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A Study of Factors Affecting Bone Mineral Density in Korean Adolescents:
Anthropometric Measurements, Life Style, and Other Environmental Factors
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Department of Food & Nutrition,” Hanyang University, Seoul 133-791, Korea
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ABSTRACT

This study was conducted to assess the bone mineral density (BMD) and the anthropometric measurements, life style,
and other environmental factors affecting BMD in Korean adolescents. Subjects were 167 high school students (83
male students, 84 female students) in Seoul. BMD was measured in the lumbar spine (LS), femoral neck (FN), femoral
trochanter (FT), and Ward’s triangle (WT) by dual energy x-ray absorptiometry (DEXA). The questionnaire was used
to assess the anthropometric measurements, life style, and other environmental factors. Bone mineral density of LS, FN,
FT and WT were 0.967, 0.960, 0.795, 0.761 g/cm®. The BMD of LS was not different by sex but the male students’s
BMD of FN, FT and WT were higher significantly than the female students (L.S: 0.976 vs. 0.958, FN: 1.040 vs. 0.880,
FT: 0.842 vs. 0.749, WT: 0.827 vs. 0.695 g/cmz) Female students’s BMD of LS, FN, WT, and FT was positively
correlated with weight but male students’s BMD of WT was not correlated with weight. The factors such as the life
style, activity and exercise have significant influence on BMD. This study confirms that the major factor affecting BMD
was body weight and the factors such as the life style, activity and exercise is related to accumulation of BMD. The
classification of sexual characteristics is needed for further studies on BMD of adolescents. (Korean J Nutrition 38(3):

242 ~250, 2005)

KEY WORDS : bone mineral density (BMD), adolescent, anthropometric measurements, life-style, environmental factors.
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Table 1. Anthropometric measurements of subjects

Subject Total Boys Girls P
value
Age (year) 1628 £ 006" 16.77 £ 0.06 1579 + 0.06 0.000

Height (cm) 166.87 £ 0.556 172.19 & 0.55 161.62 + 0.49 0.000
Weight (kg) 58.50 = 0.86 64.67 = 1.21 52.39 = 0.80 0.000
BMI (kg/m?) 21.35+0.34 2172 +0.37 2099 + 0.56 0.277
1) Mean * SEE

2] SFAeE e 25.9%, 21889 16.7%7}+ A3
<t PRAlE RoE WERsk oy |etAl, o5ty 742t 55.6%,
66.7%< 4 1~23 A% vhAe RAog vt FAA
HE B Fatle 70%9) 139l 94.9%7t HHlE A
3 ¢ Feoha "L @AY 23.8%, oIFHAS 5.1%

Table 2. General characteristics of subjects
(Unit: number (%))

Characteristics Total Boys Girls p-value
Income (10,000won/month)
<150 33 (22.4) 18 (24.7) 15(20,3) 0.711
150 — <250 63 (42.9) 29 (39.7) 34 (45.9)
> 250 51 (34.7) 26 (35.6) 25 (33.8)
Father’s education level
High school 77 (46.7) 41 (50.0) 36 (43.4) 0.531
University 70 (42.4) 34 (41.5) 36 (43.4)
Graduate school 18 (109 7(85 11033
Mother’s education level
High school 118 (72.0) 60 (73.2) 58 (70.7) 0.797
University 41 (25.0) 19 (23.2) 22 (26.8)
Graduate school 5(30 3(37) 2(24
Family pattern
Nuclear family 117 (70.1) 61 (73.5) 56 (66.7) 0.335
Extended family 50 (29.9) 22 (26.5) 28 (33.3)
Pocket money (10,000won/month)
<5 123 (74.5) 62 (74.7) 61 (74.4) 0.094
5-<10 32 (19.4) 13 (15.7) 19 (23.2)
= 10 10(61) 8(96) 224
Age of voice change (years)
12-13 20 (27.8) 20 (27.8)
14-16 50 (69.4) 50 (69.4)
17 2028 2(28
Age of menarche (years)
10-1 10 (12.0) 10 12.00
12-13 56 (67.5) 56 (67.5)
14-15 17 (20.5) 17 (20.5)
Alcohol drinking
Not at ait 9(23.1) 7259 2Q67) 0907
1-2times/month 23 (59.0) 15 (65.6) 8 (66.7)
> 3—4fimes/week 3(77) 2(7.4) 1(83)
Everyday 4003 3(1.1) 1(83)
Smoking
Not at all 131 (82.4) 56 (70.0) 75 (94.9) 0.001
Before 3(19 3(38)
<1 box/day 23 (145) 19(23.8) 4(51
> 1 box/day 2(13) 2(25
Caffeine
1 cup/day 132 (90.4) 59 (86.8) 73 (93.6) 0.300
2 -3 cups/day 10( 68 7003) 3(38
> 4 cups/day 4(27) 2(29 226
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Table 3. Activity of subjects (Unit: number (%))

Total Boys Girls p-value

Life style

Balance 10061) 6(74) 4(48) 0765

Moderate 92 (55.8) 44 (54.3) 48 (57.1)

Unbalance 63 (38.2) 37 (38.3) 32(38.M)
Sleeping hours

4 -5 hours/day 17 102) 11 (133) 6(7.1) 0005

6-7hours/day 123 (73.7) 66 (79.5) 57 (67.9)

= 8 hours/day 27 162y 6(72) 21 (250)
Transportation

By bus 70 (41.9) 38 (45.8) 32 (38.1) 0.713

By subway Q(54) 5(60 4(48)

Walking 81 (48.5) 37 (44.6) 44 (52.4)

Others 7(42) 3(36) 4(48)
Walking hours

<30 min/day 15(90 8(84) 7(95 0100

30—-60min/day 72 (43.1) 29 (34.9) 43 (61.2)

60-90min/day 48 (28.7) 26 (31.3) 22 (26.2)

= 90 min/day 32 (19.2) 21 (253) 11 (13.1)
Activity in rest

Sleeping 14 (84) 11033 3(36) 0000

Playing 5030 5(60

Chatting 134 (80.2) 56 (67.5) 78 (92.9)

Etc. 14 (8.4 11033 336
Frequency of exercise

1 time/week 57 (34.1) 36 (43.4) 21 (256.0) 0.000

3—-4times/week 23 (13.8) 16(18.1) 8 (9.5

Almost everyday 17 (10.2) 11 (13.3) 6 ( 7.1)

Not at alt 70 (41.9) 21 (256.3) 49 (58.3)
Exercise hours

<20 min/day 76 (47.8) 31 (39.2) 45(56.3) 0.015

20 — 40 min/day
40 - 60 min/day
= 60 min/day

57 (35.8) 32 (40.5) 25 (31.3)
19.(11.9) 9Q1.4) 10025
7(44) 789
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Table 4. Bone mineral density of subjects

Total Boys Girls p-value

Lumbar spine

L2 0.977 + 001 0.981 =001 0972+ 001 0.659

L3 0.983 + 0.01 0.998 = 0.02 0.969 + 0.01 0.148

L4 0.942 + 0.01 0.950 = 0.01 0.935 + 0.01 0.448

124 0.967 + 0.01 0.976 = 0.01 0.958 + 0.01 0.353
Fe{:goc’;" 0.960 + 0.01 1.040 + 0.02 0.880 + 0.01 0.000
Wfri’gr;;le 0.795 + 0.01 0.842 + 0.02 0.749 + 0.01 0.000
Femoral 0.761 + 001 0.827 = 0.0} 0695 + 001 0.000

trochanter
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Table 5. Correlation coefficients between bone mineral density
and anthropometric values and sexual development

. Agg of Age of
Height Weight BMI voice menarche
change
Lumbar spine
Total 0.094 0.434** 0.337**
Boys 0.289* 0.395** 0.289* 0.061
Girls 0.094 0.434** 0.320** -0.273*
Femoral neck
Total -0.062 (0.342** 0.309*"
Boys 0.212 0.405** 0.366* —0.220
Girls -0.052 0.342** 0.273* -0.230"
Ward's triangle
Total 0.002 0.307** 0.249*
Boys 0.136 0226 0.195 -0.091
Girls 0.002 0.307** 0.182 -0.262*
Femoral frochanter
Total -0.013 0.452** 0.356**
Boys 0.049 0.425** 0.448**  0.001
Girls -0.013 0.452** 0.339** ~0.346**

*: p<0.05, *x: p<0.01
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Table 6. Bone mineral density of subjects by general character-

EESEBERE 380) 1 242~250, 2005 /247

Table 7. Bone mineral density of subjects by life style and activity

istics (Unit: g/cm®) (Unit: g/cm?)
Characteristics Lumbar spine  Femoral neck Lumbar spine Femoral neck
Income (10,000won/month) Life style
<150 0959 + 0.02" 0978 +0.03 Balance 0.988 + 0.03° 1.009 + 0.06"
150~ <250 0.959 + 0.01 0.935 + 0.02 Moderate 0.984 = 0.01° 0.966 £ 0.01
= 250 0.988 + 0.02 0.993 = 0.02 Unbalance 0.936 + 0.01° 0.938 = 0.02
p-value 0.422 0.104 p-value 0.047 0.264
Father’s education level Sleeping hours
High school 0.970 + 0.01 0.969 + 0.02 4 -5 hours/day 0974 £003 0.970 + 0.04°
University 0.976 + 0.01 0.965 = 0.02 6—7 hours/day 0.968 + 0.01 0976 = 0.01°
Graduate school 0.927 + 0.02 0.914 + 0.03 > 8 hours/day 0.956 + 0.03 0.879 +0.02°
p-value 0.302 0.336 p-value 0.869 0.007
Mother’s education level Transportation
High school 0.971 = 0.01 0.965 = 0.01 By bus 0.955 + 0.01 0.964 + 0.02
University 0.955 = 0.02 0.958 = 0.02 By subway 1.016 + 0.04 0.949 £ 0.04
Graduate school 0.982 + 0.07 0.886 = 0.07 Walking 0.977 £ 0.01 0.958 £ 0.02
p-value 0.749 0.492 Others 0.897 + 0.03 0.944 + 0,07
Pocket money (10,000won/month) p-value 0.167 0977
<5 0.962 + 0.01 0.963 + 0.01 Walking hours
5-<10 0.979 + 0.02 0.928 + 0.03 <30 min/day 0.929 + 0.02 0.924 + 0.04
=10 0.970 = 0.06 0.998 + 0.05 30— <60 min/day 0.966 = 0.01 0.957 = 0.02
p-volue 0.783 0.323 60— <90 min/day 0.989 + 0.02 0.962 = 0.02
Alcohol drinking = 90 min/day 0.953 = 0.02 0.978 = 0.03
Not at all 1.021 £ 0.06 1.114 = 0.05 p-value 0.330 0.704
1 =2 fimes/month 0.955 + 0.02 0.963 + 0.03 Activity in rest
> 3 — 4 times/week 1.042 = 0.10 1.000 + 0.06 Sleeping 0.997 + 0.04% 1.039 + 0.03°
Everyday 0.925 = 0.04 0.933 + 0.02 Playing 1.102 + 0.06° 1.089 + 0.04°
p-value 0.370 0.077 Chafiing 0.954 + 0.01° 0.942 = 0.01°
Smoking Others 1.007 *+ 0.03% 1012 = 0.04®
Not at all 0.967 = 0.01 0.952 + 0.0} p-value 0.018 0.017
Before 1.033 £ 0.02 1.046 = 0.05 Frequency of exercise
<1 box/day 0.943 + 0.02 0.979 + 0.03 1 time/week 0.987 + 0.02 0.994 + 0.02%
> 1 box/day 0.900 = 0.16 0.984 +0.18 3 — 4 fimes/week 0.992 + 0.03 0.999 + 0.03*
p-value 0.515 0.606 Almost everyday 0.984 + 0.02 1.013 £ 0.03°
Caffeine Not at all 0.938 = 0.01 0.906 *+ 0.02°
1 cup/day 0.963 + 0.01 0.950 = 0.01 p-value 0.076 0.001
2 -3 cups/day 1.019 + 0.05 1.020 = 0.04 Exercise hours
> 4 cups/day 0.896 £0.03 0959 +0.05 <20 min/day 0.958 + 0.01 0.941 + 0.02°
p-value 0.201 0.314 20— 40 min/day 0.969 = 0.01 0.971 + 0.02*
1) Mean + SE 40 - 60 min/day 0.990 = 0.03 0.975 + 0.03*
= 60 min/day 1.071 £ 0.05 1.096 + 0.04°
T3 g 55 IANS AANI=T AEE & p-vaiue 0.112 0.050
1) Mean = SE

6. ZeYH%t 2k
B3 uE Sd5ete] wAle Table 73 v 259

ab: Value with different letters in a column are significantly dif-
ferent among groups by Tukey's test

FYEE ol ZARAR F4 Al BEA 7
Aolg Rl ol LAl BiAH) tiyo] 7
HolA REQ Rt YT o e Hoz e
Sk 4 A BEAReINE 270 oloplahe i)
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B} Hojx: thiR}E0] o539 IULIt U w2 Ao
2 vepdth dEdReMe sEaazt F4 A 8%
A, EFAE, A FoR Aol s
o] TAERNE Q&9 v E FAZQL o] B
Q) YdEt FUsrt o 5 FoR YEL 3%
FEAZME FEAz] 8AIZE o) Hie tidRIEC]
4~5A1ZF B 6~7TAIZ Hie AIEERTD 957 79
Ao yith 72y Choi 59 A7olxE FHAzt
7} TVAIAAZRE Zuse) gaide] gle Aes vepyt
o 3F F Ae AlZle] B85S YRV o 6k
ool 2 RAPME 3% 5 2 A 29E Aol
24 Aol oy dEARY Ae A Ak
BETE FUSTL ol BolXE BEFE B FA Al
AR 2199 olopridhs tidRT Holle o]
e AR SUET 52 207 Yeigton &5o7 ¢
TFARIME dEdRe] FUErt fYFeE ke
d 52 ks iR go] 45 dERTY 3
7t foAo 2 Eokon SFARE GA AZe] BT E
TUL7} FYFoE w2 Ao gyt & 472
AME 57} FA] UEARe] FUET feFos
Eoked Qe AR FUEE AHA Bale) T 24
o o dgishy] wEely 4379 AAEES aFHT
HEFelA FZ3e] Frksth 1y s e E
AT 19 B AEe} e AP AAsm
FUse] W3l BEARE o dEHITY YR Fst
H37t gllovt A Q3R EUEE o 4.6% +<
3 Z7He Bk ol 43719 &5 2UEd] B
Aol Qloix AFHIE F= FHYH uet IU=TF o
2r tjekst S vehdl] wielch

g, oJehy 8498 o g FULE FP%y ZAKRAT
3t} ohe 3 22 AHE ASih

1) ZAREAE] A3 AFe B Geie H 172.2
cm$} 64.7 kgo) 2, HEABL 161.6 cme} 52.4 kgol ik
22)1 BMIE @8hago] 21.70]11, ofstgo] 21.02 A4
W2 vepdeh

2) ZARPIALS) 717 4A5L 150~250%Hd viRko]
AA) 429%= 7 Bokn B2 g By 158

I FGo] 71 Bk oA B¢ A2 46.7%, o]
Hue] A AL 72.0%% ek FEHAE 69.4%7} 14~
16A)el) w/do] A& A8 A= 67.5%7F 12~
13A410 270] Azt Ao ZAMETE ZAMERLS
SFAHE A9 59.0%7F ¥ 1~23] JT vfA = Ro
2 Yepgon FaduE BE AA2) 82.4%7F BHlS
A ¢ vtk Gaigith USR] AFH M=
A2 90.5%7F kel 17 A% vhA = Ao g Yelgrh

3) AR glolZAERdo] HAA]] vk HA)
9] 6.1%° ETRFLH 3% F TS AA9 73.7%
7F 6~7A1ZE ol2tn etk S8la Alef o) gdl= %
FEHE THE P 397 AAG 485%% P B%T
7o A A7He AA2) 43.1%7}F 30~60% ©Rlo|9l
th HE AIztely AAXZlel= AA2) 80.2%7F W9}
olo7| 2 AIZHE Bule Ao Yehdon 5o E A
He) 34.1%%] F 13 A% 52 3 FFARE A
el 47.8%7} 202 HHA RO F ERT

4) ZAEREE AAF-E SUEE 8F (L2997
T @Ealo) 0.976 g/em?®, AL 0.958 g/em’o R &
&4fo] ot T} ok7k FUE) H& AdS vehidch
e gigRe] FUTeME FEE giEAErT 1.040
g/em?, SFEARZYRTL 0.842 g/em®, HERAARLIT 0.827
g/em?o]gl oy ojE L thE] G R7} 0.880 g/em’, =it
2487} 0.749 g/em?, HEAARE7} 0.695 g/em’E @8}
Aok Fo5H) R RoF Yepsith

5) AdsraAeiel AAAESA 2] daaAls FEtgel
7% wAo] AZY A3 FUTe} ARTAE Holx] g
gom A 2Fel folFt ko AuRBAE B
3 BMIE o5 g3, tEdattelr] f2gh ok
o] AABAE Bk T A AUl

O

2eAE B

6) ZAIIIAES) 7IQ) $ES T H9RA, T2
89, $97 §5 2 I SRAAE U9 By
o] gl ow vekdeh

7) ZAtRle) 239 FUEE (FolZAeido] F
22 die] ERHHR thgrct FUET} o Eoron)
F4 Al BEARKINE 2179} olop]she thyRtaeh 9

i opAsel el WA O Be Zow vt
). dEAReNE FRAZ0] 8417 ol Hx bRt
So] e duAERT FUES foHoR wath
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