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Performance of body mass index, waist circumference and waist-to-height ratio in screening true obesity in children/FANG
Qihuan”™, WANG Yuedong, ZHAO Min, YANG Lili, XI Bo. ™ Department of Epidemiology, School of Public Health, Cheeloo Col-
lege of Medicine/Children Cardiovascular Research Center, Shandong University, Jinan(250012), Shandong Province, China
[Abstract] Objective To evaluate the accuracy of body mass index ( BMI), waist circumference (WC) and waist-to-height ratio
(WHtR) in screening true obesity among children, so as to provide a scientific basis for precise screening and early prevention and
control of childhood obesity. Methods A total of 1 322 children aged 10—15 years old were surveyed by the Huantai Children Car-
diovascular Health Cohort in 2021. Fat mass percentage (FMP) and fat mass index (FMI) were measured by bioelectrical imped-
ance analysis, with FMP or FMI values at or above the age- and sex-specific 70th percentiles as the criteria for defining true obesity.
BMI, WC and WHtR were used to define general obesity and central obesity. The accuracy of these measures in screening for true
obesity was evaluated by calculating the missed diagnosis rate, misdiagnosis rate, area under the curve( AUC) for receiver operating
characteristic and Kappa coefficient. Results Boys had higher BMI [ (21.79+4.56) kg/m’], WC [(76.41£12.53) ¢m] and WHiR
(0.47+0.07) than girls [ (20.83+4.13) kg/m*, (70.69+10.06) cm, (0.45+0.06)] (¢=4.02, 9.19, 6.63), while boys had lower
FMP [ (18.29+8.35) %] and FMI [ (4.35+2.79) kg/m’] than girls [ (24.87+6.51) %, (5.44+2.53) kg/m*] (1=-16.10, -7.42)
(P<0.01). Using FMP as a reference standard, the diagnosis error rates of screening for true obesity based on BMI, WC and WHtR
were 12.24%, 2.11% and 2.11%, respectively; the diagnosis error rates were 10.88%, 27.28% and 24.33%; the AUC values
were 0.88, 0.85 and 0.87; the Kappa coefficients were 0.67, 0.48 and 0.52. Using FMI as a reference standard, rates of BMI, WC
and WHiR screening for true obesity were 14.20%, 1.23% and 2.78%; the diagnosis error rates were 4.81%, 20.84% and
18.14%; the AUC values were 0.90, 0.89 and 0.90; the Kappa coefficients were 0.81, 0.64 and 0.67. Conclusions BMI has a
higher diagnosis error rate in screening for true obesity in children, while WC and WHtR have higher diagnosis error rates. It is rec-
ommended to promote body fat assessment in clinical practice, so as to achieve more accurate prevention and control of chronic dis-
eases.
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ANECAT] , DT S A 3t 0 WA B LS AR SRR L, A
WFSER R BIA Tt (4 15 32 (fat mass percentage,
FMP) FIRE I i 48 %X (fat mass index, FMI) & X E.5C
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HERFE A

1 X&57FE
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HETE 5 3 DT, Hrp s 2 IR (2021 4F 10—
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D RN i 53 I £ 4 B R AR B R I AR e 24
A 1322 Z )L, Hp B A 697 4, &t 625 4 5 4F i
10~15 % CFIAERY (12.19£1.52) &, R 7 R CHE
i IR R 2 T AR 2 B AR 22 2 D1 2 W L (L5
20160308) , T L M HZ KIS TSR ES .,

1.2 AL *

1.2.1 (RH I ff ] HGM =300 1 75 B v 1A d 4%

(T AT R A Sl A BR S /) I o L3 B ey IR,
Ay HAEAE] 0.1 em F10.1 kg, I, BSR4
BB R A T B E , B BALRT D, ESR I 2
WO, I35 BMI, BMI = 165 (kg)/[ S
(m) 17, WC Il A A o A Al vk 4ORL, T A 5 Xt
GIF L1 em Kb SN RE ARG — 8], TIOR8, K
%] 0.1 em, WHIR =WC/ & &, HMHTEI L H 2
20 N GO ST 58 B, BOFSBIE T 40 #T
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S A E A TR TN, T 4R A,
FARFE WAL TR |-, TR XU 5 B iR 5 30° 7,
B B A, WF T RORMHE 4% T T ST dh
i, i SRR R L WO R LR R M g R
Jei , B A Sh A% B H ity , D (RS B 2 /NERSUE 2
i, AT EREEARAS NG WG IR (fat mass, FM) , #F—231
% FMP A1 FMI, FMP = FM (kg) /K & (kg) x 100% ;
FMI=FM (kg)/[ B (m)]°,

1.3 ReRER L —BEAR R A LB DA
SRR EE) (WS/T 586—2018) 1'% 5 3, BRI BMI=
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JLE WC H 4B FAE R s o IR Bk 2 SCH
WC =PRI FIAER BRI 00 H %, WHIR & X P
OPERE B () FLAE R . 5 42 WHIR =0.48, &4 WHIR =
0.46 ' Z7% 2020 A M E 6~ 16 % L FMP
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(56 70 B A EUE SR ESLIERE

1.4 JRE4H WAEET, IOE SR R 2
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EIE,

1.5 %itF a4 FIH R 4.1.3 BT RS2#55
Mo SR Q-Q BN A s AT IEAS TR, 454
BIESIA R (vxs) Fm , 20 1) Ho 5 (8 F Al 7 A AR
LRI AP EIER S, R M( Py, Pos) Hi38, 40
(5] Fb#se (8 Wilcoxon Bk FIKG 56 . 43 28748 a0 >R FH A %R
AR, 2] A X K56, 43 5 LA FMP A
FMI & CE SR RE, 145 BMI,WC Fil WHIR i £ B 52
R (G 12 26 1R 12 2R BH Y T A B T 1, 3%
B TAERHIE -2 T T (area under the curve, AUC)
K 95% B AR X 0] Fl Kappa 240, K Delong 3E %
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HOEHLBEAUCK N I AUC i Kappa AR HLES %0
Pl 3 P B TS B XL 30K o
a=0.05,

2 H#R

2.1 FRMFEAKE FAEHE KE BMIL,WC
T WHR K38 T A i FMP AT FMT KSR T &
e ERYA G E (P EH<0.01), WE 1, B
He— AR M (29.27% ,204/697) \WC & X

B4 (44.05% ,307/697 ) Fl WHIR 72 X H 01 BB it
F(41.03%,286/697 ) ¥ = F Lo A (19.52% ,122/625
35.36%, 221/625; 33.60% , 210/625 ) (X* {8 %3 5 N
16.33,10.00,7.45,P {H1<0.01) ,{H B 4 FMP & X Fl
FMI & XA S0 BE R (19.08% , 133/697 5 25.68% ,
179/697) 5414 (16.64% ,104/625;23.20% ,145/625)
FHLL, 22 S g L (X {E 43 3R 1.17,0.97, P
{H#4>0.05) ,

Tl ASTE A LR AR I e R B S0 AG TSHRE LEARE (e )

Table 1 Comparison of physical measurement and body composition testing data among children of different genders(x+s)
P51 NEL TRH#H/ kg B/ cm BMI/ (kg + m™?) WC/em WHR FMP/% FMI/ (kg - m™2)
% 697 57.92+16.30 161.92+11.88 21.79+4.56 76.41+12.53 0.47+0.07 18.29+8.35 4.35+2.79
L 625 52.16+13.12 157.47+8.18 20.83+4.13 70.69+10.06 0.45+0.06 24.87+6.51 5.44+2.53
t{H 7.11 8.00 4.02 9.19 6.63 -16.10 -7.42
P1{a <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

2.2 BMI,WC #= WHtR #t & )L & K 5 Je i 09 20Ok +F
# LA FMP FILL FMI A 2% 451, BMI,WC Al WHIR
A FACNERE IR B R 3 2~ 3 i, i —254t
AR LA FMP 3 A ifE | BMI 0 A B0 52 08 Bk 1 T
BN 12.24% , R L F N 10.88% , PH 1 I (& A
63.80% , BAVETRIM{E Jy 97.09% , AUC (95%CI) 73 0.88
(0.86~0.91) , Kappa ZEH 0.67; WC Fii £ B 5L it
ISR 2.11% , 1RIZ N 27.28% , BHPET0I0H A
43.94% ,FAYEFINAE A 99.37% , AUC (95%CI) 4 0.85
(0.84~0.87) , Kappa ZE N 0.48; WHiR i £ 52
FEMIIRIZ R 2.11% , R12 %N 24.33% , FHME A
H46.77% , B FUAE A 99.39% , AUC (95% CI) Ky
0.87(0.85~0.88) , Kappa ZE(M 0.52, £ Delong i
55 A WC i B LR ERY AUC BSAIKT BMI, Fi 3k 4
AL Fe BEPE B 4 )2 5, o4 BMI,WC Fll WHiR i A%
FLSEAEBERY AUC 1 Kappa 2805 T B4

L)L FMI hZ % b51E, BMI 75 2 2052 I RE B 2 2
g 14.20% iR %N 4.81% , FHYE T AL N 85.28%
RH 4 T30 B Ay 95.38% , AUC (95% CI) A 0.90 (0.88 ~
0.92) ,Kappa ZE0 K 0.81; WC ey ELSAEBE I T 12 %
H1.23% ,iR12 F N 20.84% , BHEHE N 60.61%,
FAPE TN AE A 99.50% , AUC (95% CI) A 0.89 ( 0.88 ~
0.90) , Kappa 40 0.64; WHIR i A EL 52 I 0 T2
RN 2.78% iR FHEN 18.14% , FHTEFI(E H63.51%,
FAMEFRIE A 98.91% , AUC (95% CI) A 0.90(0.88 ~
0.91) ,Kappa %059 0.67, Delong ¥:5: i 7% , BMI \WC
I WHIR T & BELSZHE PR AUC 2 R 8% X
(P {E¥>0.05), 75 AJ UL, %4 BMI WC Hl WHtR
i EAZACPERY AUC FIT Kappa Z2E04534 = T8 4

2 FMP Z% R F BMI WC WHIR fifi 5 A [ P 51 JL 2
FLHE PR WS
Table 2 Confusion matrix for screening true obesity among

children of different genders by BMI, WC and WHtR under FMP

BMI WC WHIR
L | METH — I I
PRSI R e etk . ik . itk
JEJE E S RS
5 1EH 473 91 388 176 407 157
HIHE 20 113 2 131 4 129
k'S EH 494 27 401 120 414 107
HHE R 9 95 3101 1103
Bk ER 9%7 118 789 296 821 264
FHE R 29 208 5 232 5 232

R LR,
R 3 FMIZHEFRIET BMI,WC WHR §i A [R5 L #
LI R VR R
Table 3 Confusion matrix for screening true obesity among

children of different genders by BMI, WC and WHtR under FMI

BMI WwC WHIR
PRSI BRI e etk . itk . itk
JEJE EJ: EJ:
5 EH 471 47 388 130 405 113
FSHE 2 157 27 6 173
k'8 EH# 479 1 402 78 412 68
HHE 24 121 2143 30142
Bk ER 950 48 790 208 817 181
FHE R 46 218 4 320 9 315

AT L,
3 it

AWFFEEE R B R, BMI, WC A1 WHR 7£ 0 2F JL %
ST A PP s 34 2 B S s v A B P A T AUC ML, H
FHA: FUME AN Kappa Z2EOHEX AR, Hordr 4351 & F
FMP Fl FMI 2 % 5 T, H BMI §ii & i i & s 12
12.24%F1 14.20% HSZ AL L2 1 WC AT WHR I
253 R 2 27.28% ,24.33% 1 20.84% , 18.14% 1E &
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JLEE, PR, sl BT I PR S5 B v 4 T AR i K P A
RORFA B T L B JHE MIAR O 18 R RS HE B 452 e

S A A 3 b b T A S I PR A MR R 2 i T
H,

F 4 FMP ZHHRMET BMI,WC Al WHIR G2 A A5 5L S RACR (n=1 322)
Table 4 Accuracy of BMI, WC and WHtR in screening true obesity among children of different genders under FMP(n=1 322)

PR fEhR WiZH/ % REH/ %  FHEBNE % BIHEBNE % AUC fH (95%CI) Kappa 281

% BMI(— MBI ) 15.04 16.13 55.39 95.94 0.84(0.81~0.88) 0.57
WC(HOHEAERE) 1.50 31.21 42.67 99.49 0.84(0.82~0.86) 0.45
WHIR ( PR ) 3.01 27.84 45.10 99.03 0.85(0.82~0.87) 0.48

’e BMI( — AR AR ) 8.65 5.18 77.87 98.21 0.93(0.90~0.96) 0.80
WC (L PERERE) 2.88 23.03 45.70 99.26 0.87(0.85~0.90) * 0.51
WHIR (0 PENERE) 0.96 20.54 49.05 99.76 0.89(0.87~0.91) * 0.56

775 BMI(— AR ) 4, P<0.05,

RS FMIZHARMET BMIWC AT WHR fifi 25 A [ 2550 L3 SRR R A 28CR (=1 322)
Table 5 Accuracy of BMI, WC and WHIR in screening true obesity among children of different genders under FMI(n=1 322)

L1201/ I =7 7 122/ % WL/ % AP/ % BAYEBINE % AUC {H(95%CI) Kappa 25

7 BMI(—MePENERE) 12.29 9.07 76.96 95.54 0.89(0.87~0.92) 0.75
WC (AR ) 1.12 25.10 57.65 99.49 0.87(0.85~0.89) 0.60
WHIR ( H O AR ) 3.35 21.81 60.49 98.54 0.87(0.85~0.90) 0.63

s BMI(— et AR ) 16.55 0.21 99.18 95.23 0.92(0.89~0.95) 0.88
WC (e EALRE) 1.38 16.25 64.71 99.50 0.91(0.89~0.93) 0.70
WHR (O PEAREE) 2.07 14.17 67.62 99.28 0.92(0.90~0.94) 0.72

Hi T BMI EA i %, (08 LA B0 i P 34,
JZ T — B R B AL AR A SR, BT
BMI TGy X453 i 177 198 A i, S A 0 e 6 S TS Je i 1
HERR VAR E—E i7" 2015 4F—T1 Meta 23 M7
WF5E &I, Lh FMP 25 bRk, BMI §ii A 31 52 IR e i
TS EEH (93% ,95% CI = 88% ~96% ) , {8 7 3 i #%¢
K (73% ,95% CI=67% ~79%) , Bl BMI {4 i 2 T 2
ARESINIZ A 174 W ESZAREILE, 2022 4, 3
B — I XT 5~ 18 & JLE AT FE & B, FEAFE IS 5 BMI =
95 A /AL 5 AL RS 51 BMI =85 H 43 B %
A= BMI 5 FMI % P1AH ¢, (H7E BMI ZKF- 84K A9 L
# P, BMI K SRR KFZ 22 S5 K0 DL
FEUEHE LA I L5 5 48R T BMI 1 hy B S A
AR R BRYE . A BRI, BML w12 1Y S0 i
L R B i A A S5 A IR s o7

WC Fl WHtR 28 H T35 o M8 Bk 09 48 5 .
CPE IR A T 788 4 4~9 % JLEIWIIL R, WC
F WHIR Fiii i XSUBE X 54k Wi e AR g 2t 2 1)
AUC {5 R AR 55 vy, (R 53 B A%, 5 A Wik 9 45 2%
U R WC R WHER 7 28 JE JHE 2 1R 1238 43 1F
# L, W] Rkt L2 B 5 e i AT A O B A A
AT IA &I WHIR i Ar ELSCHEBE S WC SR A Y,
BAIE T HAE N WC BRIEARA a3 0E " [FIRE ARl
R ZH FTIAT ST s WC HT WHIR G4 )L 38 25 50 ik oy v
I 80 0 2 28 A VS SR AR AL 20721

AN AHFSE K B BMI WC F1 WHIR i £ &4k B
SEHE PR T 55 A=, T RB R 22 5 5 B0 R AR
A, fEE B AR B, B AR B B AR 98

PRI OH ., L A R B B R o £ A
IR, 204 BMI 5 FMI B9 et T 5 4= 1) 7~
10 % B4 BMI 5 FMI (CBCHR T 14~ 16 % H P
ARWFFEAEAELL T R B . 38—, BF 98 AR FH BIA %
IR AR K, ARl X SRl P, A RS
W BIA 5 DXA 2 [A] B AT & A A v, 9f B
BIA #AER 8 2007 H2c 4, 1 F T R LRI W
U1 S i 0 S = N T T = =
OB SE RAMET L, 5 BT E N Mg —
LA R SO SRRk AL
ey M R (VI P S I Fo Rl
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