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A Study of Factors Affecting Bone Mineral Density in Children:
Anthropometric Measurements, Socioeconomic Factors, Family History,
and Other Environmental Factors”

Park, Jungnan - Kim, Kyunghee - Lee, Sangsun®
Department of Food & Nutrition, Hanyang University, Seoul 133-791, Korea

ABSTRACT

This study was conducted to investigate the bone mineral density (BMD) and the anthropometric measurements,
socioeconomic factors, family history of osteoporosis and other environmental factors affecting BMD in children. One
hundred sixty children (80 males, 80 females) in second grade of elementary school in Seoul were recruited; the mean
age was 7.7 & 0.47 years. Bone mineral density 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). Socioeconomic factors,
family history of osteoporosis, and other environmental factors were assessed by questionnaire. Bone mineral densities
of LS, FN, FT, and WT were 0.677, 0.637, 0.618, and 0.658 g/cmz. BMD of boys was higher than that of girls (LS:
0.685 vs. 0.669, FN: 0.660 vs. 0.614, FT: 0.632 vs. 0.604, WT: 0.678 vs. 0.639 g/cmz). Anthropometric measurements
(height, weight, relative body weight, circumference of waist and hip) were positively correlated with BMD. With incre-
asing family income, BMD of LS was significantly lowered, and negative correlation was observed between mother’s age
at birth of subject and the BMD of FN. And the BMD of children with a family history of osteoporosis was significantly
lower. However BMDs were not different by educational level of parents, family pattern, delivery term, birth weight,
and type of feeding. Further studies are needed to clarify the factors affecting BMD of children and earlier age, included
infants and even prenatal life. If any association is revealed and persist until the attainment of peak bone mass, osteo-
porosis prevention programs are needed to be start very early in the life cycle. (Korean J Nutrition 37(1): 52 ~60, 2004)
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Table 1. Anthropometric measurements of subjects

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

Total Boys Girls p-value Characteristics Total Boys Girls
Height (cm) 127.8 = 58" 1284+ 58 127.1 + 58 0.18] Income (10,000 won/month)
Weight (kg) 284+ 6.1 295+ 67 272+ 53 0.020* <200 34 (21.3) 15(18.8) 19 (23.8)
Waist (cm) 593+ 7.3 605% 79 581=x 6.4 0040* 200~ <300 79 (49.4) 46 (57.5) 33 (41.2)
Hp (cm)  694% 69 700+ 7.6 688= 61 0.306 =300 47 (29.3) 19 (23.7) 28 (35.0)
RBW? 110.8 = 17.0 111.8 £ 189 109.7 + 149 0.446 Father’'s education level
1) Mean + SD o o < 12vear 52 (33.1) 29 (36.7) 23 (29.5)
afeir;i\g >((rellggve body weight) = (current weighi/ideal body 512 year 105 (66.9) 50 (633) 55 (70.5)
*: p<0.05 significantly different between sex by Student’s t-test Mother’s education level
<12year 78 (49.4) 43 (54.4) 35 (44.3)
Eﬂl |;|<| -Tl—g >12 year 80 (50.6) 36 (45.6) 44 (55.7)
Family history of osteoporosis
Yes 26 (18.1) 10 (12.5) 16 (22.5)
1. {HMIEA No 131 (81.9) 69 (86.3) 62 (77.5)
ZAFEARS] AL 127.8 cm, AFL 284 kgl 2 Al ramily pattem
7 2k AN AFAFFAFF VA AT AFE A7) Nuclear family 130 (82.3) 65 (81.3) 65 (80.0)
FX oA AXE gk 7~9412) A 127 cm, AF 27.0 kg _Extended family 28 (17.7) 13 (163) 15 (200)
25k 23 ) ek ol A8 sl A%, o Momne? s celvery age
S A e 3 AT A D e
Wbt (Table 1). =30 51 (31.9) 23 (287) 28 (35.0)
M QO D= =24 Ol o Delivery term
iﬁ?ﬁ;:f};j;};lﬁj ’;Qj;";}&a = Preferm 8(50 4(51) 4(50
- °© erlm =, wree A Full-term 151 (95.0) 75 (94.9) 76 (95.0)
SEl, FAPA] ofmY A, tPdRke] QATIRE 2AM AT Binh weight
2 odRtel] st el dist Ak Table 24 Al <30kg 29 (185) 12(162) 17 (21.3)
AE et 3.0~<35kg 81 (51.6) 40 (50.6) 41 (52.6)
ZA} AR} 7 QEFAEL 955ko|glon 200 =3.5kg 47 (29.9) 27 (342) 20(25.6)
7he ol4gel 97} AAY 78.7%0I30h ol W) g PO offeedng
S % 29lo] 129K, hEAPH 146THolole Az} 2 Breast feeding 36 (22.5) 18 (22.5) 18 (22.5)
r T = AT Breast & formula feeding 60 (37.5) 34 (42.5) 26 (32.5)
g AFHOR 20094 o)l 7H7 20%% e A rormuia feeding 63 (39.4) 28 (350) 35 (43.8)

oH|ws] £ o o] AT gzl A2 B 257 2009
A ot 7o £EE Mol 50| &2 Hof sgHck™
ohHz] & & yEo|3} 33.1%°)1, tE ©]4d0] 66.9%
R, oHUE 1ZE ol&7} 49.4%, tEo)o] 50.6% =
ofpx] 2} gto] ojrjdrt o] F& AT viekyich

ZA}EH*FZH K2, A7t} 9)7ke] 2R R 9 pRe 3§
AEE oz 2AE Sthas 715l st AFelA
= AA 18.1%7F T35 7IEH S 2t o X
At=lRon, didate] 715 Fels 7150 A4t A2l
82.3%% JERsTh

3. 2%

ZA} daAbe] 2F IHe= L2 $97} 0.665 g/em’,
L3 $27} 0.687 g/cm®, L4 ¥7} 0.679 g/cm?©]1L, @]
AR99] BFEXQA L24= 0.677 g/em’oli). thE 9

Ay FAEE gEARE FN) 0.637 g/lem’, HEHA
(FT) 0.618 g/em?, =4z (WT) 0.658 g/em’Z W
ERST) (Table 3). v F-919 SUEE FEAgo] sty
Bl 2A JebR I, 53] 239 L2F9s EAY, s
AR A= Fee) SUErt o3 SdERT 79
A w2 AoR et ofA A¥Ate|7t Uehird
£ A71F o R whE 7~84] ofRIolRIHE g} ofo]d] &
UE7} oz} ool && AL o] Al7] ofHo]Ed] 4l
A&sHo] A7t o2 £7] i og Azt
DEXAE ol&ste] 437] obe] TULE 54 A7
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Table 3. Bone mineral density of subjects

BRERZERE

37(1) :52~60, 2004 /55

(Unit: g/cm®)

Total

Boys Girls p-value
Lumbar spine
L2 0.665 + 0.080" 0.678 + 0.075 0.652 + 0.083 0.040*
(0.466~0.953) (0.466 ~0.953) (0.500~0.909) '
13 0.687 = 0.078 0.693 + 0.071 0.680 £ 0.083 0.289
(0.498 ~0.961) (0.540~0.961) (0.498 ~0.891)
4 0.679 + 0.087 0.685 + 0.082 0.672 + 0,093 0.347
(0.388 ~0.993) (0.494~0.993) (0.388 ~0.858)
Log? 0.677 £ 0.078 0.685 + 0.072 0.669 + 0.084 0.185
(0.456 ~0.970) (0.545~0.970) (0.459~0.883)
Femur
Neck 0.637 £0.142 0.660 + 0.148 0.614 +0.133 0.041*
(0.205~0.991) (0.248 ~0.991) (0.205~0.884)
Trochanter 0.618 £ 0.086 0.632 + 0.093 0.604 £ 0.076 0.036*
(0.400~0.883) (0.400~0.883) (0.462~0.799)
o g 0.658 + 0.135 0.678 + 0.152 0.639 £ 0.114
Ward's friangle (0.242~1.015) (0.242~1.015) (0.314~0.940) 0.072

1) mean = SD
2D 24=(12+13+14/3
*. p <0.05 significantly different between sex by Student’s t-test

U 2o) 79] AFES B 7~949) il golo] o
FIUTE FHiE 0.704 g/em?e]gla, oof 2679 ¥y
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Table 4. Correlation coefficients between anthropometric mea-
surements and bone mineral density

Lumbar spine Femoral neck

Total Boys Girls Total Boys Girls

Height 0.513** 0.475™ 0538 0.407** 0.211 0.599**
Weight 0.524** 0.480** 0.573** 0.364** 0.265~ 0.453**
Waist  0.440** 0.389** 0.486** 0.257** 0.176** 0.318™
Hip 0.549** 0.537** 0.573** 0.337** 0.314** 0.349**
RBW 0.322** 0296 0.356** 0210 0.253** 0.134

+ p<0.05, *x: p<0.01

7} B A JERh (Table 4).
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Table 5. Bone mineral density by general characteristics

(Unit: g/cm?)

Characteristics

Lumbar spine

Femoral neck

Income (10,000 won/month)

<200 0.707 £ 0.079"° 0.651 £ 0.140
200~ <300 0.676 + 0.073® 0.647 + 0.147
= 300 0.657 = 0.080° 0.610 +£0.134
p-value 0.016* 0.307
Father’s education level
< 12vyear 0.677 = 0.079  0.646 = 0.162
>12 year 0.680 = 0.078  0.633 = 0.134
p-value 0.847 0.615
Mother’s education level
=12 year 0.674 = 0069  0.628 = 0.150
> 12 year 0.681 = 0.087  0.646 = 0.136
p-value 0.586 0.452
Family history of osteoporosis
Yes 0.658 + 0.070" 0.578 £ 0.150
No 0.682 + 0.079  0.647 =0.139
p-value 0.183 0.024*
Family pattern
Nuclear family 0.676 = 0.079"  0.636 + 0.14]
Extended family 0681 £ 0079  0.626 = 0.152
p-value 0.775 0.721
Mother’s delivery age
~25 0.687 £ 0.062” 0.700 + 0.117°
26~29 0.679 = 0.071 0.634 + 0.134™
=30 0.669 = 0095  0.613 £0.159°
p-value 0.596 0.048*
Delivery term
Preterm 0.638 + 0.087 0.613 £ 0.149
Full-term 0.679 = 0.078 0.637 = 0.141
p-value 0.150 0.644
Birth weight
<3.0kg 0.681 =0.097 0594 *+0.148
3.0~<35kg 0.676 = 0.081 0.661 £ 0.137
2 3.5kg 0.678 = 0.061 0.623 = 0.141
p-value 0.939 0.066
Type of feeding
Breast feeding 0.679 £ 0.076  0.621 £0.135
Breast & formula feeding 0.679 = 0.081 0.654 £ 0.144
Formula feeding 0671 £0.074  0.628 £0.144
p-value 0.813 0.459
1) Mean + SD

*: P <0.056 significantly different among groups by one way ANOVA
“: Value with different letters in a column are significantly diffe-
rent among groups at p <0.05 by Tukey's test
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Table 6. Multiple regression analysis by significant variables in descriptive andlysis with bone mineral density

R F

Variables Unstandardized coefficients Standardized coefficients p-value
Lumbar spine
Height 0.00413 0.308 0.036
Weight 0.00054 0.043 0.870
Waist 0.345*** 14.702 —(.00255 -0.238 0.132
Hip 0.00536 0.475 0.000
RBW 0.00040 0.089 0575
Income —0.00006 -0.090 0.171
Femoral neck
Height 0.00920 0.375 0.022
Weight 0.00137 0.059 0.839
Waist 0.196*** 7.290 —0.00698 -0.356 0.044
Hip 0.00505 0.245 0.086
RBW 0.00159 0.191 0.278
Mother’s delivery age -0.00770 -0.156 0.033

=x: p<0.001 significantly different by multiple regression
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FE A% (p=0.022), e © = 0.044), FAAH
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