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ABSTRACT

Purpose: The purpose of this study was to estimate dietary vitamin A intake and examine major food sources of vitamin A
in Korean adults, Methods: Using data from the 2007~2012 Korea National Health and Nutrition Examination Survey, a total
of 33,069 subjects over 19—years—old were included in this study. We estimated individual daily intakes of retinol,
carotenoids such as o—carotene, f—carotene, f—cryptoxanthin, lutein/zeaxanthin, and lycopene, and vitamin A by linking
food consumption data with the vitamin A database of commonly consumed foods, We compared individual vitamin A
intakes with the reference value of Dietary Reference Intakes for Koreans, Results: Average dietary vitamin A intakes of
study subjects were 864.3 ug retinol equivalent/day (495.7 ug retinol activity equivalent/day) in men and 715.0 ug retinol
equivalent/day (403.6 ug retinol activity equivalent/day) in women, Exactly 42,.9% and 70.6% of total subjects consumed
less vitamin A than the Estimated Average Requirement (EAR) based on retinol equivalent and retinol activity equivalent,
respectively. The major food sources of vitamin A were Korean radish leaves, carrot, red pepper, and laver, and the top 20
foods provided about 80% of total vitamin A intake. Conclusion: This study provides basic data for estimation of vitamin A
intake in Korean adults, Further research will be needed to analyze the association of insufficient or excess intakes of
vitamin A and health problems in the Korean population,
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Table 1. The literature sources and coverage of retinol and carotenoids database

Analytical values, n Imputing values, n Total,
Korea RDA USDA Literature reviews  Calculation of moisture  Similar food n (%)
Retinol 1,465 174 0 1 1,046 2,686 (84.1)
a-Carotene 129 293 1 167 344 934 (29.3)
p-Carotene 962 399 1 161 980 2,503 (78.4)
Lycopene 67 330 1 158 348 904 (28.3)
B-Cryptoxanthin 145 132 3 159 155 594 (18.6)
Lutein/Zeaxanthin 26 300 8 114 201 649 (20.3)
Carotenoids? 2,508 (78.6)
Retinol + carotenoids? 2,829 (88.6)

1) The number of carotenoids contents was added if any of the 6 carotenoids is available.
contents was added if any of the retinol or 6 carotenoids is available.

2) The number of retinol and carotenoids



Table 2. Daily dietary vitamin A intakes of Korean adults aged = 19y by socio-demographic factors from 24-h DR in the KNHANES 2007~2012

Retinol and carotenoids intakes

Vitamin A intakes

n Retinol a-Carotene pB-Carotene B-Cryptoxanthin Lutein/Zeaxanthin Lycopene Vitamin A Vitamin A
(ug/day) (ng/day) (ng/day) (ng/day) (ng/day) (ng/day) (ug RE/day) (ug RAE/day)

All subjects 33,069 109.4 2.4 526.8 +9.4 3,532.9+38.3 555.9 +18.7 2,225.7 +335 2,119.0 +91.4 788.4+7.5 448.9+4.3
Gender

Male 13,475  127.2+3.92 578.7+13.8%2  3,875.8+49.5% 515.1 +£17.72 2,418.1+44.0%  2,041.2+110.1% 864.3+10.12 4957 +6.22

Female 19,594 92.2+1.8° 4766+10.8°  3,201.2+42.1° 595.4 +24.3° 2,039.6 +37.8° 2,1943+98.9°  715.0+8.0° 403.6 +4.2°
Age (y)

19 ~ 29 3,866 136.0 +4.72 629.1+19.82  2,970.1 +58.5% 409.3 +20.22 1,717.9+59.32  2,453.8+15752 717.6+12.62 4268+7.72

30 ~ 49 12,363  123.5+3.52 611.2+13.02  3,810.7+57.7° 566.4 +22.1P 2,444.7£459°  23205+1335%  856.8+1.1° 490.2 +6.4°

50 ~ 64 8,730 93.6 +4.0° 4254+17.6°  3,721.8+68.1° 696.9 + 35.5¢ 2,4832+62.7°  1,979.6+110.8° 807.4+13.2° 4505 +7.5°

65 ~ 74 5,362 61.8 +7.5° 303.3+17.8°  3,380.2+111.6° 521.6 +31.8° 1,916.9+72.6°  1,355.3+126.8° 693.9 +21.62 377.9+12.89

75+ 2,748 39.8 +3.94 256.2+25.7°  2,732.5+116.82 453.3 +50.52 1,676.8+111.32  1,064.3+127.9° 554.4 +21.6° 297.1 +£11.4°
Household income?

Low 6,835 71.2+3.92 356.2+1842  3,068.8 +79.5% 473.9 +36.82 1,876.0+72.82  1,282.7+1445% 651.8+1522 361.5+8.42

Middle-low 8,259 100.0 #2.9° 481.1+151°  3,368.7+67.9° 531.2 +25.9P 2,151.5+59.1°  1,849.8+1154° 7458 +12.8° 422.9+6.9°

Middle-high 8,637 123.2 £5.2¢ 565.5+14.06  3,557.2 +65.3° 576.5 +24.1¢ 2,275.9+50.7°  2,177.3+139.8° 811.3+12.7° 467.3+7.7°

High 8,668 126.1 £4.7° 629.0+21.99  3,978.6+77.7¢ 600.4 + 25.8° 244936359  2851.0+165.8¢ 891.7 +14.99 508.9 +8.5¢
Education®

< Elementary school 8,721 52.8 +2.22 2907 +155%  3,2752+97.92 530.7 +30.92 1,960.0 +70.22 1,192.7 +90.02  667.1+17.82 360.0 +£9.22

Middle school 3,437 92.6 +6.9° 3932+18.0°  3,588.5+110.3° 594.8 +35.2P 2,299.4 +87.9° 1579.5+128.8°  773.0 +20.6° 432.8+11.9°

High school 10,116  1135+3.2° 550.2+14.8°  3,425.8+55.0° 570.2 +23.1P 21422 +442°  2206.1+123.6° 777.9+11.1° 4457 +6.3°

> College 8,182 141.7 £ 4.9¢ 680.2+17.39  3,814.2+60.6° 559.0 + 24.5P 2,507.3+59.5°  2,828.4+15559  880.7 +12.4° 511.2 +7.6¢

1) Number of missing values was 670 and 2,613 for household income and education level.
* Duncan’s test was performed for post hoc analysis.
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+ ug pB-cryptoxanthin/12
ug RAE = ug retinol + ug p-carotene/12
+ ug a-carotene/24 + ug pB-cryptoxanthin/24
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Table 3. Percentages of Korean adults aged = 19y consuming vitamin A compared with the Korean Dietary Reference Intakes (KDRIs)

Male Female All subjects
ug RE ug RAE ug RE ug RAE ug RE ug RAE
(2010 KDRIs) (2015 KDRIs) (2010 KDRIs) (2015 KDRiIs) (2010 KDRIs) (2015 KDRIs)
n % n % n % n % n % n %
Age ()

<EAR 636 417 1,087 713 1,043 445 1,664 711 1,679 434 2,751 712

16 ~ 20 >EAR, <RNI 278 18.2 226 14.8 429 18.3 344 14.7 707 18.3 570 14.7
2RNI, <UL 594 39.0 207 13.6 853 36.4 331 14.1 1,447 374 538 13.9

=UL 16 11 4 0.3 17 0.7 3 0.1 33 0.9 7 0.2

<EAR 1647 338 3,185 653 2,749 36.7 4,964 66.3 439% 356 8,149 659

30~ 49 > EAR, <RNI 852 175 719 147 1,491 199 1,210 16.2 2,343 190 1,929 156
2RNI, <UL 2,266  46.5 946 194 3,090 413 1,287 17.2 5356 433 2,233 181

> UL 112 2.3 27 0.6 156 21 25 0.3 268 2.2 52 0.4

<EAR 1,387 378 2571 701 2,079 411 3,451 68.2 3,466 39.7 6,022 69.0

50 ~ 64 2 EAR, <RNI 611 16.7 500 13.6 796 15.7 666 13.2 1,407 16.1 1,166 13.4
2RNI, <UL 1563 426 563 154 2,064 408 925 18.3 3,627 416 1,488 170

>UL 105 29 32 0.9 125 25 22 0.4 230 2.6 54 0.6

<EAR 1,212 51.5 1,797 76.4 1,667 55.4 2,347 78.0 2,879 53.7 4,144 77.3

65~ 74 2 EAR, <RNI 341 14.5 232 9.9 454 15.1 224 7.4 795 14.8 456 8.5
2RNI, <UL 716 30.4 306 13.0 806 26.8 416 13.8 1522 284 722 135

>UL 83 35 17 0.7 83 2.8 23 0.8 166 3.1 40 0.8

<EAR 668 63.3 878 83.1 1,092 645 1,391 82.2 1,760 641 2,269 826

754 >EAR, <RNI 135 12.8 69 6.5 204 12.1 88 5.2 339 12.3 157 5.7
2RNI, <UL 221 20.9 104 9.9 354 20.9 209 12.4 575 20.9 313 11.4

>UL 32 3.0 5 0.5 42 25 4 0.2 74 2.7 9 0.3

Household income?

<EAR 1517 579 2,109 804 2426 576 3,325 78.9 3943 577 5434 795

Low >EAR, <RNI 342 13.0 217 8.3 592 14.1 319 7.6 934 13.7 536 7.8
2RNI, <UL 685 26.1 276 105 1,082 257 546 13.0 1,767 259 822 12.0

=UL 78 3.0 20 0.8 113 2.7 23 0.6 191 2.8 43 0.6

<EAR 1,487 436 2511 736 2,222 459 3,488 72.0 3,709 449 5999 726

Middle-low >EAR, <RNI 587 17.2 393 115 806 16.6 604 125 1,393 16.9 997 12.1
2RNI, <UL 1,257 36.8 494 145 1,724 356 737 15.2 2981 361 1,231 149

UL 82 2.4 15 0.4 94 1.9 17 0.4 176 2.1 32 0.4

<EAR 1,295 36.0 2435 677 1,960 389 3,422 67.9 3,265 37.7 5857 678
Middle—highz EAR, <RNI 632 17.6 526 14.6 965 19.1 756 15.0 1597 185 1,282 148
2RNI, <UL 1,589 44.2 612 17.0 2,015 40.0 849 16.8 3,604 41.7 1,461 16.9

>UL 79 2.2 22 0.6 102 2.0 15 0.3 181 21 37 0.4

<EAR 1,131 315 2274 633 1818 358 3,269 64.4 2949 340 5543 640

High 2 EAR, <RNI 614 171 579 16.1 934 18.4 808 15.9 1,548 17.9 1,387 16.0
2RNI, <UL 1,742 485 713 198 2,213 436 977 19.3 3955 456 1,690 195

>UL 106 3.0 27 0.8 110 2.2 21 0.4 216 25 48 0.6

<EAR 5550 412 9518 706 8630 440 13817 705 14,180 429 23335 70.6

Al 2 EAR, <RNI 2,217 16.5 1,746 13.0 3,374 17.2 2,532 12.9 5,591 16.9 4,278 12.9
2RNI, <UL 5360 39.8 2,126 158 7,167 36.6 3,168 16.2 12,527 379 5294 16.0

>UL 348 2.6 85 0.6 423 2.2 77 0.4 771 2.3 162 0.5

1) Number of missing values was 670 for household income.
* All variables showed statistically significant differences according to the classified group from chi-square test (p < 0.05).
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Table 4. Contribution of individual food groups to vitamin A intake in Korean adults aged = 19 y from 24-h DR in the KNHANES 2007~2012

Retinol equivalent

Retinol activity equivalent

ug RE/person/  Percent of total

Rank Food group

ug RAE/person/ Percent of total

Rank Food group

day intake (%) day intake (%)
1 Vegetables 447.3 56.9 1 Vegetables 224.6 50.5
2 Seasonings 88.5 11.3 2 Seasonings 44.6 10.0
3 Seaweeds 68.0 8.6 3 Fruits 34.0 7.6
4 Fruits 68.0 8.6 4 Seaweeds 34.0 7.6
5 Fishes & shellfishes 29.3 37 5 Fishes &shellfishes 29.0 6.5
6 Milk & dairy products 27.7 35 6 Milk & dairy products 27.4 6.2
7 Egos 19.9 25 7 EgQgs 19.5 4.4
8 Meats 18.5 2.4 8 Meats 18.5 4.2
9 Grains 10.1 13 9 Grains 7.8 17
10 Beverages & alcohols 3.9 0.5 10 Beverages & alcohols 2.0 0.4
11 Potatoes & starch 2.8 0.4 11 Potatoes & starch 14 0.3
12 Prepared foods 0.9 0.1 12 OQils 0.6 0.1
13 Oils 0.7 0.1 13 Prepared foods 0.5 0.1
14 Legumes 0.7 0.1 14 Legumes 0.3 0.1
15 Sugars 0.1 0.0 15 Sugars 0.1 0.0
16 Seeds & nuts 0.1 0.0 16 Seeds & nuts 0.1 0.0
17 Mushrooms 0.0 0.0 17 Mushrooms 0.0 0.0
18 Others 0.0 0.0 18 Others 0.0 0.0
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Table 5. Major dietary sources of vitamin A consumed by Korean adults aged = 19 y from 24-h DR in the KNHANES 2007~2012

Retinol B-Carotene Lycopene Retinol equivalent Retinol activity equivalent

Percent o Percent Percent Percent o Percent

Rank Food? person oftotal i Food? psrson oftotal Food? person oftotal Food? person oftotal Food? psrson oftotal
Jday intake Jday intake /day intake /day intake /day intake
(%) (%) (%) (%) (%)

1 Mik 2353 2294 1 Koreanradish,Leaves 703.94 19.78 1 Tomato 1,060.70 50.66 1 Koreanradish,Leaves 117.33 14.92 1 Koreanradish,Leaves 58.66 13.20
2 Egg 1724 1680 2 Carot 415.06 1166 2 Watermelon 870.80 4159 2 Carot 9362 1191 2 Carot 46.81 10.53
3 Eel 1253 1221 3 Red pepper 40162 1128 3 Tomato ketchup 108.72 519 3 Redpepper 76.71 9.76 3 Redpepper 38.36 8.63
4 Chicken 699 682 4 Laver 28278 794 4 Persmmon 3343 160 4 Llaver 5738 730 4 Llaver 28.69 6.46
5 Squid 559 545 5 Perllaleaves 25498 7.16 5 Soups 599 029 5 Perllaleaves 4257 541 5 Mik 2362 531
6 Beef, edibleviscera 552 5.38 6 Baechukimchi 22150 6.22 6 Grapefruit 3.38 0.16 6 Baechukimchi 36.92 4.69 6 Perilaleaves 2129 479
7 Yellow croaker 415 405 7 Spinach 18274 513 7 Chilisauce 281 013 7 Spinach 3065 390 7 Baechukimchi 1846 4.15
8 Pork edibleviscera 235 229 8 Tomato 13484 3.79 8 Pizza 235 011 8 Persmmon 3032 386 8 Egg 1760 3.96
9 Loach 210 205 9 Yeolmukimch 90.26 254 9 Ricesauce 192  0.09 9 Mik 2371 302 9 Spinach 1532 345
10 Quailsegg 191 186 10 Oyster 69.55 195 10 Saladdressing 137 007 10 Tomato 2281 290 10 Persmmon 1516 341
11 Bread 174 169 11 Gochujang 60.67 170 11 Meatsauce 098 005 11 Oyster 2169 276 11 Eel 1253 282
12 Cake 152 149 12 Seamustard 59.12 166 12 Pizzasauce 081 004 12 Egg 1796 228 12 Tomato 1140 257
13 Yeolmukimch 142 139 13 Asterscaber 5227 147 13 Papaya 021 001 13 Yeolmukimch 1647 209 13 Oyster 1085 244
14 Duck meat 125 122 14 lettuce 4716 132 14 Guava 009 000 14 Eel 1253 159 14 Yeolmukimch 895 201
15 Cheese 124 121 15 Persmmon 3770 106 15 Carrot 005 000 15 Gochujang 1011 129 15 Chicken 6.99 157
16 Icecream 101 099 16 Watermelon 36.12 101 16 Hamburger 004 000 16 Seamustard 985 125 16 Squid 559 126
17 Beef 097 094 17 Welshonion 2647 074 17 Cabbage 0.03 0.00 17 Asterscaber 874 111 17 Beef,edibleviscera 553 124
18 Yoghurt,semisolid 095 0.92 18 Young pumpkin 2485 070 18 Laver 002 000 18 Lettuce 786 100 18 Gochujang 506 114
19 Pork 089 086 19 Sweetpumpkin 2392 067 19 Orange 002 000 19 Watermelon 727 092 19 Seamustard 493 111
20 Cereals 086 0.84 20 Chongkakkimchi 2225 062 20 Chicken,edibleviscera 0.00 0.00 20 Chicken 6.99 089 20 Asterscaber 437 098

1) Food code and hame was based on the ‘N_FCODE3’ from 24-h DR in the KNHANES.
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