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Relation among Dietary Habits, Nutrient Intakes and Bone Mineral Density
in Korean Normal and Obese Elementary Students

Yun-Jung Bae,' Eun-Yeong Kim, Hye-Kyung Cho, Mi-Hyun Kim,"
Mi-Kyeong Choi,” Mi-Kyung Sung, Chung-Ja Sung
Department of Food and Nutrition, Sookmyung Women's University, Seoul, Korea

Department of Food and Nutrition,” Samcheok National University, Samcheok, Korea
Department of Human Nutrition & Food Science,” Chungwoon University, Chungnam, Korea

ABSTRACT

The purpose of this study was to investigate the relation between bone mineral density and nutrient intake among
normal and obese elementary students. Each subject was assigned to one of such as normal (n= 69) and obese groups (n
= 94) according to their obesity indices. And they were asked for general characteristics, dietary habits and nutrient intakes
using questionnaires and 24-hr recall method. They measured the sound of speed (SOS) of calcaneus using quantitative
ultrasound. The averages age of the subjects were 10.6 years in normal and 10.7 years in obese group. The averages
weight (p <0.001) and obesity index (p <0.001) of the normal group were significantly lower than those of the obese
group. In dietary habits, the obese group in boys was the higher skipped breakfast than normal group (p <0.01). The
plant calcium intake of obesity in girls was lower than those of normal group (p <0.05). The SOS in the calcaneus was
1697.6 m/s in the obese group and 1763.7 m/s in the normal group (p <0.01). The SOS in the calcaneus was negatively
correlated to weight (p <0.01), obesity index (p <0.001) and percent of body fat (p <0.01). Also the SOS in the calca-
neus was positively correlated plant calcium intake (p <0.05). In conclusion, the excessive increase of weight and
percent of body fat in elementary students appeared to have negative impact to bone health. And based on these results,
further studies on the effects on bone mineral density of obese and nutrient intakes in needed for proper bone health.

(Korean J Community Nutrition 11(1) : 14~24, 2006)
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1) MEXA QU AAYHZA

£ A9 Aol 9= 8 (Sing 5 2001; Jo 2004)
< EE 3o vjRk obed A olsS SR &
HRARL Ao A" AFAE s, A
Ak BEAE o83 RARIEY A AR g8 olF
R, HAMIF AR HEZALS) 24413 SR 2
ARIITE 2417 3AS FHE RARIEO] 3YT A
A 49T S A2, A5 F 52 FARIGOH,
AFHEZ] A A 82 A8 AFH 2249 £
Z Asg A€ 2719 223 A 2718 verd 2™ two
dimension model), #4128 & ol&3lo] 7IHA S A
AlBl5itt o1& 2AZ dFYEEsiolA sie CAN-Pro
2.0 (Computer Aided Nutritional analysis 2.0 program)
< o]&3le] FUdA AHFE B4

2) NNYIE

AT AAASE A H3l 7hHE A
el Aekg B3 AYe A2 AAFEEA]7] (InBody
3.0, Biospace, Korea) & o]&3l] A3, A, AAL=
55 ST EHT AR, AT T 2ot FEUS
X (Korean Society of Pediatrics 1999) & o]&3to] n)
e ([ASAF/A3E E22AF] X 100) & AHEstgien,
A7) A& o]831e) AAFRAS(BM], body mass index
= A% (kg)/ A M) ]?) & &35k

3) 22E(S0S, Sound of speed) 5%

ATIALE] A8 F AR, AFE 5P F 259
7] (Sonost—2000, Osteosys, Korea) & o]-&3l FJ
(calcaneus) 2] SOS (Sound of speed) & &3t

4) HANN U B

ATWIEL FHGEHNN AFAE TS ol83k] &
AE 15 ccE AFH3ISITE A e 4L 3,000 rpmefiA]
1587 dAldelstd @3S 2e)st T Fohia (total pro-
tein), Albumin, ¥ FA8|E(total cholesterol) @ ALP
(Alkaline phosphatase) & A58 AEA7} (Hitachi
7170, Hitachi, Japan) & o]&3lq B3}t
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2 d7E 53 o BE Hih= SAS program (ver-
sion 8.1)& ol&sl Hod FFAAE Fakoh A
% FUE] & F FH9 Fole A& W A=
Student’s t—test®, H]9EA ¥ A9 Chi—square
testZ, z} W-E3He] ABFAE Pearson’s correlation
coefficient (r) E A& A%t

A7 E

1. LHAG R MRHIEA
ALY Awakeral A AE A= Table 13} 2
A A5 nivlols 10.74, AALE 106HE F
oAl AolE HolA] egitth ERllA niglels
A4 BF AFH viwt=r) 42 56.5 kg, 33.5%, 3
Jobgol s ZH) 39.7 kg, 0.0%2 YERt f2)FQl &}
] B3tH(p < 0.001, p <0.001). oI E vlvlo}lE
o] B A%F(49.9 kg) = HIVE(31.9%)7F HdorEs] H
7 AF40.0 kg) E WIHE(-04%) Bl3] Fejzoz
=7 Yepgde), 3 Gz viglelge] B¢ B Aol A
Abolzof vl3] fd@oR A VeRGTHp <0.05).

&

o =

o,

o

2. AgH

AFodate] 215del dgk zAEsH= Table 2, 35
2k A} RIEelA] oby, A, AW v Hedky 99
u| o] Pafekgolr 2z} 67.6%, 80.8%, 75.0%=2, vt
o}golA 51.0%, 79.3%, 66.3% % UYeh F-23 z}o]
< Ko7 gtk T3 3} vttobgel 3lo] obdg v
o iy 93 8]80] 46.1%2, Ao 80.4%¢°l
Hla] g9 og2 Wth(p < 0.01). ARSE st ZA
A 10~20% BT ¥ the didAt ek vl
mokgola zbzt 57.3%, 63.4%% 7V ©Sky, 1 thE
7 20~30%, 10% 9¢k, 30% oAk £02 Jeiyth
A AHAE hvha @k v]E&2 AAdobs 68.1%, HlTo}
% 54.0%2 JERROU o2 Aol Belx] ggin

TSk ool ohEt At SANIEE 19 18] A&
7t Bdols 40.3%, BiTloRs 37.0%=2 7HF @8k, ok
£0= 1540 18], 124 239 ¢o2 Yepxgton, 159
13] o} 9Jalg dh= ¥ &2 FAols 88.0%, HlTtols
88.7%= ebstth. 2avlwe &t dlwrt AAdoks 61.7%,
H|Tobs 72.8%E 7HF 2 ¥]8g YERIL, theo®
FAo] F2 HlEE Hlth HARIEE 3kl 1¥oletn
Gat v)go] Fiobs, vty 247t 39.3%, 44.4% 2 7}t

Table 1. Anthropometric measurements of normal and obese subjects

Girls (n = 55)

Boys (n = 108)

Total (n = 163)

Significance

Obese (n = 27)

Significance Normal (n = 28)

41) Obese (n = 47)

Normal (n

Obese (n = 94)  Significance”

Normal (n = 69)

N.S.

10.64 = 0.67 10.59 = 0.74

N.S.

10.78 = 0.66 N.SY 10.73 = 0.59 10.86 + 0.62

10.69 = 0.62"

Age (yrs)

143.67 £ 5.01 N.S.

145.65 £ 6.70

146.88 = 7.63 N.S. 14481 £ 6.14 148.17 = 8.14 p<0.05

145.15 = 6.34

Height (cm)

4998 £ 6.76 p<0.001

p <0.001 40.00 + 7.53

39.87 + 6.47 54.63+ 9.95 p <0.00t 39.77 £ 573 56.51 = 10.44

Weight (kg)

p<0.001

p <0.001 ~0.46 = 7.97 31.98 £ 9.56

33.53 + 11.45

33.09 = 10.91 P <0.001 -0.01 £7.93

-0.19 £7.89

Obesity index

N.S.

2843+ 9.75 N.S. 28.36 + 9.82 29.68 = 9.17 N.S. 26.59 £ 9.82 25.68 £ 10.62

27.65 £ 9.77

% Body fat

1) Mean = Standard deviation

2) Significance as determined by Student's t-test

3) Not significant
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Z wen, g A A gethn g3k vl 3
ok 4.5%, v]WobE 11.1%2 Yelgt) tos Fg
AHshE S4L 1, oll23¥ 59 FAES 48
© H]go] AotE 43.4%, vt 54.1%2 7 A
Uebged, b3z @o] $E% S0 Fdole 3
A7F(23.1%), 7, BHO] 5 D $24(15.9%) 2.,
H|ghobe-2 HUF(24.7%), IAF D B7F(11.7%) = et
Wt

3. YL M SH

AT ofFold 1Y FUdA AHAEE vlud Ax
+ Table 48} 2t} AE3 vjvtzo] e U 3ol
A dAobs Y B¢ oA HHF( < 0.05) A& w)gio}b
ol Btz sl FojFog w2 AHFES B W
9, ofzokze A4 Bdetse A8 24 <0.05) A
o] ulwobsol vls| fH o EA el

-4, 38k

AT ojhole] EYEE vlwd A¥= Fig. 134 2
o}, Aotz nvtolEe] SOS (Sound of speed)= 2zt
7} 1763.7 m/s, 1697.6 m/sE Blgkolgo] AAtolzo] u)s)
T+FoZ WtHp < 0.01). 3 Py} vluktel) nE
SOS+= EatolgellA H|Tels(1689.4 m/s)ol Fiols
(1745.3 m/s) ol B8 ez oz Wekon](p< 0.05), <=t
oFgME Folks, vlttols 242} 1763.7 m/s, 1697.6
m/sZ UERL viRlolgo] Hadelsrr oo Wi
LERATHp < 0.05).

5. bt gy

AT Yrt HAagadg vk Ao Table 5
9} ) vnelEn Aol ALP (Alkaline phospha-
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Fig. 1. Sound of speed (SOS) of normal and obese subjects
Significance as determined by Student's t-test.
*1 p<0.05, *+: p< 0.0

Table 5. Blood parameters of normal and obese subjects

Girls {(n = 55)

= 108)

Boys (n

Total (n = 163)

Normal (n = 69) Obese (n = 94) Significance® Normal (n = 41) Obese (n = 67) Significance Normal (n = 28) Obese (n = 27) Significance

N.S. 733 0.29 979 £ 3.43 N.S.

0.35

7.27 £ 032 7.32

SS)

3.24

8.05 =

0.31"

7.30 £

Total protein (g/dL)

0.23 466+ 0.6 N.S.

472

N.S.

0.20 4.65+ 0.18

4.63 =

N.S.

0.17

465 £

0.22

4.66

Albumin (g/dL)

N.S.

170.66 = 42.81

27.31

168.21

N.S.

168.30 £ 29.97

- 164.00 £ 22.14

N.S.

Total Cholesterol
(mg/dL)

169.00 = 34.01

165.73 £ 24.29

Tﬁglyceride (mg/dL)

N.S.

108.14 £ 5411 90.70 £ 35.55

N.S.

N.S. 103.15 £ 5207 103.96 + 63.47

100.07 = 56.84

105.20 + 52.58
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877.55 = 271.26 914.49 * 227,14 N.S. 878.32 + 231.35 916.11 £ 195.86

N.S.

914,96 + 217.36

877.86 + 253.77

ALP (IU/L)

1) Mean * Standard deviation

2) Significance as determined by Student's t-test

3) Not significant

4) Alkdline phosphatase



Table 4. Correlation coefficients between anthropometric mea-
surements, blood parameters, nutrient intakes and SOS (sound

of speed) in subjects (n=163)
SOS (Sound of speed)
Age (yrs) —0.0500
Height (cm) 0.0631
Weight (kg) -0.1460™*"
Obesity index ~0.2568"*
% Body fat -0.2307*"
Total protein (g/dL) —0.0428
Albumin (g/dL) 0.0417
Total Cholesterol (mg/dL) —-0.0882
Triglyceride (mg/dL) —0.0691
LDL-cholesterot (mg/dL) -0.0100
HDL-cholesterol {(mg/dL) -0.2012*
ALP -0.2083""
Energy (kcab) -0.2523"™""
Protein (@) -0.2665""
Animal protein —-0.3456"™""
Plant protein 0.0251
Fat (@) -0.2910™*
Carbohydrate (@) -0.1067
Vitamin C (mg) —-0.0056
Calcium (mg) -0.0813
Animal calcium -0.1565"
Plant calcium 0.1545
Phosphorus (mg) -0.2020""
Iron (mg) 0.0265
Animal iron ~-0.2657*""
Plant iron 0.1059
Zinc (mg) —0.2444""

1) Person’'s cormrelation coefficient
¥ p<0.05, *x: p<0.01, *+*: p<0.001

¥ A Aol & HolA| okeh L S, o
7R, 8% & FELHE 4 X3, LDL-ZH2HE %
HDL-ZAHE F3 vk mE 53¢ fefddd

Aolg BolA| 9itt

6. LTS NANY, HAYY X FAL MAYEI Y
|

ATRIAES) FUE AAHY, MY D Ja
AADRY ABRAS BHE AT Table 63 Bk
AA ol5e FUE(S0S) = AZ < 0.0D), HIUE(p <
0.001), AF(p <001 % FAH £ JE BG
o, ¥4 ALP (p<0.01) ¢} HDL—Z#AEE(p <0.05)
HE FIH £ FAVAS UITE ST
FYUE(S0S)+= €% (p <0.001), @42 (p < 0.001), &

e -

A -z - AR AR -

el 544 2
&4 @9d(p <0.001), AH(p <0.001), &Y Z=0®
<0.05), A <0.0D), &Y E(p <0.001), kAP <
0019 A% 29 FBYE Bl ww, A2 2EY

A3 gke FroEQl %9 ARdE YeiAtHp <0.05).

1%

B A7E A2 A8 Hyjslg) AAga-e] A1 F
ggoz WPEo] S/ Y= vt oS e
Hvh HEE AEH, I AF e i A

#, agda AHS FAE I Qe EFE Y] B

A& Folgo 2N AT A9 24 ° AALZ S

3 SukE e © QopErle dedt vz AEE

AN A AAERACE HA AAgE AAALEE ZARIA A

FudAte] Hit AT AFS dots 145.1 cm, 39.8

kg, BI9lORE 146.8 cm, 54.6 kgO & o]9} 7+ ANE

=9l PJFAF71E(2005) o VR AdE - AFE (9~

114D A9 71329 Fo} 138 cm, 34.5 kg L oo} 138

cm, 32.6 kg¥ vlwEe] B w £ Apchaatel A3

AFo| F& Ao et

YR ATFHT 25A H|tobs el ¢ FAAA A4}

£ 31/ 929 (Oblacinska & Jodkowska 2000), £3] o}
A E AzE Ao 2 et Serra Majem 5 2003).

ORI AR 124171 ool FEoE <ls Fdo] B

ojatz ZAaE Ho Xl ExFE FFd F]
g SgEhe ojoleliAl oAl fFE ey
3 948 #4171 YohKleinman 5 2002). E3 o}

A AZE A vEN, F71A 5 v gk o]

520 AH7L Wokd AAH o AAke] Zo] WolxjH
(Saldanha 1995), AAAIZMEAS] F5-E vl$7] & 7+

Ag I 4HE F U3, oS 7Y S /e 5
Q71 wEol vlvhE: 2 E HFo] ok B ARME

A} nigobg ol A9 Rdobgel vis) obEE wid Hi

I gk v)go] A e, v]ttolgell A 1EAQ o3

2Ake] Aol Bod Hog AlgET)

3k 2 A7V B9 E%F AHF (R dets 1685.7
kcal, BIToRE 1795.4 keal) & IR - FF=2AH2002)

9] 7~12A4] obF<] 19 E%F AF=A 1848.5 kcals} ¥l
FTA] GA Vel oH, dafol tigt grdlE, gz, x|
o] AHulgelA vtlolsE 60.0 1 14.9 : 25.1 o|}e.
] HaolE] A 61.3:14.2 1 2452 =) JEHFH

712(2005) AlA AAIER= 3~19419) 55~70 : 7~20 :
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253 £39] dEl= 239} E4E FsEAM AE
=S A AXE B8 Lobdes Aolw, 1 F =Y
T 9 94 T AXHTd Z(bone mass) EAIS
ZAog FIAEE sty IE DA 43S Aol
Atk T3 SOS (sound of speed) & 2237t & A&
Avs] Whe £22A4 23 A% 23 2FRE TEEA
EY&ETE S s UoR FUT BY ohzt =9
T A e AT BeAEY A &
Sof ke oy 3 £49% 4ys HAE 7 23
JHY SteES Adsh=d Jlo] Bol ARREE A
& 4= vk (Cho 5 1997). $39 4% @2 FLE A
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A7) FURe FEgS vlAE 2o RyE AL Alx
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£ £ 9lEd, 1 F ASL YT 980 42 A
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S vy B 153 9t Constantino 1995; Douchi
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