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Indirect Assessment of Obesity and Correlation between Energy
Intake and Energy Expenditure of Middle School Students

Yun-Hwa Kim and Hyun-Sook Jang*

Dept. of Home Economics Education, Kyungpook National University, Daegu 702-701, Korea

Abstract

This study was accomplished to investigate the prevalence of obesity in 371 Kumi-city middle
school students. The means of this study were anthropometric measurement and questionnaires about
nutrient intake and energy expenditure. Anthropometric measurements were height, weight, arm cir—
cumference and skinfold thickness(biceps, triceps, subscapular, supraliac, calf). The results obtained
are as follows: Energy, calcium, iron intake for boys were lower than RDA. Iron intake was low in
girls. Energy intake is lower than energy expenditure and RDA for boys. Energy intake, energy
expenditure and RDA for girls were balanced. The average height, weight and arm circumference of
boys were respectively 160.0cm, 49.4kg, 23.1cm and those of girls were respectively 155.9cm, 48.9kg,
22.6cm. Prevalence of obesity was respectively 5%, 4%, 7%, 4%, 59%, 15%, 14%, 24% for boys and
6%, 10%, 13%, 9%, 30%, 7%, 1%, 34% for girls by RBW, BMI, RI, OI, %Fat I , %FatIl, %Fatlll, triceps.
Correlation between subscapular skinfold thickness and BMI, RI, OI and %FatIl showed high.
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Table 1. Age and sex distribution of middle school
students as subjects

Age Male Female Total
13 67 80 147
14 60 60 120
15 50 54 104
Total 177(47.7%)  194(52.3%) 371(100.0%)
AT kg

ZAfChA 9 712E

£ dFe SRAEY k4 AN, 252 g
v gt AL 2 oolry] ¢4 19954 1049 RS 374
21,2 3813 £ 37198 chato 2 JE=ALe} 34
A AF, AR5 RH FA, A4S E4UE 2A sk
ZAL A ] A AR 2 ¥ = Table 15 2t}
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THE AR g8 gAA 2FE AAAS 35
22 %, A5 243 §7 caliperE o] 431 4
b 9 (biceps), AHHHE-3-4 (triceps), &332 3] 5}
PHsubscapular), A2 2 AHE 9] (suprailiac), Fole]
(calf)®] 5%-31-8 A8} 22T EAE o] $-3lH
Askel 98 24384t
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RBW(Relative Body Weight)
= A F(kg)/A A (cm) X 100
BMI(Body Mass Index)= #3(kg)/A1 & (cm)>
RI(Réhrer Index)= A% (kg)/A1 & (cm)’ X 107
OI(Obesity Index)
= (A A AF— o] A F)/ o1 A4 AF X100
%fat 1 Slaughter(10) :

A&3 -

Az

male=0.735(Tri+Calf)+1.0
female=0.610(Tri+Calf) +5.1
%fatd Deurenberg(1l)
1151 XBMI—-0.70X age—3.6 X sex+4.1
(sex : male=1, female=0)

4.95

Adx 250 ) 10

%fatll Siri(12) : (
A4 = =1.1630—0.0632 X log10SK4(mm)
SK4=(biceps +triceps + subscapular + suprailiac)
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Table 2. Average nutrient intakes of middle school students
Nutrient RDA 13(yrs) 14(yrs) 15(yrs) Total
Energy M 2400 2165+4545 2159t 346.6** 2129+338.2** 2153.0£387.0**
(kcal) F 2000 2137+435.1 1958 +334.0 1871 %3655 2008.1+401.4
Protein M 70 86.0= 20.2 8.2+ 17.9* 820+ 19.3** 846+ 19.2**
(@) F 65 84.8* 20.2 788*% 168 728+ 183 796* 19.2
Carbohydrate Male 3408 750 3419% 471** 3427+ 40.2** 3417% 575%*
(g) Female 330.6+ 58.0 208.8% 49.6 2959+ 546 311.1* 56.7
Fat Male 509+ 15.7 50.1* 164 478* 16.1 498+ 16.0
(g) Female 529+ 20.8 499+ 136 441+ 149 495* 176
Vitamin A M 700 729.5+2056.8 761.2t231.5 693.21186.7 730.0£2104
(RE) F 700 800.7+290.0 7271512016 66251206.6 739612486
Vitamin C M 50 695.51+591.5 760.8+£591.6 391.4+3278 631.7£549.6
(mg) F 50 893.6+559.8 749.4£549.0 458.71410.2 7279%546.3
Vitamin B, M 1.2 114+ 024 116 0.15** 115+ 0.14** 115 0.19**
(mg) F 1.0 111+ 0.19 1.02£ 019 1.00+ 019 1.06+ 0.19
Vitamin B: M 14 134+ 0.36 140+ 038 129+ 030 135+ 035
(mg) F 1.2 145 045 132+ 034 121+ 034 135+ 040
Niacin M 16 304x 129 326* 10.3** 29.7% 100 309+ 11.3**
(mg) F 13 305% 109 26.1%* 109 24.8*+ 10.8 275% 111
Ca M 900 809.5£211.0 845.112176 782.6+178.8 813.9£205.0
(mg) F 800 864.9+257.1 788611987 732.6+205.7 804.46+2319
Fe M 18 177 47 18.24= 4.0* 167+ 38* 176+t 42
(mg) F 18 180t 36 168t 38 152+ 41 168+ 40
M: Male, F: Female, *p<0.05, **p=<0.01
Table 3. Calorie composition of middle school students by sex
Sex Calorie Carbohydrate(%) Fat(%) Protein(%)
Male 2153.0£387.0 63.9 20.5 15.7
Female 2008.1+401.4 62.3 21.9 15.8
Table 4. Total daily energy expenditure of middle school students by age and sex
Variable Sex 13 14 15 Total
BMR Male 10606+ 189.8 1221.8+225.0** 1306.0+227.8** 1184.6+235.4**
Female 1031.0+ 1937 1050.7+159.2 1101.0*162.5 1056.6£176.6
PA Male 1123.5£1064.0 1086.0+474.2** 1065.3+399.9** 1094.3£738.3**
Female 9299+ 9795 719.8+£2487 800.61346.5 828916729
SDA Male 2184+ 108.8 2308+ 60.2** 2371+ 481** 2279+ 79.8**
Female 196.1£ 103.2 177.1+ 346 190.2x 414 1886+ 72.5
TDEE Male 23976+ 862.3 2538.6+662.7** 2608.4+528.6"* 2506.8£877.5%*
Female 2157.011134.9 1947.6£380.0 2091.7+451.4 2074.61797.0
EEPBW Male 55.0+  28.7* 498+ 96 484+ 96** 514+ 19.4**
Female 453 253 40.1%£ 55 412 82 416* 17.2

BMR: Basal metabolic rate, PA: Physical activity, SDA: Specific dynamic action, TDEE: Total daily energy expenditure,

EEPBW: Energy expenditure per body weight
*p=<0.05 **p<0.01
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o] : 155cm, 48kg)¥ ¥l%d LSAtelE Byld,
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Table 5. Anthropometric measurement of middle school students by age and sex

Age(yn) Height Weight Arm circumference
e
e Male Female Male Female Male Female
13 154.0+59 1539+5.6 442+79 477190 222%25 21.3%x74
14 1625+7.8 155949 51.9+94 487174 23227 228+23
15 165.0+75 1586+4.8 544+95 51.0+75 24427 242+24
Total 160085 155.8+5.5 494+98 489*82 23.1%27 226152
Table 6. Skinfold thickness of middle school students by age and sex
Variables Sex 13 14 15 Total
Biceps Male 71%x3.0** 76%t34** 70t 3.7** 7.3+3.3**
Female 11.1+44 11.0+39 115+ 3.2 11.2%4.0
Triceps Male 13.2£55** 14.3+6.2** 137+ 66** 13.9+6.1*
Female 17.2£56 18353 195+ 55 184%55
Subscapular Male 10.2+4.7** 12.1x6.1** 115 69** 11.4+6.0**
Female 169+7.7 17.3+53 157+ 57 16.7x7.0
~ Suprailiac Male 14.3*+86** 165+9.9 155£10.3 154+95**
Female 186+7.3 186+7.1 181+ 6.2 18469
Calf Male 209+5.6 22.1+t54 206+ 6.4 21.2+58
Female 22.0%£59 21.4%58 212+ 52 216157

*p<0.05, **p=<0.01
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Table 7. Mean of anthropometric indices and % body fat of middle school students

Indices

Sex 13 14 15 Total

RBW Male 286+ 45** 312+ 5.0 329+ 50 307 5.1
: Female 31.0* 55 312+ 44 321% 43 314% 49

BMI Male 186+ 2.7** 19.2+ 27 199x 28 192+ 2.8**
Female 20.1Ef 34 200* 2.8 202* 26 201t 30

RI Male 1205£16.7** 118.2£166%* 1209*17.1 1199£16.7*"
Femaie 130.8+22.8 1285*183 1277165 129.2+19.8

Ol Male -9.0%12.8** -94%12.6"* -691%128 -86*+12.7*"
Female -14%+172 -3.0*136 -32%x124 -24%+149

%Fat [ Male 26.3+ 7.7** 2718t 7.8 262+ 89* 268+ 81**
Female 204+ 64 29031 6.4 209+% 59 295% 62

%Fatll Male 19.4% 4.0** 197+ 4.1** 20.1= 4.2** 197+ 4.1**
Female 254+ 5.2 245% 42 242* 39 248* 46

%Fatlll Male 169t 4.8** 179+ 53** 175+ 5.2** 174+ 51**
Female 211+ 45 218+ 39 220+ 31 216* 40

*p<0.05 **p=<0.01

Table 8. Number of obese subjects evaluated by obesity indices and %fat in middle school students

Indices Sex Cut-off value Mean=S.E. Obese
RBW Male 40 4386+ 356 8( 5%)
Female 40 42,06+ 2.90 11( 6%)
BMI Male 25 2714+ 152 7( 4%)
Female 25 2657 2.02 17(10%)
RI Male 150 116.75+12.32 12( 7%)
Female 150 162.52% 8.56 25(13%)
o1 Male 20 20.29+ 4,02 7( 4%)
Female 20 290.59112.04 18( 9%)
%Fat 1 Male 24 3132+ 6.99 105(59%)
Female 33 3658+ 3.22 58(30%)
%Fatll Male 24 2856 2.79 27(15%)
Female 33 3b.56+ 2.03 13( 7%)
%Fatll Male 24 2732t 234 24(14%)
Female 33 34.22% 1.03 2( 1%)
Triceps Male 16 2251 4.86 43(24%)
Female 20 24.24%t 291 66(34%)
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Table 9. Number of subjects classified by % body fat of middle school students

%Fat Sex Lean” HealthyZ) Plumps) Fat” Obese”

1 Male 1 4 20 47 105
Female 2 14 64 56 58

Total 3 18 84 103 163

I Male 0 12 102 36 27
Female 0 55 101 25 13

Total 0 67 203 61 40

m Male 0 66 60 27 24
Female 10 90 83 9 2

Total 10 156 143 36 26

UMale: 8%, Female: Max. 15% *Male: 8 ~15%, Female: 15~22% Male: 15~209, Female: 22~28% “Male: 20~24%,

Female: 28~33% “Male: 24%, Female: Min. 33%
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Table 10. Pearson’s correlation coefficient of anthropometric measurement and indices

Variabies Indices RBW BMI RI o1 9%Fat I 9%Fat I %Fat I
Biceps 057 0.64 067 0.66 0.76 0.73 0.86
Triceps 063 0.70 0.70 071 091 0.74 092
Subscapular 0.67 0.75 0.77 0.77 0.78 0.80 0.89
Suprailiac 0.68 0.73 0.72 0.73 0.78 0.71 0.89
Calf 051 053 051 052 091 0.48 0.66
BT 0.63 0.70 0.72 0.72 0.89 0.77 0.94
TS 0.66 0.74 0.74 0.74 0.88 0.78 0.9
TC 063 0.68 067 067 099 067 0.88
SK4 0.68 0.75 075 0.75 0.88 0.78 098

BT=Biceps+Triceps, TS~=Triceps+ Subscapular, TC="Triceps+Calf, SK+=Biceps+ Triceps+ Suprailiac +Subscapular

ol whe} xpoj7} A7)= EAE-E 23 gloh25). H 5}
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| AdAo] HF iy slgEul(26) eV E o
716l gt 77} W FE Aot} FEFH L FA
off &3t niutgA & WA sl AR A FA o)3)
Hi, 24 JFd vtxrs) dA4E $ s AL
WA Z 9l A7 BFEA7F AR 2837
A v gA o] o} F 4% Ao g el

W RF-E Aol A up2A] E3) o8k 24 o] 7}
t}atA S =] el ododstel o ookt
9] dfrfolct. ze| v} AWz A o] S A x 2 9low
H|RFe 2 ¥ ik diej e Mt Qln AEVHE
Atelol = H&3} 7)1EE A A3t IR Euic) B
(27 12~ 14414l A FA}L 20%, o4 A} 25% o] A& A=
HlEhe 2 2} 25%, o2 30% o] AFS w|wte v 15
Flen, 7] 5(28)9] QT % BMI 25 o] Aol 3
FH & vk dab 26%, S3b 30%= A shgi). o
710l AX Wt 1§ AR/ F o2 Yol AL HT
Sl o] 71EE £ dFe) A g3viw o5t )
Wgo]l £ o] gopd Ao Agdd.

v e 1 7183 Ay o mhe} ohepg e
2 A 42716 1I5%RA =2 e glo)
(29). $Eyetoll M x nigtze] Wlo o3 2o oA
Eoll 93 ulmtEo] A2 3A 271 Aoz Jeh}
I gl vigtEe] N e = Asdr) o] B8 Al
2 X33 9cH19).

vl Ee A e F S50)3 3 $(28)2) A7
A o34 Bl Gt gnl gl & Aos By
H3 sl i 7 5(19)8 QFeAe 5o vt
fol ¥ 7o RuH £ A7 E AT A
A& o] 43 AAX e} Slaughtere] ARy} 244,
<39 E99 A FAl o 23 v R o A=
o3 ¢) v =7} 23k o} Siri¢}d Deurenberg?]

FR A o o) vt @A A= G HlEst 2
Ao 2 vielyhe)

A o] FA e Az AR dg Y FEA
el v, = WA RuH T gle vl tgn #3x)
o] Azta) B ), AA xSl 23k v oA = RI A A
upek A A 2|3 ¥y o A= Deurenberg?] ¢}, ¥
RER T &R & n R = AZE 247t
vl S A 2 g R Aoz Ve dAdA v
w34 o] RI, Deurenberg 341, AZE9] w2 %9
AL A3tuA gk 22 RIdA = a3t e v
o], Deurenberg F4 ] <l o3¢ v]ute] 3}
297 E 1 gle.n g vRtgA]e] 7)Fo] YR ok
3 Ao AlgEY, AT ¥4 7|EAAC AT
HTE Holof & Aog Bt}

A AR S0l 2 v DRAA 7EE g PRS-
25 theksiA A =] ook & ol A% RBW
140 o] A& wigle] HArlE w 9fN L, o] F B0
AA71EL 12002 Basta glch. BMIE AF=}e)
ulz} w8 zpelE ol glct BrayEDe} )i, BT
(32)= 25 o] AL HH $(33)2 30 o]AH& d&u)vtst
Fol A E 264 o] AL v]THe 2 AA3E Alo] AA 5
o}z Aokt e, 71 (34)9] A7l det A 259, 4
g2 26.3 o] A& vt e.2 Bfsla glvh B oo
A X GeAe] uinte] HAaWrlE S 9 e B R ] R
£ gRojol & o2 Alrdd).

H#5(35)L S48 Ao 2 vt B4 3 vl
RIZ} A8l 160 o) A& nlw o2 B Ao) g3}
b Aehstg 3, $elviel g el RIE A
A FAA 2 she] 140 )AL vt RA] JE 2 3}
a9l 7] 5(28)8] ATl A& 146 o] AHE v ghekA
71&20 2 A A8k 9ok AA R g0l o] 3 viwlgy o}
AR AL v 2 o Hojrl B LR e
g2l ool A e A3 71 ER Y A

e B



208 FET e TR

of gt 771 Wolol & Ao 2 PA4A) =g Fo}
2] 99 BREEH FAS 0] 43 Slaughters] =3
Aoz duly ulde] AUAA A Yrie] &
o o] folstm vjdte A R 4 gl BIS
Zot fEviel AadelA A" 5 e Qe 2
AAjo] Ag=lojol & oo},

2 o

A Ax] AL Fehgo] A=kl 89.7%, o84
°] 100% A # 3t Ui} G} df A ee) W
A D ETgo v B o] 22slA AFH2
At wbd, S-S A=t Y GEk 7k
THol Z elHA 1 e AL AT AR
H 3 AL G, L, B AR o] gk B2
3HA 3L, AL A A3 pe] vl E L Ao 2 e}
o] ol it Gmgo) o] Fojxjof & Aot}
a2y Ak o2 gdoFrd] A E F33 Al
2 vepgch &3t g, Auke] At gt
TAuE EetAle] 64 : 16 20, & ABe] 62 :16: 22
2 veht o]abdel v a3t w5 vlee 1y
ot AR AFALS] S A AL @A o] 160.0cm, o &
Ao] 185.8cm$l 2, HF AF-& Gt o] 49.4kg, oI &
o] 489kg 2 RIS FHAEe A e} o
33 A2 2 eyt Ak 9 dEhge] 23.1cm
of3HAo] 22.6cmZ A Q) A el S B g} Caliper
ESAG AR A3, 2 A F A TA, Fo)
2] #9¢] &A% FAE $&Ao] 7.3mm, 13.9mm,
11.4mm, 15.4mm, 21.2mm < &g ¢] 11.2mm, 18.4mm,
16.7mm, 18.4mm, 21.6mm=. v}elydc}. vlak o2 74
2 AL RBWE F3HA 5%, < 5t4 6%, BMI= @3t
A 4%, 348 10%9 2, RI= 284 7%, o384 13%
2 vehgton], Ol EaHA 4%, o] 34 9% 2 veht
AR R Fofl 2] vtk ol = J3H o] FakA] wr)
L UHEE Bk AP My sy S
213} v] kg2 b Ale] 16mm, o 344 ¢) 20mm o)A
2.2 ofo gl dehAl-L 437 (24%), AP L 66
(34%)4 22 vteht AAR 4ol 2% v]w vt YA =
A F71EE A% 2o} Slaughters] dpy o 2 ulwh
2.2 A E AL FEHAo] 1057 (59%), 9 3HA)e] 58
3(30%)2-2 HA H $it}h. BMIE ©]-4-8 Deurenberg
o] ol o3 w] AL et o] 279 (15%) o 3t
Aol 137 (7%).2.2 $4 5 Q). Sirie) upy off 2)37} 1)
T A 247 (14%), S8 29 (19%) 0.2 o
At AZBA S} 29 =) F o] AbahahA o

4] RBW+ vl #-4]9] 339 714 52 32 (6776)% B
4332, BMI(.7542), RI(.7669), OI(.7675), %fat I1(.8007)
 EF AZES SR ¥ AFDAE 2y

Ho
re

—

. 01 wjEkge] Ak o). ofjtulkekal ] 1, 1(1992)
2. 274, B g, A, ol B8, o] AT, AAA - IF
7] 8 Axdsole v)ghs 2 A} Zo}w) 32, 507(1989)

3. B3, F55, ALA A FE7) Lob H AL
o) v o)F-g 2AL PP, 25, 413(1992)

4, &% EAGST YT EAA(AA)Z A1ed 5(1990)

5. Dietz, W. H. Jr. : Childhood obesily : Susceptibility
cause and management. J. Ped., 103, 76(1983)

6. HEFA, 1217, o] FF, Ml o]FF, o]akal: AR
wlatolel Aadel A3t YA S mAld 7 B3
gk =), 27, 79(1994)

7. o1 E4F : vl ek faAs] A I Fesin|, 23, 341
(1990)

8. Nutrition Comitte, Canadian Pediatric Society : Ado-
lescent nutrition : obesity. Can. Med. Assoc. J. Sep-
tember, 129, 549(1983)

9. B4, o179, A5 : 7bolA FYzAE S A 4%
FAHQAY P, AAl=F, A17H, p.221(1980)

10. Kathleen, F. Z., David, H. and Wielsen, S. L. : Cross-
validation of the Slaughter skinfold equations for child
and adolescent. Med. Sci. Spor., Exer., 1070(1993)

11. Deuranberg, P., Westrate, J. A. and Seidell, J. C. : Body
mass index as a measure of bady fatness : age and
sex spesific prediction formulars. Br. J. Nutr., 65, 103
(1991)

12. Heymsfield, S. B., McManus, C., Stevens, V. and Smith,
J.  Muscle mass : Reliable indicator of protein-energy
malnutrition severity and outcome. Am. J. Clin. Nutr.,
35, 1192(1982)

13, A, $A3 A gl LololA axEE Y
BAFNAF D AHAAY FHE AR AT 7
=22 g3 A, 2, 72(1992)

14. 7138, #74, 2973 : 532 ASZARY Al A 24
7l g, A)23, p.1(1994)

15. Garrow, J. S. : Management and prevention of obesity
in children. In “Obesity and related diseases” Churchill
Livingstone, London, p.263(1988)

16. Nieman, D. C. : The sports medicine fitness course.
Palo Alto. Calif : Bull Publishing Co.(1986)

17. o171, olfA}t : F=xHAIDT. 4, 106(1991)

18. o)edv] : AAAF-2] whgF 2)v] P £ g4, Fwl
<3¢k, 10, 12(1994)

19. AR, o}, Bapw], ]« F349] g A vink
AR FF z& IFAA T A, 4, 41(1994)

20. 2F2 1 A& AW FHAAEY AF AH Ao} uiw
o] AAR[A AT FANGL L A} e =F
(1992)

21 71 %%, olds} : A=A JzAe) WwAesl 44
opapel B AT, YFGFesA, 26, 182(1993)
22. Siervogr], R. M., Roche, A. F., Himes, J. H., Chumlea,
W. C. and McCammon, R. : Subcutaneous fat distri—
bution in males and females from 1 to 39 year of age.



23.
24.
25.

26.

21.
- A7V, A YA, o155, WA - obF] vk e o

29.

Zee) AR awRA UAA D avlste] WA

Am. J. Clin. Nutr., 36, 162(1982)

4, 293, whiA, o1F 8, AEA AN ¥
AE] vidte 4 P§HF. Lol 38, 520(199%5)
AAEE Z8R  FANTER £ (1996)

AAS, o4, W, ), $43 AAY 27
£ 9§ 285 9234 9} Caliperd] v =, =3 ks
3]%], 28, 282(1995)

Durant, R. H. and Linder, C. W. : An evaluation of
five indexes of relative body weight for use with
children. J. Am. Dietet Assoc., 78, 35(1991)
REES  BEOILW L 458 BIRMEMTE, 24, 512(1982)

o HW BRZALA L w]HRA 7|2 A4, B2
£-33]7], 34, 259(1995)
Woolston, J. L. : Obesity. In “Rudoiph’s pediatrics”

30.

3L

32.

33.

34.

35

Rudolph, A. M.(ed.), 19th ed., Appleton & Lange, New
York, p.106(1991)

oWl HAS, WEA 25 AT $HFHY 4
FA ez AL 3bod oFEE) A, 27, 760(1994)

Bray, G. A. : Definition, measurement, and classification
of the syndromes of obesity. Int. J. Obes., 2, 99(1978)
i & ETHRE  BEERT7 ) =2 7 DedNFIE
KD T SIS & OB, BRREFZ, 19, 145
1977

HEZEE, 3 LRER, A%, KER, BE B, B
F, hIRIRAE, R ERARE. B Bk
jit, &, p.191(1989)

7% i AR-E FA9 uERA ]E &
A, AsFd A, A8, p5a(1992)

. ERE—  ERONE. OREE, 46, 520(1982)

(1996 124 239 A<)



