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ABSTRACT

The purpose of this study was to investigate the dietary habits, nutritional status, and serum copper and zinc concentra-
tions of adolescent athletes. 50 high school adolescent athletes (29 male, 21 female) took part in physical education
high school and 47 high school adolescent non-athletes (21 male, 26 female) in general high school. Questionnaires,
anthropometric measurements, 24-hour dietary recalls and blood analysis were conducted. In the males, the mean
height, weight and body fat percents of athletes and non-athletes were 174.0/172.9 cm, 67.4/68.3 kg, and 8.9/20.0%
(p <0.001) respectively. In the females, the mean height, weight and body fat percents of athletes and non-athletes
were 163.7/159.3 cm (p <0.01), 58.7/55.7 kg (p <0.05), and 18.6/30.1% (p <0.001) respectively. In both male and
female athletes, intakes of animal fat were significantly higher and intakes of vitamin C were significantly lower than
those of non-athletes. There was no significantly difference in zinc and copper intakes between athlete and non-athlete
groups. The average serum zinc level of male athletes was significantly lower than that of male non-athlete. The
average serum copper levels of male and female athletes were significantly lower than those of male and female non-
athletes. Based on these results, exercise may effect on zinc and copper utilization of adolescent. Further studies on zinc
and copper nutrition of adolescent athletes were needed to understand more mineral nutrition and exercise. (Korean J
Nutrition 38(6): 465 ~474, 2005)
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1) MNMHE
A3 AZ2e AAAEAZ7] (Fatness measuring sys-
tem, DS—102, JENIX, Korea) & AH31, 7k &t

150]31th

Y Aol Age Ba AP AHZ SR AR
3} AFE olgsiel AAFAF WAFAF BMD = AF

(kg)/[A1A(m)]HE AT AAE, ARTE LBV,
lean body mass) %} A5E-& (TBW, total body water)
2 AXWEA7] (Bio—electrical impedence analyzer,
TBF-105, TANITA, Japan) & AH3te] 33 AL
Nzow A8 d¢de A5-8e7] (Fully automatic
blood pressure monitor, BP—750A, NIEEEI, Japan) &
AMgEto] S48
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312 ko] ok AFHFE AR AN AEE 7
%22 3o gy} 213 (Can—Pro, Computer Aided
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A7 RS AFT 571 AA AZARe ol
§ A¥= Table 13} 2t} E8hge] B A3 54
7] 16.44), Yukro] 16.6M00, &t HF o
HE 2FAFTo] 1594, Ukro] 16.241%0th 254
T 52 3 & 7R S BF He 5.5E030th
B AT AFE FEAA 2FA5Te] 174.0 cm,
67.4 kg, YHFFo] 172.9 cm, 68.3 kg, oJ8HBolME &%
AMa=F0] 163.7 cm, 58.7 kg, Y¥kEo] 159.3 cm, 55.7 kg
o7 AT AFHAA Fetge SeAeTy Ikt 7
of oAl Ko7t ¢l et FF5XF7e
A% (<001 AF (p<0.050°] FYFHoR o ¥4
Uttt oleigt A9E g9l A9 71EAY e vl
Aol QQoj= 71EA| 9 AA Aol7t UR] egka AEL
oRF T4t B AAFAFAA FEAYL $5AgTo)
22.2 kg/m®, Gukro] 22.8 kg/m’, AL EFHFT
o] 21.9 kg/m?, dukro] 21.9 kg/m’C & Y BF &%
A3 AWhEze) 2pole Uit
2 Forgoll = &5X47F0] 129.0/72.8 mmHg,
Aol 129.7/76.9 mmHgZE F-2JAQ1 xjo|7}t iR ont,
AN FAFTo] 119.1/70.4 mmHg, Q¥
0] 109.5/68.1 mmHg® oI&H89] £&7] ol #3¢
T2l AJolE B} (p < 0.01). AAEY xjolofl lojA

Table 1. Anthropometric measurements of the subjects
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2. AlgH ‘

WAz ARRIE 2 943 7k i Fof #3t 2
FY A Z¥= Table 28} 2t AARIEE AwEd A

=
AR AARIEAE U B SEASETH A2

B57F FEAF deo] 60.7%, Yt @8] 57.1%,
TEAT o8] 23.8%, Uit A0 48.0%2 HU
EF 27 Fo5 Aolg HolA stk ek Aw A

Variable Male Female
Athiete (n =29) Non-athlete (n =21) Significance”  Athlete (n=21) Non-athlete (n=26) Significance?

Age (years) 1638 £ 098" 16,62 = 059 NS. 1586 £ 0.79 16.15 = 0.61 N.S.
D‘;’S;’;’i;gf(yeors) 554+ 279 - - 545+ 188 - -
Height (crm) 17399+ 7.95 17291 + 4.89 N.S. 16373+ 505  159.32 + 4.70 p <001
Weight (kg) 6741+ 719 6827+ 524 N.S. 5873 + 4.06 5565+ 5,13 p <0.05
BMI® (kg/m?) 22+ 125 2281+ 1.06 N.S. 2192+ 1.33 21.88 + 1.10 N.S.
SBP" (mmHg) 129.00 = 1191 129.71 = 11.24 NS. 11905 £ 11.03  109.50 + 10,61 p <001
DBP” (mmHg) 7276 + 908 7686+ 8.48 NS. 7043 + 905 68.12+ 8.6 N.S.
Waist (cm) 7564+ 293 7586+ 524 NS. 7023 = 3.83 67.17 £ 430 p<0.05
Hip (cm) 9711+ 426 9531+ 400 NS. 9622+ 358 91.71 = 377 p <0.001
WHR® 0.78 + 0.03 0.80 + 006 N.S. 073+ 003 073+ 004 N.S.
LBM” (%) 9107+ 172 8000+ 283 p <0001 8142+ 239 7009 + 3.04 p <0.001
Body fat (%) 893+ 172 2001+ 283 p <0.001 1859 + 2.39 3014+ 3.33 p <0.001
TBW® (%) 6648 = 126 5840 = 2.07 p <0.001 5943+ 1.74 51.16 £ 2.21 p <0.001

1) Mean = Standard Deviation, 2) Significance as determined by Student’s t-test, 3) Body Mass Index, 4) Systolic Blood Pressure,
5) Diastolic Blood Pressure, 6) Waist Hip Ratio, 7) Lean body mass, 8) Total body water
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Table 2. Dietary habits of the subjects No. (%)
Sex and school Male Female
Variable Athlete (n =29) Non-athlete (n=21) _ Athlete (n=21) Non-athlete (n =26)
Every day 17 (60.71) 12 (57.14) 5 (23.81) 12 (48.00)
Five or six fimes a week 7 (25.00) 3 (14.29) 5 (23.81) 2 ( 8.00)
F‘iq“?”cy of " Three or four fimes a week 3 10.71) 1476 6 (28.57) 3 (12,00
B st One or twice a week 1(357) 3 (14.29) 2 ( 9.52) 41600
Always skip 0 ( 0.00) 2 ( 9.52) 3 (14.29) 4 (16.00)
Significance” 22=56576 (df =4) N.S. 1°=5.673 (df =4) NS.
Every day 20 (71.43) 18 (85.71) 15 (71.43) 21 (80.77)
Five or six fimes a week 7 (25.00) 3 (14.29) 5 (23.81) 3 (11.54)
Frequency of Three or four times a week 1(3.57) 0 ( 0.00 1 (476 2(7.69
havinglunch  One or twice a week 0 ( 0.00) 0 ( 0.00) 0 ( 0.00) 0 ( 0.00)
Always skip 0 ( 0.00) 0 ( 6.00) 0 ( 0.00) 0 ( 0.00)
Significance x%=1.741 (df=2) N.S. 13=1.316 (df =2) N.S.
Every day 22 (78.57) 18 (85.71) 7 (33.33) 11 (42.31)
Five or six times a week 3 (1071 2 (952 4 (19.05) 5 (19.23)
Frequency of Three or four times a week 3 (10.71) 1(476) 8 (38.10) 9 (34.62)
having dinner  One or twice a week 0 ( 0.00) 0 ( 0.00 1( 4.76) 1(3.85
Always skip 0 ( 0.00) 0 ( 0.00) 1(4.76) 0 ( 0.00)
Significance 12=0612 (df =2) NS, 22=1.544 (df = 4) N.S.
Over twice per week 331071 1(476) 1(476) 0 ( 0.00)
1 time per wesk 5 (17.86) 2 (952 1(476) 3 (12.00)
Frequency of 1 time per 2 weeks 4 (14.29) 5 (23.81) 3 (14.29) 6 (24.00)
eating out 1 time per month 10 (35.71) 4 (19.05) 10 (47.62) 12 (48.00)
Less than 1 time per month 6 (21.43) 9 (42.86) 6 (28.75) 4 (16.00)
Significance 22=4.663 (df =4) NS 22=3.259 (df =4) N.S.
Korean food 16 (67.14) 16 (84.21) 15 (71.43) 21 (84.00)
Chinese food 5 (17.86) 2 (10.53) 1( 4.76) 0 ( 0.00)
Favorite food Fast food 1(3.57) 0 ( 0.000 4 (19.05) 2 ( 8.00)
. Western food 3 (10.7Y) 1( 526) 0 ( 0.00) 0 ( 0.00)
for eating out
Japanese food 2(7.18 0 ( 0.00) 0 ( 0.00) 0 ( 0.00)
Others 1(357) 0 ( 0.00) 1(476) 2 ( 8.00)
Significance 12=4.736 (df=5) N.S. 12=2672 (df =3) N.S.
Over 2 — 3 times per day 12 (42.86) 2 ( 9.52) 6 (28.57) 6 (24.00)
1 time per day 8 (28.57) 15 (71.43) 9 (42.86) 14 (56.00)
Frequency of 1 time per 3 or 4 days 6 (21.43) 2 (952 4 (19.05) 4 (16.00)
having snack 1 time per week 1357 2 (952 0 ( 0.00) 0 ( 0.00)
Less than 1 time per week 1 (3.57) 0 ( 0.00) 2 (952 1( 4.00)
Significance 22=11.848 (df =4) p <0.05 x7=1.081 (df =3) NS,
Soft drink 4 (14.29) 4 (20.00) 1( 4.76) 1 ( 4.00)
Milk, dairy food, ice cream 13 (46.43) 2 (10.00) 14 (66.67) 9 (36.00)
Fruits 4 (14.29) 5 (25.00) 2(952) 3 (12.00)
Favorite Dumplings, Dukbokki, Ramyon 3(10.7H 5 (25.00) 3 (14.29) 7 (28.00)
snackmenu - Hamburger, pizza, chicken. 1(357) 2 (1000) 0 ( 0,00 1( 4.00)
french fried
Other 3 (10.71) 2 (10.00) 1( 4.76) 4 (16.00)
Significance - x2=8.103 (df=5) N.S. x2=5.380 (df =5) N.S.
Qver 2 — 3 times per week 0 ( 0.00) 0 ( 0.00) 1(4.76) 2 ( 8.33)
Over 1 time per week 3 (1071 0 ( 0.0 3 (14.29) 3 (12.50)
F’eq‘:_e”cfy of 1 time per 2 weeks 4(14.29) 4 (20.00) 5 (23.81) 6 (25.00)
o St fime per a month 15 (53.57) 8 (40.00) 10 (47.62) 10 (41.67)
Less than 1 fime per month 6 (21.43) 8 (40.00) 2( 9.52) 3 (12.50)

Significance

x?=4.199 (df =3) NS.

17=0.426 (df = 4) N.S.

1) Significance as determined by x 7 test
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WeAee] 2% SFEHE AwE F3N(Table 3)
A &S EEHFTIY AT G 24 25.9%,
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T2 2346.9 keal (90.3% of RDA), UBFEEE 2414.6
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Table 3. Smoking and drinking status of the subjects No. (%)
Male Female
Sex and school
Variable Athlete Non-athlete Athlete Non-athlete
(n=29) (n=21) (n=21) (n=26)
No smoking 20 ( 74.07) 16 ( 76.19) 20 (100.00) 23 ( 95.83)
1 - & cigarettes a day 5( 18.52) 2( 952 0( 0.00 0(C 0.00
6 — 10 cigarettes a day 1( 370) 1( 4.76) 0( 0.00 1( 417
Smoking status 11 — 20 cigarettes a day 0( 0.00) 2( 952 c( 0003 0( 0.00
Above one pack a day 1( 370 0 C 0.00 0(C 0.00 0(C 0.00
Total 27 (100.00) 21 (100.00) 20 (100.00) 24 (100.00)
Significance” 1%=4.043 df=4)N.S. x%=0.853 (df = 1) N.S.
No drinking 12 ( 46.15) 9 ( 45.00) 14 ( 70.00) 15 ( 62.50)
Once a month 10 ( 38.46) 8 ( 40.00) 6 ( 30.00) 8 ( 33.33)
Frequency of Once every two weeks 1( 3.85 . 301500 0( 0.00 10 417
alcohol Once a week 3(11.54) 0( 0.00 0(C 000 0 ( 0.00
drinking Everyday 0( 0.00 0( 000 G ( 000) 0( 000
Total 26 (100.00) 20 (100.00) 20 (100.00) 24 (100.00)
o Significance 22=13.935 (df =3) N.S. 22=0.965 (df =2) N.S.
D”s?élfr;f Beer 8( 53.33) 5 (45.45) 1 ( 20.00) 5 ( 55.56)
Soju 7( 46.67) 5 (45.45) 4 ( 80.00) INGRARER)]
A raw rice liquor 0( 0.00 0( 0.00 0( 0.00 0( 000
Typeof Wine 0( 0.00) 0( 000 0( 0.00) 0( 0.00)
alcoholic )
beverage Whisky 0( Q.00 0( 000§ 0( 000 0( 0.00
Other o( 0.00$ 1( 9.09 0( 0.0 3 (33.33)
Total 15(100.00) 11 (100.00) 5 (100.00) 9 (100.00)
Significance x2=1.444 (df = 2) N.S. 12=6.886 (df=2) p<0.05

1) Significance as determined by x 7 test
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Table 4. Daily nutrient intakes of the subjects

Male Female
Variable Athlete Non-athlete Significance” Athlete Non-athlete g ke once?
(n=29) (n=21) (n=21) (n =26)
Food wt. (@) 1337.86 + 409.59" 1360.00 = 744.78 N.S. 1197.23 + 485.89" 1186.68 = 392.60 N.S.
Energy (kcal) 2346.90 = 658.81  2414.60 *+ 1035.52 N.S. 2091.43 = 855.83  2041.64 + 458.54 N.S.
Protein (g) 87.76 & 25.92 8155+ 37.60 N.S. 73.95 + 30.47 68.82 + 20.54 N.S.
Animal protein (@) 47.89 = 17.31 3521 1879 p<0.05 4295+ 21.21 3392+ 17.22 N.S.
Plant protein (g) 39.87 = 1213 4634 = 2427 NS. 31.00 £ 11.64 34.82 = 10.80 N.S.
Fat (@) 66.68 = 27.43 6279 = 2416 N.S. 6991 = 3455 54,40 £ 23.79 N.S.
Animal fat (g) 37.91 + 15.86 23.08 1510 p <0.01 3799+ 2214 2285 14.43 p<0.05
Plant fat (g) 2877 £ 17.22 3971 172 p<0.05 31.93 = 21.58 31.44 £ 19.87 N.S.
Cholesterol (mg) 297.02 = 188.93 281.80 = 169.53 N.S. 205.10 £ 125.29 300.77 = 192.03 N.S.
Carbohydrate (g)  350.42 = 100.20 382.60 = 178.69 NS. 29277 = 117.24 320.16 = 63.98 N.S.
Crude fiber (Q) 736 293 542+ 245 p<0.05 590+ 245 499+ 228 N.S.
Vit. A. (RE) 680.65 + 324.96 628.97 + 459.26 N.S. 550.88 * 281.09 676.42 + 611.58 N.S.
Vit. B, (m@) 186+ 0.57 159+ 071 N.S. 154+ 075 128+ 054 N.S.
Vit. B, (mQ) 1.31 & 0.50 129+ 044 N.S. 109+ 064 116 = 0.63 N.S.
Niacin (mg) 1899 = 6.13 1674 = 825 N.S. 1687+ 794 1347 =+ 542 N.S.
Vit. C (mg@) 55.34 + 23.30 124.36 = 143.85 p<0.05 56.33 =+ 38.47 93.65 = 60.82 p<0.05
Calcium (mg) 490.21 = 209.84 538.85 = 414.17 N.S. 448.28 = 268.70 481.21 = 259.78 N.S.
phosphorus (mg)  1373.23 + 400.28 128626 = 622.18 N.S. 112432 + 444,75  1052.80 + 335.57 N.S.
Iron (mg) 1377 &£ 7.00 1060 475 NS. 1624 = 9.79 1047 £ 5.61 N.S.
Zinc (mg) 1008 = 3.11 1030 526 N.S. 818 372 897+ 374 N.S.
Copper (mg) 1.66 = 041 163+ 063 N.S. 155+ 1.37 1.49 = 0.65 N.S.
1) Means * Standard Deviation, 2) Significance as determined by Student’s f-test
Table 5. Percent of RDA values of daily nutrient intakes of the subjects
Variable Athlete Non-athlete Significance? Athlete Non-athlete Significance?
(%) (n=29) (n=21) (n=21) (n=26)
Energy 90.27 = 25.34" 92.87 £ 39.83 N.S. 99.59 + 40.75" 9722+ 21.84 N.S.
Protein 109.69 + 32.39 101.93 = 47.00 N.S. 113.77 = 46.87 105.88 = 31.60 N.S.
Vit A 97.24 + 46.42 89.85 £ 65.61 N.S. 78.70 £ 40.16 96.63 = 87.37 N.S.
Vit. B, 132.74 = 40.38 -113.28 = 50.41 N.S. 140.04 *+ 68.03 11645 = 48.74 N.S.
Vit. B 81.75 £ 31.42 80.35 = 40.18 N.S. 83.93 = 48.93 89.58 = 48.21 N.S.
Niacin 105.48 * 34.06 87.43 = 45.84 N.S. 129.74 = 61.04 103.61 + 41.73 N.S.
Vit. C 100.62 + 42.36 226.10 £ 261.55 p <005 102.42 % 69.95 170.27 = 110.58 p <0056
Calcium 54.47 + 23.32 59.87 £ 46.02 N.S. 56.03 + 33.59 6015+ 3247 N.S.
Phosphorus 152.58 *+ 44.48 142,92 £ 69.13 N.S. 140.54 + 55.59 131.60 £ 41.95 N.S.
fron 76.48 = 38.90 58.86 = 26.38 N.S. 84.66 = 54.40 58.18 + 31.16 N.S.
Zinc 67.20 = 2071 68.656 = 35.08 N.S. 68.21 = 31.03 7472 £ 31139 N.S.

1) Means + Standard Deviation, 22) Significance as determined by Student’s t-test
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Al el ohel AP thdos T AFHA%E &
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g3 FAR 2HE By
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Fig. 1. Serum zinc concentrations of the subjects, #x: Signi-
ficance as determined by Student’s t-test (p < 0.01).
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Fig. 2. Serum copper concentrations of the subjects. *: Signi-
ficance as determined by Student’s t-test (p < 0.05), *++: Sig-
nificance as determined by Student’s t-test (p < 0.001).
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