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Introduction

Abstract

Background and Aim: The Gut and Obesity in Asia Workgroup recently reported
that a two-step approach using fibrosis scores followed by liver stiffness measurement
(LSM) could accurately detect patients with non-alcoholic fatty liver disease
(NAFLD) having advanced fibrosis in low-risk fibrosis populations. This study aimed
to validate the utility of this approach using a Japanese health checkup registry.
Methods: This cross-sectional study included subjects who underwent a health
checkup from 2014 to 2019. Using estimated fibrosis stage measured by LSM as a
standard, we calculated the percentage of misclassification from assessments made
based on fibrosis scores (NAFLD fibrosis score [NFS] or Fibrosis-4 score [FIB-4])
and LSM, alone or in combination.

Results: Of 630 subjects with NAFLD, 4 (0.8%) had advanced fibrosis. In the first-
step evaluation, only 21.4-38.0% of subjects needed further testing. This approach
was associated with a high specificity of approximately 100% and a negative predic-
tive value of 99.7%. The percentage of misclassification based on NFS or FIB-4
values followed by LSM in all subjects and using LSM after NFS or FIB-4 determina-
tion only in subjects with indeterminate/high NFS or FIB-4 values (two-step
approach) was 0% and 0.3% and 0.16% and 0.3%, respectively. In addition, very few
false negatives occurred for both NFS and FIB-4.

Conclusion: The two-step approach helps to identify the subjects with NAFLD who
have advanced fibrosis during a routine health checkup and is associated with only a
few false negatives.

Even now, liver biopsy remains the gold standard for diag-
nosing NASH. However, liver biopsy is compromised by sam-

Non-alcoholic fatty liver disease (NAFLD) is a major form of
chronic liver disease with an estimated global prevalence
of 25%." It is a clinical consequence of obesity and can progress
to non-alcoholic steatohepatitis (NASH). NASH is characterized
by the presence of steatosis, inflammation, and fibrosis, which
ultimately lead to cirrhosis, hepatocellular carcinoma (HCC), or
end-stage liver disease.”™

Although the severity of hepatic fibrosis is a key determi-
nant of liver-related outcomes in NAFLD,”™ identifying patients
with advanced fibrosis who might benefit from early specialist
intervention is challenging.® Screening studies in people at risk
of developing NAFLD have shown the prevalence of advanced
fibrosis to be 5%, which underlines the need for robust pathways
for risk stratification in primary care, with subsequent referrals as
required.’

pling variability and periprocedural risks, such as patient
discomfort and rare but severe complications including
death.'®!" Biopsy costs also make it unsuitable for mass screen-
ing, staging, and risk stratification. Noninvasive fibrosis tests
(NITs) overcome many limitations of liver biopsy and is now
routinely incorporated into specialist clinical practice.'*™'* Sim-
ple serum-based tests (e.g., NAFLD fibrosis score [NFS] and
Fibrosis-4 score [FIB-4]) involve the measurement of readily
available biochemical surrogates and determination of the clinical
risk factors for liver fibrosis (e.g., age and sex), respectively.
However, when using them, a significant proportion of patients
(approximately 30%) fall into the intermediate-risk category.'*
Conversely, liver stiffness measurement (LSM) using vibration-
controlled transient elastography (VCTE; FibroScan®, Echosens,
Paris, France) is a noninvasive method for determining fibrosis
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stage, particularly useful for the diagnosis of advanced fibrosis
and cirrhosis.'> Although LSM is recommended in the current
guidelines on the management of NAFLD,>* it is not widely
available because it is expensive and is only available at some
expert referral centers. Primary care physicians have been
interested in whether a single NIT can identify patients who need
further tests, such as liver biopsy. However, considering the
cost—benefit balance, it is difficult to make significant discrimina-
tion with only a single NIT.

In 2015, Chan et al. developed a two-step approach.'®
This approach involves using NFS followed by LSM, but only
for patients with indeterminate/high NFS (Fig. 1a). Using this
method, selecting only patients with indeterminate and high NFS
for LSM facilitated a reduced need for liver biopsy while
maintaining the accuracy of diagnosing advanced fibrosis.'® In
2019, the Gut and Obesity Asia Workgroup validated this strat-
egy and concluded that using NFS or FIB-4 followed by LSM
for patients with indeterminate/high NFS or FIB-4 appeared to
be the optimal noninvasive approach for the assessment of
NAFLD in the general population.'” However, the health
checkup registry has not been used to verify the use of the two-
step approach.
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Thus, we conducted this cross-sectional study to verify the
validity of the two-step approach for diagnosing advanced fibro-
sis in patients with NAFLD using a Japanese health checkup

registry.

Methods

Study population. Subjects were retrospectively selected for
this cross-sectional study from the ongoing MedCity21 health
examination registry between April 1, 2014, and September
30, 2019."® We provided an opt-out option, as explained in the
instructions posted on the hospital’s website.

This study included subjects who underwent medical
examination, including abdominal ultrasonography and LSM, for
the first time within the study period (n = 3187). The exclusion
criteria were alcohol intake of >30 g/day for men (n = 571) and
>20 g/day for women (n = 142); success rate (SR) of <60%
(n = 435); interquartile range/median (IQR/med) for an LSM
value of >30% (n = 209); positive serology for hepatitis B sur-
face antigen (HBsAg) (n = 55); positive serology for hepatitis C
virus (HCV) antibodies (n = 31); lack of data on hemoglobin
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Figure 1 (a) The two-step approach and (b) both tests for all subjects. LSM, liver stiffness measurement; NAFLD, nonalcoholic liver disease; NFS,

NAFLD fibrosis score.
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Flow diagram of the participants in this study.

3,187 subjects who underwent LSM at MedCity21
from April 2014 to September 2019

730 excluded
435: SR<60%
>  209: IQR/med= 0.3
55: HBsAg positive
31: HCV-Ab positive
22: Lack of data on HbA1C
5: Lack of data on platelet count

713 excluded
571: Male alcohol intake >30 g/day
142: Female alcohol intake >20 g/day

A4

A4
1,717 subjects with complete data for analysis

1,087
Absence of hepatic steatosis

A4

A4

630 NAFLD

Figure 2 Flow diagram of the study subjects. Ab, antibody; HbATc,
hemoglobin Alc; HBsAg, hepatitis B surface antigen; HBV, hepatitis B
virus; HCV, hepatitis C virus; LSM, liver stiffness measurement; SR,
success rate; IQR/med, interquartile range/median.

Alc (n = 22); and lack of data on platelet count (n = 5). In total,
the data of 1717 subjects were initially analyzed (Fig. 2).

Clinical assessment. All study subjects underwent a com-
prehensive health assessment, including medical history, physical
examination, laboratory testing, and abdominal ultrasound. Infor-
mation on smoking habit, medical history, and current drug his-
tory was extracted from a standardized questionnaire filled in by
the subjects. Anthropometric measurements, including body
weight and height, were collected. Body mass index (BMI) was
calculated as weight in kilograms, divided by height in meters
squared. Waist circumference was measured with a non-
stretchable tape at the level of the umbilicus in the standing posi-
tion during late expiration. After overnight fasting, blood samples
were collected and analyzed following standard laboratory proce-
dures for complete blood count and aspartate aminotransferase
(AST), alanine aminotransferase (ALT), and albumin levels. The
Lumipulse HBsAg and HCV assay (Fujirebio Inc., Tokyo, Japan)
was used to measure the levels of serum markers, including
HBsAg and anti-HCV antibodies.

Subjects who had a fasting blood glucose level of
2126 mg/dL or hemoglobin Alc level of 26.5% or those under-
going treatment for diabetes were defined as subjects with diabe-
tes mellitus (DM). Similarly, a systolic blood pressure of
>140 mmHg, diastolic blood pressure of 290 mmHg, or ongoing
treatment for hypertension were defined as hypertension. A
serum total cholesterol level of >220 mg/dL, high-density lipo-
protein cholesterol level of <40 mg/dL, and/or triglyceride level

Two-step advanced fibrosis prediction

of 2150 mg/dL or ongoing treatment for dyslipidemia were
defined as dyslipidemia.

Alcohol intake-specific screening measures and
definition of NAFLD. The frequency of alcohol intake was
assessed according to the volume consumed. Daily alcohol con-
sumption was calculated in grams using a modified template
from our previous research.'® Daily alcohol consumption (g/day)
was calculated as follows: (frequency of alcohol intake) x (aver-
age alcohol consumption [g])/7.

Diagnosis of NAFLD was based on ultrasound evidence
of fatty liver disease and the exclusion of both secondary causes
such as viral hepatitis and excessive alcohol consumption
(230 g/day for males and 220 g/day for females).>>

Abdominal ultrasonography and assessment of
disease severity. Fatty liver was diagnosed by abdominal
ultrasonography using the Toshiba Aplio 500 device (Toshiba
Medical Systems Corporation, Ohtawara, Japan). Abdominal
ultrasonography was performed at MedCity21 by experienced
medical sonographers registered with the Japan Society of Ultra-
sonics in Medicine. Hepatic steatosis was semi-quantified
according to the criteria described by Hamaguchi.20

The severity of liver fibrosis was assessed using two non-
invasive markers in subjects with fatty liver. NFS was calculated
using the following formula: —1.675 + 0.037 x age (years)
+0.094 x BMI (kg/m?) + 1.13 x impaired glucose tolerance/
DM (yes = 1, no = 0)+099 x AST to ALT rat-
io — 0.013 x platelet  (x10%L) — 0.66 x albumin  (g/dL).*'
FIB-4 was calculated as follows: age (years) x AST (U/L)/(plate-
let count [x 10%/L] x ALT [U/L]"?).**

Vibration-controlled transient elastography. VCTE
was performed using an M-probe device. Details of the technique
and examination procedure for LSM have been described previ-
ously.?® Diagnosis of advanced fibrosis was according to the
report by Chan et al.'” An LSM value of <10 kPa indicated
the absence of advanced fibrosis and 215 kPa indicated the pres-
ence of advanced fibrosis. An LSM value between 10 and
14.9 kPa was considered indeterminate. The controlled attenua-
tion parameter (CAP) was also measured using VCTE to stage
steatosis. CAP was calculated using a proprietary algorithm
based on the ultrasonic attenuation coefficient of the shear wave
of VCTE, an estimate of the total ultrasonic attenuation at
3.5 MHz. Only VCTE measurements based on at least 10 valid
shots, SR of >60%, and IQR/med of <30% were considered reli-
able and used for statistical analysis.

Definition of two-step approach-related terms and
modification in this study. We defined the two-step
approach-related terms used in this study as follows.

NFS alone: Diagnosed as a low/indeterminant/high risk of
developing advanced fibrosis only by NFS. A score below
—1.455 indicated the absence of advanced fibrosis, and a score
above 0.676 indicated the presence of advanced fibrosis. A
score of —1.455 to 0.676 was considered indeterminate.?’

FIB-4 alone: Diagnosed as a low/indeterminant/high risk
of developing advanced fibrosis only based on FIB-4. A score of
<1.45 indicated the absence of advanced fibrosis, and a score of
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Table 1 The number and proportion of the patients with each fibrosis
stage estimated by VCTE

Fibrosis stage estimated by VCTE NAFLD (n = 630)*

0 (LSM <5.9 kPa)" 549 (87.1)
1 (5.9 <LSM < 6.7 kPa)’ 41 (6.5)
2 (6.7 <LSM < 9.8 kPa)’ 36 (5.7)
3(9.8<LSM < 17.5 kPa)’ 2(0.4)
4 (17.5 < LSM kPa)* 2(0.4)

"Number (%).

*Mean (standard deviation). F3 and F4 were defined as advanced
fibrosis.

LSM, liver stiffness measurement; NAFLD, non-alcoholic fatty liver dis-
ease; VCTE, vibration controlled transient elastography.

>3.25 indicated the presence of advanced fibrosis. A score
between 1.45 and 3.25 was considered indeterminate.'”-**

Both tests: Serum-based NITs (FIB-4 or NFS) and LSM
(Fig. 1b).

Discordant results: Results showing high risk by FIB-4 or
NFS but an LSM value of <10 kPa.

Misclassification: The sum of a false-positive and false-
negative results in the diagnosis of advanced fibrosis.

We made some modifications to the methods reported by
Chan et al.'®!” By the assessment of LSM obtained using VCTE,
we estimated the fibrosis stage using cutoff values that have been
validated for Japanese patients with biopsy-proven NAFLD? as
follows: FO, LSM <5.9 kPa; F1, LSM = 5.9 to <6.7 kPa; F2,
LSM = 6.7 to <9.8 kPa; F3, LSM = 9.8 to <17.5 kPa; and F4,
LSM >17.5 kPa (Table 1). F3 and F4 were defined as advanced
fibrosis.

Statistical analysis. Subject characteristics at baseline were
compared using the chi-square test and t-test for categorical and
continuous variables, respectively. To calculate diagnostic test
characteristics, a 2-by-2 table was constructed with the presence/
absence of advanced fibrosis according to LSM reading, against
the presence/absence of advanced fibrosis according to noninva-
sive fibrosis scores using the established thresholds. Sensitivity,
specificity, positive predictive value (PPV), and negative predic-
tive value (NPV) were calculated. The performance of NFS and
FIB-4 for the diagnosis of advanced fibrosis was determined
using area under the receiver operating characteristic curve
(AUROC). A P value of <0.05 was considered to indicate statis-
tical significance. Statistical analyses were conducted using JMP
13.0.0 (SAS Institute Inc., Cary, NC, USA).

Results

Characteristics of the study population. The study
population comprised 1717 subjects who met the inclusion
criteria (Fig. 2). Of these, 1114 subjects were excluded because
hepatic steatosis was not detected on ultrasound. Thus, 630 sub-
jects were diagnosed with NAFLD. The characteristics of the
subjects are summarized in Table 2. Figure 3 shows diagnostic
performance of fatty liver by CAP (n = 1717). The AUROC of
fatty liver was 0.870, and the optimal cutoff was 256 dB/m.

H Fujii et al.

Table 2 Clinical characteristics of the patients
Variables NAFLD (n = 630)
Age (years) 53 (46-63)
Male, n (%)* 437 (69)
BMI (kg/m?) 25.2 (23.4-26.9)
Waist circumference (cm)’ 90.5 (86-95)
T2DM#* 70 (11)
Hypertension* 171 (27)
Dyslipidemia* 147 (23)
Platelet count (10%/mL)* 231 (196-262)
AST (UL) 22 (19-28)
ALT (UL 26 (19-40)
FIB-4" 1.03 (0.74-1.36)
NFS* —1.88 (—2.81-0.99)
VCTE

LSM (kPa)* 4.1(3.5-4.8)

CAP (dB/m)* 287 (253-316)

"Median (interquartile range).

*Number (%).

ALT, alanine transaminase; AST, aspartate aminotransferase; CAP, con-
trolled attenuation parameter; LSM, liver stiffness measurement;
NAFLD, non-alcoholic fatty liver disease; VCTE, vibration controlled
transient elastography.

Diagnostic performance of fatty liver by CAP.

1.0 -
2
2
2 05 CAP
S AUROC: 0.870
n
0.0
0.0 0.5 1.0
1-Specificity
Cutoff Se Sp PPV NPV
Fatty Liver | 256 (dB/m) | 73.9% 83.8% 72.5% 84.7%

Figure 3 Diagnostic performance of fatty liver based on CAP.
AUROC, area under the receiver operating characteristic curve; CAP,
controlled attenuation parameter; NPV, negative predictive value; PPV,
positive predictive value; Se, sensitivity; Sp, specificity.

The number and proportion of subjects with each fibrosis
stage, as estimated by VCTE, are shown in Table 1. Four sub-
jects (0.8%) were diagnosed with advanced fibrosis. Figure 4
shows boxplots representing NFS and FIB-4 for subjects with
and without advanced fibrosis in the overall study population.
Compared with subjects without advanced fibrosis, those with
advanced fibrosis were more likely to have higher FIB-4 values
(median 1.14 vs 2.18, P = 0.0005). However, NFS did not reach
significant differences (—1.87 vs —0.79, P = 0.0837).
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Figure 4 Boxplots showing the NAFLD fibrosis score, FIB-4 value, and liver stiffness measurement value of subjects with and without advanced
fibrosis in the overall study population. FIB-4, Fibrosis-4; NAFLD, non-alcoholic fatty liver disease.

Combination of NFS and LSM for diagnosis of
advanced fibrosis. The data for albumin were missing in
three subjects. Therefore, a total of 627 subjects were finally ana-
lyzed. Using the two-step approach, the next LSM could be omit-
ted in 62.0% (n = 389) of the subjects (Figure S1). Table 3, part
a shows the sensitivity, specificity, PPV, NPV, percentage of
misclassification, and indeterminate/discordant results using NFS
and other approaches. Regarding NFS alone and the two-step
approach, sensitivity increased from 0 to 50%, specificity
increased from 96 to 100%, PPV increased from O to 100%, and
NPV remained unchanged at 99.7%. The corresponding cross-
tabulations and additional notes can be found in Figures S1
and S2.

Combination of FIB-4 and LSM for diagnosis of
advanced fibrosis. Using the two-step approach, the next
LSM could be omitted in 78.6% (n = 495) of subjects
(Figure S3). Table 3, part b shows the sensitivity, specificity,
PPV, NPV, percentage of misclassification, and indeterminate/
discordant results using FIB-4 and other approaches. Regarding
FIB-4 alone and the two-step approach, sensitivity increased
from 33.3 to 50%, specificity increased from 98.8 to 100%, PPV
increased from 14.3 to 100%, and NPV increased from 99.6 to
99.7%. The corresponding cross-tabulations and additional notes
can be found in Figures S3 and S4.

JGH Open: An open access journal of gastroenterology and hepatology 5 (2021) 801-808

Case presentation. Table S1 shows the clinical characteris-
tics of the subjects with advanced fibrosis. In Case 1 and Case
2, FIB-4 alone and the two-step approach using FIB-4 misdi-
agnosed advanced fibrosis. In Case 3, NFS alone and the two-
step approach using NFS misdiagnosed advanced fibrosis. In
Case 4, none of the methods misdiagnosed advanced fibrosis.

Diagnostic ability of NFS and FIB-4 for advanced
fibrosis. The AUROC of NFS and FIB-4 for diagnosing
advanced fibrosis across the study population is shown in
Table S2. Moreover, as reported by Chan et al.,16 the AUROC of
FIB-4 was numerically higher than that of NFS.

Discussion

We validated the utility of the two-step approach using the Japa-
nese health checkup registry. Using this two-step approach, only
21.4-38.0% of subjects required further evaluation with transient
elastography (TE). The results using the two-step approach were
associated with specificity close to 100% and NPV of 99.7%.
Besides, there were a few false negatives in both FIB-4 and
NFS, indicating that people without advanced fibrosis can be
confidently excluded but with a minimal possibility of a missed
diagnosis. In addition, unlike the report by Chan et al.,'s using
both tests for all patients can potentially result in a low percent-
age of discordant results.
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Table 3 Sensitivity, specificity, positive predictive value, negative pre-
dictive value, percentage of misclassification, and indeterminate or dis-
cordant results for (a) NFS and (b) FIB-4

(a) NFS

Sensitivity, % (n/N) 0 (0/1)
Specificity, % (n/N) 96.0 (388/404)
PPV, % (n/N) 0 (0/16)
NPV, % (n/N) 99.7 (388/389)
Misclassification % (n/N) 0.16 (1/627)

Indeterminate, % (n/N) 38.0 (238/627)
Both tests for all patients with gray zone of 10-15 kPa for LSM

Sensitivity, % (n/N) 100 (1/1)
Specificity, % (n/N) 100 (607/607)
PPV, % (n/N) 100 (1/1)
NPV, % (n/N) 100 (1/1)
Misclassification % (n/N) 0 (0/627)
Indeterminate, % (n/N) 3.0 (19/627)

Two-step approach with gray zone of 10-15 kPa for LSM

Sensitivity, % (n/N) 50.0 (1/2)
Specificity, % (n/N) 100 (607/607)
PPV, % (n/N) 100 (1/1)
NPV, % (n/N) 99.7 (607/608)
Misclassification % (n/N) 0.16 (1/627)
Indeterminate or discordant, % (n/N) 2.9 (18/627)
(b) FIB-4
Sensitivity, % (n/N) 33.3(1/3)
Specificity, % (n/N) 98.8 (493/499)
PPV, % (n/N) 14.3 (1/7)
NPV, % (n/N) 99.6 (493/495)
Misclassification % (n/N) 0 (0/630)

Indeterminate, % (n/N) 20.3 (128/630)
Both tests for all patients with gray zone of 10-15 kPa for LSM

Sensitivity, % (n/N) 50.0 (2/4)
Specificity, % (n/N) 100 (620/620)
PPV, % (n/N) 50.0 (2/4)
NPV, % (n/N) 99.7 (620/622)
Misclassification % (n/N) 0.3 (2/630)
Indeterminate, % (n/N) 1.0 (6/630)

Two-step approach with gray zone of 10-15 kPa for LSM

Sensitivity, % (n/N) 50.0 (2/4)
Specificity, % (n/N) 100 (620/620)
PPV, % (n/N) 100 (2/2)
NPV, % (n/N) 99.7 (607/608)
Misclassification % (n/N) 0.3 (2/630)
Indeterminate or discordant, % (n/N) 0.95 (6/630)

Data are presented as number (%).

Abbreviations: LSM, liver stiffness measurement; FIB-4, Fibrosis-4;
NFS, NAFLD fibrosis score; NPV, negative predictive value; PPV, posi-
tive predictive value.

The vast majority of referrals made to secondary care
hepatologists could have been managed in primary care. Reduc-
ing inappropriate referrals represents an opportunity to reduce
unnecessary investigations, inconvenience, and even harm to
patients; pressure on secondary care services; and cost borne by
the healthcare system.® Simultaneously, it is important to provide
the appropriate opportunity to patients who need a referral.

H Fujii et al.

Therefore, previous studies have recommended a combination of
NITs: (i) enhanced liver fibrosis score (ELF™; Siemens
Healthcare, Erlangen, Germany)®® and LSM?’; (ii) NFS and
LSM'0?8. (iji) FIB-4 and ELF™p2 and (iv) NFS/FIB-4
and LSM.'” Although each combination has shown high specific-
ity (>95%) and NPV (85-95%), false-negative rates of 5-15%
were also observed.'®'”*"?® Interestingly, Chan et al. reported
that a two-step approach was better than using both tests for all
patients because the two-step approach produced a lower rate of
indeterminate/discordant results than both tests for all patients
(27.5% vs 10.1%)."” However, using the two-step approach can
result in missing out patients with a low risk diagnosed in the
first step (NFS or FIB-4), who may have indeterminate/discor-
dant results when both tests are used. Moreover, the percentage
of indeterminate/discordant results increased with a higher per-
centage for the diagnosis of advanced fibrosis in all patients.
Chan et al. reported that a total of 24% of patients had advanced
fibrosis.

Assuming the prevalence of advanced fibrosis to be <5%
in unselected patients with NAFLD, the NPV of these tests is
>98%.%° For example, Mahady et al. reported that in 749 general
ambulatory individuals, 15 had advanced fibrosis %)% Lee
et al. reported that of 1178 TE-defined NAFLD patients who
underwent a medical health checkup, 1.8% had advanced fibrosis
(LSM 29.5 kPa).*' Chan et al. investigated a subpopulation with
3.7% cases of advanced fibrosis.'” They reported that the per-
centage of indeterminate/discordant results using NFS alone,
both tests for all patients, and the two-step approach using LSM
only for patients with indeterminate and high NFS values was
24.6%, 19.2%, and 6.9%, respectively. Moreover, our data
showed that the rate of misclassification was 2.2%, 1.7%, and
2.7%, respectively. Therefore, we concluded that the two-step
approach is a useful method with high specificity and NPV for
diagnosing health checkup subjects with a low rate of diagnosis
of advanced fibrosis. Furthermore, a false-negative rate of <1%
was observed.

All except one subject with a low NFS value had an LSM
value of 210 kPa, whereas all except two subjects with a low
FIB-4 value had an LSM value of 210 kPa. These findings sup-
port the hypothesis that using the two-step approach only for
patients with indeterminate/high NFS or FIB-4 values will
require LSM, resulting in a more efficient use of healthcare
resources.

In the simulated general population with a prevalence of
advanced fibrosis of 3.7% in the study by Chan et al.,'® only
3 of 469 (0.6%) patients with an LSM value of <10 kPa had his-
tological advanced fibrosis. Therefore, patients with low NFS or
FIB-4 values in this study likely did not have histological
advanced fibrosis. Conversely, only 19 of 124 (15.3%) subjects
with an LSM value of 210 kPa had histologically advanced fibro-
sis. This indicates that the four subjects identified as having
advanced fibrosis by LSM in this study possibly did not have
histologically advanced fibrosis, particularly the two subjects
with an LSM value of slightly above 10 kPa. However, liver
biopsy is also limited by sampling and observer variability.''*?

Several limitations must be considered while interpreting
the study results. First, the main limitation of this study was the
use of LSM as a reference standard. Therefore, we cannot accu-
rately determine whether the patients have histologically
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advanced fibrosis. Second, this was a retrospective single-center
study. Third, selection bias was a major limitation. Most subjects
were healthy enough to engage in work and were sufficiently
conscious of their health to voluntarily undergo a health
checkup.®® Therefore, the study results may not apply to individ-
vals who are not generally healthy. Fourth, individuals who
include LSM in the annual health checkup tend to be those
who can afford it, which might be one of the causes of selection
bias. Fifth, when using LSM, technical failure was a common
phenomenon ranging in the frequency of 6.7-27.0%, and this
was primarily related to a high BML'>** In our analysis, 20.2%
of subjects showed unreliable measurements. For such patients, it
may be necessary to consider the two-step approach with two
serum-derived NITs. Lastly, the proportion of advanced fibrosis
was low (0.4%). However, our data are composed of real-world
data from a health checkup; therefore, it is expected that our
research will be useful for diagnosing advanced liver fibrosis dur-
ing health checkups in a generally healthy population.

In conclusion, we validated a two-step approach using a
Japanese health checkup registry. This approach was associated
with a very high specificity of approximately 100% and an NPV
of 99.7%. Following the first-step evaluation, only 21.4-38.0%
of subjects would need further testing. The two-step approach is
extremely useful for selecting patients with NAFLD who have
advanced fibrosis in health examinations with minimal false
negatives.
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Figure S1. Two-step approach with a gray zone of 10 to 15 kPa
for liver stiffness measurement for the prediction of advanced
fibrosis in the overall population.

Figure S2. Both test (NAFLD fibrosis score and liver stiffness
measurement) for all patients with a gray zone of 10 to 15 kPa
for liver stiffness measurement for the prediction of advanced
fibrosis in the overall population.

Figure S3. Two-step approach with a gray zone of 10 to 15 kPa
for liver stiffness measurement for the prediction of advanced
fibrosis in the overall population.

Figure S4. Both test (FIB-4 and liver stiffness measurement) for
all patients with a gray zone of 10 to 15 kPa for liver stiffness
measurement for the prediction of advanced fibrosis in the over-
all population.

Table S1. Clinical characteristics of the subjects with advanced
fibrosis.

Table S2. The AUROC (95% CI) of the NFS and the FIB-4 for
the diagnosis of advanced fibrosis.
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