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ABSTRACT

The purpose of this study is to investigate the dictary intake and bone mineral density(BMDs) in college women(n = 10), female
swimmers(n = 10), and female weight lifters(n = 10). BMDs of lumbar spine(1.2-14), femoral neck, ward's triangle, and trochanter
were measured with dual-energy X-ray absorptiometry. The results are summarized as follows. In swimmers and weight lifiers, mean
daily intakes of energy, protein, and fat were higher than those of college women and the intake of carbohydrate was significantly
high in weight lifters. Also in swimmers and weight lifters, mean daily intakes of animal food, phosphorus, vitamin A, vitamin B,,
vitamin B,, niacin, vitamin C, and cholestero} were found higher than those of college women but there was difference among the
types of exercise. According to correlation analysis between nutrient intake and BMDs, intakes of energy, protein, carbohydrate,
and vitamin B, were positively associated with BMDs of lumbar spines. According to stepwise multiple regression analysis, BMDs of
lumbar spines were affected by intakes of protein, Fe, phosphorus, and vitamin B,, also BMDs of femur were affected by each of
vegetable protein, dietary fiber, and Fe. From the above explanation, the nutrient intakes can be independent factor besides exercise.
In conclusion, the weight lifting, resistant exercise, resulted in increase of both BMDs of lumbar spines and femur specially in
growing and adult period of female. Whereas swimming lead to increase of BMDs of lumbar spine and decrease of BMDs of femur
in female. (Korean J Nutrition 34(6) : 645~655, 2001)
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Table 1. General characteristics of subjects
Variables Mean + SD Range

Age(years) 209+ 24 18.0- 30.0
‘Weightke) 606+ 128 410 970
Height(cm) 1624 + 59 150.0- 171.0
Body fat(%) 231+ 50 13.6- 31.5
Lean body masstkg) 466 + 9.0 323~ 705

Table 2. Bone density of lumbar spine by exercise type
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Exercise type(Mean + SD)

Bone mineral density of lumbar
Generalin = 10)

Weight lifter(n = 10) Swimmer(n = 10)

Lumbar 1 BMD(g/cm’) 1.28 + 0.07° 1.08 £ 0.10°
Young adult’ N 183+ o061 015 + 083
ET(%) 12067 + 6.98° 101.56 + 9.22°
"""" Age matched® | Z | o082+ 042 056+ 085 049 + 096°
L Z20%) 10611 + 8.59° 94.78 + 10.20°
Lumbar 2 BMD(g/cm?) 135 + 0.10° 116 + 0.08°
"""" Young adult i1
) Age matched . Z | 069 + 048" 080+ 115 7 Co28+ o078
Lumbar 3
"""" Young adult

Age matched

042N 5.2)

+ 06 + 0.
Z(%) 98.00 + 4.56™" 108.00 £ 11.83 99.44 + 9.06
Lumbar 4 BMD (g/em’) 1.09 + 0.10° 1.38 + 0.09° 117 + 0.12°

" Young adult i T 029 + 084 221+ 0760 043+ 0977
T(%) 97.11 + 9.13° 123.60 + 8.24° 104.67 + 10.37°

"""" Age matched | Z Z034 + 068" 1es+ 1t T T 020 % 1100
Z(%) 96.22 + 7.14° 111.00 +10.77° 97.11 + 11.55°

1) Subscripts with different alphabets in a row are significantly different at p < 0.05 by Duncan's multiple range test.

2) N.S.: Not significant
3) Korea AP spine reference population, ages 20 - 45
4) Matched for age, weight, ethnic.



648/ SFAT 5] FUE 2 AU

Table 3. Bone density of femur by exercise type

Bone mineral density of lumbar Exercise type(Mean + SD)
General(n = 10) Weight lifter(n = 10) Swimmer(n = 10)
Neck BMD(g/cm’?) 1.00 = 0.09"" 117 £ 0.07° 092 + 0.09°
"""" Young adul® 1 T 086 + 072 21+ 066 015+ 078
LT 11156 + 9.74° 12678 = 8.76° 102.11 + 10.42°
"""" Age matched” z T o7 o T i oe0 S 019 + 083
Z(%) 11033 + 10.64° 12122 + 7.63° 97.56 + 10.53°
Ward's BMD(g/cm’) 095 + 0.11° 120 + 012 079 + 0.29¢
"""" Young adult i 71 | 058+ 08" 230+ 089 ~023 £ 1.10°
T(%) 108.33 + 12.61° 13311 + 12.58° 96.56 + 16.20°
""""" Age matched |z 046 + 093° 191 + 089° ~058 £ 1.12°
L2 106.78 + 13.51° 126.22 + 12.26 92.11 + 15.80°
Thochanter BMD(g/cm?) 0.80 + 0.07° 1.07 = 0.09° 073 £ 0.11°
""""" Young adult P 045 + 0.64° 133.11 + 12.58° -0.20 + 0.98°
£ 1) 106.56 + 9.46" 137.11 +10.89° 97.11 + 14.40°
Age matched | Z 043 1 0690 231 £ 072 ~0.50 + 099°
Lz 10633 + 10.23" 13133 + 1007 9311 +13.67°

1) Subscripts with different alphabets in a row are significantly different at p < 0.05 by Duncan's multiple range test.

2) Korea AP spine reference population, ages 20 - 45
3) Matched for age, weight, sex and ethnic.
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Table 4. Nutrient intakes of subjects by exercise type(Mean £ SD)

il )

o K

%ol Yoty A @2 rEHoiM

RS BB EIE 3406 645~655, 2001/649

WEAQN AP 5 Ak Fdo] Ao FAHFE e
2N FUEE 7}"]{‘4L RE & 5 AU} o]t 2ol
g3 TFol 839 dEEFY =g TS A
Fuhate] FYA F7e WA o] F3A il o3 3
A& o] % (cortical drift) & 7158A17| 1 FHAE S F7}
A717] Hgoleba gt

hd oJe] AT AP 5 =Y TR 9%
vl ddka gk Wolman 570] $544E aos 27
A &% FEHRE AFEY] UEE v wdyS W A7
ge]7] AeEe] Fdert /P wA Vet o dxet 2
AAFEL UP iz ot 2polrt ATk gt et

A4 ge2ly] Aese] FUs FARA ol M
FA T Hof A AHEFR 93 FLE Aol oA
A3 AAE RolA] Y= How U]—Erfﬂ B oo {4 -
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Nutrient Exercise type

General(n = 10) Weight lifter(n = 10) Swimmer(n = 10}
Energy(kcal) 14127 + 480.0” 26425 + 753.1° 23773 + 989.3°
Energy: RMR" 115+ 041° 176 + 042 169 +  0.69°
Protein(g) 417 = 149° 958 + 31.1° 934 + 4527
Protein(% kcal) 118 = 18 145 + 26 154 + 2.7°
Protein(g/kg wt) 0.84 +  035° 14 +  05° 15 £+ 07
Fat(g) 374 £ 197 817 + 248 883 + 47.1°
Fat(% kcal) 228 £ 52° 281 £ 55% 315 + 84
Carbohydrate(g) 2225 + 539 3776 =+ 122.8° 2918 + 1056
Carbohydrate(% kcal) 648 + 7.2° 571 +  6.8° 518 + 12.3°
Fiber(g) 42 + 21N 63 =+ 2.5 46 =+ 2.0
Calcium(mg) 3842 + 158.5™* 5827 + 2463 51510 + 2906
Phosphate(mg) 6874 + 197.6° 12679 + 381.5° 12058 + 588.0°
Iron(mg) 140 =+ 7N 13.7 + 7.1 145 + 6.0
Na(mg) 32310 + 1531.7" 4182.4 + 1552.1 3629.9 + 1658.7
K(mg) 1953.4 + 7647 25545 + 1115.7 2750.1 + 12281
Vitamin AR.E.) 4367 + 2970° 7116 = 532.3° 7055 + 364.1°
Vitamin B1(mg) 082+ 030 14 +  05% 11+ o4
Vitamin B2(mg) 083 + 030 13 = 06® 14 + 08
Niacin(mg) 85 + 3.9° 19.5 + 8.7 213 + 102}
Vitamin C(mg) 90.7 + 9777 160.4 + 163.6 1058 + 676
Cholesterolimg) 1250 + 7200 4267 & 3725 3853 £+ 251.4°

1) RMR: resting metabolic rate(kcal/day)

2) Subscripts with different alphabets in a row are significantly different at p < 0.05 by Duncan's multiple range test.

3) N.S.: not significant
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Table 5. Nutrient intakes of subjects by exercise type(Mean % SD)
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Nutrient Exercise type

General(n = 10) Weight lifter(n = 10) Swimmer(n = 10)
Animal protein(g) 176 £ 109" 516 + 240 60.1 + 34.2°
Vegetable protein(g) 241 + 84 477 + 19.9° 334 + 151
Animal fat(g) 149 + 12.1° 39.7 + 20.9° 543 + 32.8°
Vegetable fat(g) 226 + 10.8° 420+ 13.8° 340 + 233®
Animal calcium(mg) 182.4 + 140572 3353 + 2354 2480 + 2153
Vegetable calcium(mg) 201.8 £ 55.4™ 247.3 + 119.0 267.2 + 112.8
Animal iron(mg) 27+ 21° 501+ 29® 6.6 + 4.6°
Vegetable iron(mg) 114+ 7.8 88+ 54 82+ 32

1) Subscripts with different alphabets in a row are significantly different at p < 0.05 by Duncan's multiple range test.

2) N.S.: not significant
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Table 6. Correlation coefficients between bone mineral density of lumbar spine and nutrient intakes(Energy unadjusted & Energy adjusted)
i Lumbar 1 BMD Lumbar 2 BMD Lumbar 3 BMD Lumbar 4 BMD
Nutrient Unadjust. Adjust. Unadjust Adjust. Unadjust Adjust. Unadjust Adjust.
Energy 0.379* 0.404* 0.303 0.233
Protein 0.333 0.629%** 0.375* 0.656*** 0.254 0.558** 0173 0.535**
Fat 0.230 0.369 0.295 0.410* 0.196 0.345 0.094 0.286
Carbohydrate 0.483** 0.616%** 0.461** 0.578* 0.382* 0.532%* 0.355 0.563**
Fiber 0.176 0.325 0.182 0.337 0.172 0.371 0.189 0.480**
Cholesterol. 0.299 0.164 0.269 0.116 0.143 0.019 0.134 0.071
Ca 0.134 0.355 0.198 0.391* 0.142 0.375* 0.005 0.282
P 0.284 0.607*** 0.330 0.624%** 0.204 0.524** 0.139 0.532**
Fe -0.159 -0.302 -0.167 ~0.303 -0.211 -0.296 ~0.252 -0.283
Na 0.136 0.343 0177 0.363 0.124 0.343 0.020 0.285
K 0.064 0.178 0.105 0.195 0.024 0.150 -0.051 0.127
Vit. A 0.179 0.239 0.149 0.191 0171 0.251 0.124 0.244
Vit. B1 0.393* 0.476* 0.435* 0.518** 0.421* 0.535** 0.304 0.444*
Vit. B2 0.111 0.137 0.165 0.155 0.054 0.082 -0.081 -0.029
Niacin 0.237 0.333 0.299 0.386* 0.243 0.383* 0.121 0.290
Vit. C 0.253 0.215 0.205 0.202 0.282 0.267 0.280 0.258
Ani. protein 0.232 0373 0.326 0.452* 0.229 0.391* 0.094 0.288
Veg. protein 0.376* 0.500%* 0.084 0.383* 0.163 0.349 0.149 0.481**
Ani. fat 0.112 0.288 0.215 0.379* 0.138 0.338 - 0.009 0.220
Veg. fat 0.319 0.494** 0.301 0.430* 0.207 0.373* 0.216 0.473*
Ani. Ca 0.120 0.135 0.185 0.169 0.129 0.153 -0.029 0.014
Veg. Ca 0.087 0.087 0.104 0.091 0.081 0.130 0.071 0.186
Ani. Fe 0.024 0121 0117 0.213 0.111 0.268 -0.033 0.150
Veg. Fe 0.198 -0.358 0.267 - 0.407* 0.312 -0.427* 0.269 -0.353

*: significant at p < 0.05 ++: significant at p < 0.01

*ork SIgmflcant atp < 0.001
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Table 7. Correlation coefficients between bone mineral density of femur and nutrient intakes(Energy unadjusted & Energy adjusted)

Nutrient Neck BMD Ward's BMD Trochanter BMD
Unadjust. Adjust. Unadjust Adjust. Unadjust Adjust.
Entrient 0.153 - 0.009 0.281
Protein 0.037 0.207 -0.150 0.067 0.160 0.311
Fat -0.023 ~-0.090 ~0.163 -0.136 0.110 0.023
Carbohydrate 0.331 0.174 0.186 0.150 0.440* 0.250
Fiber 0.120 0.270 0.161 0.346 0.430* 0.567**
Cholesterol. 0.155 0.010 -0.088 -0.183 0.133 0.159
Ca -0.017 0.181 -0.122 0.136 0.129 0.321
P -0.012 0.226 -0.188 0.094 0.136 0.365
Fe -0.113 ~-0.308 -0.154 -0.204 0.011 -0.220
Na 0.007 0.128 ~0.106 0.076 0.105 0.210
K -0.214 -0.254 -0.241 -0.165 0.024 0.003
Vit. A -0.067 ~0.057 -0.153 -0.086 0.023 0.010
Vit. B1 0.230 0.272 -0.053 0.007 0.285 0.296
Vit. B2 -0.142 -0.187 -0.249 -0.19 0.032 -0.019
Niacin -0.051 -0.041 ~0.167 ~-0.073 0.134 0.133
vit. C -0.009 -0.174 0.257 0.124 0.366 0.238
Ani. protein -0.064 0.016 -0.276 -0.155 0.011 0.048
Veg. protein 0.188 0.387* 0.114 0.393* 0.208 0.519*
Ani. fat -0.107 0.030 -0.253 -0.072 -0.003 0.112
Veg. fat 0.116 0.331 0.039 0.334 0.241 0.425*
Ani. Ca 0.057 0.083 -0.108 -0.031 0.108 0.095
Veg. Ca -0.154 -0.158 -0.077 0.059 0.096 0.086
Ani. Fe -0.100 -0.042 ~0.261 -0.151 -0.029 -0.008
Veg. Fe -0.075 -0.302 -0.346 -0.133 0.567** -0.226

= significant at p < 0.05 *k significa;at atp < 0.01
p = 0.0303, p = 0.0013, p =0.0398, p=0.0004, p=
0.0048, p = 0.0425, p = 0.0158, p =0.0443, p = 0.0466
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Table 8. Energy-adjusted nutrient predictors for bone mineral density of lumbar spine

B &5k 34(6) . 645~655, 2001/653

Dependent variable{ Independent variable b SE(b) ttest p-value Beta Beta X r* x 100
L, BMD Intercept 1.1019 0.0982 11.217 0.0001
Protein 0.0030 0.0007 4.179 0.0004 0.5912 37.19
Fe -0.0156 0.0055 ~2.843 0.0092 -0.4022 1215
R’ of model(%) = 49.3
L, BMD Intercept 1.1605 00931 12469 oo001 T
Protein 0.0033 0.0007 4.710 0.0001 0.6278 41.2
Fe -0.0154 0.0052 -2.950 0.0070 -0.3931 11.9
R’ of model(%) = 53.1
L, BMD intercept 12142 00931 13.047 0.0001
Protein 0.0024 0.0007 3.483 0.0019 0.5315 296
Fe -0.0128 0.0052 —-2.444 0.0223 -0.3729 11.0
R* of model(%) = 40.6
L, BMD intercept - 1.2490 0.0929 13.442 ooo01 T
P 0.0004 0.0001 5.656 0.0001 0.8793 46.7
Vit.B2 -0.2326 0.0597 -3.895 0.0007 -0.6063 1.8
Fe -0.0177 0.0049 -3.639 0.0014 -0.4342 12.3
R* of model(%) = 60.8
+: r = Pearson correlation coefficient
Table 9. Energy-adjusted nutrient predictors for bone mineral density of femur
Dependent variable | Independent variable b SE(b) t-test p-value Beta Betax r* x 100
Neck BMD Intercept 0.8903 0.0690 12.905 0.0001
Vegetable protein 0.0044 0.0021 2142 0.0425 0.4006 15.5
R? of model(%) = 15.5
“Ward's BMD Intercept 0.7161 01298 5515 oooo1 T
Vegetable protein 0.0083 0.0039 2.144 0.0423 0.4010 15.8
R? of model(%) = 15.8
“Trochanter BMD | Intercept 0.7300 '0.1158 6303 0.0001 T
Fiber 0.0748 0.0180 4,157 0.0004 0.6421 36.4
FE ~0.0142 0.0067 -2.115 0.0455 -0.3266 7.2

R? of model(%) = 43.6

+: r = Pearson correlation coefficient
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