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ABSTRACT

This study was conducted to examine the correlation among bone mineral density (BMD), hair and nail calcium and
magnesium contents, and nutrient intakes in preschool children in Chungnam district. A total of 111 preschool children
(61 boys, 50 girls) measured the anthropometric characteristics, the bone mineral density of carpus using DEXA and
hair and nail calcium and magnesium contents were analyzed by ICP spectrometer. The average ages of the study sub-
jects were 55.7 months in boys and 53.0 months in girls (3.8~7 years). The birth height and weight of subjects were
51.0 cm and 3.3 kg in boys and 50.3cm and 3.2kg in girls, respectively. The average height, weight, % body fat, and
obesity index were 111.6 cm, 19.6 kg, 15.0%, 96.1% in boys and 108.6 cm, 18.5 kg, 17.5%, 98.1% in girls, respectively.
The bone mineral density in carpus was 0.25 g/cm’ in boys and 0.24 g/cm’ in girls. The hair calcium and magnesium
contents were 440.9 ppm, 16.4 ppm in boys and 373.2 ppm, 28.9 ppm in girls. The nail calcium and magnesium
contents were 9.4 ppm, 2.1 ppm in boys and 10.4 ppm, 2.4 ppm in girls. The intakes of energy, calcium, iron, zinc, vitamin
A, niacin, and vitamin C did not meet the Korean RDAs. The ultradis and average carpus BMD were positively corre-
lated to the plant calcium intake (p <0.05, p <0.05). And the ultradis, distal, and average carpus BMD were positively
correlated to the plant iron intake (p <0.05, p <0.05, p <0.05). The average bone mineral density in the carpus was po-
sitively correlated to the nail magnesium content (p <0.05) . Therefore, more systematic studies to investigate the roles
of iron and calcium intakes, nail magnesium content in bone development of preschool children were required. (Korean
J Nutrition 38(7) : 544 ~552, 2005)
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Table 1. Anthropometric characteristics of the subjects

Characteristics Boy (n=61) Girl (n=50) Total (n=111)
Age (months) 557 112" 530+ 135 544+ 124
Bithlength (cm) 510%x 14 503% 19 506+ 1.9
Brthweight (kg 33+ 01 32+ 03 33+ 03
Height (cm) 1116+ 54 1086= 53 1104 + 55
Weight (k@) 196+ 32 185+ 28 19.1+ 32
Total body 1M1+ 10 102+ 1.0 107+ 14
water (£)*?
Lean body 162+ 2.1 139+ 14 147+ 20
mass (kg)*
Fat mass (kg) 30+ 14 33+ 1.7 32% 15
% body fat 150+ 49 175+ 57 160+ 53
Obesity index (%)® 96.1+ 76 981+ 99 970+ 864

1) Mean = standard deviation

2) Significant difference between boys and girls as determined
by Student’s t-test at p <0.05

3) Obesity index = (Present weight/standard weight) x 100

Table 2. Bone mineral density in right carpus of the subjects

Examined districts Boy (n=61) Girl (n=50) Total (n=111)

Uttradiis (g/cm® 022 +0.04” 023 +004 023 +004
Distal (g/cm?) 028+005 025+004 027 +005
Average (g/cm® 025004 024+003 024+004

1) Mean =+ standard deviation
There was no significance as determined by Student’s t-test be-
tween boys and girls



Ay A E Aol Q7] Wil I SFtheee
Agdsh=d Qo 7P Bol ARg-Enh 53849 IUE @S
T3 oA Aol H|&d A (Z—score) oIt 2
A9 A (T—score) ] FUE} vwdte] H7lepARt &
A ZUEY F4L Fvhas AdE Aozt ARRH
321 o]% AEwt HE Q& ¥ n|HE of o] Y
T Ag+ mu|ste] olo] st A7t o7 drk # AL
g ofgeld] EUSE AS3k (actual data) 3 H] w3t
i Awrt QU] el EAREHE =98 + AR
H ool & ¥l E o PR} oo IUET) ot

& Aow vkt
2. SUT AE 39 AL 0IYAY Y

2 AR i £F F9 29 vhdlsd
822 Table 37 2t 7% 5 Z4, vidle &2 &
2} 440.9 ppm, 16.4 ppm, ©IA} 373.2 ppm, 28.9 ppme®]
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Table 3. Ca and Mg contents in hair and nail of the subjects

Mineral  Boy (n=61) Girl (n=50) Total (n=111)

Ca (ppm) 440.9 + 459.1" 373.2 + 283.1 423.4 + 397.8
Mg (ppm) 164+ 87 289+ 373 229+ 272

Hair

Ca(ppm) 94+ 48 104+ 70 98+ 58
Mg (ppm) 21 1.6 24t 19 22+ 1.7

Nail

1) Mean =+ standard deviation
There was no significance as determined by Student’s -test bet-
ween boys and girls

Variables Boy (n=61) Girl (n=50) Total (n=111)

Food intake (Q) 657.0 + 229.3" 7169 + 2498 684.6 = 239.7
Energy (kcab) 1063.8 = 285.1 1088.3 = 310.7 1075.1 + 296.0-
Protein (g) 37.6 £ 121 39.0+ 13.0 382+ 125
Plant protein . 181+ 60 178+ 57 180+ 68
Animal protein 1956+ 85 212 92 202+ 88
Fat (@) 265+ 11.7 280+ 128 272+ 122
Plant fat 112+ 56 106 67 109+ 6.2
Animal fat 152+ 9.1 174+ 95 162+ 93
Carbohydrate (@) 167.5+ 426 169.0 = 44.4 168.2 + 43.2
Dietary fiber (g) 21+ 06 20+ 07 21+ 07
Ash (@) 84+ 25 9.0+ 3.1 86+ 28
Calcium (mg) 397.6 + 219.2 464.0 + 217.1 428.3 + 219.7
Plant calcium 113.6 = 55.6 116.8 £ 523 1151 £ 53.9
Animal calcium 284.0 = 191.1 347.2 +189.8 313.1 £ 192.2
Phosphorus (mg@) 575.2 = 212.6 613.2 = 225.0 592.7 = 218.2
Iron (m@) 58+ 21 58+ 22 58+ 22
Plant iron 44+ 18 42+ 1.6 43+ 1.7
Animal iron 1.3+ 07 1.5+ 10 14+ 09
Sodium (mg) 1828.6 = 529.5 19445 + 798.6 1882.1 £ 666.4
Potassium (mg) 12440 + 394.8 1287.8 + 409.8 1264.2 + 400.4
Zinc (mg@) 50+ 45 52+ 15 51 15
Vitamin A (£gRE) 2654 +121.0 296.6 £ 171.1 279.8 = 146.3
Vitamin B, (mg) 06+ 02 06+ 02 06 02
Vitamin B, (mg) 07+ 03 08+ 03 07+ 03
Niacin (mg) 75+ 33 73+ 32 74+ 32
Vitamin Bs (mg) 09+ 03 08+ 03 08+ 03
Folate (ug) 101.2 + 38.6 100.1 = 404 100.7 + 39.3
Vitamin C (mg) 325t 14.6 303+ 153 31,5+ 149
Vitamin E (mg) 63+ 40 54+ 38 59+ 39

1) Mean = standard deviation

There was no significance as determined by Student’s t-test between boys and girls
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Table 6. Correlation among anthropometric measurements and nutrient intakes of the subjects
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Table 5. Daily nutrient intakes as % RDA of the subjects

Variables Boy (n=61) Gil(n=50) Total (n=111)
Energy 658+ 174" 6741197 666+ 184
Protein 1229 + 39.7 127.8 £ 448 125.2 + 42.0
Calcium 65.3 £ 356 76.8 £ 365 70.6 = 36.3
Phosphorus 946 £343 101.3 = 38.1 97.7 + 36.1
Iron 58.4 + 22.1 59.5 + 226 58.9 + 222

~ Zinc 63.0* 186 648 £ 196 63.8 £ 19.0
Vitamin A 652 £ 299 73.1 £ 431 68.9 £ 36.6
Vitamin B, 76.9 + 35.6 80.5 £ 33.6 78.6 + 34.6
Vitamin B 73.9 £ 37.6 81.2 + 34.2 77.3 £ 36.1
Niacin 68.4 + 30.0 66.5 = 29.6 67.5 £ 29.7
Vitamin Be 1472 =666 1449 £ 57.6 146.1 = 56.3
Folate 98.7 = 39.2 979+ 410 98.3 + 39.8
Vitamin C 64.1 £ 290 59.8 = 30.6 622 £ 29.7
Vitamin £ 104.3 * 66.7 89.1 £ 64.1 97.3 £ 656

1) Mean = standard deviation
There was no significance as determined by Student’s t-test
between boys and girls

(n=111)

Characteristics Height Weight Total body water Lean body mass % body fat Obesity index
Food intake (@) 0.1854 0.1854 0.1854 0.1854 0.1854 0.1854
Energy (kcal) 0.0804 0.0804 0.0804 0.0804 0.0804 0.0804
Protein (@) 0.1339 0.1339 0.1339 0.1339 0.1339 0.1339
Fat (@) 0.0804 0.0812 -0.0172 -0.0218 0.1499 —0.0091
Carbohydrate (g) 0.0741 0.1682 0.0665 0.0645 0.2622 0.1922
Dietary fiber (Q) —0.0505 ~0.1503 -0.1415 —0.1470 —0.0891 -0.2168
Ash (@) 0.1482 0.1622 0.0607 0.0575 0.1667 0.0291
Calcium (mg) 0.2480 0.1784 0.1390 0.1426 0.0946 —0.0625

Plant calcium . 0.1354 0.1397 0.0074 0.0055 0.2492 0.0342

Animal calcium ~-0.0006 —-0.0695 -0.1016 -0.1028 -0.0354 ~0.1245
Phosphorus (mg) 0.0401 -0.0253 -0.0605 —0.0654 0.0183 -0.1347
Iron (mg) 0.0713 0.0427 —-0.0460 -0.0514 0.1412 -0.0535

Plant iron 0.01562 -0.0097 -0.0742 -0.0779 0.0262 —-0.0642

Animat iron -0.2731 -0.3056™" -0.3688™ -0.3723™ -0.0577 -0.1695
Sodium (mg) 0.131 0.1793 0.0314 0.0307 0.2699 0.1045
Potassium (mg) 0.2731 0.1827 0.1259 0.1280 0.1460 —-0.0856
Zinc (mg) 0.1164 0.0304 -0.047 -0.0492 0.0940 —0.1445
Vitamin A (2gRE) 0.2135 0.2081 0.0890 0.0874 0.2477 0.0405
Vitamin B, (mg) -0.0530 -0.0292 -0.1570 -0.1620 0.1343 —0.0011
Vitamin B, (mg) 0.0120 -0.0298 —0.0991 ~0.1059 0.0552 -0.1014
Niacin {mg) -0.0350 0.0154 -0.1467 -0.1487 0.1953 0.0404
Vitamin Bs (mg) 0.2306 0.2016 0.0784 0.0773 0.2563 0.0072
Folate (ng) 0.2214 0.2090 0.1198 0.1158 0.2137 0.0423
Vitamin C (mg) 0.2359 0.2472 0.1352 0.139 0.2406 0.0783
Vitamin E (mg) -0.0747 0.0520 -0.0789 -0.0794 0.2376 0.1835

1) Significant difference as determined by Pearson’s correlation coefficient (r)

*1 p <0.05, **: p <0.01
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Table 7. Correlation among bone mineral density in right carpus
and nutrient intakes of the subjects n=11

BMD in ulfradis BMDin  Average BMD
Characteristics carpus distat carpus  in carpus
(g/cm? (g/cm?) (g/em?)
Food intake (Q) 0.1209 0.0257 0.0897
Energy (kcal) 0.1906 0.0909 0.1643
Protein (g) 0.2053 0.0554 0.1544
Fat (@) 0.1534 —0.0806 0.0611
Carbohydrate (g) 0.1798 0.1885 0.2032
Dietary fiber (g) 0.0840 0.0567 0.0701
Ash (@) 0.2372 0.1650 0.2276
Calcium (mg) 0.2150 0.1209 0.1905
Plant calcium 0.3235"" 0.2209 0.3088*
Animal calcium 0.1656 0.0836 0.1426
Phosphorus (mg) 0.1992 0.0990 0.1726
Iron (mg@) 0.2803 0.15651 0.2390
Plant iron 0.2648* 0.2825" 0.2930"
Animal iron 0.1907 -0.1376 0.0426
Sodium (mg) 0.2102 0.2397 0.2472
Potassium (mg) 0.2211 0.1075 0.1945
Zinc (m@) 0.1652 0.0681 0.1423
Vitamin A («gRE) 0.1755 0.0412 0.1281
Vitamin B, (mg) 0.1811 0.1230 0.1598
Vitamin B, (mg) 0.1376 0.0590 0.1058
Niacin (mg) 0.1678 0.1798 0.1802
Vitamin 8, (mg) 0.0249 0.1012 0.0613
Folate (1) 0.06%94 0.0544 0.0686
Vitamin C (mg) 0.0015 0.1464 0.0658
Vitamin E (mg) 0.0185 —0.1508 ~0.0627

1) Significant difference as determined by Pearson’s correlation
coefficient (1)
*: p<0.05
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Table 8. Correlation among Ca and Mg contents in hair and nail and nutrient intakes of the subjects

59 2w vkdle, A

(n=111)

Characteristics Hair Nail
Ca Mg Ca Mg

Food intake (Q) -0.0216 -0.0297 0.0862 —0.0506
Energy (kcal 0.0198 —0.0445 -0.0214 ~0.0290
Protein (@) —0.0254 -0.1689 -0.0298 -0.1228
Fat (g) —-0.1071 -0.1138 -0.0801 0.0648
Carbohydrate (g) 0.1067 0.0370 -0.0107 —0.0501
Dietary fiber (g) 0.1413 —0.0553 0.0159 -0.2614
Ash (@) -0.0234 -0.2705™" 0.0251 —-0.1026
Calcium (mg) 0.0100 -0.0749 0.1437 0.0551

Plant calcium 0.1096 -0.1203 0.0575 -0.0370

Animal calcium -0.0191 -0.0523 0.1482 0.0723
Phosphorus (mg) —0.0061 -0.1418 0.0835 ~0.0421
fron (mg) 0.1694 -0.0788 —0.0556 —0.1380

Plant iron 01791 -0.1168 ~-0.0035 -0.1054

Animal iron 0.0701 0.0212 -0.1220 —-0.1299
Sodium (mg@) ~0.0072 -0.3012" ~-0.0281 —0.0668
Potassium (mg) 0.0220 -0.1390 0.1098 ~0.0821
Zinc (mg) -0.0102 -0.1316 0.0212 —0.0404
Vitamin A (#gRE) —-0.0873 0.0023 0.1160 0.1335
Vitamin B, (mg) 0.0535 -0.1377 —0.0003 -0.1323
Vitamin B, (mg) 0.0750 —-0.0672 0.0521 -0.0302
Niacin (mg) 0.0861 -0.1708 -0.0772 -0.1819
Vitamin B, (Mg) -0.0378 -0.1930 —-0.0056 -0.2204
Folate (xQ) 0.0789 —0.1424 0.1379 0.1325
Vitamin C (mg) ~-0.1325 -0.2033 0.1229 —0.0692
Vitamin E (mg) 0.1099 —0.0032 —-0.0838 -0.0761

1) Significant difference as determined by Pearson's correlation coefficient ()
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Table 9. Correlation among Ca and Mg contents in hair and
nail and bone mineral density in right carpus n=111

Hair Nail
Characteristics
Ca Mg Ca Mg
BMD in ultradis -0.1907 —0.0083 0.1754 0.2958
carpus (g/cm?)
BMD in distal -0.0127 -0.1430 0.1657 0.3113
carpus (g/cm?) :
Average BMDin  —0.1311 -0.0826 0.1949  0.3578""

carpus (g/cm?)

1) Significant difference as determined by Pearson’s correla-
tion coefficient (r)
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