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ABSTRACT

Osteoporosis is a rising problem, as the older age population is increasing due to prolongation of life. Genetic and en-
vironmental factors play key roles in bone metabolism, and diet is also an important factor. We investigated the rela-
tionship among factors affecting bone mineral density (BMD), including daily food intake and nutrient intake in men
aged >50 years. Seventy-eight men, who visited the health promotion center at one of the university medical centers,
were divided into normal and osteopenia groups according to their BMD. The body weight of the normal group was
significantly higher than that of the osteopenia group. The osteopenia group showed significantly higher carbohydrate
intake and lower calcium and vegetable calcium intake compared to those in the normal group. Lumbar spine BMD
was negatively correlated with energy, fat, vitamin B1, and sodium intake in the normal group. Additionally, femoral
neck BMD was negatively correlated with total animal protein, energy, protein, fat, phosphorous, iron, animal iron, po-
tassium, vitamin B1, B2, B6, and niacin intake. Lumbar spine BMD was positively correlated with fruit, calcium, veg-
etable calcium, animal calcium, and vitamin C intake in the osteopenia group. Femoral neck BMD was negatively cor-
related with meat, dairy product, total animal protein, plant protein, animal protein, vitamin A, and cholesterol intake.
A stepwise multiple regression analysis revealed that several dietary factors affected BMD, including energy, fat, vita-
min B1, B2, B6, niacin, sodium, protein, iron, animal iron, phosphorous, potassium, and animal protein in the normal
group and zinc, calcium, vegetable calcium, animal calcium, vitamin C, fruit, protein, animal protein, meat, dairy
product, carbohydrates, cholesterol, vegetables, mushrooms, and seasonings in the osteopenia group. These results in-
dicate that adequate nutrient intake plays an important role maintaining optimum bone health in middle aged men. (Ko-

rean J Nutr 2011; 44(5): 394 ~ 405)

KEY WORDS: osteopenia, bone mineral density, food intake, nutrient intake, men.
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Table 1. Anthropometric characteristics and bone mineral density between normal and osteopenia groups

Normal (n=41) Osteopenia (n=37)

Age (yrs) 56.54 + 6.49" 58.65 + 6.07

50-59 yrs 28 (68.3%) 24 (64.9%)

60—69 yrs 12 (29.3%) 11 (29.7%)

70-79 yrs 1(2.4%) 2 (5.4%)
Height (cm) 169.63 + 6.87 167.76 + 4.44
Weight (kg) 72.14 +9.39* 67.67 +8.08
Abdominal circumference (cm) 87.54 + 6.80 86.26 +7.83
Body fat (%) 21.93+9.22 20.24 + 3.32
RBW? 107.36 + 6.26 105.28 + 6.23
BMI” 25.04 + 2.45 24.03 + 2.46
Lumbar spine(L2—L4)(g/cm?) 001.27 +0.12"** 1.02 +0.25
Lumbar spine(L2—L4)(T-score) 0.72 + 0.90"** -0.95+0.77
Femoral neck (g/cm?) 0.97 +0.08"** 0.79 £ .27
Femoral neck (T-score) 0.26 + 0.57*** —0.67 £ 0.60

1) Mean£SD 2) RBW (Relative Body Weight): [Weight (kg)/height (cm) — 100 x 0.9] x 100 3) BMI: Body Mass Index [weight (kg)

/ height (m?)] 4) Significance by t-test *: p <0.05, ***: p<0.001

Table 2. Comparison of daily food intake by food groups between normal and osteopenia groups

Normal (n=41) Osteopenia (n=237)
Cereals 289.13 + 19.43"™? 306.01 + 20.50
Potatoes 20.55 + 7.85" 42.90 + 8.28
Sugars 8.47 +1.39" 11.10  1.47
Beans 53.52 + 14.45" 79.63 + 15.24
Nuts 401 +2.06" 506 +2.18
Vegetables 402.22 + 25.76" 41117 +27.17
Mushrooms 5.45 + 4.53" 10.21 + 4.78
Fruits 141.24 + 28.25" 134.45 + 29.79
Seaweeds 1.33 £2.61" 6.58 +2.75
Vegetable oil 7.01 £0.86" 7.38 +0.91
Beverage 177.05 + 44,50 120.90 + 46.94
Seasoning 34.97 £3.61" 42.05 + 3.81
Others 0.30 = 0.23" 0.01 = 0.24
Total vegetables food 1145.22 + 55.57" 1177.45 + 58.62
Meats 85.35 + 14.65" 70.96 + 15.45
Eggs 23.35+ 6.62" 26.26 + 6.99
Fishes and shellfishes 169.48 +21.07" 117.96 +22.23
Dairy products 49.59 +15.18" 79.58 + 16.02
Total animal food 327.76 + 26.82" 294.76 + 28.29
Total 1472.0 + 37.1" 14712 + 25.4

1) Mean + SD  2) No siginificance by GLM after adjusting for age and weight (p < 0.05)
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Table 3. Comparison of daily nutrient intake by 3-day food record between normal and osteopenia groups

Normal (n=41)

Osteopenia (n=37)

Energy (kcal) 1971.10 + 62.49" 1954.42 + 65.91
Protein (g) 89.94 + 491 86.51 +5.18
Vegetable protein (g) 38.83 £ 1.87 420 +1.97
Animal protein (g) 51.11 £ 5.01 44,51 + 5.29
Fat (g) 56.06 + 3.72 48.23 +3.93
Carbohydrate (g) 258.68 + 9.78* 288.63 + 10.31
Fiber (g) 15.34 £ 1.54 16.33 = 1.63
Calcium (mg) 601.95 + 31.39" 482.61 £ 33.11
Vegetable calcium (mg) 349.46 + 18.27" 287.72 £19.27
Animal calcium (mg) 252.49 + 24.10 194.89 + 25.42
Phosphorus (mg) 1248.62 + 53.42 1219.42 + 56.35
Iron (mg) 15.62 + .77 17.11 + .81
Vegetable iron (mg) 10.91 £.73 11.96 +.77
Animal iron (mg) 471 + .51 5.15 + .54

Sodium (mg) 5421.21 + 258.64 5387.99 + 272.82
Potassium (mg) 3154.70 + 143.49 3249.46 + 151.36
Zinc (mg) 12.23 + .92 11.09 + .97
Vitamin A (ugRE) 853.02 + 60.59 708.38 + 63.91
Vitamin B, (mg) 1.31 +.07 1.33 +.08
Vitamin B, (mg) 1.33 £ .07 1.37 +.08
Vitamin B, (mg) 2.61 £ .14 223+.15
Niacin (mg NE) 21.78 £1.37 20.80 £ 1.45
Vitamin C (mg) 125.06 + 13.26 124.63 + 13.99
Folate (ngDFE) 289.08 + 17.66 299.70 £ 18.63
Vitamin E (mg a-TE) 12.62 + .97 11.48 £1.03
Cholesterol (g) 361.91 + 32.96 332.03 + 34.77

1) Mean £ SD  2) Siginificance by GLM after adjusting for age and weight (x: p <0.05)
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Table 4. Correlation coefficients between lumbar spine and femoral neck bone mineral density and variables of daily food group

intake in normal and osteopenia groups

Normal Osteopenia
Lumbar spine Femoral neck Lumbar spine Femoral neck

BMD T-score BMD T-score BMD T-score BMD T-score
Cereals -0.171 —0.206 -0.123 —0.080 —0.241 -0.113 —0.081 0.116
Potatoes 0.134 0.145 0.156 0.074 -0.016 0.090 0.132 -0.077
Sugars —-0.221 -0.193 0.009 0.050 0.110 0.256 —0.006 0.132
Beans 0.218 0.254 0.172 0.078 —0.155 —0.020 -0.018 —0.086
Nuts 0.056 0.032 —0.228 -0.297 0.042 0.084 0.055 —0.223
Vegetables 0.063 0.063 0.065 0.005 0.107 0.005 0.110 0.358*"
Mushrooms 0.028 0.026 -0.023 —0.056 0.102 0.149 0.275 0.381"
Fruits —0.002 0.000 -0.251 —0.154 —0.051 0.461™ -0.104 —0.049
Meats —0.241 -0.159 -0.309 -0.232 -0.276 0.038 —0.485™  —0.225
Eggs -0.197 -0.212 -0.118 —0.168 0.088 0.233 —0.035 —0.328
Fishes & shellfishes 0.123 0.140 —0.141 -0.154 0.156 —0.088 —0.053 —0.242
Seaweeds 0.070 0.065 0.046 0.013 0.021 —0.003 0.097 —-0.071
Dairy products -0.078 -0.079 -0.129 —0.002 0.191 0.182 -0.380" —0.164
Vegetable oil -0.016 0.032 -0.079 -0.141 0.059 0.277 0.139 —0.038
Beverage -0.272 —0.050 0.150 0.262 0.012 -0.196 -0.172 -0.167
Seasoning -0.018 0.034 0.155 0.041 0.063 0.170 0.248 0.379*
Others —-0.170 —-0.185 —0.051 —-0.071 . . . .
Cereals & po-tatoes group  —0.143 -0.176 —0.088 —0.064 —0.230 —0.059 —0.009 0.069
Plants group —0.242 —0.035 0.049 0.159 -0.096 0.189 -0.016 0.150
Plant protein group 0.218 0.254 0.172 0.078 -0.155 —0.020 -0.018 —0.086
Total animal food -0.095 -0.039 —0.366" -0.284 0.108 0.153 —0.549™*  —0.503"*

1) Significantly different by Partial correlation analysis after adjusting for age and weight (+: p <0.05, **: p <0.01, ***: p <0.001)
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Table 5. Correlation coefficients between lumbar spine and femoral neck bone mineral density and variables of daily nutrients in-

take in normal and osteopenia groups

Normal Osteopenia
Lumbar spine Femoral neck Lumbar spine Femoral neck

BMD T-sco%re BMD T-score BMD T-score BMD T-score
Energy (kcal) —-0.414™"  -0.259 -0.392* -0.287 0.093 0.127 0.000 0.209
Protein (g) 0.096 -0.097 -0.296 -0.352* —0.004 0.168 -0.040 -0.115
Vegetable protein (g) —-0.130 0.058 —0.134 -0.187 0.037 -0.052 -0.391* 0.314
Animal protein (g) 0.123 0.036 —-0.241 -0.280 —-0.030 0.060 0.258 —0.349*
Fat (g) -0.362* -0.306 —0.450** —0.440"* -0.023 0.033 -0.615 —0.145
Carbohydrate (g) -0.164 -0.140 -0.184 -0.077 0.072 0.117 -0.251 0.397*
Fiber (@) -0.150 -0.219 -0.130 —-0.242 -0.121 0.111 0.136 0.170
Calcium (mg) -0.108 -0.035 -0.253 -0.264 0.188 0.420" 0.066 0.013
Vegetable calcium (mg) —0.050 -0.102 —-0.164 —-0.220 0.045 0.344* -0.116 0.113
Animal calcium (mg) —-0.092 -0.107 -0.186 —-0.160 0.238 0.471** 0.126 —-0.075
Phosphorus (mg) -0.189 -0.113 —0.492** —0.479** 0.157 0.295 -0.274 0.006
Iron (mg) -0.181 -0.022 —0.404* -0.383" 0.010 -0.079 -0.209 -0.018
Vegetable iron (mg) -0.038 -0.148 -0.106 -0.134 —0.081 0.281 -0.003 0.133
Animal iron (mg) -0.157 -0.158 -0.329* -0.277 0.166 0.072 0.137 -0.277
Sodium (mg) -0.293 -0.328* -0.159 -0.162 0.105 0.004 -0.256 -0.167
Potassium (mg) -0.153 -0.115 —-0.350" —0.404* 0.060 0.294 —-0.236 0.148
Zinc (mg) —0.068 -0.115 -0.233 —-0.204 —-0.335" 0.109 0.060 —0.059
Vitamin A (ugRE) -0.075 —0.084 -0.005 -0.078 —-0.102 0.194 —-0.354* 0.301
Vitamin B, (mg) -0.334* —0.284 -0.586 -0.548"*  -0.159 0.074 0.252 0.146
Vitamin B, (mg) -0.167 -0.121 —0.444** -0.359* 0.102 0.209 0.040 -0.034
Vitamin B, (mg) -0.099 -0.016 -0.360" -0.383" 0.122 0.256 -0.132 0.004
Niacin (mg NE) —-0.105 —-0.020 —0.487** —0.419™ —-0.166 0.090 —0.045 0.107
Vitamin C (mg) —0.040 —-0.082 —-0.259 —-0.266 -0.157 0.336* -0.195 -0.005
Folate (ugDFE) 0.041 0.074 -0.050 -0.099 0.087 0.148 0.061 0.144
Vitamin E (mg o-TE) -0.030 —-0.040 —-0.024 -0.137 0.049 0.315 0.195 0.099
Cholesterol (g) -0.250 -0.255 —-0.254 -0.289 0.144 0.154 0.276 —0.443"*

1) Significantly different by Partial correlation analysis after adjusting for age and weight (+: p <0.05, **: p<0.01)
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Table 6. Multiple regression analysis between lumbar spine and femoral neck bone mineral density and variables in normal group”

Variables B R’ Significance

Lumbar spine BMD Energy 0.000 0.177 0.009
Fat —0.002 0.137 0.023

Vitamin Bi —0.082 0.117 0.037

T-score Sodium 0.000 0.131 0.041
Femoral neck BMD Energy —7.065E-05 0.154 0.013
Fat —0.001 0.202 0.004

Protein 0.000 0.242 0.001

Iron —0.009 0.163 0.011

Animal Iron —0.008 0.108 0.041

Potassium —3.455E-05 0.123 0.029

Vitamin B, —0.092 0.343 0.000

Vitamin Bz —0.085 0.197 0.005

Vitamin Bs -0.027 0.130 0.024

Niacin —0.004 0.237 0.002

Total animal food 0.000 0.113 0.036

T-score Protein —0.006 0.124 0.028
Fat —0.009 0.194 0.005

Phosphorous —0.001 0.229 0.002

Iron —0.066 0.147 0.016

Potassium 0.000 0.164 0.001

Vitamin B1 —0.662 0.301 0.000

Vitamin B2 -0.528 0.130 0.025

Vitamin Bé -0.218 0.147 0.016

Niacin -0.024 0.176 0.008

1) adjusting for age and weight

Table 7. Multiple regression analysis between lumbar spine and femoral neck bone mineral density and variables in osteopenia group”

Variables R R’ Significance

Lumbar spine BMD Zinc -0.022 0.152 0.049
T-score Calcium 0.002 0.252 0.004

Vegetable calcium 0.003 0.209 0.012

Animal calcium 0.002 0.153 0.043

Vitamin C 0.003 0.148 0.048

Fruits 0.002 0.243 0.005

Femoral neck BMD Protein —0.005 0.168 0.020
Animal protein —0.009 0.389 0.000

Zinc —-0.026 0.141 0.037

Meat —0.002 0.249 0.003

Dairy products —0.001 0.160 0.024

Total animal food —0.001 0.314 0.001

T-score Animal protein -0.011 0.249 0.040

Carbohydrate 0.003 0.280 0.018

Cholesterol —0.001 0.313 0.008

Vegetables 0.001 0.254 0.035

Mushrooms 0.005 0.269 0.024

Seasoning 0.009 0.268 0.025

Total animal food —0.002 0.361 0.002

1) adjusting for age and weight
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