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Body composition by bioelectrical impedance analysis in children below 7 years old

Jiyoung Jung, M.D., Han Wool Kim, M.D., Tae Hyun Kim, M.D. and Young Mi Hong, M.D.

Department of Pediatrics, Ewha Womans University, School of Medicine, Seoul, Korea

Purpose : Body composition is important to define and manage obesity and undernutrition. Obesity is a significant health
problem with medical and psychological consequences for children and adolescents. Body composition analysis (BIA) is a
simple, rapid, noninvasive, and reproducible technique. However, comparative analysis of body composition has not been
done in young children below 7 years old. The aim of this study is to estimate antropometric data and body composition
by BIA, and to investigate the correlation between anthropometric data and fat mass or fat percent in young children.
Methods : We measured height, weight, body mass index (BMI), fat mass, and fat percent by BIA in 1,376 children aged

3-6 years of whom 688 were males and 688 were females.

Results : Fat mass, fat percent, intracellular fluid, extracellular fluid, protein, and minerals were significantly higher in the
obese group. A significant positive correlation exists between fat mass and BMI or weight. A significant positive linear
correlation was also noted between fat percent and BMI. Protein, weight, fat mass, and fat percent were significantly

different among groups.

Conclusion : BIA is an objective, accurate method to estimate body fat in childhood obesity cases. Fat mass and fat percent
data acquired by using BIA highly correlated with BMI. However, a large-scale study is needed to diagnose obesity in

young children. (Korean J Pediatr 2010;53:341-348)
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AAL S3el= 7% ASH (underwater weighing), 2
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2007 3¥FE 20089 12€7H4] AE5EAl FFETl
aAEHE frobdell thl 3-64] Ato]2] Ak Aol 1,376
o AFE AldErgieh Aol gl Fobe AT tidellA
ALAZE B AT B S5 wekon o|stoiy st
3 IRBE F4stith

[ A% s om Ad#3AS 85 WiEelF vkl

(5427, o] 5347), IS A QA5 85-94 Wit

Hl

o

1,076
o

RSl
1859 ( 887, o] 97%), W& ALBAS 95 WE9l4 ol
441 1165% (¢ 58, of 57%) 0.2 ek diAlolel £

o1&k zpo) 7t glTH(Table 1).
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1) MMdE &M
InBody 2.0 (Biospace, Seoul, Korea) A& AF&3l3=T)|
AR TR s ES YA AFEs S RO S2A
2 5 A AAZ 23 g E otk
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2925 AEA7IA FSASGITE daEA 5 FA = .8,
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AR A=) AALY] B g Bt isdabE UERg]
o} SAIA 8= SPSS (version 10.0 for Windows) = AHE-31A
a1, Al 7kl Kurskal—Wallis testE AME3F] Bl 24935197
ok 7} A7) A Y 19073 Pearson's correlation
coefficient #41H& o]g-sto] A5 Th P—value: 0.05 1]
e BAHCR {oshA ®ott.
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1. MZEZK [0 ME M ZHfl M= H|w

A NS el 3M1E dotelx] 5.8+0.6 L, ofofell]
5.840.6 L, 44+ FolollA 6.4+0.7 L, oJofellA 6.1£0.6 L, 5
Al ool 7.240.7 L, oJotollA 6.940.7 L, 641 dolol
A 7.940.8 L, oJotel|A 7.3+0.7 Lotk

1o A 341 dotoll A 6.140.6 L, ojotollA 57405 L, 4
Al ool 6.740.6 L, oJotellA 6.31£0.6 L, 5A1= ol
A 7.6+0.6 L, oJolell A 7.2+0.8 L, 641 FolollA 8.5+0.7
L, ofolelA 7.840.7 L]tk

I A 3= ol 6.8+0.7 L, oJo}ellq 6.0£0.5 L,
4A1E dotellA 7.220.7 L, ofotellx] 6.9+0.8 L, 54= Folell
A 8.8+0.9 L, ofolollA 7.610.7 L, 641 dolollA] 8.6+0.6
L, oJoloA] 8.5+£0.7 Lolith

A T B 3-64 Al o 7t AR {3t
zto17k AAtH(Table 2).

2. MK WE M ZHf MZ2({% H|lw

A M el 3HIE dotellAl 3.720.4 L, ofolelA]
3.5+0.4 L, 441= FolollA 4.0+0.4 L, oJololl 4] 3.8+0.3L, 5
Al dotellAl 4.520.4 L, ofofellA] 4.3+£0.4 L, 641 Holell
A1 4.920.5 L, ofofell A 4.5+0.4 Lo]qlth

IIZol4] 341 dololla] 3.840.4 L, ojolollA] 3.6£0.3 L, 4
Al otellA] 4.2420.4 L, ofofellA] 4.0+£0.4 L, 5Al= Hotel
A 4.740.4 L, oJolellA] 4.5+0.5 L, 641 dolollA 5.340.7
L, oJofellA 4.8+0.4 LolJTh

[IIelA 341 golol A 4.240.4 L, oolellA 3.840.3 L,
4A= dolol A 4.5+0.4 L, oJofollrd 4.31£0.5 L, 54 Hololl
A 5.440.5 L, oJofollA] 4.74£0.4 L, 641 FolollA 5.3+0.4
L, oJololA 5.240.4 Lo|giot.

AL ool 3-6A4 Al o gt BAIHoR {2t
2ol 7k QIRAaL, ofofef Al 4—6Alelst Al o Zhell f2lgt xfo] 7}
23T} (Table 3).

Table 1. Age and Sex Distribution

I I 11

Age

(yr) Male Female Male Female Male Female
3 75 85 18 18 5 7

4 198 171 28 49 15 23

5 189 193 29 24 29 18

6 80 85 13 6 9 9
Total 542 534 88 97 58 57
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3. MEZK|0 WE M Ztoll THHES| HiW

G S Tol|A] 341 dotellA] 2.5£0.3 kg, ofotellx] 2.4+
0.3 kg, 44 Holol A 2.840.3 kg, oJolellA 2.640.3 kg, 5
Al ool A 3.140.3 kg, oJolellA 3.0+0.3 kg, 641= ol
oAl 3.440.4 kg, *otollA] 3.1£0.3 kgo|Ath

[IT-ellA 341 dololl A 2.6+0.3 kg, oJolell A 2.5+0.2 kg,
4A) = Fotol A 2.940.3 kg, oolollA 2.7+0.3 kg, 541= Hof
oA 3.3+0.3 kg, oJolelA 3.1+0.3 kg, 641= HololA 3.7+
0.5 kg, oJolollA] 3.440.3 kgol St

NI A A= Folell A 2.9+0.3kg, oolollA] 2.6+0.2 kg,
4A)= dolol| A 3.14+0.3 kg, ootollA] 3.0+0.4 kg, 5= Hof
oA 3.840.4 kg, oJotellA 3.3£0.3 kg, 64l FololA] 3.7+

0.3 kg, 9JolollA] 3.7£0.3 kgolgltt.
Gzl ] BFE 364 Al T 7t BAHCR F-% 2}
o7} Sl (Table 4).

4. HIEEK|S0 ME M 2ol F71Z=2| Hlw

F71d2 IelA 3Ale wotellA 0.7£0.1 kg, ofofelA
0.7+0.1 kg, 4A1= dolellA 0.940.1 kg, oJolellA 0.840.1
kg, 5A1E golel A 1.0+0.2 kg, oJotellAl 1.0£0.1 kg, 641=
dolol Al 1.14+0.1 kg, oJolellA 1.1+0.1 kgolith

Il A 341 FotollA] 0.7+0.1kg, @1o}ellA 0.7£0.1kg, 4
M golellA 0.9£0.1 kg, oJotellA 0.9£0.1 kg, 5AI= Fol
o4 1.1£0.1 kg, oJolollAl 1.0£0.1 kg, 641 Hololla] 1.2+
0.2 kg, ootellA 1.240.1 kgel itk IIelA 3M1E FotelA

Table 2. Intracellular Fluid (L) According to Severity of Body Mass Index

I I I P value
Age (yr)
Male Female Male Female Male Female Male Female
3 58+0.6" 5.840.6 6.1£0.6 5.7+0.5 6.8+0.7" 6.0+0.5 0.019 0.033
4 6.4+0.7" 1 6.1+0.6" " 6.7+0.6" 1 6.3+0.6" " 7240751 6.9+0.8" T <0.001 <0.001
5 7240751 6.9+0.7" T 7.6+0.6" " 7.2+0.8" 88+0.9" T 7.6+0.77 <0.001 <0.001
6 7.9+08" 1 7.3+0.7" 8.5+0.7 7.840.7 8.6+0.6" 8.5+0.7" 0.019 <0.001

Date are expressed as mean=®SD

P<0.05 group I vs. group II: TP<0.05 group I vs. group III; TP<0.05 group II vs. group I
Abbreviations : I, body mass index <85 percentile; II, body mass index between 85 and 94 percentile; III, body mass index =95

percentile

Table 3. Extracellular Fluid (L) According to Severity of Body Mass Index

I I 111 P value
Age (yr)
Male Female Male Female Male Female Male Female
3 3.7+0.47 354047 3.840.4 3.6+0.3 4.2+0.4" 3.840.3" 0.078 0.012
4 4.0+0.4" 3.8403" T 42+0.47 40404 F 45+0.4" 7 43+05" 7 <0.001 <0.001
5 45+04" " 43+04" 7 47404 F 45+0.5 5.4+0.5" 7 4.7+0.47 <0.001 <0.001
6 4.9+05" " 45+0.4" 53+0.7" 48+0.4 534047 524047 <0.001 0.025

Date are expressed as mean+SD

"P<0.05 group I vs. group I1I: "P<0.05 group I vs. group II: TP<0.05 group II vs. group III
Abbreviations : I, body mass index {85 percentile; II, body mass index between 85 and 94 percentile; III, body mass index =95

percentile

Table 4. Protein Content (kg) According to Severity of Body Mass Index

I 1I 111 P value
Age (yr)
Male Female Male Female Male Female Male Female
3 2.5+0.3" 2.4+0.3 2.6+0.3 2.5+0.2 2.9+03" 2.6+0.2 0.027 0.069
4 2.8+0.3" 26+03" 1 2.9+0.3" 2740351 3120307 3.0+040 1 0.001 <0.001
5 3120351 3.0+035 1 3340351 3.140.3" 3.8+040 7 3.3+0.3" <0.001 <0.001
6 3440451 3.1£0.3" 37405 3.440.3 3.7+0.3" 3.7+0.3" 0.012 0.001

Date are expressed as mean=®SD

P<0.05 group I vs. group II: TP<0.05 group I vs. group III: TP <0.05 group II vs. group III

Abbreviations : I, body mass index <85 percentile; II, body mass index between 85 and 94 percentile; I, body mass index =95

percentile
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0.840.1 kg, oJolellA 0.840.1 kg, 441%E FololA 1.0£0.1
kg, 9okl 0.9£0.1 kg, 541 HolelA] 1.240.1 kg, ojo}
A 1.1£0.1 kg, 641 golollA] 1.240.1 kg, oJotellA] 1.2+0.1
kgol k.

77122 dotel| 4] 44, 5Hl A Zhell -2l 2tol 7} AU
3 ofofel A= 541, 6Ael Al = 7l FelE o)t Ugint
(Table 5).

5. HIEZK|0 WE Mz Zioll XY Hlw

AL [olA Ml Folelld 3.1£0.7 kg, ofolellA
3.140.8 kg, 441E olellA 3.240.8 kg, ololelx] 3.3+0.8
kg, 541 wolellA 3.540.9 kg, oJotellA] 3.6+0.9 kg, 641
olel 4] 3.741.0 kg, ooellx] 4.0+1.1 kgo] itk

[IellA] 3A)E wobol|A] 4.3+1.1 kg, oJotellA] 4.4+0.8 kg,
4A)= Fololl A 4.6+1.0 kg, ool Al 4.940.7 kg, 5H= ol
o4 5.1+1.0 kg, oJolollA 5.6+1.2 kg, 641 HolellA 5.9+
1.3 kg, oJolollA] 6.7+1.4 kgo]Qith

el A M= FololA] 6.3£2.9 kg, SolollA 6.1+1.4
kg, 441 FolelA 6.1£1.9 kg, oJolollA] 6.1£1.9 kg, 54
oo A 8.8+2.1 kg, oJolollA] 7.5£1.9 kg, 64l HololA
9.0+ 1.1 kg, oJolellA] 9.5+1.6 kgol it

AL G BF 3-64 Al F bl BAXHoR fo%
zto]7} 91k (Table 6).

6. MEZK|=0 ME Mz 2ol HS2 Hlu

AT [ellA 3AI= FolellA 15.7+1.3 kg, oJololld 15.3+
1.6 kg, 4413 HolellA] 17.3+1.8 kg, ootollA 16.7+1.5 kg,
5A1E Folell A 19.3+1.9 kg, ool A 18.7+£2.0 kg, 641= &
oboll A} 21.242.3 kg, oJotollA 20.0+2.0 kgol ATt

[IFelA 3A1E wolollA 17.5+1.5 kg, ojolollA 16.9+1.4
kg, 441 FolollA 19.3%1.7 kg, ©o}olx]18.8+1.5 kg, 541
L JololA 21.7+1.8 kg, oJolellA 21.442.1 kg, 641= Hol
ol 24.6+3.4 kg, oJolellA] 23.8+2.3 kgol3lth

IIIFelA 3A1= dolollA] 21.043.6 kg, oJofolld] 19.2+2.2
kg, 441 Fololl A 21.9+3.2 kg, oJo}ollA] 21.1+2.3 kg, 54
= JolelA 28.043.2 kg, oJolellA] 24.1+2.8 kg, 641= Ho}
oA 27.8+1.6 kg, oolollA 28.1£2.9 kgo] 3tk

AT FY BF 364 Al o tholl BAIF SR {23k 2o
7} A (Table 7).

7. K|S0 WE Mz 2l HXYE2 Hlw

AALEL TelA 3Ae ot 19.4+3.8%, ofololx
20.514.6%, 44%E ‘FolellA 18.5£3.7%, oJotollA 20.0+4.2
%, 54l Fololl 17.9£3.7%, oloteld 18.9+3.7%, 64=
dotel Al 17.3£3.7,% ©fobellA] 19.7£4.2% ©]S1th.

I A 341 Hololl A 24.3+5.5%, oJofol|A] 25.9+4.0%,
4AIE dotell A 24.7£4.7%, ootellA 25.9+£3.0%, 5A1E ot

Table 5. Mineral Content (kg) According to Severity of Body Mass Index

I I 111 P value
Age (yr)
Male Female Male Female Male Female Male Female
3 0.7+0.1 0.740.1 0.7+0.1 0.7+0.1 0.8+0.1" 0.840.1 0.157 0.249
4 0.940.1 0.840.1 0.9+0.17 0.9+0.1 1.0+0.1" 7 0.9+0.17 0.028 0.069
5 1.0+0.2 1.0+0.1 1.1+0.17 1.0£0.1 1.2+0.1% 7 L1+0.17 <0.001 0.014
6 1.1+0.1 1.1+0.1 1.240.2 1.240.1 1.2+0.1" 1.240.17 <0.001 <0.001

Date are expressed as mean=®SD

P<0.05 group I vs. group II: TP<0.05 group I vs. group III: TP<0.05 group II vs. group III
Abbreviations : I, body mass index <85 percentile; II, body mass index between 85 and 94 percentile; III, body mass index =95

percentile

Table 6. Fat Mass (kg) According to Severity of Body Mass Index

I 1I 111 P value
Age (yr)
Male Female Male Female Male Female Male Female
3 3.1+0.7° T 314085 1 43+1.1° 1 4440857 6.3+29% 1 6.1+1.4% T <0.001 <0.001
4 324081 3.3+08" 1 46+1.0" 1 494077 6.1+1.9" T 6.1+19" T <0.001 <0.001
5 3540951 3.6+0.9" 1 51+1.0° 1 5641201 g8+21" 1 75+190 7T <0.001 <0.001
6 3.7+1.0% 1 40+1.171 59+135 1 6.7+1.4>1 9.0+1.1" 7 95+1.60 T <0.001 <0.001

Date are expressed as mean+SD

P<0.05 group I vs. group II: TP<0.05 group I vs. group III: TP <0.05 group II vs. group III
Abbreviations : I, body mass index <85 percentile; II, body mass index between 85 and 94 percentile; I, body mass index =95

percentile
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Table 7. Weight (kg) According to Severity of Body Mass Index

I 11 111 P value
Age (yr)
Male Female Male Female Male Female Male Female
3 157+13> 1 153+16" " 17.5+1.5° Y 169+14> 7 21.0+3.6" 7 192+22" 7 <0.001 <0.001
4 17.3+1.8" 1 167+15" " 193+17° % 188+15" T 21943207 21142307 <0.001 <0.001
5 193+1.9° 1 187+20" " 21.7+1.8" T 21.4+21"° 28.0+32" T 241+28" 7 <0.001 <0.001
6 2124231 200+20" T 246+34" 7 238+23" 7 278+1.6" T 281+29" T <0.001 <0.001

Date are expressed as mean+SD

P<0.05 group I vs. group II: TP<0.05 group I vs. group III: TP <0.05 group II vs. group III
Abbreviations : I, body mass index <85 percentile; II, body mass index between 85 and 94 percentile; I, body mass index =95

percentile

Table 8. Fat Percent (%) According to Severity of Body Mass Index

I I 111 P value
Age (yr)
Male Female Male Female Male Female Male Female
3 19.4+38" 1 205+46" " 24.3+5.5 259+4.0" 7 28.9+8.0" T  314+38"T <0.001 <0.001
4 185+3.7° 1 200+42" " 24.7+4.7 259+3.0" T 275+45% T 287+70" T <0.001 <0.001
5 17.9+37° 1" 1894377 235+33" 7 2604477 31.0+£50" 7 306+47" T <0.001 <0.001
6 17.3+3.7° 1 1974427 2384297  282+42"F 32343007 337+250 7 <0.001 <0.001

Date are expressed as mean+SD

P<0.05 group I vs. group II: TP<0.05 group I vs. group III; TP<0.05 group II vs. group III
Abbreviations : I, body mass index <85 percentile; II, body mass index between 85 and 94 percentile; III, body mass index =95

percentile

30
25 71

20 1

BMI(kg/r¥)
@

10 [ y=0.7762x+13.267
R?=0.69, /<0.05

0 5 10 15
Fat mass(kg)

Fig. 1. Linear correlation between fat mass and body mass index
(BMD).

oAl 23.5£3.3%, olotol A 26.0+4.7%, 641 Holelx] 23.8+
2.9%, ojololl ] 28.24+4.2% o]t}

Il A 341 dololl A 28.948.0%, olotell A 31.4+3.8%,
4AE ool 27.5+4.5%, ool 28.7£7.0%, 541 Fot
4] 31.045.0%, oloFollA 30.6+4.7%, 641 FololA] 32.3+
3.0%, olotellA 33.7+2.5% ©]Th.

AAFES G BF 3-64 Al T bl BAFHo R %
2tol7t ASATH(Table 8).

y=1.5784x+12.554
10 1 R2=0.62, /<0.05

0 5 10 15
Fat mass(kg)

Fig. 2. Linear correlation between fat mass and weight.

8. MUY H MAIYEnt 2t LA ASo A

A AAHAF(R?=0.69, P<0.05) (Fig. 1), A=
(R*=0.62, P<0.05) (Fig. 2), 2% (R?=0.14, P<0.05) (Fig.
3) == Aido] Eouth

AA S AAFAF(R?=0.56, P<0.05) (Fig. 4), A=
(R*=0.19, P<0.05) (Fig. 5) =08 Aol =9t}

il =

HlRke AAAA o ks o Qe so} nnto]

e
ki
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ol
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o Q .
R

60 r y=1.6353x+100.55
20 | R2=0.14, /~<0.05

0 5 10 15
Fat mass(kg)

Fig. 3. Linear correlation between fat mass and height.
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20 1

BMI(kg/rm?)
&

19 7 ¥ =0.2089x+12.025
5 | R?=0.56, /<0.05
0
0 10 20 30 40 50

Fat%

Fig. 4. Linear correlation between fat percent and body mass
index (BMI).

40

10 | y=0.257x+13.507
R?=0.19, &0.05

0 10 20 30 40 50
Fat%

Fig. 5. Linear correlation between fat percent and weight.
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t}h 64 o)) Aobel Ao ninkd AAFA T} 2 A

_111_14
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2
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©
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|5 ol A2 AFoE, 85-959F
5 Ateld Ae- vt v YT o E EEL 64 wnke] A&
st nigke] ek 7)Eo] A Eo] 9]
o)t} H)9k rebound”t 641 FEel] Lo}, v9k rebound:=
HRES A dojupA] 3k ©]& BT rebound 521 ZHA]

Zo] 997} wele] QL)
2

AR e There el ol 248 5 glott ofdl &
ofel A %A% %79 AL, MRI DEXASH 2 13

H R L A E IR e I e A R R
& A Het 07k Ba of@ ol A7t 2 HA
7] Wite] ARgE] ofele Aol Y. AAFAFE Hvt
obg sz AHE oy IAIT ofbss Xdehs
Ul W ol ge] A As 1 e,

Eisenmann 5°7& 3-841914 BIAS} DEXAZ o] g3fo] =
gt Aol A FAFet AL dHATE 0.61-

0.75% Rk, BIAx AYES S4st=t At -84
= 21 JEE AR whd e AA Ao FF-FAE b
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