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Effect of Dietary Factors on Bone Mineral Density in Korean College Women
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ABSTRACT

This study was conducted to investigate dietary and other factors affecting bone mineral density in young Korean collage women.
Thirty subjects were recruited; the mean age was 22.1 years and the mean age at menarche was 12.6 years. Bone mineral density
(BMD) was measured in the spine (LS), femoral neck (FN), ward's triangle (WT), and femoral trochanter (FT) by Dual Energy X-ray
Absorptiometry (DEXA), and physical activity was assessed by a questionnaire. Dietary intake data were obtained 8 times by using a
24 hour recall method to evaluate the subjects' usual diet. Bone mineral densities of lumbar spine, femoral neck, ward's triangle and
femoral trochanter were 1.149 g/cm’, 0.980 g/cm’ 0.936 g/cm’ and 0.759 g/cm’ respectively. The mean energy intake of
subjects was 1,790kcal, and calcium and iron intakes were found to be inadequate compared to the Korean RDA. The BMD of the
lumbar spine was significantly and positively related to the BMI and intake of vitamin C, carbohydrate, potatoes, fruits and plant
food. The BMD of the femur (FN, WT, FT) was positively related to the BMI, to carbohydrate and fruit intake, and to the
percentage of plant food in total food intake. Multiple regression analysis showed that fruit intake was significantly related to the
BMD of the LS. The subjects' ages and fruit intakes were significantly related to the BMD of the femur (FN, WT, FT). These results
indicate that higher fruit intakes may have a beneficial effect on bone mineral density. (Korean J Nutrition 35(4) - 464~472,2002)
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Table 1. General characteristics of the subjects (n =30
Mean SD Range
Age (yr) 221 1.2 20-26
Menarche (yr) 126 1.2 10-15
Postmenarcheal period (yr) 95 15 7-13
Height (cm) 159.4 49 152-168
Weight (kg) 51.7 6.2 424-63.0
BMI (kg/m?) 20.3 2.1 169-251
Physical activity coefficient 16 0.2 1.3-21
Resting energy expenditure (kcal)” 1281 48 1209 -1367
Energy expenditure (kcal)” 2057 265 1673 -2576
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1) REE = (14.7 X Body weight) + 496: 20 - 29 years old women
2) Energy expenditure = REE X physical activity coefficient

Fig. 1. Bone mineral density of subjects. LS: lumbar spine, FN:
femoral neck, WT: ward's triangle, FT: femoral trochanter.
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Table 2. Daily nutrient intake of subjects (n = 30)
Mean + SD Range
Energy (kcal) 1790 * 247 1312 - 2189
Protein (g) 649 £+ 13.2 44.1 - 919
Fat (g) 48.1 = 9.8 33.1 - 763
Carbohydrate (g) 273 + 369 203 - 332
Calcium (mg) 487 + 144 260 - 858
Phosphorus (mg) 907 + 178 613 - 1322
Iron {mg) 11.6 £ 2.6 78 - 194
Sodium (mg) 3693 £ 1394 2025 - 9158
Potassium (mg) 2205 + 435 1508 - 3618
Vitamin A (RE) 547 + 163 266 - 986
Vitamin B; (mg) 099 £ 0.2 0.67 - 16
Vitamin B, (mg) 0.97 + 0.2 0.52 - 16
Niacin (mg) 140 £ 3.1 95 - 19.7
Vitamin C (mg) 81.9 + 29.1 399 - 151
Zinc (mg) 80+ 17 53 - 121
Cholesterol (mg) 304 + 105 142 - 539
Ca/P ratio 0.53 £ 0.1 0.39 - 0.77
Ca/Protein ratio 75+17 49 - 13.1

—o— This study
—u— RDA

Fig. 2. Nutrient intake of subjects as percent of Korean RDA.
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£ H 1,000& F3lo] J%¥A AE (nutrient density)E
AXFet% T (Table 3). Shim $%°] §=¢19) Jddels
AR Wwg Ag vy, 2 430 doiF e g}
Aol 30~494, 50~694] Bt} AX wou} gL AL T
Hlws] B A Zpolzt UA] Q= AL B 4 ik a#
22 QoY 24 e 44, 23 259 EAE /A
3 .
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Table 3. Nutrient density of daily intake of subjects

Table 4. Intake of food group of subjects (n=30, unit: g/day)

Mean + SD Range Food groups Mean + SD Range "98NHNS”

Protein (g/1000 kcal) 36.1 +4.3 28.0 - 43.2 Plant food
Fat (g/1000 kcal) 26.8 + 3.1 21.5 - 37.0 Cereals & grain products 298 + 515 213 - 411 3114
Carbohydrate (g/1000 kcal) 153 £ 8.5 135 - 169 Potatoes & starches 603 +387 125 - 136 37.7
Calcium (mg/1000 kcal) 272 + 68.0 162 - 408 Sugars & sweets 10.0 + 4.1 3.7 - 204 8.5
Sodium (mg/1000 kcal) 2052 + 644 1388 - 4650 Legumes & their products 37.7 = 31.9 0-137 26.7
Phosphorus (mg/1000 kcal) 506 + 62.4 390 - 616 Seeds & nuts 83+128 0 - 60.2 2.5
fron (mg/1000 kcal) 6.5+ 1.2 49 - 938 Vegetables 193 +£542 101 - 310 265.1
Potassium (mg/1000 kcal) 1233 + 169 949 - 1684 Fungi and mushroom 11.8 +14.2 0 - 48.0 5.9
Vitamin A (RE/1000 kcal) 306 £ 81 176 - 450 Fruits 205 + 99 45.9 - 448 251.4
Vitamin B; (mg/1000 kcal) 0.55 + 0.1 042 - 092 Seaweeds 53+ 56 0.8 — 247 9.6
Vitamin B, (mg/1000 kcal) 0.54 £ 0.1 0.34 - 0.76 Beverage 118 £ 79.6 0-375 1009
Niacin (mg/1000 kcal) 78+ 13 55 - 10.1 Seasonings 298+87 139-565 233
Vitamin C (mg/1000 kcal) 46.3 £ 169 19.8 - 84.7 Oil and fats(plant) 105 + 3.7 6.1 - 18.2 6.1
Zinc (mg/1000 kcal) 45+ 06 35-55 Others(plant) 51.7 £57.3 0 - 204 4.1
Cholesterol (mg/1000 kcal) 168 + 46.3 81.5 — 281 Subtotal 1040 + 155 714 - 1282 1053.2

NE AL AEPELS Table 491 YEHATH 19989% A::“a' food .
eat, poultry & their

F9A% - GERTA 98 Ut 4190 20~204 A4S products 8372366 275 -149 654
ALy Mk B Aol H]Iﬂ_z‘sﬁ HE 3 AZTHAT Eggs 379+160 25-734 250
o] B a3yl 9 1452 go] A7 - ok 1A 9] Fishes & shell fishes 56.0 + 30.5 79 -170 55.2
49l RL 1273 g2 B AF E}]N’X}——O] NE QA7 o M.ilk & milk pro'ducts 191 + 955 0 - 444 71.7
Be Aoz ehton =3 224 )\1::_“} NBA AE Oil and fafs (animal) 43 +9.7 0 - 47 2.6
Others (animal) 39.1 £ 56.2 0 - 240 0.1
02 Wyo] RS W 4B AF ARZE WV F Subtotal 412108 113 - 680 2200
B4 AF AFAFL O B o2 Vet AETER Total 1452 + 171 1039 - 1809 1273.2
AHRE &8 UFE oiE 4% S3 & B2A AE  Plant food (%) 716+ 68 581-902 827
= o) Animal food (%) 284 +6.8 98 - 419 17.3

HFT T

2o HHE = bRt A2
Ae 2%, AxF, A2FE ANG ZE 4F2e WA
wokoh

3. 2RSS MY, TEYC, MMTF Y FEETY
?'i%‘TJr 27, 27339 7178, BMI, AA&F AFER
TUES Fo T&?ﬂ% Table 5ol VEFATE thE) 7379} o}
=zt dE e fro A ok i94 FRBAE B,
¢ Fo A ot

94 BAYL Yeh)
A Zfom QAT AN Je TEAF, FAD
g oA AHlE 2% 2L ol BHAL Yehy
A £}

BUT No| 47 YEfere) YEEY
Al 99 U HAF UL BE, JENRY
3t 2UTote] 42 ATE Table 69 ehct.
g HAE S 23 U9} v C} %

1) Daily intakes of food group of 20— 29 year women from 1998
National Health and Nutrition Survey Report, 1999

Table 5. Pearson correlation coefficients between bone mineral
density and nondietary factors

Bone Mineral Density

LS FN WT FT
Age -0.1968 -0.3330% - 0.3544" ~0.2275
BMI 0.3604% 0.3165" 0.3287% 0.3826*
Menarche -0.1462 -0.2208 -0.2392 -0.1086
Postmenarcheal period -0.0410 -0.0906 -0.0931 -0.0957
Physical activity -0.0037 00660 00203 00514
coefficients

Energy expenditure -0.0792 -0.0226 -0.0822 -0.0056
Energy balance 0.0325 0.0654 0.1053 0.0638

1) LS: Lumbar spine, FN: Femoral neck, WT: Ward's triangle, FT:
Femoral trochanter

2) +:005 <p <01+ p <005

3) Energy balance = Energy expenditure - Energy intake

a4 L 9%s Uxe AgRoly HEM C7)
oA #AAE Ve, aeleR vell CY 437}
ESTE 93 U S ¢ T U )AL AEFT



Table 6. Pearson correlation coefficients between bone mineral
density and related factors

Bone mineral density

LS FN WT FT
Nutrient intake
Vitamin C (mg) 0.4543*  0.2268 0.2663 0.1288
Nutrient density
Fat (g/1000 kcal) -0.1923 -0.3781* -0.3266" -0.2626
Carbohydrate N
m g/1y000 keal) 0.3665*  0.5149** 0.3209 0.4002*
Vitamin B, .
(mg/1000 keal) 0.2787 0.3244 0.2055 0.3011
Vitamin C
(mg/1000 keal) 0.3817*  0.2148  0.2576 0.1110
Food group intake
Potatoes & starches  0.3945*  0.3344% 0.2090  0.2401
Vegetables 0.1947 0.1987 0.3583% 0.2108
Fruits 0.5371*  0.3905* 0.4426* 0.3571F
Fishes & shell fishes —0.1150 -0.3870* -0.2359 -0.31917
Seasonings 0.2969 0.3129%  0.4052* 0.2283
Animal food -0.1112  -0.3596" -0.2575 -0.3228"
Plant food 0.3673* 0.2570 0.2702 0.2175
Plant % 0.2457 0.3870* 0.3136" 0.3615*

1) LS: Lumbar spine, FN: Femoral neck, WT: Ward's triangle, FT:
Femoral trochanter
2) +:005 <p <01, % p <005 #: p <001

F BUF HAYH 484 4F 4AF 93 FUES
o)Al ok HEAS B A} v|&3 Weo|t) F Q
F ‘5"“]5 HEM C A7} 2L 52 U3 54 4

StEAZE QA AR S BEEE BFFE A
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UER .

PE AR AeE BrsE o) o] BANL U
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}.

BESEBEE 354):464~472, 2002/469
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T3 u)=te] APOSS (Aberdeen Penmenopausal Os-
teoporosis Screening Study)S-oll 28l A3 22
FH3H 50 e ZF (K, vkdlg Mg), A4, vlg
9 C, HeplE™ e AdF o] 7PF 2 4] J4E0] 7}
e 299 G5 vlgto], e EFUSe} FHA L
2, 859 W (forearm) ] LRI} Fo3 o= yigro
o F452 foFor Egrh P it o9} v A3
7}Framingham A79 Yo7l & AHFEAAXE Uste
o, 3 285 A7l Fst A= Aberdeen AR E
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o] FAE Ut} *® o] AT E ol9jx Y, A& 43
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Table 7. Multiple regression of bone mineral density of lumbar
spine

f

B coefficient p
BMI (kg/m?) 0.0206 0.0658
Fruits (g/day) 0.0007 0.0031
Intercept 0.5758

1) Probability of this regression model is 0.0018, and it's R? is 0.3737.

Table 8. Multiple regression of bone mineral density of femoral
neck

B coefficient p
Age (yr) -0.04137 0.0077
Fruits (g/day) 0.0005 0.0038
Intercept 1.7700

1) Probability of this regression model is 0.0029, and it's R* is 0.3517.

Table 9. Multiple regression of bone mineral density of ward's tri-
angle

B coefficient p
Age (yr) -0.0543 0.0026
Fruits (g/day) 0.0008 0.0008
Intercept 19716

1) Probability of this regression model is 0.0005, and it's R? is 0.4284.

Table 10. Multiple regression of bone mineral density of femoral
trochanter

B coefficient p
Age (yn) -0.0313 0.0613
Fruits (g/day) 0.0005 0.0169
Intercept 1.9716

1) Probability of this regression model is 0.0266, and it's R® is 0.2355.
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