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56.72%

B Underweight®™ Normal [ Overweight & Obese

Figure 1. Proprotion of underweight, normal, overweight
and obese group In the subjects.
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Table 1. General characteristics of the subjects
Unit: Mean + SD, No (%)

Underweight Normal Overweight Obese
Variables (n=74) (n=249) (n=57) (n=59)
Body mass index (kg/m*)’ 17.4+2.2 20.4+£1.3 23.8+0.5 27.9+£2.3
Height (cm) 160.2+19.6 161.5%5.3 162.745.1 161.6+4.9
Weight (kg)" 45.9+6.3 53.3£4.5 63.2+4.2 72.1£7.7
Body fat (%) 25.0+4.4 30.4+4.0 35.8+3.1 40.3+3.7
Waist— hip ratio” 0.73+0.09 0.77+0.04 0.81+0.03 0.84+0.04
Waist circumference (cm)’ 64.0+£3.8 69.3+4.2 76.2+4.2 82.5¢5.1
Systolic blood pressure (mmHg)" 108.0+8.1 112.5+¢11.3 112.5+17.1 120.2+10.1
Diastolic blood pressure (mmHg)" 71.50+£6.9 74.8+9.2 73.8x12.7 79.3%9.8
Fasting blood sugar (mg/dL) 75.247.1 75.3£7.2 76.6x5.9 77.0£13.8
Total cholesterol (mg/dL)" 157.8421.9  164.5+24.2 164.4+27.8 172.4427.9
LDL- cholesterol (mg/dL)" 92.7+18.8 99.1£21.0 99.9+22.1 106.3+£23.5
HDL- cholesterol (mg/dL) 50.5%£9.4 51.1£9.5 48.6+10.1 48.249.6
Triglyceride (mg/dL)’ 73.0£29.9 71.5+28.4 79.5£33.5 89.6+47.2
Screen time (hr/d)" 2.0£1.3 2.1+£1.3 1.9+1.3 2.1+1.4
Current smoking 3 4.1) 11(4.4) 5(8.9) 2 (3.5)
Alcohol drinking 20 (27.4) 65 (26.2) 14 (25.0) 11 (19.0)
Regular exercise 21 (28.8) 72(29.0) 19 (33.9) 26 (44.8)

“P<0.05 by ANOVA analysis.

"Watching TV or using the computer.

_11_



2. AT WAAES JFx A

B AT oA 43999 olyA 2 gAse dREE Ho] ARE 2T uF I
(macronutrients), HEM I} F7]1do] A4 HAAZFTH, ol d%a e

EE S8 AFATN FSFAY Y dEdAES JERAT AT
A gty BEEEEA AFAste d9ie AdE(74.26%)019, ZE(54.80%), TH
(45.43%), "F1vE(37.59%), HE(31.51%), 94H29.91%), vlEFYl E(23.74%) &° +2
2 Jda AFHA7 BF8ATHE 2).

Table 2. The daily nutrient intakes from food frequency questionnaires and
proportion of inadequate intakes of nutrient in the subjects (n=439)

Inadequate intake

Variables Di;/}:;}rflingt]a)ke NN Under Over
- No(%) No(%)
Total energy (kcal/d) 3048.66£1030.55 - - -
Fat (%) 25.61+4.77 15-30" 4(0.91) 80(18.22)
Protein (%) 14.18+2.10 7-20" 0 4(0.91)
Carbohydrate (%) 60.67+6.26 55-70" 82(18.68) 29(6.61)
Saturated fatty acid (%) 5.87+1.87 - - -
Monounsaturated fatty acid (%) 5.97+1.58 - - -
Polyunsaturated fatty acid (%) 4.65+1.28 - - -
n—-3 Polyunsaturated fatty acid (%) 0.88+0.26 0.5-1.0" 12(2.73) 116(26.42)
n-6 Polyunsaturated fatty acid (%) 6.14+1.30 4-8" 13(2.96) 33(7.52)
Cholesterol (%) 0.11+0.06 - - -
Trans—fatty acid (%) 0.61+0.46 - - -
Glycemic index 91.75%15.57 - - -
Glycemic load 413.80+£128.01 - - -
Dietary fiber (g/d) 37.06+16.61 24% 100(22.83) -
Vitamin A (xgRE/d) 1520.96+738.21 700 42(9.59) -

_12_



Thiamin (mg/d) 2.20+0.86 1.0 7(1.60)
Riboflavin (mg/d) 2.17+0.90 1.2 56(12.79)
Niacin (mg/d) 25.85+10.40 13 24(5.48)
Vitamin By (mg/d) 2.67+1.20 1.4 38(8.68)
Folate (ug/d) 584.06+282.75 400 131(29.91)
Vitamin By (ug/d) 7.84+4.21 2.4 8(1.83)
Vitamin C (mg/d) 314.87+206.62 100 25(5.71)
Vitamin D (zg/d) 24.64%15.96 10 58(13.24)
Vitamin E (mg /d) 15.3246.92 10* 104(23.74)
Vitamin K (zg/d) 278.10£158.59 65* 5(1.14)
Sodium (mg/d) 8714.87+4293.77  1500¢ 0
Potassium (mg/d) 5010.72+2240.60 4700  241(54.80)
Calcium (mg/d) 834.65+423.23 900 199(45.43)
Phosphorus (mg/d) 1776.60+646.51 800 4(0.91)
Magnesium (mg/d) 436.56+204.11 340 165 (37.59)
Iron (mg/d) 20.59+12.11 16 138(31.51)
Zinc (mg/d) 14.66+5.39 9 54(12.33)
Copper (mg/d) 2.09+0.82 0.87 0
Molybdenum (zg/d) 63.96+67.22 5008 -
Selenium (ug/d) 50.52+15.73 60 326(74.26)

*Recommended intake according to dietary reference intakes for Koreans(KDRIs).
TAcceptable macronutrient distribution ranges(AMDR) according to KDRIs.
*Adequate intake according to KDRIs.

SUpper intake level according to KDRIs.
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Table 3. Proportion of inadequate nutrient intakes in normal and obese” group

Unit: No(%)

Normal (n=248)

Obese” (n=114)

Variables Under Over Under Over
Fat" (%) 3(1.21) 42 (16.94) 1(0.88) 20 (17.54)
Protein' (%) 0 4 (1.61) 0 2 (1.75)
Carbohydrate® (%) 42 (16.94) 4 (1.61) 20 (17.54) 11 (9.65)1
n-3 Polyunsaturated fatty acid® (%) 3(1.21) 68 (27.42) 5(4.39) 30 (26.32)
n-6 Polyunsaturated fatty acid® (%) 4 (1.61) 17 (6.85) 6 (5.26) 11 (9.65)
Dietary fiber® (g/d) 63 (25.40) - 20 (17.54) -
Vitamin A* (ugRE/d) 23(9.27) - 10 (8.77) -
Thiamin® (mg/d) 5(2.02) - 2 (1.75) -
Riboflavin* (mg/d) 6 (2.42) - 13 (11.40)7 -
Niacin® (mg /d) 12 (4.84) - 12 (10.53)1 -
Vitamin Bs* (mg/d) 21 (8.47) - 9 (7.89) -
Folate* (ug/d) 76 (30.65) N 29 (25.44) -
Vitamin B2 (ug/d) 4(1.61) - 3(2.63) -
Vitamin C* (mg/d) 13 (5.24) - 7 (6.14) -
Vitamin D® (zg/d) 18 (11.29) - 15 (13.16) -
Vitamin E® (mg /d) 64 (25.81) - 23 (20.08) -
Vitamin K& (zg/d) 3(1.21) - 0 -
Sodium?® (mg/d) 0 - 0 -
Potassium?® (mg/d) 142 (57.26) - 61 (53.51) -
Calcium® (mg/d) 170 (68.55) - 73 (64.04) -
Phosphorus* (mg/d) 0 - 1 (0.88) -
Magnesium* (mg/d) 103 (41.53) - 35 (30.70) " -
Iron* (mg/d) 131 (42.74) - 47 (41.23) -
Zinc* (mg/d) 31 (12.50) - 15 (13.16) -
Copper* (mg/d) 0 - 0 -
Molybdenum" (ug/d) - -

Selenium® (zg/d ) 191 (77.02) - 78 (68.42) -

"Defined as overweight and obese group.
TAMDR according to KDRIs.
*Recommended intake according to KDRIs
SAdequate intake according to KDRIs.

! Upper intake level according to KDRIs.
"P<0.05 by chi-square analysis.
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Table 4. Status of energy—adjusted nutrient intakes in underweight, normal,
overwelght and obese group

Unit: Mean + SD

Underweight Normal Overweight Obese
Variables (n=74) (n=249) (n=57) (n=59)
Total energy (kcal/d) 3170.22 3023.61 3181.03 2923.17
+1068.64 +£1039.91 +989.59 +994.87
Fat (%) 25.97+£5.21 25.60£4.60 25.3045.24 25.51+4.56
Protein (%) 14.24+2.57 14.08+1.99 14.01+0.82 14.66+2.17
Carbohydrate (%) 60.48+6.68 60.80+6.24 61.09+6.56 60.0245.65
SFA" (%) 5.90£1.91 5.85+1.78 5.92+2.11 5.79+£1.96
MUFA" (%) 6.00£1.69 6.00+1.57 5.77+1.63 5.91£1.48
PUFA* (%) 4.57+1.29 4.63+1.19 4.58+1.46 4.85+1.44
n-3 PUFA* (%) 0.86+0.27 0.88+0.26 0.85+0.24 0.93+0.30
n-6 PUFA* (%) 6.13+1.36 6.14+1.25 6.02+1.48 6.30+1.31
Cholesterol (%) 0.11+0.05 0.12+0.06 0.11+0.07 0.10+0.04
Trans—fatty acid (%) 0.64+0.48 0.60+0.45 0.64+0.48 0.57+0.50
Glycemic index 89.39£16.14 92.13£15.26 89.98+15.59 94.56+16.21
Glycemic load 410.57 411.88 427.00 408.07
+138.27 +125.41 +121.69 +133.46
Dietary fiber (g/d) 38.74£18.38 36.31£16.19 38.44£17.14 36.13+£15.51
Vitamin A (zgRE/d) 1513.01 1475.36 1608.64 1615.27
+782.69 +695.17 +753.37 +839.69

16 -



Thiamin (mg/d)
Riboflavin (mg/d)
Niacin (mg/d)
Vitamin Bs (mg/d)
Folate (ug/d)

Vitamin Bz (ug/d)®
Vitamin C (mg/d)

Vitamin D (zg/d)
Vitamin E (mg /d)
Vitamin K (ug/d)®
Sodium (mg/d)
Potassium (mg/d)
Calcium (mg/d)
Phosphorus (mg/d)
Magnesium (mg/d)
Iron (mg/d)

Zinc (mg/d)
Copper (mg/d)

Molybdenum (rg/d)

Selenium (ug/d)

2.26+0.90
2.16+0.86
26.82£12.06
2.78+1.41
588.70
+293.73
7.56+4.37
330.08
+207.95
24.75%£16.66
15.79+7.38
256.81
*147.30
8847.34
+4683.05
5146.06
+2384.81
824.34
+372.83
1786.46
+667.18
441.54
+190.83
22.43%13.59
15.30+5.89
2.15+0.85
72.83+£75.21
49.65+16.92

2.18+0.87
2.14+0.93
25.42+10.17
2.63£1.17
575.22
+285.93
7.62£3.95
313.93
+216.12
24.79£16.45
15.18+6.88
271.73
+153.97
8512.90
+4089.76
4936.46
+2250.01
817.73
+439.65
1755.25
+659.43
432.48
+219.88
20.17+£12.65
14.46+5.36
2.08+0.85
64.67£70.33
49.73+15.26

2.27+0.78
2.33+£0.79
26.99£10.24
2.82%1.24
614.58
+266.80
8.41+4.56
318.46
*178.22
23.85%£15.90
16.18+7.01
289.19
+168.18
8659.89
+4075.28
5233.81
+2147.56
902.49
+354.88
1856.37
+572.54
458.43
+184.45
20.56£9.40
14.92+4.92
2.13+0.74
67.38+61.61
52.19£14.96

2.08+0.78
2.15+0.97
25.03£9.13
2.52%1.04
577.86
+273.35
8.44+4.73
291.39
+188.85
23.96%13.00
14.38+6.43
319.31
+180.02
9308.42
+4843.13
1752.01
+649.32
846.96
+484.23
1752.01
+649.32
422.40
+170.74
19.83+10.05
14.24+5.38
2.01+£0.71
46.96+44.81
52.58+£16.91

*Saturated fatty acid.

"Monounsaturated fatty acid.
*Polyunsaturated fatty acid.

5P<0.05 by ANOVA.
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Table 5. Energy—- adjusted nutrient intakes in normal and obese” group

Unit: Mean + SD

Variables Normal (n=248) Obese” (n=114) P-value'
Total energy (kcal/d) 3023.61+1039.91 3049.83+996.33 0.821
Fat (%) 25.60+4.60 25.41+4.88 0.723
Protein (%) 14.08+1.99 14.34%2.02 0.256
Carbohydrate (%) 60.80+6.24 60.55+6.11 0.723
Saturated fatty acid (%) 5.85%1.78 5.85+2.03 0.971
Monounsaturated fatty acid (%) 6.00£1.57 5.84+1.55 0.392
Polyunsaturated fatty acid (%) 4.63£1.19 4.72+£1.15 0.558
n-3 Polyunsaturated fatty acid (%) 0.88+0.26 0.8910.27 0.771
n—-6 Polyunsaturated fatty acid (%) 6.14%1.25 6.16+1.40 0.847
Cholesterol (%) 0.12+0.06 0.11+0.06 0.288
Trans—fatty acid (%) 0.60+0.49 0.60£0.49 0.953
Glycemic index 92.13+15.26 92.31£16.00 0.872
Glycemic load 411.88+125.41 417.37+127.60 0.741
Dietary fiber (g/d) 36.31+16.19 37.36+16.30 0.529
Vitamin A (¢gRE/d) 1475.36+695.14 1612.01+£794.93 0.052
Thiamin (mg/d) 2.18+0.87 2.17+0.78 0.613
Riboflavin (mg/d) 2.14+0.93 2.24+0.89 0.175
Niacin (mg/d) 25.42+10.17 25.99+9.70 0.513
Vitamin Bs (mg/d) 2.63+1.17 2.66+1.15 0.844
Folate (ug/d) 575.22+285.93 595.90+269.59 0.448
Vitamin Biz (ug/d) 7.62+3.95 8.43+4.63 0.042
Vitamin C (mg/d) 313.93+£216.12 304.69+183.39 0.563
Vitamin D (ug/d) 24.79+16.45 23.91+14.43 0.421
Vitamin E (mg /d) 15.18+6.88 15.26+6.75 0.863
Vitamin K (zg/d) 271.73x153.97 304.52+174.19 0.041
Sodium (mg/d) 8512.90+4089.76  8989.84+4474.51 0.265
Potassium (mg/d) 4936.46+2250.01  5052.42+2139.88 0.621
Calcium (mg/d) 817.73+439.65 874.24+424.68 0.179
Phosphorus (mg/d) 1755.25£659.43 1803.27£612.35 0.272
Magnesium (mg/d) 432.48+219.88 440.10£177.74 0.778
Iron (mg/d) 20.17£12.65 20.1949.70 0.824
Zinc (mg/d) 14.4645.36 14.5745.15 0.890
Copper (mg/d) 2.08+0.85 2.06+0.73 0.612
Molybdenum (ug/d) 64.67+70.33 56.99+54 .46 0.201
Selenium (pg/d) 49.73+15.26 52.39%£15.91 0.083

‘Defined as overweight and obese group.

P value by t—test.
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Table 6. Odds ratios (ORs) and 95% Cls of obesity” according to
energy-adjusted macronutrient intakes in the subjects

Macronutrient OR (95% CI) P value!
Total fat (%)

Model I' 0.92 (0.81, 1.03) 0.162

Model IT* 0.91 (0.78, 1.05) 0.193

Model 1118 0.87 (0.73, 1.02) 0.087

Model V" 0.87 (0.73, 1.02) 0.092
Total carbohydrate (%)

Model I" 0.94 (0.86, 1.03) 0.183

Model IT* 0.93 (0.85, 1.02) 0.127

Model IIT8 0.92 (0.82, 1.03) 0.141

Model IV 0.91 (0.82, 1.02) 0.124
Dietary fiber (g/d)

Model T* 1.01 (0.99, 1.04) 0.464

Model 118 1.01 (0.99, 1.04) 0.376

Model II1" 1.02 (0.99, 1.05) 0.291
Glycemic load

Model I* 1.00 (1.00, 1.00) 0.928

Model 118 1.00 (1.00, 1.00) 0.906

Model II1" 1.00 (1.00, 1.00) 0.943
Saturated fatty acid (%)

Model 18 1.02 (0.82, 1.26) 0.861

Model 11" 1.01 (0.99, 1.05) 0.964
Polyunsaturated fatty acid (%)

Model I8 1.03 (0.78, 1.35) 0.836

Model 11" 1.10 (0.81, 1.25) 0.583
n—-3 polyunsaturated fatty acid (%)

Model I8 0.75 (0.22, 2.53) 0.642

Model 11" 0.60 (0.14, 2.63) 0.501
Trans—fatty acid (%)

Model 18 1.65 (0.58, 4.68) 0.347

Model II' 1.67 (0.59, 4.74) 0.342

“Defined as overweight and obese group.

TAdjusted for screen time, current smoking, alcohol drinking, regular exercise, and
intakes of total energy, fat and carbohydrate.

*Additionally adjusted glycemic load and intake of dietary fiber.

! Adjusted for screen time, current smoking, alcohol drinking, regular exercise,
glycemic load, and intakes of total energy, fat, carbohydrate, dietary fiber,
polyunsaturated fatty acid, saturated fatty acid and trans—fatty acid.

Additionally adjusted intake of n—3 polyunsaturated fatty acid.

TP-value by logistic multiple regression analysis.
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Table 7. Odds ratios (ORs) and 95% Cls of obesity” according to
energy-adjusted vitamin intakes in the subjects

Vitamin OR (95% CI) P value’
Vitamin A 1.00 (1.00, 1.00) 0.172
Thiamin 1.21 (0.30, 4.83) 0.789
Riboflavin 0.76 (0.34, 1.73) 0.512
Niacin 1.00 (0.90, 1.11) 0.992
Vitamin Bg 1.32 (0.63, 2.76) 0.458
Folate 1.00 (0.99, 1.00) 0.892
Vitamin Bjs 1.08 (0.98, 1.19) 0.107
Vitamin C 1.00 (0.99, 1.00) 0.312
Vitamin D 0.97 (0.94, 1.00) 0.037
Vitamin E 0.95 (0.85, 1.05) 0.314
Vitamin K 1.00 (1.00, 1.01) 0.498

“Defined as overweight and obese group.

"P-value by logistic multiple regression analysis adjusted for screen time,
current smoking, alcohol drinking, regular exercise, and intakes of total
energy and all vitamins.

Table 8. Odds ratios (ORs) and 95% Cls of obesity” according to
energy-adjusted mineral intakes in the subjects.

Mineral OR (95% CI) P value'
Calcium 1.00 (1.00, 1.00) 0.862
Phosphorus 1.00 (1.00, 1.00) 0.648
Iron 1.00 (0.97, 1.03) 0.843
Sodium 1.00 (1.00, 1.00) 0.312
Potassium 1.00 (1.00, 1.00) 0.414
Zinc 0.94 (0.68, 1.28) 0.678
Magnesium 1.01 (1.00, 1.01) 0.057
Copper 0.09 (0.01, 0.60) 0.012
Molybdenum 1.00 (0.99, 1.00) 0.43
Selenium 1.04 (1.01, 1.06) 0.009

"Defined as overweight and obese group.

"P-value by logistic multiple regression analysis adjusted for screen time,
current smoking, alcohol drinking, regular exercise, and intakes of total
energy and all minerals.
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Table 9. Odds ratios (ORs) and 95% Cls of obesity” according to
energy-adjusted food intakes in the subjects.

Foods OR (95% CI) P value'
Cereals 1.00 (1.00, 1.01) 0.472
Potatoes and starches 1.00 (0.99, 1.00) 0.374
Sugars and sweeteners 0.97 (0.94, 1.00) 0.064
Pulses 1.00 (1.00, 1.00) 0.992
Nuts and seeds 1.00 (0.96, 1.04) 0.889
Vegetables 1.00 (1.00, 1.00) 0.272
Mushrooms 1.02 (0.98, 1.05) 0.367
Fruits 1.00 (1.00, 1.00) 0.829
Meats 1.00 (0.99, 1.01) 0.690
Eggs 0.99 (0.98, 1.00) 0.034
Fishes and shellfishes 1.00 (0.99, 1.00) 0.328
Seaweeds 1.00 (0.99, 1.10) 0.901
Milks 1.00 (1.00, 1.00) 0.234
Oils and fats 1.11 (1.04, 1.18) 0.003
Beverages 1.00 (1.00, 1.00) 0.938

"Defined as overweight and obese group.

"P-value by logistic multiple regression analysis adjusted for screen
time, current smoking, alcohol drinking, regular exercise, and
intakes of total energy and all food groups.
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Table 10. Misreporting in normal and obese” group.

Unit: No (%)
Normal (n=248) Obese” (n=114) P-value'
Underreporting® 0 5 (4.39) <0.001

Overreporting® 216 (87.10) 85 (74.56)
"Defined as overweight and obese group.
"P-value by chi-square test.
*EI/BMR <1.55.
SEI/BMR >2.4.
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Abstract

Association of nutrient intakes and obesity
in Korean female adolescents

Jung Ha Kim

Department of Medicine
The Graduate School, Yonser University

(Directed by Professor Hye Ree Lee)

Objective: The aim of this study was to evaluate the status of
nutrient intakes and the relationship between dietary nutrient
and obesity in Korean female adolescents.

Methods: Usual dietary intakes were assessed by using the
food—-frequency questionnaire(FFQ) in a cross—sectional
study of 493 Korean female adolescents. Anthropometric
measurements, Including blood pressure and waist
circumference, and body fat analysis were performed.
Biochemical markers were also measured.

Results: They were low that intakes of selenium, potassium,
calcium, magnesium, iron, folate and vitamin E in Korean
female adolescents. Obese female adolescents showed
intakes of high-carbohydrate above 70% percent energy
intake from carbohydrate. However, no relation of fat or
carbohydrate intake to risk of obesity was observed after
adjustment for total energy intakes and other covariates.
Energy-adjusted intakes of vitamin D(OR: 0.97; 95% CI: 0.94,
1.00; P=0.037) and copper(0.09; 0.01, 0.60; P=0.012) were
associated with decreased risk of obesity. Energy-adjusted
selenium intake was associated with increased risk of
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obesity(1.04; 1.00, 1.06; P=0.009). And, energy-adjusted
intake of eggs was associated with decreased risk of
obesity(0.97; 0.94, 1.00; P=0.034). Energy-adjusted intakes of

oils and fats were associated with increased risk of obesity
(1.11; 1.04, 1.18; P=0.003).

Conclusion: It should be necessary to provide proper nutrient
education for female adolescents. Especially, we suggest
reduced intakes of carbohydrate, oils and fats, and increased
intakes of vitamin D and eggs for prevention of obesity.

Key Words: adolescent, obesity, nutrient intake, FFQ.
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