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A Study on the Factors Affecting Bone Mineral Density in Adult Women
~Based on the Mothers of Elementary School Students - *

Kim, Ki Rang - Kim, Kyung Hee - Lee, Eun Kyung - Lee, Sang Sun’
Department of Food & Nutrition, Hanyang University, Seoul 133-791, Korea

ABSTRACT

The bone mineral density(vertebrae L.1-4, femoral neck, Ward’s triangle and trochanter) of 160 healthy adult women aged 29 - 45
was meastred and general characteristics, anthropometric measurements, and dietary intake were also studied to determine the
main factors affecting the bone mineral density(BMD) of adult women. The nutrient intake of the subjects was adequare ro RDA
level except energy, Ca, Fe, and vit A. The BMD of vertebrac 1.24 showed significant positive association with nutrient intake such
as amimal protein, P, Ca(animal) and Fe(animal). The BMD of the femoral neck correlated significantly with anthropometric
measurements such as height, weight, waist circumference, hip circumnference, body fat and body mass index. The BMD of both
sites(vertebrac 124 and femoral neck) were significantly related to daily energy expenditure. By multiple regression analysis, it was
shown that the strongest determinant affecting the BMD of vertebrae 124 was daily Ca intake and that of femoral neck was daily
energy expenditure. In conclusion, adequate nutrient intake, especially protein, P, Ca and Fe as well as increases in physical activity
were suggested to prevent the loss of bone mineral density in adult women. (Korean J Nutrition 33 (3) : 241~249, 2000)

KEY WORDS: bone mineral density, nutrient intake, anthropometric measurement, energy expenditure.
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Table 1. Characteristics and bone mineral density of subjects

Variables Mean £ S.D.

Age(yrs) 35.7 £ 2.98

Anthropometric variables
Height(cm) 157.0 + 5.38
Weight(kg) 57.0 +£7.90
Waist(cm) 756 + 7.96
Hip(cm) 933 = 5.81
Body fat(kg) 29.7 £ 434
Body mass index(kg/m?®) 232 = 3.08
Waist-hip ratio 0.81 + 0.06

Table 2. Bone mineral density of subjecls
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Variables BMD(g/em?)” % Age-matched” Z-score” % young adult T-score”
L1 1.095 = 0.132 98.98 + 11.67 -0.008 = 1.15 103.37 + 12,40 0.294 £ 110
L2 1.184 + 0.143 100.99 £+ 10.97 0.091 = 1.07 105.27 £ 11.75 0514 £ 113
L3 1.216 £ 0.155 104.79 = 10.93 0.457 = 1.06 109.15 + 11.42 0.857 £ 1.07
L4 1.232 + 0.135 11100 £ 71.44 0.532 = 1.09 110.01 £ 12,15 0.939 £ 1.13
124 1.213 £ 0127 103.89 = 10.62 0.375 = 1.04 108.33 = 11.31 0.778 + 1.06
Femoral neck 0.939 + 0.120 109.27 + 68.45 0.288 = 0.94 104.37 = 13.32 0.330 £ 1.00
Ward's triangle 0.873 £ 0.164 100.00 = 16.88 -0.001T = Q.16 99.87 = 17.53 ~0.017 £ 1.18
Trochanter 0.801 + 0.110 103.78 = 13.29 0.260 = 0.94 106.51 = 14.74 0.446 £ 0.99
Average 1.001 +£ 0323 105.43 &£ i2.24 0.457 = 1.12 106.50 = 15.20 0.500 £ 0.95
1) Mean + S.D.

Subject's BMD x 100 Subject's BMD — Age Matched BMD
2) % Age-Matched = 3) Z-score =

Standard Deviation of Age Matched BMD
Subject's BMD x 100

Standard Deviation of Age Matched BMD

4) % Young Adult =

Subject's BMD - Young Adult BMD(20 - 49year)

5) T-score = —
Standrd Deviation of Young Adult BMD(20 - 49year)

6) Mean value of L2, L3 and L4

Standard Deviation of Young Adult BMD(20 - 49year)
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Table 3. Daily nutrients intakes and Percent RDA of nutrient in-
takes
Nutrients Intakes" % RDA"
Energy(kcal) 1696.0 £ 419.0 84.8 £ 210
% of total energy
From carbohydrate 630+ 85
From fat_ 209 £ 7.2
From protein 160 £ 47
Protein(g) 67.8 + 267 1129 + 445
Animal 335 & 194
Plant 342+ 179
Fat(g) 409 £ 21.0
Cholesterol(mg) 252.1 £ 1937
Carhohydrate(g) 2643 £ 649
Fiber(g) 4.2 + 3.0
Calcuim(mg) 469.0 = 174.2 67.0 & 249
Animal 2043 + 1376
Plant 2647 = 101.2
Phosphorus(mg) 10242 + 2748 146.3 + 39.3
Iron{mg) 8.0 + 3.6 443 =199
Animal 25 + 1.8
Plant 47 &£ 29
Sodium{mg) 4659.8 + 18229
Potassium(mg) 25418 = 765.7
Vit AR.E.) 625.1 £ 386.3 89.3 £ 55.2
Retinol(ng) 112.8 £ 1584
B-Carotene(ug) 2707.1 + 1919.0
Thiamin(mg) 14 + 0.7 143.3 + 70.6
Riboflavinimg) 1.2 £ 0.5 97.9 £ 458
Niacin(mg) 13.1 £ 6.6 1009 £ 509
Vit C(mg) 88.2 + 48.1 160.3 £ 87.5
1) Mean + S.D.
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Table 4-1. Bone mineral density by general characteristics

E T
Bone mineral density

Variables N(%)
124 Fermoral neck
Education level
Elementary school  2( 1.3) 1.2435 + 0.1492 0.9105 £ 0.0559
junior high school ~ 5( 3.2) 1.1700 £ 0.1221 0.9582 + 0.1125
High school 71(44.9) 1.2043 £0.1234 0.9380 £ 0.1135
University 80(50.6) 1.2245 £ 0.1324 0.9429 + 0.1286
p-value 0.653 0.962
Job
Yes 41(25.6) 1.1816 £ 0.1164 09323 + 0.1132
No 119(74.4) 1,2238 £ 0.1294 0.9415 + 0.1229
p-value 0.066 0.675
Income
(10000won/month)
< 200 34(21.3) 1.2461 + 0.1401  0.9990 + 0.1381*
200 = < 250 40(25.0) 1.2287 = 0.1374 0.9306 £ 0.1313"
250 = < 300 39(24.4) 1.1851 £ 0.0969 0.9300 £ 0.0958"
= 300 47(29.4) 1.1988 + 0.1271 0.9106 + 0.1064"
p-value 0.146 0.008**
Alcohol drinking .
Yes 81(50.6) 1.2058 £ 0.1217 0.9486 + 0.1262
No 79(49.4) 1.2204 £ 0.1330 09294 £ 0.1138
p-value 0.251 0.446
Weight control
Yes 36(22.5) 1.2382 £ 0.1231 09417 £ 0.1106
No 124(77.5) 1.2057 £ 0.1279 0.9384 + 0.1233
p-value 0.178 0.884
Aerobic exercise
Yes 124(77.5) 1.2176 £ 0.1260 0.9397 £ 0.1229
No 36(22.5) 11973 £ 01317 09373 £ 0.1123
p-value 0.400 0.915
1) Mean £ 5.D.

*p < 0.01 significantly different among age groups by oneway

ANOVA

“"Value with different letters in a column are significantly different
among groups at < 0.05 by Tukey's test
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Table 4-2. Bone mineral density by general characteristics

) Bone mineral density”
Variables Y

N(%)
L24 Femoral neck

Family history of bone

disease
Athritic Yes 61(38.1) 1.2131 &+ 0.1129 0.9500 + 0.1176
bone dz.  No 99(61.9) 1.2129 + 0.1358 0.9324 + 0.1219
p-value 0.993 0.371
Fracture Yes 131(83.4) 1.2160 4+ 0.1321 0.9356 + 0.1211

No 26(16.6) 1.2046 + 0.1075 0.9611 + 0.1188
0.680 0.327
Osteoparosis  Yes 33(20.6) 1.2150 £ 0.1269. 0.9581 £ 0.1239

No 127(79.4) 1.2125 - 0.1278 0.9342 + 0.1193

p-value

p-value 0.921 0.312
Mother's first delivery
age
20s 109(68.1) 1.2198 + 0.1207 0.9383 + 0.1196
30s 51(31.9) 1.1984 + 0.1402 0.9410 + 0.1228
p-value 0.438 0.434

Type of feeding

36(22.6) 1.2178 + 0.1249 0.9616 + 0.1188

60(37.7) 1.2133 £ 0.1271 0.9295 + 0.1123

63(39.6) 1.2095 + 0.1314 0.9341 =+ 0.1287
0.953 0.420

Breast feeding
Mixed feeding
Formula feeding
p-value

Daily energy
expenditure(kcal)

Low(< 1850) 53(33.5) 11771 + 0.1312° 0.8873 =+ 0.1094"

Moderate

(1850 - 2162) 51(32.3) 1.2158 + 0.1034" 0.9459 + 0.1196"
High() 2162) 54(34.2) 1.2415 &+ 0.1330° 0.9832 <+ 0.1157"
p-value 0.028* 0.0004*=

Body mass index(kg/m’)

<20 25(15.6) 1.2039 £ 0.1260 0.9165 + 0.1140
20-25 99(61.9) 1.2028 + 0.1193 0.9285 + 0.1159
26 - 30 24(15.0) 1.2383 + 0.1366 0.9820 + 0.1077

> 30 12( 7.5) 1.2655 - 0.1666 0.9885 + 0.1667
p-value 0.290 0.070

1) Mean + 5.D.

*p < 0.05, ***p < 0.001 significantly different among age groups
by oneway ANOVA

“Value with different letters in a column are significantly different
among groups at < 0.05 by Tukey's test
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Table 5. Bone mineral density by taking supplements

Bone mineral density”

a,
Supplement NGl L24 Femoral neck
Calcium
Before Yes 14(9.0) 1.2286 = 0.1751 0.9574 £ 0.1400
pregnency No 142{91.0) 1.2116 £ 0.1238 0.9373 + 0.1196
p-value 0.636 0.555
During Yes 84(53.8) 1.2238 £ 0.1243 0.9366 + 0.1259
preghancy No 72(46.2) 1.2007 £ 0.1332 0.9419 = 0.1162
p-value 0.265 0.784

Present Yes 19(11,9) 1.2427 + 0.1599 0.9614 + 0.1385
No 141(88.1) 1.2090 + 0.1223 0.9362 = 0.1178

Table 6. Correlation coefficient of anthropometric variables and nu-
trient intakes with bone mineral density

Bone mineral density

p-value 0.279 0.392
Vitamin-mineral
complex
Before Yes 18(11.5) 1.2509 + 0.1541 0.9614 + 0.1604
pregnancy  No 138(88.5) 1.2082 + 0.1247 0.9361 £ 0.1155
p-value 0.186 0.406
During Yes 45(28.8) 1.2558 + 0.1486 0.9820 * 0.1408
pregnancy  No 111(71.2) 1.1958 = 0.1158 0.9217 + 0.1081
p-value 0.008** 0.005*
Present Yes 22(13.8) 1.2184 4+ 0.1649 0.9492 + 0.1523
No 138(86.3) 1.2121 £ 0.1208 0.9375 + 0.1149
p-value 0.832 0.673
1) Mean =+ S.D.

**n < 0.01 significantly different among age groups by t-test
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Variables
L24 Femoral neck
Anthropometric  Height(cm) 0.218** 0.180*
variables Weight(kg) 0.223** 0.300**
Body fat(%) 0.102 0.188*
Waist(cm) 0.076 0.194*
Hip(cm) 0.037 0.215**
Body mass index(kg/my  0.112 0.219*
Waist-hip ratio -0.019 0.132
Nutrients Energy(kcal) 0.030 0.030
Protein(g) 0.187* 0.082
Animal 0.208** 0.110
Plant 0.021 -0.027
Fat(g) 0.050 0.033
Cholesterol(mg) -0.022 -0.062
Carbohydrate(g) -0.050 -0.038
Fiber(g) 0.044 0.132
Calcium(mg) 0.268** 0.099
Animal 0.184* 0.099
Plant 0.132 -0.002
Phosphorus(mg) 0.175* 0.073
[ron{mg) 0.104 0.008
Animal 0.204* 0.112
Plant -0.039 -0.020
Sodium(mg) 0.088 0.021
Potassium(mg) 0.129 -0.002
Vit A(R.E.) 0.060 0.007
Retinol{pg) 0.075 0.004
B-Carotene{ug) -0.053 - 0.076
Thiamin{mg) -0.007 -0.029
Riboflavin{mg) 0.058 -0.071
Niacin{mg) 0.091 0.003
Vit Clmg) 0.059 0.009

*p < 0.05, **p < 0.01 significantly different by Pearson's correlation
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Table 7. Multiple regression analysis by significant variables in descriptive analysis with bone mineral density

R® F Unstandardized coefficients  Standardized coefficients p-value

Lumbar spine
Calg/day) 0.1630 0.499 0.002
Animal Cal(g/day) 0.0163 0177 0.364
Protein(g/day) -0.0148 -0.037 0.819
Animal Protein(g/day) 0.243%** 4.719 0.0655 0.276 0.103
Phosphrous{g/day) -0.1830 -0.375 0.023
Animal Fe(g/day) 0.0269 0.129 0.257
Energy expenditure(kcal) 0.0005 0.206 0.040
Height(cm) 0.0037 0.155 0.059
Weight(kg) 0.0011 0.069 0.501

Femoral neck
Energy expenditure(kcal) 0.0006 0.221 0.029
Height(cm) 0.0038 0.172 0.615
Weighttkg) 0.1674 3.647 0.0003 0.026 0.968
Body fat(%) 0.0003 0.010 0.946
Waist(cm) 0.0014 0.091 0.434
Hiplcm) -0.0015 -0.074 0.543
Body mass index(kg/m?) 0.0045 0115 0.860

**p < 0.01, **p < 0.001 significantly different by muttiple regression
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