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Assessment of Energy Intake and Energy Expenditure
in Obese Elementary Students
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Dept. of Human Nutrition & Food Science, Chungwoon University, Chungnam 350-701, Korea

Abstract

The purpose of this study was to evaluate the energy intake and energy expenditure of obese children. The body weight
and height were measured, and the daily energy intake and activity pattern assessed for one day, using the 24 hour recall
method and interviews in 83 elementary school children (59 boys and 24 girls). The average age, height, weight, ideal
body weight and obesity index in boys and girls were 11.8 years, 144.8 cm, 54.2 kg, 39.9 kg and 35.9% and 11.5 years,
140.8 cm, 48.9 kg, 36.9 kg and 33.7%, respectively. The mean daily energy intakes of boys and girls were 1,670.5 and
1,656.5 kcal; these being 76.4 and 88.5% of estimated energy requirement for Koreans, respectively. The energy intake
ratio from carbohydrates, proteins and fats in boys and girls were 61.5:14.7:23.6 and 62.0:14.7:23.7, respectively. The
resting energy expenditure, as estimated by the Harris-Benedict, WHO/NAO/FAO and Korean DRI formulae in boys and
girls were 1,452.7, 1,239.2 and 1,629.2 kecal and 1,323.9, 1,156.0 and 1,252.4 kcal, respectively. The activity coefficient for
both the boys and girls was 1.39. The daily energy expenditure of boys (1,990.7 kcal) was significantly higher than that
of girls (1712.1 kcal). No significant correlations were found between the obesity index, energy intake and energy
expenditure. These results suggested that a nutrition and exercise program is required to increase the energy expenditure
of elementary school children. Further research will be needed to assess multiple dietary factors and develop a standard
method for assessing the energy expenditure of obese children.

Key words
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A F7keta itk 20053 A7t %hf‘} H{Mmlstry
of Health and Welfare 2006)]| 2]3}8 204 o]At Zqig] H]
ol awgo A 31.8%, YA 35.2%, oI &} 28.3%=, 19981
2] 26.3%, 2001142 29.6%9} Hlwale] A &M o = Zrletn
o] =9l A%E f¥she 44T #AE AEHD Yok
o|o} e u|ut WhAl-go] Syl A% FESo|ql Z3kE B
A7} ohzjul, £38] AAH o2 FAFo] o] FAXHA &
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Ag vRET n% H|gto] Hvla dck(Kang et al 1997).

Held 2EHE FAR @ do} u]ghe] o] AT
9 443 2AE 288 5 Aoz 2 5 9
Bale A PAS )

2 glen, Hm e faiAE oy
@ oA 2v|Fe 5Y
oA Hgto] Z7}aAl 2 Hol
£ oA T} 43 ohje} BES AT A% 4]
HA9) BAE 28 32 AANS Ao A7hEn. 18
1} $eluel AR gz dux] dalsh Bdsd 4
P ATEL hRE ouiA]) A HKim er al 2000)°]1} o
1] 4H)2KKim & Lee 2005)2] 3+ HEyl 7]z 0 2 w7}

93 gon], 53 ofix] Lwlee] Uig ARt BEG 4
Holek, ek Wgksle) BAAE Eolap] e o
A gH B 2R Fe FAld FEske AT} o] RojHo}
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B 317], 3%317] & FA &Fo 288 A7kl B4
¢ BFd L83k ARG FulFdo R golx|m glow,
ol ) okel Wy F7let BN @ Aoz YA
t}. Hanley et al(2000)& 3150l TVE 5A]7F o)Ak AA 3t of
ol 2412k |5} AR oFERTH M B4 Aol o £
o3 B3}tk Park er al(1998)% v|WHS =9 A7ty
& ztm glA) gon 938 FEdte Bt drht 23
o JqUAE AHBIF 7P & IS v Ruge
24 BT obeE e R dte & oAuA|d dig Ht
A7 agh Aot}

2EEH odyA] AvEe FA7] Y% ekt Wy S
78 & A (indirect calorimetry)E o] &8l L& o x]
HAtES S5k HwA HEF PHoR AAR D gle
u, o] Algto 2 QlE] B AFRRE S AU E o] &3]
© A8l oldtte @3] vk wekx] M E% &
Aol Hlal FEee ot HoARAAR 7SR S
o]-§3te] Al AES] EFL 37 Uil we} 7|53
Al 3L o] E EUE U] AH|EE Alkshs Wiol vl
2 A o] 8= 1 ok FUME Z2FEAY(Kim er al 2006),
A4 dA(Kim & Na 2003), < thA(Choi et al 2005) 5 TheFgh
AHEFE Y22 o9} 22 g o] &dto] F4 tjAlE,
% AL, oUA v 23S Bagosn I egado] 3
SH a2

olel & ATAE ojbe] BIRke] g 913 1A A
e AR 4 AEAFE vibeted 233 712 REE A
Aletazl vk 2588 Uiid oz AA AZ, 24413t 34
Hell @ o= A7, 2443 S5 7158 23 oy
A ABlEE FHet & olE 7he] AL HUIE

EET
1. TAF CHY o 712
2 ATE 39 34 24 25%ae] A% 3 HE 2

T 3~63hdA 83(FAL 597, AR}t 24%)E g
20053 64 5B 20068 5971x) AA AT

f

2. AA HE

s A3 7 e 22 AL A AF A AF
AJENIX, Korea)= 217, |5, AAYFE 3o,
ST A, A hgiolaes]ox BES = Lo}
o] A1aPd a9 23 (Korean Society of Pediatrics 1999)&
AR, 50 ¥iETE BE AF2E dlo] H]ui={obesity in-
dex(%)={((EA AFT-RE AFYREE AF]¥100}E =3}

.

3. OfUix| M2 ZAL

At 47 2AFE AR S8 24412 A PEE SRS
2 AL A ol Z14RE AP WA 8% E
OB, HA, AYANE FHOE AVER 14S T3
o A% ANel AE e 949 2R Al 4HBe
S =S Stk 2AhE A 43 U8 CAN-Pro 3.0
2 olgaled ouixsh Gk AHFS B,

o
R

O

4. ofix] Atz mA}

24} A S UHE 19 FE AEE o] §9]
108 P51 2 ol PREC] e ALEE ANt A2t
of Aol ek Ale] AT BEE VLol Y 33
o 715 Ues Uel 9 22T S AREAR T4
4 1985)9) 18T B ERE) Folo] BAUE TE
of DA 28 AT HE2T B, WA A0 A7 2 @
A F4 TN ISREE /BT B9 3ES WA
19 4A1718 # UAE PUG 1M0E0 2 Lhro] BE B
E Al4x(activity coefficient)Z AF&315it}. ol o} 2+ Harris-
Benedict -Z-2](Harris & Benedict 1919), WHO/NAO/FAQ Z-2]
(FAO/'WHO/UNU Expert Consultation 1985) 2 DRI 34
(The Korean Society of Nutrition 2005)2 o] 83lo] At&d
ZA} tg=te] F-2] tAFEK(resting energy expenditure; REE)
o B 2F AlTE Folo] ouA] anFE AMteth

(D Harris-Benedict formula
REE in boy = 66.5 + [13.7xweight(kg)] + [Sxheight
(cm)] — [6.8xage(years)]
REE in girl = 655 + [9.6xweight(kg)] + [l.8xheight
(cm)] — [4.7xage(years)]

@ WHO/NAO/FAO formula
REE = [13.3xweight(kg)] + [3.34xheight(cm)] + 35

3 Korean DRI formula
REE in boy = 68 — [43.3xage(years)] + [712xheight(m)
+ [19.2xweight(kg)]
REE in girl = 189 — [17.6xage(years)] + [625%height
(m)] + [7.9%weight(kg)]

5. &4 24

ZFZF A}ol= unpaired r-test2 FoAS ARt o, wnt
%, oduA] AHE oA avlEaie] A#aAlE Pearson's
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489 kgolth P of™ole] HH FF AFE 44 399
ke 36.9 kgolQ.on, HwksEE z}zt 35.9%9} 33.7%0] 2Tk

AA A AP B AT dRke] d” sfgeke 9~11
Ao st=zol T3 2|99l I} 138 cm, 34.5 kg, <1} 138 cm,
32.6 kg(The Korean Nutrition Society 2005)3} viwsle] &
o, AL Z HolQlw, AFE w& Aoz Ueigrh =3
1998 Zolaksrale] 4, €13, A% A% WESle] 50 per-
centile ZH(Korean Society of Pediatrics 1999)& 7|F2o.2 At
e 2 WS BE E2 e i ojdo] 24
39.9 kg7t 36.9 kgl Wb, AA| A F& Z+7}; 54.2 kg 48.9
kgO & 35.9%9} 33.7%2] V|V EE Ko H|THE 30% ©]/de]
Fe % vt sjgstadt.

2. 1 oll4x] MF 2

ZAL A 1Y o UA] A3 Zell g Z 3= Table 2
9} 7ro] FA} 1,670.5 keal, &=} 1,656.5 keal 2 2} A o] &)
Sgale oux) B =gkl 7t7t 76.4%8) 88.5%= R
o} gheslE, A, vl Ae] 43 o] ¥E&-2 @t o™
ole] 73 61.5:23.6:14.70]%1 21, Az} ojdo]e] Hfoll=
62.0:23.7:14.701 k.

20053 ZUNA7} - o FZAKMinistry of Health and Wel-
fare 2006)]] 2]&pA 7~124) oJole] oA HH & 1,931.6
kealol@l e, 7+ A& st NUA B F4 Z3t ¥

Table 1. General characteristics of obese children

Variables (Sjsyg) (firzl:) Tow(ijgems
Age(years) 11.8+ 1.0Y 115+ 16 11712
Height(cm) 1448+ 9.0 140.8+12.0  143.6+10.0
Body weight(kg) 5424106 489116  52.7+11.1
Ideal body weight(kg) 39.9+ 7.1 369+ 92 39.0+ 7.7
Obesity index(%)” 3594133  33.7¢158  35.3£14.0

Y Meantstandard deviation.
? Obesity index = [(present weight — standard weight)/standard
weight]*<100.

fioplo} kERaE

Table 2. Daily energy intakes of obese children

Variables (5221;) (’(I‘lerzl:) Totazlnzs;gects
Energy(keal) 1670.54469.3"  1656.5£541.8 1666.6+486.9
Protein(g) 60.7+ 180 607+ 21.0  60.7+ 1838
Plant protein(g) 3375 119 347+ 135 340+ 123
Animal protein(g) 269+ 12.9 26.0+ 124 - 267+ 12.6
Fat(g) 44.1% 17.5 439+ 182 440 176
Plant oil(g) 25.0+ 14.3 243+ 137 24.8% 141
Animal fat(g) 19.1+ 12.1 197+ 11,7 193 11.9
Carbohydrate(g) ~ 256.8+ 744  256.0+ 81.7 256.6= 76.0
% EER® 76.4+ 23.4 88.5+ 264  79.8+ 247
Carbohydrate 615+ 6.5 620+ 5.1 61.6+ 6.1

energy (%)
Fat energy(%) 236+ 59 237+ 55 236+ 58
Protein energy(%) 14.7+ 2.6 147+ 2.5 147+ 2.6

Y Meanzstandard deviation.
? Estimated energy requirements.

2w 108.7%2] 4F FT& B ot ¥mEd o 2
AT YAAELS v 3ol = &8t ouA] Hga F
BeFe] 719.8%2 $r& U] AFHE Btk Eg oA 2
8 FF Y 15% v|ThE dHete a3t EAk ojdlold]
45.8%(274), o317} ool 292%(TH)E F& &S KB
b 125% o)A A s v &S ZH7) 1.7%(178) <} 8.3%
Q)R 3kt

H)wk ol o x| AFH B2 P4 olFEY Hrle Hu
(Waxman & Stunkard 1980)7} l& wbd 23k 2ol7} ¢l
th= H3(Dreon et al 1988, Miller et al 1990)% 3)o] &3t
3 A2< YR Feta gk 29 S A7H(Yoon er al
2006) M = B A tjdaket Aol FARRE H|RF 258
9] of=] A3 & 1,803.6 kcal2 A o}5e] 1,664.0 keal
Bt} =9AT §998 2ol gle Ao2 JEigth o)<t
2 ATES A9 Aol &l viwele AL HFH A
Al AHFS A Buste Aol Jdon, A7 32 5
o] B3 Hao Qg Wr|gte] 2A} F3H 2AF 713t
F g AFPgom HriE § glon, B A3 oA
olgjo] thakgt g<lo| Z-g31y] wiiolgta st Tk
w3 B A7 thdale) o] FARE Bt 25 S Uld
o2 zAME AT(Lee et al 2006) 4 1€ AR A2
1,669.4 keal 2 ¥ A} gl fiA1et 44 4ol Boh
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olsh e Ma Aokl & AT u]gk ojzlols] o
) AA7E S wAEQE, olol ta olf R Re 2}
Bt ¥ el WA skl B BASE 28

2 9E Fede 47 B £ ek meb vl okgg
EH)\}__& 11—7]7]-01] Az AA) }\4_'4 ZAE &3] 01]L~]7<] /Sgﬂ
&2 EAeka vheket vt 8R1Ed AEA S Brtske
—_rL7P g asitia Azt §, 2 didake] ouz] AHF

L AR gal s, A gl Tl o ofiz] e
61.6:23.6:14.75 322 <49k Az 71(The Korean Society
of Nutrition 2005)2] 2% H]&<l 55~70:15~30:7~20% 4]
3hdch

3.1 F4] oiAtzd A ollx] B2
24 oAl 19 4] oAk B g dv) gl i
ZA3E Table 33} ¢th F24) thA}SE2 Harris-Benedict 32
(Harris & Benedict 19190 o|8lH FA} 1,452.7 keal, <&}
1,323.9 kealZ A} oA/ 984 =950 m(p<0.01),
WHO/NAO/FAO F2/(FAO/WHO/UNU Expert Consultation
1985)e] oJ3pd Y} 1,239.3 keal, A=} 1,156.0 kealo] At}
DRI #2l(The Korean Society of Nutrition 2005)c] ¢]%t &
2 ARSIt 1,629.2 keal 2 &} 1,252.4 keal BT} 72
‘5}71 EGTHp<0.001). 85 ASE FY ool mF 1398
X9 om, Harris-Benedict -£-2](Harris & Benedict 1919), WHO/
NAO/FAO Z2|(FAO/WHO/UNU Expert Consultation 1985),
DRI 52l(The Korean Society of Nutrition 2005)¢] &A%+
Bt AR AP E-S Yz} o]@lo] 7} 1,990.7 keal £ o2} o]
golol 1,712.1 keal®t} F2]3HA H3ktHp<0.001).

T v)gk olgo] FUI8HE A Tt ofFY BFF
T7} o] FojA| 1 itk 2, 4, 65-
2 3 AHKim et al 2006)°] A
7+ 1.41, 135019124, 63hd v
gl o]l % 6orgJJr ARk o}% 200 8] €% AFE 147~1.502
2 Aoy vtz we) R Aolzt flvkar itk
(Kim & Lee 2005). £ A7 thyA-E2) H &% ATe &
U ojglo] 2% 1392 Kim ef al(2006)9] &} ojglo]& A
9% A7 Akt goprh 3=l 343 F715(The Kofean
Nutrition Society 2005)el - & &% Al we} A4 g5
‘F—i‘% H E-—}o:] 1.0 o]}\} 1.4 u]u]-_Q ‘H]sﬂrE;Q’ 1.4 o]/\l-
ke ‘Xﬂ%‘iﬂ’oi F3ta glck B2
¢ x5 &Eol ATE AFEES %E
o7 *]7&% g8l Ax802, 713
Yk AFRZ] FAREL dIFE A2
o} Z& 71 ostd & AT
o A
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uzt 24 Jehd, WHO/NAO/FAO 21 (FAO/WHO/UNU
Expert Consultation 1985)9l] 2l8] 2&8-S u] 7173 she
), DRI £2}(The Korean Society of Nutrition 2005)°l 2|3k
AA] A EEe =} 2,250.9 keal, oA} 1,724.4 kealo|RiTh
ol =29l kA3 7]5(The Korean Society of Nutrition
2005)14 AABE 9114, 12~144] o}5<] o= B o 3%
2Fo] JIx} 1,900 keal, 2,400 keal, o7} 1,700 keal, 2,000 keal
o} §Alslk Folgith Tl HYk oleg Aoz 3 Kim
& Lees] 4720059 FAYSIA L, B4 AT TR

Table 3. Resting energy expenditure and energy expenditure of obese children

Variables

Boys(n=59)

Girls(n=24) Total subjects(n=83)

Harris-Benedict formula

Resting energy
expenditure
(kcal/day)

WHO/NAO/FAO formula

Korean DRI formula

14527 +£183.2Y
1239.3 £168.3
1629.2 +245.0

1323.9 £125.0" 1415.5 +177.6
1156.0 +£190.9

1252.4 +138.8"

1215.2 +178.0
1520.3 £278.2

Mean

14404 +198.4

1244.1 +151.3™ 1383.6 +205.6

Activity coefficient

1.39+ 0.17

1.39+ 0.14 1.39+ 0.16

Harris-Benedict formula

Daily energy WHO/NAO/FAO formula
expenditure

(kcal/day) Korean DRI formula

2008.3 £351.6
1713.0 £312.0
2250.9 +431.6

1827.5 £237.3"
1584.4 +287.9
1724.4 24217

1957.9 £332.5
1677.2 £309.1
2104.3 +453.8

Mean

1990.7 £364.2

1712.1 +253.5™ 1913.1 +£358.3

D Meanstandard deviation.
Y p<0.05, 7 p<0.01,

"~ p<0.001: significant difference boys and girls as determined by Student's r-test.
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< Ao g Kim et al(2006)0] H13l oUA] AR
o w3tk B Ao Hw ob5e] 8% AlFvt Wikaol
= 7Rt oA bl oA B8 F% F(The Korean
Society of Nutrition 2005)3} F-AIHE AL Fa] thalgo]

AT AFoZ AEHm, AL RdAE] RS R AT
o] #37] Wz FHECL 1Y ETAR Aa LHFS
2Zsle] F2A YAEFS 243 22 H7H(Choi et al 2005,
Park e al 2004)7} B35 3 Q)] o] F4] Al o=
22 L o] &3l W ET L g§RE Aos HrixTw gl
th a2y 28-S AR T EFAIE o83t &
2 QAE 233 Bue 2EY] o] $o= o gt
A7t 87Erh T3 2 AofA] BiR 2534 EF A
F7t Y& ATE et H|Tk ofdole] EEToIv &5
< Z7RI7I71 9 A58 A =7t o] FojA o & Aot

4. HIRHE, OfLiX| MEZE W H|2EDre| ARHY
22} thgAe] wlgh, ouix] A3 B ouix) ]t
o JTPAS ATE Aohe Table 45+ 2k il 43

T AFE TF AF Tz folgk ARAe] ey
N A S e o e

AE BYeKp<0.001, p<0.001). AA] 3 F3} Uiz 2
wlzke] zfols} HlgS AF 9 FE AFH 47 feld 2o
ABBAE o WREdE Fo¥ VYL Holx]
B3t

B A7o)A H]g obEe] oUIR] Aol AFH fojd
ABAE BEE, ol dlux] Av|go] AF AZos

J

Table 4. Correlation coefficient among obesity index,
energy intake, and energy expenditures of obese children

(n=83)
Energy intake 0.1046 0.1390 —0.0448
Energy expenditure(Mean)  0.7128""  0.6696  0.2097
Harris-Benedict formula ~ 0.6638""  0.6280"  0.1873
WHO/NAO/FAO formula  0.7336™  0.69907  0.2064
Korean DRI formula 07036 0.65127  0.2195
Energy intake - Energy -03118" -02604"  -0.1328
expenditure
Energy intake/Energy -02841" -02415"  -0.1287
expenditure
" p<0.05, "p<0.01, ™p<0.001: significant correlation by

Pearson's correlation coefficient.

Foprlob RAFHSE

A28 T AL 2As FE Flol7] B e
@ Az Az 1o} SAA9l A Az v,
oA AT D avste] BRYE S, ol 4
A} A BT uvEs 508 JBYS BolA) ¢
sich wwe] WA AERoR gel HAs avle) ¥
gom AYHAY, YAzE B A, A8 AAE 8
glo] gete Aoz FeA Yok QBB Yol E B2
2] A Bwe ofeh BHHA A4l £, obyAAe A
4, B 5 5 O A40) T B4 9 v
E Aog HuEn ItKGarrow JS 1988). £ ddAe
2 olge] T2z 43 olsldl B AxBe B

]

2ai97] WEe] Aol Ui g Aoz Azun,
FF YA Aol e 2T £F A7/t Wastn
B2,

ES B AT A HIRE obEe BF FEivE ¥ A
o2 PA HIEHUAR dqA] aH]Fo] BTt} FHA
o R @& A& ofuix] 2¥]F 23] ABHOZ A
2t oA Av%E SR Mg Age Pios
29 A (indirect calorimetry) 2 ©]-8-3h= Hlyo] FHEF
1 gon, 89 oleigd Adel Agez s ofdolu
e ARES 40 ol 8l Hedo] Holthe o
Hol sich. webd F1Ss D4R E ol gate] 24} bl
S 25¢ a5 Aoto] w71 G, o8 Nz
AR aHEE Altete Hol Bla E4A o] 8L
UAIRE, o} ZEA] obE didel EESHE A A 2%
ZA} =77t rlE gk Aol 2 g o] d A7t a7Ert

B A7E ofdo] ugte] o 9% oux A @

AHBE W] U AF 44 % 4B AL
et adt 71z ARE ANGDA HT 25 83
& OO AR A, 24X7E Sl ol@ oA A3
%, 2402 BF 71 @ A ZFE 2T F
ol% 7te] BRYE Wi, 1 AHE aoka The
3 2k

1. ZAT giAAle] B A58 dat 11.84), o2} 11.54)0]
Qom, JF AAH AFL FA 1448 cm@} 54.2 kg,
a2} 140.8 cme} 48.9 kgollth ¥ ojdole] HF &
A F2 747t 39.9 kg#t 369 kgollom, vIRtEs 72t
7} 35.9%9} 33.7%0°| 2Tk

2.1 o] A Fe xR} o]do| 1,670.5 keal, o=} o]
o] 1,656.5 keal 2 7} 3 o)] d|F3l= =] Qo3
Aeke] 7t7} 76.4%9) 88.5%F BT ©rEE, ol
A, Aol HH A v]&-L g} ojdo]e] 2 61.5:
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14.7:23.60| oM, o3z} ojgele] ALdE 62.0:14.7:
23.70191 ¢}

3. 19 F2] ALES Harris-Benedict F2)o)] ¢]3bd dx}
1,452.7 keal, oI} 1,323.9 keal 2 @=} t)A=}7} 6]t
A =% (p<0.01), WHO/NAOFAO 4] <]sha
FA} 1,239.3 keal, o2+ 1,156.0 keale]Qith. DRI ZAld)|
93t &4 thAlEES At 1,629.2 keal2 o=} 1,252.4
keal T} 0]} #=3kcH(p<0.001). 5 A5 HyY of
Ho| BF 1.390]91om, Hat olux] Au|Fe gz} o]
2o]7} 1,990.7 keal& o=} o]@lo]e] 1,712.1 keal LT}
FelsiAl w3k tHp<0.001).

4. ¥TE, AR HHF D VR Lv)Fte] Jadd
E A EME o oA A= s vgkxee}
Frolgt FHAdS Holx] kst

olFe] AT AARE FTHE W v 25 Aux

AHFE e FPFEY dton 8% AHE 3e Ao
2 grielo] 853 2% F7FE A% A=) o]FoRok &
Aolt}, E3 FF Tt AFHS Hrista BEEE oy
2 avF % Wl digk 937t 7"k

=3 =
=
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