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Abstract

The purpose of this study was to analyze the relationship of nutritional status measured by the body composition
and dietary nutrients intakes with calcaneal broadband ultrasound attenuation in college students. Total of 886 (462
male and 424 female) students who received health examination in May 2007 participated in this research.
Participants bone status was measured by a quantitative ultrasound method and t-score was calculated via WHO
guideline. For body composition measurements, body fat, height and weight were measured and BMI was
calculated. Dietary data were collected by a 24-hour recall method. Based on Asia-Pacific standard of WHO, BMI
was divided into 3 groups; UW (BMI < 18.5), NW + OW (18.5 £ BMI <25) and Obese group (25 £ BMI). Among
male students, 2.4% belong to the UW group, 45.0% to the NW+OW group and 52.6% belong to the obese group,
while 10.4% of female students belong to the UW group, 71.9% to the NW + OW group and 17.7% of female
students belong to the Obese group. Differences among male and female students were statistically significant
(p <0.001). Students with higher BMI showed significantly higher bone health status. Male students did not show
any significant differences in nutrients intakes by BMI groups while female students showed the higher intakes of
energy, protein, pyridoxin, phosphorus, iron and zinc among NW + OW group than other groups (p <0.05). The
qualitative and quantitative evaluation of diet by BMI groups did not show any significant differences in both male
and female students. The result of the multiple regression analyses showed that the body fat and bone status was
negatively related while energy intake was positively related with the bone status. These results revealed that bone
health status was positively affected by BMI but not by body fat. In conclusion, among those who are at their
twenties, the period when the bone density becomes maximized, body fat may negatively affect bone health unlike
during other life cycle stages. (Korean J Community Nutrition 14(5): 590~599, 2009)
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Table 1. Distibution of the subjects by BMI groups’ and bone

density groups?
Male Female Total 5

(N=462) (N=424) (N=886) X
uw 11( 24%) 44(10.4%) 55( 6.2%) 131.726%**
NW + OW 208 (46.0%) 305 (71.9%) 513 (57.9%)
Obese 243 (52.6%) 75 (17.7%) 318 (35.9%)
Normal 413 (89.4%) 407 (96.0%) 820 (92.6%) 13.955%**
Osteopenia 49 (10.6%) 17 ( 4.0%) 66( 7.4%)
**% p < 0.001

1) BMI < 18.5 Under weight (UW), 18.5 < BMI <23 Normal
weight (NW), 23 £ BMI < 25 Over weight (OW), BMI = 25 Obese
2) Normal: T-score > 1.0, Osteopenia: —2.5 < T-score £ -1.0
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Table 2. General characteristics of the subjects by BMI group”
uw NW+OwW Obese
(Mean + SD)
N 11 208 243
Age (v) 233 + 1.6 233 + 1.5° 23.6 + 1.7°
Weight (kg) 545 =+ 40° 685 + 6.5° 760 =+ 10.5°
Male Height (M) 175+ 5.3 175+ 5.6 175+ 56
(n = 462) Bodly fat (%) 96 + 25° 186 + 4.1° 223 *17.7°
BUA (dB/MHz)? 94,4 + 18.2%° 96.6 =+ 16.6° 96.1 =+ 15.1°
T-score 05 = 1.4® 07 + 1.3° 07 £ 1.2°
N 44 305 75
Age (y) 207 + 10 209 + 1.3 210 + 1.8
Weight (kg) 454 + 33° 54.8 + 5.3° 727 £ 11.7°
Female )
(n = 424) Height (m) 1.61 + 55 1.61 = 5.1 1.62 = 6.6
Boay fart (%) 24,7 £+ 3.5° 245 £ 4.7° 330 *+ 4.3°
BUA (dB/MHz) 91.3 £ 13.7° 109.1 =+ 18.4° 11563 + 21.2°
T-score 03 £ 1.1¢ 1.7 £ 1.4° 21 £ 1.6°
N 55 513 318
Age (v) 211 + 15° 21 + 1.8 233 + 20°
Weight (kg) 469 + 49° 63.8 + 13.3° 822 £ 11.4°
(nT:Tgalaé] Height (m) 1.63 = 7.7° 1.68 + 8.8° 1.73 £ 7.9°
Body fat (%) 222 + 6.6° 21.6 £ 53¢ 28.8 =+ 24.3°
BUA (dB/MHz) 91.8 £ 145° 102.9 =+ 18.6° 956 =+ 17.8°
T-score 03 £ 1.1° 12 £ 1.4° 06 = 1.4°

1) BMI < 18.5 Under weight (UW), 18.5 < BMI < 23 Normal
2) BUA: broadband ultrasound attenuation

3) Mean + SD
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Table 3. Dietary intakes of the male subjects by BMI group”

uw NW+OW Obese
(N=11) (N = 208) (N = 243)
Mean £ SD

Energy (kcal) 1720.71 £ 466.7 1948.79 + 827.4 1781.55 + 688.8
Protfein (Q) 70.89 £ 31.2 72.79 £ 435 6728+ 294
Vitamin A (ug RE/d) 7475 £ 376.9 695.9 + 700.7 7145 =+ 497.7
Vitamin C (Mg) 64.16 £ 30.3 650 = 463 61.30 £ 395
Thiamin (Mmg) 119+ 06 122+ 0.7 114+ 06
Ribofalvin (Mmg) 103+ 06 113+ 1.0 1.03+ 05
Niacin (mg) 1542 + 8.1 1588 + 8.9 1463+ 74
Pyridoxin (mg) 189+ 0.8 182+ 09 179+ 1.0
Folic acid (ug) 189.82 £ 73.8 204.63 £ 120.2 209.1 + 1404
Calcium (mg) 463.30 £ 267.2 456.84 £ 269.3 431.39 £ 2325
Phosphorus (mg) 91528 £ 411.8 938.26 + 405.2 894.91 £ 363.2
Iron (MQ) 1316 £ 82 1331+ 84 1250 £ 100
Zinc (Mg) 815+ 3.4 835+ 42 7.77 £ 37
9%DRI Mean * SD

Energy 66.18 = 18.0 7495 £ 31.8 6852 =+ 265
Protein 128.89 £ 56.6 13235 £ 79.6 122.33 £ 534
Vitamin A 99.67 £ 50.3 92,79 £ 934 9527 = 66.4
Vitamin C 64.16 = 30.3 650 = 463 61.30 =+ 395
Thiamin 99.45 =+ 49.0 101.55 £ 3.2 9525 = 46.6
Ribofalvin 8529 + 58.6 83.88 =+ 47.9 80.03 + 57.2
Niacin 96.36 = 50.3 99.26 =+ 55.6 91.40 = 46.0
Pyridoxin 125.74 £ 54.8 121.03 £ 626 119.62 £ 69.3
Folic acid 4745+ 185 51.16 =+ 30.1 523 + 35.1
Calcium 66.19 =+ 38.2 6526 + 38.5 61.63 =+ 33.2
Phosphorus 130.75 £ 58.8 134.04 £ 57.9 127.84 £ 51.9
Iron 131.57 £ 82.1 133.14 £ 83.7 124.99 + 100.4
Zinc 81.51 = 34.1 83.55 =+ 42.2 77.69 £ 36.7

1) BMI < 18.5 Under weight (UW), 18.5 < BMI < 23 Normal weight (NW), 23 < BMI < 25 Over weight (OW), BMI = 25 Obese

Table 4. Dietary intakes of the femaie subjects by BMI group"

uw NW+OWwW Obese
(N=44) (N=305) (N=75)
Mean = SD

Energy (kcal) 1633.23 + 635.0° 2015.41 £+ 919.7° 1903.30 + 730.7%
Protein (g) 59,73 + 24.9° 7612 £ 37.7° 69.91 £ 29.4®
Vitamin A (ug RE/d) 702.46 £ 613.9 759.80 £ 27.2 722,01 £+ 441.1
Vitamin C (mg) 66.60 = 53.9 67.77 £ 455 615 = 342
Thiamin (mgQ) 114+ 09 1.3 £ 08 124+ 07
Ribofalvin (Mmg) 1.04+ 0.7 113+ 06 106+ 05
Niacin (mg) 1368+ 115 16.69 £ 94 1442+ 7.3
Pyridoxin (mg) 168+ 1.1° 197 £ 1.0° 1.76 £ 1.0®
Folic acid (ug) 212.6 + 1287 218.81 = 118.7 233.17 £ 114.3
Calcium (mg) 420.35 + 237.9 462.71 £ 290.1 474.48 + 251.8
Phosphorus (mg) 829.59 + 357.4° 1001.9 =+ 494.4° 942.84 + 391.5%
Iron (MQ) 1054+ 5.0° 14,35 £ 10.1° 11.82 £ 53%
Zinc (Mg) 732+ 3.3 892+ 4.7° 803+ 32%®
9%DRI Mean £+ SD

Energy 77.77 £ 30.2° 95.97 £ 43.8° 90.63 £ 34.8%®
Protein 132.74 £ 55.4° 169.16 £ 83.7° 155.35 £ 65.4%
Vitamin A 108.07 £ 944 116.89 £ 750 111.08 £ 67.9
Vitamin C 66.60 = 53.9 67.77 £ 455 615 = 342
Thiamin 103.17 £ 78.3 116.03 £ 69.2 112.36 £ 65.2
Ribofalvin 86.46 = 58.3 9418 =+ 53.7 87.29 =+ 38.6
Niacin 97.74 + 81.9 119.18 £ 67.0 102.97 £ 523
Pyridoxin 112,97 £ 78.0° 14098 = 71.8° 125,58 £ 72.6®
Folic acid 53.14 £ 322 54.70 = 29.7 58.29 + 28.6
Calcium 60.05 + 34.0 66,10 = 415 67.78 £ 36.0
Phosphorus 118,51 £ 51.1° 143.13 £ 70.6° 134.69 £ 559%
Iron 753 + 359° 1025 =+ 71.8° 84.43 £ 37.6®
Zinc 91.45 + 41.2° 111.55 £ 58.7° 100.32 £ 40.3%

1) BMI < 18.5 Under weight (UW),

18.5 < BMI < 23 Normal weight (NW), 23 = BMI < 25 Ower

weight (OW), BMI > 25 Obese
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Table 5. Evaluation of diet quality of subjects by BMI group”
Male Female
uw NW + OW Obese uw NW + OW Obese
(N=11) (N = 208) (N = 243) (N = 44) (N = 305) (N = 75)

NAR? Mean = SD Mean = SD

Protein 1.40 =+ 0.59 1.31 £ 0.59 1.28 = 0.83 1.32 =+ 0.58 1.66 = 0.82 1.66 = 0.79
Vitamin A 1.07 £ 0.55 0.90 = 0.58 0.96 £ 1.05 1.1 £ 1.04 1.14 £ 0.74 1.17 £ 0.76
Vitamin C 0.68 + 0.33 0.67 = 0.41 0.62 = 0.47 0.65 =+ 0.55 0.68 = 0.45 0.66 = 0.46
Thiamin 1.09 =+ 0.50 1.01 £ 0.55 0.99 + 0.54 1.09 + 0.97 1.13 = 0.61 1.25 + 0.95
Riboflavin 0.76 + 0.45 0.70 £ 0.36 0.76 £ 0.73 0.86 + 0.69 0.93 £ 0.52 0.94 + 0.53
Niacin 1.01 £ 0.56 1.01 £ 0.53 0.93 + 0.53 1.04 £ 1.01 1.17 £ 0.66 1.14 £ 0.63
Pyridoxin 1.33 =+ 0.61 1.24 £ 0.60 1.17 £ 0.68 1.15 £ 0.84 1.37 £ 0.72 1.38 £ 0.73
Folic acid 0.49 £ 0.20 0.53 £ 0.32 0.50 = 0.31 0.52 = 0.35 0.55 = 0.30 0.56 = 0.28
Calcium 0.72 = 0.41 0.65 = 0.37 0.63 + 0.37 0.55 + 0.36 0.65 = 0.40 0.68 = 0.40
Phosphorus 1.40 =+ 0.63 1.34 = 0.56 1.3 £ 057 1.156 £ 0.53 1.4 =+ 0.69 1.39 £ 0.64
Iron 1.43 =+ 0.90 1.28 = 0.61 1.32 = 1.07 0.73 £ 0.38 0.98 + 0.67 0.99 £ 0.72
Zinc 0.86 =+ 0.36 0.84 = 0.41 0.8 =+ 0.40 0.9 =+ 0.46 1.08 =+ 0.59 1.10 =+ 0.63
MAR® 1.01 £ 0.51 0.96 + 0.49 0.94 + 0.63 0.92 + 0.65 1.06 = 0.59 1.08 + 0.63
INQY Mean £+ SD Mean £ SD

Protein 2.02 £ 0.75 211 £ 249 1.93 + 1.07 1.73 £ 0.38 1.78 =+ 0.41 1.75 + 0.38
Vitamin A 1.55 + 0.77 1.42 £ 1.55 143 £ 1.16 1.39 £ 0.94 1.29 + 0.85 1.25 + 0.68
Vitamin C 1.01 £ 0.51 1.10 £ 1.44 0.95 + 0.79 0.92 + 0.89 0.78 £ 0.53 0.70 £ 0.35
Thiamin 1.48 £ 0.67 1.53 + 2.47 1.43 £ 1.03 1.41 £ 0.68 1.28 = 0.42 1.29 =+ 0.40
Riboflavin 1.05 £ 0.57 1.06 £ 1.13 1.14 £ 1.24 1.05 + 0.48 0.97 £ 0.44 0.95 + 0.39
Niacin 1.42 + 0.64 1.61 £ 1.97 1.43 = 0.90 1.35 =+ 0.85 1.26 = 0.44 1.18 £ 0.41
Pyridoxin 1.96 £ 1.14 1.90 £ 1.98 1.73 £ 1.07 1.43 £ 0.61 1.43 =+ 0.50 1.37 £ 043
Folic acid 0.72 £ 0.30 0.85 = 0.86 0.76 = 0.47 0.67 =+ 0.38 0.58 + 0.27 0.59 + 0.25
Calcium 1.05 + 0.62 1.04 + 1.27 0.98 + 0.63 0.54 + 0.27 0.54 + 0.25 0.59 + 0.41
Phosphorus 2.01 £ 0.78 2.15 £ 2.30 1.99 + 0.98 1.52 + 0.40 1.51 + 0.40 1.52 + 0.49
Iron 1.99 £ 1.01 2,06 = 2.50 2.03 + 1.97 1.00 + 0.59 1.07 + 0.68 1.06 £ 0.60
Zinc 1.30 =+ 0.64 1.27 £ 0.93 1.39 + 2.08 1.19 +£ 0.36 1.17 £ 0.32 1.16 £ 0.37

1) BMI < 18.5 Under weight (UW), 18.5 < BMI < 23 Normal weight

2) Nufrient adequacy ratio (NAR)
3) Mean adequacy ratio (MAR)
4) Index of Nutrition Quality (INQ)

Table 6. Results multiple regression analyses with BUA" as a
dependent variable and different anthropometric and
nutritional factors as independent variables after
adjusted with age, sex and BMI

R? B F/t value p value

Model 1 0.110

Age 0.410 1.042 0.298
Sex 14.889 8.764 0.000
BMI 0.674 3.228 0.001
Bodly fat -0.139 —2.606 0.009
Model 2 0.120

Age 13.684 8.392 0.000
Sex 0.406 0.990 0.322
BMI 0.514 2.606 0.009
Energy (Kcal) 0.003 4.100 0.000

1) BUA: broadband ultrasound attenuation

(NW), 23 < BMI < 25 Ower weight (OW), BMI > 25 Obese
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