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Factors Associated with Changes in Bone Mineral Content
among Girls in Early Pubertal Age*
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ABSTRACT

The study was conducted to investigate the factors associated with bone mineral content (BMC) changes among
early pubertal aged girls. Two hundred and thirty girls between 9 to 11 years of age participated in four surveys over 2 year
period. During each survey, dietary intakes were collected with 3-day food records, BMC of left leg’s calcaneus were
measured by PIXI (Lunar Ltd.) and body composition was measured by bioimpedance method (Inbody 3.0 Biospace
Co. Ltd, Seoul, Korea). Mean values of BMC increased in consecutive measurements - 1.48 g, 1.54 g, 1.61 g and 1.66 g.
The change of BMC between the first and last measurements was significantly positively correlated with % body fat,
negatively correlated with BMC at the baseline {p <0.05). Change of BMC was also significantly positively correlated
with % change of lean mass and mineral mass between the first and last measurements. Nutrient intakes during the study
period were calculated as mean daily intakes from all surveys. Mean daily intakes of Vit. C and Vit. B4 were positively
and isoflavone intake was negatively correlated with changes of BMC (p <0.05). In stepwise regression of BMC change
with body composition and nutrient intakes, baseline values of BMC, weight, BMI and age, % change of mineral mass
during the study period, mean intakes of isoflavone, Vit. B, protein, carotene and zinc were significant explanatory
variables (R* = 0.38, p <.001, F = 32.39) . The results imply that the change of BMC among early pubertal aged gitls
are associated with some body composition and intakes of certain nutrients. (Korean J Nutrition 40(1): 69 ~77, 2007)
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B 42 SAS (Statistical Analysis System, Version
9.1, SAS Institute, Cary, NC.) & o] &3t 35713
o] WMehg ) oJokd, Al AF 7S dudAs A
A (Pearson’s correlation analysis) S A3t .0
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1. 0K W= 2t
RS e) Aak BMI, A, Al Al ke, A< ek
AR, F1A%, dsg 22% 5o A AS A
2 Table 19 AABKICE A4 dPdate AL 7+ =4
A7)l w2} 140.9 cm, 146.9 cm, 150.8 cm, 152.5 cm,

EE A ZE B e 40Q1)  69~77, 2007/71
AEL 36.5 kg, 41.6 kg, 44.5 kg, 46.2 kg & d&Ho| =
JFelaA Azt F7RIE ole A AAF-oA AA
g 2E8hw ofshAy 481, 53hA, 68 A9 Algo] 137.0
cm, 143.7 cm, 150.3 cm, A= 33.1 kg, 37.2 kg, 43.2
kg'? Bt} F& At AA AlE Anfel|A] gakst BMI,
A Mg, ARE, ARG, AR TR 22
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AHE0] oA AFHEE Table 20 VeI 2 =
AP A S GUA AFTE AFEE 23 A 9
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o s ast A7 Aol w2 Fot oA] A3l
2,008 kcal® VERLT™ dH=ql AP FH71E M E 9~
114 oz} ojolE9] U o] Ha FHHE 1,700

AN

A TTTo 0=
keal®2 ARXJBIATE & AelMe tiidxz2] 1Y ou=] A
F|7} 966 kealollX 2,263 kealz 2 HAE B on ZA}
A7 Bt oA Q3 BE= 1,493 kealolA 1,670
kcal® VFER} olUA] AHF] w2 A& & 5 ATh
offLix]efl 7]eidh= v Puds ©EEHE - whia o A]e
o] Hl&-2 FAF AIZIEE 742} 13F FAR= 58.2 1 16.2 ¢
26.6, 23} ZAR=56.2 : 15.8 : 27.7, 3x} ZAR=58.3 :
15.7 : 25.8, 42} AR= 56.5 : 15.2 : 28.3Y v]&S B
Rom, AT 71zF Bt JUdh AHH HF T 3 AU

Table 1. General characteristics of subjects (Mean % SD)
v ) > o)
N 230) N = 225) N = 25) N2 230 Ath —1st
Age (month) 1229 + 6.9 133.9 = 6.7 139.9 + 6.7 1444 + 6.3 215 +1.38
BMI (kg/m2)® 182+ 28 192 £ 29 19.5 + 3.1 19.8 + 3.1 1.53 + 1.27
Height (cm) 1409 £ 6.7 146.9 + 6.8 160.8 £ 6.3 1625 £ 6.0 11.6 + 270
Weight (kg) 365+74 41.6 £ 84 445 £ 8.7 462 = 8.8 Q.71 + 3.52
Percent body fat (%) 225+78 251 +£72 249 £ 7.2 266 £ 6.8 414 + 457
Lean mass (kg) 27.8 = 4.1 307 45 329 £ 47 334+ 45 5.59 + 250
Fat mass (kg) 862+t 44 109 £49 115+ 51 127 £ 53 4,12 + 2,56
Mineral mass (kg) 1.94 + 0.3 220+ 03 237 £03 244 £ 0.3 0.49 £ 0.18
BMD (g/cm®® 0.44 + 0.1 0.44 = 0.1 047 +0.1 0.46 + 0.1 0.02 +0.04
BMC (g)” 1.48 + 0.3 1.55+04 1.61 £0.3 1.66 04 0.18 = 0.22

1) Conducted in May, 2003. 2) Conducted in April, 2004. 3) Conducted in October, 2004. 4) Conducted in February and March,
2005. 5) Body Mass Index. 6) Bone Mineral Density. 7) Bone Mineral Content
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Table 2. Mean daily dietary intake of subjects (Mean + SD)

1st” (N = 230) ond” (N = 224) 3rd” (N = 216) 4th® (N = 230) Mean of 4 surveys

Energy (kcal) 1669 + 339 1608 + 356 1670 + 404 1493 + 425 1606 + 239
Protein (g) 632 =157 63.2 163 649 +£17.0 57.2 = 20.5 620 =109
Fat (@) 498 £15.6 499 +16.3 484+ 172 479 £202 490+ 104
Sugar (@) 242 + 492 225 + 50.2 243 = 610 208 + 56.1 228 + 33,5
Ca (mg) 523 + 192 530.9 + 192 5020 £ 186.1 382.3 £ 199.3 483 =122
P (mg) 969.6 * 239.3 969.6 + 245.2 980.6 = 258.7 823.5 + 283.3 933.6 = 164.2
Fe (mg) 917 £28 8.47 £25 89328 7.95 + 3.1 859 £17

K (mg) 1973 + 537.3 2016 + 538.9 2002 + 552.6 1628 = 605.8 1900 = 356.1
Vit.A (RE.) 584.4 = 231.1 496.7 = 224.2 491.2 +191.8 412.6 = 244.9 493.3 =131.0
Na (mg@) 3214 + 954.7 3170 + 882.7 3277 +1003.3 3001 + 1038.5 3158 = 591.1
Vit.B: (mg) 1.00 £ 0.3 1.09 =03 1.02 £ 04 097 =04 1.02 £0.2
Vit.B: (mg@) 111 £03 1.04 £ 0.3 1.06 £03 090x0.4 1.02 £ 0.2
Niacin (mg) 132+ 40 12.8 £ 4.1 13.7 =44 119 £52 129 £ 26
Vit.C (mg) 61.3 £320 77.5 £ 526 64.9 = 46,5 60.4 + 58.7 66.0 =287
Zinc {mg) 747 £22 707 19 7.76 £ 2.1 68228 7.27 £1.3
Vit.Bs (m@) 177 £05 1.65+05 1.77 £ 0.6 144 £05 1.63 £03
Folate (1g) 197.6 £ 588 190.4 + 58.5 169.9 = 64.4 151.1 = 64.4 1765 £ 359
Retinol (2g) 140.8 = 96.0 122.8 £73.9 113.9 = 69.2 123.3 £ 74.6 125.0 =435
Carotene («Q) 2289 = 953.6 2128 £ 12247 2090 + 949.6 1673 + 12759 2034 + 619.3
Ash (m@) 1561 £3.9 1565 £ 3.9 1568 = 4.3 142 £ 4.7 151 x£27
Fiber (@) 410 1.6 425 +1.7 407 £1.4 3.64+18 40010
Water (%) 874.1 £ 239.2 823.3 £ 209.3 853.8 = 237.8 703.7 £ 249.2 812.0 = 146.1
Vit.E (mg) 128 £55 131+ 45 11.8 £ 48 11.8£72 12.3 = 3.1
Cholesterol (mg) 27903 £ 129.2 2941 +121.3 285.7 £ 117.5 266.1 = 136.9 281.1 =741
Isoflavone (mg) 6.67 £ 6.5 949 =90 937 £96 83073 8.47 £ 47

Percent of total energy intake from each macro nutrient (%)

Carbohydrate 582 + 55 56.2 = 5.6 58.3 =58 565+ 7.2 57.0 = 3.6
Protein 1562 +£22 1568 £ 2.4 1567 £25 152 £26 154+13
Fat 26.6 = 5.1 277 £ 49 258 £50 283 £ 6.2 27.3 £ 3.

1) Conducted in May, 2003. 2) Conducted in April, 2004. 3) Conducted in October, 2004. 4) Conducted in February and March, 2005
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Fig. 2. Percent change of BMC during the study period.
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Table 3. Pearson correlation coefficients between % change of
BMC, baseline and changes of body composition and mean

nutrient intakes during the study period (N = 230)
Baseline measurement
Age (months) ~0.1160"
Body mass index (kg/m?) 0.0460
Height (cm) -0.0172
Weight (k@) 0.0254
Percent body fat (%) 0.1433"
Lean mass (k@) -0.0623
Fat mass (kg) 0.1002
Mineral mass (kg) -0.0465
Bone mineral content (g) -0.3527"
% Change during the study period
Body mass index 0.0419
Helght 0.1488
Weight 01114
Percent body fat —0.1650
Lean mass 0.2670"
Fat mass -0.1151
Mineral mass 0.2607"
Mean nutrient intake during the study period
Vit C (mg/day) 0.1430"
Vit. Bs (mg/day) 0.1443"
Isoflavone (mg/day) —-0.1307"

1:0.05<p<0.1, *: p<0.05

of 12k ZAF Al A AIS 28], = 3l
2Ed AR T I AAR »3&011 okl &
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LM olaZah, HlEPﬂ
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Bs, @8, 7IERZ Jalo] d‘z—l”ﬂ‘?\iq R*=0. =
32.39, p <.0001). 9] A8 QA5 FolA 1;} zA}

Al AFH F718% HskE, vier! 6—8— 4% WskEd
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of A G v, T GFS AYT 7o) Aol2

Boj Faduth= ol 1alo] gJokh U3 el o B
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sz datoich. 2A%F F4710 X digh 219089
UL JEkE = AN AE 2 gokd Qs ul3]
WA EE A9E GO el ATeld Aol Y%
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Table 4. Stepwise Regression of % BMC change with baseline and
change of body composition and mean nutrient intakes during

the study period (N =230)
Variable Parameter Standard Model F
entered estimate error  R-Square value ProF
BMC ()" -73.77 8.834 0.124  32.39 <.0001
Weight (kg)"” 5.406 0.892 0.197  20.56 <.0001
Mineral mass 1.154 0.241 0.262 16.72 <.0001
change (%)
Body Mass Index —-8.831] 2.092 0.291 1224 0.001
(kg/mz)n
Age (months)” -0.733 0.370 0308 556 0.019
isofiavone -0.895 0.481 0320 4.01 0047
(mg/day)”
Vit. Bs (mg/day)® 42.96 11.55 0336 5.07 0025
Protein (g/day)®  —0.690 0.443 0.359  8.02 0.005
Carotene -0.009 0.004 0.368 3.06 0.082
(«g/day)®
Water (%/day)® 0042 0024 0374 227 0.133
Zinc (#g/day)® —4.852 3.140 0.381 239 0.124

1) Baseline characteristics
2) Change during the study period of 22 months
3) Mean nutrient intakes during the study period
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