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ABSTRACT

Background/Aims: This study aimed to assess obesity-related indices in predicting nonalcoholic fatty liver disease (NAFLD) in the
United States. These indices were analyzed separately in previous studies, but evidence comparing them together was still lacking.
Materials and Methods: We analyzed data from 8126 individuals in the National Health and Nutrition Examination Survey (NHANES)
database and measured their body mass index (BMI), body roundness index (BRI), a body shape index, conicity index, body adiposity
index, abdominal volume index (AVI), and waist-hip ratio. We used logistic analyses with odds ratios to evaluate the association between
obesity-related indices and NAFLD and compared their diagnostic ability by receiver operating characteristic (ROC) curves, areas under
the curve (AUCs), and net reclassification improvement (NRI).

Results: The AVI had the highest AUC (0.835 at controlled attenuation parameter [CAP] scores 263 dB/m and 0.831 at CAP scores 285
dB/m) in the ROC curve analysis. The AVI also showed better discriminatory ability than BMI (NRI = 0.0331 at CAP scores 263 dB/m and
0.0328 at CAP scores 285 dB/m), the same as BRI (NRI = 0.0283 at CAP scores 263 dB/m and 0.0272 at CAP scores 285 dB/m). In males,
AVI (AUC = 0.8501 at CAP scores 263 dB/m and 0.8466 at CAP scores 285 dB/m) and BRI (AUC = 0.8517 at CAP scores 263 dB/m and
0.8497 at CAP scores 285 dB/m) had better predictive ability than BMI and similar to females. This was consistent across different age
and race groups.

Conclusion: AVI and BRI were better predictors of NAFLD than BMI.

Keywords: Nonalcoholic fatty liver disease, obesity-related index, transient elastography, body roundness index, abdominal volume

index

INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) was becom-
ing increasingly widespread as the prevalence of dia-
betes and obesity increased, and it was the main cause
of liver disease globally. The majority of hepatocellular
carcinoma was associated with hepatitis virus infection,
but NAFLD was becoming a major cause of hepatocel-
lular carcinoma (HCC) in the United States. NAFLD had
caused huge health and economic burden to patients,
their families, and society." Liver biopsy was the gold
standard for diagnosing NAFLD. However, biopsy was an
invasive method that might lead to complications such
as death and bleeding. There were also reports of sam-
pling errors in NAFLD patients, which might affect the
diagnosis and staging of the disease.? As a result, nonin-
vasive approaches for diagnosing NAFLD were urgently
needed.®

The National Health and Nutrition Examination Survey
(NHANES) database collected a large number of transient
elastography (TE) examination data among the entire
U.S. population in 2017-2020. Because it is hon-invasive,
simple, fast, easy to operate, repeatable, safe, and well
tolerated, it could help doctors better assess the severity
of liver fibrosis and steatosis, partially replace liver punc-
ture biopsy, and reduce the need for clinical liver punc-
ture. Transient elastography had been recommended
by the American Academy of Hepatology (AASLD), the
European Society of Hepatology (EASL), and the treat-
ment of chronic hepatitis B as a significant method of
clinical assessment of hepatitis C and B virus-related
hepatic fibrosis. The index of the controlled attenuated
parameter (CAP), which was a numerical evaluation,
had been proved to have a good correlation between TE
and hepatic steatosis, and it was superior to abdominal
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ultrasound;*® however, there was a lack of an appropriate
threshold for the diagnosis of NAFLD. Studies had shown
that the 263 and 285 thresholds were reliable, and more
than 90% were sensitive for the diagnosis of NAFLD.” At
present, many articles had been published by using this
critical value.®®

NAFLD was a disease related to obesity. Obesity-related
indicators could reflect diseases related to metabolism
and health in the body. In recent years, many scholars had
derived various obesity-related indexes such as weight,
height, hip circumference, and waist circumference, based
on different algorithms, such as body roundness index
(BRI), conicity index (Cl), abdominal volume index (AVI),
waist-hip ratio (WHR), and a body shape index (ABSI)
and had studied their correlation in hypertension, diabe-
tes, heart failure, renal insufficiency, and so on.'® Previous
studies had shown a correlation between WHR, BRI, AVI,
and NAFLD."-'8 There was a literature review on NAFLD
diagnosis using abdominal ultrasound to assess the diag-
nostic ability of various obesity indices and NAFLD and to
evaluate which obesity index has a better ability to diag-
nose NAFLD." Based on the above, this study aimed to
use the relevant data of TE in the NHANES database to
compare various obesity-related indicators to diagnose
NAFLD better.

MATERIALS AND METHODS

Subjects and Study Design

The most recent NHANES 2017-2020 data were exam-
ined in this study. To gather representative adults in
the United States, the NHANES data use a multistaged,
stratified, and clustered probability sample approach.
Regarding inclusion and exclusion criteria, we referred to
a previously described method.? Of 15 560 participants
in 2017, based on March 2020 pre-pandemic NHANES
database, we excluded 5756 participants with missing
data on obesity-related indicators and excluded 676 par-
ticipants with TE data were ineligible. Next, we excluded

Main Points

Previous studies have analyzed obesity-related indicators
separately, and there is a lack of evidence comparing them
together. Several obesity-related indicators for nonalco-
holic fatty liver disease diagnosed by transient elastogra-
phy were compared in this research.

For the population as a whole, abdominal volume index
(AVI) had the greatest predictive ability.

The distinguishing capacity of both body roundness index
and AVI was better than body mass index.

412 participants with missing controlled attenuation
parameter data. We also excluded 191 participants with
hepatitis B virus and hepatitis C virus, 350 participants
with alcohol consumption (>30 g/day in men and >20
g/day in women), and 49 participants with exposure to
steatogenic drugs (valproate, tamoxifen, methotrexate,
corticosteroid, and amiodarone). A total of 8126 partici-
pants were included in the final cohort, all of whom had
complete data (Figure 1).

Ethics Approval and Consent to Participate

Allmethods in our research were performed in accordance
with the Declaration of Helsinki. This study protocol was
reviewed and approved by National Center for Health
Statistics (NCHS) Ethics Review Board (approval number
Protocol #2018-01). Written informed consent from all
adult patients to participate in the study were obtained.
Written informed consent from parents/guardian/next of
kin for all vulnerable participants were obtained.

Data Collection

We used TE to diagnose NAFLD. CAP was used by using
TE (Fibroscan ®; Echosense) to detect and quantify liver
steatosis. We adopt 2 CAP thresholds of 263 and 285,
the sensitivity was more than 90%.” This was done using
only the M probe, as the CAP algorithm was unique to the
device. Each patient was successfully measured 10 times,
and this study only considered cases that were success-
fully collected 10 times. Therefore, checks with less than
10 successful measurements were considered as failures.

The following equations were used to calculate the obe-
sity-related indices AVI, ABSI, BRI, body mass index (BMI),
body adiposity index (BAI), Cl, and WHR.'5-1°

_ 2xWC?(cm)+0.7 x(WC —HC)*(cm)
- 1000

AVl

ABSI=WC(m)/[ BMI* (kg/m? )xheight (m)

BRI =364.2-365.5 \[1-I1-2xWC?(m) xheight *(m)

- weight(kg)

" height®(m)
:M—-lSBN”
height**(m)
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15560 participants in 2017-March 2020 pre-

pandemic NHANES

>

excluding those with missing data on obesity-related indicators
(n=5756)

y

9804 participants

——>

excluding those with transient elastography data were ineligible
(n=676)

y

9128 participants

excluding those with missing controlled attenuation parameter data
(n=412)

8716 participants

—>

excluding those with alcohol consumption > 30g/d in male or > 20g/d in female
(n=350)

A4

8366 participants

——>

excluding those with exposure to steatogenic drugs (amiodarone, tamoxifen, valproate,
corticosteroid, methotrexate)
(n=49)

y

8317 participants

A.I

excluding those with hepatitis B and C
(n=191)

y

8126 participants

Figure 1. Flowchart of the study design and participants excluded from the study.
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where AVI is the abdominal volume index; ABSI is a
body shape index; BMI is the body mass index; BRI is
the body roundness index; BAIl is the body adiposity
index; Cl is the conicity index; HC is the hip circumfer-
ence; WHR is the waist-hip ratio; and WC is the waist
circumference.

Statistical Analysis

The survey-weighted mean were applied to represent
continuous variables, including BMI, BRI, ABSI, CI, BA|
AVI, and WHR. The P-value was by survey-weighted lin-
ear regression. The survey-weighted percentage were

utilized to represent categorical variables, including age,
gender, and race. The P-value was by survey-weighted
chi-square test. All subjects were classified as NAFLD and
non-NAFLD based on different cutoffs of CAP scores
(263 dB/m and 285 dB/m). The odds ratios (ORs) and
95% Cls of these obesity-related indicators with NAFLD
were determined using weighted logistic analyses. By
creating receiver operating characteristic (ROC) curves,
area under the curve (AUC), and net reclassification
improvement (NRI), we compared the diagnostic ability
of obesity-related indices to diagnose NAFLD. The data
was analyzed using the statistical software packages R
(http://www.r-project.org) and EmpowerStats (http://
www. empowerstats.com, X&Y Solutions, Inc., Boston,
MA, USA). It was deemed statistically significant when
the Pvalue was <.05.

Table 1. Description of Subjects Based on Different Controlled Attenuation Parameter Score Cutoffs

Definition of NAFLD Based on Different CAP Score Cutoffs

Characteristics <263 >263 <285 >285 P
n 4509 3617 5494 2632
Age 38.84 (37.74,39.95) 48.36(47.02,49.71) 40.39(39.30,41.47) 48.73(47.33,50.12) <.0001
<18 15.65 (13.91,17.57) 4.43 (3.72,5.26) 14.06 (12.48, 15.80) 3.54 (2.79, 4.49)
18-44 47.75 (44.52,50.99) 36.85(33.58,40.26) 45.63(42.85,48.44) 37.13(32.99, 41.47)
45-59 17.16 (15.46,19.00) 28.90 (26.54,31.38) 19.43 (17.70,21.29) 28.62(25.03, 32.50)
>60 19.44 (16.98,22.17) 29.82(26.04,33.89) 20.88(18.31,23.70) 30.71(26.49, 35.27)
Gender <.0001
Male 44.89 (42.03,47.78) 53.51(50.81,56.19) 45.49(43.34,47.67) 55.43(51.87,58.93)
Female 55.11(52.22,57.97) 46.49(43.81,49.19) 54.51(52.33,56.66) 44.57(41.07,48.13)
Race <.0001
Mexican American 7.82(5.83,10.42) 12.11 (9.08, 15.98) 7.96 (5.93,10.61) 13.38 (9.89, 17.87)
Other Hispanic 8.33(6.71,10.29) 7.33(5.79,9.22) 8.19 (6.63,10.06) 7.25 (5.53,9.45)
Non-Hispanic White ~ 60.26 (54.55,65.70) 61.47 (55.90,66.76) 60.53 (55.06,65.75) 61.36 (55.06, 67.30)
Non-Hispanic Black 13.21(10.14,17.03) 9.10 (6.87,11.98) 12.80 (9.80, 16.56) 8.43 (6.39, 11.04)
Other race 10.39 (8.16,13.14) 9.99 (7.96, 12.46) 10.51(8.32, 13.21) 9.569 (7.51,12.16)
BMI 25.47 (25.14,25.80) 33.02(32.56,33.48) 26.35(26.05,26.64) 34.01(33.47,34.55) <.0001
BRI 4.09 (3.98, 4.20) 6.74 (6.57,6.91) 4.39 (4.30, 4.49) 7.09 (6.89, 7.28) <.0001
ABSI 0.08 (0.08, 0.08) 0.08 (0.08, 0.08) 0.08 (0.08, 0.08) 0.08 (0.08, 0.08) <.0001
Cl 1.25 (1.24,1.25) 1.35 (1.34,1.35) 1.26 (1.25, 1.26) 1.36 (1.35, 1.36) <.0001
BAI 28.69(28.38,29.00) 34.17(33.63,34.72) 29.40(29.13,29.67) 34.75(34.07,35.43) <.0001
AVI 16.15(15.83,16.47) 24.24 (23.75,24.72) 17.04 (16.76,17.33) 25.40 (24.85,25.94) <.0001
WHR 0.88 (0.88, 0.89) 0.96 (0.96, 0.97) 0.89 (0.89, 0.89) 0.97 (0.97,0.98) <.0001

Mean +/— SD for BMI, BRI, ABSI, Cl, BAI, AVI, and WHR. P-value was calculated by Kruskal-Wallis rank sum test.
% for age, gender, and race. P-value was calculated by chi-square test.

ABSI, a body shape index; AVI, abdominal volume index; BAI, body adiposity index; BMI, body mass index; BRI, body roundness index; CAP, controlled

attenuation parameter; Cl, conicity index; NAFLD, nonalcoholic fatty liver disease; WHR, waist—hip ratio.
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Table 2. Odds Ratio for Nonalcoholic Fatty Liver Disease Based on Different Controlled Attenuation Parameter Scores Stratified by

Quartiles for Obesity-Related Indicators

Q1 Q2 (OR, 95% CI, P) Q3 (OR, 95% Cl, P) Q4 (OR, 95% ClI, P) [
CAP scores (263 dB/m)
BMI Ref. 5.63(3.98,7.97) 17.20 (12.63,23.42) 50.11 (33.83, 74.23) <.0001
BRI Ref. 7.95 (5.85,10.81) 23.18 (17.91, 30.01) 72.08 (48.66,106.77) <.0001
ABSI Ref. 2.05 (1.67,2.52) 3.84 (3.1, 4.74) 4.87(3.88,6.13) <.0001
Cl Ref. 5.40(4.10,7.13) 15.82 (12.30, 20.37) 30.47 (23.08, 40.23) <.0001
BAI Ref. 2.57 (2.06, 3.19) 4.21(3.17,5.60) 8.34 (6.36,10.94) <.0001
AVI Ref. 8.37 (6.01,11.67) 28.50 (22.16, 36.64) 99.13 (69.36, 141.69) <.0001
WHR Ref. 3.85(2.89,5.14) 9.70 (7.23, 13.02) 24.40 (17.78, 33.48) <.0001
CAP scores (285 dB/m)
BMI Ref. 6.65 (4.64,9.53) 19.36 (12.99, 28.85) 59.38 (37.27,94.62) <.0001
BRI Ref. 9.10 (6.72,12.33) 29.65 (21.64, 40.62) 87.90 (57.53,134.32) <.0001
ABSI Ref. 1.91 (1.48, 2.46) 3.53 (2.78, 4.49) 4.64 (3.44,6.27) <.0001
Cl Ref. 5.59 (3.77,8.28) 16.16 (10.89, 23.96) 35.02 (24.39,50.28) <.0001
BAI Ref. 2.97 (2.24,3.95) 4.67 (3.57,6.11) 8.31(5.97,11.57) <.0001
AVI Ref. 13.87 (9.72, 19.80) 41.41 (30.23, 56.75) 162.07 (115.38, 227.67) <.0001
WHR Ref. 3.89 (2.88,5.26) 8.81(6.10,12.71) 24.26 (17.86, 32.95) <.0001

ABSI, a body shape index; AVI, abdominal volume index; BAI, body adiposity index; BMI, body mass index; BRI, body roundness index; CAP, controlled
attenuation parameter; Cl, conicity index; NAFLD, nonalcoholic fatty liver disease; OR, odds ratio; WHR, waist-hip ratio.

RESULTS

Characteristics of the Study Population

This study included a total of 8126 participants. Among
these subjects, with CAP scores (263 dB/m) as the diag-
nostic standard, 3617 persons had NAFLD. Taking CAP
scores (285 dB/m) as the diagnostic standard, 2632 per-
sons had NAFLD.

Table 1 showed the characteristics of the whole study
population based on different CAP score cutoffs. Males
were shown to have a greater proportion of NAFLD than
females. NAFLD had the highest prevalence among peo-
ple >60 years of age. Non-Hispanic White made up the
majority of NAFLD patients. Subjects with NAFLD had
significantly greater BMI, BRI, ABSI, CI, BAI, AVI, and WHR
than those without NAFLD (all P <.0001).

Odds ratio for NAFLD based on different CAP scores risk
across quartiles of each index.

Table 2 demonstrated that the obesity-related indices
studied were significantly associated with NAFLD (P <
.0001). The ORs for NAFLD based on CAP scores 263
dB/m or CAP scores 285 dB/m both increased across the
quartiles of each index.

Table 3. The Area Under the Curve, Best Threshold, Specificity,
and Sensitivity of Obesity-Related Indices for Predicting
Nonalcoholic Fatty Liver Disease Diagnosed by Different Controlled
Attenuation Parameter Score Cutoffs

ROC Area Best
Indicator (AUC) Threshold  Specificity — Sensitivity
CAP scores (263 dB/m)
BMI 0.8126 27.4500 0.6953 0.7860
BRI 0.8268 4.6831 0.6780 0.8316
ABSI 0.6662 0.0796 0.5564 0.7064
Cl 0.7863 1.2869 0.6762 0.7636
BAI 0.7079 28.6180 0.5602 0.7360
AVI 0.8353 18.5868 0.7336 0.7810
WHR 0.7788 0.9086 0.6463 0.7868
CAP scores (285 dB/m)
BMI 0.8052 27.4500 0.6321 0.8343
BRI 0.8200 5.0530 0.6784 0.8153
ABSI 0.6611 0.0796 0.5220 0.7321
Cl 0.7828 1.2930 0.6442 0.7926
BAI 0.6975 28.6238 0.5197 0.7618
AVI 0.8305 18.7857 0.6778 0.8214
WHR 0.7776 0.9087 0.5897 0.8294

ABSI, a body shape index; AUC, area under the curve; AVI, abdominal volume
index; BAI, body adiposity index; BMI, body mass index; BRI, body roundness
index; CAP, controlled attenuation parameter; Cl, conicity index; ROC,
receiver operating characteristic; WHR, waist-hip ratio.
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Figure 2. Comparison of the predictive value of obesity-related indicators for the diagnosis of NAFLD based on CAP scores (263 dB/m) and
CAP scores (285 dB/m). CAP, controlled attenuation parameter; NAFLD, nonalcoholic fatty liver disease.

Receiver Operating Characteristic Curves and Area
Under the Curve for Indices in Identifying Nonalcoholic
Fatty Liver Disease

Table 3 illuminated that BRI, BMI, and AVI were among
the top 3 predictive indices, the AUCs of these indices
were over 0.8. AVI had the greatest AUC of 0.8353 (CAP
scores 263 dB/m) or 0.8305 (CAP scores 285 dB/m). As
shown in Figure 2A, AVI had the greatest predictive abil-
ity (AUC = 0.835), and BRI had the next best diagnostic
ability (AUC = 0.827), followed by BMI (AUC = 0.813). In
Figure 2B, AVI also exhibited the best predictive capacity
(AUC = 0.831), followed by BRI (AUC = 0.820) and BMI
(AUC = 0.805). Table 4 showed that comparing BMI, BRI,
and AVI when using CAP scores 263 dB/m as the critical
value to diagnose NAFLD, the distinguishing capacity of
both BRI and AVI was better than BMI and the NRI was
0.0283 (P = .0002) and 0.0331 (P < .0001), respectively.
While using CAP scores 285 dB/m as the critical value, BRI
and AVI both showed better distinguishing capacity than
BMI and the NRI was 0.0272 (P =.0008) and 0.0328 (P <
.0001), respectively.

Comparison of Obesity-related Indices in Different
Subgroups for the Diagnosis of Nonalcoholic Fatty
Liver Disease

Figure 3 and Supplementary Figure 1 presented that
for both males and females, BRI was the top indi-
ces for predictive ability, followed by AVI. Figure 4 and

Supplementary Figure 2 presented the AUCs of the indi-
ces for NAFLD in patients who were <18, 18~ 44, 45-59,
and >60 years old. For different age groups, as indices
for predictive ability, AVI and BRI were better than BMI.
Figure 5 and Supplementary Figure 3 presented the AUCs

Table 4. Comparison of Body Mass Index, Body Roundness Index,
and Abdominal Volume Index in Discriminating Capacity of
Nonalcoholic Fatty Liver Dsease Based on Different Controlled
Attenuation Parameter Score Cutoffs

BRI vs. BMI AVl vs. BMI
CAP scores (263 dB/m)
RI for NAFLD 0.0456 —0.0053
(P <.0001) (P=.3611)
Rl for no NAFLD —-0.0173 0.0384
(P=.0009) (P <.0001)
Net reclassification index 0.0283 0.0331
(P=.0002) (P <.0001)
CAP scores (285 dB/m)
Rl for NAFLD -0.0190 -0.0129
(P=.0034) (P =.0435)
RI for no NAFLD 0.0462 0.0457
(P <.0001) (P <.0001)
Net reclassification index 0.0272 0.0328
(P =.0008) (P <.0001)

AVI, abdominal volume index; BMI, body mass index; BRI, body roundness
index; CAP, controlled attenuation parameter; NAFLD, nonalcoholic fatty

liver disease.
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CAP scores(263dB/m)

Gender Indicator
Male

BMI &

BRI —a—

AVI —a:—
Female

BMI

BRI —a—

AVI —8aG—

T T T T 1
0.78 0.8 0.82 0.84 0.86
AUC (95% C1)

Figure 3. The AUC, specificity, and sensitivity of BMI, BRI, and AVI for predicting NAFLD (CAP scores 263 dB/m) in different gender. AUC, area
under the curve; AVI, abdominal volume index; BMI, body mass index; BRI, body roundness index; CAP, controlled attenuation parameter;

NAFLD, nonalcoholic fatty liver disease.

CAP scores(263dB/m)

Age(years) Indicator
<18

BMI I -—

BRI —a—

AVI —a—
18-44

BMI ——

BRI —a—

AVI —a—
45-59

BMI —a—

BRI —a—

AVI —a—
=60

BMI k - i

BRI —a—

AVI —a—

r T T T 1
0.72 0.76 0.8 0.84 0.88

Figure 4. The AUC, specificity, and sensitivity of BMI, BRI, and AVI for predicting NAFLD (CAP scores 263 dB/m) in different ages. AUC, area
under the curve; AVI, abdominal volume index; BMI, body mass index; BRI, body roundness index; CAP, controlled attenuation parameter;

NAFLD, nonalcoholic fatty liver disease.
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CAP scores(263dB/m)

Race Indicator AUC (95% CI) [Sen, Spe]
Mexican American

BMI = 0.8198 (0.7934,0.8462) [0.8235, 0.6823]

BRI k L 0.8254 (0.7994,0.8514) [0.8689, 0.6577]

AVI k L 1 0.8396 (0.815,0.8641) [0.8874, 0.651]
Other Hispanic

BMI — 0.7989 (0.7696,0.8283) [0.7931, 0.6616]

BRI i L 0.8083 (0.7797,0.8369) [0.8833, 0.6135]

AVI t L 1 0.8142 (0.7861,0.8422) [0.7507,0.7314]
Non—Hispanic White

BMI o 0.8414 (0.8269,0.8559) [0.7803, 0.7527]

BRI —a— 0.8475 (0.8332,0.8618) [0.763, 0.7782]

AVI —a— 0.865 (0.8517,0.8784) [0.8488, 0.7184]
Non—Hispanic Black

BMI ' 5 0.8181 (0.8,0.8361) [0.7876, 0.6975]

BRI —a— 0.8255 (0.8076,0.8433) [0.8314, 0.6868]

AVI —a— 0.8392 (0.822,0.8563) [0.852, 0.6982]
Other Race

BMI k & 0.7989 (0.7761,0.8217) [0.6656, 0.7902]

BRI s 0.8204 (0.7993,0.8416) [0.8528, 0.646]

AVI i 0.8258 (0.8048,0.8467) [0.7692, 0.7402]

I T T T
0.78 0.8 0.82 0.84 0.86 0.88
AUC (95% CI)

Figure 5. The AUC, specificity, and sensitivity of BMI, BRI, and AVI for predicting NAFLD (CAP scores 263 dB/m) in different races. AUC, area
under the curve; AVI, abdominal volume index; BMI, body mass index; BRI, body roundness index; CAP, controlled attenuation parameter;

NAFLD, nonalcoholic fatty liver disease.

of the indices for NAFLD in patients who were of different
races, which showed that AVI and BRI were in the top 2
indices for predictive ability.

DISCUSSION

This cross-sectional study used the relevant data of TE
in the NHANES database, and the diagnostic ability and
cutoff value of obesity-related indices to diagnose NAFLD
were thoroughly examined. And for predictive ability, we
found that BRI and AVI were both better than the tradi-
tional obesity-related index BMI.

NAFLD was an obesity-related disease. With little or no
alcohol consumption, NAFLD was defined as steato-
sis in more than 5% of hepatocytes. The pathological
progress of NAFLD initially followed the process of “3
strikes": lipotoxicity, inflammation, and, namely, ste-
atosis. Inflammatory mediators, steatosis, and oxidative
stress all played a part in the development of NAFLD.2°
Obesity had been linked to an increase in the preva-
lence and severity of NAFLD in several studies: obe-
sity was not only related to simple steatosis (SS) but
also related to advanced diseases such as nonalcoholic
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steatohepatitis (NASH), NASH-related liver hardening
and hepatocellular carcinoma.?!

Obesity-related indicators could reflect diseases related
to metabolism and health in the body. BMI, as a traditional
indicator for defining obesity, had many drawbacks. It
could not distinguish between muscle and fat, is inaccu-
rate in predicting body fat percentage,?? and is not a good
method for measuring the risk of heart attack, stroke, or
death.?® BRI had been used by some researchers to pre-
dict body fat and visceral adipose tissue percentages and
to preliminarily summarize a person’s physical health."”
In Peruvian adults, BRI had been discovered as a poten-
tially valuable clinical predictor of metabolic syndrome.?*
And there was a study that reported a high correlation
between BRI and NAFLD."? BRI could be used as a single
suitable anthropometric measure in simultaneously iden-
tifying a cluster of cardiometabolic abnormalities (CMAs)
compared to BMI.?® AVl was highly correlated with glu-
cose metabolism dysfunction.2¢ AVI also had a low false-
negative rate and a larger percentage of detected NAFLD,
according to certain researchers.'”® AVI has a higher diag-
nostic performance than BMI in the diagnosis of meta-
bolic syndrome and a better correlation with metabolic
diseases.?’” A previous study had compared the ability of
different obesity-related indices to diagnose NAFLD, but
they were based on abdominal ultrasound diagnosis. They
found that BMI has the largest AUC among all participant
indicators, and considering the influence of gender, BMI
and BRI have a high correlation with NAFLD and high
diagnostic ability for NAFLD." This study found that using
AVl and BRI as diagnostic predictors of NAFLD was better
than BMI, and stratified diagnosis by gender, age, and race
was still valid.

Compared with previous studies, this study was based on
TE to diagnose NAFLD, with a large sample size. Transient
elastography was a digital index and had an objective
evaluation standard. This study had the following limi-
tations: first, we used TE to diagnose NAFLD, while the
gold standard was biopsy, which might have deviation.
Second, data on other confounding factors, such as exer-
cise, smoking, and drinking status, were not included in
the analysis. Finally, because this was a cross-sectional
investigation, it was impossible to prove causal links or
long-term clinical effects.

CONCLUSION
In this study, specific indicators for predicting NAFLD
were found in American subjects with 263 and 285 CAP

thresholds. The results of this study showed that BRI and
AVI had better diagnostic ability for NAFLD than BMI. And
when stratified diagnosis by sex, age, and race, this con-
clusion was still tenable.

Availability of Data and Materials: The datasets used and/or ana-
lyzed during the present study were availed by the corresponding
author on reasonable request.

Ethics Committee Approval: All methods in our research were per-
formed in accordance with the Declaration of Helsinki. This study
protocol was reviewed and approved by National Center for Health
Statistics (NCHS) Ethics Review Board (approval number Protocol
#2018-01).

Informed Consent: Written informed consent from all adult patients
to participate in the study was obtained. Written informed consent
from parents/guardian/next of kin for all vulnerable participants was
obtained.

Peer-review: Externally peer-reviewed.

Author Contributions: Conception and design: XT., Y.S, JQ.;
Administrative support: J.Q.; Provision of study materials or patients:
XT.Y.S. J.Q; Collection and assembly of data: X.T., Y.S.; Data analy-
sis and interpretation: N.D., Y.S.; Final approval of manuscript: All
authors.

Declaration of Interests: The authors have no conflict of interest to
declare.

Funding: This research was supported by the Hunan Provincial
Natural Science Foundation Youth Foundation (grant no.
2020JJ5611), Hunan Provincial Health Commission Foundation
(grant no. 202203052625), and Changsha Central Hospital Subject
of South China University (grant no.YNKY202101).

REFERENCES

1. Younossi ZM. Non-alcoholic fatty liver disease - A global public
health perspective. J Hepatol. 2019;70(3):531-544. [CrossRef]

2. Ratziu V, Charlotte F, Heurtier A, et al. Sampling variability of liver
biopsy in nonalcoholic fatty liver disease. Gastroenterology. 2005;
128(7):1898-1906. [CrossRef]

3. Zhou JH, Cai JJ, She ZG, Li HL. Noninvasive evaluation of nonal-
coholic fatty liver disease: current evidence and practice. World J
Gastroenterol. 2019;25(11):1307-1326. [CrossRef]

4. Myers RP, Pollett A, Kirsch R, et al. Controlled attenuation param-
eter (CAP): a noninvasive method for the detection of hepatic stea-
tosis based on transient elastography. Liver Int. 2012;32(6):902-910.
[CrossRef]

5. de Lédinghen V, Wong GL, Vergniol J, et al. Controlled attenuation
parameter for the diagnosis of steatosis in non-alcoholic fatty liver
disease. J Gastroenterol Hepatol. 2016;31(4):848-855. [CrossRef]
6. de Lédinghen V, Vergniol J, Foucher J, Merrouche W, le Bail B. Non-
invasive diagnosis of liver steatosis using controlled attenuation
parameter (CAP) andtransientelastography. LiverInt.2012;32(6):911-
918. [CrossRef]

1086


https://doi.org/10.1016/j.jhep.2018.10.033
https://doi.org/10.1053/j.gastro.2005.03.084
https://doi.org/10.3748/wjg.v25.i11.1307
https://doi.org/10.1111/j.1478-3231.2012.02781.x
https://doi.org/10.1111/jgh.13219
https://doi.org/10.1111/j.1478-3231.2012.02820.x

Tian et al. Obesity-Related Indicators for NAFLD

Turk J Gastroenterol 2023; 34(10): 1078-1087

7. Siddiqui MS, Vuppalanchi R, Van Natta ML, et al. Vibration-con-
trolled transient elastography to assess fibrosis and steatosis in
patients with nonalcoholic fatty liver disease. Clin Gastroenterol
Hepatol. 2019;17(1):156-163.e2. [CrossRef]

8. Kim D, Konyn P, Cholankeril G, Ahmed A. Physical activity is asso-
ciated with nonalcoholic fatty liver disease and significant fibrosis
measured by FibroScan. Clin Gastroenterol Hepatol. 2022;20(6):e14
38-€1455. [CrossRef]

9. Zhou J, Long Y, Ding N, Su Y. Association between bedtime at
night and nonalcoholic fatty liver disease diagnosed by liver ultra-
sound transient elastography. Diabetes Res Clin  Pract.
2022;184:109195. [CrossRef]

10. Global Burden of Metabolic Risk Factors for Chronic Diseases
Collaboration (BMI Mediated Effects), Lu Y, Hajifathalian K, et al.
Metabolic mediators of the effects of body-mass index, overweight,
and obesity on coronary heart disease and stroke: a pooled analysis
of 97 prospective cohorts with 1-8 million participants. Lancet.
2014;383(9921):970-983. [CrossRef]

11. Zheng RD, Chen ZR, Chen JN, Lu YH, Chen J. Role of body mass
index, waist-to-height and waist-to-hip ratio in prediction of non-
alcoholic ~ fatty liver disease. Gastroenterol Res Pract.
2012;,2012:362147. [CrossRef]

12. Motamed N, Rabiee B, Hemasi GR, et al. Body roundness index
and waist-to-height ratio are strongly associated with non-alcoholic
fatty liver disease: a population-based study. Hepat Mon.
2016;16(9):e39575. [CrossRef]

13. Procino F, Misciagna G, Veronese N, et al. Reducing NAFLD-
screening time: a comparative study of eight diagnostic methods
offering an alternative to ultrasound scans. Liver Int. 2019;39(1):187-
196. [CrossRef]

14. Xie F, Pei Y, Zhou Q, Cao D, Wang Y. Comparison of obesity-
related indices for identifying nonalcoholic fatty liver disease: a
population-based cross-sectional study in China. Lipids Health Dis.
2021,20(1):132. [CrossRef]

15. Guerrero-Romero F, Rodriguez-Mordn M. Abdominal volume
index. An anthropometry-based index for estimation of obesity is
strongly related to impaired glucose tolerance and type 2 diabetes
mellitus. Arch Med Res. 2003;34(5):428-432. [CrossRef]

16. Krakauer NY, Krakauer JC. A new body shape index predicts mor-
tality hazard independently of body mass index. PLoS One.
2012;7(7):e39504. [CrossRef]

17. Thomas DM, Bredlau C, Bosy-Westphal A, et al. Relationships
between body roundness with body fat and visceral adipose tissue
emerging from a new geometrical model. Obesity (Silver Spring)
2013;21(11):2264-2271. [CrossRef]

18. Bergman RN, Stefanovski D, Buchanan TA, et al. A better index
of body adiposity. Obesity (Silver Spring) 2011,19(5):1083-1089.
[CrossRef]

19. Valdez R. A simple model-based index of abdominal adiposity.
J Clin Epidemiol. 1991,44(9):955-956. [CrossRef]

20. Cobbina E, Akhlaghi F. Non-alcoholic fatty liver disease (NAFLD) -
pathogenesis, classification, and effect on drug metabolizing
enzymes and transporters. Drug Metab Rev. 2017;49(2):197-211.
[CrossRef]

21. Polyzos SA, Kountouras J, Mantzoros CS. Obesity and nonalco-
holic fatty liver disease: from pathophysiology to therapeutics.
Metabolism. 2019;92:82-97. [CrossRef]

22. Frankenfield DC, Rowe WA, Cooney RN, Smith JS, Becker D. Lim-
its of body mass index to detect obesity and predict body composi-
tion. Nutrition. 2001,17(1):26-30. [CrossRef]

28. Chung W, Park CG, Ryu OH. Association of a new measure of
obesity with hypertension and health-related quality of life. PLoS
One. 2016;11(5):e0155399. [CrossRef]

24. Stefanescu A, Revilla L, Lopez T, Sanchez SE, Williams MA,
Gelaye B. Using A body shape index (ABSI) and Body Roundness
Index (BRI) to predict risk of metabolic syndrome in Peruvian adults.
J Int Med Res. 2020;48(1):300060519848854. [CrossRef]

25. Tian S, Zhang X, Xu Y, Dong H. Feasibility of body roundness
index for identifying a clustering of cardiometabolic abnormalities
compared to BMI, waist circumference and other anthropometric
indices: the China Health and Nutrition Survey, 2008 to 2009. Med
(Baltim) 2016,95(34):¢4642. [CrossRef]

26. Quaye L, Owiredu WKBA, Amidu N, Dapare PPM, Adams Y.
Comparative abilities of body mass index, waist circumference,
abdominal volume index, body adiposity index, and conicity index
as predictive screening tools for metabolic syndrome among
apparently healthy Ghanaian adults. J Obes. 2019;2019:8143179.
[CrossRef]

27. Khan SH, Shahid R, Fazal N, ljaz A. Comparison of various
abdominal obesity measures for predicting metabolic syndrome,
diabetes, nephropathy, and dyslipidemia. J Coll Physicians Surg Pak.
2019;29(12):1159-1164. [CrossRef]

1087


https://doi.org/10.1016/j.cgh.2018.04.043
https://doi.org/10.1016/j.cgh.2021.06.029
https://doi.org/10.1016/j.diabres.2022.109195
https://doi.org/10.1016/S0140-6736(13)61836-X
https://doi.org/10.1155/2012/362147
https://doi.org/10.5812/hepatmon.39575
https://doi.org/10.1111/liv.13970
https://doi.org/10.1186/s12944-021-01560-3
https://doi.org/10.1016/S0188-4409(03)00073-0
https://doi.org/10.1371/journal.pone.0039504
https://doi.org/10.1002/oby.20408
https://doi.org/10.1038/oby.2011.38
https://doi.org/10.1016/0895-4356(91)90059-i
https://doi.org/10.1080/03602532.2017.1293683
https://doi.org/10.1016/j.metabol.2018.11.014
https://doi.org/10.1016/s0899-9007(00)00471-8
https://doi.org/10.1371/journal.pone.0155399
https://doi.org/10.1177/0300060519848854
https://doi.org/10.1097/MD.0000000000004642
https://doi.org/10.1155/2019/8143179
https://doi.org/10.29271/jcpsp.2019.12.1159

CAP scores(285dB/m)

Gender Indicator AUC (95% CI) |Sen, Spe|
Male

BMI —LG— 0.8297(0.8172,0.8422) [0.8125, 0.6876]

BRI —a:G— 0.8497(0.838,0.8613) [0.8382, 0.7095]

AVI —8aG— 0.8466 (0.8348,0.8584) [0.8083, 0.7185]
Female

BMI b 0.7951 (0.781,0.8093) [0.7953, 0.6505]

BRI —— 0.8184 (0.8052,0.8316) [0.7953, 0.6952)

AVl —lG— 0.814(0.8007,0.8274) [0.7785, 0.6935]

r T T T 1
0.78 08 082 0.84 0.86
AUC (95%CT)

Supplementary Figure 1. The AUC, specificity, sensitivity of BMI, BRI, AVI for predicting NAFLD (CAP scores 285dB/m) in different gender.
AUC, area under the curve; BMI, body mass index; BRI, body roundness index; AVI, abdominal volume index; NAFLD, nonalcoholic fatty liver
disease; CAP, controlled attenuated parameter.



CAP scores(285dB/m)

Age(years) Indicator AUC (95% CI) [Sen, Spe]
<18
BMI —a— 0.8758 (0.8474,0.9043) [0.8014, 0.8358]
BRI —a— 0.8834 (0.857,0.9099) [0.9078, 0.7532]
AVI —a— 0.8942 (0.8676,0.9208) [0.9291, 0.7688]
18-44
BMI —a— 0.8286 (0.8135,0.8437) [0.8149, 0.6987]
BRI —a— 0.8352 (0.8205,0.8499) [0.8762, 0.667]
AVI —a— 0.8476 (0.8332,0.8619) [0.8281, 0.712]
45-59
BMI —a— 0.7705 (0.7481,0.7929) [0.7095, 0.6982]
BRI —LGaG— 0.7774 (0.7553,0.7994) [0.6902, 0.7253]
AVI —a— 0.7808 (0.759,0.8027) [0.7828, 0.6189]
=60
BMI —a— 0.7402 (0.72,0.7605) [0.7105, 0.6554]
BRI —a— 0.7453 (0.7252,0.7654) [0.6592, 0.7083]
AVI —a— 0.7634 (0.7438,0.7829) [0.7286, 0.6577]
I 1 L] L ] 1
0.72 0.76 08 0.84 0.88 0.92
AUC (95% CI)

Supplementary Figure 2. The AUC, specificity, sensitivity of BMI, BRI, AVI for predicting NAFLD (CAP scores 285dB/m) in different age. AUC,
area under the curve; BMI, body mass index; BRI, body roundness index; AVI, abdominal volume index; NAFLD, nonalcoholic fatty liver disease;
CAP, controlled attenuated parameter.



CAP scores(285dB/m)

Race Indicator AUC (95% CI) |Sen, Spe)
Mexican American

BMI L 1 0.8186 (0.7935,0.8437) [0.8013, 0.6897]

BRI F L 1 0.8192 (0.7942,0.8441) [0.9289, 0.5709]

AVI k - 1 0.8352 (0.8114,0.8589) [0.8138, 0.6968]
Other Hispanic

BMI L] i 0.8034 (0.7737,0.8331) [0.7881, 0.6837]

BRI F = 0.8259 (0.7981,0.8538) [0.8327, 0.682]

AVI - i 0.8343 (0.8068,0.8619) [0.8401, 0.6678)
Non—Hispanic White

BMI k - 0.8272 (0.8118,0.8426) [0.8461, 0.6505]

BRI L S | 0.8353 (0.8204,0.8501) [0.8342, 0.6923]

AVI —a— 0.8557 (0.8419,0.8696) [0.8224, 0.7251]
Non—Hispanic Black

BMI = { 0.8089 (0.7893,0.8285) [0.777, 0.7041]

BRI e | 0.8202 (0.8011,0.8394) [0.7993, 0.697]

AVI | 0.8357 (0.8175,0.8539) [0.8123,0.7093]
Other Race

BMI - 0.7995 (0.7756,0.8234) [0.7273, 0.735]

BRI - 1 0.8143 (0.7923,0.8363) [0.8517, 0.6428]

AVI k - 1 0.8231 (0.8013,0.845) [0.8732, 0.6447)

r T T T 1
0.78 08 0.82 0.84 0.86
AUC (95% C1)

Supplementary Figure 3. The AUC, specificity, sensitivity of BMI, BRI, AVI for predicting NAFLD (CAP scores 285 dB/m) in different race.
AUC, area under the curve; BMI, body mass index; BRI, body roundness index; AVI, abdominal volume index; NAFLD, nonalcoholic fatty liver
disease; CAP, controlled attenuated parameter.



