v sket Aol e8| X A|24¢ A25(20104 8€)
J Korean Oriental Pediatrics, August, 2010;24(2):99—-111

[eJAge]
EAICHSt st el iAo}
AT Bl sigaolnt
“RACHStn SlolsiMBrsty sittaotntst mal

( Abstract )

The Cut Off Values of Body Fat Percentage for Diagnose Obese among
Selected Number of Preschool Children in Yangsan
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Objectives

The objectives of this study were to evaluate the correlations between the indices of obesity and percentage
body fat by bioelectrical impedance analysis(BIA). Also, this study was designed to define the cut off values of
percentage body fat by BIA which would represent BMI and degree of obesity in order to detect overweight
and obesity in preschool children.

Methods
The height and weight of 683 children aged four to six years old were measured. Also, percentages of body
fat were measured by BIA.

Results

There were high correlations between the boy's body fat percentages and degree of obesity(r=790). Also, there
were high correlations between the gitl's body fatpercentages and BMI(r=778).

The cut off values of body fat percentage, which would correspond to those of BMI percentiles, were calculated
by ROC curve analysis. To classify as an overweight, the correspondent cut off values of body fat percentage were
19.55% in boys and 22.35% in gitls. For obesity, the cut off values were 28.80% in boys and 27.60% in girls.
The cut off values of body fat percentage, which would correspond to degree of obesity were calculated by ROC
curve analysis. To classify as an overweight, the correspondent cut off values of body fat percentage were 19.75%
in boys and 22.35% in girls. For obesity, the cut off values were 29.05% in boys and 28.75% in girls.

Conclusions
According to the BMI criteria by the Korean pediatrics society in 2007, the most appropriate cut off values
of body fat percentage in for four to six years old children were follows; for boys, 19.55% considered as
overweight, and 28.80% as obese while for girls, 22.35% considered as overweight and 27.60% as obese.
According to suggested degree of obesity criteria, the most appropriate cut off values of body fat percentage
in for four to six old children were were follows; For boys, 19.75% was considered as overweight, and 29.05%
as obesity. For girls, 22.35% was considered as overweight, and 28.75% as obese.
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Male

4years Syears Gyears Total

N=100 N=163 N=88 N=351
Height(cm) 105.5 +48" 113.1 +47" 115.8 +48" 1116 +6.2
Weight(kg) 18.0 423" 21.1 436" 216 +31" 206 35

Female

4years Syears Gyears Total

N=102 N=143 N=88 N=332
Height(cm) 104.7 +4.4" 1125 +49" 1153 +49" 110.8 +6.4
Weight(kg) 17.3 422" 203 +32" 22.0 +4.4" 19.8 +38

*P<(0.001 by ANOVA, post hoc test by Scheffe-test
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Table 2. Obesity Indices Grouped by Sex and Age

Male
4years Syears Gyears Total
N=100 N=163 N=883 N=351
%BF' 18.6 +6.2 18.1 +6.8 17.0 6.5 18.0 +6.6"
BMI 16.2 +15 164 +2.0 163 +1.8 163 +1.8"
WLI 102.8 +10.3F 104.8 +14.7" 100.6 +12.0° 103.2 +13.0
Degree of Obesity 2.6 9.4 3.7 +12.5 0.7 +10.1 2.6 +11.1
Rohrer Index 153.5 +16.2" 145.3 +17.3" 139.0 +14.3" 146.1 +17.1
Female
4years Syears Gyears Total
N=102 N=143 N=883 N=332
9%BF 19.2 +4.8 19.2 +64 209 +8.2 19.6 +6.5"
BMI 157 +13 16.0 +1.8 16.0 +1.7 16.0 +1.7"
WLI 102.0 +9.8 104.6 +136 105.8 +17.9 104.1 +14.0
Degree of Obesity 05 +8.2 2.8 +11.8 5.1 +15.0 2.7 +12.0
Rohrer Index 150.2 +125° 142.3 +16.3" 142.6 +19.4° 144.8 +16.5

*Percentage body fat by bioelectrical impedance analysis

+p<0.05 by t-test

+p<0.001 by ANOVA, p<0.05 by Scheffe-test
$p<0.05 by ANOVA, p<0.5 by Scheffe-test

§p<0.001 by ANOVA

Table 3. Pearson's Correlation Coefficient between Percentage Body Fat* and Other Parameters by Age and Sex

Sex Age BMI WLI Degree of Obesity Rohrer Index
4 745" 608" 744" 719"
Mal 5 816" 766" 810" 777"
¢ 6 794" 766" 810" 777"
Total 789" 714" 790" 744"
4 678" 593" 675" 613"
Fernal 5 821" 787" 804" 753"

‘emale

6 774" 757" 787" 769"
Total 778" 742" 777" 703"

*Percentage body fat by bioelectrical impedance analysis
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Table 4. Distribution of Percentage Body Fat by Criterion of Body Mass Index

Sex BMI" No(%) %BF" P-VALUE'
Normal 277(78.9) 15.924.7
M Overweight 43(12.3) 22.3+5.1 <0.001
Obesity 31(8.9) 30.745.5
Normal 259(77.8) 17.5+4.9
F Overweight 48(14.4) 24.24+3.8 <0.001
Obesity 26(7.8) 31.9+6.4

*BMI=Body Mass Index, Announced by the Korean Pediatrics Society in 2007.

BMI<85%o,normal; 85%,<BMI<95%,Overweight; BMI >95%j,Obesity.

+Percentage body fat by bioelectrical impedance analysis
+ ANOVA, post hoc test by Scheffe-test

Table 5. Distribution of Percentage Body Fat by Criterion of Degree of Obesity

Sex Degree of Obesity No(%) %BF P-VALUE
Normal 283(80.6) 16.04.7
M Overweight 44(12.5) 23.1%5.7 <0.001
Obesity 24(6.8) 32.1+£5.0
Normal 262(78.7) 17.6t4.8
F Overweight 53(15.9) 24.76+4.4 <0.001
Obesity 18(5.4) 33.6+7.0
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ROC Curve

Sensitivity

T T
00 02 04 08 08 10

1 -Specificity

%BF sensitivity 1 -specificity specificity sensitivity +specificity
19.55 0.814 0.202 0.798 1.612

Fig. 1. This analysis is accomplished using 85% of body mass index distribution for determination of
overweight. <19.55% of percentage body fat is recommended as the cut off point between normal
and overweight in Male according to the sensitivity and specificity.

ROC Curve

Sensitivity

T T T T T T
00 02 04 06 08 10

1 -Specificity

%BF sensitivity 1 -specificity specificity sensitivity +specificity
28.80 0.710 0.070 0.930 1.640

Fig. 2. This analysis is accomplished using 95% of body mass index distribution for determination of obesity.
<28.80% of percentage body fat is recommended as the cut off point between overweight and
obesity in Male according to the sensitivity and specificity.

ROC Curve

Sensitivity

T T T
00 02 04 06 08 10

1 -Specificity

%BF sensitivity 1 -specificity specificity sensitivity +specificity
22.35 0.729 0.131 0.869 1.598

Fig. 3. This analysis is accomplished using 85% of body mass index distribution for determination of
overweight. <22.35% of percentage body fat is recommended as the cut off point between normal
and overweight in Female according to the sensitivity and specificity.
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%BF sensitivity 1 -specificity specificity

sensitivity +specificity

27.60 0.769 0.188 0.813

1.582

Fig. 4. This analysis is accomplished using 95% of body mass index distribution for determination of obesity.
<27.60% of percentage body fat is recommended as the cut off point between overweight and

obesity in Female according to the sensitivity and specificity.

Table 6. Mutual Distribution of BMI and Percentage Body Fat

BMI'
Sex  Grouping by %BF" Total(%) K value P value
Normal(%) Overweight(%) Obesity(%)
Normal(%) 221 (63.0) 8 2.3) 0 ) 229 (65.2)
Overweight(%) 54 (15.4) 32 ©.1) 9 (2.6) 95 (27.1)
514 X

M Obesity(%) 2 ©0.6) 3 09 2 63 2 o 051 <0.001
Total(%) 277 (78.9) 43 (12.3) 31 (8.8 351 (100)
Normal(%) 226 (67.9) 13 3.9 1 0.3) 240 (72.1)
Overweight(%) 26 (7.8 26 (7.8 5 (L.5) 57 (17.1)

! Obesity(%) 7 Q.1 9 @n 20 6O 36 (10.8) 0549 <0.001
Total 259 (77.8) 48 (14.4) 26 (7.8 333 (100.0)

*BMI=Body Mass Index, Announced by the Korean Pediatrics Society in 2007.
BMI<85Y%,normal; 85%,<BMI<95%,Overweight; BMI>95%,Obesity.
+Classified by the voluntary cutoff value percentage body fat.

Male:  %BF <19.55%,normal; 19.55% < %BF<28.80%,0Overweight; %BF>28.80%,Obesity.
Female: %BF <22.35%,normal; 22.35% <%BF<26.30%,Overweight; %BF>27.60%,0besity.
. ROC Curve
.E. 06
) 1 -Specificity
%BF sensitivity 1 -specificity specificity sensitivity +specificity
19.75 0.795 0.187 0.813 1.608

Fig. 5. This analysis is accomplished using 10% of degree of obesity distribution for determination of
overweight. <19.75% of percentage body fat is recommended as the cut off point between normal
and overweight in Male according to the sensitivity and specificity.
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ROC Curve

Sensitivity

T T T T T T
0o 02 04 08 08 10

1 -Specificity

%BF sensitivity 1 -specificity specificity sensitivity +specificity
29.05 0.792 0.136 0.864 1.655

Fig. 6. This analysis is accomplished using 20% of degree of obesity distribution for determination of
overweight. =<29.05% of percentage body fat is recommended as the cut off point between
overweight and obesity in Male according to the sensitivity and specificity.

ROC Curve

Sensitivity

T T
00 02 04 06 08 10

1 - Specificity

%BF sensitivity 1 -specificity specificity sensitivity +specificity
22.35 0.736 0.141 0.859 1.595

Fig. 7. This analysis is accomplished using 10% of degree of obesity for determination of overweight. <
22.35% of percentage body fat is recommended as the cut off point between normal and overweight
in Female according to the sensitivity and specificity.

ROC Curve

Sensitivity

T T T T T T
0o 02 04 06 08 10

1 - Specificity

%BF sensitivity 1 -specificity specificity sensitivity +specificity
28.7500 0.833 0.170 0.830 1.664
Fig. 8. This analysis is accomplished using 20% of degree of obesity distribution for determination of obesity.

<28.75% of percentage body fat is recommended as the cut off point between overweight and
obesity in Female according to the sensitivity and specificity.
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Table 7. Mutual Distribution of Degree of Obesity and Percentage Body Fat

" Degree of Obesity*
Sex | Grouping by %BF Total(%) K value P value
Normal(%) Overweight(%) Obesity(%)

Normal(%) 230 (65.5) 9 (2.6 0 () 239 (68.1)
Overweight(%) 52 (14.8) 29 (8.3) 5 (1.4) 86 (24.5)

M Obesity(%) 1 ©0.3) 6 a7 19 G4 2% .4 0499 <0.001
Total(%) 283 (80.6) 44 (12.5) 24 (6.8 351 (100.0)
Normal(%) 225 (67.6) 14 4.2) 1 0.3) 240 (72.1)

F Overwe.lght(%) 34 (10.2) 30 9.0 2 (0.6 66 (19.8) 0.523 <0.001
Obesity(%) 3 0.9 9 2.7) 15 (4.5) 27 8.1)
Total 262 (78.7) 53 (15.9) 18 (5.4 333 (100.0)

*Degree of Obesity <10%, normal; 10% <Degree of Obesity<<20%, Overweight; Degree of Obesity >20%, Obesity.

+Classified by the voluntary cutoff value percentage body fat.

Male:  %BF <19.75%,normal; 19.75% < %BF<29.05%,Overweight; %BF >29.05%,Obesity.
Female: %BF <22.35%,normal; 22.35% <%BF<26.30%,0verweight; %BF>28.75%,0besity.
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£ 105.5t4.8cm, 113.1+4.7cm, 115.8+4.8cm, H|F
18.0+2.3kg, 21.1+3.6kg, 21.6+3.1kg= Z7}3t4T} o
ole] ¢ 7= 104.7+4.4cm, 112.5t4.9cm, 115.3+4.9
cm, AFE 17.34£2.2kg, 20.3+3.2kg, 22.0+4.4kg & =7}
3+ THp<0.001, Table 1).

Hololl Al WLI9L RI= A#HEE o] zpo]7} <]
e, WLIE 54, 64, 44 0.8 FF9 3ol &4
UERGTHp<0.001 by ANOVA, p<0.05 by Scheffe-test,
Table 1). F2J3k zto]= IR oL} BMIS} HITFE R o]
oF FARE AEE UEHATE RI= 4419 Bto] 71
=%, dA®o] E&EFE WolHI(p<0.05 by
ANOVA, p<0.5 by Scheffe-test), -2] 3} Z}o]= (UL
U AALEE o9 FARE B S YERITHTable 2).
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o] $-2]8 zto]= YEFATHp<0.05 by ANOVA). BMI
o} HIYE, WLI= 4417} 718 w2 ks Jehdisla
Aol FobAFE Htgho] AX e, RiE= RijE =
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gro] ZA JEbEARE, 993 ZFol= gISlT) ool
/q A AAWE, WL, BMI, H]9HE= H]S:8h 43

o, RI= o5 Ak dd Bd= HAl
E} RI= xﬂ%—g 2o AAFOZ Use gholB=E, Al
Ao] oJEke @o| vho} Al o] 42 Zlolx|1 A1A 0]
A&7 E AANE A 7ML o], Aol 7 &
L 4A oM TS S HOl Ao ALE HTKTable 2).
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EET PearsonF AT o] &3t BA|HYT)

Hr 2

o

—

i

Lo
ox o
z

AALED A VAT E7HY] ABAAE Table 3
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wole} ojo} w5 BMIZE 71¢ A A EH AT
7} A JERgom, 6l A= ole} oo} BF 1
=7} 71 AAWES FBBAT =A L}E}kku}.
oAM= AAWES T} 7P A
7b E=A Yeb o™ (r=790), oo} A| o= BMIZ}
AALER 7HE B BA T U THe=778). A
B 18417449 20kE tido2 § 379 d7E 4
HEH, golo e BIAZ =43 A AWE3} RI7F 7}
4 = ABBAE YEhAAT=0.641), 02 1]

- rlr

TH=(r=0.576), BMI (r=0.556) =22 UEIGAT. o
o}9] 7 BIAZ =43+ A A&} BMI(r=0.812)7}
7V we ARaAE eI, HITEE(r=0.735),
RI(r=0.723) o)Atk 258l o5& o235 &
9] Ao ME BIAZ EH8 AAWEC] ‘Fo} oo}
L5 BMIZ} RIET 52 FH3AE Uelilon, v

e AAAAE BHA SR 04 o)de] &
of HIFEAE tFoz G P ArelMe vt
7 BMIET & JHAAE BYlTh 7|29 A75E
Aridel teFsted, sd AR EEetn A
B
4~6A ok&& ﬂ%*&i e d
HIYhE 7} BIAZ =
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HIYHE S} 71E 0% o] 7] 4 A EE A E
a1, AAEL] gk el EakTh
20073 i ghaoletslol M W 4
BMIE 7| 0.23t0] 85U-9]a= o]/ 95U 91 v
T AAF, 9SMESl T oS wiTo g vhroiA,



B, FA T, Hlﬂﬁ&sﬂ AAGE] % €r°
AFol & B THp<0.001). ‘Fofoll A g2
2779(78.9%), AT+ 437H(12.3%), BT 31
(8.8%)°19L, ZF 79| AAFES 15.9+4.7%, 22.3%5.1%,
30.745.5%% 8 oF 7% A2 S HAth ool
A BATEL 2599(77.8%), 4878(14.4%), 26¥8(7.8%)°]
Aar, ZF o] AALELS 17.5£4.9%, 24.2£3.8%, 31.9
+6.4% 2 Holet v A2 ZF 1 oF 7% T A
o Bott Folrt ofolo| Hla] IR fHEo] FA
YERGARE, AT ooyt o Wol, Be] H
& ooyt ol Bls| B wokth 7419 BA|Fol
12A174A] o]o) & 7¥gAdo] Aths o] AFE FHa
& o, Hiwkt ERE ofu g}t HAFatoll thEk A=
QI FA7F Bastt Als T

H] 9= (Degree of Obesity)S ARt 10%°]4F 20%
v S BAF, 20%0)13-S HITEO 2 Urrolx, 7 ot

W A A5 F7S AXSIEtHTable 5). Y 25
A, dA T, vy AAHES] Fie 9
St Apol 5 B ATHp<0.001). Folol|l A a2 2831
(80.6%), TAZT-E 449(12.5%), BITHE-S 2478(6.8%)
ollar, 7k 9] AAPEL 16.0+4.7%, 23.1+5.7%,
32.145.0%2 AT vlvhre] e 2ozt 4
‘r BA T Hato| Bk AA YERT oo
NA] At 2627(78.7%), 5378(15.9%), 1878(5.4%)
o, 4 9 AAWEL 17.6+4.8%, 24.76+4.4%,
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of 1f

33.6£7.0%% Zt o F 7% T A5 iair:}
HIWIE S 7|30 2 BReRS ELH Ho A B2

g7¢to] BMI 7|79 AR Bal, BlvHE-S BMI
9] HIRHF RO 2 A YERST 1% Mie ot
WEo] HRtz og A Hlsf RIEr} AL AR
A dE A7 s AoE, Jads gl
Z 3 773 gk 104 o) AolH S oz
M09 Aol UX)31A] oke RS BT 4~649)

Zeolo A bR} BMIO] W& ATiA o2 vt}
A FE AAske 71F0] B Aoz A7l

A AWE EF oA ROC(received operating characteristic)
AXVE 33 1 AHBA AUC(area under the curve)

74 A7t He AALEY Aagks A8tk @
ofe] ¢ A A TS FEske AAEEY A
e BMI 7] 19.55%, BIVEE 713 19.75%, A|Z2
H|ukS 315_3}—5— HAgHe BMIV|F 28.8%, HITHE 7]
T 29.05%°0.2 FAH A oot B9 A A

o 8}577] oFgellA w21k

ke 93 AXEES] At 109

TR AANE Adgke BMIL HWE 7|3
2235%% FRHAL, AAFTH HITHE FEs)
AAGE BMIZ|FE 27.6%, HIVHE 713 28.75% %
FAE AL 879 ATl s 104014 124 A}
o] 8] Zrofe A, ?H]%ﬂ 735 AL 29%, AT
& 26%, 1T B4 WU B 3198 AANE V)%
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7} Z=3thr=778).

.ot A BMIE 7|E22 3 GA, JAFT, vl
o]l AALES 15.9:4.7%,  22.345.1%,
30.745.5% T} (p<0.001).

. ojojoll X FATS BMIE 7|FO02 3 AAT, 7
AFt, Blvhre] AAE-L 17.5+4.9%, 24.2+3.8%,
31.9%6.4% 3 THp<0.001).

L dobell A HiRtES V1o R § A, FAFT,
BHIRhE o) AAE-L 16.0+4.7%, 23.1+5.7%, 32.1+
5.0% S THp<0.001).

. oot HIRIEE 7O R S BT, BAIFT,
HvkEo]  AALEFL  17.6+4.8%, 24.76+4.4%,
33.6+7.0% . THp<0.001).

. Fotell A BMIS) 7)) whe Fuw HAFE 7

_%«
ofolol A BMIS] 7)E) e Y4} B S T
BahE AA WSS AU 255%, HAF v

RS TG AURE 27.6%7) AP AoE F
e

. Fololl A vk e] 7)Fe wE AT A FS
TR AAYES] Uk 19.75%, JA T
HIWhS FRESHE AT 29.05%7)F A3e e
2 FAHAL

. ojololl A Bk o] 7)F] WE AT A FS
TR AALES Aghe 2235%, FAFTH
HThHS ke AU 28.75%7F AgS Ao
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