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Abstract: Background: Various factors other than fibrosis could affect liver stiffness (LS), measured
by two-dimensional shear wave elastography (2D-SWE). We aimed to clarify the factors affecting
LS in local citizens. Methods: We performed a cross-sectional study among local citizens of a health
checkup program. Abdominal obesity was defined as waist circumference ≥85 cm for men and
≥90 cm for women. We evaluated the correlation between LS by 2D-SWE (Aplio 500) and waist
circumference with linear regression analyses. We selected the following items as variables in the
multivariate analysis: waist circumference, sex, hypertension, diabetes, diagnostic components of
metabolic syndrome, γ−glutamyl transpeptidase, total bilirubin, NAFLD fibrosis score, and an indi-
cator of a fatty liver, evaluated ultrasonographically. Results: Overall, 345 individuals were included;
318 (181 men and 137 women; age, 63.4 years; waist circumference, 84.0 cm; LS, 5.79 kPa) were ana-
lyzed, 128 of whom had abdominal obesity and significantly higher LS than non-abdominally obese
individuals. In the multivariate analysis, waist circumference was positively, independently, and
significantly correlated with LS only in abdominally obese individuals. Conclusions: Liver stiffness
by 2D-SWE could increase with increases in waist circumference in local citizens with abdominal
obesity. Physicians should pay attention when assessing the LS of abdominally obese individuals.
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1. Introduction

Liver fibrosis is an essential condition and predicts prognosis [1]. Although a liver
biopsy is the gold standard for diagnosing liver fibrosis, it has several limitations, such
as sampling error, interobserver discrepancy, and invasiveness [2,3]. Thus, alternative
methods for diagnosing liver fibrosis have been investigated. Elastography can quanti-
tatively measure tissue stiffness, an indicator of fibrosis, and elastography is applied to
various diseases, including liver disease. Ultrasound elastography is now widely used to
assess liver stiffness because of various advantages: cost-effectiveness, non-invasiveness,
user-friendliness, and applicability at the bedside [4].

Transient elastography is a kind of ultrasound elastography that became clinically
available the earliest and most widely used than other ultrasound elastography [5]. Liver
stiffness by transient elastography is well correlated with histologically diagnosed liver
fibrosis [6,7]. However, transient elastography tends to fail to detect liver stiffness in the
presence of ascites or thick-subcutaneous fat. [8] Recently developed, two-dimensional
shear wave elastography (2D-SWE) can measure liver stiffness in real-time by overlaying a
region of interest on conventional B-mode imaging, improving the ability to detect liver
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stiffness [9]. Two-dimensional shear wave elastography is becoming widely used and is
recommended for use in the evaluation of liver fibrosis by some guidelines [8,10]. Two-
dimensional shear wave elastography can be used to rule out liver fibrosis in local citizens,
especially in those with metabolic syndrome, since metabolic syndrome is associated with
higher liver stiffness [11,12].

However, liver stiffness may differ from actual liver fibrosis in some conditions.
Breathing, cardiac beats, liver congestion, liver inflammation, cholestasis, and a fatty
liver have all been reported to affect liver stiffness [4]. Previous 2D-SWE studies have
been mainly performed in patients with chronic liver diseases, such as viral hepatitis and
non-alcoholic fatty liver disease (NAFLD). Hence, the factors influencing liver stiffness
by 2D-SWE in local citizens, a population without overt liver fibrosis, remain unclear. If
liver stiffness is high in local citizens, physicians need to decide whether more invasive
examinations, including a liver biopsy, should be performed or not. Nonetheless, the
evidence supporting this judgment is lacking. Therefore, we examined the factors affecting
liver stiffness by 2D-SWE in local citizens.

2. Materials and Methods
2.1. Study Design, Participants, and Ethics

We held a cross-sectional study of individuals who participated in a health checkup
program held at Kameoka Municipal Hospital in Japan between May 2017 and March
2019. Participants were asymptomatic individuals who voluntarily participated in the
program to check their health. Those who had ascites found by abdominal ultrasonography,
heart failure, the positive result of a hepatitis B surface antigen test or a hepatitis C virus
antibody test, the medical history of alcoholic liver disease, or unreliable liver stiffness were
excluded. Those who did not undergo liver stiffness measurement were also excluded.
This study was held under the Declaration of Helsinki in 1975 and approved by the Ethics
Committee of Kameoka Municipal Hospital (ID 30-3). This study’s consent was obtained
by the opt-out approach based on the Ethical Guidelines for Medical and Health Research
Involving Human Subjects in Japan.

2.2. Data Collection and Measurement of Liver Stiffness

Standardized self-administered questionnaires and medical interviews were used to
acquire participants’ age, sex, and comorbidities. The following data were obtained from
the results of the health checkup program: body mass index (BMI); waist circumference;
systolic blood pressure; diastolic blood pressure; white blood cell and platelet counts;
fasting blood glucose, hemoglobin A1c, total bilirubin, aspartate aminotransferase (AST),
alanine aminotransferase (ALT), lactate dehydrogenase, alkaline phosphatase, γ-glutamyl
transpeptidase, albumin, blood urea nitrogen, C-reactive protein, total cholesterol, triglyc-
erides, high-density lipoprotein (HDL) cholesterol, and low-density lipoprotein cholesterol;
estimated glomerular filtration rate; liver stiffness; the ultrasonographic findings of a
fatty liver (UFL) score, indicating a fatty liver’s degree; the NAFLD fibrosis score and
the Fibrosis-4 (FIB-4) index, indicating a degree of liver fibrosis. The participants were
instructed to fast overnight before undergoing blood tests and abdominal ultrasonography.

Trained ultrasonographers performed abdominal ultrasonography. Liver stiffness
was evaluated using 2D-SWE (Aplio 500, Canon Medical Systems Corporation, Otawara,
Japan) (Figure 1) according to the guideline of the World Federation of Ultrasound in
Medicine and Biology for liver elastography [10]. Liver stiffness was evaluated by 2D-SWE
five to seven times, and we regarded liver stiffness with an interquartile range/median
value > 30% as unreliable.
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Figure 1. An example image of 2D-SWE in a participant with increased waist circumference (111 cm).

2.3. Degree of Fatty Liver, UFL Score

A fatty liver’s degree was semi-quantitatively evaluated using a scoring system
with ultrasonographic findings of a fatty liver, the reliability of which has been validated
previously [13]. Briefly, a fatty liver’s degree was scored between 0 and 6 points depending
on the following ultrasonographic findings: bright liver, hepatorenal echo contrast, deep
attenuation, and vessel blurring. The score was called the UFL score in this study. The
higher the score, it indicated the more severe the fatty liver was. We used a UFL score of 2
or higher as the cutoff level for fatty liver disease.

2.4. Definition of Hypertension, Diabetes, Dyslipidemia, Fatty Liver Disease, BMI, NAFLD
Fibrosis Score, and FIB-4 Index

Hypertension was defined as when a patient was either diagnosed with or under med-
ical treatment for hypertension. Diabetes was defined as when the patient had both fasting
blood glucose ≥ 126 mg/dL and hemoglobin A1c ≥ 6.5%, or under medical treatment for
diabetes. Dyslipidemia was defined as when the patients were under medical treatment
for dyslipidemia or having at least one of the following: total cholesterol ≥ 220 mg/dL,
triglycerides ≥ 150 mg/dL, HDL cholesterol ≤ 39 mg/dL, or low-density lipoprotein
cholesterol ≥ 140 mg/dL. Fatty liver disease was defined as the patient having a UFL
score of 2 or higher. BMI = body weight (kg)/height (m2). NAFLD fibrosis score = −1.675
+ 0.037 × age (years) + 0.094 × BMI (kg/m2) + 1.13 × IFG/diabetes (yes = 1, no = 0) +
0.99 × AST/ALT ratio − 0.013 × platelet (×109/L) − 0.66 × albumin (g/dL) [14]. FIB-4
index = (age (years) × AST (IU/L))/(platelet count (109/L) × (ALT (IU/L))1/2) [15].

2.5. Participant Subgroups

The participants were divided into two subgroups for the analysis: those with ab-
dominal obesity (abdominally obese group) and those without abdominal obesity (non-
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abdominally obese group). Abdominal obesity was defined as waist circumference ≥85 cm
for men and ≥90 cm for women based on the Japanese diagnostic criteria of metabolic
syndrome [16].

2.6. Statistical Analysis

Categorical variables were presented as percentages (absolute numbers), and contin-
uous variables were presented as means (standard deviations). We performed Pearson’s
chi-square tests for comparing categorical variables and Student’s t-tests for comparing
continuous variables between the subgroups. Two-sided tests were performed to calculate
the p-values; p-values < 0.05 were considered to indicate statistical significance. The Win-
dows version of JMP 14 (SAS Institute Inc., Cary, NC, USA, version 14.3.0) was used as the
analysis software. Univariate and multivariate linear regression analyses were performed
to see the correlations between liver stiffness and variables.

3. Results

A total of 346 individuals participated in the health checkup program, and one man
requested to resign from this study. The remaining 345 people were included, of whom, 27
were excluded for the following reasons: hepatitis B virus (n = 2), hepatitis C virus (n = 2),
alcoholic liver disease (n = 3), both hepatitis B virus and alcoholic liver disease (n = 1), heart
failure (n = 2), both heart failure and unreliable liver stiffness (n = 1), unreliable liver stiffness
(n = 8), and unperformed liver stiffness measurement (n = 8). Finally, 318 participants were
analyzed (Figure 2).
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Figure 2. Study flowchart.

Overall, 57% of the participants were male, with a mean age of 63.4 ± 12.2 years.
Comorbidities included hypertension (41%), diabetes (13%), dyslipidemia (49%), and fatty
liver disease (41%). Liver stiffness was 5.79 ± 1.11 kPa, the NAFLD fibrosis score was
−1.333 ± 1.217, and the FIB-4 index was 1.60 ± 0.67, respectively. No one had 15 kPa
or more of liver stiffness, the cutoff value of 2D-SWE used in this study for diagnosing
F4 of the METAVIR score [4]. A total of 46% of the participants had an NAFLD fibrosis
score < −1.455; 6% had an NAFLD fibrosis score > 0.676; 36% had an FIB-4 index < 1.3;
and 7% an FIB-4 index ≥ 2.67, respectively. Approximately 40% of the participants had ab-
dominal obesity. The abdominally obese group had a higher proportion of males (p < 0.001)
and a higher prevalence of hypertension (p < 0.001), diabetes (p = 0.040), and fatty liver
disease (p < 0.001) than the non-abdominally obese group.

The following continuous variables were significantly higher in the abdominally obese
group than in the non-abdominally obese group: liver stiffness, BMI, waist circumference,
systolic blood pressure, fasting blood glucose, ALT, γ-glutamyl transpeptidase, triglyc-
erides, the UFL score, and the NAFLD fibrosis score. The HDL cholesterol levels and the
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proportion of participants with an NAFLD fibrosis score < −1.455 were significantly lower
in the abdominally obese group than in the non-abdominally obese group. There were no
significant differences in age, platelet count, and the FIB-4 index between the subgroups
(Table 1).

Table 1. Participant characteristics.

Characteristic

All
Participants

Abdominally Obese
Group

Non-Abdominally
Obese Group p-Value

n = 318 n = 128 n = 190

Male sex, % (n) 57 (181) 86 (110) 37 (71) <0.001
Hypertension, % (n) 41 (130) 63 (81) 26 (49) <0.001

Diabetes, % (n) 13 (41) 18 (23) 9 (18) 0.040
Dyslipidemia, % (n) 49 (157) 47 (60) 51 (97) 0.49

Fatty liver disease, % (n) 41 (129) 63 (81) 25 (48) <0.001
Age (years) 63.4 (12.2) 64.8 (11.4) 62.6 (12.7) 0.11

Body mass index (kg/m2) 22.7 (3.5) 25.5 (3.0) 20.9 (2.4) <0.001
Waist circumference (cm) 84.0 (10.0) 93.4 (6.4) 77.7 (6.4) <0.001

Systolic blood pressure (mmHg) 131 (18) 137 (18) 127 (17) <0.001
Diastolic blood pressure (mmHg) 81 (12) 85 (12) 77 (11) <0.001

White blood cell (×103/µL) 5.2 (1.6) 5.7 (1.8) 4.9 (1.4) <0.001
Platelet (×104/µL) 21.3 (4.8) 21.1 (5.0) 21.4 (4.7) 0.52

Fasting blood glucose (mg/dL) 105 (17) 109 (17) 103 (16) <0.001
Hemoglobin A1c (%) 5.81 (0.57) 5.92 (0.65) 5.74 (0.49) 0.004

Total bilirubin (mg/dL) 0.98 (0.38) 0.94 (0.37) 1.01 (0.38) 0.12
Aspartate aminotransferase (IU/L) 22 (7) 23 (8.2) 22 (6) 0.097
Alanine aminotransferase (IU/L) 21 (13) 26 (17) 18 (8) <0.001

Lactate dehydrogenase (IU/L) 203 (60) 206 (59) 202 (60) 0.55
Alkaline phosphatase (IU/L) 177 (30) 179 (32) 175 (28) 0.27

γ-glutamyl transpeptidase (IU/L) 35 (47) 46 (64) 28 (29) <0.001
Albumin (g/dL) 4.30 (0.25) 4.27 (0.25) 4.32 (0.25) 0.11

Blood urea nitrogen (mg/dL) 15.1 (3.8) 15.8 (4.0) 14.6 (3.7) 0.004
Estimated glomerular filtration rate

(ml/min/1.73m2) 67.4 (14.3) 64.7 (14.0) 69.2 (14.2) 0.006

C-reactive protein (mg/dL) 0.13 (0.42) 0.17 (0.30) 0.10 (0.49) 0.15
Total cholesterol (mg/dL) 204 (32) 197 (32) 209 (30) <0.001

Triglycerides (mg/dL) 106 (68) 136 (87) 86 (40) <0.001
High-density lipoprotein cholesterol (mg/dL) 67 (18) 56 (13) 75 (17) <0.001
Low-density lipoprotein cholesterol (mg/dL) 123 (28) 123 (28) 123 (27) 0.89

UFL score 1.2 (1.5) 2.0 (1.7) 0.7 (1.0) <0.001
NAFLD fibrosis score −1.333 (1.217) −1.013 (1.217) −1.549 (1.172) <0.001

NAFLD fibrosis score < −1.455, % (n) 46 (147) 33 (42) 55 (105) <0.001
NAFLD fibrosis score > 0.676, % (n) 6 (18) 7 (9) 5 (9) 0.39

FIB-4 index 1.60 (0.67) 1.56 (0.63) 1.62 (0.70) 0.37
FIB-4 index < 1.3, % (n) 36 (114) 38 (49) 34 (65) 0.46

FIB-4 index ≥ 2.67, % (n) 7 (21) 5 (6) 8 (15) 0.26
Liver stiffness (kPa) 5.79 (1.11) 6.13 (1.38) 5.56 (0.80) <0.001

Categorical variables were presented as percentages (absolute numbers). Continuous variables were presented as mean (standard
deviations). Between the subgroups, Pearson’s chi-square test was performed for comparing categorical variables, and Student’s t-test
was performed to compare continuous variables. A two-sided test was performed to calculate the p-value. The UFL score was a scoring
system for semi-quantitatively evaluating a fatty liver. A fatty liver’s degree was scored between 0 and 6 points depending on the following
ultrasonographic findings of a fatty liver: bright liver, hepatorenal echo contrast, deep attenuation, and vessel blurring. The higher the
score, it indicated the more severe the fatty liver was. Fatty liver disease was defined as a UFL score of 2 or higher. UFL, ultrasonographic
findings of a fatty liver; NAFLD, non-alcoholic fatty liver disease; FIB-4, fibrosis-4.

Correlation of Liver Stiffness with Waist Circumference

In the univariate analysis, overall, liver stiffness was significantly correlated with
waist circumference (β = 0.28, p < 0.001); BMI (β = 0.26, p < 0.001); systolic blood pressure
(β = 0.16, p = 0.004); diastolic blood pressure (β = 0.16, p = 0.004); white blood cell count
(β = 0.11, p = 0.049); fasting blood glucose (β = 0.11, p = 0.046), total bilirubin (β = −0.15,
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p = 0.006), AST (β = 0.12, p = 0.04), ALT (β = 0.13, p = 0.018), total cholesterol (β = −0.11,
p = 0.041), triglycerides (β = 0.16, p = 0.005), HDL cholesterol (β = −0.18, p < 0.001); and the
UFL score (β = 0.22, p < 0.001). The NAFLD fibrosis score and the FIB-4 index were not
correlated with liver stiffness.

In the abdominally obese group, liver stiffness was significantly correlated with waist
circumference (β = 0.26, p = 0.003), BMI (β = 0.28, p = 0.001), total bilirubin (β = −0.22,
p = 0.012), and the UFL score (β = 0.21, p = 0.019), but the NAFLD fibrosis score and the
FIB-4 index were not positively correlated with liver stiffness. In the non-abdominally
obese group, liver stiffness was significantly correlated with age (β = 0.18, p = 0.012), the
NAFLD fibrosis score (β = 0.18, p = 0.013), and the FIB-4 index (β = 0.18, p = 0.014), but waist
circumference, BMI, and the UFL score were not correlated with liver stiffness (Table 2).

Table 2. The correlations between liver stiffness and each variable, univariate linear regression analysis.

Variable All Participants Abdominally Obese Group Non-Abdominally Obese Group

β p-value β p-value β p-value

Age 0.04 0.45 −0.13 0.14 0.18 0.012
Body mass index 0.26 <0.001 0.28 0.001 −0.08 0.25

Waist circumference 0.28 <0.001 0.26 0.003 0.00 1.0
Systolic blood pressure 0.16 0.004 0.09 0.32 0.12 0.10
Diastolic blood pressure 0.16 0.004 0.15 0.091 0.02 0.80

White blood cell 0.11 0.049 0.13 0.13 −0.06 0.40
Platelet 0.06 0.28 0.16 0.072 −0.03 0.68

Fasting blood glucose 0.11 0.046 0.04 0.65 0.11 0.15
Hemoglobin A1c 0.09 0.12 0.05 0.57 0.05 0.50

Total bilirubin −0.15 0.006 −0.22 0.012 −0.05 0.50
Aspartate aminotransferase 0.12 0.038 0.13 0.13 0.04 0.63
Alanine aminotransferase 0.13 0.018 0.10 0.24 −0.04 0.61

Lactate dehydrogenase 0.06 0.33 0.08 0.37 0.02 0.83
Alkaline phosphatase 0.03 0.55 −0.02 0.84 0.07 0.35

γ-glutamyl transpeptidase 0.10 0.062 0.08 0.36 0.01 0.94
Albumin −0.06 0.27 −0.03 0.71 −0.05 0.46

Blood urea nitrogen 0.02 0.68 −0.11 0.22 0.10 0.19
Estimated glomerular filtration rate 0.00 0.97 0.11 0.22 −0.04 0.59

C-reactive protein 0.03 0.60 0.07 0.45 −0.03 0.67
Total cholesterol −0.11 0.041 −0.07 0.46 −0.08 0.30

Triglycerides 0.16 0.005 0.12 0.18 −0.04 0.57
High-density lipoprotein cholesterol −0.18 0.002 −0.12 0.19 −0.01 0.94
Low-density lipoprotein cholesterol −0.06 0.26 −0.06 0.53 −0.08 0.29

UFL score 0.22 <0.001 0.21 0.019 −0.04 0.61
NAFLD fibrosis score 0.07 0.21 −0.12 0.19 0.18 0.013

FIB-4 index −0.02 0.75 −0.18 0.042 0.18 0.014

The least-squares method was used to calculate standardized regression coefficients, β, and p-values. The UFL score was a grading system
for semi-quantitatively evaluating a fatty liver. A fatty liver’s degree was scored between 0 and 6 points depending on the following
ultrasonographic findings of a fatty liver: bright liver, hepatorenal echo contrast, deep attenuation, and vessel blurring. The higher the
score, it indicated the more severe the fatty liver was. UFL, ultrasonographic findings of a fatty liver; NAFLD, non-alcoholic fatty liver
disease; FIB-4, fibrosis-4.

In the multivariate analysis with the NAFLD fibrosis score, liver stiffness was sig-
nificantly correlated with waist circumference; β was 0.16 (p = 0.036) in all participants,
whereas β was 0.22 (p = 0.036) in the abdominally obese group. The following items
were not significantly correlated with liver stiffness both in all participants and in the
abdominally obese group: sex, presence of hypertension or diabetes, systolic blood pres-
sure, fasting blood glucose, triglycerides, HDL cholesterol, the FIB-4 index, and the UFL
score. No variables were associated with liver stiffness in the non-abdominally obese
group (Table 3). A similar result was observed in the multivariate analysis with the FIB-4
index, though the p-value of waist circumference in the abdominally obese group was 0.056
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(Table 4). The variance inflation factors of all variables in both multivariate analyses were
less than 2.4.

Table 3. The correlation of liver stiffness with waist circumference after adjusting potential covariates, multivariate linear
regression analysis with the NAFLD fibrosis score.

Variable
All Participants Abdominally Obese Group Non-Abdominally Obese Group

β p-Value β p-Value β p-Value

Waist circumference 0.16 0.036 0.22 0.036 −0.03 0.68
Male sex 0.09 0.15 0.13 0.16 0.07 0.41

Hypertension 0.08 0.28 0.05 0.61 0.13 0.18
Diabetes 0.02 0.75 −0.03 0.79 0.08 0.46

Systolic blood pressure 0.02 0.74 0.00 0.99 0.04 0.65
Fasting blood glucose −0.01 0.95 0.00 0.97 −0.04 0.69

Triglycerides −0.01 0.93 −0.06 0.61 −0.08 0.38
High-density lipoprotein cholesterol 0.04 0.57 −0.01 0.91 0.00 0.99

γ-glutamyl transpeptidase 0.03 0.57 0.02 0.86 0.01 0.88
Total bilirubin −0.14 0.015 −0.20 0.025 −0.06 0.44

UFL score 0.09 0.21 0.12 0.27 −0.02 0.82
NAFLD fibrosis score 0.00 0.99 −0.07 0.53 0.10 0.24

The least-squares method was used to calculate the standardized partial regression coefficients, β, and p-values. The UFL score was a
grading system for semi-quantitatively evaluating a fatty liver. A fatty liver’s degree was scored between 0 and 6 points depending on the
following ultrasonographic findings of a fatty liver: bright liver, hepatorenal echo contrast, deep attenuation, and vessel blurring. The
higher the score, it indicated the more severe the fatty liver was. UFL, ultrasonographic findings of a fatty liver; NAFLD, non-alcoholic
fatty liver disease.

Table 4. The correlation of liver stiffness with waist circumference after adjusting potential covariates, multivariate linear
regression analysis with the FIB-4 index.

Variable
All participants Abdominally Obese Group Non-Abdominally Obese Group

β p-Value β p-Value β p-Value

Waist circumference 0.16 0.039 0.20 0.056 −0.02 0.81
Male sex 0.09 0.14 0.13 0.18 0.06 0.51

Hypertension 0.08 0.27 0.07 0.51 0.13 0.16
Diabetes 0.03 0.73 −0.03 0.78 0.08 0.46

Systolic blood pressure 0.02 0.73 0.00 0.98 0.03 0.77
Fasting blood glucose −0.01 0.93 −0.02 0.86 −0.01 0.90

Triglycerides −0.01 0.92 −0.06 0.60 −0.07 0.44
High-density lipoprotein cholesterol 0.04 0.56 −0.01 0.90 0.00 0.97

γ-glutamyl transpeptidase 0.03 0.56 0.02 0.80 0.00 0.97
Total bilirubin −0.14 0.015 −0.20 0.026 −0.06 0.44

UFL score 0.08 0.22 0.11 0.31 −0.03 0.74
FIB-4 index −0.01 0.84 −0.10 0.29 0.11 0.18

The least-squares method was used to calculate the standardized partial regression coefficients, β, and p-values. The UFL score was a
grading system for semi-quantitatively evaluating a fatty liver. A fatty liver’s degree was scored between 0 and 6 points depending on the
following ultrasonographic findings of a fatty liver: bright liver, hepatorenal echo contrast, deep attenuation, and vessel blurring. The
higher the score, it indicated the more severe the fatty liver was. UFL, ultrasonographic findings of a fatty liver; FIB-4, fibrosis-4.

4. Discussion

Our study showed that liver stiffness by 2D-SWE increased with increases in waist
circumference in abdominally obese individuals after adjustment for the confounding of
liver fibrosis and steatosis. Bazerbachi et al. performed a meta-analysis with multivariate
linear regression analysis in apparently healthy individuals. They found that liver stiff-
ness by transient elastography was positively and independently correlated with waist
circumference [17]. Our study provides a novel finding that a positive correlation of liver
stiffness by 2D-SWE with waist circumference exists in abdominally obese individuals but
not in non-abdominally obese individuals. Moreover, we found a possibility that such a
correlation is beyond liver fibrosis and steatosis.
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We think that physical compression of the liver by visceral fat can increase liver
stiffness in the absence of liver fibrosis in abdominally obese individuals. Since excessive
external compression of the liver by an ultrasound probe has been reported to increase liver
stiffness by 2D-SWE [18], it is reasonable to think that excessive internal compression of the
liver also increases liver stiffness. It is well known that waist circumference is correlated
with the visceral fat area [19]. In the presence of abdominal obesity, the abdominal cavity is
filled with visceral fat, and a further increase in visceral fat may compress the liver, leading
to increased liver stiffness. Contrastingly, in the absence of abdominal obesity, visceral fat
growth does not necessarily increase liver stiffness because there is room for visceral fat
to grow without forcefully compressing the liver. We believe that this explains why waist
circumference did not correlate with liver stiffness in the non-abdominally obese group.

However, the correlation between liver stiffness by 2D-SWE and waist circumference
in abdominally obese individuals may simply derive from liver fibrosis, not from liver
compression. We did not histologically examine liver fibrosis because performing liver
biopsies on asymptomatic-local citizens was ethically challenging. We instead used the
NAFLD fibrosis score and the FIB-4 index for evaluating liver fibrosis. As for the FIB-4
index, in Japanese NAFLD patients diagnosed with liver biopsies, Sumida et al. reported
that a negative predictive value for liver-fibrosis stage ≥ F3 of the METAVIR score was 94%
when the FIB-4 index cutoff value was set at 3.25 [20]. A total of 98% of the participants
in this study had an FIB-4 index < 3.25, suggesting that we had included few participants
with advanced liver fibrosis in this study.

Nonetheless, non-invasive scoring systems for evaluating liver fibrosis, such as the
NAFLD fibrosis score and the FIB-4 index, perform much better in excluding advanced
liver fibrosis rather than diagnosing it [21]. Additionally, it has not been proved that
non-invasive scoring systems can exclude mild to moderate liver fibrosis, meaning that we
may have included those with mild to moderate liver fibrosis in this study. Moreover, in
the multivariate analysis—not with the NAFLD fibrosis score but with the FIB-4 index—the
p-value of waist circumference in the abdominally obese group was slightly above 0.05.
This result means that our study’s sample size might not have been enough to detect the
correlation between liver stiffness by 2D-SWE and waist circumferences after correction
by several covariates. Hence, the correlation between liver stiffness by 2D-SWE and waist
circumference may come from liver fibrosis. Further studies are needed to confirm whether
it is genuine that liver stiffness by 2D-SWE can increase beyond liver fibrosis.

The policy for assessing liver fibrosis in local citizens with high liver stiffness by
2D-SWE has not been established. Physicians should consider performing a liver biopsy
when liver stiffness is increased. Still, it is challenging to perform liver biopsies on all those
with high liver stiffness, considering liver biopsy disadvantages, such as invasiveness [2].
We think that serum biomarkers might be more suitable for further screening. Though
no serum biomarkers have been validated in local citizens, the findings in those with
NAFLD are thought to be useful since local citizens partially include those with NAFLD.
The areas under the receiver operating characteristic curve (AUROC) of Wisteria floribunda
agglutinin-positive Mac-2-binding protein [22,23] and type IV collagen 7s [23,24] for de-
tecting liver fibrosis have been reported to be high in those with NAFLD. We think that
assessing these serum biomarkers before performing a liver biopsy is necessary.

This study has some limitations. As for a non-invasive scoring system, Ampuero
et al. recently developed the Hepamet fibrosis score (HFS). They reported that HFS had a
greater AUROC than the NAFLD fibrosis score and the FIB-4 index in NAFLD patients [25].
Ballestri et al. also reported that the Hepamet fibrosis score had the greatest AUROC
in NAFLD patients among other non-invasive scoring systems [21]. Though we cannot
calculate HFS since we had not tested participants’ serum insulin levels, it would have
been better to add HFS to our analysis to more firmly exclude those with liver fibrosis.

We examined a degree of a fatty liver not with histology but with the UFL score.
Though the UFL score’s reliability as an indicator for a fatty liver has been proved in
one report [13], other reports have not validated the UFL score. Thus, the assessment
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of a fatty liver might not be enough, which might affect our results. As a non-invasive
assessment method for a fatty liver, the Controlled Attenuation Parameter (CAP) might
have been more suitable than the UFL score because the correlation between the CAP
and a fatty liver has been well proved. However, the CAP is acquired with transient
elastography, not with 2D-SWE. It was difficult to perform both 2D-SWE and transient
elastography on one participant. Moreover, the Ultrasonographic Fatty Liver Indicator
(US-FLI) has been reported to be correlated with the severity of liver steatosis assessed
with histology or the CAP as a non-invasive and semi-quantitative assessment for a fatty
liver with ultrasonography [26,27]. It may have been more appropriate to use US-FLI than
the UFL score from the perspective of validation.

Trained ultrasonographers evaluated LS and the UFL score in this study. However,
we had not made interobserver agreements of these parameters. The lack of interobserver
agreements might have reduced the reproducibility of our study.

Since the present study’s participants consisted of individuals who voluntarily par-
ticipated in a health checkup program, this study may have had a selection bias, unlike
a population-based study. Actually, the participant’s average age was higher than the
average in Japan. However, the prevalence of hypertension and diabetes in the present
study was almost the same as the National Health and Nutrition Survey of Japan (2018) [28].
Moreover, we excluded three participants with hepatitis B (0.9%) and two participants with
hepatitis C (0.6%) from this study, which also showed no discrepancy with the prevalence
of these liver diseases in Japan [29]. Consequently, it was reasonable to think that this
study’s participants were representatives of local citizens.

Colli et al. reported that liver congestion due to right heart failure was a confounding
factor affecting liver stiffness by ultrasound elastography [30]. In this study, echocardiogra-
phy was not performed in all participants. However, those with a past medical history of
heart failure or those suspected to have heart failure based on chest X-ray were excluded.
Hence, we believe that relatively few participants had liver congestion.

5. Conclusions

Liver stiffness by 2D-SWE could increase with an increase in waist circumference
in local citizens with abdominal obesity. We think that this correlation might cause the
overestimation of liver fibrosis. In such individuals, physicians should not diagnose liver
fibrosis only based on high liver stiffness. Physicians should additionally perform low-
invasive examinations, including Wisteria floribunda agglutinin-positive Mac-2 binding
protein or type IV collagen, before a liver biopsy.
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