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ABSTRACT

To compare the dietary intakes and body composition in the stage of puberty, this study was conducted with 360 girls
aged 9 to 12 years in Seoul Korea. Girls’s general information and 3-day diet records were collected, fat mass was
measured by Inbody 3.0, bone mass at right calcaneus was measured by PIXI and pubertal development was self-assessed
by picture of Tanner stages. The results are as follows: Girls who had breast development were 79.7% and 15.8% had
pubic hair development. Mean of BMI, BMC and BMD were significantly higher at breast stage3+ (19.6 kg/m’, 1.62
kg, 0.47 g/cm®) than at the breast stage2 (18.2 kg/m®, 1.47 kg, 0.44 g/cm®) or breast stagel (16.3 kg/m’, 1.32 kg, 0.39
g/cm®) (p < 0.001). Percent body fat of breast stagel, 2, and 3+ were 19.7%, 23.1%, 25.3% respectively and significantly
increased during the puberty (p <0.001). The mean of encrgy intake was 1629 kcal in stagel, 1664 kcal in stage2 and
1577 kcal in stage3+ showed significant difference in the breast stages (p <0.05). Energy adjusted sodium intakes and
crude fiber intakes were significantly higher in breast stage3+ than other breast stages. For zinc and iron, proportions
of subjects with intake levels less than 75% of Korean RDA was over 40% and significantly higher in breast stage3+
than other stages (p <0.035); for protein and vitamin E, the proportions of subjects with intake levels more than 125%
RDA was significantly higher in the stage1. The nutrient adequacy ratio (NAR) for protein and phosphorous was signi-
ficantly lower in breast stage3+ than other stages. The food groups of seed and nut were 4.7 g/day, 2.3 g/day, 1.8 g/day,
respectively, and was significantly higher in breast stagel. In summary, mean of BMIL, BMD, BMC and percent of body
fat were increased with pubertal development, and those who had higher breast developmental stage showed a lower
amount of consumption level in energy, seeds and nuts, and also showed a higher amount of consumption level in energy
adjusted sodium and fiber among Korean girls. (Korean J Nutrition 37(7): 566 ~575, 2004)
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Table 1. Characteristics of subjects by breast stages No (%)
Stages Stagel Stage2 Stage3+ Total
No (%) No (%) No (%) No (%)
Character 73 (203) 229 (63.6) 58 (16.1) 360 (100)
Economic status
High 21 (28.8) 68 (29.7) 22(384 111 (309
Middle 51 (69.9) 157 (68.6) 34 (89.7) 242 (67.4)
Low 1(1.4 4018 1018 6(C 17
Total 359 (99.7)
Father's education
Middle or below 101.5 4019 119 6(18
High school 8(121) 40089 9067 570172
College orabove 57 (86.4) 168 (79.3) 44 (81.5) 269 (81.0)
Total 332 (92.2)
Mothet’s education
Middle or below 1(1.5 7033 2(37) 10030
High school 17 (25.4) 74 (34.7) 20(37.4) 111 (332
College or above 49 (73.1) 132 (62.0) 32 (89.3) 213 (63.8)
Total 334 (92.8)
Exercise
Yes 38 (52.8) 141 (62.1) 33 (56.9) 145 (40.6)
No 34 (472) 86(37.9) 25(43.1) 212 (59.4)
Total 357 (99.2)
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ZAR= Tanner's stagesel =
;gr;g]_ O_gx_ uh;l— 7gx:z=’-. 1}7].
Brsle] 7153HA ‘6}%‘:}. A eE-g3} S Inbody
3.0 (Biospace Co. Ltd, Seoul, Korea) & AM-3lo] 248}
gon, 7l Y g AFARANN ST R A
sit}. 24% (Bone Mineral Content) 3 ZUE (Bone Mi-
neral Density) & PIXI (Peripheral Instantanous X—Ray
Imager, Lunar radiation Corp, Madison, WI, US.A)E
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Fig. 1. Distribution of subjects by breast and pubic hair Tanner
stages.
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Adjusted intake = (subject’ s mean—group mean) X
(SDietseen/SDupsened) + group mean

SD = SDgsserved! SDbetween =
Sart (1 + (S K X Sierween) ™
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BE A5 EAAEE SAS (Statistical Analysis sy-
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AL, A e DA feldE vlwsk] A8 Gener-
alized Liner Model (GLM) & o] 83}o] &gt HE B3
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g A SRR 79.7% (Stage2+) 01T &
FHS 7AE gz RE 15.8% 2 oJote] A AlsollA] &
W] WA AAET QS-S 4 Yok
ZAIIARS] ZAIA 874, opA| 9t oMU ] IS, ¥
FToiie e DA f2d Aolzt ¢loldd (Tablel).
FANNEALS] b 19 E 39| BadEe
712} 10.04, 10.34], 10.5M2 3 A= GAME K28 b
o]7} Itk (p < 0.001). o]E T U} ojdole] fagt
2 A AH (Stage2) ¥ vl B v)= 9.74) (NH-
ANES 2001), &% 10.84] (1996), Sweden (1996) 10.8
A, Denmark (1998)11.24, Netherlands (2000)10.7
A, Spain (2002)10.74|1Z v)ES A3k thZ e} o]
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7V 5= Q= AAABAS (BML:

ZAEAR] BIRkE S 3
body mass index) & fdd @A 16.3 kg/m’, 18.2
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0.39 g/cm®, 0.44 g/cm?, 0.47 g/em’E A %

T°r

+ AE

| gl wet f-28kAl Sk (p < 0.001). ow
BE HaE d¥S EESE BAS 3 v il_z‘s}‘ﬁl:]-

Abranms %7 Q7o) o5k Z4 AT BG

3 A% AP AFE 221, & 2, 3hAlelA 7HA1@J+

WA F Aol vlgle] Fgttkn Sich 2 AT didRke

[*]

12

Al F718I5 oM, QA MBET 10.7%, 23.1%, 25.3% A A% XA A A 2219 e PRz FA4E

07 A Aol Wl tt folskA FIHIIT (b < orz FARW TYL BT KU Ik AE

Table 2. Comparison of body composition by breast stages Mean *+ SD
Stagel (n = 73) Stage? (n = 229) Stage3+ (n = 58) All (n = 360)

Age (yn™*" 100 +06° 103 05 105 +05° 102 +06

Weight (kg) ™" 302 *49° 364 +£7.0° 413 £ 6.6° 360 +74

Height (cm)™*" 1358 +51° 1411+ 6.0° 1453 +57° 1407 +6.4

Body fat (%)™ 197 *56° 231 +£7.° 253 +7.13° 22,8 +701

BMI (kg/m) ™ 163 +19° 182 £28° 196 +28° 181 £28

BMC (kg) ™™ 1.32 £ 0.26° 1.47 £ 0.27° 1.62 + 0.30° 1.47 £ 0.29

BMD (g/cm®) ™ 0.39 = 0.06° 0.44 + 0.06° 0.47 *+ 0.06° 0.43 + 0.06

Different alphabets mean the average was significantly different among the breast stages by GLM after adjustment for age

(#+x: p <0.001)

Table 3. Comparison of usual nutrient intake by breast stage Mean = SD
Nutiont 188 gtagel (n = 73) Stage?2 (n = 229) Staged+ (n = 58) All (n = 360)
Energy (Kcal” 1629  + 259.0% 1664 =+ 235.7° 1577.0 + 249.7° 1643.0 = 244.3
Protein (g) 628 = 10.9 63.6 =+ 10 509 =+ 89 62.8 =+ 10.2
Fat (@) 495 £ 101 49.7 + 105 46.6 = 104 492 + 104
Carbohydrate (gQ) 2322 £ 362 2388 + 31.9 229.1 £ 321 2359 + 328
Calcium (mg) 5420 = 131.8 5384 +128.2 507.9 £ 1434 5342 +131.6
Phosphorus (mg) 975.7 £ 1850 9753 £ 1632 9145 = 1568 965.6 + 1679
Iron {(mg) 88 + 1.8 90+ 1.7 87+ 1.8 89+ 1.7
Vitamin A (RE.) 566.1 £ 103.9 578.8 + 1084 558.6 + 108.9 573.0 £ 107.6
Sodium (mg) 3166 6276 3177 £ 5815 3207 * 670.6 3178 + 604.5
Vitamin B, (mg) 1.0+ 02 1.0+ 02 09 = 02 10x 02
Vitamin B, (mg) 1.1+ 02 1.1 02 1.0+ 02 1.1 02
Niacin (mg)* 13.4 = 20% 135+ 22° 128 + 1.4° 134 + 2.1
Vitamin C (mg) 623 = 21.1 620 £ 243 586 + 20.3 615 + 230
Zinc (¢ @) 7.6 = 1.7 7.7 £ 15 71+ 1.2 7.6 £ 15
Vitamin B, (mg) 18+ 04 1.7 £ 04 1.7 £ 02 1.7+ 03
Folate (« @) 187.5 £ 37.8 188.9 £ 36.8 1814 = 354 187.4 = 36.8
Vitamin E (mg) 127 &= 2.7 126 = 33 120 + 28 125 + 3.1
Fiber (@) 41 = 1.1 42 = 11 45+ 20 42 £ 1.3
Cholesterol (mg) 276.1 £ 99.1 2780 + 838 2542 + 801 2738 = 86.7
Phytate (mg) 327.5 +108.4 3304 £ 99.3 336.4 = 107.9 330.8 + 102.4
Protein (%) 154 = 1.3 153+ 15 163 £ 1.1 154+ 14
Fat (%) 273 =+ 29 269 = 32 264 = 3.0 269 £ 3.1
Carbohydrate (%) 573 = 35 578 &+ 3.7 883 + 3.2 577 =+ 3.6

Different alphabets mean the average value significantly different among the breast stages by GLM after adjusted for age, BMI and

BMD (*: p<0.05)
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191149 B¢t olluiR] B 4 A% DAPE 1629 keal,
1664 kcal, 1577 kcalZ g 3+9AloA e @A
B} felskA @tk o] Koprowskic £2%% d7-olA
fruke] WFaAlA] (Stage2+) A1719 oUR] AFFE &9
AaaAZE Jrtkn & AT v S o, A TAlQl
2GAI0IA U] AFHFE F94T 3+ANNA AdFHT
2otk AA oldAte) Hit oA HHE 1643.0 keal2
ol 200145 FUFFZAL A7 7~124] 190 149 oy
2] MF 2 1848.5 keal 88.9%% Z2F e FFo)qich
SrglE, Ay, GUAZRE FEHE ouR) vlEL Y
et 1Al 57.3%, 27.3%, 15.4%, 22A1914 57.8%,
26.9%, 15.3%, 3+3A°IM 58.3%, 26.4%, 15.3%°Z
ZF A {8 Zo)zt gigled 20019% =0 Judx
A A3t 7~124] ¥ 62.7%, 23.0%, 13.4%%} vlas}
AFE wf A oiiz] vjgo] thh 78k ©EE oy
2 vlgo] ag RS B 5 Ak YoloR] HHZLE &
vhitek oA 134 mg, 13.5 mg, 12.8 mgl 2 fibad
3+eAloA e dAET F2skA Wkt (p < 0.05)
(Table 3).

ZARREAL 1000 keal B G424 AF 2N YEF A
F2ke 1949 mg/1000 keal, 1920 mg/1000 keal, 2044

e 3+aAA FefstA &8kt
UEFC] A A&l old 4L w|X=AE ok A o
Fo} BES Ago)n ¢o 7 o Be ATV st} 4
o] Af AdF%S A A A 2.5 g/1000 keal, 2.5 g/
1000 keal, 2.9 g/1000 kcalZ b 3+Al0lA o
2 dAlel st F-23HAl F3tek (Table 4). & Mak-
colm 5% AT Ao] Af dFHZo] F7Hgl =t 2
78] Ago] Figithe A7AY, & 23S AET o
o7} YA % ofHolej H]ste] Ao] Hf AHHHo)
Aohks A3 vwslgls o B dyelMe 7ol 4
Az Ao e oJz; ofolelA & A s dA
ol Q= AR} AUAE BT Holidfo] HHFol
FE A0F Vet AT A 1ol Aolzt Uit
AP AR GA HHFE $E9 FEEEF o
B A e dAE Ko Aozt %D, F
Gt 7o) Fokie oMol vt (Fig. 2)
ARFRG AA dHshs dUdae 2w (70.0%), 3
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Table 4. Comparison of usual nutrient intake as a nutrient density by breast stages Mean £ SD
Stages
Nutrients Stagel (n =73) Stage2 (n = 229) Stage3+ (n = 58) All (n = 360)
(/won kcal)
Protein (@) 386 £ 33 383t 3.7 381+ 29 384 £ 35
Fat (@) 303 £ 3.2 297 £ 35 294 £ 32 298 = 34
Carbohydrate (@) 1430 £ 93 1440 £ 9.6 459 = 87 1441 = 9.4
Calcium (mg) 3334 £ 624 3242 + 647 321.7 = 693 3257 = 65.0
Phosphorus (mg) 598.9 £ 573 587.1 £ 60.6 5811 = 522 5885 = 58.8
lron (mg) 54+ 07 54t 08 55 07 54 £ 08
Vitamin (R.E.) 3512 £ 59.6 3510 £ 627 356.1 + 538 3619 = 60.6
Sodium (mg)* 1949 +202,0° 1920 +289.8° 2044 +357.2° 1946 £ 3045
Vitamin B, (mg) 06 = 0.1 06 £ 0.1 06 £ 041 06 = 01
Vitamin B, (mg) 07 £ 0.1 07 £ 0.1 0.7 £ 01 07 £ 01
Niacin (mg) 83+ 1.1 82+ 1.1 32+ 10 82+ 1.1
Vitamin C (mg) 384 = 11.7 373 £ 13.6 373+ 114 375 £ 129
Zinc (1 Q) 47 + 0.8 46 = 08 45+t 04 46 + 0.7
Vitamin Bs (mg) 1.1+ 02 1.0+ 02 1.1 0 1= 01
Folate (1 Q) 1166 £ 175 114.1 £ 19 116.0 = 204 1147 = 189
Fiber ()" 25+ 05° 25+ 06° 20+ 14° 26 £ 07
Vitamin E (mg) 78+ 13 7.6 16 7.7 £ 1.7 76 =+ 15
Cholesterol (mg) 167.3 £ 449 166.6 = 429 160.7 =+ 399 1658 & 428

Different alphabets mean the average value significantly different among the breast stages by GLM atter adjusted for age, BMI and

BMD (x: p<0.05)
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Fig. 2. Usual nutrient intake as a percentage of Korean RDA by
breast Stages.
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g W) A4S PR B2} folabl Bokh
ZARpgARe] G GRS ot FPMANE o
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2t 0.90, 0.89, 0.86°% ¥AH o WolxE e B
ot v o8 Aol gigled Bl B3 e}
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53] 2% (06903 B2 (066)°] h$
ATk 4 4% A HEsige wuEst e 343

<75% RDA

%0
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50 - I ]
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Energy Cadlcium Zinc fron
<125% RDA 1 <125%

% of Subjects

1 23 1
Protein

1 2 3

Vit. B6 Folate Vit E P

12 3 1123

Fig. 3. Distribution of subjects with usual nutrient intake level less
than 75% of RDA (A) and more than 125% of RDA (B) by breast
stages. Distribution of subjects are significantly different among
the breast stages by person’s x> test (2 p <0.05, #+=: p<0.001).
1: Breast stagel, 2: Breast stage?2, 3: Breast stage3+.

Table 5. Comparison of usual nutrient intake as a percentage of Korean RDA by breast stages Mean + SD
Stages
Nutrients Stagel (n=73) Stage2 (n = 229) Stage3+ (n = 58) All (n = 360)
(% RDA)
Energy 86.2 + 158 86.1 £ 13.1 80.5 * 140 852 +13.9
Protein 136.2 = 358 1292 + 294 116.5 =267 128.6 £ 30.9
Calcium 728 £19.6 704 £17.8 652 £195 700 = 18.6
Phosphorus 131.1 £ 289 127.4 £ 23.5 1174 =229 1265 £ 249
fron 720+ 244 66.7 + 20.6 606 £19.7 66.8 £21.5
Vitamin A 103.7 £ 21.4 102.4 + 20.3 96.4 =+ 209 101.7 £ 20.7
Vitamin B, 104.7 = 20.7 1020 + 16.8 96.7 £ 16.7 101.7 £17.7
Vitamin B, 92.9 +23.0 90.4 +21.0 833 * 199 89.8 +=21.4
Niacin 107.2 £ 17.0 106.8 +17.7 99.7 £13.2 105.7 £ 171
Vitamin C 97.0 £ 363 92.9 + 36.2 87.0 * 344 92.8 = 36.0
Zinc 80.8 £ 20.2 79.4 = 165 730 £13.9 78.7 £17.1
Vitamin B, 190.5 + 53.3 176.7 £ 470 1626 + 36.9 1772 £ 475
Folate 109.8 £+ 30.1 104.2 £ 252 96.9 +27.5 104.2 + 26.8
Vitamin £ 169.8 + 40.1 164.1 +43.2 153.44 + 38.2 163.5 £ 42.0
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Table 6. Comparison of usual nufrient intake as nutrient adequacy ratio (NAR") by breast stages Mean = SD
o S1008s giagetl (n = 73) Stage2 (n=229)  Stage3+ (n = 58) All (0 = 360)
Protein” 0.98 + 0.06 0.99 + 0.03° 097 + 0.05° 0.99 = 0.04
Calcium 0.71 £0.17 070 £ 0.16 0.64 £ 0.16 0.69 = 0.16
Phosphorus” 0.99 + 0.05° 0.99 + 0.03° 098 + 0.05° 099 +0.04
fron 0.7 =021 0.66 £0.18 06 +0.18 0.66 = 0.19
Vitamin A 093 £ 0.09 0.93 + 0.09 09 *0.1 0.93 = 0.09
Vitamin Bs 0.94 = 0.08 0.94 = 0.08 0.92 + 0.09 0.94 = 0.08
Vitamin B2 0.86 £ 0.14 0.85 £ 0.13 08 =014 0.85=0.14
Niacin 0.97 + 0.05 0.97 £ 0.06 0.94 £ 0.07 0.96 = 0.06
Vitamin C 0.84 +0.17 0.82 = 0.17 078 £0.17 0.82 £ 0.17
Zinc 0.79 £ 0.15 0.78 = 0.13 0.73 £0.13 0.77 £0.13
Vitamin Be 1.00 £ 0.00 1.00 = 0.00 1.00 = 0.00 1.00 £ 0.00
Folate 0.93 £ 0.11 092 +0.1 0.88 £0.12 092 0.1
Vitamin E 1.00 £0.01 1.00 £ 0.01 1.00 = 0.01 1.00 = 0.01
MAR? 0.9 +0.08 0.89 £ 0.06 0.86 = 0.08 0.88 £ 0.07

Different alphabets mean the average value significantly different among the breast stages by GLM after adjusted for age, BMI
and BMD (: p<0.05)

"NAR = the subject’s daily intake of a nutrient/RDA of that nutiient

MAR = Sum of the NARs for nutrients/13

Average of NAR for 13 nutrients (protein, ca, p, Fe, Vitamin A, Vitamin B, Vitamin B, Niacin, Vitamin C, Zinc, Vitamin Bs Folate, Vitamin E)

Table 7. Comparison of food intake by food group in breast stages Mean = SD
Food group (g/d) Stagel (n=73) Stage2 (n = 229) Stage3+ (n = 58) All (n = 360)
Cereal & grain products 416.1 £ 106.6 445.7 + 107. 423.83 = 116. 436.2 = 109.3
Potatoes & starch 19.1 £ 229 148 = 174 1792 £ 17.79 162 + 18.7
Sugars & sweet 103 + 9.8 98 £ 8.1 10.14 £ 11.87 99 £ 91
Legumes & their products 208 £ 285 243 = 370 232 = 264 234 *+ 338
Seeds &nuts” 47 £ 9.7° 23+ 46 18 £ 41° 27+ 60
Vegetables 142,1 £ 530 143.5 £ 55.9 1415 = 554 1429 £ 85.1
Fungi and mushroom 556 67 53 &9 48 = 50 52+ 59
Fruit 129.4 = 152.2 144.6 + 141.4 112.0 =* 108. 136.3 £ 138.6
Seaweed 28+ 1.8 30+ 25 29 = 21 29 = 23
Ol (ptant) 756 = 3.6 74+ 50 67 + 37 73 46
Beverages 26.1 = 480 39.5 + 63.0 442 = 630 375 = 61.2
Seasoning ‘ 254 + 113 255 = 111 253 £ 111 255+ 112
Subtotal 809.9 + 227.5 865.7 + 217.6 8142 2340 846.1 £223.2
Meat, poultry & their products 848 £ 472 835 + 560 746 + 415 823 + 522
Eggs 1956 £ 21.8 20.7 £ 19.6 190 = 214 202 + 203
Fishes & shell fishes 495 £ 246 51.5 = 31.9 460 + 307 50.2 = 30.3
Milk & milk products 264.4 +123.3 249.7 = 136.1 2169 =+ 108.4 247.2 £ 1300
Fat (animal) 012 £ 058 019 £ 098 011+ 053 016 £+ 085
Subtotal 4183 + 1483 405.6 = 160.0 3666 = 1245 400.1 £ 1834
Total 1228 =+ 321.6 1271 = 2755 1170 2719 1246 + 286.5
Plant food (%) 725% . 68.1% 69.6% 67.9%
Animal food (%) 27.5% 31.9% 30.4% 32.1%

Different alphabets mean the average value significantly .different among the breast stages by GLM cifter adjusted for age, BMI and
BMD (*: p<0.05)
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Table 8. Comparison of mean dietary variety score (DVS) and mean dietary diversity score (DDS) by breast stages

Stagel (n =73) Stage2 (n = 229) Stage3+ (n = 58) All (n = 360)
Dvs” 346 63 337 =62 334 +63 339 63
DDS” 438 £ 0.49 436 =05 436 £ 0.5 435+ 0.5

Distribution of dietary diversity score (DDS) by breast stages No (%)

20-30 1(1.4) 8 (26 1017 10 ( 2.8)
31-40 23 (31.5) 74 (32.3) 19 (32.8) 116 (32.2)
41-50 49 (67.1) 147 (65.1) 38 (65.5) 234 (65.0)
Total 73 (20.3) 229 (63.6) 58 (16.1) 360 (100)

' DVS: Total number of food items consumed

? DDS: Counts the number of food groups consumed daily form major five food groups (grain, meat, dairy, fruit, vegetable)
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