.249 91.64+9.737 <0.001
Liver histology
Steatosis grade S0/51/52/S3 98/0/0/0 8/36/0/0
Mild steatosis grade mGO/mG1/mG2 98/0/0 0/33/11
METAVIR score FO/F1/F2/F3/F4 76/15/6/1/0 28/7/6/3/0
NAFLD activity score grade G1/G2/G3 16/0/0 7/29/6
Hepatic steatosis index (mean = SD) 31.54+4.090 37.37+5.729 <0.001
Liver HU (mean = SD) 5438+6.125 46.56£9.911 <0.001
Liver HU-Spleen HU (mean % SD) 7.8134+6.198 -1.40148.988 <0.001
Fatty liver index (mean 4 SD) 33.06+£2297 61.83£21.74 <0.001

Distribution and performance of the HS, liver HU value,

L-S HU value and FLI according to steatosis grade group

The percentage of hepatic steatosis was positively cor-
related with the HSI (r=0.5391) (p <0.0001) or the FLI
(r=0.4512) (p<0.0001), and negatively correlated with
liver HU value (r= —0.3152) (»p=0.0001) or L-S HU
value (r= —0.4018) (p<0.0001) (Fig. 3). The mean liver
HU value for patients in mG0, mG1, and mG2 was 55.2
(95% CI: 55.15-55.25), 49.49 (95% CI: 49.38-49.60),
and 46.93 (95% CI: 46.78-47.08), respectively. Liver
HU value was significantly different between mGO and
mG1(p<0.001) or mG2 (p<0.001) and between mG1
and mG2 (p=0.04) (Fig. 4). Moreover, the mean L-S
HU values for patients in mG0, mG1, and mG2 were
8.497 (95% CI: 8.449-8.545), 1.292 (95% CI: 1.190-
1.394), and -3.024 (95% CI. -3.166—-2.883), respec-
tively. The L—S HU value was also significantly different
between mGO and mG1(p <0.001) or mG2 (p<0.001)

and between mG1 and mG2 (p=0.01). Although the
HSI was also significantly different between mGO and
mG1l (p<0.001) or mG2 (p<0.001), the differences
between mG1 and mG2 were not statistically significant
(p=0.47). The FLI was significantly different between
mGO and mG1 (p<0.001) or mG2 (p=0.016), the dif-
ferences between mG1 and mG2 were not statistically
significant (p =0.43).

Performance of the HS|, liver HU value, L-S HU value

and the FLI in grading the severity of hepatic steatosis
Figure 4 shows the AUROC:s of the HSI, liver HU value,
L-S HU value and the FLI for grading the severity of
hepatic steatosis. The L-S HU value demonstrated the
best performance in grading the severity of low-grade
hepatic steatosis. The optimal cut-off L-S HU values
were 3 HU for > mG1, and -3 HU for > mG2.
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Variable HSI Liver HU L-S HU FLI
AUROC 0.810 0.732 0.802 0.813
p value <0.001 <0.001 <0.001 <0.001
Optimal cut-off value 30/36 47 3 30/60
Sensitivity (%) 87% 54% 70% 85%
Specificity (%) 74% 89% 82% 77%
PPV (%) 68% 69% 64% 63%
NPV (%) 90% 81% 86% 92%

Fig. 2 ROC curves and diagnostic performance of hepatic steatosis index, liver HU value, liver HU value-spleen HU value and fatty liver index for

diagnosing mild hepatic steatosis

Distribution and performance of the HSI, liver HU value,

L-S HU value and the FLI according to NAS grade group

The NAS was positively correlated with the HSI
(r=0.5074) (p<0.0001) or FLI (r=0.3556) (p<0.0001),
and negatively correlated with liver HU value
(r=—0.4117) (p=0.0013) or L-S HU value (r= —0.4876)
(p=0.0001) (Fig. 3). The mean liver HU value for patients
in G1, G2, and G3 was 52.49 (95% CI: 49.25-55.73), 47.13
(95% CI: 43.06-51.19), and 40.04 (95% CI: 32.56-47.51),

respectively. Liver HU value was significantly different
between G1 and G2 (p=0.02) or G3 (p<0.001) (Fig. 5).
Moreover, the mean L-S HU values for patients in G1,
G2, and G3 were 5.767 (95% CI: 2.632-8.902), -1.060
(95% CI: -4.714-2.593), and -7.35 (95% CL: -15.48-0.781),
respectively. The L-S HU value was also significantly dif-
ferent between G1 and G2 (p=0.003) or G3 (p<0.001).
The HSI was significantly different between G1 and
G2(p=0.004) or G3 (p<0.001), and between G2 and G3
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Table 2 Univariate and multivariate analyses using the Hepatic steatosis index for patients with and without hepatic steatosis

Univariate analysis

Multivariate analysis

Variables OR (95% Cl) p value OR (95% Cl) p value
Age 0.96(0.93-0.98) 0.001 0.99(0.94-1.04) 0.636
Hypertension 0.90(0.29-2.80) 0.851

Hyperlipidemia 228(0 62-8.37) 0.215

HSI 31(1.18-1.45) <0.001 1.32(1.09-1.61) 0.005
TG (mg/dL) 01(1.01-1.02) <0.001 1.01(1.00-1.02) 0.037
TC (mg/dL) 01(1.00-1.02) 0.067

TB (mg/dL) 0. 96(0 65-1.41) 0.830

GGT (U/L) 1 OO(W .00-1.00) 0.781

Glucose (mg/dL) 01(1.00-1.02) 0.076

Albumin (g/dL) 4. 79(W 89-12.1) 0.001 14.3(1.79-113.3) 0.012
Platelets(10%/uL) 1.00(1.00-1.01) 0422

Waist circumference (cm) 1.12(1.07-1.17) <0.001 1.00(0.93-1.08) 0.933

Multivariate analysis adjusted model: Diabetes, BMI Body mass index, AST Aspartate aminotransferase, ALT Alanine aminotransferase, were excluded because they

were correlated with HSI

Cl Confidence interval, HU Hounsfield unit

Table 3 Univariate and multivariate analyses using the liver-spleen Hounsfield unit for patients with and without hepatic steatosis

Univariate analysis
Variables

Multivariate analysis

OR (95% CI) p value OR (95% Cl) p value
Age 0.96(0.93-0.98) 0.001 0.99(0.94-1.04) 0.712
Diabetes 0.44(0.17-1.12) 0.084
Hypertension 0.90(0.29-2.80) 0.851
Hyperlipidemia 2.28(0.62-8.37) 0.215
L-SHU 0.84(0.78-0.90) <0.001 0.84(0.74-0.96) 0011
BMI 1.33(1.17-1.50) <0.001 1.07(0.77-1.47) 0.690
AST (U/L) 1.02(1.01-1.04) 0.010 0.99(0.95-1 04) 0.779
ALT (U/L) 1.02(1.01-1.04) 0.003 1.02(0.98-1.07) 0333
TG (mg/dL) 1.01(1.01-1.02) <0.001 1.01(1.00-1.02) 0.041
TC (mg/dL) 1.01(1.00-1.02) 0.067
TB (mg/dL) 0.96(0.65-1.41) 0.830
GGT (U/L) 1.00(1.00-1.00) 0.781
Glucose (mg/dL) 1.01(1.00-1.02) 0.076
Albumin (g/dL) 4.79(1.89-12.1) 0.001 17.2(2.07-142.1) 0.008
Platelets (103/uL) 1.00(1.00-1.01) 0422
Waist circumference (cm) 1.12(1.07-1.17) <0.001 1.01(091-1.13) 0.844

Cl/ Confidence interval, HU Hounsfield unit

(p<0.001). The FLI was significantly different between G1
and G3 (p=0.02).

Performance of the HS|, liver HU value, L-S HU value

and the FLI in evaluating the degree of steatohepatitis
Figure 5 shows the AUROCsS of the HSI, liver HU value,
L-S HU value and the FLI for evaluating the degree of ste-
atohepatitis. The L-S HU value, with a cut-off value of -3,
predicted whether NAS was 3 or higher or not with 71%

sensitivity and 71% specificity. And the L-S HU value,
with a cut-off value of -1, predicted whether NAS was 5
or higher or not with 100% sensitivity and 71% specificity.
Additionally, the HSI and the FLI had high AUROC for
predicting NAS of 3 or more and NAS of 5 or more.

Comparison of NAS between patients with and without
metabolic syndrome

Among 2,031 patients aged between 18 and 75 years, who
underwent liver biopsy or hepatic resection at Chungnam
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Table 4 Univariate and multivariate analyses using the Fatty liver index for patients with and without hepatic steatosis

Univariate analysis

Multivariate analysis

Variables OR (95% Cl) p value OR (95% Cl) p value
Age 0.96(0.93-0.98) 0.001 0.96(0.91-1.02) 0.209
Diabetes 044(0.17-1.12) 0.084

Hypertension 0.90(0.29-2.80) 0.851

Hyperlipidemia 228(0 62-8.37) 0.215

FLI 05(1.03-1.08) <0.001 1.08(1.03-1.13) 0.002
AST (U/L) 1 02(1 01-1.04) 0.010 1.00(0.95-1.05) 0911
ALT (U/L) 02(1.01-1.04) 0.003 1.02(0.98-1.07) 0334
TC (mg/dL) 01(1.00-1.02) 0.067

TB (mg/dL) 0. 96(0 65-141) 0.830

Glucose (mg/dL) 01(1.00-1.02) 0.076

Albumin (g/dL) 4. 79(1 89-12.1) 0.001 97.5(6.80-1397.3) 0.001
Platelets (10%/uL) 00(1.00-1.01) 0422

Waist circumference (cm) 12(1.07-1.17) <0.001 0.96(0.87-1.06) 0.447

Cl Confidence interval, HU Hounsfield unit

Multivariate analysis adjusted model: BMI Body mass index, TG Triglycerides, GGT Gamma-glutamyl transpeptidase, were excluded because they were correlated with

FLI
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Fig. 3 The correlation between each index and the percentage of hepatic steatosis. A Scatter plots showing the positive correlation between the
hepatic steatosis index and the percentage of hepatic steatosis (B) Scatter plots showing the negative correlation between liver HU value and the
percentage of hepatic steatosis (C) Scatter plots showing the negative correlation between liver HU value-spleen HU value and the percentage of
hepatic steatosis (D) Scatter plots showing the positive correlation between the fatty liver index and the percentage of hepatic steatosis (E) Scatter
plots showing the positive correlation between the hepatic steatosis index and the NAFLD activity score (F) Scatter plots showing the negative
correlation between liver HU value and the NAFLD activity score (G) Scatter plots showing the negative correlation between liver HU value-spleen
HU value and the NAFLD activity score (H) Scatter plots showing the positive correlation between the fatty liver index the NAFLD activity score

National University Hospital during study period, 285
patients who didn’t underwent CT within 3 months
prior to liver biopsy or hepatic resection were excluded
(Fig. S1). And among these 1,746 patients, 1,604 patients
who did not meet the enroll criteria were sequentially
excluded. Metabolic syndrome could not be evaluated
in 21 patients of 142 patients due to missing variables.

Among 77 patients without metabolic syndrome, hepatic
steatosis was observed in 17 patients (22.1%), and among
44 patients with metabolic syndrome, hepatic steatosis
was observed in 21 patients (47.8%) (p=0.03). NAS was
evaluated in 52 patients with steatotic hepatocytes on liver
biopsy and there was no difference in NAS between the
group with and without metabolic syndrome (p=0.351).
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Fig. 4 The comparison of each index according to steatosis grade group and performance of each index in grading the severity of hepatic
steatosis. A The comparison of hepatic steatosis index according to mild steatosis grade group. B The comparison of liver HU value according to
mild steatosis grade group. C The comparison of liver HU value-spleen HU value according to mild steatosis grade group. D The comparison of
fatty liver index according to mild steatosis grade group. Performance of hepatic steatosis index, liver HU value, liver HU value-spleen HU value and
fatty liver index in grading the severity of hepatic steatosis was also shown. Mild GO = Group consisting of patients with the percentage of hepatic
steatosis < 5%; mild G1 = Group consisting of patients with the percentage of hepatic steatosis of > 5% and < 20%; mild G2 = Group consisting of

patients with the percentage of hepatic steatosis >20% and < 33%

Distribution of the liver HU value and L-S HU value
according to MRI-PDFF

During the study period, 152 patients underwent MRI-
PDFF at Chungnam National University Hospital, and
88 of them underwent CT within 6 months. Of these 88
patients, 64 did not meet the enroll criteria. Therefore, of
the patients who underwent MRI-PDFF, 22 patients were
enrolled in our study. Of the 22 patients analyzed, 13
had MRI-PDFF > 5%, and 9 patients had MRI-PDFF < 5%
(Fig. S2). The percentage of hepatic steatosis was posi-
tively correlated with the HSI (r=0.6794) (»=0.0007)
or the FLI (r=0.6720) (»p=0.0030), and negatively cor-
related with liver HU value (r= —0.7638) (»<0.0001) or
L-S HU value (r= —0.5781) (»p=0.0024) (Fig. S3). The
mean liver HU value for patients in mG0, mG1, and mG2
was 53.57 (95% CI: 47.27-59.86), 42.77 (95% CI: 36.55—
48.99), and 29.80 (95% CI: 26.05-33.55), respectively.

Liver HU value was significantly different between mGO
and mG1 (p=0.006) or mG2 (p<0.001) and between
mG1 and mG2 (p=0.014) (Fig. S4). Moreover, the mean
L-S HU values for patients in mG0, mG1, and mG2 were
5.47 (95% CL -0.62-11.6), -2.66 (95% CI. -8.75-3.43),
and -10.8 (95% CI: -51.4—29.7), respectively. The L-S HU
value was also significantly different between mGO and
mG1 (p=0.02) and between mGO and mG2 (p=0.02).
Although the HSI was significantly different between
mG2 and mGO (p<0.001) or mG1 (p<0.001). The FLI
was also significantly different between mGO and mG1
(»p=0.03) and between mGO and mG2 (p =0.03).

Discussion

In our study, the HU values on CT were useful in quan-
tifying and stratifying liver fat contents in patients with
low-grade hepatic steatosis, and the HSI and the FLI
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of fatty liver index according to NAFLD activity score group. Performance of hepatic steatosis index, liver HU value, liver HU value-spleen HU value
and fatty liver index in grading the severity of steatohepatitis was also shown. G1 =Group consisting of patients with the NAFLD activity score<3;
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was demonstrated good performance with high sensi-
tivity and specificity in diagnosing mild hepatic steato-
sis. In addition, the HU values were useful in evaluating
the degree of intrahepatic inflammation in patients with
low-grade hepatic steatosis. Transabdominal ultrasound,
which is a commonly used diagnostic test for fatty liver
disease in clinical field, has various limitations, such as a
poor sonic window in patients with obesity and subjec-
tivity according to the operator, resulting in low accuracy
in diagnosing mild hepatic steatosis and evaluating the
severity of hepatic steatosis. In these cases, it is possi-
ble to diagnose and evaluate fatty liver disease by using
a serologic marker using blood test results or by imag-
ing an abdominal CT scan. In this regard, our study is
the first study to present the usefulness of the HSI and
the FLI in company with HU value on CT to overcome
the limitations of liver ultrasound for the diagnosis and

severity assessment of mild fatty liver disease based on
the results of histological evaluation of hepatic steatosis.
In addition, we first demonstrated that the HU values on
CT could be useful in evaluating the degree of steatohep-
atitis in patients who have already been diagnosed with
NAFLD through histological examination.

In patients with NAFLD, lifestyle modification and
pharmacological intervention can improve liver histol-
ogy, and thereby prognosis. Therefore, an accurate diag-
nosis of fatty liver is important in patients with suspected
NAFLD. Many guidelines recommend ultrasound as the
first-line tool for diagnosing NAFLD [2, 21]. However,
ultrasound exhibits suboptimal performance in diag-
nosing mild hepatic steatosis. For example, Ahn et al.
evaluated hepatic steatosis in living liver donors with-
out evidence of fatty liver on ultrasonography, and have
reported a high prevalence of mild hepatic steatosis of
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39.6% in ultrasound-negative patients, suggesting that
ultrasound cannot exclude mild hepatic steatosis [13].
Moreover, Tanaka et al. have reported that mild hepatic
steatosis was diagnosed by biopsy in 28% of patients
with elevation of serum ALT levels and normal hepatic
ultrasound image [14]. In our study, in contrast to low
diagnostic accuracy of ultrasound for diagnosing mild
hepatic steatosis reported in the literature, the HSI and
the FLI demonstrated high performance with AUROC
of 0.810 and AUROC of 0.813, respectively, in diagnos-
ing mild hepatic steatosis. The HSI is a non-invasive and
non-imaging screening tool devised based on the Korean
health check-up data [31]. When low and high cut-off
values of the HSI were used to discriminate the presence
or absence of NAFLD in patients included in the valida-
tion set of the original paper, a sensitivity of 93.1% and
specificity of 93.1% were achieved. The FLI was devised
based on Italian study which enrolled 280 persons with
normal liver and 216 persons with hepatic disease. When
high cut-off value of the FLI was used to discriminate
the presence of NAFLD in patients, a positive predictive
value of 99% and negative predictive value of 15% were
achieved. The performance of the HSI and the FLI in
diagnosing NAFLD has been validated in various studies.
Lee et al. evaluated the performance of several screening
scores for diagnosing NAFLD in patients who under-
went a health checkup, and the HSI indicated a high
AUROC of 0.86 [32]. Murayama et al. also evaluated the
performance of the HSI, Zhejiang university index, and
fatty liver index using ultrasound-diagnosed fatty liver
as a reference standard, and the HSI and the FLI dem-
onstrated good predictive ability with AUROC of 0.874
and 0.884, respertively [33]. However, many previous
studies validated the performance of the HSI in diagnos-
ing NAFLD using ultrasound as a reference standard. As
mentioned above, because diagnosing mild hepatic stea-
tosis using ultrasound may be inaccurate, in our judg-
ment, these studies have some limitations because they
are not based on histological evaluation. Our study was
conducted defining fatty liver histologically as the pres-
ence of steatosis in>5% of hepatocytes and in particu-
lar, we enrolled only patients with mild hepatic steatosis
(steatosis in <33% of hepatocytes). Therefore, we confirm
good performance of the HSI and the FLI in diagnosing
mild hepatic steatosis more objectively and strictly in our
study than in previous studies. Considering the high sen-
sitivity and specificity of HSI and the FLI for diagnosing
mild hepatic steatosis observed here, additional tests to
exclude mild hepatic steatosis might be beneficial for sus-
pected NAFLD in patients with negative US findings but
have the HSI of > 36 or the FLI of > 60.

Indeed, the liver HU value showed a low sensitivity in
diagnosing mild hepatic steatosis in our study. The low
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sensitivity of CT in diagnosing mild hepatic steatosis has
been reported in several previous studies [34, 35]. In par-
ticular, since the liver HU value may be affected by the
reconstruction algorithm or the vendor of the CT scan-
ner, the L—S HU value using spleen as an internal control
is more commonly used for diagnosing fatty liver disease
[35]. Therefore, when compared with the liver HU value
in our study, the L-S HU value demonstrated signifi-
cantly higher AUROC value and sensitivity in diagnosing
mild hepatic steatosis, suggesting that the L-S HU value
has advantage over liver HU value for detecting mild
hepatic steatosis.

In addition to the limited diagnostic accuracy of ultra-
sound in detecting mild hepatic steatosis, the suboptimal
performance to evaluate the degree of fatty liver, which
may be due to the qualitative and subjective nature that
causes inter-observer variability, is another disadvan-
tage of ultrasound. Strauss et al. have reported that the
inter-observer agreement for grading the severity of fatty
liver using ultrasound was 47.0-63.7% [15]. Qayyum
et al. have also reported that the correlation of ultra-
sound score with histological hepatic steatosis was low
due to low inter-observer agreement for ultrasound [16].
In contrast to ultrasound, CT scan is not dependent on
the operator. Our study revealed that the L-S HU value
on CT could be better than ultrasound for quantifying
and stratifying liver fat content, based on the results of
histological evaluation as well as MRI-PDFE. Although
proton magnetic resonance spectroscopy (‘H-MRS) was
recommended in clinical trials and experimental studies
for the quantitative estimation of hepatic steatosis, it was
not recommended in common clinical settings because
of its high cost [21]. Recently, chemical-shift-encoded
MRI (CSE-MRI) method has shown promising results,
but accessibility to MRI is limited in various clinical set-
tings, including primary care. Moreover, CT is almost
routinely used clinically in patients with poor sonic view
due to obesity or anatomical characteristics, although it
is accompanied by elevated liver enzyme levels. There-
fore, CT could have advantage over MRI for quantifying
liver fat content in various particular clinical conditions,
such as routine surveillance or opportunistic detec-
tion. Kramer et al. evaluated the diagnostic accuracy of
various imaging methods in the quantification of hepatic
steatosis using 'H-MRS as the reference standard, and
reported an excellent correlation between HU value and
'H-MRS [36]. Another study demonstrated that CT-
based liver fat quantification exhibited good correlation
with MRI-PDFF measured by CSE-MRI [37]. Our results
support the results of previous studies, using histologi-
cal hepatic steatosis, as well as MRI-PDFF, as a refer-
ence standard. Consistent with the results of previous
studies, our results demonstrate that CT-based liver fat
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quantification validated as a result of histological exami-
nation is a useful alternative to MRI-based liver fat quan-
tification. Compared with previous studies, our study
enrolled only patients with low-grade hepatic steatosis.
Evaluation of the severity of fatty liver in these low-grade
hepatic steatosis patients is of great clinical importance
in terms of metabolic diseases. Several studies have
emphasized that the degree of hepatic steatosis should be
classified, even though in patients with mild hepatic ste-
atosis. Li et al. have reported that patients with liver fat
content >10% had higher odds ratios of impaired glucose
regulation than those with liver fat content<10% [38].
Ducluzeau et al. have also reported that hepatic fat frac-
tion between 5 and 10% confers the same risk of having
the metabolic syndrome and that hepatic steatosis>10%
is associated with a very high probability of having the
metabolic syndrome [39]. Therefore, if the L-S HU value
presented by our study is used, it is expected to be helpful
in classifying the severity of low-grade steatosis patients
and to suggest a differentiated treatment strategy to the
patients. In the future, further studies will be needed on
whether the liver fat content measured using CT could
predict the prognosis in patients with low-grade hepatic
steatosis.

Our study also demonstrated that the HU values were
useful in evaluating the degree of intrahepatic inflam-
mation in patients with biopsy-proven NAFLD. Hepato-
cyte injury and inflammation has been known to be the
most important factors in the progression of fibrosis,
and reducing intrahepatic inflammation has been known
to be associated with improvement of fibrosis [26—29].
In particular, Brunt et al. found that an improvement in
NAS of 2 points or more as well as resolution of NASH
was most strongly associated with fibrosis improve-
ment [30]. However, because biopsy is invasive, there is
a limit to repeatedly performing liver biopsy to evaluat-
ing the improvement of NASH in patients who have been
diagnosed with NASH through histological examination
[40, 41]. Therefore, if there is a noninvasive method to
evaluate the improvement of intrahepatic inflamma-
tion, it would be helpful to evaluate the effectiveness of
treatment and to determine whether to continue current
treatment or change to another treatment option. In this
study, L-S HU values discriminated patients with NAS
of 3 or higher with a sensitivity of 92% and specificity of
90%, and patients with a NAS of 5 or higher with a sensi-
tivity of 100% and specificity of 82% in patients with low-
grade liver steatosis. Considering the high accuracy of
the L-S HU value in evaluating the degree of intrahepatic
inflammation observed in this study, we think that L-S
HU value could be used in determining the improvement
of intrahepatic inflammation in patients with biopsy-
proven NAFLD.
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This study had several limitations. First, the num-
ber of enrolled patients was relatively small, which may
have reduced the generalizability of the results. Second,
the performance of t HU values, the HSI, and the FLI for
diagnosing mild hepatic steatosis or grading the severity
of hepatic steatosis could not be directly compared with
that of ultrasound. Multicenter, large cohort prospective
studies are required to overcome these limitations.

In conclusion, the HU values are feasible for quantify-
ing and stratifying hepatic fat content and for evaluating
the degree of intrahepatic inflammation, and the HSI and
the FLI are also useful tools for diagnosing mild hepatic
steatosis.
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