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ABSTRACT
Aims/Introduction: Although several noninvasive predictive markers for fatty liver and
metabolic markers have been used for fatty liver prediction, whether such markers can
also predict metabolic-associated fatty liver disease (MAFLD) remains unclear. We aimed to
examine the ability of existing fatty liver or metabolic markers to predict MAFLD.
Materials and Methods: Participants in a high-volume center in Tokyo were classified
into groups with and without MAFLD, based on the presence of metabolic abnormalities
and fatty liver diagnosed through abdominal ultrasonography, between 2008 and 2018.
The diagnostic abilities of three fatty liver markers: fatty liver index (FLI), hepatic steatosis
index (HSI), and lipid accumulation product (LAP), and three common metabolic markers:
waist-to-height ratio (WHR), body mass index (BMI), and waist circumference (WC), for
predicting MAFLD, were evaluated. Analyses stratified by MAFLD subtypes were
performed.
Results: Of 92,374 individuals, 19,392 (36.1%) had MAFLD. The diagnostic performances
for MAFLD prediction, measured as c-statistics, for FLI, HSI, LAP, WHR, BMI, and WC were
0.906, 0.892, 0.878, 0.844, 0.877, and 0.878, respectively. Optimal cutoff values for
diagnosing MAFLD for FLI, HSI, LAP, WHR, BMI, and WC were 20.3, 32.7, 20.0, 0.49, 22.9,
and 82.1, respectively. Analyses stratified by MAFLD subtypes, based on BMI and
metabolic/glycemic abnormalities, suggested that FLI and HSI had acceptable (c-statistics
>0.700) diagnostic abilities throughout all the analyses.
Conclusions: All six markers were excellent predictors of MAFLD in diagnosing among
the general population, with FLI and HSI particularly useful among all sub-populations.

INTRODUCTION
Fatty liver disease affects approximately one-quarter of the glo-
bal population, and nonalcoholic fatty liver disease (NAFLD)
has attracted attention.1 NAFLD is diagnosed by exclusion; it is
defined as hepatic steatosis not secondary to specific causes
such as viral infection, alcohol consumption, or drug-related

liver damage, and its prevalence is increasing.2 In contrast to
NAFLD, metabolic-associated fatty liver disease (MAFLD) is
defined more inclusively by focusing on the prognosis in rela-
tion to fatty liver disease (e.g., including those who regularly
consume alcohol or have viral hepatitis).3 The diagnostic value
of MAFLD is reportedly superior to that of NAFLD; individuals
with MAFLD are found to be at high risk not only for hepatic
lesions such as hepatic fibrosis but also for extra-hepatic disease
development such as cardiovascular disease, malignancy, andReceived 29 August 2022; revised 28 November 2022; accepted 6 December 2022
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ultimately mortality.3,4 In particular, among the Japanese popu-
lation, comorbid MAFLD has recently been reported to be
associated with atherosclerotic cardiovascular risk, colorectal
adenoma, and reflux esophagitis.5–7 Liver biopsy is the gold
standard for the diagnosis of fatty liver. However, owing to the
high disease prevalence and invasiveness of liver biopsy, predic-
tive markers for either condition should be assessed.
Data on the diagnostic markers of MAFLD are limited.

Meanwhile, markers for cases with fatty liver have been devel-
oped.8–10 and validated;8,11–15 these markers include the fatty
liver index (FLI),8 hepatic steatosis index (HSI),9 and lipid accu-
mulation product (LAP).10 A previous study also assessed exist-
ing markers for obesity or metabolic abnormalities, such as
waist-to-height ratio (WHR),16 body mass index (BMI),17 and
waist circumference (WC), and reported their usefulness in pre-
dicting the presence of fatty liver.15 All these markers utilize
data such as physical measurements, common biochemical
biomarkers correlated with liver function or lipid metabolism,
and diabetes history.8–10,18 The prediction of fatty liver disease
is useful not only because it detects those at risk for fatty liver
disease but also because predictive markers themselves enable
the prediction of extrahepatic disease. For example, the fatty
liver index is the most frequently used index for predicting the
presence of fatty liver. This was developed in Europe and has
been validated in several countries8,11–15 and can predict cardio-
vascular diseases19 and ultimately mortality,20 as well as meta-
bolic diseases including diabetes.21 However, there have been
no reports regarding the usefulness of such markers among
individuals with each type of metabolic abnormality associated
with MAFLD.
This observational study aimed to assess whether fatty liver

and metabolic markers could be useful in predicting MAFLD
in the Japanese population. At the same time, we evaluated the
performance of the predictive models in terms of their discrim-
inative ability and calibration. Further, we conducted stratified
analyses according to the status of glycemic/metabolic abnor-
malities to reveal risks involved and the real-world prevalence
of MAFLD in each stratum.

MATERIALS AND METHODS
Data source
This was a retrospective cross-sectional study that used data
from individuals who participated in an annual health checkup
program at the Center for Preventive Medicine at St Luke’s
International Hospital in Tokyo, Japan. Data collected from the
database and used in this study have been described previ-
ously.22 Approximately 70% of participants underwent the leg-
ally required checkups, which employers or insurers were
obliged to provide for regular employees. The remaining partic-
ipants voluntarily underwent checkups.
We included individuals aged 18–80 years who underwent

health checkup examinations between January 2008 and
December 2018. The inclusion criteria were as follows: (1) par-
ticipants who underwent checkups using abdominal

ultrasonography and (2) those with available laboratory data.
Individuals who met any of the following criteria at baseline
were excluded: (1) previous or current history of hormone
replacement therapy, malignancy, or abdominal surgery; (2)
renal replacement therapy; or (3) pregnancy. From those who
satisfied the inclusion and who did not satisfy the exclusion cri-
teria, the first observation for each individual was obtained to
remove the effects of homogeneity in the same individual or
those from health guidance. This guidance was performed by a
team of trained registered nurses or physicians after prior
checkups, particularly among those with abnormal results.23

This study was approved by the Institutional Review Board
of the University of Tokyo (no. 2020264NI) and St Luke’s
International Hospital (no. 20-R184). The analyses performed
in this study involved the secondary use of data obtained from
the database of St Luke’s Health Checkup, and the participants
were provided with the option to withdraw consent for the use
of their records for research.

Diagnostic ability of fatty liver and metabolic markers for
prediction of MAFLD
We used several markers to examine their effectiveness in pre-
dicting MAFLD. As noninvasive diagnostic markers for fatty
liver, we used FLI, HSI, and LAP.8–10 Regarding metabolic
markers, we used WHR, BMI, and WC for fatty liver predic-
tion, as reported previously.15 Details of these markers are pre-
sented in Table 1.

Variables and outcome
We obtained the following information from the medical
checkup records: sex, age, BMI, blood pressure measurement,
waist circumference, current illnesses and treatments, medical
history, use of medications, and alcohol intake (grams per
week), as described previously.22 Moreover, data on complete
blood cell counts and serum biochemistry from blood samples,
including fasting blood glucose, serum albumin, creatinine, lipid
markers (low- and high-density lipoprotein cholesterol and
triglycerides), liver enzymes (aspartate aminotransferase, alanine
aminotransferase, and gamma-glutamyl transpeptidase), and C-
reactive protein (CRP) levels were collected.
An abnormal waist circumference was defined as ≥90 cm in

women and ≥85 cm in men, based on the Japanese criteria for
metabolic syndrome.24 Moreover, alcohol overuse was defined
as an ethanol level of ≥20 g/day in women and ≥30 g/day in
men, as described in a previous study.25 Dyslipidemia was
defined as the presence of a history of dyslipidemia, fasting
triglyceride levels of ≥150 mg/dL, or high-density lipoprotein
cholesterol levels of <50 mg/dL in women or <40 mg/dL in
men. Hypertension was defined as the presence of hypertension
history, systolic blood pressure ≥130 mmHg, or diastolic blood
pressure ≥85 mmHg, as described in a previous study.26

The primary outcome was the presence of MAFLD on
abdominal ultrasonography. Participants were diagnosed with
MAFLD based on the presence of fatty liver on
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ultrasonography at each time based on the four criteria in a
previous report (hepatorenal echo contrast, liver brightness,
deep attenuation, and vascular blurring),27 and the presence of
metabolic abnormalities, which were as follows:26: (1) over-
weight/obesity (BMI ≥23 kg/m2); (2) lean/normal weight (BMI
of <23 kg/m2) with the presence of at least two metabolic risk
abnormalities, as listed in Table 2 and defined in a previous
study,28 except for the homeostasis model assessment of an
insulin resistance score of ≥2.5, because this item was not avail-
able in our data; and (3) type 2 diabetes mellitus, defined as
the presence or previous medical history of diabetes, or fasting
glucose level of ≥126 mg/dL or HbA1c of ≥6.5%. The cutoff
values for waist circumference that can determine metabolic
abnormality were ≥90 cm in women and ≥85 cm in men
according to the Japanese criteria for metabolic syndrome,
which is based on a waist circumference corresponding to
100 cm2 of visceral fat in Japanese individuals24 and the mea-
surement of waist circumference at the umbilical level, not at

the midpoint between the lowest rib and iliac crest, as used
worldwide.29–31 We used CRP values by measuring the
immunoagglutination assay with latex beads (IatroCRP-Ex, Mit-
subishi Chemical Medience, Tokyo, Japan, and N-Assay LA
CRP-T, Nittobo Medical Co., Ltd, Tokyo, Japan, before 2015
and in or after 2015, respectively). Both assays can detect a
range of ≥0.01 mg/dL,32 and an elevated CRP level measured
using either assay was associated with the prognosis.32–34 The
latter has also been used to measure high-sensitivity CRP
levels.32,33

Statistical analysis
Analysis of demographic characteristics
The background characteristics of people with and without
MAFLD were summarized. Simultaneously, the prevalence of
MAFLD was assessed because the dataset used mainly com-
prised information about the general population. Categorical
and continuous variables were compared between participants

Table 1 | Markers examined in this study previously shown to be associated with metabolic abnormality or nonalcoholic fatty liver disease

Marker Formula Reference

Fatty liver index e0:953�log triglyceridesð Þþ0:139�BMIþ0:718�ln GGTð Þþ0:053�waist circumference�15:745

1þe0:953�log triglyceridesð Þþ0:139�BMIþ0:718�ln GGTð Þþ0:053�waist circumference�15:745 8

Hepatic stenosis index 8 � ALT
AST þ BMI þ2 if having diabetes;þ2 if femaleð Þ 9

Lipid accumulation product Waist circumference [cm] – 65 ( + 7 if female)] × (triglycerides [mmol/L]) 10
Waist-to-height ratio Waist circumference [cm]/height [cm] 16

Body mass index Weight kg½ �
Height m½ �ð Þ2 17

Waist circumference Circumference measured at the umbilical level between the lowest rib and the iliac crest 24

BMI, GGT, AST, and ALT are body mass index, gamma-glutamyl transferase, aspartate aminotransferase, and alanine aminotransferase, respectively.
Impaired fasting glucose was defined as a glucose level of ≥110 mg/dL.

Table 2 | Components of the criteria defining metabolic risk factors in individuals with lean or normal body mass index who did not present with
diabetes

Metabolic risk factors Definition of the international expert panels3 Definition in our study

Waist circumference ≥102/88 cm in Caucasian men and women or ≥90/80 cm in Asian
men and women, measured at the midpoint between the
lowest rib and the iliac crest

≥90 cm in women and ≥85 cm in men,
measured at the umbilical level

Blood pressure ≥130/85 mmHg or specific drug treatment ≥130/85 mmHg or specific drug treatment
Plasma triglyceride

levels
≥150 mg/dL or specific drug treatment ≥150 mg/dL or specific drug treatment

Plasma HDL-cholesterol
level

<40 mg/dL for men and <50 mg/dL for women or specific drug
treatment

<40 mg/dL for men and <50 mg/dL for
women or specific drug treatment

Glucose metabolism Prediabetes (fasting glucose levels of 100–125 mg/dL, or 2 h post-
load glucose levels of 140–199 mg/dL or HbA1c of 5.7–6.4%)

Prediabetes (fasting glucose levels of
100–125 mg/dL, or HbA1c of 5.7–6.4%)

Insulin resistance Homeostasis model assessment of insulin resistance score of ≥2.5 None
Systemic inflammation Plasma high-sensitivity C-reactive protein level of >2 mg/L Serum C-reactive protein level of >0.2 mg/L

with assay capturing of >0.01 mg/dL

HbA1c, glycated hemoglobin; HDL, high-density lipoprotein.
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with and without MAFLD using Pearson’s chi-squared test and
the Student’s t-test, respectively.

Assessment of model performance: discriminative ability and
calibration
The study participants were divided into a training group com-
prising 80% the total participants and a test set comprising the
remaining 20% of participants. In the training set, models were
created for each fatty liver or metabolic marker. In the test set,
we calculated c-statistics expressed as the area under the recei-
ver operating characteristic curve, comprising plots of sensitivity
vs 1 minus specificity to assess the discriminative ability of each
marker. C-statistics with ranges of 0.5 to <0.7, 0.7 to <0.8, 0.8
to <0.9, and 0.9 to <1.0 represented poor, acceptable, excellent,
and outstanding discriminative ability, respectively, as described
previously.35

Next, we evaluated the model performance using the test set
in terms of calibration; calibration confirmed the consistency in
the ability to predict the actual diagnosis along with the pre-
dicted probabilities. Visualization of the calibration was made
possible using the pmcalplot command in Stata. Briefly, the
command ‘pmcalplot’ makes a calibration plot of the observed
against expected probabilities to assess the performance of pre-
dictive models. With this command, calibration was plotted in
10 groups across the risk spectrum, reporting the following
components: (i) calibration in the large (CITL) index, describ-
ing the difference between the average predicted probabilities
and the observed event frequencies, in which the ideal value
should equal zero; (ii) the calibration slope, in which the ideal
value should equal one; and (iii) the expected probability vs
observed frequency (E:O) ratio, in which the ideal value should
equal one. This method has been used in several studies
describing calibration.36–38

Assessment of model performance: discriminative ability and
calibration
Based on the best cutoff value of each predictor according to
the Youden index,39 we calculated the sensitivity, specificity,
positive and negative likelihood ratios, positive and negative
predictive values, diagnostic odds ratio, and kappa coefficient,
which evaluates the agreement of categorization compared with
the ultrasound-proven MAFLD. We also performed sex-
stratified analysis. For each sex group, we assessed discrimina-
tive ability and calibration and calculated the cutoff values as in
the primary analysis.

Subgroup analyses
We performed descriptive and subgroup analyses for MAFLD
based on the three types of glycemic/metabolic abnormalities:
BMI <23 kg/m2 with at least two glycemic/metabolic risk fac-
tors; BMI ≥23 kg/m2; and the presence of diabetes. We also
performed an age-stratified analysis. We set the cutoff age to
50 years. For each subgroup, we assessed the discriminative

ability and calibration and calculated the cutoff values, as
performed in the primary analysis.
All hypothetical tests had a two-tailed significance level of

0.05, and all statistical analyses were performed using Stata ver-
sion 17 software (StataCorp, College Station, TX, USA).

RESULTS
Study population and baseline characteristics
Of all the observations with health checkups, including abdomi-
nal ultrasonography (n = 413,714), 58,624 (14.2%) were
excluded. Of the remaining 355,090 observations from 92,374
individuals, we used the initial checkup data of 92,374 individu-
als. Among the included 92,374 individuals, 19,392 (21.0%)
presented with MAFLD on ultrasonography (Figure 1). Further-
more, among people with MAFLD (n = 19,392), 2,522 (13.0%)
had a BMI of <23 kg/m2 with at least two glycemic/metabolic
risk factors; 16,777 (86.5%) had a BMI of ≥23 kg/m2; and 2,713
(14.0%) had diabetes. Table 3 presents the demographic and
clinical characteristics of the participants. We estimated the
prevalence of MAFLD in the general population as 21.0%.
Compared with individuals without MAFLD, those with
MAFLD were significantly older and more likely to be men
who had hypertension, dyslipidemia, or diabetes. Moreover,
they had significantly higher WHR, BMI, WC, systolic/diastolic
blood pressure, serum liver enzyme levels, and fatty liver pre-
dictive marker levels (FLI, HSI, and LAP). In addition, the
MAFLD group had a higher proportion of current smokers
and individuals with a history of cardiovascular disease and a
lower estimated glomerular filtration rate (Table 3). However,
there was no statistically significant difference in the proportion
of individuals positive for hepatitis B virus s-antigen or hepatitis
C virus antibody.

Diagnostic performance of fatty liver and metabolic markers
for MAFLD
Table 4 shows the diagnostic performance of fatty liver markers
and metabolic markers for MAFLD. The c-statistics of the FLI,
HSI, and LAP for predicting MAFLD among all participants
were 0.906 (95% confidence interval [CI]: 0.902–0.911), 0.892
(95% CI: 0.887–0.898), and 0.878 (95% CI: 0.873–0.884),
respectively (Figure 2 and Table 4). Thus, the FLI had an out-
standing discriminative ability for predicting MAFLD, whereas
the HSI and LAP had excellent discriminative ability. WHR,
BMI, and WC, representative of metabolic markers, were also
good predictors for MAFLD, with c-statistics of 0.844 (95% CI:
0.837–0.850), 0.877 (95% CI: 0.871–0.882), and 0.878 (95% CI:
0.873–0.884), respectively; these markers had excellent discrimi-
native abilities. The optimal cutoff values were 20.3, 32.7, 20.0,
0.49, 22.9, and 82.1, for FLI, HSI, LAP, WHR, BMI, and WC,
respectively. The calibration of the markers used was generally
good, with E:O ranging from 1.007 to 1.017, CITL ranging
from −0.033 to −0.014, and the calibration slope ranging from
0.996 to 1.011 (Figure 2b, Figure S1a).
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Sex-stratified analyses yielded similar results (Figure 2c–f,
Figure S1b,c). Among the 45,560 female participants, 3,761 had
MAFLD (8.3%), while among the 46,814 male participants,
15,631 had MAFLD (33.4%). The c-statistics of prediction by
each marker were generally higher in women than in men;
thus, FLI, HSI, LAP, WHR, BMI, and WC had c-statistics of
0.948, 0.940, 0.925, 0.921, 0.917, and 0.913, respectively, in
women and 0.845, 0.845, 0.829, 0.821, 0.815, and 0.817, respec-
tively, in men (Table 4).

Subgroup analyses
Among the 92,374 individuals included in the primary analysis,
53,673 (58.1%) patients had metabolic abnormalities (i.e., at risk
for MAFLD), among whom 16,993 (31.7%) had BMI <23 kg/
m2 with at least two glycemic/metabolic risk factors; 36,128
(67.3%) had BMI ≥23 kg/m2; and 4,524 (8.4%) had diabetes
(Figure S2, aggregated percentage exceeded 100% due to the
overlapping). The descriptive summary of fatty liver and meta-
bolic markers among each type of population at risk for
MAFLD is shown in Table 5.
The discriminative abilities of the six markers among peo-

ple with each glycemic/metabolic abnormality are listed in
Table 6. Among individuals at risk for MAFLD, fatty liver
and metabolic markers are most useful in the population
with diabetes (Table 6). In the population with diabetes, two

of the fatty liver markers, FLI and HSI, had excellent dis-
criminative abilities for MAFLD prediction with c-statistics of
0.836 (95% CI: 0.809–0.862) and 0.845 (95% CI: 0.820–
0.870), respectively. On the other hand, in this population,
metabolic markers had acceptable discrimination ability. In
comparison with the results analyzed in people with diabetes,
the discrimination abilities decreased among the population
with a BMI of <23 kg/m2 and metabolic risks or population
with a BMI of ≥23 kg/m2. As for calibration, all markers
yielded good results for calibration parameters among all the
sub-populations, i.e., E:O, CITL, and calibration slope (Fig-
ure 3b). Calibration for fatty liver or metabolic markers was
generally good among the individuals with BMI ≥23 kg/m2

and with diabetes (Figure 3d,f, Figure S1e,f).
The age-stratified analyses also provided similar results

(Figure 4, Figure S1g,h and Table 7). Among 59,089 partici-
pants aged <50 years, 10,120 had MAFLD (17.1%), while
among 33,285 participants aged ≥50 years, 9,272 had
MAFLD (27.9%). The c-statistics for each marker’s prediction
were generally higher in those aged <50 years than in those
aged ≥50 years; FLI, HSI, LAP, WHR, BMI, and WC had
c-statistics of 0.925, 0.913, 0.900, 0.871, 0.900, and 0.902,
respectively, in those aged <50 years, while c-statistics of
0.869, 0.865, 0.832, 0.781, 0.839, and 0.829 were obtained in
those aged ≥50 years, respectively.

Observations among individuals aged 18-80 who underwent a health check-up at Center for Preventive Medicine, St. Luke’s 

International Hospital with laboratory data and abdominal ultrasound data available between 2008 and 2019 (n=413,714)

Excluded (n=58,624)
Observatios who met either of the following exclusion criteria

Undergoing hormone replacement therapy (n=30,347)•
•
•
•
•

History of malignancy (n=26,513)
History of abdominal surgery (n=1,551)
Undergoing renal replacement therapy (n=82)
Pregnancy (n=131)

Observations without and with MAFLD among 92,374 individuals (n=355,090)

Recorded first observation for each individual (n=92,374)

People without MAFLD

(n=72,982)

People with MAFLD

(n=19,392)

Figure 1 | Flow chart of selection of participants: MAFLD, metabolic-associated fatty liver disease.
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DISCUSSION
This observational study used health checkup data obtained
from individuals in a high-volume center. The results showed
that all the six markers (FLI, HSI, LAP, WHR, BMI, and WC)
had excellent discriminative ability in predicting MAFLD in the
general population, and that the fatty liver index and the hep-
atic steatosis index had acceptable discriminative ability in all

the sub-populations. Thus, FLI and HSI will be effective tools
for predicting and screening MAFLD, both among the general
population and individuals with metabolic risk.
The observation that the FLI and HSI had stable diagnostic

abilities for MAFLD was in accordance with the results from
previous validation studies performed in several countries on
the diagnostic ability of the presence of FLI or HSI.11–15,40

Table 3 | Characteristics of eligible observations categorized based on the diagnosis of MAFLD among all participants

All individuals Individuals without MAFLD Individuals with MAFLD
Variable Category n = 92,374 n = 72,982 n = 19,392 P value

Age (years) 46.4 (11.8) 45.6 (11.8) 49.6 (11.1) <0.001
Male sex 46,814 (50.7%) 31,183 (42.7%) 15,631 (80.6%) <0.001
Body mass index (kg/m2) 22.4 (3.4) 21.4 (2.7) 26.1 (3.4) <0.001
Waist circumference (cm) 79.6 (9.7) 76.8 (8.0) 90.0 (8.4) <0.001
Abnormal waist circumference 22,071 (23.9%) 9,087 (12.5%) 12,984 (67.0%) <0.001
Waist-to-height ratio 0.48 (0.05) 0.47 (0.05) 0.54 (0.05) <0.001
Systolic blood pressure (mmHg) 117.9 (16.6) 115.3 (15.8) 127.9 (15.6) <0.001
Diastolic blood pressure (mmHg) 72.1 (11.6) 70.3 (11.1) 79.3 (11.0) <0.001
Anti-hypertensive treatment 7,824 (8.5%) 4,289 (5.9%) 3,535 (18.2%) <0.001
Hypertension 25,783 (27.9%) 15,639 (21.4%) 10,144 (52.3%) <0.001
Alcohol intake (g/day) 12.8 (22.5) 11.7 (21.2) 16.9 (26.3) <0.001
Alcohol overuse 17,017 (18.4%) 12,545 (17.2%) 4,472 (23.1%) <0.001
Smoking Current 13,819 (15.0%) 9,783 (13.4%) 4,036 (20.8%) <0.001

Never 56,633 (61.3%) 47,645 (65.3%) 8,988 (46.3%)
Former 21,922 (23.7%) 15,554 (21.3%) 6,368 (32.8%)

Hemoglobin level (g/dL) 13.9 (1.4) 13.6 (1.4) 14.8 (1.2) <0.001
Platelet level (109/L) 233.2 (50.6) 232.0 (50.2) 237.8 (51.9) <0.001
Serum albumin level (g/dL) 4.4 (0.2) 4.4 (0.2) 4.5 (0.2) <0.001
Aspartate aminotransferase level (U/L) 21.8 (9.6) 20.4 (7.7) 26.9 (13.4) <0.001
Alanine aminotransferase level (U/L) 22.6 (16.7) 18.8 (10.8) 37.0 (25.0) <0.001
Gamma-glutamyl transferase level (U/L) 34.3 (44.7) 28.1 (36.2) 57.6 (62.5) <0.001
Triglyceride level (mg/dL) 97.9 (79.4) 81.9 (54.4) 158.1 (119.5) <0.001
High-density lipoprotein-cholesterol level (mg/dL) 62.4 (15.6) 65.3 (15.1) 51.5 (11.8) <0.001
Low-density lipoprotein-cholesterol level (mg/dL) 116.5 (30.5) 112.8 (29.5) 130.2 (30.5) <0.001
Anti-dyslipidemia treatment 5,511 (6.0%) 3,272 (4.5%) 2,239 (11.5%) <0.001
Dyslipidemia 21,073 (22.8%) 10,917 (15.0%) 10,156 (52.4%) <0.001
Fasting blood glucose level (mg/dL) 99.5 (15.0) 97.0 (11.5) 108.9 (21.4) <0.001
HbA1c (%) 5.5 (0.5) 5.5 (0.4) 5.8 (0.8) <0.001
Anti-diabetic drug treatment 2,572 (2.8%) 1,214 (1.7%) 1,358 (7.0%) <0.001
Body mass index <23 kg/m2 with metabolic risks 16,993 (18.4%) 14,471 (19.8%) 2,522 (13.0%) <0.001
Body mass index ≥23 kg/m2 36,128 (39.1%) 19,351 (26.5%) 16,777 (86.5%) <0.001
Diabetes 4,524 (4.9%) 1,811 (2.5%) 2,713 (14.0%) <0.001
Prediabetes 39,405 (42.7%) 26,785 (36.7%) 12,620 (65.1%) <0.001
Metabolic syndrome 8,366 (9.1%) 2,243 (3.1%) 6,123 (31.6%) <0.001
Estimated glomerular filtration rate (mL/min/1.73 m2) 78.6 (14.6) 79.3 (14.6) 76.2 (14.2) <0.001
C-reactive protein level (mg/dL) 0.10 (0.33) 0.09 (0.32) 0.15 (0.38) <0.001
Positivity to HBV s-antigen 766 (0.8%) 587 (0.8%) 179 (0.9%) 0.11
Positivity to HCV antibody 412 (0.4%) 338 (0.5%) 74 (0.4%) 0.13
History of cardiovascular disease 1,187 (1.3%) 784 (1.1%) 403 (2.1%) <0.001
Fatty liver index 21.1 (23.2) 13.4 (15.7) 49.7 (24.5) <0.001
Hepatic steatosis index 31.5 (5.1) 29.9 (3.6) 37.4 (5.3) <0.001
Liver accumulation product 22.4 (26.8) 15.7 (15.0) 47.5 (42.1) <0.001

Data are presented as the mean (standard deviation) for continuous measures and as n (%) for categorical measures. HbA1c, glycated hemoglobin;
HBV, hepatitis B virus; HCV, hepatitis C virus; MAFLD, metabolic-associated fatty liver disease.
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Figure 2 | Receiver operating characteristic curves and calibration plots of predictive models using the fatty liver index, hepatic steatosis index, lipid
accumulation product, waist-to-height ratio, body mass index, and waist circumference for predicting MAFLD among all, female, and male partici-
pants. (a) Receiver operating characteristic curves showing discriminative abilities among whole population. (b) Calibration plots of the predictive
models among whole population. (c) Receiver operating characteristic curves showing discriminative abilities among female population. (d) Calibra-
tion plots of the predictive models among female population. (e) Receiver operating characteristic curves showing discriminative abilities among
male population. (f) Calibration plots of the predictive models among male population. CITL, calibration in the large index; E:O, expected probability
vs observed frequency ratio; slope, calibration slope.
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However, the FLI and HSI had a better performance in the
current study than in previous studies regarding the diagnostic
ability for fatty liver or NAFLD presence. This result can be
attributed to the following. First, considering that fatty liver
index can predict cardiovascular diseases41 and that patients
with MAFLD are more likely to develop these conditions,3,4

FLI is presumably more effective in predicting MAFLD than in
predicting NAFLD. Second, both markers have predictive ability
for metabolic abnormalities, especially for glucose intolerance.
The fatty liver index can predict the aggravation of glycemic
status or metabolic syndrome,42–44 while HSI can also report-
edly predict gestational diabetes mellitus45 or carotid atheroscle-
rosis in patients with type 2 diabetes mellitus.46 Hence, it can
be inferred that FLI and HSI can predict the presence of fatty
liver and glucose intolerance, that is MAFLD.
The other marker of fatty liver, lipid accumulation product,

and metabolic markers, such as WHR, BMI, and WC, had
diagnostic ability that was slightly inferior but almost compara-
ble to FLI and HSI for MAFLD prediction. Although LAP was
a good predictor of MAFLD, the confidence interval coverage
suggests that LAP may be less useful than FLI in predicting
MAFLD in our study, and this result was similar to that of
NAFLD studies that compared the diagnostic performance of
FLI and LAP in Europe.11 The results of another previous
study were also consistent with our findings, showing that the
fatty liver index may have a higher diagnostic ability for fatty
liver than BMI, WHR, or WC and that these three metabolic
markers are also good predictors of fatty liver.15

Although results of diagnostic abilities and calibration among
each subtype of MAFLD suggest that fatty liver and metabolic
markers are useful as well, they differed in cut-off values among
the three groups. Among the three groups, the population with
BMI <23 kg/m2 and metabolic risks had lower cut-off values
than those of the other two groups in two fatty liver markers,
FLI and LAP, for MAFLD diagnosis. This fact may remind us
that interpreting FLI and LAP in association with MAFLD
necessitates the presence/absence of overweight/obesity and dia-
betes.
Our results suggest that the c-statistics of markers predictive

of the presence of fatty liver were lower in men than in women
and lower in participants aged ≥50 years than in participants
aged <50 years. These trends have also been confirmed in pre-
vious studies.11,13,15 The exact reason for this remains unknown,
but differences in the prevalence of MAFLD might affect these
trends.47

The prevalence of MAFLD was relatively low in the general
population compared with that in the cohort of a previous
study in another country.48 However, this result might be
attributed to the fact that the prevalence of diabetes is higher in
the USA than in Japan.49,50 Meanwhile, the prevalence of
NAFLD is comparable.14,25 There is insufficient evidence
regarding the prevalence and incidence of MAFLD because the
term was only coined in 2020. Therefore, future studies should
be conducted in other countries as well.
Our study has several strengths. First, we made a diagnosis

of MAFLD in the general population using detailed information

Table 5 | Summary of fatty liver and metabolic markers for each type of population at risk for MAFLD

Population Marker Individuals without MAFLD Individuals with MAFLD P value

Population with BMI <23 kg/m2 and metabolic risks N = 14,471 N = 2,522
FLI 14.1 (12.3) 26.2 (15.9) <0.001
HSI 29.1 (2.7) 31.8 (3.1) <0.001
LAP 16.3 (14.2) 28.8 (23.7) <0.001
WHR 0.46 (0.04) 0.48 (0.03) <0.001
BMI 21.0 (1.5) 21.8 (1.0) <0.001
WC 77.1 (5.5) 80.8 (4.4) <0.001

Population with BMI ≥23 kg/m2 N = 19,351 N = 16,777
FLI 29.5 (19.4) 53.4 (23.4) <0.001
HSI 33.8 (3.2) 38.3 (5.1) <0.001
LAP 27.2 (20.2) 50.5 (43.5) <0.001
WHR 0.51 (0.04) 0.54 (0.05) <0.001
BMI 24.9 (1.8) 26.8 (3.1) <0.001
WC 85.6 (6.0) 91.4 (8.0) <0.001

Population with diabetes N = 1,811 N = 2,713
FLI 24.1 (20.8) 57.5 (25.3) <0.001
HSI 33.1 (3.9) 39.9 (5.8) <0.001
LAP 23.6 (23.2) 56.8 (52.6) <0.001
WHR 0.50 (0.05) 0.55 (0.06) <0.001
BMI 22.8 (3.1) 27.0 (4.1) <0.001
WC 82.2 (8.6) 92.5 (9.9) <0.001

Data are presented as mean (standard deviation). BMI, body mass index; FLI, fatty liver index; HSI, hepatic steatosis index; LAP, lipid accumulation
product; MAFLD, metabolic-associated fatty liver disease; WC, waist circumference; WHR, waist-to-height ratio.
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Figure 3 | Receiver operating characteristic curves and calibration plots of predictive models using the fatty liver index, hepatic steatosis index, lipid
accumulation product, waist-to-height ratio, body mass index, and waist circumference for predicting MAFLD among each type of the population
at risk for MAFLD: the population with body mass index <23 kg/m2 and metabolic risks, the population with body mass index ≥23 kg/m2, and the
population with diabetes. (a) Receiver operating characteristic curves showing discriminative abilities among the population with body mass index
<23 kg/m2 and metabolic risks. (b) Calibration plots of the predictive models among the population with body mass index <23 kg/m2 and
metabolic risks. (c) Receiver operating characteristic curves showing discriminative abilities among the population with body mass index ≥23 kg/
m2. (d) Calibration plots of the predictive models among the population with body mass index ≥23 kg/m2. (e) Receiver operating characteristic
curves showing discriminative abilities among the population with diabetes. (f) Calibration plots of the predictive models among the population
with diabetes. CITL, calibration in the large index; E:O, expected probability vs observed frequency ratio; slope, calibration slope.
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obtained during annual checkups, mostly consisting of individ-
uals attending compulsory checkups that they are legally
obliged to do in Japan. Thus, the population examined reflects
the general population of Japan. Second, we described the diag-
nostic abilities of as many as six markers previously considered
useful in diagnosing MAFLD. In addition, we used a dataset

obtained from a large checkup center in Japan; therefore, the
measurements from the sample assays were standardized.
Our study has several limitations. First, although ultrasonog-

raphy is commonly used as a diagnostic method for MAFLD,
liver pathology was not confirmed because data were not avail-
able. Furthermore, we did not assess the severity of hepatic
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Figure 4 | Receiver operating characteristic curves and calibration plots of predictive models using the fatty liver index, hepatic steatosis index, lipid
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steatosis in patients with MAFLD because of a lack of histologi-
cal data. Third, because there was no information about the
homeostasis model assessment of the insulin resistance score,
there might have been misclassifications. Finally, we did not
perform preparation of a new predictive model using existing
markers because our study aimed to examine the usefulness of
existing markers for fatty liver in diagnosing MAFLD. Further
studies should be conducted to address these issues.
In conclusion, this retrospective cross-sectional study, using

data obtained from participants in a large-scale checkup center,
revealed that all fatty liver and metabolic markers are excellent
predictors for MAFLD among the general population, and that
especially, FLI and HSI are stable predictors for MAFLD in all
sub-population analyses. These markers may be useful for pre-
dicting the presence of MAFLD in daily clinical practice.
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SUPPORTING INFORMATION
Additional supporting information may be found online in the Supporting Information section at the end of the article.

Figure S1 | Calibration curves with lowess smoothers.

Figure S2 | Flowchart for subgroup analysis.
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