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Abstract: [ Objective] To assess the screening ability of two new anthropometric indices: a body shape index (ABSI)
and body roundness index (BRI) for metabolic associated fatty liver disease (MAFLD) in adults, and to determine the op-
timal cut—off value.[ Methods] Based on the valid baseline data collected from March 2018 to October 2019 in Dongguan
City, Guangdong Province by South China Cohort (SCC) project, a total of 9 214 adults were included, with physical ex-
amination, ultrasound and laboratory tests. MAFLD was diagnosed according to the consensus statement of international ex-
perts. Body mass index (BMI), waist circumference (WC) and waist-height-ratio (WHtR) were used as reference to eval-
uate the screening ability of ABSI and BRI. Spearman rank test and logistic regression model were used to compare the cor-
relation between each index and MAFLD. The receiver operating characteristic curve (ROC) was used to compare the area
under the curve (AUC).[Results] The prevalence of MAFLD was 31.41%, which increased linearly across the quartile of
each index except ABSI. There was a positive correlation between each index and MAFLD but ABSI was the weakest (r=
0.069 in males and r=0.045 in females) while BRI was stronger (7 =0.409 in males and r=0.413 in females). A multivari-
ate logistic regression analysis of the presence of MAFLD for the highest quartile vs. the lowest quartile of each anthropo-
metric measure, showed that ABSI had the lowest OR without statistical significance. The OR and 95%CI was 1.09 (0.85,
1.41) in males and 0.90 (0.74, 1.08) in females, respectively. BRI was similar to WHtR, and BMI had the strongest asso-
ciation whose OR and 95%CI was 61.15 (35.12, 106.47) in males and 20.07 (15.24, 26.43) in females, respectively.
ABSI had the lowest AUC for MAFLD (0.55 in males and 0.53 in females) and the cut—off value was respectively 0.080 5
in males and 0.078 2 in females. BRI had a higher AUC (0.77 in males and 0.75 in females) , equal to WHtR and similar
to WC (0.79 in males and 0.77 in females) but lower than BMI (0.81 in males and 0.79 in females). The optimal cut—off
value for BRI was 4.10 in males and 4.51 in females. BRI also showed a certain screening ability on MAFLD in lean/normal
weight population (0.73 in males and 0.69 in females) , patients with diabetes (0.73 in males and 0.71 in females) and
subjects with lean/normal weight and metabolic dysfunction (0.60 in males and 0.55 in females ).[ Conclusions] BRI can ef-
fectively identify MAFLD (AUC>0.7) and the optimal cut—off value is 4.10 for males and 4.51 for females, while ABSI per-
forms poorly. Considering the screening on MAFLD in population with different characteristics, BRI shows a potential for
use in early screening of MAFLD.
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Table 1 Basic characteristics of study population [(x+5),M(P~P,), n(%)]
el Total Non—-MAFLD MAFLD tlt'/
(n=9 214) (n=6 320) (n=2894) ZIx?
Agelyears 66.44 + 10.29 66.16 + 10.88 67.10 + 8.86 -4.41 <0.001
Male/% 3768 (40.89) 2765(43.75) 1 003 (34.66) 67.89 <0.001
Anthropometric indicators
BMI/(kg/m*) 24.25 +3.49 23.15 + 3.06 26.67 +3.13 -50.95 <0.001
WC/em 85.58 +9.50 82.87 + 8.79 91.52 + 8.24 —45.78 <0.001
WHtR 0.54 + 0.06 0.53 £ 0.06 0.58 + 0.06 -43.90 <0.001
ABSI (m'""kg™*) 0.0817 + 0.0051 0.0815 + 0.0053 0.0820 + 0.0047 -4.56 <0.001
BRI 432 +1.35 3.95+1.19 5.13 +1.30 -41.69 <0.001
Clinical characteristics
SBP/mmHg 137.71 £ 19.54 136.14 = 19.75 141.39 + 18.73 -12.23 <0.001
DBP/mmHg 80.81 + 10.73 80.13 + 10.78 82.30 + 10.48 -9.01 <0.001
TG/(mmol/L) 1.38 (0.99~2.01) 1.22 (0.90~1.71) 1.84 (1.33~2.58) -33.30 <0.001
TC/(mmol/L) 5.26 + 1.08 5.22 +1.08 5.36 + 1.08 -5.45 <0.001
HDL~C/(mmol/L) 1.36 £ 0.34 1.41 £0.35 1.26 £0.27 21.93 <0.001
LDL-C/(mmol/L) 3.24 £ 0.92 3.22 +0.91 3.31 +£0.93 -4.83 <0.001
ALT/(U/L) 19.38 (15.00~26.00) 18.00 (14.00~24.00) 22.62 (17.00~31.00) -22.57 <0.001
AST/(U/L) 22.00 (18.80~26.20) 21.90 (18.30~26.00) 23.00 (19.00~28.00) -9.23 <0.001
UA/(pmol/L) 366.48 + 98.99 354.31 £95.93 393.30 +99.93 -17.33 <0.001
FPG/(mmol/L) 4.98 (4.58~5.57) 4.88 (4.50~5.37) 5.28 (4.79~6.09) -22.30 <0.001

N refers to the total number of each group. MAFLD : metabolic associated fatty liver disease; BMI: body mass index; WC:waist circumference;
WHiR : waist—height-ratio; ABSI:a body shape index; BRI: body roundness index; SBP: systolic blood pressure; DBP: diastolic blood pressure;
TG: triglyceride; TC: total cholesterol; HDL—C: high—density lipoprotein cholesterol; LDL-C: low—density lipoprotein cholesterol; ALT: alanine

aminotransferase; AST:aspartate transaminase; UA :uric acid; FPG :fasting plasma glucose.

*®2 5% AKANE358R5 MAFLD BJ Spearman #8 %Xt 43 1

Table 2 Spearman rank test of five anthropometric indicators and MAFLD

Groups Statistics BMI WC WHtR ABSI BRI
Total(n=9 214) r, 0.478 0.426 0.420 0.061 0.420
P <0.001 <0.001 <0.001 <0.001 <0.001
Male(n=3 768) T, 0.472 0.438 0.409 0.069 0.409
P <0.001 <0.001 <0.001 <0.001 <0.001
Female(n=5 446) T, 0.481 0.438 0.413 0.045 0.413
P <0.001 <0.001 <0.001 0.001 <0.001

BMI:body mass index; WC:waist circumference; WHtR : waist—height-ratio; ABSI:a body shape index; BRI:body roundness index.
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Table 3 Prevalence of MAFLD according to quartile in five indicators [n(%)]
Groups Q BMIV? wch? WHR"? ABSIV? BRIV
Total(n=9 214) 1 96 (4.17) 170 (7.32) 77 (6.55) 583 (25.32) 166 (7.22)
2 470 (20.45) 581 (23.13) 247 (22.03) 756 (32.91) 515 (22.40)
3 907 (39.35) 894 (39.45) 372 (38.91) 800 (34.74) 874 (38.00)
4 1418 (61.71) 1248 (59.15) 306 (59.42) 752 (32.71) 1335 (58.07)
Male(n=3 768) 1 17 (1.81) 22 (2.84) 164 (7.18) 201 (21.50) 78 (6.59)
2 150 (15.37) 157 (15.15) 508 (22.21) 290 (27.28) 251 (22.29)
3 349 (34.28) 311 (31.22) 888 (37.92) 308 (29.33) 365 (38.91)
4 486 (58.13) 513 (53.33) 1330 (58.21) 203 (28.23) 308 (59.23)
Female(n=5446) 1 79 (5.79) 148 (9.56) 87 (7.84) 381 (27.93) 88 (7.88)
2 320 (24.21) 424 (28.73) 261 (22.38) 466 (37.76) 264 (22.51)
3 558 (43.36) 583 (45.91) 516 (37.23) 492 (39.27) 509 (37.37)
4 932 (63.75) 735 (64.02) 1024 (57.85) 549 (34.75) 1027 (57.73)

Q: quartile; 1) P-trend<0.001;2) P<0.001 compared to prevalence of MAFLD in each quartile in total subjects, males or females. BMI: body

mass index; WC:waist circumference; WHiR : waist—height-ratio; ABSI:a body shape index; BRI:body roundness index.
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Table 4 OR of the prevalence of MAFLD for five indices in multivariate Logistic regression model
Variables Male (n=3 768) Female (n=5 446)
Wald > P OR 95%CI Wald x> P OR 95%CI

BMI 461.35 <0.001  2.99 (2.70, 3.30) 619.31 <0.001  2.46(2.29, 2.64)
Q, 1.00 (reference) 1.00 (reference)

Q, 60.05 <0.001 921 (5.25, 16.14) 101.07 <0.001  4.28 (3.22, 5.68)
0, 130.68 <0.001  24.73 (14.27, 42.86) 254.59 <0.001  9.43(7.16, 12.42)
Q, 211.40 <0.001  61.15 (35.12, 106.47) 456.20 <0.001  20.07 (15.24, 26.43)
wcC 350.36 <0.001  2.48(2.25, 2.72) 457.01 <0.001  2.09 (1.96, 2.24)
Q, 1.00 (reference ) 1.00 (reference)

Q, 38.00 <0.001  4.46 (2.77, 7.18) 92.20 <0.001 298 (2.39, 3.73)
0, 101.32 <0.001  10.81 (6.80, 17.19) 220.98 <0.001  5.46 (4.36, 6.83)
Q, 177.30 <0.001  23.38 (14.70, 37.18) 398.55 <0.001  10.59 (8.40, 13.36)
WHIR 316.52 <0.001  2.24 (2.05, 2.45) 381.63 <0.001  2.04 (1.90, 2.19)
0Q, 1.00 (reference) 1.00 (reference)

Q, 59.42 <0.001  3.05(2.30, 4.05) 43.43 <0.001  2.58(1.95, 3.42)
0, 163.85 <0.001  6.24 (4.71, 8.26) 125.96 <0.001  4.66 (3.56, 6.10)
Q, 260.66 <0.001  12.61 (9.27, 17.15) 278.49 <0.001  9.66 (7.40, 12.61)
ABSI 0.87 0.351  1.04 (0.96, 1.12) 222 0.136  0.96 (0.90, 1.01)
Q, 1.00 (reference) 1.00 (reference)

Q, 0.559 0.455  1.09 (0.87, 1.36) 0.096 0.017 126 (1.04, 1.52)
Q, 1.89 0.170  1.17 (0.94, 1.47) 0.097 0.061  1.20(0.99, 1.45)
Q, 0.46 0.497  1.09 (0.85, 1.41) 0.096 0.258  0.90 (0.74, 1.08)
BRI 314.92 <0.001 223 (2.04, 2.43) 380.89 <0.001  2.03 (1.89, 2.18)
Q, 1.00 (reference) 1.00 (reference)

Q, 60.86 <0.001  3.07 (2.32, 4.07) 44.67 <0.001  2.60 (1.96, 3.44)
Q, 163.41 <0.001  6.20 (4.69, 8.20) 126.68 <0.001  4.67 (3.57, 6.10)
Q, 260.98 <0.001  12.44 (9.17, 16.90) 279.76 <0.001  9.59 (7.36, 12.50)

The model included age, SBP, ALT, TG, HDL-C, UA, FPG and BMI (WC, WHtR, ABSI or BRI). BMI: body mass index; WC:waist cir-

cumference; WHitR : waist—height-ratio; ABSI:a body shape index; BRI:body roundness index.
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Table 5 The ROC analysis of each index for the presence of MAFLD according to gender

Index AUC (95%C1) Optimal cut—off points Sensitivity/% Specificity/% Youden’s index
Male (n=3 768)
BMI 0.81 (0.79, 0.82) 24.22 81.6 65.2 0.47
wC 0.79 (0.77, 0.80) 88.95 72.5 70.5 0.43
WHtR 0.77 (0.75, 0.78) 0.54 71.1 68.5 0.40
ABSI 0.55 (0.53, 0.57) 0.080 5 63.2 45.2 0.08
BRI 0.77 (0.75, 0.78) 4.10 71.1 68.5 0.40
Female (n=5 446)
BMI 0.79 (0.78, 0.80) 24.52 74.9 69.4 0.44
wC 0.77 (0.75, 0.78) 84.95 77.1 62.9 0.40
WHtR 0.75 (0.74, 0.76) 0.56 73.8 65.2 0.39
ABSI 0.53 (0.51, 0.54) 0.078 2 80.6 27.2 0.08
BRI 0.75 (0.74, 0.76) 4.51 73.8 65.2 0.39
ROC Curve (Male) ROC Curve (Female)
1o L= Source of 1.0 — 7" Source of
- tource of  AUC 95%Cl = 7 Souree of - Ayc 9s5%cl
BMI 081 (0.79,0.82) 2 £ BMI 079 (0.78,0.80)
0.8 —wC 079 (0.77,080) 08 / Z¥ —wC 077 (0.75,0.78)
WH{R 077 (0.75,0.78) WHR 075 (0.74,0.76)
. ABSI 055 (0.53,0.57) / ABSI  0.53 (0.51,0.54)
£ s —BRl 077 (0.750.78) £ 0.6 7 —BRI 075 (0.74,0.76)
5 — Reference 8 5 ~= Reference
A 04 @ 04 / 2
0.2 0.2 ‘ /
0.0 0.0 Z

0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity

0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity

AUC: area under the curve. Area under the curves (AUCs) showed the screening power of BMI, WC, WHtR, ABSI and BRI between subjects with
and without MAFLD according to gender. BRI had a higher AUC while ABSI had the lowest AUC in both sexes (P<0.001). The difference between

AUCs of WC and BRI was not significant. ROC: receiver operating characteristic. BMI: body mass index; WC: waist circumference; WHIR : waist—

height-ratio; ABSI: a body shape index; BRI:body roundness index.
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Fig.1 The screening power of five indices between subjects with MAFLD or not
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Table 6 AUC of five indicators in screening MAFLD in different subgroups according to gender
Subgroups Index Male Female
AUC 95%CI AUC 95%CI
BMI<23(n=3 382) BMI 0.77 (0.72, 0.81) 0.73 (0.70, 0.76)
wC 0.75 (0.70, 0.79) 0.71 (0.67, 0.74)
WHIR 0.73 (0.68, 0.78) 0.69 (0.66, 0.73)
ABSI 0.61 (0.55, 0.68) 0.59 (0.55, 0.63)
BRI 0.73 (0.68, 0.78) 0.69 (0.66, 0.73)
Diabetes(n=1347) BMI 0.77 (0.73, 0.81) 0.75 (0.72, 0.78)
wC 0.76 (0.72, 0.80) 0.73 (0.69, 0.76)
WHIR 0.73 (0.69, 0.77) 0.71 (0.67, 0.74)
ABSI 0.55 (0.50, 0.59) 0.49 (0.45, 0.53)
BRI 0.73 (0.69, 0.77) 0.71 (0.67, 0.74)
BMI<23 & metabolic BMI 0.68 (0.62, 0.75) 0.66 (0.62, 0.70)
dysfunction (n=1326) wC 0.61 (0.54, 0.68) 0.56 (0.51, 0.60)
WHiR 0.60 (0.52, 0.67) 0.55 (0.50, 0.59)
ABSI 0.51 (0.43, 0.59) 0.46 (0.42, 0.51)
BRI 0.60 (0.53, 0.67) 0.55 (0.50, 0.59)
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