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Background: Liver biopsy is a gold standard for the diagnosis of non-alcoholic steatohepatitis (NASH), 
but has several disadvantages including invasiveness, high cost, and sampling error. Ultrasonography (US) 
is a noninvasive imaging modality widely used in non-alcoholic fatty liver disease (NAFLD) patients. This 
study aimed: (I) to assess the feasibility of US in the prediction of NASH and (II) to develop various US 
indices combining US parameters and laboratory data for the detection of NASH in NAFLD patients and to 
compare the diagnostic performance of them.
Methods: Sixty patients who underwent liver biopsy, gray-scale US [hepatorenal index (HRI) and 
shear-wave elastography (SWE)], and Fibroscan [controlled attenuation parameter (CAP) and transient 
elastography (TE)] for the evaluation of NASH were included. Patients were classified according to the 
NAFLD Activity Score (NAS) into the NASH (NAS ≥5) and non-NASH (NAS <5) groups. The diagnostic 
performance of HRI, CAP, SWE, TE, and laboratory data for grading steatosis, lobular inflammation, 
ballooning degeneration, and fibrosis was evaluated. After the identification of laboratory data that were 
independently associated with NASH through univariable and multivariable logistic regression analyses, 
various US indices were developed by combining US parameters with or without these laboratory data. 
The diagnostic performance of the US indices was assessed with obtaining area under the curve (AUC) and 
compared using DeLong test.
Results: Twenty-five NASH and 35 non-NASH patients were included. The mean AUCs for grading 
steatosis were 0.871 using HRI and 0.583 using CAP. The mean AUCs for grading fibrosis and ballooning 
degeneration were 0.777 and 0.729 using SWE and 0.830 and 0.708 using TE, respectively. Aspartate 
aminotransferase (AST) was the only significant laboratory data associated with NASH (OR, 1.019; P=0.032). 
Using AST, the mean AUCs for grading lobular inflammation and ballooning degeneration were 0.712 and 
0.775, respectively. Among various US indices, the index consisting of gray-scale US parameters (SWE and 
HRI) and AST showed the best diagnostic performance for the detection of NASH in NAFLD patients (AUC 
=0.806).
Conclusions: The index combining gray-scale US parameters and AST is useful for the detection of 
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is a leading cause 
of chronic liver disease worldwide, with the global prevalence 
of 24% (1,2). The prevalence is gradually increasing not 
only in the Western countries but also in Asian countries 
(2,3). Non-alcoholic steatohepatitis (NASH) is a part of the 
NAFLD spectrum, which histologically features lobular 
inflammation and hepatocyte ballooning degeneration with 
or without fibrosis. Progression to the advanced fibrosis, 
and ultimately cirrhosis, was reported in about 25% of 
NASH patients (4,5). In addition, NASH can increase the 
risk of esophageal varices, hepatocellular carcinoma (HCC), 
and cardiovascular mortality (4-7). In the early stage of 
NAFLD without significant fibrosis, lifestyle modification 
and pharmacotherapy can improve inflammation and 
steatosis (8,9). Therefore, it is clinically important to 
distinguish NASH from NAFLD because earlier diagnosis 
and more aggressive treatment of NASH can reduce overall 
mortality (10,11). Liver biopsy, the current gold standard 
for diagnosing NASH, has drawbacks including the risk 
of bleeding and high cost. In addition, since the histologic 
components of NASH are not distributed evenly in the liver, 
sampling error is the biggest limitation of liver biopsy (5).

There have been several studies that used non-invasive 
methods to distinguish NASH from NAFLD. A non-invasive 
imaging technique known as elastography can detect hepatic 
fibrosis and cirrhosis in NAFLD patients (12). Elastography 
measures liver stiffness through the analysis of mechanical 
waves transmitted into the hepatic tissue and is implemented 
on magnetic resonance (MR) or ultrasound (US) system. US-
based elastography has the advantages of having a shorter 
acquisition time, being more convenient, associated with 
lower cost, and more available than MR-based elastography. 
Therefore, US-based elastography, including transient 
elastography (TE), two-dimensional shear-wave elastography 
(2D-SWE), and point shear-wave elastography (p-SWE, 
acoustic radiation force impulse) are more widely used in 
clinical setting (13,14). TE is a one-dimensional technique 

performed using the Fibroscan device (EchoSens, Paris, 
France) (15). 2D-SWE is a newer US-based elastography 
technique, which can be performed using a conventional US 
scanner and enables real-time imaging (16).

There are several imaging techniques that can be used to 
assess another major component of NASH, the hepatic fat. 
Among them, gray-scale US can detect moderate to severe 
hepatic steatosis with a fairly good diagnostic accuracy, 
but demonstrates a limited performance in detecting mild 
hepatic steatosis with a reported sensitivity of 61–65% 
(17,18). To overcome this limitation, several US-based 
quantitative assessments, including the hepatorenal index 
(HRI) and the controlled attenuation parameter (CAP) have 
been developed. The HRI is defined as the ratio of echo 
intensity of the liver parenchyma to that of the renal cortex. 
It can be obtained during conventional gray-scale US 
examinations. The CAP measured by the Fibroscan device 
can be obtained simultaneously with the TE (19). 

Considering the invasiveness and sampling error of 
liver biopsy, the need for this procedure may be reduced if 
patients who do not need liver biopsy can be excluded during 
routine clinical US. We planned to develop US indices that 
can predict NASH in NAFLD patients, combining US 
parameters with laboratory data. The purpose of our study 
was: (I) to assess the feasibility of US in predicting NASH 
in NAFLD patients and (II) to develop various US indices 
using gray-scale US parameters (SWE and HRI), Fibroscan 
parameters (TE and CAP), and laboratory data for the 
detection of NASH in NAFLD patients and to compare the 
diagnostic performance of them.

We present the following article in accordance with the 
STARD reporting checklist (available at https://dx.doi.
org/10.21037/qims-21-895).

Methods

Patients

The study was conducted in accordance with the 

NASH and may be used to exclude the need for liver biopsy in NAFLD patients.
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Declaration of Helsinki (as revised in 2013). This was a 
retrospective study following Health Insurance Portability 
and Accountability Act (HIPAA). It was approved by our 
institutional review board (IRB No. KUGH16184), which 
allowed to waive the requirement for informed consent. 
A hundred and thirty-four patients who underwent 
percutaneous liver biopsy were consecutively recruited 
from March 2017 to January 2018. Among these patients, 
56 patients were excluded due to diagnosis other than 
NAFLD or NASH: (I) toxic hepatitis (n=22); (II) chronic 
hepatitis B or C, or liver cirrhosis (n=15); (III) autoimmune 
hepatitis (n=11); (IV) liver donor evaluation (n=6); and (V) 
primary biliary cirrhosis (n=2). In addition, 18 patients were 
excluded due to (I) inadequate gray-scale US images (n=10); 
(II) absence or failure of Fibroscan (n=5); and (III) interval 
of more than 30 days between liver biopsy and Fibroscan 
(n=3). Finally, 60 patients who underwent liver biopsy, gray-
scale US, and Fibroscan for the evaluation of NASH were 
included (28 men and 32 women; mean age, 50.9±13.4 years)  
(Figure 1).

Histopathological evaluation

Percutaneous liver biopsy was performed at the right 
hepatic lobe using an 18-gauge semi-automatic needle (TSK 
Laboratory, Tochigi, Japan). At least two cores of hepatic 
tissue were obtained, and the biopsy specimens were then 
reviewed by a pathologist (B.K., more than 15 years of 

experience) who was blinded to the patients’ radiologic and 
clinical data. Biopsy specimens were classified according to 
the NAFLD Activity Score (NAS) system into the NASH 
(NAS score ≥5) or the non-NASH category (20). The NAS 
is a semi-quantitative score, which is the unweighted sum of 
steatosis (0–3), hepatocyte ballooning degeneration (0–2), 
and lobular inflammation (0–3) (Table 1).

Shear-wave elastography with hepatorenal index (Gray-
scale US)

All patients underwent gray-scale US examinations using a 
US machine (Aplio 500; Toshiba Medical System, Otawara, 
Japan) with a 5-MHz convex transducer just before the 
percutaneous liver biopsy. The US examinations were 
performed by one of five abdominal radiologists with at least 
1 year of experience in performing real-time elastography. 
SWE was performed in the right hepatic lobe through the 
intercostal spaces. A 2×2-cm SWE box was placed in the 
liver parenchyma, while avoiding large vessels, and the 
upper margin of the SWE box was placed 1.5–2.0 cm away 
from the liver surface (Glisson capsule). Liver stiffness (LS) 
measurements were obtained with a region-of-interest (ROI) 
of 10 mm2 in the SWE box at the area displaying the most 
homogeneous stiffness and neither movement nor pressure 
artifacts. We measured at least 10 ROIs and used the 
median LS values (in kilopascals) as representative values.

To calculate the HRI, two radiologists (JWK, and CHL), 

Figure 1 Flow chart of the study population.

134 patients underwent percutaneous liver parenchymal 
biopsy between March 2017 and January 2018 

78 patients with pathologically confirmed 
non-alcoholic fatty liver disease (NAFLD) or 

non-alcoholic steatohepatitis (NASH)

Enrolled patients (n=60)

Non-NASH
(n=35)

NASH
(n=25)

Excluded, n=56
(a)	 Toxic hepatitis (n=22)
(b)	 Chronic hepatitis B or C, or liver cirrhosis (n=15)
(c)	 Autoimmune hepatitis (n=11)
(d)	 Liver donor evaluation (n=6)
(e)	 Primary biliary cirrhosis (n=2)

Excluded, n=18
(a)	 Inadequate gray-scale US images (n=10)
(b)	 Absence or failure of Fibroscan (n=5)
(c)	 Interval of >30 days between liver biopsy and 

Fibroscan (n=3)
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who were blinded to the clinical data and pathology results, 
performed quantitative measurement on still images at the 
PACS workstation using a method described by Shiralkar  
et al. (21). Circular ROIs (0.5–1.5 cm2) were manually 
drawn at the liver parenchyma and renal cortex on the same 
image, placing them at the same depth and avoiding large 
ducts, vessels, renal collecting systems, and focal lesions. 
The HRI was calculated by dividing the liver ROI value by 
the renal cortex ROI value. This measurement was repeated 
three times on three different images and the mean value 
was recorded.

Transient elastography with controlled attenuation 
parameter (Fibroscan)

All patients underwent TE examinations using the 
Fibroscan (Echosens, Paris, France) equipped with M and 
XL probes by an experienced operator, who was blinded 
to the clinical information. The transducer was positioned 
on the skin of the intercostal spaces over the right hepatic 
lobe. Measurements were repeated up to 20 times until a 
minimum of 10 valid LS values in kilopascals (kPa) were 
obtained. To evaluate the variability, the ratio (IQR/M) of 
the interquartile range (IQR) of LS value to the median 
value (M) was calculated. Technical failure was defined as no 
LS measurement or unreliable measurement (success rate 
<60% and/or IQR/M >30%). At the same time, the hepatic 
steatosis was assessed using the CAP value in dB/m.

Statistical analysis

For laboratory and clinical data, the chi-square (χ2) or 
Fisher’s exact test was used to compare categorical variables, 
and the independent-sample t-test or Mann-Whitney U 
test was used to compare continuous variables between 
the NASH and non-NASH groups. The chi-square (χ2) or 
Fisher’s exact test was also used to compare the distribution 
of each histopathologic component.

Interobserver agreement of two radiologists in 
calculating HRI was assessed using κ-statistics with κ-value 
graded as excellent (0.81–1.0), good (0.61–0.80), moderate 
(0.41–0.60), fair (0.21–0.40), and poor (0–0.20).

To evaluate the diagnostic performances of HRI, 
CAP, SWE, TE, and laboratory data for grading each 
histopathological component (steatosis, fibrosis, lobular 
inflammation, and ballooning degeneration), ROC curve 
analyses were performed and the areas under the curve 
(AUCs) were obtained with their 95% confidence intervals 
(CIs). DeLong tests were used to compare AUCs for 
grading steatosis between HRI and CAP, and to compare 
AUCs for grading fibrosis between SWE and TE.

The US index was developed in two steps. First, 
significant laboratory data for predicting NASH was 
selected by univariable and multivariable logistic regression 
analyses (22). Factors in univariable logistic regression 
analysis with a P value <0.05 were further analyzed by using 
a multivariable logistic regression analysis (22). Second, 
various US indices were developed through multivariable 
logistic regression analysis, combining US parameters 
with laboratory data or combining only US parameters  

Table 1 Nonalcoholic fatty liver disease (NAFLD) Activity Score 
(NAS)

Grade Description

Steatosis: amount of large or medium-sized lipid droplets without 
foamy microvesicles

S0 <5%

S1 5–33%

S2 33–66%

S3 >67%

Hepatocyte ballooning degeneration

B0 None

B1 Few balloon cells

B2 Many cells

Lobular inflammation

L0 None

L1 <2 foci/200 fields

L2 2–4 foci/200 fields

L3 ≥4 foci/200 fields

Fibrosis

F0 No fibrosis

F1

F1a Zone 3 mild perisinusoidal fibrosis

F1b Zone 3 moderate perisinusoidal fibrosis.

F1c Portal/Periportal fibrosis only

F2 Zone 3 perisinusoidal and portal/periportal fibrosis

F3 Bridging fibrosis

F4 Cirrhosis

NAS = Steatosis (S) + Ballooning degeneration (B) + Lobular  
inflammation (L).
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(Figure 2) (22). ROC curve analyses were performed to 
assess the diagnostic performances of the US indices and 
the AUCs were obtained with their 95% CIs. The optimal 
cutoff values corresponding to the maximal sum of the 
sensitivity and specificity were calculated. The DeLong test 
was used to compare AUCs of the US indices.

A P value <0.05 was considered statistically significant. 
All statistical analyses were performed using commercially 
available software programs, SPSS version 25 (IBM Corp., 
Armonk, NY, USA) and MedCalc version 18.6 (MedCalc 
Software, Ostend, Belgium).

Results

Patients

There was no adverse event during and after liver biopsy in all 
patients. Patients were classified into the NASH (n=25; 8 men 
and 17 women; mean age, 53.0±13.6 years) and non-NASH 
(n=35; 20 men and 15 women; mean age, 49.3±13.2 years)  
groups based on the NAS system. The distribution of 
histopathologic components is summarized in Table 2. 

The grades of each component tended to be higher in the 
NASH group than in the non-NASH group. The serum 
aspartate aminotransferase (AST) and alkaline phosphatase 
(ALP) levels were significantly higher, and the serum 
triglycerides (TG) was significantly lower in the NASH 
group than in the non-NASH group (P=0.003, 0.028, and 
0.013, respectively). Other clinical and laboratory data did 
not show any significant difference between the two groups 
(Table 2).

US parameters and histopathologic components

The mean values (kPa) of SWE in the F0, F1, F2, F3, and 
F4 groups were 10.5±2.9, 9.4±1.6, 10.7±3.0, 15.2±6.9, and 
18.4±6.8, respectively. The mean values (kPa) of TE in 
the F0, F1, F2, F3, and F4 groups were 9.0±3.1, 9.6±2.2, 
12.3±5.3, 21.3±14.3, and 26.4±16.9, respectively. The 
diagnostic performances of SWE and TE for grading 
fibrosis are summarized in Table 3. Using SWE, the AUCs 
for grading ≥F1, ≥F2, ≥F3, and ≥F4 were 0.653, 0.747, 
0.861, and 0.846, respectively. Using TE, the AUCs 
were 0.733, 0.828, 0.869, and 0.891, respectively. The 

Figure 2 Development of non-invasive ultrasonography (US) indices. A variety of US indices were developed, combining US parameters 
[Gray-scale US parameters (SWE and HRI) and/or Fibroscan parameters (TE and CAP)] with or without AST, which was the only 
significant factor associated with NASH determined by univariable and multivariable logistic regression analyses. SWE, shear-wave 
elastography; HRI, hepatorenal index; TE, transient elastography; CAP, controlled attenuation parameter; AST, aspartate aminotransferase; 
NASH, non-alcoholic steatohepatitis.

Gray-scale ultrasonography

SWE HRI HRI

HRI

TE

Gray-scale US index Fibroscan index

(Gray-scale US + AST) index

(Fibroscan + AST) index

(Gray-scale US + Fibroscan) index

(Gray-scale US + Fibroscan + AST) index

CAP
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Table 2 Baseline characteristics

Variables Total patients (n=60) NASH (n=25) Non-NASH (n=35) P value

Age (years) 50.9±13.4 53.0±13.6 49.3±13.2 0.182

Male:female 28:32 8:17 20:15 0.069

Body mass index (kg/m2) 29.9±4.3 29.4±4.0 30.2±4.4 0.487

ALT (IU/L) 101.1±69.6 118.6±79.2 88.7±60.0 0.110

AST (IU/L) 69.3±47.8 89.7±57.2 54.6±33.5 0.003

ALP (IU/L) 89.4±33.2 100.4±40.0 81.5±25.1 0.028

GGT (IU/L) 107.6±150.2 142.4±218.8 82.8±61.6 0.230

Total bilirubin (mg/dL) 0.70±0.30 0.69±0.28 0.70±0.32 0.758

Total cholesterol (mg/dL) 185.1±37.6 182.0±36.9 187.2±38.4 0.602

Triglycerides (mg/dL) 126.6±45.5 111.6±43.2 138.9±44.3 0.013

HDL-cholesterol (mg/dL) 45.6±11.8 48.7±13.6 43.1±9.7 0.452

LDL-cholesterol (mg/dL) 112.9±29.7 106.8±25.0 117.6±32.5 0.184

Fasting glucose (mg/dL) 114.5±24.9 111.7±24.2 116.6±25.5 0.322

Albumin (g/dL) 4.3±0.3 4.3±0.3 4.3±0.2 0.405

Platelet count (×103/L) 227±67 219±78 232±59 0.498

Type 2 diabetes mellitus 37 (61.7) 16 (64.0) 21 (60.0) 0.794

Histopathologic grade

Steatosis

S0 0 (0) 0 (0) 0 (0) 0.001

S1 25 (41.7) 5 (20.0) 20 (57.2)

S2 23 (38.3) 10 (40.0) 13 (37.1)

S3 12 (20.0) 10 (40.0) 2 (5.7)

Fibrosis

F0 16 (26.6) 5 (20.0) 11 (31.4) 0.250

F1 15 (25.0) 4 (16.0) 11 (31.4)

F2 12 (20.0) 8 (32.0) 4 (11.4)

F3 13 (21.7) 6 (24.0) 7 (20.0)

F4 4 (6.7) 2 (8.0) 2 (5.8)

Lobular inflammation

L0 0 (0) 0 (0) 0 (0) <0.001

L1 20 (33.3) 2 (8.0) 18 (51.4)

L2 38 (63.3) 21 (84.0) 17 (48.6)

L3 2 (3.4) 2 (8.0) 0 (0)

Table 2 (continued)
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diagnostic performances for grading hepatic fibrosis were 
not significantly different between SWE and TE (p = 
0.321, 0.302, 0.963, and 0.668 for ≥F1, ≥F2, ≥F3, and ≥F4, 
respectively).

SWE and TE also showed high diagnostic performance 
for grading ballooning degeneration (mean AUC, 0.729 
and 0.708, respectively), but relatively low diagnostic 
performance for grading lobular inflammation (mean AUC, 
0.625 and 0.522, respectively) (Table 3).

Interobserver agreement for calculating HRI was 
excellent (κ=0.949; 95% CI: 0.914–0.970, P<0.001). The 
mean values of the HRI in the S1, S2, and S3 groups were 
1.6±0.4, 2.2±0.4, and 3.2±2.0, respectively. The mean 
values (dB/m) of CAP in the S1, S2, and S3 groups were 
308.2±51.9, 323.5±48.6, and 325.5±29.0, respectively. The 
diagnostic performances of the CAP and HRI for grading 
steatosis are summarized in Table 3. HRI showed higher 
diagnostic performance than CAP for grading both ≥S2 and 
≥S3 steatosis (AUC for ≥S2, 0.890 vs. 0.616, P=0.001 and 
AUC for ≥S3, 0.851 vs. 0.549, P=0.001).

Laboratory data and histopathologic components

Of the laboratory data, AST was identified as the only 
significant factor associated with NASH by univariable and 
multivariable logistic regression analyses. The mean values 
(IU/L) of serum AST level in the L1, L2, and L3 groups 
were 56.5±43.8, 74.2±49.0, and 103.0±55.2, respectively. 
The diagnostic performance of AST for grading lobular 
inflammation are summarized in Table 3. Using AST, the 
AUCs for grading ≥L2 and ≥L3 were 0.664 and 0.759, 
respectively. 

The mean values (IU/L) of serum AST level in the 
B0, B1, and B2 groups were 50.1±22.0, 80.4±54.5, and 
101.7±62.9, respectively. The diagnostic performance of 

AST for grading ballooning degeneration are summarized 
in Table 3. Using AST, the AUCs for grading ≥L1 and ≥L2 
were 0.769 and 0.780, respectively.

AST demonstrated relatively low diagnostic performance 
for grading fibrosis (mean AUC, 0.606) (Table 3).

US index for the diagnosis of NASH

The results of univariable logistic regression analysis of 
laboratory data are shown in Table 4. AST [odds ratio (OR), 
1.021; P=0.015], ALP (OR, 1.019; P=0.037), and TG (OR, 
0.988; P=0.030) were the significant factors associated with 
NASH. These factors were entered into the multivariable 
logistic regression analysis, revealing that AST was the 
only independent factor for predicting NASH (OR, 1.019; 
P=0.032) (Table 4). Therefore, various US indices were 
developed by combining US parameters with or without 
AST. Table 5 shows the diagnostic performance of various 
US indices. Among the US indices, the index consisting 
of gray-scale US parameters (SWE and HRI) and AST 
demonstrated the best diagnostic performance. The index 
was obtained as follows based on the multivariable logistic 
regression model using SWE, HRI, and AST (Figure 3).

 ( )1 0.257 1.246 0.017 7.039Log P P SWE HRI AST− = × + × + × −
	 [1]

This can be expressed in the form of predicted 
probability with a value between 0 and 1.

 0.257 1.246 0.017 7.039

0.257 1.246 0.017 7.0391+

SWE HRI AST

SWE HRI AST

eP
e

× + × + × −

× + × + × −= 	 [2]

ROC curve analysis of this index revealed an AUC 
of 0.806 with an optimal cutoff value of 0.4213. The 
corresponding sensitivity and specificity were 68.0 and 
80.0%, respectively (Table 5, Figure 4). The US index 

Table 2 (continued)

Variables Total patients (n=60) NASH (n=25) Non-NASH (n=35) P value

Ballooning degeneration

B0 34 (56.7) 6 (24.0) 28 (80.0) <0.001

B1 9 (15.0) 4 (16.0) 5 (14.3)

B2 17 (28.3) 15 (60.0) 2 (5.7)

Continuous variables are presented as mean ± standard deviation and were compared using the independent sample t-test or Mann-Whitney  
U-test. Categorical variables are presented as numbers (%) and were compared using the chi-square (χ2) test. ALT, alanine  
aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; GGT, γ-glutamyltransferase; HDL, high density lipoprotein; 
LDL, low density lipoprotein.



1822 Kim et al. US index for NASH

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2022;12(3):1815-1829 | https://dx.doi.org/10.21037/qims-21-895

Table 3 Diagnostic performance of shear-wave elastography (SWE), transient elastography (TE), hepatorenal index (HRI), controlled attenuation 
parameter (CAP), and aspartate aminotransferase (AST) for grading each histopathologic component

Variables Components Grade Mean AUC AUC Cut-off value† Sensitivity (%) Specificity (%)

SWE Fibrosis ≥F1 0.777 0.653 (0.513, 0.777) 8.9 80.0 (64.3, 90.9) 53.6 (26.6, 78,7)

≥F2 0.747 (0.611, 0.854) 11.9 67.9 (47.7, 84.1) 77.8 (57.7, 91.3)

≥F3 0.861 (0.742, 0.940) 12.7 76.5 (50.1, 93.0) 81.6 (65.7, 92.2)

≥F4 0.846 (0.730, 0.926) 14.9 75.0 (19.4, 99.4) 92.9 (82.7, 98.0)

Lobular  
inflammation

≥L2 0.625 0.503 (0.370, 0.634) 8.5 30.0 (16.6, 46.5) 90.0 (68.3, 98.8)

≥L3 0.746 (0.617, 0.849) 12.9 100.0 (15.8, 100.0) 72.4 (59.1, 83.3)

Ballooning  
degeneration

≥B1 0.729 0.640 (0.505, 0.760) 14.6 30.8 (14.3, 51.8) 97.1 (84.7, 99.9)

≥B2 0.817 (0.696, 0.905) 9.9 94.1 (71.3, 99.9) 60.5 (44.4, 75.0)

TE Fibrosis ≥F1 0.830 0.733 (0.603, 0.839) 9.6 77.3 (62.2, 88.5) 62.5 (35.4, 84.8)

≥F2 0.828 (0.709, 0.913) 11.7 62.1 (42.3, 79.3) 90.3 (74.2, 98.0)

≥F3 0.869 (0.756, 0.942) 11.9 76.5 (50.1, 93.0) 88.4 (74.9, 96.1)

≥F4 0.891 (0.783, 0.957) 13.0 100.0 (39.8, 100.0) 78.6 (65.6, 88.4)

Lobular  
inflammation

≥L2 0.522 0.531 (0.397, 0.661) 10.0 70.0 (53.5, 83.4) 50.0 (27.2, 72.8)

≥L3 0.513 (0.380, 0.644) 7.5 50.0 (1.3, 98.7) 87.9 (76.7, 95.0)

Ballooning  
degeneration

≥B1 0.708 0.657 (0.523, 0.774) 11.7 53.9 (33.4, 73.4) 79.4 (62.1, 91.3)

≥B2 0.758 (0.630, 0.859) 11.8 64.7 (38.3, 85.8) 81.4 (66.6, 91.6)

HRI Steatosis ≥S2 0.871 0.890 (0.783, 0.956) 1.80 88.6 (73.3, 96.8) 88.0 (68.8, 97.5)

≥S3 0.851 (0.735, 0.930) 2.31 83.3 (51.6, 97.9) 81.3 (67.4, 91.1)

CAP Steatosis ≥S2 0.583 0.616 (0.481, 0.739) 291 80.0 (63.1, 91.6) 52.0 (31.3, 72.2)

≥S3 0.549 (0.415, 0.677) 316 75.0 (42.8, 94.5) 52.1 (37.2, 66.7)

AST Lobular  
inflammation

≥L2 0.712 0.664 (0.530, 0.781) 56 67.5 (50.9, 81.4) 75.0 (50.9, 91.3)

≥L3 0.759 (0.631, 0.860) 61 100.0 (15.8, 100.0) 58.6 (44.9-71.4)

Ballooning
degeneration

≥B1 0.775 0.769 (0.642, 0.868) 37 96.2 (80.4, 99.9) 44.1 (27.2, 62.1)

≥B2 0.780 (0.654, 0.876) 67 70.6 (44.0, 89.7) 72.1 (56.3, 84.7)

Fibrosis ≥F1 0.606 0.686 (0.553, 0.800) 64 52.3 (36.7, 67.5) 87.5 (61.7, 98.4)

≥F2 0.613 (0.478, 0.736) 74 44.8 (26.4, 64.3) 80.7 (62.5, 92.5)

≥F3 0.593 (0.458, 0.718) 75 52.9 (27.8, 77.0) 79.1 (64.0, 90.0)

≥F4 0.533 (0.400, 0.663) 16 25.0 (0.6, 80.6) 100.0 (93.6, 100.0)

Data in brackets are 95% confidence intervals. †, units of SWE, TE, and CAP are kilopascal (kPa), kilopascal (kPa), and decibles/meter  
(dB/m), respectively. AUC, area under the curve.

consisting of gray-scale US parameters and AST showed 
higher AUC than other indices with a significant difference 
compared to the Fibroscan index (AUC, 0.806 vs. 0.687, 
P=0.04) and no statistically significant difference from other 
indices.

Discussion

Our study demonstrated that various US indices combining 
gray-scale US parameters (SWE and HRI), Fibroscan 
parameters (TE and CAP), and AST showed good 
diagnostic performance for the detection of NASH in 
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Table 4 Univariable and multivariable logistic regression analyses of laboratory data associated with non-alcoholic steatohepatitis (NASH)

Variables
Univariable analysis Multivariable analysis

OR (95% CI) P value OR (95% CI) P value

ALT 1.000 (0.979–1.022) 0.098

AST‡ 1.022 (0.989–1.056) 0.005 1.019 (1.002–1.036) 0.032

ALP† 1.012 (0.987–1.037) 0.028 1.014 (0.994–1.034) 0.166

GGT 1.004 (0.0996–1.012) 0.126

Total bilirubin 0.506 (0.038–6.806) 0.981

Total cholesterol 1.030 (0.982–1.079) 0.599

Triglycerides† 0.992 (0.976–1.008) 0.022 0.991 (0.979–1.002) 0.110

HDL-cholesterol 1.007 (0.931–1.089) 0.084

LDL-cholesterol 0.949 (0.896–1.006)) 0.175

Fasting glucose 1.002 (0.972–1.033) 0.557

Albumin 1.266 (0.069–23.152) 0.625

Platelet count 0.998 (0.987–1.010) 0.468

Type 2 DM 0.944 (0.171–5.198) 0.753

Data in brackets are 95% confidence intervals. †, Significant factors assessed by univariable logistic regression analysis; ‡, Significant 
factors assessed by both univariable and multivariable logistic regression analyses. OR, odds ratio; CI, confidence interval; ALT, alanine 
aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; GGT, γ-glutamyltransferase; HDL, high density lipoprotein; 
LDL, low density lipoprotein; DM, diabetes mellitus.

Table 5 Diagnostic performance of ultrasonography (US) indices for the detection of non-alcoholic steatohepatitis (NASH) in non-alcoholic fatty 
liver disease (NAFLD) patients

Index AUC Accuracy (%) Sensitivity (%) Specificity (%)

Gray-scale US index 0.794 (0.670–0.888) 78.3 (65.8–87.9) 68.0 (46.5–85.1) 85.7 (69.7–95.2)

Fibroscan index 0.687 (0.554–0.800) 71.67 (58.6–82.6) 48.0 (27.8–68.7) 88.6 (73.3–96.8)

(Gray-scale US + AST) index 0.806 (0.683–0.897) 75.0 (62.1–85.3) 68.0 (46.5–85.1) 80.0 (63.1–91.6)

(Fibroscan + AST) index 0.743 (0.614–0.847) 75.0 (62.1–85.3) 44.0 (24.4–65.1) 97.1 (85.1–99.9)

(Gray-scale US + Fibroscan) index 0.786 (0.661–0.882) 80.0 (67.7–89.2) 72.0 (50.6–87.9) 85.7 (69.7–95.2)

(Gray-scale US + Fibroscan + AST) index 0.798 (0.674–0.890) 80.0 (67.7–89.2) 56.0 (34.9–75.6) 97.1 (85.1–99.9)

Data in brackets are 95% confidence intervals. AUC, area under the curve; AST, aspartate aminotransferase. 

NAFLD patients. Among them, the US index combing 
gray-scale US parameters and AST demonstrated the 
best diagnostic performance (AUC, 0.806). SWE and TE 
demonstrated high diagnostic performance for grading 
hepatic fibrosis (mean AUC, 0.777 and 0.830, respectively) 
and ballooning degeneration (mean AUC, 0.729 and 0.708, 
respectively) in NAFLD patients. The HRI also showed 
high diagnostic performance for grading hepatic steatosis 
(mean AUC, 0.871) and significantly higher diagnostic 

performance than CAP. Among laboratory data, AST was 
the only significant factor for predicting NASH (OR, 
1.019; P=0.032). AST showed high diagnostic performance 
for grading lobular inflammation (mean AUC, 0.712) and 
ballooning degeneration (mean AUC, 0.775). Although 
SWE, TE, HRI, and AST showed high diagnostic 
performance for staging fibrosis, steatosis, lobular 
inflammation, and ballooning degeneration, it is difficult 
to predict NASH with a single imaging modality, given 
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that it is composed of various histopathologic components 
(steatosis, ballooning degeneration, lobular inflammation, 
and fibrosis). Therefore, we devised US indices that 
combines US parameters and AST. SWE and the HRI can 
be measured on the gray-scale US, while TE and CAP can 
be measured on the Fibroscan. We developed various US 
indices combining gray-scale US parameters (SWE and 
HRI) and/or Fibroscan parameters (TE and CAP) with 
or without AST. The index consisting of gray-scale US 
parameters and AST showed the highest AUC than other 
indices. Our new US index combining SWE, HRI, and 
AST might be used to exclude the need for liver biopsy in 
NAFLD patients through further studies. Through this 
study, we carefully propose that additional Fibroscan may 
not be necessary to measure the liver stiffness and fat in 
NAFLD patients.

In the clinical practice, it is crucial to identify NASH 
in NAFLD patients; thus, there have been many attempts 
to develop non-invasive methods of predicting NASH. 
Several clinical prediction rules that combine demographic 
and laboratory data (e.g., FIB-4 index, BARD score, and 
NAFLD fibrosis score) have been developed for predicting 
fibrosis and cirrhosis in NAFLD patients (23). The major 
drawbacks, however, are the reduced accuracy in detecting 
early-stage fibrosis and the high proportion of patients 

with undetermined results (23). Elastography is emerging 
as one of the promising methods of staging hepatic 
fibrosis and diagnose NASH through the evaluation of the 
liver stiffness. MR elastography has the advantages of a 
larger sampling volume and less technical failure, but US 
elastography has been more widely used in clinical practice 
because of its convenience, shorter acquisition time, lower 
cost, and higher availability. US-based SWE can be divided 
into TE, 2D-SWE, and p-SWE (24,25). TE is the first 
commercially available US-based elastography technique 
for the measurement of liver stiffness with one-dimensional 
probe (25). It has demonstrated excellent diagnostic 
performance for detecting advanced fibrosis and cirrhosis in 
NAFLD patients (26,27). 2D-SWE and p-SWE are more 
recently developed US-based elastography and incorporated 
into conventional gray-scale US, allowing real-time 
measurement of liver stiffness (25). 2D-SWE also has shown 
good diagnostic performance for the diagnosis of various 
fibrosis stages in NAFLD patients (28,29). There have been 
several studies that compare the diagnostic performance of 
TE and 2D-SWE for staging fibrosis in NAFLD patients 
(28,30,31). In a previous meta-analysis including 156 
NAFLD patients, 2D-SWE demonstrated significantly 
higher diagnostic performance than TE for the diagnosis 
of advanced fibrosis (12.8% larger AUC, P=0.003), but not 

Figure 3 The index combining gray-scale ultrasonography (US) parameters and aspartate aminotransferase (AST). Based on the 
multivariable logistic regression model, the US index consisting of gray-scale US parameters (SWE and HRI) and AST was determined in 
the form of predicted probability (P). The optimal cutoff value was calculated as >0.4213 which determines whether NASH is or not. SWE, 
shear-wave elastography; HRI, hepatorenal index; AST, aspartate aminotransferase; NASH, non-alcoholic steatohepatitis.
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for significant fibrosis (6.4% larger AUC, P=0.162) and 
cirrhosis (6.7% larger AUC, P=0.175) (28). In a previous 
prospective study involving 231 NAFLD patients, 2D-SWE 
and TE demonstrated similar diagnostic performance for 
detecting significant fibrosis (AUC, 0.85 vs. 0.83, P=0.5), 
advanced fibrosis (AUC, 0.87 vs. 0.86, P=0.5), and cirrhosis 
(0.88 vs. 0.86, P=0.5) (30). In a recent prospective study 
involving 62 NAFLD patients, 2D-SWE and TE also 
showed comparable diagnostic performance in the detection 
of significant fibrosis (AUC, 0.80 vs. 0.77, P=0.317) and 

advanced fibrosis (AUC, 0.89 vs. 0.86, P=0.293) (31). These 
results are similar to those of our study. In our study, there 
was no significant difference in the diagnostic performances 
of 2D-SWE and TE in the diagnosis of significant fibrosis 
(AUC, 0.747 vs. 0.869, P=0.302) and advanced fibrosis 
(AUC, 0.861 vs. 0.869, P=0.968).

A variety of imaging modalities, including computed 
tomography (CT), US, MRI, and MRS have been used to 
evaluate NAFLD. Among them, US has several advantages 
over the others, including the absence of radiation exposure 

Figure 4 An example of using the ultrasonography (US) index to predict non-alcoholic steatohepatitis (NASH) in non-alcoholic fatty liver 
(NAFLD) patient. A 59-year-old woman with clinically suspected NASH who underwent percutaneous liver biopsy, gray-scale US, and 
Fibroscan. (A) Shear-wave elastography (SWE) and hepatorenal index (HRI) measured on the gray-scale US were 13.0 kPa and 1.756, 
respectively. Serum aspartate aminotransferase (AST) level was 25 IU/L. The predicted probability (P) calculated according to the US index 
was 0.2526, which was less than the cutoff value of 4.213, so this patient was predicted to be a non-NASH patient. The patient was actually 
classified as a non-NASH patient based on the histopathological analysis of the liver biopsy specimen according to the NAFLD activity score 
(NAS) (S1, L2, B0, and F0; NAS =3). (B) Because the probability equation was somewhat complex, we created a tool using Excel software 
that can easily predict NASH according to the pre-entered equation by entering variables.
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and availability. Therefore, US has been used as the primary 
imaging modality in evaluating liver diseases. The evaluation 
of liver fat using US mainly uses changes in the echogenicity 
of the liver parenchyma. As hepatic steatosis progresses 
through the intracellular accumulation of fat vacuoles, 
the echogenicity of the liver parenchyma increases and is 
higher (“brighter”) than the renal cortex. US provides a 
fair accuracy for the diagnosis of the moderate to severe 
fatty liver, with a reported sensitivity of about 90% and 
specificity of about 95% (32). However, US shows relatively 
low accuracy in detecting mild fatty liver, and the reported 
sensitivity and specificity for all degrees of hepatic steatosis 
were 55.3% to 66.6% and 77.0% to 93.1%, respectively (32).  
To overcome these limitations of US, there have been 
several attempts to establish methods for the quantitative 
assessment of hepatic fat using US. CAP is one of the 
recently developed US-based quantification methods of 
hepatic fat. It is obtained simultaneously with TE from 
the Fibroscan (Echosens, Paris, France). In a multicenter 
prospective study involving 404 patients, CAP identified 
patients with hepatic steatosis with an AUC of 0.87 for ≥S1, 
0.77 for ≥S2, and 0.70 for ≥S3 (33). In a meta-analysis of 
CAP in suspected NAFLD patients, the mean AUCs for 
the diagnosis of ≥S1, ≥S2, and ≥S3 steatosis were 0.96, 0.82, 
and 0.70, respectively (34). The diagnostic performance is 
better for ≥S1 steatosis than for ≥S2 and ≥S3 steatosis. In 
our study, there was no patient with S0 steatosis from the 
histopathologic reports; therefore, we could not perform 
ROC curve analysis for the diagnosis of ≥S1 steatosis. The 
mean AUCs of CAP for ≥S2 and ≥S3 steatosis in our study 
were 0.616 and 0.549, respectively, which were lower than 
the corresponding values from previous studies. The higher 
the degree of hepatic steatosis, the lower the diagnostic value 
of CAP. This may be due to the thick subcutaneous tissue. A 
previous study demonstrated that skin to capsular distance 
(SCD) ≥25 mm may cause overestimation of steatosis (35).  
In our study, 15 patients (25%) had SCD ≥25 mm.  
In addition, a relatively small number of patients in our 
study may have contributed to the lower diagnostic value 
of CAP. The HRI is another US-based quantification of 
hepatic steatosis. It is the ratio of the echo intensities of the 
liver parenchyma and the renal cortex. Previous studies have 
demonstrated an excellent correlation between the HRI 
and hepatic fat using MRS or liver biopsy as the reference 
standard, with reported AUC of about 99% (36,37). 
Previous studies using the HRI for sonographic screening 
of hepatic steatosis used an extrinsic software as well as 
an additional process of converting Digital Imaging and 

Communications in Medicine (DICOM) images to Joint 
Photographic Experts Group images (36,38). However, a 
previous study demonstrated that the HRI could be quickly 
and accurately obtained from DICOM images on a PACS 
without additional software (21). Therefore, we used this 
direct method in our study to calculate the HRI.

This study has several limitations. First, this study was 
a retrospective study, therefore there might have been 
selection bias. We included only pathologically confirmed 
NAFLD/NASH patients. However, performing the 
liver biopsy in healthy people has an ethical problem. In 
our study, the prevalence of NASH in NAFLD patients 
were 41.7%. In a previous meta-analysis reporting the 
epidemiology of NAFLD, the global prevalence of NASH 
in NALFD patients were reported to be 59.1% (95% CI: 
47.6–69.7%) (1). In our study and studies of the meta-
analysis, there may have been selection bias because 
NAFLD patients were selected as candidates for liver 
biopsy based on high suspicion for NASH. In addition, 
inter-reader reliability could not be assessed because SWE, 
TE, and CAP were measured in real time in the past. 
Second, only a small number of patients in a single tertiary 
center using one US device were included. Our new devised 
US index was not validated using a validation group due to 
the small number of patients. To devise an US index which 
can be more widely used in a variety of clinical settings, the 
results of this study need to be validated using a validation 
group in a prospective study involving a larger number of 
patients and different US devices. In addition, serum TG 
is usually known to increase as the severity of NAFLD 
increases (39), but in our study, serum TG was higher in 
non-NASH patients than in NASH patients, which is also 
thought to be due to small number of patients. Similarly, 
some studies have shown that low density lipoprotein (LDL) 
cholesterol level was higher in NASH patients than in 
non-NASH patients (40,41), but there was no significant 
difference in our study. Third, shear-wave dispersion slope 
recently demonstrated a high diagnostic performance for 
grading lobular inflammation in NAFLD patients (42). 
However, it is limited in use only in a newer version of US 
machine and not widely used in many institutions around 
the world. Instead, we used serum AST level which can be 
easily obtained from blood test anywhere in the world, as a 
parameter reflecting lobular inflammation and ballooning 
degeneration in this study. Similarly, attenuation coefficient 
parameters such as ultrasound-guided attenuation 
parameter (UGAP) have demonstrated high diagnostic 
accuracy for detecting and grading hepatic steatosis (43), 
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but they are available only in a newer version of US 
machine. Therefore, we used HRI as a tool for evaluating 
hepatic steatosis that can be measured on all US machines. 
If shear-wave dispersion and UGAP are widely used in the 
future, it is expected to develop an index combining them 
for the detection of NASH in NAFLD patients.

Conclusions

Various US indices show good diagnostic performance in 
the detection of NASH in NAFLD patients. Among them, 
the US index that consists of gray-scale US parameters 
(SWE and HRI) and AST demonstrates the best diagnostic 
performance. SWE is available in most US machines, HRI 
can be easily calculated on all US machines, and AST can be 
easily obtained from blood tests. The US index combining 
gray-scale US parameters and AST might be used to 
exclude the need for liver biopsy in NAFLD patients.
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