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ABSTRACT

The purpose of this study was to investigate factors related to bone mineral contents (BMC) at os calcis of adole-
scents. The subjects were 604 students (327 boys and 277 girls) between 7th and 9th grade in Seoul, Korea. The mean
age was 14.2 £ 0.9 years. General characteristics were collected by a questionnaire, bone mineral contents (BMC)
were measured in os calcis by Duel Energy X-ray Absorptiometry (PIXI, General Electronics, USA) and height and
weight were measured by bioelectrical impedance analysis method (Inbody 4.0, Biospace Co. Ltd, Seoul, Korea).
Mean BMC of os calsis were 2.241 g. Height (p <.0001), weight (p <.0001), BMC (p <.0001) of boys were higher than
those of girls. Percent body fat of girls, however, was higher than that of boys (p <.0001). Anthropometric mea-
surement, pocket money, sibling, experience of fracture, pubertal stage, intake of supplements, physical or outdoors
activity, and eating habit had significant influence on BMC of boys. Anthropometric measurement, physical or outdoors
activity, and eating habit had significant influence on BMC of girls. Multivariate regression with adjustment for sex and
age showed that BMC was associated positively with height, BMI, frequency of regular activity, and intake of spinach
or radish leaves (all p <0.05), and negatively with percent body fat (p <.0001) and Korean traditional diet pattern (p =
0.01). On the basis of these results, it is recommended to develop nutrition education and physical activity program for
adolescents to improve BMC and prevent osteoporosis. (Korean J Nutr 2008; 41(2): 156~164)
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AAdH-& Bioelectrical Impedance Analysis Method
(Inbody 4.0, Biospace Co. Ltd, Seoul, Korea) & ©]£3
of AkE vy, A3 AAHE A A%, AF, AA
2, AR, AREES S HAAF 9 e 3y
< "]=¢] The Centers for Disease Control and Preven-
tion (CDC) &) growth chart®] body mass index (BMI)
percentile 7]5&ol] WA 5% 0wk AASE (underwei-
ght), 5% © 85% n|9+g AT (normal), 85%
ol 95% v|vrE AT (overweight), 95% o3-S
HWHE (obesity) 2 573kt 225 2 2% Duel
Energy X-ray Absorptiometry (PIXI, General Electro-
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Table 1. Anthropometric measurements of subjects

< WdeR UEE AR F 2,4057 9] dHiolEE 7}
A3 Z-score @h= Alrtstol AAISHITE 2,405 2] dlo]
HE nigoz zF Aguids P43 TFAAE 6l 7
A=) 2 e S-ZO] Z-score g2 AXISESIT
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B2E ARl FAIAElE Statistical Analysis System
(SAS) version 9.1 A Tz 738 o]&3lo] A
o ot ofehl 9] 23] AZAS) Aok Student’s
test MITAIAT, B2 A8 AAE e, Rhas, A
F3H, s, A 0 U 4% 3 2
o] dolr 7] ¥&l GLM (Generalized Liner Model) & A}
231903, 7 Wi 187 W) $989) Ko)i= Dun-
can?] THERSAAE AR Atk 24 AR
A el 935 vlA = Fo QA0S Fekshr] 38 o
3|7 (multiple regression) & A5G
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LA MM S

o Aol gt AL d Rk A AlEX)= Table 1
o AAIEITE AL AR A2 HEh4l 165.7 cm,
St 159.0 ecmP L, AL FEA 60.2 kg, 9388 53.8
kgolitt. A%, A5, AR, 9%, S2FS o3ty
o vl Fero] F2lstAl w3k, AAHEH} ARLE-S
weol| vla) ofghgo] foletAl A Webset 2oy A

Aot AFNE 183 Z-scoreS e o8] {9

Boys (n = 327) Girls (n = 277) Total (n = 604) p value
Age (yr) 142 = 09" 143 =08 142 =+ 09 0.095
Height (cm) 1657 + 8.1 159.0 + 5.6 1627 + 7.8 <.0001*
Weight (kg) 60.2 £ 129 538 + 99 573 =+ 120 <.0001™*
BMI (kg/m?)? 218 + 37 212 + 3.4 215 + 3.4 0.066
Body fat mass (kg) 145 = 7.1 16.6 * 6.1 155 =+ 6.7 0.0001**
Fat free mass (kg) 457 + 8] 372 + 48 418 + 80 <.0001™*
Percent body fat (%) 233 =+ 7.4 300 =+ 6.0 264 + 7.6 <.0001*
BMD (g/cm?®” 0.541 £ 0.082 0.491 =+ 0.079 0.518 £ 0.084 <.0001™
Z-score” -0.09 = 093 006 = 1.04 -0.02 * 0.98 0.066
BMC (g)” 2.585 + (.652 1.835 + 0.419 2.241 + 0.671 <.0001™
l-score -003 * 094 002 £ 1.15 -0.01 £ 105 0.611
Prevalence of overweight and obesity 31.8% (104) 22.0% (61) 27.3% (165) 0.007™*

*! p<0.05, =+ p<0.01

1) Mean +SD

2) BMI: Body Mass Index = Weight (kg) / Height’ (m?)
3) BMD: Bone Mineral Density

4) Z-score: Subject’'s BMD (BMC)-age maiched BMD (BMC) /Standard deviation of age matched value

5) BMC: Bone Mineral Content
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Table 2. BMC (Bone Mineral Contents) by the parents’ socioe-
conomic status and breast feeding

Boys Girls
BMC (g) BMC (g)

Father's education level

< Middle school 2.530 £ 0.625" 1.817 £ 0.399

= High school 2.594 + 0.664 1.835 = 0.416

p value 0.558 0.835
Mother's education level

= Middle school 2.493 + 0.582 1.819 £ 0.426

= High school 2.607 + 0.670 1.835 = 0.411

p value 0.269 0.798
Income (10,000 won/month)

<200 2.472 + 0.583 1.836 + 0.439

200— <300 2.537 + 0.730 1.788 = 0.408

= 300 2.651 = 0.629 1.858 = 0.416

p value 0.116 0.563
Pocket money (per month)

< 30,000 won 2.532 + 0.638 1.825 + 0.414

= 30,000 won 2,712 £ 0.670 1.862 £ 0.434

p value 0.022" 0.511
No. of sibling

Alone 2.902 + 0.664% 1.823 = 0.397

Two 2.543 + 0.609°  1.843 * 0.435

= Three 2.582 = 0.725°  1.821 + 0.391

p value 0.021* 0.923
Mother's delivery age

<30 years old 2.638 * 0.668 1.873 = 0.413

= 30 years old 2.534 £ 0.063 1.792 + 0.423

p value 0.147 0.106
Birth weight

<2.5kg 2.555 + 0.595 1.801 = 0.453

2.5— < 4kg 2.568 + 0.665 1.837 = 0.420

= 4 kg 2713 + 0.630 1.897 + 0.320

p value 0.392 0.756
Breast feeding

No 2.532 + 0.642 1.839 + 0.422

Yes 2.633 £ 0.664 1.828 = 0.420

p value 0.174 0.217

*! p<0.05, **: p<0.01
1) Mean *+ SD

2) Value with different alphabets are significantly different am-
ong the groups at p<0.05 by duncan test
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Table 3. BMC (Bone Mineral Contents) by healthy status and
lifestyle of subjects

Table 3. Continued

Boys Girls
BMC (g) BMC (g)
Smoking
No 2.585 = 0.659 1.831 + 0.412
Yes 2.577 £ 0.515 2.202 + 0.952
p value 0.965 0.128
Drinking
No 2.583 + 0.654 1.832 £ 0.420
Yes 2.507 + 0.482 1.937 + 0.411
p value 0.715 0.458

Boys Girls
BMC (g) BMC (g)
Experience of Fracture
No 2.526 + 0.592" 1.829 + 0.420
Yes 2.727 + 0.767 1.872 + 0.427
p value 0.026" 0.530
Pubertal stage
< 12 years old 2.446 + 0.672% 1.853 * 0.402
13 years old 2.674 + 0.622% 1.871 = 0.436
14 years old 2.656 + 0.599% 1.766 + 0.367
= 15 years old 2.777 + 0.663° 1.888 = 0.401
p value 0.008™ 0.338
Supplement
No 2.692 + 0.673° 1.864 + 0.409
Yes (Current) 2.475 + 0.602° 1.737 + 0.425
Yes (Past) 2.440 + 0.605° 1.832 = 0.439
p value 0.005™* 0.171
Weight control
No 2.579 * 0.631 1.824 + 0.399
Yes 2.628 *+ 0.706 1.859 = 0.435
p value 0.526 0.428
Duration of weight control
< 1 month 2.731 + 0.621 1.967 + 0.447
2—- =3 months ., 2989 £ 0.874 2.102 £ 0.393
= 4 months 2.800 £ 0.580 1.858 = 0.400
p value 0.556 0.164
Time for sleepig
<7 hours 2.617 *+ 0.648 1.863 + 0.418
= 7 hours 2.556 + 0.646 1.810 = 0.420
p value 0.402 0.297
Physical activity level
Sedentary 2.581 + 0.579 1.768 + 0.345°
Low active 2.554 + 0.732 1.763 + 0.379°
Active 2.535 £ 0.658 1.907 + 0.475%
Very active 2.668 + 0.639 1.950 + 0.458°
p value 0.574 0.021%
Regular activity
No 2.489 = 0.624 1.806 * 0.401
Yes 2.743 £ 0.667 1.962 + 0.472
p value 0.001** 0.015"
Time for sitting
< 5 hours a day 2.821 + 0.745 1.786 = 0.596
> 5 hours a day 2.564 = 0.640 1.838 + 0.409
P value 0.050 0.753
Time at outdoors
< 2 hours a day 2.495 + 0.63] 1.815 + 0.426
> 2 hours a day 2.672 T 0.66] 1.857 £ 0.412
p value 0.014" 0.412

#: 0 <0.05, **: p<0.01

1) Mean = SD

2) Value with different alphabets are significantly different am-
ong the groups at p <0.05 by duncan test
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Table 4. BMC (Bone Mineral Contents) by eating habits of subjects

Boys Girls
BMC (g) BMC (g)
Preferable diet
Certain foods 2.513 =+ 0.634 1.780 = 0.379
Diverse foods 2.709 + 0.668 1.875 + 0.458
p value 0.009™ 0.144
Score of question "Limit the fast food and snack”
< 1 point 2.611 £ 0.638°” 1.831 * 0.384
2— < 3 point 2.676 = 0.667° 1.809 = 0.403
4— < 5 point 2.464 = 0.631°  1.872 + 0.466
o value 0.035" 0.573
Score of question “Eat enough water”
< 1 point 2.436 £ 0.512° 1.736 = 0.367°
2— < 3 point 2,479 = 0.611° 1.782 + 0.404
4— < 5 point 2.652 £ 0.680°  1.899 + 0.436°
p value 0.045" 0.029*
Score of question "Keep the Korean traditional diet”
< 1 point 2.550 = 0.614 2.058 * 0.430°
2— < 3 point 2.496 + 0.640 1.901 + 0.378%
4— < 5 point 2.604 + 0.656 1.790 + 0.416°
p value 0.506 0.003**
Score of question “Intake a diverse side dish with rice”
< 1 point 2.414 + 0.623° 1.803 + 0.385
2— < 3 point 2.483 + 0.611°  1.908 = 0.432
4— < 5 point 2.696 + 0.648° 1.794 + 0.417
p value 0.004*" 0.110
Intake of cheese
2 Once a week 2.596 + 0.646 1.855 = 0.426
<Once a week 2.541 = 0.677 1.705 +# 0.350
p value 0.547 0.043"
Intake of fish
2 Once a week 2.553 + 0.625 1.879 + 0.404
<Once a week 2.602 * 0.666 1.811 + 0.426
p value 0.518 0.198
Intake of spinach or radish leaves
2 Once a week 2.470 £ 0.582 1.879 + 0.408
<Once a week 2.687 = 0.693 1.788 + 0.427
o value 0.003™ 0.073

x: p<0.05, *x: p<0.01

1) Mean t+ SD

2) Value with different alphabets are significantly different am-
ong the groups at p<0.05 by duncan test
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Table 5. Multiple regression model for variables associated with BMC of subjects

Adjusted R? F Parameter estimate p value
BMC
Height 0.03788 <.0001™
BMI 0.07537 <.0001**
Percent body fat (%) -0.01510 0.0002""
Frequency of regular activity 06485 196:5 0.02464 0.001**
Keep the Korean traditional diet —0.04316 0.010"
Intake of spinach or radish leaves 0.01747 0.039™*
*: p<0.05, *x: p<0.01
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