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I. Introduction.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

  Hepatic steatosis is a characteristic feature of non-al-
coholic fatty liver disease (NAFLD), the most common 
cause of chronic liver disease (CLD) worldwide 1). 
Hence, clinical evaluation of steatosis is important for the 
management of patients with CLD. Further, steatosis can 
also progress to non-alcoholic steatohepatitis (NASH) 
and clinically significant fibrosis in patients with NA-

FLD 2).
  Abdominal ultrasonography (US) is the primary strate-
gy for the diagnosis and assessment of fatty liver 3);  how-
ever, conventional B-mode US is operator dependent, 
and the diagnostic accuracy decreases in cases of mild 
steatosis 4). To overcome these limitations, new methods 
for quantifying the transmitted US beam attenuation 
within the liver parenchyma have been developed 5). The 
controlled attenuation parameter (CAP) of FibroScan, 
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the first US-based tool available for the quantification of 
hepatic steatosis, has been used in clinical practice with 
promising results 6)7), although it is not an imaging mo-
dality and is associated with a high rate of measurement 
failure (0–24%) 8).
  Attenuation imaging (ATI) is a new ultrasound-based 
method for the assessment of hepatic steatosis 9), which 
allows for positioning of the region of interest (ROI) 
for attenuation coefficient (AC) measurement using 
two-dimensional (2D) US imaging. ATI also displays the 
coefficient of determination (R2) as an index of the AC 
reliability, and the measurements with an R2 values of < 
0.70 are recommended to be ineligible by the manufac-
turer. In clinical trials using ATI, the eligibility criteria of-
ten included an R2 value of ≥ 0.80, which is met by most 
cases 10)-13). However, in clinical practice, an R2 value of < 
0.80 is often observed, with no consensus on the factors 
that affect R2 value. Therefore, this study aimed to the R2 

value of patients who underwent ATI in clinical practice 
and investigates the factors influencing R2 values. Our 
results will provide deeper insights into the link between 
R2 values and liver-associated pathologies.

II. Materials and Methods.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Study population
  This retrospective cohort study analyzed the data of 
patients who underwent ATI for the evaluation of hepatic 
steatosis at our Hospital between June 2021 and Novem-
ber 2021. The inclusion criteria were: 1) ≥ 16 years of 
age; 2) no acute hepatitis, drug-induced liver injury, in-
fectious diseases, nephrosis, or cancer; 3) no pregnancy; 
and 4) no anatomically difficult cases for ATI, such as 
right lobectomy, multiple liver cysts, and pneumobilia.
  This study was approved by our university Institutional 
Review Board (ID: 332-186). Informed consents were 
obtained using an opt-out option on our website, and the 
patients who did not provide informed consents were ex-
cluded. This study was conducted in accordance with the 
principles of the Declaration of Helsinki.
Clinical and laboratory data
  Baseline parameters of each patient such as age, sex, 
height, weight, and daily alcohol consumption were re-
corded on the day of ATI examination. The NAFLD crite-
ria of alcohol consumption were defined as ethanol intake 
of < 210 and < 140 g per week for males and females, 
respectively 14). In all cases, the serum levels of aspar-
tate aminotransferase (AST), alanine aminotransferase 
(ALT), and albumin, and the platelet count (PLT) were 
measured using standard biochemical methods within 
1 month of ATI examination at our hospital laboratory.  

Patients were identified as having diabetes if they were 
receiving oral hypoglycemic drug or insulin treatment 
for diabetes, or had hemoglobin A1c (HbA1c) ≥ 6.5% or 
fasting blood glucose ≥ 126 mg/dL or random blood glu-
cose ≥ 200 mg/dL 15).
Abdominal ultrasound examination
  All abdominal US examinations were conducted by one 
of the five ultrasonographers (N.O., K.A., Y.T., C.K., 
and N.S., all with more than seven years of experience) 
using a US scanner (Aplio i700; Canon Medical System, 
Otawara, Japan) with a 1-to-8-MHz convex probe (PVI-
475BX). All patients were fasted for at least 6 h before 
the examination, which was performed in the supine 
position with the right arm extended above the head. In 
B-mode examination, either the bright liver or hepato-re-
nal echo contrast were used as the diagnostic criteria for 
fatty liver 16). All 2D shear-wave elastography (SWE) ex-
aminations were conducted in the right liver lobe through 
the intercostal space. The SWE measurement methods 
were as per previous reports 17).
ATI examination
  After B-mode examination, ATI examination was per-
formed in the right liver lobe through the intercostal 
window. A fan-shaped sample box was placed on the right 
liver lobe parenchyma, and a 2 × 3 cm measurement ROI 
(m-ROI) was placed as previously described 18). In brief, 
an m-ROI was placed around the center of the image, 
avoiding vessels and shadowing. The top edge of the 
m-ROI was set at twice the depth of the liver capsule to 
avoid artifacts.
  The AC value (dB/cm/MHz) appeared immediately 
after the placement of m-ROIs at the bottom of the im-
age. In addition, the goodness of fit of the line profile was 
displayed as an R2 value next to the AC, which indicated 
the reliability of the results. The R2 values were catego-
rized into poor (R2 < 0.70), good (0.70 ≤ R2 <0.90), and 
excellent (R2 ≥ 0.90) by the manufacturer, which were 
displayed in red, yellow, and white, respectively. The AC 
measurements with R2 values of ≥ 0.70 were considered 
valid in this study, and the median values were calculated 
from five different measurements. The principle and de-
tailed measurement protocol of ATI were presented in a 
previous review 9).
Statistical analysis
  Continuous variables are expressed as medians and 
ranges. Groups were compared using the Chi-square and 
Kruskal-Wallis tests for the categorical and quantitative 
data, respectively. The Spearman rank correlation was 
used to quantify the association among continuous vari-
ables. Further, logistic regression analysis was used to 
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identify significant risk factors for low R2 values (< 0.80). 
Based on previous reports 10)-13), 18)-21), in the statistical 
analysis of this study, an AC of < 0.60 is diagnosed as 
the non-fatty liver. All statistical tests were two-sided, 
and P < 0.05 was considered statistically significant. All 
statistical analyses were performed using JMP Pro 15.2.1 
(SAS, Cary, NC, USA).

III. Results.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Patient characteristics
  A total of 750 patients were initially included in this 
study; one patient with hepatitis B virus (HBV)-related 
cirrhosis was excluded due to low R2 value (< 0.70). 
Table 1 lists the baseline clinical characteristics of the 
study patients. A total of 190 patients (25%) were obese 
(BMI ≥ 25 kg/m2). Further, 674 patients (90%) displayed 

alcohol consumption that met the NAFLD criteria. Dia-
betes was complicated in 154 (21%) cases.
Ultrasound findings
  The median subcutaneous thickness and shear-wave speed 
were 16.2 mm and 1.30 m/sec, respectively (Table 2). The 
median AC was 0.58 dB/cm/MHz, and the AC value repre-
sented a graph that spread to both sides of the scale with the 
peak at 0.55 to 0.59 dB/cm/MHz (Figure 1A). The diagnos-
tic rate of fatty liver was 34% and 41% for B-mode findings 
(bright liver or/and hepato-renal echo contrast) and ATI 
(AC ≥ 0.60 dB/cm/MHz), respectively. The median R2 value 
was 0.87; R2 values of ≥ 0.90, 0.80 to 0.89, and 0.70 to 0.79 
were observed in 290 (39%), 350 (47%), and 109 (15%) 
patients, respectively (Figure 1B).
Effects of the inter-ultrasonographer comparisons
  The measurements of AC and R2 values were compared 

Table 1  Baseline clinical characteristics of the 
patients(n = 749)

Age, years 67 (16 − 94)
Male 315 (42)
BMI, kg/m2 22.5 (13.6 − 43.1)
Alcohol intake

Meet the NAFLD criteria 674 (90)
Diabetes 154 (21)
AST, U/L 22 (4 − 263)
ALT, U/L 19 (2 − 236)
Albumin, g/dL 4.1 (2.4 − 5.2)
Platelet count, × 104 μL 20.9 (4.7 − 65.5)
FIB-4 index 1.68 (0.28 − 10.74)

・ Note: Data are shown as n(%), or median(range).
・ Abbreviations: BMI, body mass index; NAFLD, 

non-alcoholic fatty liver disease; AST, aspartate 
transaminase; ALT, alanine transaminase.

・FIB-4 index =(AST × Age) /(Platelet count ×
√ALT)

Table 2  Ultrasound results in this study (n = 749)

Skin-capsule (SC) distance, mm 16.2 (8.5 − 40.4)
Capsule-ROI (CR) distance, mm 18.6 (6.3 − 34.0)
Skin-ROI distance, mm 35.1 (18.1 − 64.2)
Ratio of SC/CR 0.87 (0.31 − 2.40)
Shear-wave speed, m/sec 1.30 (0.91 − 3.21)

B-mode
Bright liver 244 (33)

Hepato-renal echo contrast 237 (32)
AC, dB/cm/MHz 0.58 (0.33 − 1.17)
Diagnosis of fatty liver

B-mode 252 (34)
AC ≥ 0.60 307 (41)
AC ≥ 0.66 222 (30)

R2 0.87 (0.70 − 0.98)

・ Note: Data are shown as n(%), or median(range). 
Abbreviations: ROI, region of interest; AC, Attenua-
tion coefficient; R2, coefficient of determination.

Figure 1   Bar chart for attenuation coefficient (AC) and coefficient of determination (R2) measurement results (n = 749). 
(A) The median AC was 0.58 dB/cm/MHz; the AC value spreads to both sides of the axis with the peak at 0.55 to 0.59 dB/

cm/MHz. 
(B) The median R2 value was 0.87, with 109 cases (15%) having R2 value range of 0.70 to 0.79.
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with the ultrasonographers. A significant difference was 
observed in the prevalence of diabetes (P = 0.003) and 
shear-wave speed (P < 0.001) in the baseline character-
istics of the patients (Table 3). However, no significant 
differences were observed in the measurements of the 
AC and R2 values among ultrasonographers (Figure 2A, 
B).
Correlations between clinical findings and the coef-
ficient of determination (R2)
   AC was identified as the most highly correlated fac-
tor (correlation coefficient [r] = 0.842) with R2 values. 
Of the 109 cases with R2 values of < 0.80, 108 patients 
showed an AC of < 0.60 (Figure 3). Furthermore, BMI 
(r = 0.521) and skin-liver capsule distance (r = 0.525) 
also showed relatively strong correlations (Table 4).
Determinant factors for t terminatio n (R2)
  Univariate analysis identified the female sex (Odds ra-
tio [OR] 1.64, P = 0.024), BMI < 23 kg/m2 (OR 3.86, P 

< 0.001), uncomplicated diabetes (OR 3.25, P = 0.001), 
ALT < 30 IU/L (OR 2.38, P = 0.005), albumin < 4.0 g/
dL (OR 1.53, P = 0.045), skin-liver capsule distance < 
20 mm (OR 6.15, P < 0.001), and AC < 0.60 dB/cm/
MHz (OR 98.95, P < 0.001) as factors significantly asso-
ciated with low R2 values (< 0.80) (Table 5). However, 
in multivariate analysis, uncomplicated diabetes (OR 
2.68, P = 0.010) and AC < 0.60 dB/cm/MHz (OR 72.76, 
P < 0.001) were the only independent determinant fac-
tors for low R2 values.
Discussion
  The coefficient of determination (R2) is an important 
value as it indicates AC reliability during ATI. Howev-
er, in clinical practice, the R2 value and its influencing 
factors remain uninvestigated. This study showed that 
the patients with R2 values of < 0.80 had non-fatty liver, 
suggesting that the high R2 values observed in clinical 
trials were possibly related to the recruitment of a high 

Table 3  Patient and ultrasound results by the ultrasonographers (n = 749)

Clinical parameters
Ultrasonographer

P value
A B C D E

Age, years 66 69 67 67 68 0.801
Female 54 60 57 58 63 0.641
BMI, kg/m2 23.0 22.0 22.9 22.3 21.8 0.188
Diabetes 17 14 31 25 17 0.003
ALT, U/L 20 19 18 18 19 0.651
FIB-4 index 1.73 1.64 1.55 1.75 1.79 0.571
Skin-capsule distance, mm 16.5 15.8 17.1 15.7 15.4 0.166
Shear-wave speed, m/sec 1.29 1.34 1.26 1.30 1.26 <.001
Number of tests 217 153 150 134 95 −

・ Note: Data are shown as n (%), or median (range).
・ Abbreviations: BMI, body mass index; ALT, alanine transaminase; AC, Attenuation coefficient.
・ FIB-4 index = (AST × Age) / (Platelet count ×√ALT)

Figure 2   Comparison of attenuation coefficient (AC) and coefficient of determination (R2) based on the ultrasonogra-
phers (n = 749). 
(A) AC and (B) R2 values show the comparison based on ultrasonographers; the number of tests conducted was: 
ultrasonographer A (n = 217); B (n = 153); C (n = 150); D (n = 134); E (n = 95). The results are shown as box plot 
profiles, with the bottom and top edges of the boxes representing the 25th and 75th percentiles, respectively. Median values 
are shown by the line within the box.
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Figure 3   Scatter plots for attenuation coefficient(AC) 
and coefficient of determination(R2)(n = 749). The AC 
and R2 were strongly correlated(correlation coefficient 
= 0.842), and of the 109 cases with R2 < 0.80, 108 cas-
es had AC of < 0.60.

number of patients with fatty liver disease 10)-13). Since 
lower R2 values were associated with presence of more 
vessels in the m-ROI, higher R2 values of fatty livers may 
indicate obscurement of the vessels. In this study, we 
also showed a strong correlation of the R2 value with AC 
(Table 4). Further, uncomplicated diabetes and AC (< 
0.60 dB/cm/MHz) were identified as factors that affect R2 
values (Table 5).
  The mechanism underlying high R2 values in diabetic 
patients remains unknown. Previous studies have shown 
a link between diabetes and CAP; a large cohort study 
revealed that in addition to information on the hepatic 
steatosis, CAP could reflect the severity of the metabolic 
syndrome 6）. Additionally, in a separate study that utilized 
linear mixed model meta-analysis data, diabetes was 
shown to be related to CAP value independent of liver 
steatosis 7). Although the underlying mechanism of the 
relationship between CAP and diabetes have not been 
elucidated, epidemiological evidence exists 6)7). Further 
studies are warranted to better understand the mecha-
nism by which diabetes affects the US beam attenuation 
and R2 values.
  This study showed a difference between the examiners 
in SWE (Table 3). However, no inter-observer differ-
ences were observed for AC and R2 value measurements 
(Figure 2A, B). These results were consistent with 
those of previous study, wherein good (intraclass cor-
relation coefficient [ICC] 0.792)22) or excellent (ICC 
0.92)19) inter-observer reproducibility has been reported. 
Although this study is not an analysis of the same sub-
jects, but only a comparison of median values in a large 
number of cases, we believe that inter-observer variability 

(for measuring AC and R2 values) can be eliminated if the 
measurement methods are standardized within the facility.
  Until recently, liver biopsy was the reference standard 
for the fatty liver diagnosis and remains the only method 
for confirming a diagnosis of NASH 3). However, liver 
biopsy has several important limitations, including com-
plications such as bleeding, small sample volume, sam-
pling error, and variability of assessment among different 
pathologists 23). These limitations restrict the repetition 
of liver biopsies to observe histologic changes; therefore, 
a more accurate non-invasive technique is desired for 
grading steatosis.
  MRI-estimated proton density fat fraction (PDFF) is 
a quantitative imaging technique that enables accurate, 
repeatable, and reproducible quantitative assessment of 
liver steatosis of the whole liver 24). The assessment of 
liver fat using MRI-PDFF has the highest diagnostic ac-
curacy in comparison with any other non-invasive assess-
ment method 5). Therefore, MRI-PDFF is the accepted 
reference standard for the evaluation of liver steatosis 24). 

Despite its strengths, MRI-PDFF is impractical due to 
associated high costs and unavailability.
  In contrast, US-based techniques are advantageous due 
to their low cost of operation and easy and wide availabil-
ity. In this context, ATI seems an attractive tool. Kuroda 
et al. reported that the areas under the receiver operating 
characteristic (AUROC) curve of ATI for identifying ste-
atosis grade ≥ S1, ≥ S2, and S3 were 0.876, 0.883, and 
0.908, respectively, which were significantly better than 
the results obtained with CAP for identifying S3 (AUROC 
0.842, P = 0.028)20). In addition, the success rates of ATI 
and CAP were 100% (111/111) and 94.6% (105/111), 

Table 4  Correlations between clinical findings and 
coefficient of determination(R2)(n = 749)

Clinical parameters
Statistics

r P value
Age, years − 0.053 0.149
BMI, kg/m2 0.521 <.001
Skin-capsule distance, mm 0.525 <.001
Capsule-ROI distance, mm 0.183 <.001
ALT, U/L 0.345 <.001
Albumin, g/dL 0.086 0.019
Platelet count, × 104 μL 0.092 0.012
FIB-4 index − 0.085 0.021
Shear-wave speed, m/sec 0.162 <.001
AC, dB/cm/MHz 0.842 <.001

・ Abbreviations: r, correlation coefficient; BMI, body 
mass index; ROI, region of interest; ALT, alanine 
transaminase; AC, Attenuation coefficient.

・ FIB-4 index =(AST × Age) /(Platelet count ×√ALT)
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respectively 20).
  Data from previous clinical trials using ATI indicate 
that the most important obstacle for ATI is the non-stan-
dardized measurement method. The size and location of 
the m-ROI as well as the valid cut-off R2 values varied in 
previous studies 9). In the present study, the top edge of 
the m-ROI was set at twice the depth of the liver capsule. 
The usefulness of this m-ROI position has recently been 
reported 21) but was not universally applicable. Even in 
this study, the ratio of the distance from the skin to the 
liver capsule and from the liver capsule to the upper end 
of the m-ROI was 0.87, slightly longer for the capsule–
m-ROI (Table 2). This is probably due to multiple re-
flections in some patients with short subcutaneous thick-

ness, leading to setting of the m-ROI deeper than twice.
  Being a single-center study was the main limitation of 
this study as the results could not be generalized. Hence, 
to validate the results of this pilot study, prospective 
multicenter studies with a large number of patients are 
required. All the study participants were Japanese, and 
since ethnicities correlate with several disease condi-
tions, further studies with patients of various ethnic 
groups are required to validate the results of this study in 
other ethnic populations.
  In conclusion, this study showed that the R2 values, 
which represent AC reliability during diagnostic ATI 
for hepatic steatosis, of < 0.80 were associated with 
non-fatty liver. Further, AC and diabetes were identified 

Table 5  Multivariate analysis of factors associated with low value of coefficient of determination (R2 < 0.80)

No. of patients 
with low R2 

Crude 
OR

95% CI P value
Adjusted 

OR
95% CI P value

Age 
(< 65 years old) 41/315 0.81 0.53 − 1.22 0.310
( ≥ 65 years old) 68/434 1.00 (ref.)
Sex
Female 74/434 1.64 1.07 − 2.53 0.024 1.32 0.83 − 2.12 0.242
Male 35/315 1.00 (ref.) 1.00 (ref.)
BMI
(< 23.0 kg/m2) 86/401 3.86 2.37 − 6.27 <.001 1.44 0.83 − 2.49 0.196
( ≥ 23.0 kg/m2) 23/348 1.00 (ref.) 1.00 (ref.)
Alcohol intake (NAFLD criteria)
Meet the criteria 101/674 1.48 0.69 − 3.17 0.317
Not meet the criteria 8/75 1.00 (ref.)
Diabetes
No (%) 100/595 3.25 1.61 − 6.60 0.001 2.68 1.26 − 5.70 0.010
Yes (%) 9/154 1.00 (ref.) 1.00 (ref.)
ALT
(< 30 U/L) 96/580 2.38 1.30 − 4.37 0.005 0.78 0.39 − 1.57 0.493
( ≥ 30 U/L) 13/169 1.00 (ref.) 1.00 (ref.)
Albumin
(< 4.0 g/dL) 46/253 1.53 1.01 − 2.31 0.045 1.47 0.94 − 2.31 0.093
( ≥ 4.0 g/dL) 63/496 1.00 (ref.) 1.00 (ref.)
Platelet count
(< 20.0 × 104 μL) 47/322 1.01 0.67 − 1.52 0.977
( ≥ 20.0 × 104 μL) 62/427 1.00 (ref.)
FIB-4 index
(< 1.30) 35/245 0.97 0.63 − 1.50 0.885
( ≥ 1.30) 74/504 1.00 (ref.)
Skin-capsule distance
(< 20 mm) 104/598 6.15 2.46 − 15.4 <.001 1.97 0.72 − 5.39 0.189
( ≥ 20 mm) 5/151 1.00 (ref.) 1.00 (ref.)
Shear-wave speed
(< 1.30 m/sec) 57/365 1.15 0.76 − 1.73 0.502
( ≥ 1.30 m/sec) 51/368 1.00 (ref.)
AC
(<0.60 dB/cm/MHz) 108/442 98.9 13.7 − 713 <.001 72.8 9.87 − 536 <.001
( ≥ 0.60 dB/cm/MHz) 1/307 1.00 (ref.) 1.00 (ref.)

・ Abbreviations: OR, odds ratio; CI, confidence interval; BMI, body mass index; NAFLD, non-alcoholic fatty liver 
disease; ALT, alanine transaminase; AC, Attenuation coefficient; ref., reference.

・ FIB-4 index =(AST × Age) /(Platelet count ×√ALT)
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as independent factors associated with low R2 values. 
ATI represents a technique with the scope of widespread 
diagnostic applications. However, the ATI method should 
be standardized, and further studies are needed to better 
understand the mechanism underlying the effects of dia-
betes on R2 values.
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