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obesity indices and insulin resistance indicators
for assessing NAFLD
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Abstract

Background The prevalence of non-alcoholic fatty liver disease (NAFLD) keeps increasing annually worldwide.
Non-invasive assessment tools for evaluating the risk and severity of the disease are still limited. Insulin resistance (IR)
and abdominal obesity (ABO) are closely related to NAFLD.

Methods A retrospective large-scale, population-based study was conducted based on the data from the 2017-
2018 cycle of the National Health and Nutrition Examination Survey (NHANES). Three ABO indices, namely lipid
accumulation product (LAP), visceral obesity index (VAI), waist circumference-triglyceride index (WTI), and three IR
indices, including triglyceride glucose index (TyG), homeostasis model assessment of insulin resistance (HOMA-IR)
and metabolic score for insulin resistance (METS-IR), were analyzed and compared for their relationships with NAFLD
based on weighted multivariable logistic regression, spearman correlation heatmap, smooth curve fittings. The area
under the curve (AUQC) of receiver-operating characteristic (ROC) curve was used to evaluate the diagnostic capability
of these indices for NAFLD. Differences among the AUCs were calculated and compared by Delong test.

Results In total, 3095 participants were included in our study among which 1368 adults were diagnosed with NAFLD.
All six indices presented positive associations with NAFLD. There was a claw-shaped curve between HOMA-IR, VAI, LAP
and NAFLD while a smooth semi-bell curve was observed in TyG, METS-IR and WTI. LAP and HOMA-IR had the best
diagnostic capability for NAFLD (LAP: AUC=0.8, Youden index=0.48; HOMA-IR: AUC=0.798, Youden index=0.472)
while VAI (AUC=0.728, Youden index=0.361) showed the lowest predictive value. The correlation heat map indicated
positive correlations between all six indices and liver function, hepatic steatosis and fibrosis severity. In the NAFLD
group, IR indicators presented a stronger association with alanine aminotransferase (ALT) compared with ABO indices.

Conclusions All six indices can screen NAFLD withLAP and HOMA-IR being possibly optimal predictors. IR indices
may be more sensitive to identify acute hepatic injury in NAFLD patients than ABO indices.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) was defined
as idiopathic hepatic steatosis confirmed by image or
histology, in the absence of secondary causes of hepatic
fat accumulation including alcohol, drug and virus [1].
It has emerged as a major public health issue globally
with the morbidity tightly associated with metabolic
diseases such as obesity and type 2 diabetes mellitus
(T2DM) [2]. The prevalence of NAFLD is estimated
to be 25-34% in developed countries and 29.2% in
China [3, 4]. One meta-analysis discovered a moder-
ately increased risk of extrahepatic cancers in NAFLD
[5]. NAFLD can be categorized into nonalcoholic fatty
liver (NAFL) or nonalcoholic steatohepatitis (NASH).
During natural history, a fraction of NAFLD patients
may progress from NASH to cirrhosis [3]. Based on
a long-term follow-up study, the researchers found
approximately 20% of NASH patients progressed to
cirrhosis with an attributable mortality rate of 8% [6].
As recommended by the authoritative guidance, phar-
macological treatments should be limited to those with
biopsy-proven NASH and fibrosis [1], emphasizing the
importance of prevention and early diagnosis for most
NAFLD patients. Thus, reliable and non-invasive diag-
nostic tools are urgently needed to screen NAFLD.
The association between NAFLD and metabolic syn-
drome (MetS) has been well established [1]. Insulin
resistance(IR), the core mechanism underlying MetS,
induces lipolysis in adipocytes and overproduction of
free fatty acids causing ectopic lipid deposition which
is the main pathology of NAFLD [7]. Visceral obesity,
characterized by excess intra-abdominal adipose tis-
sue accumulation [8], and IR are both important fac-
tors in NAFLD [9]. Hence, we conducted this study to
explore and compare the associations between IR indi-
cators and ABO indices with NAFLD based on the data
from the NHANES database. Although the relation-
ship between metabolic disorders and NAFLD is well
known, few studies have compared the predictive value
of IR indicators and ABO indicators for NAFLD.

Methods

Data from the 2017-2018 cycle of the National Health
and Nutrition Examination Survey(NHANES) were
analyzed. NHANES is a public and well-designed pro-
gram of studies assessing the health and nutritional
status of adults and children in the United States. It
began in the early 1960s and was conducted as a series
of surveys focusing on different populations or health
topics. The survey selects a nationally representative
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sample of about 5,000 persons per year via a com-
plex, stratified, multistage probability cluster sampling
design. These persons are located in counties across
the country which ensures the randomness and rep-
resentativeness of the data. The survey protocol was
approved by the National Center for Health Statistics
Research Ethics Review Board and informed consent
was obtained from each participant. The whole sur-
vey consists of two parts: a structured interview per-
formed at home and a standardized health checkup
at a mobile examination center (MEC). The raw data
were processed through data cleaning based on exclu-
sion conditions to obtain eligible data. The detailed
procedure for participant enrollment was described in
Fig. 1.

Analysis of sample

There were totally 9254 individuals participating in
2017-2018 NHANES cycle. Following exclusion cri-
teria were used to select eligible participants: lack of
MEC data; younger than 18 years old; viral hepatitis
induced by hepatitis C virus (HCV) and hepatitis B
virus (HBV), excessive alcohol intake or usage of stea-
togenic medication; incomplete vibration controlled
transient elastography data. Finally, 3095 participants
with available data were included, with 1368 diagnosed
with NAFLD (Fig. 1).

Excessive alcohol consumption was defined as>3
drinks per day for male and >2 drinks per day for female
[1]. HCV infection was confirmed by positive antibody
test or presence of HCV RNA, and HBV infection was
diagnosed by positive HBV surface antigen. Steatogenic
medications include corticosteroid, tamoxifen, val-
proate, amiodarone, methotrexate, and antiretroviral
drugs [1].

Demographic data and laboratory tests

Age, gender and race were acquired from demographic
questionnaires conducted by trained interviewers
using the Computer-Assisted Personal Interview sys-
tem. Weight (kg), height (cm), and waist circumfer-
ence (cm) were measured by NHANES staff during
the MEC visit. Body mass index (BMI) was calculated
as weight in kilograms divided by height in meters
squared. Weight grade was categorized as normal
weight, overweight and obesity based on BMI values.
BMI <25 kg/m? was regarded as normal weight, over-
weight was defined as BMI: 25-29.9 kg/m? and obe-
sity was confirmed when BMI> 30 kg/m? [10]. T2DM
was diagnosed with any of the following evidences
[11]: (1) Fasting plasma glucose (FPG)>126 mg/dl
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9254 participants in NHANES 2017-2018 cycle

550 excluded for lack of MEC data

8074 with complete MEC data

—l 3171 excluded for age<18

5533 adults

1869 excluded
31 with positive HBsAg
51 with positive HCV RNA
53 with positive HCV antibody

103 with long-term use of steatogenic
medication

911 females and 720 males for
excessive drinking

3664 participants without secondary liver diseases

569 excluded
270 with partial VCTE data

189 with ineligible VCTE data
110 without VCTE data

‘ 3095 participants with complete VCTE data

:

1368 with NAFLD ]

Fig. 1 Flow-chart of the selection of study participants

(7 mmol/L); (2) Random plasma glucose >200 mg/dl
(11.1 mmol/L); (3) glycated hemoglobin level >6.5%
(48 mmol/mol); (4) Self-reported diabetes; (5) Using
antidiabetic medicines. Hypertension was diagnosed
as blood pressure of>140/90 mmHg on at least two
office visits [12].

Full methodology of laboratory tests, such as stand-
ard biochemistry profile, plasma fasting glucose, gly-
cohemoglobin, lipid profile and so on, can be available
on the NHANES website: https://www.cdc.gov/nchs/
nhanes/index.htm.

:

[ 1727 without NAFLD ’

Measurements of the six indices
High-density lipoprotein cholesterol (HDL-c) (mg/dL),
waist circumference (WC) (cm), triglyceride (TG) (mg/dL),
BMI (kg/m?), FPG and fasting serum insulin (uU/ml) were
collected to calculated the indices.

HOMA-IR, LAP, VAL, TyG, METS-IR and WTI were
calculated by using the following formulas [13-18]:

IR indicators as follows:

HOMA-IR = fasting serum insulin *FPG (mmol/1)/22.5

METS-IR = Ln [BMI* (TG + 2PG)]/Ln (HDL — ¢)

TyG = Ln [TG * FPG (mg/dL)/2]


https://www.cdc.gov/nchs/nhanes/index.htm
https://www.cdc.gov/nchs/nhanes/index.htm
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ABO indicators as follows:

_ wC TG 1.31
VAL = Gograssamn X 105 X ®DL—0 for male
wC TG 1.52
and sessrsoEamny X 081 X GDL—o for female

WTI=Ln[TG * WC/2]
LAP = (WC-65) * TG for male and (WC-58) * TG for
female

Vibration-controlled transient elastography
Vibration-controlled transient elastography was used to
assess hepatic steatosis and fibrosis severity depending
on the controlled attenuation parameter (CAP) and liver
stiffness measurement (LSM) values respectively [19].
The FibroScan® model 502 V2 Touch (Echosens, Paris,
France) equipped with medium and extra-large probes
was used by NHANES technicians to perform this exam-
ination. Data were regarded as complete only if at least
10 LSMs were obtained after a fasting duration of at least
three hours, with an interquartile range / median < 30%.
NAFLD was defined as follows: (1) evidence of hepatic
steatosis, while in our study, we regarded patients with
CAP value>274 dB/m as hepatic steatosis [20]. (2) lack
of secondary causes of hepatic fat accumulation such
as long-term use of a steatogenic medication, excessive
alcohol consumption, or monogenic hereditary disorders.
Fibrosis stages were defined by median LSM value: no
evidence of fibrosis (FO) as < 8.0 kPa, fibrotic non-alcoholic
steatohepatitis (F2) as 8.0 to<12.0 kPa, advanced fibrosis
(F3) as 12.0 t0 <20.0 kPa, and cirrhosis (F4) as>20 kPa [19].

Statistical analysis

Weighted analysis was performed for the complex sur-
vey using the appropriate subsample weights, strata, and
primary sampling units as recommended by the NCHS.
SPSS Statistics 26/25 software (IBM, Armonk, NY, USA),
software R (R-4.3.1 for Windows), EmpowerStats4.0
(http://www.empowerstats.com), GraphPad Prism 8.0.1,
Adobe Illustrator 2022 and Microsoft Excel were used to
analyze data and build charts or figures. Categorical vari-
ables were expressed as weighted proportions (+ Stand-
ard Error (SE)) and weighted means (95% Confidence
interval (CI)) for continuous variables.

The multivariable logistic regression analysis was used
to assess the relationship between six indices(as continu-
ous variables and quartiles) and NAFLD. We constructed
unadjusted logistic regression model 1 and model 2
adjusted for confounding factors of gender, race and age.
The confounding factor was defined as an interference on
both of the independent and dependent variables, but it’s
not on their causal relationship chain.

ROC curve and AUC value were used to evaluate the
diagnostic efficacy of six indices for NAFLD compre-
hensively. DeLong test was performed to compare the
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AUCs between two indices. The underlying non-linear
relationship between the six indices and NAFLD state
was explored via smooth curve fittings and generalized
additive models adjusted for covariates of age, gender
and race and weighted by wtsaf4yr. We constructed dif-
ferent generalized additive models with NAFLD (yes/
no) as a binary response or CAP and LSM as continuous
responses to comprehensively analyze the relationship
between NAFLD and indices. Stratified smooth curve fit-
ting was used for subgroup analysis.

Associations between the indices and liver function
indicators were assessed by Spearman correlation analy-
sis. P<0.05 was regarded as a significant difference for all
the comparisons.

Results

Weighted characteristics of the participants

Weighted characteristics of the 3095 subjects catego-
rized by NAFLD state were described in Table 1. Com-
pared with non-NAFLD, the NAFLD group had a slightly
higher percentage of males (P=0.0578). Meanwhile,
individuals in the NAFLD group were generally older
than non-NAFLD (P<0.0001). NAFLD patients pre-
sented with significantly worse metabolic parameters
and biochemical markers, such as BMI, WC, diabetes
proportion, TG, uric acid, HDL-c, ALT, gamma-glutamyl
transpeptidase (GGT) and glycated hemoglobin. Moreo-
ver, CAP values, LSM values and values of the six indi-
ces, namely HOMA-IR, LAP, VAI, TyG, METS-IR and
WTI, were remarkably higher in the NAFLD group (all
the P<0.001). Intriguingly, no significant difference was
observed for TBil, AST, alkaline phosphatase (ALP), low-
density lipoproteins cholesterol (LDL-c) and total Cho-
lesterol between the two groups.

Associations between the six indices and NAFLD

The nonlinear relationship between the six indices and
NAFLD was assessed by smooth curve fittings (Fig. 2A1-
A6). Overall, all the six indices were positively related to
the NAFLD. TyG, METS-IR, WTI showed smooth semi-
bell curves indicating a near-linear relationship, while
LAP, HOMA-IR and VAI displayed claw-shaped curves
with saturation effect and inflection point. Notably, for
METS-IR and WTI, the 95% CI band was relatively nar-
row. For HOMA-IR, VAI and LAP, there were linear cor-
relations with NAFLD in a small numerical range.

CAP and LSM values were reported to increase sig-
nificantly with increasing steatosis grade and fibrosis
stage respectively [20]. Therefore, we further assessed
the associations between the six indices and CAP val-
ues (Fig. 2B1-B6) as well as LSM values (Fig. 2C1-C6) via
smooth curve fittings, which showed a consistent trend
and a similar shape to that of NAFLD. Compared with
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Table 1 Weighted characteristics of the two groups
Non-NAFLD NAFLD Pvalue

Gender 0.0578%

Male 51.5(2.3) 58.1(3.1)

Female 485(2.3) 419(3.1)
Age 473 (45.5,49) 534(51.9,54.9) <0.0001
Race 0.0005

Mexican American 104 (1) 724

Other Hispanic 73(1.2) 1(1.1)

Non-Hispanic White 60.2 (3) 64.1(2.9)

Non-Hispanic Black 134 (2.6) 7(1.5)

Non-Hispanic Asian 7.7 (14) 9(1.3)

Other Race—Including Multi-Racial 57(1.6) 9(1.2)
BMI 26.4(25.6,27.1) 33(323, 33.8) <0.0001

Overweight 37.1(2.5) 286 (3.5)

Obesity 19.2 (2.5) 64.2 (3.5)
Waist circumference 92.5(90.8,94.3) 110(107.8,112.2) <0.0001
Hypertension 3029 55.3(3.7) <0.0001
Diabetes 9.2(15) 30.5(2.7) <0.0001
Smoking 284 (4.4) 22.1(4.2) 0.3109
HbAIc (%) 5.5(54,5.6) 6(59,6.2) <0.0001
ALT(U/L) 19.5(18.6,20.4) 25.3(23.8,26.8) <0.0001
AST (U/L) 20.9(20,21.8) 21.7(20.8,22.7) 0.2567
ALP(IU/L) 75(71.9,78) 789 (75.8,81.9) 01173
GGT 234(214,255) 31.5(289,34.1) 0.0009
TBil (mg/dL) 0.483 (0.468, 0.497) 0466 (0451, 0.481) 0397
Uric acid (mg/dL) 53(5.1,54) 59(5.8,6) <0.0001
HDL-c(mg/dL) 55.3(53.8,56.7) 48.7 (47,1,50.3) <0.0001
LDL-c(mg/dL)* 113.2(109.5,117) 1109 (1054, 116.3) 04159
Triglyceride (mg/dL) 91.7 (87.4,96.1) 147 (129.8,164.2) <0.0001
Total Cholesterol (mg/dL) 187(182.2,191.8) 187(180.2,193.9) 0.9942
HOMA-IR 3(2.1,26) 6(5.1,6.9) <0.0001
METS-IR 23((22,23) 25(24,25) <0.0001
TyG 3(83,84) 8.9(88,9) <0.0001
WTI 82(82,82) 8.8(8.7,89) <0.0001
LAP 2988.6 (2781.8,3195.4) 7009.8 (6113.5,7906.1) <0.0001
VAI 3(2.8,33) 5.8(5,6.6) <0.0001
LSM 48(4.6,5.1) 6.5(5.9,7.2) 0.0003
CAP 224 (2204, 227.6) 3233(318.1,328.6) <0.0001
Fibrosis level <0.0001

FO 96.5(1.2) 84.7 (2)

F2 28(13) 9.7 (1.6)

F3 0.6 (0.4) 35(1.5)

F4 .1 (0.1) 2.2(09)

According to NHANES tutorials, fasting subsample weights (wtsafdyr) was used as weights for statistical analysis of data. Results are presented as weighted means

(95% Confidence interval) for continuous variables and weighted percentage (SE) for Categorical variables

TBil Total bilirubin
2 LDL-Cholesterol, Friedewald

&The P-value represents the significance of the difference in gender composition between groups
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Fig. 2 Association between indices and NAFLD, CAP, LSM values

via smooth curve fittings. The red dotted line represents the smooth
curve fit between indices and the prevalence of NAFLD. Blue

bands represent the 95% confidence interval from the fit. A1-A6:
Associations between six indices and the prevalence of NAFLD;

IR indices: A1-A3, ABO indices: A4-A6. B1-B6: Associations

between six indices and the CAP values. IR indices: B1-B3, ABO
indices: B4-B6.C1-Cé: Associations between six indices and the LSM
values. IR indices: C1-C3, ABO indices: C4-C6.D1-D6: Association
between indices and prevalence of NAFLD stratified by weight
grade. IR indices: D1-D3, ABO indices: D4-D6. Dotted lines of various
colors represent nonlinear relationship between indices and NAFLD
at different weight grades. E1-E6: Associations between six indices
and the LSM values stratified by NAFLD. IR indices: E1-E3, ABO
indices: E4-E6. Dotted lines of various colors represent nonlinear
relationship between indices and median hepatic stiffness in NAFLD
or non-NAFLD group.F1-F6: Associations between six indices

and the LSM values stratified by fibrosis stages. IR indices: F1-F3, ABO
indices: F4-F6. Dotted lines of various colors represent nonlinear
relationship between indices and median hepatic stiffness at different
fibrosis stages of NAFLD

LSM, CAP presented better linear correlation with the
six indices, indicating higher predicting value for steato-
sis than fibrosis. As for subgroup analysis, we explored
the effect of obesity degree on the relationship between
the six indices and NAFLD via smooth curve fitting strat-
ified by weight grade (Fig. 2D1-D6). Those positive corre-
lations still survived in all the groups. We found fusiform
curves fitting the relationship between VAI, TyG, METS-
IR, WTI and NAFLD, which indicates that within a
certain range of values, the heavier an individual is, the
higher probability he may have to suffer from NAFLD.
On the other hand, the predictive values of LAP and
HOMA-IR for NAFLD were rarely influenced by weight
grade. In addition, smooth curve fitting stratified by
NAFLD showed nonlinear relationship between the six
indices and LSM, which varied significantly from NAFLD
to non-NAFLD (Fig. 2E1-E6). In the NAFLD group, the
wave-like correlation curves were very common, except
for METS-IR (Fig. 2E3). On the contrary, in the non-
NAFLD group, the correlation curves generally showed
a linear trend, except for HOMA-IR (Fig. 2E1). Since
the vertical coordinates of Fig. 2E did not contain the
extreme values of LSM, we further explored the relation-
ship between the six indices and median hepatic stiffness
at different stages of fibrosis (Fig. 2F1-F6), which showed
that, at the F4 stage, there was no correlation between
LSM and the six indices. In general, when categorized by
the shape of the curves (Fig. 2), HOMA-IR, LAP, and VAI
should be classified into one group, while TyG, WTI, and
METS-IR can be classified into the other.

Table 2 displays the results of the multivariate logistic
regression analysis between the six indices and the prob-
ability of NAFLD. Regardless of the confounding factors



Shi et al. BMC Public Health (2024) 24:2161

Table 2 Associations between indexes and NAFLD in logistic regression analysis
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Indices and Quartile intervals§

OR (95% CI) #

OR (95% CI) &

HOMA-IR (0.149-154.394)
HOMA-IR_Q1 (0.149-1.6398)
HOMA-IR_Q2 (1.6399-2.6571)
HOMA-IR_Q3 (2.6572-4.4783)
HOMA-IR_Q4 (4.4784-154.394)
METS-IR

METS-IR_Q1 (1.7-2.16)
METS-IR_Q2 (2.17-2.32)
METS-IR_Q3 (2.33-2.48)
METS-IR_Q4 (2.49-3.86)

TYG (6.19-12.31)

TyG_Q1 (6.19-8.04)

TyG_Q2 (8.05-8.50)

TyG_Q3 (8.51-8.98)

TyG_Q4 (8.99-12.31)

LAP (1.7-3.86)
LAP_Q1(65.7-1740.874)
LAP_Q2(1740.875-3420.299)
LAP_Q3(3420.3-5696.249)
LAP_Q4(5696.25-119438)

WTI (6.02-11.9)
WTI_Q1 (6.02-7.9599
WTI_Q2 (7.96-8.4399
WTI_Q3 (844-8.8624
WTI_Q4 (88625-11.9
VAI (0.23-131.58)
VALLQ1 (0.23-1.7574)
VAI_Q2 (1.7575-3.0199)
VAI_Q3 (3.02-5.0224)
VAI_Q4 (5.0225-131.58)

1.62 (1.42, 1.85)***
Reference
3.58(1.64,7.83)*

9.98 (5.36, 18.57)***
30.52 (14.65, 63.59)***
95.75 (34.68, 264.36)***
Reference

1.59(0.97, 2.6)

396 (2.57,6.1)%**
10.03 (5.55, 18.12)***
3.97 (3.1, 5.09)***
Reference
2.01(1.21,3.34)*

4.84 (3.31,7.07)%**
9.78 (6.46, 14.8)***
1.00038 (1.00029, 1.00046)***
Reference
4.39(2.29,841)**
13.51(8.04, 22.7)***
31.88(19.28, 52.72)***
5.26 (4.17, 6.63)***
Reference
2.78(1.78,4.36)**
5.81(3.45,9.79)***
15.05 (10.06, 22.52)***
1.28 (1.19, 1.37)***
Reference

1.5(0.85, 2.66)
4.28(29,6.31)**

6.02 (4.08, 8.86)***

1.61(1.38, 1.88)**
Reference
34(1.14,10.08)*
9.42(4.3,20.68)**
29.86 (11.43,78.04)**
126 (40.08, 396.09)***
Reference

1.61(0.98, 2.65)

445 (3.04,6.51)**
11.1(6.31,19.53)**
3.72(2.74, 5.05)***
Reference

1.84(0.88, 3.85)

457 (2.65,7.88)**

8.5 (4.85,14.9)**
1.00037 (1.00026, 1.00048)***
Reference
4.16(1.63,10.63)*
12.85(5.93, 27.82)**
31.89(14.89, 68.3)***
5.03 (3.98, 6.36)***
Reference
2.54(1.64,3.92)*
524 (3.07,8.95)*
13.85 (933, 20.55)***
1.27 (1.15, 1.41)**
Reference

147 (0.81,2.69)

4.2 (2.73,646)*

5.9 (3.85,9.05)**

All the regression analysis is weighted

Cl Confidence interval
"P<0.05

"P<0.001

" P<0.0001

#Model 1 was unadjusted for confounders; & Model 2 was adjusted for gender, race and age

$Indexes were stratified into 4 quartiles (Q1: < 1st quartile; Q2: > 1st quartile and < median; Q3: > median and < 3rd quartile, and Q4: > 3rd quartile). The lowest quartile

(Q1) was defined as the reference

adjustment, all the indices presented significant positive
associations with NAFLD. Since different variables have
varying extremes, it is challenging to evaluate their pre-
dictive potential for NAFLD by odds ratio (OR) value,
especially for LAP which has a wide range of values from
65.7 to 119438, resulting in the corresponding OR value
very close to 1. Therefore, we converted continuous indi-
ces into categorical variables depending on quartiles and
reassessed the associations via logistic regression. We
found that the statistical results after conversion were

more balanced and comparable. In general, the risk of
NAFLD increased as categorical indices increased, com-
pared with Q1. The prevalence of NAFLD is significantly
higher in the third and fourth quartiles (Q3 and Q4) of
all the six indices (P<0.05 for all). LAP showed higher
ORs at each quartile (Q2, Q3, Q4) compared with the
other five indices. In addition, confounders posed little
effect on the OR values of LAP and its quartiles. On the
contrary, VAI showed the lowest predictive capacity for
NAFLD.
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Fig. 3 Heat map of correlation. Negative correlation was painted in blue and positive correlation was painted in red. The darker the colour,

the stronger the correlation intensity was. ** P<0.01, * P<0.05

A correlation map constructed by the Spearman cor-
relation coefficient was used to visualize the correlation
between NAFLD severity indicators and the six indices
(Fig. 3). We found that all the indices were positively cor-
related with liver enzymes except for AST. However, the
correlation intensity measured by the correlation coeffi-
cient varied among different indices and parameters. Par-
ticularly in the NAFLD group, the intensity of correlation
with ALT was generally stronger for IR indices than ABO
indices, which was not observed in the non-NAFLD
group. The positive correlation between the six indices
and LSM values was stronger and more significant in the
NAFLD group compared with the non-NAFLD group.
On the other hand, a remarkably positive relationship
between the six indices and CAP values was observed in
both groups.

Joint assessment of the six indices in diagnosing NAFLD

The AUC of the ROC curve is generally regarded as the
main evidence for the accuracy of risk assessment instru-
ments [21]. Thus, we used the ROC curve to evaluate
the capability of six metabolic indices to predict the risk
of NAFLD (all the P<0.0001). As shown in Fig. 4, the
ROC curves of all the six indices for screening NAFLD
were located above the diagonal nondiscrimination line.
Compared with ALT, all the six indices presented sig-
nificantly better diagnostic efficiency for NAFLD. The
AUCs ranged from 0.728 to 0.799 with the minimum
derived from VAI and the maximum derived from LAP.
The cutoff values and the corresponding sensitivities,

specificities, and Youden indices of the six indices were
summarized in Table 3. Interestingly, TyG had two differ-
ent optimal cutoff values (8.555 and 8.605) which shared
the same Youden index of 0.381.

In subgroup analysis, the AUCs of each index between
different genders showed insignificant differences (all
P>0.05, Table 4). A pairwise comparison of AUCs of
indices was performed to verify whether the difference
between each pair of indices was significant. As shown in
Table 5, significant differences were observed except for
three pairs (HOMA-IR vs LAP, WTI vs METS-IR, TyG vs
METS-IR). The similar AUCs (difference between AUCs
(DBA): -0.002, P>0.86) of LAP (AUC=0.8) and HOMA-
IR (AUC=0.798) indicated their equivalent diagnostic
accuracy for NAFLD. Figure 5 intuitively displays the
hierarchical relationship of the six indices based on the
AUC values, with LAP and HOMA-IR at the top level
followed by WTI and METS-IR while VAI at the bottom.

Discussion

As the most common chronic metabolic liver disease,
NAFLD has become a major threat to human health, with
the disease burden growing rapidly from 1990 to 2019 all
around the world [22]. Components of MetS have a well-
established bidirectional association with NAFLD [1, 23].
IR and central abdominal obesity are closely tied to the
progression of NAFLD [7, 9, 24]. Ectopic fat accumula-
tion in liver has been considered as one of the mecha-
nisms for the development of IR [25]. Most previous
studies focused on the relationship between NAFLD and
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Fig. 4 Receiver-operating characteristic curve of six indices for predicting NAFLD. AUC: Area under the curve. The DBAs of indices and ALT were

significant. * P<0.01, *** P<0.0001

Table 3 The cutoff values, sensitivities, specificities, Youden index and AUCs of indices for screening NAFLD

Cutoff Sensitivity Specificity Youden index AUC (95% Cl)

HOMA-IR 2.7572 0.733 0.739 0472 0.798 (0.774,0.821)
VAI 3.065 0.690 0.671 0.361 0.728 (0.702,0.755)
TyG 8.555 0.690 0.691 0.381 0.744(0.718,0.77)
WTI 8.615 0.623 0.783 0406 0.764 (0.739,0.79)
LAP 3301.85 0.783 0.698 0.480 0.8(0.777,0.823)
METS-IR 2.335 0.708 0.695 0403 0.762 (0.737,0.788)
TyG 8.605 0.661 0.720 0.381 0.744 (0.718,0.77)

Tyg has two cutoff values which share the same Youden index
Cl Confidence interval, AUC Area under the curve

single metabolic index or congeneric indices while rare
studies compared different metabolic indices for their
potential to predict NAFLD. TyG, HOMA-IR and METS-
IR are indicators for IR while WTI, VAI and LAP are
ABO indices. Quite a few studies suggested associations
between these indices and MetS [26—29], but research on
their predictive role in NAFLD remains limited. Since the
contribution of MetS to NAFLD has been confirmed by
numerous studies, we carried out this research to verify

and compare the associations between the six selected
indices and NAFLD.

Among the six indices, LAP and HOMA-IR performed
best in predicting NAFLD while VAI was the worst, based
on logistic regression and ROC analysis. The difference in
AUC values between HOMA-IR and LAP for screening
NAFLD was insignificant (P for DBA >0.05). The AUC
of LAP (0.8) was slightly lower than that reported by Jin-
zhou Zhu et al. [30], likely due to difference in races of
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Table 4 For each index, comparison of AUCs between sexes

Indexes AUC (95%Cl) DBA (95%Cl) P value

HOMA-IR Male 0799"(0.767,0.832) 0003 (-0.044,005) 0914
Fmale 07977 (0.763,0.831)

VAI Male  0.749™(0.713,0.785) 0.032(-0.021,0.086) 0.237
Fmale 07177 (0.677,0.757)

TyG Male 07627 (0.727,0.797) 0.041 (-0.012,0.094) 0.130
Fmale 07217 (0681,0.761)

wTI Male 0779 (0.745,0813) 0.033 (-0.018,0.084) 0.207
Fmale 0.746" (0.708,0.784)

LAP Male 0819 (0.789,0.85)  0.038 (-0.009,0.084) 0.112
Fmale 0.78277(0.747,0.817)

METS-IR  Male 0763 (0.728,0.798) 0.001 (-0.05,0051) 0978
Fmale 0.762™(0.726,0.799)

DBA Difference between AUCs
Cl Confidence interval, AUC Area under the curve
" P<0.0001

Table 5 Comparison of AUC values between any two of the

indexes

DBA (95% Cl) P value
HOMA-IR vs VAI 0.069 (0.042,0.097) <0.0001
HOMA-IR vs TyG 0.054 (0.027,0.081) <0.0001
HOMA-IR vs WTI 0.034 (0.007, 0.060) 0.012
HOMA-IR vs LAP -0.002 (-0.026, 0.022) 0.867
HOMA-IR vs METSIR 0.036 (0.011, 0.06) <0.004
VAl vs TyG -0.015 (-0.028,-0.003) <0.016
VAl vs WTI -0.036 (-0.046, -0.026) <0.0001
VAl vs LAP -0.072(-0.086, -0.057) <0.0001
VAl vs METS-IR -0.034 (-0.052,-0.016) <0.0003
TyG vs WTI -0.020 (-0.030,-0.011) <0.0001
TyGvs LAP -0.056 (-0.072,-0.040) <0.0001
TyG vs METS-IR -0.018 (-0.040, 0.003) 0.093
WTlvs LAP -0.036 (-0.045,-0.027) <0.0001
WTI vs METS-IR 0.002 (-0.018,0.022) 0.837
LAP vs METS-IR 0.038 (0.019, 0.056) <0.0001

DBA Difference between AUCs, AUCs were compared via Delong test

Cl Confidence interval, AUC Area under the curve

participants and diagnostic criteria for NAFLD. Despite
the controversy, most studies support a significant cor-
relation between LAP and NAFLD [31]. Yaling Li et al.
found LAP to be the best predictor for MetS compared
with VAL, Tyg and WTI using the NHANES database
[29]. And metabolic abnormalities are well-known to
be closely linked to NAFLD [19] which may account for
the excellent predictive power of LAP for NAFLD. As
reported by Bedogni, G. et al., LAP was able to identify
individuals with ultrasonographic liver steatosis though
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without comparing it with other indices [32]. A cross-
sectional case—control study [33] comparing the diagnos-
tic performance of VAL, LAP, fatty liver index and hepatic
steatosis index for NAFLD indicated that VAI had the
lowest diagnostic value, concurring with ourfindings.
However, this study focused exclusively on postmeno-
pausal women and the scale was relatively small.

Men are more likely to suffer from NAFLD than
women although the statistical significance was not
remarkable. This gender-specific influence on metabolic-
related fatty liver disease was also witnessed by Lucilla
Crudele et al [34].

With regard to Spearman correlation analysis, although
most correlation coefficients were less than 0.3, the large
study sample was sufficient to judge the correlation [35].
In the NAFLD group, the correlation with ALT, namely
the most sensitive liver enzyme, was stronger for IR indi-
ces than ABO indices, indicating that IR indicators were
probably more sensitive in identifying acute hepatic
injury in NAFLD patients, although large-scale prospec-
tive studies are required to confirm this conclusion. This
may be due to that IR contributes to the progression of
NAFLD from simple steatosis to NASH [23]. Rising ALT
levels were also reported to be sensitive to reflecting IR
and worsening lipid metabolism [36]. Maura PURCELL
et al. observed that a higher proportion of obese youth
presented elevated ALT levels compared with those over-
weight [37]. This research also revealed that IR and ABO
were risk factors for elevated ALT levels, which is con-
sistent with our findings, although they didn’t compare
the correlation intensity. Some experts pointed out that
total bilirubin was the best indicator for acute hepatic
injury [38]. Thus, we analyzed this item and found that
the 95% confidence interval for the average total biliru-
bin was within the normal range, with no significant dif-
ference in total bilirubin levels between the two groups.
For other aspects, including smooth curve fitting, logis-
tic regression, or ROC analysis, there was no significant
trend from IR indices to ABO indices. This may be due to
the tight connection between ABO and IR [39]. IR is con-
sidered as impaired insulin action in adipose tissue and is
strongly linked to intra-abdominal fat accumulation [40].
ABO indices, such as LAP and VAI, were proven to be
effective predictors of IR [41].

Based on the correlation heat map and smooth curve
fitting, a significantly positive relationship was observed
between indices and CAP values in both groups, indicat-
ing that all the indices were sensitive to steatosis grades.
Previous studies indicated the severity of steatosis and
fibrosis was positively related to IR and central obe-
sity which coincides with our conclusion [9, 42]. A ret-
rospective study [43], conducted on biopsy-confirmed
NAFLD, revealed that LAP (r=0.266, P=0.001) and VAI
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Fig. 5 Rank chart of six indices based on AUC values. Abdominal obesity indices are in yellow blocks and insulin resistance indicators are in green
blocks. The higher the position, the greater the AUC value. The arrow points from the index with a relatively small AUC to the index with a larger
AUC. The dotted line indicates P> 0.05 for DBA of the linked two indices and the solid line represents P< 0.05

(r=0.189, P=0.022,) were positively correlated with the
grade of steatosis, consistent with our findings. With
regard to LSM values, the positive relationship was sig-
nificant only in the NAFLD group, indicating that these
indices can reflect the severity of fibrosis only in NAFLD.
Besides, a lack of linearity is evident in the nonlinear
relationship curve between LSM and indices in NAFLD,
except for METS-IR. But at each stage of fibrosis, except
for F4, the relationship curve is near-linear. Previous
studies observed significant differences between LAP,
quartile-stratified HOMA-IR and TyG-related indices
across the NAFLD and liver fibrosis via logistic regres-
sion [43, 44]. However, based on smooth curve fitting, we
found that LAP, HOMA-IR and TyG didn'’t have a linear
relationship with fibrosis severity in NAFLD patients,
which indicates those indices may not be proper indica-
tors for monitoring fibrosis progression of NAFLD. Thus,
it is necessary to combine various analytical approaches
to assess the correlation.

Although females had a significantly higher risk for
NAFLD and central obesity than males [45], few arti-
cles concerns the differences in the predictive value of
ABO indicators for NAFLD between sexes. Based on
our study, all the selected IR indicators and ABO indices
were rarely influenced by sex for predicting NAFLD (P
for DBA >0.05). LAP and TyG were reported to be sex-
specific indices for screening MetS [46]. Moreover, the
interactions between the two indices and gender were
significant for NAFLD [47]. However, we found that gen-
der poses little effect on the diagnostic accuracy of LAP
and TyG for NAFLD.

Several limitations exist in our study. The informa-
tion obtained via questionnaires may be biased due to
subjective factors, and some indicators lack quantitative

standards. This is a cross-sectional study requiring large-
scale prospective studies to validate our findings. In addi-
tion, the rich information conveyed by the figures and
tables may not fully be mentioned in the text.

Conclusions

In conclusion, all the selected indices, namely LAP,
HOMA-IR, TyG, VAI, METS-IR and WTI, presented a
positive relationship with NAFLD prevalence, steatosis
and fibrosis severity. Among the six indices, LAP and
HOMA-IR demonstrated the best diagnostic perfor-
mance for NAFLD. Compared to ABO indices, IR indi-
cators may be more sensitive to acute hepatic injury in
NAFLD.
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