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Abstract

Background: Fatty liver index (FLI) is the most recognized blood biomarker for diagnosis of hepatic steatosis (HS),
but lacks the reliable specific cut-off points (COPs). Therefore, we aim to investigate the population-specific COPs of
FLI based on the results of liver ultrasound transient elastography (LUTE) and conventional ultrasonography in the
National Health and Nutrition Examination Survey (NHANES).

Methods: 5948 participants who underwent LUTE from the NHANES 2017-2018 and 14,797 participants who under-
went conventional ultrasonography from the Third NHANES (NHANES Ill) were recruited. FLI was calculated by using
body mass index (BMI), waist circumference (WC), triglyceride, and gamma-glutamy! transferase, and its optimal COPs
in a specific population (stratified by sex, BMI, and WC) were obtained from receiver operator characteristics (ROC)
curve with ultrasonic-diagnosed HS as the reference standard.

Results: Based on LUTE in NHANES 2017-2018, the prevalence of HS and metabolic dysfunction-associated fatty liver
disease (MAFLD) were 58.7% and 56.2%, respectively, and the optimal COP of FLI for HS diagnosis in the overall popu-
lation was 45.60, with an area under ROC curve (AUROC) of 0.833 (0.822-0.844). Based on conventional ultrasonogra-
phy in NHANES IlI, the prevalence of HS and MAFLD were 34.4% and 27. 9%, respectively, and the optimal COP of FLI
for HS was 59.5, with an AUROC of 0.681 (0.671-0.691). With the increase of BMI and WC, the COPs increased gradually
with significant differences between different groups. Compared with conventional ultrasonography, the COPs of FLI
based on LUTE were much more precise, with higher diagnostic ability. The population-specific COPs of FLI stratified
by gender, WC, and BMI were tabulated.

Conclusion: In the United States, the incidences of HS and MAFLD were high, especially when assessed by LUTE. The
FLI based on LUTE is well capable of predicting HS when stratified by gender, WC, and BMI.

Keywords: Fatty liver index, Hepatic steatosis, Cut-off points, Liver ultrasound transient elastography, Controlled
attenuation parameter, NHANES

Introduction

Along with thorough research, fatty liver disease was
recognized to be associated with metabolic dysfunc-
tion, and the all-cause mortality of patients with fatty
' Department of Endocrine and Breast Surgery, The First Affiliated Hospital liver disease was much higher than that of the gen-
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dysfunction-associated fatty liver disease (MAFLD),
was proposed to replace the non-alcoholic fatty liver
disease (NAFLD) [2]. The diagnosis of hepatic steato-
sis (HS) is the first step in both NAFLD and MAFLD.
The expert consensus on MAFLD recommended three
approaches for the diagnosis of HS: imaging tech-
niques, blood biomarkers/scores, or liver histology.

Fatty liver index (FLI) is a most acknowledged blood
biomarker to diagnose HS at present, but no specific
COPs were given. FLI is a simple algorithm developed
by Bedogni et al. [3] for the prediction of fatty liver
in the general population, which is composed of four
components: waist circumference (WC), body mass
index (BMI), triglycerides (TG), and gamma-glutamyl
transferase (GGT). In Bedogni’s studies [3], they con-
cluded that an FLI<30 can be used to rule out and an
FLI> 60 could be used to rule in fatty liver, respectively.
However, this COP of FLI for diagnosis of HS was inac-
curate due to the absence of stratification of gender
and age, although these factors were not considered
predictors of fatty liver when FLI was created. Previ-
ous studies demonstrated that age and sex were impor-
tant modifiers of FLI variability [4, 5]. Furthermore, the
prevalence of fatty liver was significantly higher in men
than that in women with reproductive age, and male
gender is a risk factor for fatty liver [6, 7]. Many fac-
tors may contribute to gender differences in the inci-
dence of fatty liver, such as waist-to-hip ratio, estrogen,
abdominal fat distribution, etc. [8, 9]. Our preliminary
study showed significant difference of COPs of FLI for
HS diagnosis between Chinese males (37.25: sensitiv-
ity=281.23, AUROC=0.856) and females (17.00: sen-
sitivity = 85.94, AUROC =0.909), respectively [10]. In
addition to gender stratification, we further provided
Asian population-specific COPs of FLI for the diagno-
sis of HS with stratification of WC and BMI [11]. The
COPs of FLI for diagnosing HS varied with different
genders, WC and BMI, and so, these factors should be
taken into consideration when using FLI to diagnose
HS.

The COPs of FLI depend on the results of ultrasonog-
raphy, a noninvasive first-line modality for the diagnosis
of HS. Liver ultrasound transient elastography (LUTE), a
new ultrasound technique, could simultaneously meas-
ure the ultrasound attenuation related to the presence
of HS and records the controlled attenuation parameter
(CAP) as the indicator for the fatness in the liver. CAP
obtained from LUTE is a numerical value that has been
proved to be significantly in line with the percentage of
steatosis and the histological degree of steatosis [12—-15].
Therefore, the diagnosis of HS by LUTE is much more
objective and sensitive than conventional ultrasonogra-
phy, which contributes to early detection and treatment
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of HS. In this study, we aimed to obtain the population-
specific COPs of FLI based on both conventional ultra-
sonography and LUTE.

The National Health and Nutrition Examination Sur-
vey (NHANES) is a program of studies designed to assess
the health and nutritional status of adults and children
in the United States. Findings from this survey can be
used to assess the health status and disease spectrum of
the American population, and used in epidemiological
studies and health sciences researches. According to data
from the NHANES, in this study, we aimed to obtain the
population-specific COPs (stratified by gender, WC and
BMI) of FLI based on both conventional ultrasonography
and LUTE, so as to better apply FLI for the diagnosis of
HS in Americans.

Materials and methods

Study design and participants

All study data were collected from the American
NHANES (https://www.cdc.gov/nchs/nhanes/index.
htm). Participants who underwent LUTE (FibroScan®)
(n=5948) in NHANES 2017-2018 and conventional
hepatic ultrasonography (n=14,979) in NHANES III
were enrolled. Invalid or missing data were excluded, and
all data were double-checked. Exclusion criteria included:
(1) age under 18 years old; (2) without key covariates:
BMI, WC, TG and GGT; (3) confidence in HS assessment
was “None” or “Doubtful” After exclusion, the calcula-
tion of FLI and determination of COPs were performed
on 4633 qualified participants in NHANES 2017-2018
(Additional file 1: Fig. S1) and 9214 participants in
NHANES III (Additional file 1: Fig. S2).

Index calculation
FLI was calculated by BMI (1<g/m2), WC(cm), TG(mg/

dL) and GGT(U/L) of these subjects based on the algo-
rithm [FLI: (60.953“loge (triglycerides)+0.139*BMI+0.718"loge(GGT)+

O.OSS*WC715.745)/(1 + e0‘953*loge(triglycerides)qLO‘139*BMI+0‘718*°'loge

(GED)+0.053"WC-15745) *100] [3]. Taking the HS diagnosed
by ultrasonography as the reference standard, the opti-
mal COPs of FLI were determined in a receiver operating
characteristics (ROC) curve analysis by maximizing the
Youden index. Homeostatic model assessment for insulin
resistance (HOMA-IR) calculated by fasting glucose in
mmol/L times insulin in pU/mL divided by 22.5 [16].

Definitions and subgroups

In NHANES 2017-2018, the presence of HS was
determined by LUTE with FibroScan® (EchosensTM
North America), and the categorized assessment of
HS based on CAP encompassed normal (CAP <248),
mild (248 <CAP<268), moderate(268 <CAP <280)
and severe (CAP>280) [17]. HS assessed by hepatic
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ultrasonography (Toshiba Sonolayer SSA-90A) in
NHANES III was also reported as normal, mild, mod-
erate, or severe. Moreover, all mild to severe HS were
considered as HS, regardless of the method used. Based
on the BMI and WC criteria for Caucasians made by
World Health Organization (WHO), BMI was divided
into four groups: underweight (<18.5 kg/m?), normal
(>18.5 kg/m? and <25.0 kg/m?), overweight (>25.0 kg/
m? and < 30.0 kg/m?) and obese (>30.0 kg/m?), and WC
was divided into normal (<88 cm in female and <102 ¢cm
in male) and abnormal (>88 cm in female and > 102 cm
in male) groups. The optimal COPs of FLI for HS diagno-
sis in different sex were determined for different WC and
BMI stratification. MAFLD was defined and diagnosed
according to the international expert consensus state-
ment released in 2020 [2]. The history of drug use and
various metabolic indicators (HDL-cholesterol, fasting
glucose, HbAlc, insulin, high-sensitivity C-reactive pro-
tein, etc.) involved in the diagnostic criteria of MAFLD
were obtained from the database, and hypertension and
diabetes were diagnosed according to widely accepted
international standards.

Statistical analysis

All the continuous variables were tested by normality
testing and described by medians (interquartile range),
and categorical variables were described by number
(proportions). Due to non-normally distributed covari-
ates, the Mann—Whitney U test was performed to com-
pare continuous variables of MAFLD and Non-MAFLD
groups, and the Kruskal-Wallis test was used to test the
difference among different degrees of HS (mild, moderate
and severe). All the analysis was performed at SPSS 26.0.
A two-tailed p value<0.05 was considered statistically.
The cut-off points of FLI and corresponding sensitivity,
specificity, positive likelihood ratio, negative likelihood
ratio, Youden index and area under the receiver operat-
ing characteristic curve (AUROC) were performed with
MedCalc version 19.0.7. The Youden index is sensitivity
plus specificity minus 1, and the larger the Youden index,
the higher the accuracy of diagnosis. The optimal COPs
of FLI for HS diagnosis were determined in a ROC analy-
sis by maximizing the Youden index.

Results

Prevalence of HS and baseline characteristics

of participants

Finally, a total of 4633 eligible participants in NHANES
2017-2018 and 9214 eligible participants in NHANES III
were recruited in this study. In NHANES 2017-2018, the
incidence of HS diagnosed by CAP obtained from LUTE
in the participants was 58.7% (95% Confidence interval
(CI) 57.3-60.1%), with mild, moderate and severe HS
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accounting for 10.3%, 7.7% and 40.7%, respectively. Over-
all, the prevalence of HS in males [62.9% (95%CI 60.9—
64.9%)] was higher than that in females [54.7% (95%CI
52.7-56.7%), and this difference remained after stratifi-
cation for BMI and WC. Moreover, with the increase of
WC and BMI, the incidence of HS increased significantly.
Only 25.86% of participants with normal BMI (> 18.5 kg/
m? and <25.0 kg/m?) had HS, while 81.68% of overweight
participants had HS. Participants with abnormal WC
were nearly twice as likely as those with normal WC to
have HS. The specific incidence of HS at different WC
and BMI stratification were shown in Table 3.

Combined with the participants’ medical history
and laboratory results, 56.2% (95%CI 54.8-57.6%) had
MAFLD. Given the incomplete metabolic indicators of
some participants, the prevalence of MAFLD should be
higher than 56.2%. Participants with MAFLD had larger
BMI and WC, and higher cholesterol, TG, fasting glucose,
insulin, HbA1c level and lower high-density lipoprotein
cholesterol (Table 1). The level of hepatic enzymes such
as aspartate aminotransferase (AST) and alanine ami-
notransferase (ALT) of participants with MAFLD was
significantly higher than that of Non-MAFLD, and the
more the severity of HS, the higher the liver stiffness
(Table 1). Meanwhile, with the exception of ALT, there
was no difference between mild and moderate MAFLD,
but there were remarkable differences in all metabolic
indicators compared with severe MAFLD (Table 1).

In NHANES III, the prevalence of HS and MAFLD
was 34.4% (95%CIl 33.4-35.3%) and 27.9% (95%CI
27.0-28.8%), respectively. Differences in the prevalence
of HS diagnosed by conventional hepatic ultrasonogra-
phy among various stratifications in NHANES III were
similar to NHANES 2017-2018, but much lower than
NHANES 2017-2018. And there were statistically signifi-
cant differences in baseline characteristics among differ-
ent degrees of HS (Table 2).

COPs

In NHANES 2017-2018, the optimal COP of FLI for
HS diagnosis in overall population was 45.60, with an
AUROC of 0.833 (0.822-0.844), sensitivity of 80.85%
(79.3-82.3%) and specificity of 70.50% (68.4—72.5%).
For males, if FLI was greater than 48.57, HS could be
considered with a sensitivity of 81.80% and specificity
of 69.78%. And the value for female to diagnosis HS
was 41.93 (sensitivity =80.34%, specificity=70.89%).
There was a significant difference in the optimal COPs
of FLI for HS diagnosis between normal (<88 c¢m in
females, <102 cm in males) and abnormal WC groups
(35.60 vs. 85.04 in males and 14.29 vs. 75.28 in females).
Similarly, the COPs of FLI for HS diagnosis differed
greatly by BMI. After stratification by WC and BMI, the
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Table 1 Baseline characteristic of participants with or without MAFLD in NHANES 2017-2018
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Non-MALFD MAFLD (n=2604)
(n=2029)
Whole? Mild (n=429) Moderate (n=326) Severe (n=1849)

Age (year) 42.0(33) 55.0 (25) 56.0 (25) 53.5(30) 55.0 (24)
Gender

Male 903 (44.5) 1378 (52.9) 189 (44.1) 161 (49.4) 1028 (55.6)

Female 1126 (55.5) 1226 (47.1) 240 (55.9) 165 (50.6) 821 (44.4)
Race-ethnicity

Mexican American 204 (10.0) 451 (17.3) ( 4) 42(12.9) 356 (19

Other Hispanic 174 (8.6) 263 (10.1) 6(13.1) 32(9.8) 175 (9. )

Non-Hispanic White 4(35.2) 892 (34.3) 121 (2 2) 20 (36.8) 651 (35.2)

Non-HISPANIC Black 2(25.2) 521(20.0) 108 (25.2) 70 (21.5) 343 (18.6)

Other Race 425(20.9) 477 (18.3) 91 (21.2) 62 (19.0) 324 (17.5)
BMI(kg/mz) 24.6 (6.1) 31.5(83) 292 (7.15) 294(6825) 324 (8.7)¢
WC (cm) 87.8(17.3) 106.5 (20.0) 101.0 (16.0) 9(15.9) 1094 (20.5)
HC (cm) 97.85 (12.8) 109.0 (17.7) 105.6 (16.5) 1064(153) 1104 (18.3)
ALT (IU/L) 15.0 (9) 20.0 (15) 17.0(10) 190 (12)° 220 (16)
AST (IU/L) 19.0 (7) 20.0(9) 19.0 (8) 19.0(8) 20.0 (10)°
GGT (IU/L) 17.0(13) 25.0(21) 20.0 (15) 23.0(18) 260(24)
ALB (g9/L) 410 (4) 410 (5) 40.0 (4) 400 (4) 0(5)
Cholesterol (mmol/L) 4.63(1.33) 4.88(1.42) 4.86 (1.36) 4.84(1.3) 4.89(142)
Triglyceride (mg/dL) 91.0 (63) 139.0 (99) 118.0 (76) 125.0 (96) 147.0 (102)
HDLC (mmol/L) 1.45 (0.49) 22(042) 1.29 (0.46) 1.24 (0.49) 1.16 (0.39)
Hs-CRP (mg/L) 1.14(211) 262 (4.1) 2.05 (3.52) 2.07 (3.01) 2.87 (4.29)
Fasting Glucose (mmol/L) 5.00 (0.67) 538(1.11) 5.27(0.75) 527 (0.95) 544 (1.27)<
HbA1c (%) 4(0.5) 7(0.8) 6(0.7) 56(0.7) 8(1.0
Insulin (uU/mL) 6.96 (5.62) 2(126) 10.08 (6.53) 1017(9 25) 15.09 (137)Cd
Liver stiffness 5(1.8) 4(24) 9(20) 120 627
CAP (dB/m) 213 (43) 303 (62) 258. O( 0) 273.0(6) 0(52)

BMI body mass index, WC waist circumference, HC hip circumference, ALT alanine aminotransferase, AST aspartate aminotransferase, GGT aamma glutamyltransferase,
ALB albumin, HDLC high density lipoprotein cholesterol, CAP controlled attenuation parameter

2 All the indexes between Non-MAFLD and MAFLD have statistical differences (P<0.05)
b There are statistical difference between mild and moderate MAFLD groups (P < 0.05)

“There are statistical difference between mild and severe MAFLD groups (P <0.05)

94 There are statistical difference between moderate and severe MAFLD groups (P <0.05)

COPs of FLI for diagnosis of HS were generally lower
in females than those in males. Furthermore, with the
increase of BMI and WC, the COPs increased gradually
with significant difference between different groups.
Detailed data were presented in Table 3. In the under-
weight group, the diagnostic ability of FLI in diagnosing
HS was low, or ROC analysis could not be performed
due to insufficient data. However, with the exception of
those participants with low body weight, the AUROC
of FLI was almost all greater than 0.700, suggesting that
FLI had an acceptable diagnostic ability for the diagno-
sis of HS.

In NHANES 111, the COP of FLI for HS diagnosis in
overall participants was 59.54 with an AUROC of 0.681

(0.671-0.691). The COP of FLI for men to diagnose
HS was 61.47 (AUROC=0.706, sensitivity=55.53%,
specificity =75.15%), and the value for women was
51.65 (AUROC=0.659, sensitivity=>56.6%, specific-
ity=71.65%). In NHANES 2017-2018, HS was diag-
nosed by LUTE, while in NHANES III, it was diagnosed
by conventional hepatic ultrasonography. The diagnos-
tic ability of FLI for HS diagnosis in NHANES III was
low. Compared with ultrasonography, the COPs of FLI
based on LUTE obtained from Fibroscan were much
more precise, with higher AUROC, sensitivity and
specificity. The population-specific COPs of FLI for HS
diagnosis stratified by gender, WC, and BMI were tabu-
lated in Table 4. All COPs were simplistically presented
in Tables 5 and 6.
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Table 2 Baseline characteristic of participants with or without MAFLD in NHANES Il

Non-MALFD MAFLD (n=2569)
(n=6645)
Whole® Mild (n=853) Moderate (n=1006) Severe (n=710)

Age (year) 38(25) 47.0(27) 430(28) 470 (27)° 490 (26)°
Gender

Male 3021 (45.5) 1269 (49.4) 378 (4423) 517 (514) 374 (52.7)

Female 3624 (54.5) 1300 (50.6) 475 (55.7) 489 (48.6) 336 (47.3)
Race-ethnicity

Non-Hispanic white 2623 (39.5) 910 (354) 287 (33.6) 369 (36.7) 254 (35.8)

Non-Hispanic black 49 (323) 643 (25.0) 247 (29.0) 231 (23.0) 165 (23.2)

Mexican-American 1546 (23.3) 905 (35.2) 278 (32.6) 366 (36.4) 261 (36.8)

Other 327 (49) 111 (4.3) 41 (4.8) 40 (4.0) 30 (4.2)
BMI (kg/m?) 249(59) 296 (6.9) 287 (7.0) 299 (6.9)° 304 (6.8)°
WC (cm) 87.6 (18.0) 101.2(16.8) 974 (16.8) 102.5 (16.4)° 1036 (16.1)°
ALT (1U/L) 009 180 (14) 15.0(10) 180 (14)° 210 (18)
AST (IU/L) 9(6) 21 (10) 19.0(8) 21.0(10)° 220012
GGT (U/L) 200 (16) 28.0 (26) 240(21) 29.0 (26)° 33.0 (30)
ALB (g/L) 41 (5) 41 (4) 400 (4) 410 (4P 410 (4
Cholesterol (mmol/L) 502( 4) 543 (145) 53(1.47) 548 (1.47)° 549 (1.35)
Triglyceride (mg/dL) 1(0.78) 1.75(1.37) 1.55(1.18) 1.81(1.39)° 1.95 (1.64)
HDLC (mmol/L) 32 (0.49) 1.14(041) 1.19(042) 1.11(0.39)° 1.09 (0.38)
Fasting Glucose (mmol/L) 0(0.72) 538(1.11) 5.27 (0.94) 538(1.11)° 5.55 (1.28)
HbA1c (%) 3(06) 55(09) 55(0.7) 55(08)° 56 (1.0)
Insulin (uU/mL) 7.86 (5.47) 13.35(10.86) 64 (9.31) 13.90 (11.10)° 15.18 (12.62)

BMI body mass index, WC waist circumference, HC hip circumference, ALT alanine aminotransferase, AST aspartate aminotransferase, GGT aamma glutamyltransferase,

ALB albumin, HDLC high density lipoprotein cholesterol

2 All the indexes between Non-MAFLD and MAFLD have statistical differences (P <0.05)

b There are statistical difference between mild and moderate MAFLD groups (P<0.05)

“There are statistical difference between mild and severe MAFLD groups (P < 0.05)

dThere are statistical difference between moderate and severe MAFLD groups (P <0.05)

Discussion

In this study, we provided, for the first time, detailed
population-specific COPs of FLI for the diagnosis of
HS among Americans based not only on the common
abdominal ultrasonography but also on CAP obtained
from LUTE. And all data analyzed were derived from
authoritative NHANES. FLI was first proposed by
Bedogni et al. for the prediction of fatty liver among Ital-
ians (216 subjects with and 280 without suspected liver
disease) [3]. Several studies demonstrated that the FLI
had excellent discriminative ability to detect ultrasono-
graphic HS, and outperforms other non-invasive mark-
ers such as BMI, WC, TG, cholesterol and so on [18—20].
Furthermore, in addition to predicting HS, studies had
shown that FLI was also associated with metabolic and
cardiovascular disease, and all-cause mortality [21-23].
Therefore, FLI has great clinical application value in
health screening and epidemiologic studies, particu-
larly when ultrasound and other imaging examinations
are unavailable. However, there were no acknowledged

COPs of FLI for the diagnosis of HS. Bedogni et al. sug-
gested that a FLI<30 could be used to rule out (sensi-
tivity =87%; specificity=64%) and a FLI>60 to rule in
hepatic steatosis (sensitivity=61%; specificity =86%),
respectively. Koehler et al. [20] further validated that
the COPs (30 and 60) had great diagnostic efficacy for
HS through a Rotterdam study of 2652 participants. A
cross-sectional study that included 8626 middle-aged
and elderly Chinese (over 40 years old) found the optimal
COP of FLI for the diagnosis of HS was also 30 with a
maximum Youden Index of 0.51 [24].

However, this COP was inaccurate for that gender
and race differences are not taken into account. The
COPs of the main components of FLI for HS diagnosis,
BMI and WC, were different with the variations of gen-
der and ethnicity. Thus, the COPs of FLI for the diag-
nosis of HS should be different in different populations
and need to be validated when used in a different popu-
lation. Moreover, NAFLD/MAFLD has been proved
to be a heterogeneous disease [25, 26], which makes it



Page 6 of 13

(2022) 22:265

Wu et al. BMC Gastroenterology

1000'0> 9¢0¥'0 90 9T (88/-€0/) LL YL (61559959  (/8£0-L1£0) LSL0 85 LL< 788l 66 9S  0ST>ING>S8L
10000 > S6080 000 4 (F'16-6'59) 5608 (00L-T'62) 00001 (876'0-0££0) 980 89 < 199 € St S8L>INg
1000'0> 00S¥0 o 00°¢ (608-8€L) 87 /L (8Y/~965)TSL9  (H080-TYL0) /L0 6CFL< 8/1¢C SL 1L 88>DM
o[bWio
10000> LLPE0 S50 o (€€8-£'G9) STSL  (ST9-TSS) 9885  (67£°0-9890) 8LL0 SEl6< €18 ceL €es 00€ <INg
1000'0> 190€0 S0 8Ll (S€/-89%) LL09  (¥'9/-879) 6869 (8E£0-L190) 6/90 0£'€9< 989/ 98l vz 00£>INg>0ST
0 4 qO'ST>ING> 581
0 45’81 >INg
10000 > 79CE0 150 L6 (9€/-€85)¥C99  (#69-T€9) ££99  (S¥/£'0-0690) 8LL0 Y068 < 6758 0l6 /90l 20L<DOM
€7200 619€0 70 ale (068-€'1¥) 5289 (608-5'19) ¥¥'£9  (1L080-25S0) 9890 €0'89< 887/, ¢ 65 00€ <INg
10000 > ¥/0€0 670 L] (099-5'€5) ¥86S  (85/-959) 060L  (S¥/0-6990) 800 09t < [¥'95 €€ TS 00£>IWA<OST
1000'0> SLEVO 170 99°¢C (6£4-069)29€L  (CLL~TTIYEL0L  (6820-9120) ¥SL°0 9rer< 06'£C ¥SL 7SS 0ST>ING<GS8L
¥1€90 L99%'0 750 oSl (6'66-878) L996 (T'€6-89) 0005  (L££'0-97#0) 8090 [E1> 0671 4 L€ o581 >INg
10000> EPPy0 L€0 8r'C (F'€4~+99) 000/  (1'8/-G0/) €v'v/  (€080-G52°0) 0820 09°6e< o'ty ves  vlel 201 >DM
3oy
DM pup [Ng Aq paynpis
10000> 9//€0 340 vlC (674-€09) 1899 (L'¥/=9'£9) S60L  (69L0-¥1L0) TvL0 €8'18< 9T/LL 8//  L00L 00 <INg
10000 > £99¢0 oro 561 (6'99-8SS) 6+ (96/-€04) ¥ (¥9£0-569°0) LEL0 199¢< 6£°€S vSE €99 00€>ING<0ST
10000> L8TH0 340 et (88/-0'14)S0S.  (I'S/~£65)9//9  (0080-E€£°0) 8920 cepL< 98'€C 7SL /89 0SC>ING<S8L
1000'0> $608°0 000 STS (F16-6'59) 5608 (000L-767) 001 (876'0-0££0) 980 89% < L99 ¢ St S8L>1Ng
oleul=
1000'0> 8SvE0 950 79T (£68-104) €98L  (S65-€TS) S6'SS  (1SL0-+690) STL0 SEL6< €/'98 S9/ 788 00€ <INg
10000 > 20230 850 6/C (C58-1'9/)8608  (5/5-98¥) S0ES  (£5£0-5690) LT/ 0 6079< €579 605  ¥l8  00£>ING<O0ST
1000'0> hade 0r'0 19T (6£4-069)29€.  (SL/-1T9) 1S0L (26£0-61L0) L5L°0 9rer< 91'8¢ oSl $SS  0ST>ING<GS8L
68190 0£9%°0 750 sel (6'66-018) 0£'96 (T'€6-89) 0005  (08£°0-07#0) LL90 LE1> 0671 4 L€ 581 >1Ng
Slew
1000'0> L6SE°0 70 14¥4 (8TL-LT9)T6L9  W0L~£'59) SO89  (£940-€7L0) €vL0 0098< 89'18 €PSL 6881 00£ <INg
10000 > 0LPE€0 S¥0 68'1 (¥'59-9/9) 9519 (§5/~v'69) ¥STL  (SSL0-60£0) TELO €LYy < €¥'8S €98 /¥l 00€>INg<05C
10000> 002¥0 70 16T (F18-6SL) L1L8L  (L89-LLS) LE€E9  (¥8L0-¥€L0) 09L0 LL02< 98'ST 80¢ 1611 0ST>ING<S8L
Y6750 ¥S6€°0 wo 44 (88/-855) 7189 (€£96-060) €1/ (00£0-69%0) 8850 ors< 176 L 9/ S8L>1Ng
Iwg Aq paynons
10000> €T150 870 9T (9€/-189) 680L  (ST8-1'84) €08  (W¥80-€180) 6780 €6'1Y < s [8T1 TSET Slews
10000 > L5150 970 VA4 (67/-999)8/69  (8€8-L6/) 0818 (2580-1780) LEBD LS8 < /879 veEvL  18TT 3lew
10000> SELS0 LT0 vLT (§T/-¥'89)0S0L  (£78-€64)S808  (¥¥80-7T80) ££€8°0 09 < €/'85 lz/c €9y [o10]
onel onel (%) (%)
pooyial] pooyldyl] (uomndeijaanebau  (uonoely sanisod
anjeAd Xapul uspnop aAnebapn BAISOd anJy) Aipyads ann) Ay uas J0YNY siulod Jo-1nd) (%) dudjeadld 8rz<dyd |eioL uonesynens

8107-/10Z SINVHN Ul Adei601se[ 1UISUBL) PUNOSEILN J9AI| JO SINS3I 3Y) UO Paseq NG PUR 92U42JWINDIID 1siem AQ paynens 14 Jo siuiod Jo-1nd 3y € ajqel



Page 7 of 13

(2022) 22:265

Wu et al. BMC Gastroenterology

elep JualdLYNSuUI 0} NP P3uleIGO 3G 10U PINOD [4 0 Jutod yo-ind ewndo 3y 4

1591 d13souBeIp JO sUBWRAIND3I SY3 193W JOU UBD YDIYM ‘S'0 > DOUNY PaIeINd[ed ay ] .

SDUSIJWINDII ISIEM DA ‘XSPUI ssew APod g ‘soAIND d1isiloeleyd Bulesado JaAI3da1 33 Japun eale JOYNY 491dweled UOIENUSLE PIJ|0IIU0D D

10000> R 7AN0) 770 Le (STL=869) LE99  (CVL=LL9)VOLL  (L9£0-11L0)0¥L0 €8'18< YA YA L0 €001 00€<INg
10000 > 0lceo G0 1 (995-6ch) LL6v  (S98-S£L) €€T8  (S¥£'0-599°0) 90£0 199¢< €0'8S 00€ /IS  00£>IWg>06C
12100 Sl7A40) 90 88l (S08-959) L6689  (6'LL-L'¥Y) 6¥'8S  (61£0-CES0) 6290 §90¢e< SL Ly 139 LLL 0GC>INg>G8L
0 q5'81>1Ng
10000 > £89€0 €50 €L¢C (CT8-8vL)v98L  (1'19-€'59) €8S (69£°0-92£0) 870 8C'G/< 869 ocll 1€9l 88 <DM
00'S¢ L 4 400 <INg
10000 > L16€0 S0 €e'e (£6/-709) 590/  (S08-¥¥S)C589  (S080-/590) 9€/°0 EIATAN 66'9¢ vS 9L  00€>INg>0SC
! onels (%) (%)
pooyi@yl]  pooyldyl (uondeiyaanebau  (uonodely sanisod
SNjeAd Xdpul USpnop aAnebaN 9ANIsOd anJ1) Aipypads anJ1) ANAnIsuas J0UNY swulod yo-1n) (%) dudjerdld 8z <dvD [e1oL uonesynens

(panuNUOd) € 3jqey



Page 8 of 13

(2022) 22:265

Wu et al. BMC Gastroenterology

9€G550 1#7¢£00 60 Sl (5'88-/%8) 8998 (6¥¢-£91)950C (S€50-98%0) OLSO ore> 69°€C ¥6E €991 L0ST>ING>S8L
L0 €8/10 180 s (6'86-8'68) 88'56 (9/¢-901)S6'LT  (0¥90-89%0) S50 €TL> L26¢ (4 8¢l 2581 >1ING
0€0S0 6€8900 60 sl (€88-168) €498 (£€2-891) LL'0T  (0€£5°0-6870) 0LG0 ore> 9/L°€C ¢SS ecee 288> DM
3[pwa
10000 > 1374y LS50 950 (879-£09) €895 (L1£-1€9) 15,9 (/890-8190) €590 €5'88< 9¢9 IZAc174 00£<IWg
L0000 > €861°0 950 9¢'L (r'z6-T8e) €TSY (908-8'£9) 09/ (2£90-€£50) €790 £L0°/9< VA4 68l 88€  00£>ING>06GC
686¢0 ¥'0 90 - (0°001-0'65) 001 (€68-€G) 000F (S680-0r€0) £590 9995 < VAN S cl 0'ST>INg> S8l
0 581> INg
10000 > 89C0 90 06'L (€7/-6'59) €T°0L (F'09-£'75) 6595 (C690-££9°0) $99°0 €L/8< €85 899  Svll 0L <DM
0000 000€0 €90 S'¢ (#'88-7'69) 0008 (1'59-67€) 0005  (69£°0-8650) 8890 SC6L< 08¢ o Lcl 00€ <INg
10000 > 650 790 ¥6'l (CSL-169) S€TL (F'85-2'8%) LS€S (£690-/¥90) TL90 0l'es< YO'lE 0Ty  €5€l 00€>INg>0'SC
80000 0se1°0 6/°0 6¢'l (6£9-579) LTS9 (9€5-€¢y) W8y (¥850-5£5°0) 0950 SLec< 8G'€C 78 0091 0ST>INg>GS8L
§2900 6C9¢0 70 €0¢C (86/-5L¥) 989 @l6-6'lY) L. (S6£0-¥7S0) 0490 viE> SY'/LC vl LS 2G8L>INg
10000 > 8L1C0 120 3l (09/~vTL) Tyl (705-9¢¥) 869 (1¥90-209°0) ¥290 VACYAZAS l7'/C 98  Sple 0L >DM
[y
DM PUp NG AQ payions
10000 > G88C0 €50 9L (C59-€'85) 08'19 05°0/~7'€9) S0Z9  (¥0£°0-959°0) 089°0 09¢8< 80y 102 681l 00€ <IWg
10000 > L0LE0 950 S0'¢ (CeL=519) 00, (C59-095) £909 (€0£'0-¥590) 690 7oy < e0'Le 05 0S¥l 00€>ING>06C
1180 £9/900 60 sl (£'88-1G8) 5668 (8€c—t9l) g6l (£LCS0-1870) ¥0S0 59ec< S0vC vy 9¥8lL  0'ST>ING>GS8L
088C0 /8/1°0 180 8¢S (686-6'68) T6'S6 (9/€-901) S6'LT (PP90-€L¥0) 6550 €TL> 05°6¢ Ly 6¢l eS8l >INg
dlewa
10000 > 906C0 50 6/'1 (#'89-0'85) 6C°€9 (869-519) ££°59 (51£0-CS90) ¥890 06'/8< S0'09 0cs 998 00€ <INg
10000 > £C8C0 850 S8l (#69-6'€9) 049 (§69-9/5) 8519 (¥0/°0-099°0) £89°0 L¥'09< 86'7¢ 609 L¥/lL  00€>INg>0SC
#0000 00¥1°0 870 ¥l (9£9-T79) 0679 (C¥S-0¥¥) OL'6 (/850-8€5°0) €950 SLec< lzee /8¢ TE9L O'ST>ING>GS8L
G900 6C9¢0 70 €0¢C (86/-5L¥) 989 Ql6-6'lY) L. (S6£0-¥TS0) 0490 viE> SY'/LC 14 LS 2G8L>INg
o_IN
10000 > 816C0 LGS0 €Ll (0€9-C£S) ¥1°09 O'1£~¥'99) ¥0'69 (£0£0-6990) 8890 0l¥8< S8'LS lecl  SSec 00€ <INg
10000 > 89/C°0 790 9l'c (08/-¥¥1) TToL (S¥S—8%) 9 LS (8690-999°0) 890 7809 < 6lce 650l l6lE 00€>IN>06C
6€¢00 96600 /80 L (084-L¥1) 6€9L (69¢-¥0¢) £L5€E (PPS0-11S0) £250 €9¢ec< 68'¢cC le8  8/¥E 0SC>INg> S8l
£6/00 0LZ1l'0 850 6C'L (S6b-vTE) VL0V (898-0'€9) 9¢9/ (£590-8050) ¢85S0 08'€> S6'8C SS 06l 2581l >1NG
INg Aq paynons
10000> 9¢8C0 190 00¢ (CeL-104)S9LL (065-C¥5) 995 (¢L90-5¥90) 6590 FISNESRS €Cee 9¢€91  veor olewo
10000 > 2330 S50 €e¢ 9/-T€L) 8L (1'19-1'95) €985 (07£'0-7690) 9020 [¥'19< 99'6¢ 0esl  06¢y S_IN
10000 > 890¢°0 650 €Ce (C9L-0%1) SL'SL (€£5-8€5) €555 (1690-1£90) 1890 7565 < 9Eve Pdle vlco [bioL
onel onel (%)
pooyiil  pooyii  (uondely sanebau
dNnjend X3apul uapnop aAnebaN anuy) Aydypads DOYNY swulod 4o-1n) (%) dudjerdld Janl Aneq |elop uonesyiens

SINVHN Ul Aydeibouoselin [BUORUSAUOD JO S}NSaI Y3 UO Paseq [\\g PUB 92UIJUINDIID 1siem AQ payiiess |14 JO siulod fJo-1ind ay| ¢ ajqel



Page 9 of 13

ejep JU3YYNSUI 03 NP PaUIRIGO 3q 10U PINO2 [T4 40 Julod Ho-1nd jewndo ay]
153} d13souUBeIP JO SIUSWIIND3I 3} 339W JOUURD YDIYM ‘S'0 > DOUNY P3ILINd[ed 3y o
9DURIBJWINDIID ISIEM DM ‘X3pul ssew Apoq (g ‘saAIND d1sldeIeyd Hunelado JaA1ada1 ay) Japun eale DOYNY

(2022) 22:265

Wu et al. BMC Gastroenterology

10000 > ¢c8C0 €50 YAl (079-6'95) 0509 (C1L=1¥9) /29 (00£°0-1590) 990 09'¢8< 9Ly 769  9Svl 00€<INg
10000 > 0€0€0 750 6l (669-€79) 8199 (C69-885) TL'¥9 (€2£0-%990) ¥69°0 79'16< 8¢G¢E (043 196 00£>ING>06C
8/C0 /9110 €80 9¢'L (§S5/-06S) L9729 (£'85-00€) 0ty (S29'0-9/¥°0) ¢SS0 9rse< eLe 0§ €81 0SC>INg>G8lL
0 L qS'8L>1NG
10000 > €8/C0 850 18l (089-C'€9) 99'G9 (1'S9-765) 8179 (€0£°0-£990) S89°0 8C0L< 89l #801  109¢ 88 <DM
Lcer o 69C°0 000 LE°L (8/¥—9°11) T6'9C (0001-065) 000l (59£°0-¥L¥0) 6650 l6/¢< LZLe / €e 00£<INg
£690°0 9¢/1°0 180 19¢ (1'76-958) 81'68 (9£€-000) 8187 (9090-915°0) 7950 68l < ev'cc oLl 687 00£>ING>06C
onels oneis (%) (%)
pooyiji]  pooyidyl (uondeiyaanebau  (uonodely aanisod
aNnjend Xapul USpnNop aAnebaN 9A1MSOd an.) fipypads anu}) AYARISuUsS DoYNY siulod Jo-1nd) (9%) ddudjenadld J9Al Ane4 |ero) uonedynens

(PanuNUOd) ¥ 3jqey



Wu et al. BMC Gastroenterology (2022) 22:265 Page 10 of 13
Table 5 The cut-off points of FLI at waist circumference and BMI stratifications in NHANES 2017-2018
Gender Cut-off points BMI<18.5 18.5 <BMI<25.0 25.0 <BMI<30.0 BMI > 30.0
Whole 45.60 5.1 20.77 44.73 86.00
Male 4857 -2 23.26 62.09 91.35
WC<102 35.60 b 23.26 45.60 68.03
WC=>102 85.04 -2 =2 63.30 91.35
Female 4193 468 14.33 36.67 81.83
WC< 88 14.29 4.68 11.58 2348 -2
WC=>88 75.28 -2 30.65 36.67 81.83

@ The optimal cut-off point of FLI could not be obtained due to insufficient data

b The calculated AUROC < 0.5, which cannot meet the requirements of diagnostic test

more necessary to obtain specific COPs of FLI strati-
fied by heterogeneous factors (age, sex, reproductive
status, coexistence of different comorbidities, etc.) for
better use in different populations. The gender-based
optimal COPs of FLI for HS diagnosis proposed by
Motamed et al. were 46.9 (sensitivity =82.42%, speci-
ficity =76.87%) in men and 53.8 (sensitivity =82.33%,
specificity =76.55%) in women [19]. In contrast, in the
Asian population, the COPs of FLI for HS diagnosis
were higher for men than for women, which is in line
with the results of Dehnavi et al’s study [27]. A Taiwan
study [18] analyzed the ultrasonography and laboratory
results of 29,797 healthy subjects. It concluded that an
FLI of <25 for males & <10 for females could rule out
and an FLI of >35 for males & >20 for females could
rule in ultrasonographic HS, respectively. Our previ-
ous study which recruited 135,436 health check-up
populations also showed significant difference between
Chinese males and females, with COPs of 37.25 (sen-
sitivity =81.23, AUROC=0.856) and 17.00 (sensitiv-
ity =85.94, AUROC=0.909), respectively. In addition
to gender difference, the cut-off values of WC and BMI
of males and females are also different. Therefore, our
team further obtained the population-specific COPs of
FLI, at gender, WC and BMI stratifications, for the diag-
nosis of HS by using the above physical examination
data [11]. The results suggested that, apart from gender,
BMI and WC also had a great impact on the COPs of
FLI [11]. If the stratifications mentioned above are not
considered, only using the fixed COP of FLI to diagnose
HS may cause missed diagnosis or misdiagnosis.
Nonetheless, the above researches about the COPs
of FLI for HS diagnosis were all based on the common
abdominal ultrasonography. It is generally believed that
conventional ultrasound is not sensitive to mild fatty
infiltration, and only more than 30% of fat infiltration
can be accurately detected [28-30]. But, as technol-
ogy improves, a recent meta-analysis re-evaluated the
accuracy of ultrasound in diagnosing hepatic steatosis.

Results showed that the overall sensitivity of ultra-
sonography to detect>5% histologically defined HS
could reach 82% [31]. Ultrasonography is a relatively
subjective detecting technology and the results depend
on the operator’s experiences. In recent years, a new
liver-specific quantitative measurement method, CAP
obtained from LUTE, has been developed for HS. CAP
uses standardized (controlled) settings, thereby mini-
mizing user influence on the attenuation value, and it
can be assessed by an operator who does not have any
ultrasound imaging skills. [32] CAP was significantly
correlated with the percentage of steatosis [15] and was
able to identify steatosis at early stages (>11%) [32].
A recent study confirmed that the sensitivity of CAP
in diagnosing HS was higher than conventional ultra-
sonography, but without statistical difference. But the
difference in specificity of CAP and ultrasonography
when using only echogenicity of liver parenchyma of
29% was significant [33]. Hence, the COPs of FLI based
on LUTE maybe more accurate than that based on the
common ultrasound in the diagnosis of HS. Dehnavi
et al. [27] were the first to utilize the fatty liver iden-
tified by LUTE to obtain the COPs of FLI, and calcu-
lated the COPs of 26.2, 38.3 and 49.7, respectively, in
Grades 1, 2, and 3 of HS. However, this study had a
small sample size (n =212) and did not provide criteria
for diagnosing HS by CAP nor did further stratification
be performed.

To our knowledge, this is the first study to uti-
lize extensive sample size data of the U.S. to provide
detailed COPs of FLI, at gender, WC and BMI strati-
fications, for the diagnosis of HS based on the results
of LUTE. According to the Hosmer and Lemeshow
guidelines [34] for evaluating predictive abilities, Our
study demonstrated that FLI had the excellent diag-
nostic capability to detect HS with an AUROC of
0.833 (0.822-0.844), sensitivity of 80.85% (79.3-82.3%)
and specificity of 70.50% (68.4—72.5%) in the general
population. After men and women were divided into
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Table 6 The cut-off points of FLI at waist circumference and BMI stratifications in NHANES Il

Gender Cut-off points BMI<18.5 18.5 <BMI<25.0 25.0 <BMI<30.0 BMI > 30.0
Whole 59.54 b 2363 60.84 84.10
Male 6147 b 23.75 6047 87.90
WC<102 4797 b 2375 59.10 79.25
WC > 102 87.73 - 54.46 67.07 88.53
Female 5165 b 2365 4544 82.60
WC <88 b b b 4189 2791
WC>88 70.28 - 35.26 51.64 82.60

@ The optimal cut-off point of FLI could not be obtained due to insufficient data

b The calculated AUROC < 0.5, which cannot meet the requirements of diagnostic test

two groups, the AUROC could also remain above 0.8,
0.837 (0.821-0.852) in men and 0.829 (0.813-0.844) in
women, respectively. Although the diagnostic power of
FLI decreased with more detailed stratification, but was
still acceptable (AUROC >0.700). At the same time, the
ultrasonography data from NHANES III (1988-1994)
was also used to obtain the COPs of FLI, at gender, WC
and BMI stratifications, for the diagnosis of HS. The
results demonstrated that the prevalence of HS diag-
nosed by LUTE was much higher than that diagnosed
by the common abdominal ultrasonography, and the
COPs obtained by LUTE were all smaller than those
obtained by the common abdominal ultrasonography in
any stratification, which reflected the higher sensitivity
of LUTE in the diagnosis of HS from the side.

However, the limitation that cannot be ignored is that
the two surveys were performed in different NHANES
samples and spanned a long time. In the past 30 years,
in addition to the continuous development of ultra-
sound detection technology, the incidence of HS has
been increasing year by year [35-37], which led to the
lack of comparability between the two surveys. Another
limitation of our study is data processing. NHANES
uses a complex, multistage, probability sampling design
to select participants representing the civilian, non-
institutionalized US population. Therefore, we should
have fully considered the sample weights when analyz-
ing NHANES data to account for the complex survey
design (including oversampling), survey nonresponse,
and post-stratification. In our study, we did not per-
form weights analysis, and samples with missing data
were directly excluded, which made the research results
would not be representative of the actual United States.
Even so, this study was the first to utilize data from a
large sample size cross-sectional survey in the United
States to produce detailed FLI COPs with acceptable
diagnostic power.

In our study, the COPs of FLI based on CAP obtained
from LUTE were much more precise, with higher

AUROC, sensitivity and specificity, which suggests
that the COPs of FLI for HS diagnosis based on CAP
obtained from LUTE was accurate and valuable. There-
fore, we recommend to apply the COPs of FLI based on
CAP obtained from LUTE in epidemiological investiga-
tion and clinical practice when ultrasound is not avail-
able. It is worth noting that our study demonstrated
the COPs of FLI for the diagnosis of HS varied with
different genders, WC and BMI, and so, these factors
should be considered when using FLI to diagnose HS.
Otherwise, a large number of patients may be missed
or misdiagnosed, resulting in a considerable disease
burden or waste of medical resources. In this study,
relatively accurate and detailed diagnostic COPs of
FLI were obtained to apply FLI to clinical practice bet-
ter. Certainly, further studies are warranted to explore
more accurate FLI COPs or other blood biomarkers to
diagnose HS.

In conclusion, the present study provided more
accurate COPs of FLI based on CAP obtained from
LUTE for the diagnosis of HS, and demonstrated that
FLI, as a noninvasive, convenient and inexpensive
index, has an acceptable ability to predict the occur-
rence of HS.

Abbreviations

ALT: Alanine aminotransferase; ALB: Albumin; AST: Aspartate aminotransferase;
AUROC: Area under the receiver operating characteristic curve; BMI: Body
mass index; CAP: Controlled attenuation parameter; COP: Cut-off point; FL:
Fatty liver index; GGT: Gamma-glutamyl transferase; HC: Hip circumference;
HDLC: High density lipoprotein cholesterol; HS: Hepatic steatosis; LUTE: Liver
ultrasound transient elastography; MAFLD: Metabolic dysfunction-associated
fatty liver disease; NAFLD: Non-alcoholic fatty liver disease; NHANES: National
Health and Nutrition Examination Survey; TG: Triglycerides; WC: Waist
circumference.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512876-022-02303-z.

[ Additional file 1. Data Screening Flowchart. }



https://doi.org/10.1186/s12876-022-02303-z
https://doi.org/10.1186/s12876-022-02303-z

Wu et al. BMC Gastroenterology (2022) 22:265

Acknowledgements
Not applicable.

Author contributions

All authors contributed to the study conception and design. Material prepara-
tion and data collection were performed by JW, RS, HL, YC. Statistical analysis
was performed by JW, HL, RS and ZX. The first draft of the manuscript was
written by JW, ST, SL and all authors commented on previous versions of the
manuscript. XL, JX, JS, CM, JF, ZL, ZJ, ZZ and KW revised the manuscript. LK
directed the concept and design of the study and revised the manuscript. All
authors read and approved the final manuscript.

Funding
All authors declare that there is no financial support for the conduct of the
research and/or preparation of the article.

Availability of data and materials

All original data can be obtained from https://www.cdc.gov/nchs/nhanes/
index.htm, and the results of the data analysis have been presented in the
submitted article.

Declarations

Ethics approval and consent to participate

The data used in this study were from the National Health and Nutrition Exam-
ination Survey, which did not involve personal information on participants.
And, the research methods and procedures were implemented in accordance
with the Declaration of Helsinki. Therefore, the Ethics Review Committee of
the First Affiliated Hospital of Chongging Medical University approved the
exemption from ethical review and informed consent to participate.

Consent for publication
Not applicable.

Competing interests
All authors declare that there is no actual or potential competing of interests.

Author details

'Department of Endocrine and Breast Surgery, The First Affiliated Hospital

of Chongqing Medical University, Chongging 400016, China. >Department

of Thyroid and Breast Surgery, Affiliated Hospital of North Sichuan Medical Col-
lege, Nanchong 637000, Sichuan, China.

Received: 18 January 2022 Accepted: 22 April 2022
Published online: 27 May 2022

References

1. Simon TG, Roelstraete B, Khalili H, Hagstrém H, Ludvigsson JF. Mortality in
biopsy-confirmed nonalcoholic fatty liver disease: results from a nation-
wide cohort. Gut. 2021;70(7):1375-82.

2. Eslam M, Newsome PN, Sarin SK, Anstee QM, Targher G, Romero-Gomez
M, Zelber-Sagi S, Wai-Sun Wong V, Dufour JF, Schattenberg JM, et al. A
new definition for metabolic dysfunction-associated fatty liver disease: an
international expert consensus statement. J Hepatol. 2020;73(1):202-9.

3. Bedogni G, Bellentani S, Miglioli L, Masutti F, Passalacqua M, Castiglione
A, Tiribelli C. The Fatty Liver Index: a simple and accurate predictor of
hepatic steatosis in the general population. BMC Gastroenterol. 2006;6:33.

4. Leone A, Battezzati A, Bedogni G, Vignati L, Vanzulli A, De Amicis R, Fop-
piani A, Bertoli S. Sex- and Age-related differences in the contribution
of ultrasound-measured visceral and subcutaneous abdominal fat to
fatty liver index in overweight and obese Caucasian adults. Nutrients.
2019;11(12):3008.

5. Lonardo ABS, Bedogni G, Bellentani S, Tiribelli C. The Fatty Liver Index (FLI)
15 years later: a reappraisal. Metab Target Organ Damage. 2021;1:10.

6. Kim HJ, Lim CW, Lee JH, Park HB, Suh Y, Cho YH, Choi TY, Hwang ES, Cho
DK. Gender-based differences in the relationship between fatty liver
disease and atherosclerosis. Cardiovasc J Afr. 2016;27(5):281-6.

20.

21.

22.

23.

24,

25.

26.

27.

Page 12 of 13

Vernon G, Baranova A, Younossi ZM. Systematic review: the epidemiology
and natural history of non-alcoholic fatty liver disease and non-alcoholic
steatohepatitis in adults. Aliment Pharmacol Ther. 2011,34(3):274-85.

de Alwis NM, Day CP. Non-alcoholic fatty liver disease: the mist gradually
clears. J Hepatol. 2008;48(Suppl 1):5104-112.

Yang JD, Abdelmalek MF, Pang H, Guy CD, Smith AD, Diehl AM, Suzuki A.
Gender and menopause impact severity of fibrosis among patients with
nonalcoholic steatohepatitis. Hepatology. 2014;59(4):1406-14.

. XuZ LiH,Tian'S,Wu J, Li X, Liu ZL, Li S, Chen YL, Xiao J, Wei JY, et al. Blood

biomarkers for the diagnosis of hepatic steatosis in metabolic dysfunc-
tion-associated fatty liver disease. J Hepatol. 2020;73(5):1264-5.

. WuJ,LiH, Xu Z Ran L, Kong L-Q. Population-specific cut-off points

of fatty liver index for the diagnosis of hepatic steatosis. J Hepatol.
2021,75(3):726-8.

. Wong GL-H, Wong YW-S. Fat and fiber: how the controlled attenuation

parameter complements noninvasive assessment of liver fibrosis. Dig Dis
Sci. 2015,60(1):9-12.

. Sasso M, Miette V, Sandrin L, Beaugrand M. The controlled attenuation

parameter (CAP): a novel tool for the non-invasive evaluation of steatosis
using Fibroscan. Clin Res Hepatol Gastroenterol. 2012,36(1):13-20.

. de LédinghenV, Vergniol J, Foucher J, Merrouche W, le Bail B. Non-inva-

sive diagnosis of liver steatosis using controlled attenuation parameter
(CAP) and transient elastography. Liver Int Off J Int Assoc Study Liver.
2012,32(6):911-8.

. Myers RP, Pollett A, Kirsch R, Pomier-Layrargues G, Beaton M, Levstik M,

Duarte-Rojo A, Wong D, Crotty P, Elkashab M. Controlled Attenuation
Parameter (CAP): a noninvasive method for the detection of hepatic
steatosis based on transient elastography. Liver Int. 2012;32(6):902-10.

. Wallace TM, Levy JC, Matthews DR. Use and abuse of HOMA modeling.

Diabetes Care. 2004;27(6):1487-95.

. KarlasT, Petroff D, Sasso M, Fan JG, Mi YQ, de Ledinghen V, Kumar M,

Lupsor-Platon M, Han KH, Cardoso AC, et al. Individual patient data
meta-analysis of controlled attenuation parameter (CAP) technology for
assessing steatosis. J Hepatol. 2017;66(5):1022-30.

. Yang B-L, Wu W-C, Fang K-C, Wang Y-C, Huo T-l, Huang Y-H, Yang H-I, Su

C-W, Lin H-C, Lee F-Y, et al. External validation of fatty liver index for iden-
tifying ultrasonographic fatty liver in a large-scale cross-sectional study in
Taiwan. PLoS ONE. 2015;10(3):e0120443.

Motamed N, Sohrabi M, Ajdarkosh H, Hemmasi G, Maadi M, Sayeedian FS,
Pirzad R, Abedi K, Aghapour S, Fallahnezhad M, et al. Fatty liver index vs
waist circumference for predicting non-alcoholic fatty liver disease. World
J Gastroenterol. 2016;22(10):3023-30.

Koehler EM, Schouten JNL, Hansen BE, Hofman A, Stricker BH, Janssen
HLA. External validation of the fatty liver index for identifying nonalco-
holic fatty liver disease in a population-based study. Clin Gastroenterol
Hepatol Off Clin Pract J Am Gastroenterol Assoc. 2013;11(9):1201-4.
Olubamwo OO, Virtanen JK, Pihlajamaki J, Mantyselka P, Tuomainen T-P.
Fatty liver index as a predictor of increased risk of cardiometabolic dis-
ease: finding from the Kuopio Ischaemic Heart Disease Risk Factor Study
Cohort. BMJ Open. 2019;9(9):e031420.

Gastaldelli A, Kozakova M, Hgjlund K, Flyvbjerg A, Favuzzi A, Mitrakou A,
Balkau B. Fatty liver is associated with insulin resistance, risk of coronary
heart disease, and early atherosclerosis in a large European population.
Hepatology (Baltimore, MD). 2009;49(5):1537-44.

Khang AR, Lee HW, Yi D, Kang YH, Son SM. The fatty liver index, a simple
and useful predictor of metabolic syndrome: analysis of the Korea
National Health and Nutrition Examination Survey 2010-2011. Diabetes
Metab Syndr Obes. 2019;12:181-90.

Huang X, Xu M, Chen'Y, Peng K, Huang Y, Wang P, Ding L, Lin L, Xu Y,
ChenY, et al. Validation of the fatty liver index for nonalcoholic fatty

liver disease in middle-aged and elderly Chinese. Medicine (Baltimore).
2015;94(40):21682.

Arrese M, Arab JP, Barrera F, Kaufmann B, Valenti L, Feldstein AE. Insights
into nonalcoholic fatty-liver disease heterogeneity. Semin Liver Dis.
2021,41(4):421-34.

Eslam M, Sanyal AJ, George J. MAFLD: a consensus-driven proposed
nomenclature for metabolic associated fatty liver disease. Gastroenterol-
ogy. 2020;158(7):1999-2014.e1991.

Dehnavi Z, Razmpour F, Belghaisi Naseri M, Nematy M, Alamdaran SA,
Vatanparast HA, Azimi Nezhad M, Abbasi B, Ganji A. Fatty Liver Index


https://www.cdc.gov/nchs/nhanes/index.htm
https://www.cdc.gov/nchs/nhanes/index.htm

Wu et al. BMC Gastroenterology

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

(2022) 22:265

(FLI) in predicting non-alcoholic fatty liver disease (NAFLD). Hepat Mon.
2018;18(2):63227.

Saadeh S, Younossi ZM, Remer EM, Gramlich T, Ong JP, Hurley M, Mullen
KD, Cooper JN, Sheridan MJ. The utility of radiological imaging in nonal-
coholic fatty liver disease. Gastroenterology. 2002;123(3):745-50.
Sumida Y, Nakajima A, Itoh Y. Limitations of liver biopsy and non-invasive
diagnostic tests for the diagnosis of nonalcoholic fatty liver disease/non-
alcoholic steatohepatitis. World J Gastroenterol. 2014;20(2):475-85.
Palmentieri B, de Sio |, La Mura V, Masarone M, Vecchione R, Bruno S,
Torella R, Persico M. The role of bright liver echo pattern on ultrasound
B-mode examination in the diagnosis of liver steatosis. Dig Liver Dis.
2006;38(7):485-9.

Ballestri S, Mantovani A, Byrne CD, Lonardo A, Targher G. Diagnostic
accuracy of ultrasonography for the detection of hepatic steatosis: an
updated meta-analysis of observational studies. Metab Target Organ
Damage. 2021;1(1):7.

Sasso M, Beaugrand M, de Ledinghen V, Douvin C, Marcellin P, Poupon

R, Sandrin L, Miette V. Controlled attenuation parameter (CAP): a novel
VCTE guided ultrasonic attenuation measurement for the evaluation of
hepatic steatosis: preliminary study and validation in a cohort of patients
with chronic liver disease from various causes. Ultrasound Med Biol.
2010;36(11):1825-35.

Runge JH, van Giessen J, Draijer LG, Deurloo EE, Smets A, Benninga MA,
Koot BGP, Stoker J. Accuracy of controlled attenuation parameter com-
pared with ultrasound for detecting hepatic steatosis in children with
severe obesity. Eur Radiol. 2021;31(3):1588-96.

Hosmer DWLS, Sturdivant RX. Applied logistic regression. 3rd ed. Hobo-
ken: Wiley; 2013.

Younossi ZM, Koenig AB, Abdelatif D, Fazel Y, Henry L, Wymer M. Global
epidemiology of nonalcoholic fatty liver disease-Meta-analytic assess-
ment of prevalence, incidence, and outcomes. Hepatology (Baltimore,
MD). 2016;64(1):73-84.

Estes C, Razavi H, Loomba R, Younossi Z, Sanyal AJ. Modeling the
epidemic of nonalcoholic fatty liver disease demonstrates an expo-
nential increase in burden of disease. Hepatology (Baltimore, MD).
2018;67(1):123-33.

Cotter TG, Rinella M. Nonalcoholic fatty liver disease 2020: the state of the
disease. Gastroenterology. 2020;158(7):1851-64.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 13 of 13

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Population-specific cut-off points of fatty liver index: a study based on the National Health and Nutrition Examination Survey data
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Materials and methods
	Study design and participants
	Index calculation
	Definitions and subgroups
	Statistical analysis

	Results
	Prevalence of HS and baseline characteristics of participants
	COPs

	Discussion
	Acknowledgements
	References


