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Abstract

Background Body mass index (BMI) and A Body Shape Index (ABSI) are current independent risk factors for non-
alcoholic fatty liver disease (NAFLD). The aim of this study was to explore the value of combining these two most
common obesity indexes in identifying NAFLD.

Methods The subjects in this study were 14,251 individuals from the NAfld in the Gifu Area, Longitudinal Analysis
(NAGALA) cohort who underwent routine health examination. We integrated BMI with WC and with ABSI to construct
6 combined obesity indicators—obesity phenotypes, the combined anthropometric risk index (ARI) for BMI and ABSI,
optimal proportional combination Ogy e and Ogy.ags, @and multiplicative combination BMI*WC and BMI*ABSI.
Several multivariable logistic regression models were established to evaluate the relationship between BMI, WC, ABSI,
and the above six combined indicators and NAFLD; receiver operating characteristic (ROC) curves were drawn to
compare the ability of each obesity indicator to identify NAFLD.

Results A total of 2,507 (17.59%) subjects were diagnosed with NAFLD. BMI, WC, ABSI, and all other combined
obesity indicators were significantly and positively associated with NAFLD in the current study, with BM*WC having
the strongest correlation with NAFLD in female subjects (OR per SD increase: 3.13) and BMI*ABSI having the strongest
correlation in male subjects (OR per SD increase: 2.97). ROC analysis showed that ARl and Ogy, a5 had the best
diagnostic performance in both sexes, followed by BMI*WC (area under the curve: female 0.8912; male 0.8270).

After further age stratification, it was found that ARl and multiplicative indicators (BMI*WC, BMI*ABSI) and optimal
proportional combination indicators (Ogp,we Osmicags) Significantly improved the NAFLD risk identification ability of
the basic anthropometric parameters in middle-aged females and young and middle-aged males.
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Conclusion In the general population, BMI combined with ABSI best identified obesity-related NAFLD risk and was
significantly better than BMI or WC, or ABSI. We find that ARl and the multiplicative combined indicators BMI*WC and
BMI*ABSI further improved risk prediction and may be proposed for possible use in clinical practice.

Keywords Body mass index, Waist circumference, ABSI, ARI, Receiver operating characteristic analysis, Non-alcoholic

fatty liver disease

Background

Non-alcoholic fatty liver disease (NAFLD) is a chronic
non-infectious liver disease characterized by oxidative
stress, inflammation, and fibrosis in hepatocytes among
people without a history of excessive alcohol consump-
tion [1, 2]. NAFLD can present as asymptomatic simple
hepatic steatosis in its early stages, and without inter-
vention, oxidative stress, inflammation, and fibrosis in
hepatocytes can contribute to the continuous progres-
sion of NAFLD to non-alcoholic steatohepatitis and then
to cirrhosis and ultimately to hepatocellular carcinoma
[2, 3]. Recent epidemiological surveys have shown that
about a quarter of the global population suffers from
NAFLD, with a 27.4% estimated prevalence in Asia [4].
NAFLD is not only the most common chronic liver dis-
ease worldwide but has replaced hepatitis B virus infec-
tion as the primary risk factor for advanced liver diseases
such as cirrhosis and hepatocellular carcinoma [5]. The
high prevalence of NAFLD and its severe complications
place a heavy burden on humans and the world’s health
care systems, making the early prevention, identifica-
tion, and intervention of NAFLD of great public health
importance.

Obesity is one of the most important risk factors for
NAFLD [6]. Waist circumference (WC) and body mass
index (BMI) are currently the most widely used basic
body measures for the assessment of general and cen-
tral obesity and also are known risk factors for NAFLD
[7-10]. Both BMI and WC alone, however, have some
distinct limitations, such as the inability of BMI alone to
distinguish between adipose and muscle tissue and the
inability of WC to determine the differential contribution
of abdominal visceral adipose tissue and abdominal sub-
cutaneous adipose tissue to central obesity [11-13]. It is
not clear if combining risk associated with BMI and WC
can improve the individual risk association. Several rel-
evant studies have analyzed the performance of the com-
bination of BMI and WC in disease risk assessment, and
overall, combining BMI and WC in different ways signifi-
cantly improved the predictive efficacy for obesity-related
diseases such as obesity-related hypertension, type 2
diabetes, cardiovascular disease, and all-cause mortality
risk compared to a single indicator [14—17]. In addition,
a recent study by Wang et al. also found that high levels
of WC and BMI were both associated with NAFLD risk
in people with type 2 diabetes and that BMI combined
with WC was superior to the single measures in assessing

the risk of NAFLD [18]. What remains unclear, however,
is whether the combination of BMI and WC best iden-
tifies a higher risk of NAFLD in the general population.
Furthermore, it is important to note that there is a strong
correlation between BMI and WC (r=0.80), and directly
combining BMI with WC has the potential to confound
the association between BMI and NAFLD, leading to
biased and possibly misleading risk estimates [19-21].
A Body Shape Index (ABSI), an allometric abdominal
obesity index calculated from WC, height, and weight,
is intended to be independent of BMI and has proven to
be useful for identifying individuals at risk for sarcopenic
obesity [22]; therefore, we also evaluated combining BMI
with the non-correlated abdominal obesity index ABSI.
This study sought to explore risk assessment for NAFLD
of various combinations of BMI and WC or ABSI in a
cohort of general health examinees from NAGALA.

Methods

Data sources and study design

In the current study, we used data from 14,251 medical
examiners recruited by the NAGALA cohort between
1994 and 2016 [23]. NAGALA is an ongoing longitudi-
nal cohort study initiated by Murakami Memorial Hos-
pital in 1994, using physical examination data from the
general population to assess common risk factors for the
development of chronic diseases; a detailed description
of the NAGALA cohort study design has been previously
published and the study data have been uploaded by Pro-
fessor Okamura to the Dryad database for public access
[24]. For the current study, we excluded from the original
data set (1) subjects who were diagnosed or self-reported
with hepatitis (viral/alcoholic) or diabetes and impaired
fasting glucose at baseline (n=1,547); (2) subjects with
alcohol abuse (n=1,952, males consuming>210 g of alco-
hol per week and females consuming>140 g) [25]; (3)
subjects taking any medications at baseline (n=2,321);
and, (4) subjects with missing anthropometric and medi-
cal examination data (n=873) were also excluded. We
ultimately included 14,251 eligible subjects, with the
inclusion and exclusion criteria shown in Fig. 1. The
NAGALA cohort study has been ethically reviewed by
the Murakami Memorial Hospital Institutional Eth-
ics Review Committee (IRB2018-09-01) and all subjects
signed written informed consent for the use of their data;
The current study was a post-hoc analysis of the NAG-
ALA cohort, and the Jiangxi Provincial People’s Hospital
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N=20,944

NAGALA cohort, Registration 1994-2016

6,693 participants excluded:

(1) Diabetes has been diagnosed at baseline;
N=323.

(i1) Impaired fasting glucose was diagnosed at
baseline; N=808.

(iii) Liver disease has been diagnosed at
baseline (except fatty liver); N=416.

(iv) Excessive drinking (ethanol consumption
over 210 g/w for men and 140 g/w for women)
N=1,952.

(v) Medication usage; N=2,321.

(vi) incomplete data; N=863.

(vii) unexplained withdrawal from the survey;
N=10.

A 4

14,251 eligible participants were included

Fig. 1 Flowchart of the selection process of study subjects

Ethics Review Committee reviewed the study design and
granted approval (IRB2021-066).

In this study, we extracted the following data from
each subject: anthropometric and demographic informa-
tion including weight, height, sex, age, WC, BMI, ABS],
smoking and drinking status, and exercise habits of the
subjects; where drinking status was classified according
to the subject’s weekly alcohol consumption in the pre-
vious month as moderate drinking, light drinking and
never or small drinking; smoking status was defined as
never, previous and current smoking; for exercise habits,
subjects were considered to have exercise habits if they
had at least one physical activity of any form per week.
BMI was calculated as weight (kg)/[height (m)]*> and
ABSI was calculated as 1,000*WC (m)*[weight (kg)] ~
23+ height (m)]®>/® [22].

Data on laboratory tests, including blood pressure, tri-
glycerides (TG), aspartate aminotransferase (AST), total
cholesterol (TC), fasting blood glucose (FPG), gamma-
glutamyl transferase (GGT), high-density lipoprotein
cholesterol (HDL-C), alanine aminotransferase (ALT),

and glycated hemoglobin (HbAlc). The specific steps for
obtaining demographic and anthropometric informa-
tion and data from laboratory tests have been described
in detail elsewhere [19]; all procedures in this study fully
followed the Declaration of Helsinki. See STROBE state-
ment (S1 Text).

Definition and derivation of the combined indicators of
BMI with WC and ABSI

Based on previous studies, the present study included
four combination types of BMI with WC and ABSI: (1)
Using the WHO-recommended clinical cut-offs of WC
and BMI combined into four obesity phenotypes; (2)
constructing the optimal proportional combination of
BMI with WC and ABSI, Ogyp,we and Ogyi,apss @and (3)
using the multiplicative combination of WC and ABSI
with BMI, BMI*WC, and BMI*ABSI; (4) construction of
anthropometric risk index [ARI (BMI, ABSI)] for com-
bined risk of BMI and ABSI using the method recom-
mended by Krakauer NY et al. [26].
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Combination using usual cut-offs for BMl and WC

In accordance with the World Health Organization
(WHO) expert committee cut-off recommendations for
Asian populations, we defined BMI>25 kg/m? as over-
weight/obese and BMI<25 kg/m? as normal weight [27].
We defined WC2>85 cm for males or WC=80 c¢m for
females as central obesity and WC<85 cm for males or
WC <80 cm for females as normal WC [28]. All subjects
were assigned to the following four obesity phenotypes
according to the baseline WC and BMI: (1) BMIN/WCN:
normal weight+normal WC; (2) BMI®/WCN: over-
weight/obese+normal WC; (3) BMIN/WCO: normal
weight+central obesity; (4) BMI®/WCO: overweight/
obese+central obesity.

Optimal proportional combinations Ogy,\wc and Ogpy,agsis
multiplicative combination indicators BMI*ABSI and
BMI*WC, and ARI

The optimal proportional combination indicator Ogyp,we
was calculated as Opywe= Dy WC+ngy*BMIL The
optimal proportion coefficients for WC (ny,) and BMI
(ngy) were calculated as nye=Pwce / (BpmitPwe) and
ngyva=Pevi / (BemitPwe), respectively; where By, and
Bgag were the regression coefficients of WC and BMI in
the multivariable logistic regression model, respectively.
To acquire regression coefficients for WC and BMI, we
included the presence or absence of NAFLD as the out-
come event of interest, WC and BMI as variables in a
multivariate-adjusted logistic regression model, and
age, height, ALT, AST, systolic blood pressure (SBP),
TG, GGT, HDL-C, HbAlc, TC, FPG, and drinking sta-
tus were adjusted as covariates. Similarly, we used the
same method to obtain Opyy,apge Since NAFLD risk was
positively correlated with BMI, WC, and ABSI, and there
was no correlation between BMI and ABSI, which is con-
sistent with the construction of an ARI (BMI, ABSI) for
the combined risk of BMI and ABSI, and we calculated
ARI (BMI, ABSI) using the method provided by Krakauer
NY et al. [26]. In addition, we calculated the products
BMI*WC and BMI* ABSI for further analysis.

Diagnosis of NAFLD

Specialized gastroenterologists, blinded to the subjects
scored each abdominal ultrasound for NAFLD risk based
on four criteria: (1) changes in the intensity of liver blood
flow signals (0—4 points); (2) the clarity of liver blood ves-
sels (0—1 points); (3) liver and kidney echo contrast (0—4
points); (4) deep liver echo attenuation (0-2 points).
NAFLD was diagnosed if the sum of the above four
scores was greater than 2 [29].

Statistical analysis
We performed all statistical analysis steps in the current
study using Empower (R) version 2.2 and R language
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version 3.4.3. Significance was defined as P<0.05 in all
comparisons (two-sided). Given the significant differ-
ences in body composition, fat deposition patterns, and
prevalence of NAFLD between males and females [30],
all analyses in the present study were performed sepa-
rately for female and male subjects and the specific steps
were as follows:

First, we calculated the quartile categories of BMI*ABSI
using the quartile function and subsequently described
baseline information by grouping all subjects based on
the quartile categories of BMI*ABSI and whether they
had NAFLD. For the measurement data, QQ plots were
first used to determine the pattern of data distribution,
and the data with a normal and a skewed distribution
were described as mean (standard deviation) and median
(interquartile range), respectively. T-test or one-way
ANOVA was used for group comparisons of normal data,
and Mann-Whitney rank-sum test or Kruskal-Wallis
rank-sum test was used for group comparisons of skewed
data. Count data were described as frequencies (%), using
the Pearson chi-square test for comparison between
groups.

Second, before exploring the association of each obe-
sity indicator with NAFLD, we first analyzed the cor-
relations between several anthropometric measures
(height, BMI, WC, ABSI), and it is worth mentioning
that a combination of two basic anthropometric indica-
tors of obesity which have smaller correlations is consid-
ered more appropriate. Additionally, we also performed
a collinearity screening for all covariates [31], where the
weight and diastolic blood pressure (DBP) had variance
inflation factors (VIF) greater than 5 and were therefore
treated as collinear variables and not included in the
subsequent model adjustment (Supplementary Table 1).
We developed one univariate and three multivariable
logistic regression models for assessing the associations
between the continuous variables BMI, WC, ABSI, AR],
Opmewes Opmisapsy BMI*FABSI, BMI*WC, and the cat-
egorical variable obesity phenotypes and risk of NAFLD,
and recorded the corresponding Odds ratio (OR) and
95% confidence interval (CI), respectively. Due to the
large numerical span of BMI*WC (689.56-6490.01) and
BMI*ABSI (961.13-3630.94), the change in effect value
caused by the change of one unit was small, so the
BMI*WC and BMI*ABSI were Z-score transformed and
included in the regression models. In the model adjust-
ment of multivariable logistic regression, model 1 con-
sidered the effect of anthropometric parameters of age
and height on NAFLD; model 2 adjusted drinking status
and important lipid parameters (TC, TG, HDL-C) on the
basis of model 1; model 3 further considered the effects
of liver enzyme indicators (ALT, AST, GGT), blood glu-
cose and blood pressure parameters (FPG, HbAlc, SBP)
on the basis of model 2. In addition, to further explore
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Table 1 Characteristics of 14,251 subjects stratified by NAFLD and gender
Male Female
Variables Non-NAFLD NAFLD P-value Non-NAFLD NAFLD P-
n=5382(72.61%) n=2029 (27.39%) n=6362 (93.01%) n=478 (6.99%) value
Age, years 437 (9.3) 44.1(8.2) 0.002 429 (8.7) 476 (8.3) <0.001
Height, cm 170.9 (6.0) 1706 (5.9) 0.084 1584 (5.4) 157.0(5.3) <0.001
Weight, kg 64.6 (8.3) 74.3 (10.6) <0.001 519(7.1) 63.2 (10.0) <0.001
TC, mmol/L 5.1(0.8) 54(0.9) <0.001 5.1(0.9) 56(0.9) <0.001
HDL-C, mmol/L 13(03) 1.1(0.3) <0.001 1.7(04) 14(0.3) <0.001
SBP, mmHg 116.0(13.2) 124.0 (14.5) <0.001 1084 (13.8) 120.7 (16.0) <0.001
FPG, mmol/L 53(04) 54(0.3) <0.001 50(04) 53(04) <0.001
DBP, mmHg 729(9.3) 784 (10.1) <0.001 67.0 (9.5) 75.1(10.2) <0.001
HbAlc, % 1(0.3) 53(0.3) <0.001 52(03) 54(03) <0.001
BMI, kg/m2 22.1(24) 25.5(3.0) <0.001 20.7 (2.6) 256 (3.6) <0.001
WC, cm 78.0 (6.8) 86.6 (7.4) <0.001 70.8 (7.3) 83.3(8.9) <0.001
ABSI 75.8(3.3) 76.7 (3.1) <0.001 74.8 (4.6) 76.8 (4.5) <0.001
AR 13.1(0.9) 14.3 (1.0) <0.001 12.2(1.0) 14.0(1.3) <0.001
Ogwiswc 344(32) 389 (3.8) <0.001 317 (34) 383 (4.5) <0001
Ogmi+Ags! 320(2.0) 349 (24) <0.001 289(2.3) 334 (3.0) <0.001
BMI*WC 1714.2 21529 <0.001 14238 2070.2 <0.001
(1507.7-1939.1) (1919.2-2457.9) (1249.1-1645.8) (1795.3-2396.7)
BMI*ABSI 1669.3 19225 <0.001 15184 1917.8 <0.001
(1538.1-1806.0) (1795.9-2082.3) (1390.8-1673.5) (1756.7-2131.4)
ALT, U/L 18.0 (14.0-23.0) 29.0 (22.0-41.0) <0.001 13.0(11.0-17.0) 19.0 (15.0-26.0) <0.001
AST, U/L 17.0 (14.0-21.0) 21.0(17.0-26.0) <0.001 16.0 (13.0-19.0) 18.0 (15.0-22.0) <0.001
GGT, U/L 17.0 (14.0-24.0) 24.0 (18.0-35.0) <0.001 12.0(9.0-14.0) 15.0 (12.0-20.0) <0.001
TG, mmol/L 0.8(0.6-1.2) 1.3(0.9-1.9) <0.001 0.5 (0.4-0.8) 1.0 (0.7-1.4) <0.001
Habit of exercise, No. (%) <0.001 0.335
No 4300 (79.9%) 1720 (84.8%) 5351 (84.1%) 410 (85.8%)
Yes 1082 (20.1%) 309 (15.2%) 1011 (15.9%) 68 (14.2%)
Drinking status, No. (%) <0.001 0.004
Non or small 3731 (69.3%) 1623 (80.0%) 5986 (94.1%) 465 (97.3%)
Light 1096 (20.4%) 273 (13.5%) 376 (5.9%) 13 (2.7%)
Moderate 555 (10.3%) 33 (6.6%)
Smoking status, No. (%) 0.067 0.664
Non 1952 (36.3%) 758 (37.4%) 5609 (88.2%) 427 (89.3%)
Past 1538 (28.6%) 615 (30.3%) 382 (6.0%) 24 (5.0%)
Current 1892 (35.2%) 656 (32.3%) 371 (5.8%) 27 (5.6%)

Values were expressed as mean (standard deviation) or medians (quartile interval) or n (%). Abbreviations: BMI: body mass index; WC: waist circumference; ALT:
alanine aminotransferase; AST: aspartate aminotransferase; GGT: gamma-glutamyl transferase; HDL-C: high-density lipoprotein cholesterol; TC: total cholesterol;
TG: triglyceride; FPG: fasting plasma glucose; HbA1c: hemoglobin Alc; SBP: systolic blood pressure; DBP: diastolic blood pressure; NAFLD: non-alcoholic fatty liver
disease; ABSI: A body shape index; Ogy, g5t Optimal proportional combination of BMI and ABSI; Ogy,,wc: Optimal proportional combination of BMI and WC; ARI:

Anthropometric risk index

the correlation between BMI*ABSI and NAFLD, we
also included BMI*ABSI as a categorical variable in the
logistic regression models and calculated the trend of
the association between the median of each category of
BMI*ABSI and NAFLD.

Third, based on the results of the correlation analysis
between each obesity indicator and NAFLD, we also con-
structed receiver operating characteristic (ROC) curves
to evaluate the ability of continuous obesity indicator
BMI, WC, ABSI, AR Opyyiwer Opieansy BMIFABSL
and BMI*WC to identify the risk of NAFLD. The area
under the curve (AUC) and Delong test were used to
compare the differences in the ability to identify NAFLD

risk of each obesity indicator in both sexes and differ-
ent age subgroups of both sexes, and the optimal diag-
nostic threshold for each indicator was calculated using
Youden’s index.

Results

Demographic and clinical characteristics of subjects

The study included 14,251 subjects, of whom 7,411 (52%)
were males, with a mean age of 43.82 (8.99) years, and
2,029 (27.37%) were diagnosed with NAFLD; 6,840 were
(48%) females, with mean age 43.22 (8.78) years, and 478
(6.99%) were diagnosed with NAFLD. Table 1 is strati-
fied by gender and describes the differences in baseline
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Table 2 Characteristics of 14,251 subjects stratified according to the BMI*ABSI quartiles

BMI*ABSI quartiles
variables Q1(961.1-1477.2) Q2 (1477.4-1645.5) Q3 (1645.6-1827.4) Q4 (1827.5-3630.9) P-value
No. of subjects 3563 3562 3563 3563
Male, No. (%) 867 (24.3%) 1666 (46.8%) 2269 (63.7%) 2609 (73.2%)
Age, years 41.0(8.7) 1(8.7) 445 (8.6) 456 (8.9) <0.001
BMI, kg/m2 18.7(1.3) 209(1.2) 227 (1.2) 26.0(2.5) <0.001
WC, cm 654 (3.7) 72.8(2.9) 78.8(2.9) 87.7 (5.8) <0.001
ABSI 73.1(3.8) 1(3.8) 76.5 (3.5) 77.53.5) <0.001
ARI 114 (04) 124 (0.3) 13.2(0.3) 14.4(0.8) <0.001
Obmiwc 290 (15) 323(1.0) 350(1.1) 396 (3.0) <0.0071
Ogwiags 274(13) 299(1.1) 319(1.1) 350(2.0) <0.001
BMI*WC 12412 (1147.1-13184) 1514.2 (1447.2-1587.4) 1782.6 (1703.2-1865.8) 94.4 (2051.7-2436.9) <0.001
Height, cm 161.7 (7.7) 164.3 (8.3) 166.1 (8.5) 167.1 (84) <0.001
Weight, kg 49,0 (5.7) 56.4 (6.5) 62.7 (7.3) 729 (10.3) <0.001
TC, mmol/L 49(0.8) 5.01(0.9) 2(09) 54(0.9) <0.001
HDL-C, mmol/L 1.7 (0.39) 1.5(04) 14(04) 1.2(0.3) <0.001
SBP, mmHg 105.6 (12.5) 111.1(12.8) 115.9(13.3) 123.1(14.8) <0.001
FPG, mmol/L 4.9(04) 5.1(04) 52(04) 5.3(04) <0.001
DBP, mmHg 65.5(8.5) 69.0 (9.1) 72.5(9.6) 77.6(10.2) <0.001
HbA1c, % 51(0.3) 5.1(0.3) 52(03) 53(0.3) <0.001
ALT, U/L 14.0 (11.0-17.0) 15.0 (12.0-19.0) 18.0 (13.0-23.0) 23.0(17.0-33.0) <0.001
AST, U/L 0(13 9.0) 16.00 (14.0-20.0) 17.0 (14.0-21.0) 19.0 (16.0-24.0) <0.001
GGT, U/L 0(10.0-15.0) 13.00(11.0-18.0) 16.0 (12.0-22.0) 21.0(15.0-30.0) <0.001
TG, mmol/L 0.51 (O 4-0. 7) 0.6 (0.5-0.9) 0.8 (0.6-1.2) 1.1(0.8-1.6) <0.001
Habit of exercise, No. (%) <0.001
No 2963 (83.2%) 2858 (80.2%) 2920 (82.0%) 3040 (85.3%)
Yes 600 (16.8%) 704 (19.8%) 643 (18.1%) 523 (14.7%)
Drinking status, No. (%) <0.001
Non or small 3228 (90.6%) 2937 (82.5%) 2848 (79.9%) 2792 (78.4%)
Light 279 (7.8%) 467 (13.1%) 507 (14.2%) 505 (14.2%)
Moderate 56 (1.6%) 158 (4.4%) 208 (5.8%) 266 (7.5%)
Smoking status, No. (%) <0.001
Non 2736 (76.8%) 2322 (65.2%) 1957 (54.9%) 1731 (48.6%)
Past 337 (9.5%) 560 (15.7%) 785 (22.0%) 877 (24.6%)
Current 490 (13.8%) 680 (19.1%) 821 (23.0%) 955 (26.8%)
NAFLD, No. (%) 6 (0.5%) 150 (4.2%) 611 (17.2%) 1730 (48.5%) <0.001

Abbreviations as in Table 1

characteristics between NAFLD patients and non-
NAFLD subjects. We found that NAFLD patients con-
sistently had higher age, weight, TC, SBP, DBP, HbAlc,
BMI, WC, ABSI, AR, Opyyiwer Opiansy BMIFABSL
BMI*WC, ALT, AST, GGT, FPG, and TG levels in both
sexes, but with lower HDL-C levels. Notably, non-
NAFLD subjects of both sexes tended to have greater
alcohol consumption, which paradoxically appeared to
be a protective factor for NAFLD. Additionally, the com-
parison between the NAFLD group and the non-NAFLD
group showed that physical exercise habits were only sig-
nificantly different in males, height was only significantly
different in females, and smoking habits were not signifi-
cantly different in both sexes.

Baseline characteristics for all subjects according to the
quartile category of BMI*ABSI are shown in Table 2. We

found that with the increase of BMI*ABSI quartiles, all
baseline metrics of subjects showed a trend of change (all
P<0.001). Of these, a greater proportion of male subjects
were in the higher BMI*ABSI quartiles, with a male-to-
female ratio of almost 7:3 in Q4, and there were more
subjects with smoking and drinking habits and with less
physical exercise in Q4. Moreover, subjects’ HDL-C lev-
els decreased with increasing BMI*ABSI quartiles, while
age, BMIL, WC, ABSI, AR Opy 11, wer Opwrs apsy BMIPWC,
height, weight, TC, SBP, HbAlc, ALT, AST, DBP, FPG,
GGT, TG levels, and the prevalence of NAFLD increased
(Q4: 48.5%).
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Table 3 Optimal combination equations of BMI with WC and
ABSI.

Logistic regression derived equations
Male
0.722BMI+0.278WC

Female
0.776BMI+0.224WC

equations for BMI and
WC

equations for BMI and
ABSI

Abbreviations as in Table 1

0.817BMI+0.183ABSI  0.848BMI+0.152ABSI

Calculation of the optimal proportional combination of
BMI with WC and ABSI

In the logistic regression equation constructed to cal-
culate the optimal proportional combination Opgy,vwe
the regression coefficient By, for BMI was 0.218
(0.154-0.282), and By for WC was 0.063 (0.038-0.089)
in females; in males, Bg\y was 0.177 (0.124-0.299), and
By was 0.068 (0.048—0.089). Therefore, according to the
calculation formula of the optimal proportional coeffi-
cients, the values of npy; and ny in females were 0.776
and 0.224, respectively, and the values of npy; and nyc
in males were 0.722 and 0.278, respectively. Similarly, in
the logistic regression equation constructed to calculate
the optimal proportional combination Opyy,agsy Pemr
and P,pg were 0.356 and 0.064, respectively, in females,
resulting in npy and nugg values of 0.848 and 0.152,
respectively; in males, Bgyy and Papg were 0.334 and
0.075, respectively, and np); and n,gg values were 0.817
and 0.183, respectively. Table 3 shows the calculation for-
mulas of Opy,wc and Opyy, s

Association of various obesity indicators with NAFLD

Correlation analysis of the basic anthropometric mea-
sures showed a strong correlation between BMI and
WC in both sexes (r: male 0.8796; female 0.8191), while
BMI was barely correlated with ABSI (r<0.05) (Supple-
mentary Table 2). In contrast, the combination of ABSI
and BMI may be more appropriate. Table 4 presents the
associations between BMI, WC, ABSI, ARI, Opyiiwe
Opmrsapsy BMIFABSL, and BMI*WC and the risk of
NAFLD in both sexes. In multivariate-adjusted logistic
regression models, BMI and WC, and ABSI were posi-
tively correlated with NAFLD risk. In the current study,
the combined indicators ARI, BMI*WC, BMI*ABSI,
Opmrsapsy and Opywe were positively correlated with
NAFLD risk in all four logistic regression models, and
the OR values in the univariate logistic regression model
ranged from 1.44 to 5.02; after further adjustment for
age, height, GGT, TC, AST, HDL-C, drinking status, ALT,
TG, FPG, HbAlc, and SBP (Model 3), the results did not
change significantly. The risk of NAFLD increased by 33%
(OR 1.33, 95%CI 1.29, 1.37) and 52% (OR 1.52, 95%CI
1.45, 1.60) and 172% (OR 2.72, 95%CI 2.43, 3.04), in
females, for each unit increase in Opyp,we and Opyryags
and ARI respectively. Similarly, in males, NAFLD risk

Page 7 of 15

was increased by 30% (OR 1.30, 95%CI 1.27, 1.33) and
50% (OR 1.50, 95%CI 1.45, 1.56) and 172% (OR 2.72,
95%CI 2.48, 2.98), respectively. Each standard deviation
increase in BMI*WC and BMI*ABSI in females was asso-
ciated with a 213% (OR 3.13, 95%CI 2.74,3,56) and 209%
(OR 3.09, 95%CI 2.72, 3.52) increased risk for NAFLD
respectively, and for males 185% (OR 2.85, 95%CI 2.59,
3.15) and 197% (OR 2.97, 95%CI 2.68, 3.28), respectively.
Furthermore, the association between BMI*ABSI and
NAFLD remained unchanged after treating BMI*ABSI as
a categorical variable; taking the first quartile as the con-
trol group, the NAFLD risk increased with the increase
of BMI*ABSI quartiles (all P for trend<0.001). More-
over, we also analyzed the risk of NAFLD for each obesity
phenotype in multivariable logistic regression models
(Supplementary Table 3), which in model 3 showed that
compared with the BMIN/WCN phenotype, male and
female BMI®/ WCN, BMIN/WCP, and BMI®/WCP phe-
notypes all had a significantly higher risk of NAFLD.
The risk of NAFLD associated with the BMI®/ WCN,
BMIN/WCP, and BMI®/WC® phenotypes had ORs of
3.67, 3.77, and 9.78 in females and 2.76, 2.74, and 4.19 in
males, respectively. Clearly, subjects with the BMI®/WC°
phenotype consistently had the highest risk of developing
NAFLD.

Accuracy of various obesity indicators to identify NAFLD
ROC curves were drawn to assess the accuracy of BMI,
WC, ABSI, ARI, BMI*WC, BMI*ABSI, Opgyy,apsp and
Opmiewe for identifying NAFLD in both sexes (Fig. 2).
Table 5 summarizes the AUC and optimal diagnostic
thresholds for these obesity indicators. In contrast, ARI
and Opy,apg had the same and highest AUC in both
female and male subjects, with AUC and optimal diag-
nostic thresholds of 0.8270, 33.2569 and 0.8912, 30.4143
for ARI in males and females, respectively. The Delong
test further showed that both the combined indicators
of BMI and WC (Oppp,we and BMI*WC) and BMI and
ABSI (Oppmraps and BMI*ABSI and ARI) were signifi-
cantly better at identifying the risk of NAFLD than BMI
or WC or ABSI alone (Delong test P<0.05).

To explore the changes in BMI, WC, ABSI, AR],
BMI*WC, BMI*ABSI, Ogyp,apsp @0d Oppirawe on the risk
identification ability of NAFLD in different age subgroups
of both sexes, we constructed ROC curves for 20-39,
40-59, and =60 years in both sexes, respectively; and
the corresponding AUC and optimal diagnostic thresh-
olds were summarized in Table 6. We found that ARI and
Opmsaps €xhibited considerably higher AUCs in all age
subgroups for both sexes except in the female>60-year
age group; the AUC of Opy1,apgs in the female 20-39 age
group was 0.9523, the highest value among all age sub-
groups of both sexes. In the male 20-59-year-old group
and the female 40-59-year-old group, the AUC values
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Table 4 Odds ratios and 95% confidence intervals of BMI, WC, ABSI, Ogyiswe: Ogmisagsy BMI*ABSI, BMI*WC, and ARI for NAFLD in female

and male subjects

Odds ratios (95% confidence interval)

Crude model Model 1 Model 2 Model 3
Female
BMI 1.58(1.53,1.64)" 158(1.52,1.63)" 149 (144,1.55)" 142(136,147)"
WC 9(1.17,1.21) 1.19(11712) 117(1.15,1.18)" 1.14(1.12,1.16)
ABS| 09(1.07,1.12)" 1.07 (1.05,1.09)" 1.06 (1.04,1.08)" 1.05(1.02,1.07)
AR 3.70 (3.36,4.07) 361 (3. 28 3. 98) 3.11(2.80,3.44)" 2.72 (243, 3. 04)
Ogwiinss! 1.73 (1.66,1.80)" 1.71(1.65,1.79) 161(1.54,1.68)" 152 (1.45,1.60)"
Ogmiswc 144 (141,148) 144 (140,148) 38(1.34,1.42) 133(1.29,137)
BMI*ABSI (Per SD) 449 (4.02,502)" 433(387,484) 363 (3.23,4.09) 3.09 (272, 3. 52)
BMI*WC (Per SD) 450 (4.03,503)" 441 (3.94,4.93) 368 (3.27,4.15) 3.13(2.74,3.56)"
BMI*ABSI (quartiles)
Quartile 1 1.0 1.0 1.0 1.0

Quartile 2 10.90 (4.64, 25.59)"
Quartile 3 43.73(19.20,99.63)"
Quartile 4 217.88(96.72,490.84)
P for trend <0.0001

Male

BMI 162 (1.58,1.67)

WC 9(1.18,1.20)"
ABSI 1.09(1.07,1.10)°

ARI 439 (4.06,4.75)
Ogwisngsi 183(1.77,1.89)
Ogwiswc 147 (144,1.50)"
BMI*ABSI (Per SD) 502 (461,548)"
BMI*WC (Per SD) 472 (434,5.13)"
BMI*ABSI (quartiles)

Quartile 1 1.0

Quartile 2 5.76 (3.00,11.09)"
Quartile 3 23.97 (12.75,45.07)"
Quartile 4 102.03 (54.44,191.23)"
P for trend <0.0001

10.32 (4.39, 24.24)"
39.09 (17.13,89.20)"
188.51 (83.50, 425.59)"

842 (3.57,19.86)
25.14 (1094, 57.76)"

105.60 (46.43, 240.20)"

747 (3.16,17.65)
1949 (8.44, 44.98)"
63.97 (27.87,146.85)

<0.0001 <0.0001 <0.0001
162 (1.58,167) 1.52(148,157)" 138(1.34,142)"
12101 zo 122) 1.18(1.17,1.19) 1.13(1.12,1.15)"
1.10(1.08,1.12)" 106 (1.04,1.08)° 1.05(1.02,1.07)"
440 (4.07,4.77) 3.68 (3.38,4.00)" 272 (248, 298)*
1.83(1.77,189) 170 (1.65,1.76) 150 (1.45,1.56)"
147 (144,1.50)" 141(1.38,1.44) 130(1.27,1.33)
5.08 (4.66,5.55)" 416 (3.80,4.56)" 2.97 (268, 3. 28)“
483 (4.44,526) 3.95(3.62,432) 2.85(2.59,3.15)"
10 10 10

5.89(3.06,11.33)°
25.00 (13.29, 47.03)"
108.71 (57.95,203.93)"
<0.0001

468(2.42,902)
15.83 (8.38,29.90)"
5844 (3099, 110.21)
<0.0001

397 (2.03,7.78)
10.27 (5.35,19.72)"
26.15(1361,50.25)"
<0.0001

"P<0.0001; Abbreviation: SD: standard deviation; other abbreviations as in Table 1

Model 1 adjusted for age and height
Model 2 adjusted for model 1 plus TC, TG, HDL-C, drinking status
Model 3 adjusted for model 2 plus ALT, AST, GGT, FPG, HbA1c, and SBP.

of ARI and Opgyy,apg Were slightly higher than those of
BMI*WC, but all were significantly higher than those of
BMI or WC or ABSI alone, while in the female 20-39
years group and the female>60 years group AUC val-
ues for all combined obesity indicators were signifi-
cantly higher than that of WC and ABSI; in addition,
in the male>60-year-old group, the seven indicators of
obesity had similar NAFLD identification abilities, only
ABSI underperformed. Therefore, the combined indica-
tors ARI, BMI*WC, BMI*ABSL Oy, apsy and Opyriwe
can significantly improve the ability of simple obesity
parameters BMI and WC and ABSI to identify NAFLD in
middle-aged females and young and middle-aged males
and had the highest diagnostic performance in young
females.

Discussion
Our main findings showed that BMI, WC, ABSI, ARI,
BMI*WC, BMI*ABSI, Oppmiiagsy Opmiswer and the obe-
sity phenotypes were all significantly and positively cor-
related with NAFLD risk; and for the first time in the
general population, it was found that BMI combined with
WC and ABSI can significantly improve the ability of the
basic anthropometric measures to identify NAFLD, espe-
cially in middle-aged females and young and middle-aged
males. Of significant mention, compared with other age
stages in both sexes, all obesity indicators in this study
have the highest diagnostic efficiency among young
females.

In recent years, the rapid global economic develop-
ment, dietary patterns and lifestyles of the residents
have changed dramatically, and a high-calorie, high-fat
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Fig. 2 ROC curve analysis of BMI, WC, ABSI, ARI, Ogpyiwc: O agsy BMIFABSI, and BMI*WC in females and males

Table 5 The best threshold, sensitivities, specificities, Youden's index, and area under the curve of BMI*WC, BMI*ABSI, Ogagsi

Ogwizwe BMI, WC, ABSI, and ARl in different genders

AUC 95%Cl low 95%Cl up Best threshold Specificity Sensitivity Youden’s
index
Female
BMI™ 0.8799 0.8648 0.8950 22.7565 08177 0.7950 06127
wc” 0.8695 0.8545 0.8844 74.2500 0.7050 0.8745 0.5804
ABSI” 06171 05916 0.6426 75.7925 0.5926 0.5962 0.1888
ARI™ 0.8912 08775 0.9048 127825 0.7735 0.8577 06312
Opmings) 0.8912 08775 0.9048 304143 0.7733 0.8577 06310
Oguiswc 0.8888 08750 0.9027 34.1234 07716 0.8556 0.6272
BMI*ABSI 0.8884 0.8748 0.9021 1704.2100 0.7922 0.8285 0.6207
BMI*WC 0.8888 0.8750 09027 16741183 07733 0.8556 0.6286
Male
BMI™ 0.8160 0.8055 0.8264 23.5555 0.7382 0.7309 04691
wc” 0.8102 0.7998 0.8207 80.6500 0.6674 0.8034 04708
ABSI” 0.5795 0.5653 0.5936 74.9128 04052 0.7240 0.1292
ARI™ 0.8270 0.8170 0.8369 13.6096 0.7456 0.7457 04913
Ogmiingsi 0.8270 08170 0.8369 33.2569 0.7458 0.7457 04915
Oguiswic 0.8242 0.8141 0.8343 39.8313 0.7438 0.7447 0.4885
BMI*ABSI 0.8257 08157 0.8356 17587590 0.6761 08117 04878
BMI*WC 0.8244 08143 0.8345 1944.0433 0.7551 0.7329 04880

Abbreviations as in Table 1
"'P<0.05 compared with BMI*WC in each gender

daily diet and a sedentary lifestyle have become the main
themes of today’s society; therefore, the prevalence of
metabolic syndrome, obesity, and other obesity-related
diseases has increased greatly [2, 32, 33]. NAFLD is con-
sidered the hepatic manifestation of the metabolic syn-
drome and encompasses a complex spectrum of liver
pathologies ranging from simple hepatic steatosis to
non-alcoholic steatohepatitis, and also the most common

chronic liver disease and the leading cause of liver-related
death worldwide [1, 34]. The occurrence and develop-
ment of NAFLD are closely related to the global epi-
demic of obesity [6]. Recent epidemiological surveys have
shown that the incidence of NAFLD in obese patients can
reach 80%, and in severely obese patients who require
bariatric surgery, the incidence of NAFLD is as high as
90% [4].
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Table 6 The area under the curve, best threshold, sensitivities, specificities, and Youden’s index of BMI*WC, BMI*ABSI, Ogy,agsi
Ogviswe BMI, WC, ABSI, and ARl as a predictor of NAFLD in the different age groups of both genders

AUC 95%Cl low 95%Cl up Best Specificity Sensitivity Youden’s
threshold index
Female
Age 20-39 years
BMI 09511 09336 0.9685 23.1266 0.8981 08723 0.7704
wc™ 09319 0.9079 0.9559 76,6000 0.8560 0.8830 0.7390
ABSI™ 0.5686 0.5085 0.6288 75.5742 06122 0.5319 0.1441
AR 0.9522 09337 0.9708 127922 0.8498 0.9362 0.7860
BMI*WC 09516 09331 0.9701 16754784 0.8436 0.9255 0.7691
BMI*ABSI 0.9486 0.9289 0.9682 1701.3486 08614 0.9255 0.7869
Ognisags 0.9523 09337 0.9708 304368 0.8498 0.9362 0.7860
Ogmiwc 09516 0.9330 0.9701 34.1296 08424 0.9255 0.7679
Age 40-59 years
BMI™ 0.8484 0.8282 0.8686 227527 0.7841 0.7744 0.5585
wc™ 0.8423 0.8230 08616 74.2500 0.6630 0.8691 0.5321
ABSI™ 06186 0.5897 06476 75.7925 0.5808 06072 0.1880
ARI™ 08622 0.8438 0.8805 13.0283 08077 0.7744 0.5821
BMI*WC 0.8603 08417 0.8788 1674.1183 0.7332 0.8384 05716
BMI*ABSI 0.8602 0.8420 0.8785 1704.2100 0.7546 08134 0.5680
Opmingsl 0.8622 0.8438 0.8805 30,9995 0.8079 0.7744 0.5823
Oguiswic 0.8602 08417 0.8788 35.0363 0.8093 0.7632 05725
Age =60 years
BMI 0.8308 0.7458 0.9159 233334 0.8439 0.7600 06039
wc™ 0.7696 06778 08613 79.7500 0.7707 0.6800 04507
ABSI™ 0.5660 04551 0.6770 78.1836 0.5024 0.7200 0.2224
AR 0.8195 0.7391 0.8999 129252 0.7024 0.8400 0.5424
BMI*WC 08199 0.739 0.9002 1686.1280 06976 0.8400 05376
BMI*ABSI 08014 0.7186 0.8841 1659.0994 0.5610 0.9600 0.5210
Ogiiiags 0.8195 0.7392 0.8998 30.7525 0.7024 0.8400 0.5424
Oguiwic 0.8201 0.7393 0.9009 343393 0.7024 0.8400 0.5424
Male
Age 20-39 years
BMI™ 0.8439 0.8275 0.8602 234782 0.7495 0.7665 05160
wc™ 0.8415 0.8255 08575 80.4500 0.7219 0.8009 05228
ABSI™ 06063 0.5826 0.6300 74.5090 04871 0.6991 0.1862
ARI™ 0.8549 0.8396 0.8702 135026 0.7600 0.7844 0.5444
BMI*WC 08513 08357 0.8669 1862.5415 0.7219 08114 05333
BMI*ABSI™ 0.8552 0.8399 0.8704 1766.2886 0.7557 0.7874 0.5431
Opmiingsi 0.8549 0.8396 0.8702 33.0076 0.7614 0.7829 0.5443
Oguiwic 08514 08358 0.8669 39.1453 0.7290 0.8084 05374
Age 40-59 years
BMI™ 0.8007 0.7867 08147 232505 06779 0.7639 04418
wc™ 0.7908 0.7766 0.8051 81.2500 06583 0.7795 04378
ABSI™ 0.5615 0.5429 0.5801 754294 0.3897 0.7005 0.0902
ARI™ 0.8104 0.7969 0.8240 13.6142 0.7232 0.7451 04683
BMI*WC 0.8080 0.7943 08217 1955.1203 0.7448 0.7177 04625
BMI*ABSI 0.8086 0.7950 0.8222 1816.1016 0.7334 0.7287 04621
Ogmisngsi 0.8105 0.7969 0.8240 332733 0.7239 0.7443 0.4682
Opmiswic 0.8075 0.7938 0.8212 40.1192 0.7475 0.7185 0.4660
Age =60 years
BMI 0.7903 0.7363 0.8444 23.7420 08111 06951 0.5062
WC 0.7804 0.7282 0.8326 80.5000 0.5944 0.8659 04603

ABSI™ 0.5804 05119 0.6490 75.8542 0.2941 0.8659 0.1600
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Table 6 (continued)
AUC 95%Cl low 95%Cl up Best Specificity Sensitivity Youden’s

threshold index

ARI 0.7949 0.7437 0.8462 13.5819 0.6780 0.8171 0.4951

BMI*WC 0.8029 0.7513 0.8545 19326121 0.7368 0.7927 0.5295

BMI*ABSI 0.7904 0.7393 0.8414 1800.3670 0.6594 0.8293 0.4887

Ogwisags! 0.7950 0.7438 0.8462 33.1880 06780 08171 04951

Opmiswc 0.8023 0.7509 0.8536 39.7476 0.7121 0.8171 0.5292

Abbreviations as in Table 1

""P<0.05 compared with BMI*WC in each age group of both genders

Independent associations between NAFLD and tradi-
tional obesity indicators BMI and WC have been dem-
onstrated in many observational studies, but there is
much debate as to which indicator is better at identify-
ing obesity-related NAFLD risk [7-10, 35-39]. Several
recent studies have demonstrated that BMI was a stron-
ger indicator of obesity for identifying and predicting
NAFLD risk, with BMI having the largest AUC compared
with other obesity-related parameters, showing bet-
ter diagnostic performance than WC and other obesity
indicators [37-39]. Of course, there were other stud-
ies that expressed the opposite standpoints; two studies
of NAFLD in obese adolescents and children found that
both WC and BMI independently predicted NAFLD risk,
with WC, in particular, having the highest predictive
accuracy [35, 36]. Furthermore, a meta-analysis study
by Qing et al. found that WC remained the strongest
anthropometric predictor of NAFLD even after adjust-
ing for a large number of confounding factors, includ-
ing BMI, and that central obesity was a more dangerous
pattern of body fat distribution than general obesity [7].
Clearly, both BMI and WC were independent risk factors
for NAFLD, but neither BMI nor WC alone appeared
to be an adequate measure of obesity-related NAFLD
risk. In a study by Janssen et al. [40], it was found that
either BMI or WC alone was an independent predictor
of total fat, non-abdominal fat, abdominal subcutane-
ous fat, and visceral fat, but 20-40% of the variation in
fat mass in these fat pools remained unexplained by BMI
or WC alone; after they further combining BMI with
WC, found that the variability of fat content in these fat
pools decreased significantly. Given that the available evi-
dence generally supports both abdominal subcutaneous
fat and visceral fat as independent predictors of insulin
resistance [41, 42], we hypothesized that the combination
of WC and BMI may be a better predictor of metabolic
disease. This speculation has been confirmed in studies
of metabolic diseases such as cardiovascular disease, obe-
sity-related hypertension, type 2 diabetes, and risk of all-
cause mortality [14—17]. Furthermore, in a recent study,
Wang et al. also found that BMI combined with WC
was more strongly associated with NAFLD in a diabetic

population than either BMI or WC alone [18]. However,
their study subjects were limited to the diabetic popula-
tion and did not explore the value of combined BMI and
WC in the identification of NAFLD. In addition, it is also
worth noting that in the above-mentioned studies related
to BMI combined with WC, almost all researchers
ignored the statistical artifacts that may result from the
strong correlation between BMI and WC. A recent study
by Christakoudi S et al. found a traditional U-shaped
association between BMI alone and all-cause mortality
risk, but when BMI was combined with WC, which had a
strong correlation, a predominantly negative association
was found between BMI and all-cause mortality, i.e., the
higher the BMI the lower the mortality risk [19]. It means
that the combination of WC and BMI may not simply
supplement BMI, but even changed the pattern of asso-
ciations between BMI and outcome events, which may
be a statistical artifact caused by the strong correlation
between WC and BML. In addition, when they combined
BMI with the moderately correlated waist index waist-
to-height ratio found a similar but more modest change
in the pattern of association between BMI and all-cause
mortality. Therefore, combining BMI with a correlated
abdominal obesity index may lead to biased and possibly
even misleading risk estimates and ineffective risk strati-
fication [19]. As expected, when the researchers further
combined BMI with the unrelated abdominal obesity
index ABSI and hip circumference, they found that the
pattern of association between BMI and all-cause mortal-
ity did not change and that more fine-grained risk stratifi-
cation was achieved for ABSI in each BMI stratum. ABSI
is a reliable predictor of diseases such as cardiovascular
disease and all-cause mortality and a valid proxy for iden-
tifying sarcopenic obesity, independent of BMI by design,
and is a useful complement to BMI for risk estimation
and risk stratification [22, 43—45].

In this study, we also analyzed the correlations between
BMI and WC and ABSI, and in agreement with the
results of previous studies [19], there was a strong cor-
relation between BMI and WC and almost no correlation
between BMI and ABSI (r<0.05); in addition, in the asso-
ciation analysis of single indicators with NAFLD risk we
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found that BMI, WC, and ABSI were all significantly and
positively associated with the risk of NAFLD (Table 4).
Therefore, the combination of BMI and ABSI may be
more appropriate than the combination of BMI and WC.
Nevertheless, to fully explore the value of combining
BMI and the abdominal obesity index to assess the risk
of NAFLD and to circumvent possible statistical artifacts,
we still combined BMI with WC and ABSI in 4 separate
ways based on previous studies: First, the combination of
BMI and WC into four obesity phenotypes, BMIN/WCN,
BMI®/WCN, BMIN/WCP, and BMI®/WCP, based on the
overweight cut-offs for WC and BMI in Asian popula-
tions recommended by the WHO Expert Committee [27,
28]. Second, constructing optimal proportional combi-
nations Opywe and Opyirapst based on the regression
coefficients of BMI, WC, and ABSI in multivariate logis-
tic regression models. Third, multiplied BMI with WC
and ABSI directly to obtain BMI*WC and BMI*ABSI
Fourth, a predictor ARI (BMI, ABSI) was calculated
using the method developed by Krakauer NY et al. [26].
In the analysis of the association between each obesity
phenotype and NAFLD we found that after adjusting
for a large number of confounders (Model 3), subjects
with normal BMI and WC in both sexes had the lowest
risk of NAFLD, both the BMI®/WCN phenotype and the
BMIN/WCP phenotype increased the risk of NAFLD,
and subjects with the BMI®/WCC® phenotype had the
highest risk of NAFLD (male: OR 4.19, 95%CI 3.54, 4.96;
female: OR 9.78, 95%CI 7.35, 13.02); these results were
in accord with previous studies [18]. Obviously, com-
prehensive consideration of the effects of BMI and WC
on NAFLD in the general population could explain the
obesity-related NAFLD risk to a greater extent, identi-
fying more populations at risk for developing NAFLD.
Additionally, all other combined indicators in this study
were significantly and positively correlated with NAFLD,
with BMI*ABSI having the strongest correlation among
males and BMI*WC having the strongest correlation with
NAFLD among females. The results also did not change
after treating BMI*ABSI as a categorical variable, but it
is worth mentioning that the Q4 category has a much
higher risk of NAFLD in females than in males compared
with the Q1 category in BMI*ABSI (OR: female 63.97
vs. male 26.15). Consistently, in the obesity phenotypes,
female subjects with BMI®/WC® phenotype also had
a significantly higher risk of NAFLD than males (OR:
female 9.78 vs. male 4.19). This suggested that elevated
BMI and WC and ABSI may be more important risk fac-
tors for NAFLD in females, and females should pay more
attention to maintaining normal body weight and body
shape to prevent the occurrence of NAFLD.

Our current study also compared the ability of five con-
tinuous combined indicators, ARI, Opyiiwe OpmirABsy
BMI*ABSI, and BMI*WC, to identify NAFLD with
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BMI and WC and ABSI alone. According to the results
of ROC analysis, ARI and Ogy,apgr had the strongest
NAFLD identification ability in both sexes, and although
there were only minor differences between the two and
Opmrrwe, BMI¥WC and BMI*ABSI, they were all signifi-
cantly higher than BMI and WC and ABSI alone. From
Table 5 we found that the optimal proportional combina-
tion indicators (Opywe and Opyraags) have extremely
similar diagnostic efficacy to the multiplicative indica-
tors (BMI*WC and BMI*ABSI) and ARI, which was an
interesting result. The optimal proportional combina-
tion indicators in this study were calculated after directly
obtaining the proportional coefficients based on the ratio
of the regression coefficients of BMI and WC or ABSI
in model 3, which considered the relative weights of the
effects of BMI and WC or ABSI on NAFLD and could
fully reflect the effects of BMI combined with WC and
ABSI on NAFLD. However, the construction of the cal-
culation formula for the optimal proportional combina-
tion was relatively complicated, which may be affected by
different adjusted confounding factors and changes in the
correlation between BMI, WC, ABSI and NAFLD in dif-
ferent test groups. In contrast, the ARI (BMI, ABSI) was
obtained by multiplying the logarithms of ORs of BMI
and ABSI by the corresponding BMI and ABSI values of
each subject and then summing them together [26] and
the multiplicative combination indicators were obtained
by directly multiplying BMI with WC and ABSI, which
are easy to calculate and had a high diagnostic perfor-
mance in both sexes. In summary, ARI and multiplica-
tive combination indicators (BMI*WC and BMI*ABSI)
may be better obesity indicators for clinical screening
of NAFLD. Additionally, the results of the ROC analysis
after further grouping the sexes by different age groups
showed that all combination indicators of BMI and ABSI
or WC significantly improved the ability of a single indi-
cator to identify NAFLD in middle-aged females and
young and middle-aged males. It is worth mentioning
that the highest diagnostic efficacy for NAFLD was found
in the young female population for both combined and
single obesity indicators; this may be related to the pro-
tective effect of large amounts of estrogen on NAFLD in
young females. As we all know, the reproductive status of
females is closely related to their health status. Experi-
mental studies have shown that estrogens can exert anti-
oxidant, anti-steatosis, and anti-fibrotic effects in the
liver [46, 47]. Whereas, a significant decrease in estrogen
levels and an increase in circulating androgen levels in
postmenopausal females may lead to disorders of lipid
metabolism and the development of metabolic syndrome
[48]. In addition, the decline in the body’s metabolic sta-
tus with aging is also an important risk factor for NAFLD
[49]. Thus, younger females have a healthier metabolic
profile and fewer confounding factors that affect the risk
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of NAFLD identified by obesity indicators compared with
postmenopausal females and males.

Our findings have important implications for both
clinical screening and epidemiological studies of NAFLD.
Due to the insidious onset of NAFLD, early-stage patients
may be asymptomatic, primary care workers lack atten-
tion to NAFLD, and public awareness and treatment rates
are very low [50, 51]; moreover, there are no approved
treatments for NAFLD, hence the mainstay of preven-
tion and treatment of NAFLD remains healthy lifestyle
and weight control [1]. In the current study, ARI and
BMI*WC and BMI*ABSI had greater than 80% diagnostic
accuracy in all age groups of both sexes and up to 95.22%
in young women, and ARI and BMI*WC and BMI*ABSI
were easily calculated without additional measurements
or equipment requirements. Therefore, we recommend
that the ARI and BMI*ABSI and BMI*WC should be
incorporated into the clinical screening plan for NAFLD,
which will greatly improve the detection rate of NAFLD.

Advantages and limitations of research

Several advantages of the current study need to be men-
tioned: (1) The current study demonstrated for the first
time in a large sample of the general population that
BMI combined with WC and ABSI had a stronger ability
to identify NAFLD than a basic anthropometric obesity
parameter. (2) After combining BMI with WC and ABSI
in various ways, we found that the ARI and multiplica-
tive combination indicators (BMI*WC and BMI*ABSI)
may be the more appropriate obesity index for clinical
screening of NAFLD. These findings provided an impor-
tant reference for the application of BMI combined with
the abdominal obesity index for NAFLD screening in the
general population.

Of course, it is undeniable that the current study has
several limitations: (1) The current study was a cross-
sectional study, so we can only demonstrate that BMI
combined with the abdominal obesity index was stronger
than a single indicator for identifying NAFLD in the gen-
eral population, but whether the predictive performance
for NAFLD risk is stronger needs to be validated in a lon-
gitudinal cohort study. (2) The diagnosis of NAFLD, the
main outcome in this study, was based on ultrasonogra-
phy, which may have missed some patients with NAFLD
[1]. However, in the setting of fewer NAFLD cases, we
still demonstrated that BMI combined with the abdomi-
nal obesity index had a higher diagnostic performance
for NAFLD than a single indicator. (3) Although we sys-
tematically adjusted for known NAFLD risk factors, there
may be residual confounding due to the limitations of
retrospective studies where some NAFLD risk factors
could not be measured and obtained.
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Conclusion

Taken together, our findings confirmed that BMI com-
bined with ABSI and WC can better explain obesity-
related NAFLD risk than a single indicator in the general
population, and identified the ARI and the multiplica-
tive combination indicators BMI*ABSI and BMI*WC as
the simplest and very effective combination indicators
for diagnosing the risk of NAFLD. These new findings
underscored the importance of the combined applica-
tion of BMI and the abdominal obesity index in clinical
practice to assess NAFLD risk in the general population
and provided a cost-effective tool for precise preventive
screening and treatment monitoring for NAFLD.
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