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ABSTRACT

Objectives: This study was conducted to investigate the vitamin D status and to
determine the association between serum 25-hydroxyvitamin D [25(OH)D] concentrations
and consumption frequencies of vitamin D rich foods in Korean adults and older adults.

Methods: Subjects were 10,374 adults and 2,792 older adults participating in the 2008-
2009 Korea National Health and Nutrition Examination Survey (KNHANES).
Consumption frequencies of vitamin D rich foods were estimated by using a qualitative
food frequency questionnaire (FFQ). Eleven food items such as beef, egg, mackerel,
tuna, yellow corvina, pollack, anchovy, mushroom, milk, yogurt, and ice cream were
selected as vitamin D rich foods based on previous research.

Results: The proportions of deficiency (<12 ng/mL), inadequacy (12-20 ng/mL) and
sufficiency (=20 ng/mL) of serum 25(OH)D concentrations from June to November
and December to May in adults were 8.8%, 42.3%, 48.8%, and 28.2%, 52.8%, 19.1%,
respectively. The proportions of deficiency, inadequacy and sufficiency of serum 25
(OH)D concentrations from June to November and December to May in older adults
were 10.1%, 32.4%, 57.5%, and 24.1%, 45.4%, 30.5%, respectively. The mean serum
25(0OH)D concentrations in adults were positively related to the consumption frequencies of
mackerel, anchovy, all fish, milk and milk - dairy products. The mean serum 25(OH)D
concentrations in older adults were positively related to the consumption frequencies of
yellow corvina and negatively related to the consumption frequencies of ice cream.

Conclusions: Our results suggest that Korean adults were more deficient in serum
25(0OH)D concentrations than older adults. The consumption of vitamin D rich foods
may affect vitamin D status in Korean adults. Further studies are required to confirm
these findings.
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Table 1. Characteristics of the subjects according to the quintiles of serum 25-hydroxyvitamin D concentrations by season in Korean adults aged 19 to 64 years

25(CH)D, ng/mL

June-November

December-May

QY Q2 Q3 Q4 Qb o? NI

Q2

QA

Q4

Qb

(h=1087) (n=1088) (nh=1089) (n=1089) (n=1085) (h=988) (=984 (n=987) (=989 (n=986 P
Age (year) 375+ 049 387 + 04 404 +05 418 +£04 443 +05 <0.0001 368+ 05 37.8=+05 390+05 41.3+05 449 + 05 < 0.0001
Sex < 0.0001 < 0.0001
Male 203 (34.1® 370(41.6) 454(51.3) 572(61.2) 659 (68.3) 302 (40.5) 358 (44.8) 446 (54.4) 509 (59.1) 571 (63.6)
Female 794 (65.9) 718(58.4) 635(48.7) 517(38.8) 426(31.7) 686 (59.5) 628(55.2) 541 (45.6) 480(40.9) 415(36.4)
BMI (kg/m?) 229+ 01 235 +01 236 +01 240+01 237+ 01 <00001 229 =+01 235+01 238=+01 241 £0.1 239+ 0.1 <0.0001
Region < 0.0001 < 0.0001
Rural 140(11.4) 174(14.1) 233(17.1) 290(21.5) 347 (25.7) 121 ( 8.0) 132(10.6) 181(13.8) 225(17.7) 267 (20.1)
Urban 947 (88.6) 914(85.9) 856(82.9) 799(78.5) 738(74.3) 867 (92.0) 854(89.4) 806 (86.2) 764(82.3) 719(79.9)
Education < 0.0001 < 0.0001
Below elementary school 120( 9.4) 136( 9.9 165(11.1) 186(13.7) 255(18.9) 118 (85 103(8.1) 126( 92 150(11.8) 187(16.5)
Middle school 88( 7.0 108( 92 135(10.7) 138(11.5) 163(13.0) 92(7.7) 79 (7.5 122(11.3) 117(10.4) 141(13.2)
High school 475(47.0) 459 (44.2) 455(47.1) 403(39.3) 410(42.8) 431 (46.3) 484 (50.5) 397 (42.2) 418(46.7) 391 (40.9)
College or higher 403 (36.6) 380(36.8) 331(31.1) 354(35.5) 252(25.4) 341 (37.5) 316(33.9) 338(37.3) 298(31.0) 261 (29.4)
Smoking status 0.0002 0.8703
Current smoker 230(25.8) 249(27.5) 255(28.9) 304(33.3) 329(34.0) 232(29.1) 232(28.1) 250(30.8) 251 (29.4) 266(29.8)
Former smoker or Nonsmoker 856 (74.2) 835(72.5) 834(71.1) 783.(66.7) 751 (66.0) 752 (70.9) 751 (71.9) 733(69.2) 733(70.6) 715(70.2)
Alcohol intake < 0.0001 < 0.0001
Nondrinker 301 (24.0) 245(19.4) 250(20.1) 222(16.4) 193(16.3) 253(22.2) 228(21.0) 208(18.5) 176(15.5) 209(18.1)
<4 times/mon 626(59.2) 641 (60.1) 585(54.1) 586(55.4) 533 (48.8) 577 (659.3) 558 (56.7) 531 (53.4) 560 (57.1) 469 (49.7)
2 — 3 fimes/wk 112(11.5) 148(156.5) 190(19.7) 199(20.6) 222(23.0) 114 (13.3) 148(16.7) 177 (20.8) 170(19.2) 204 (21.7)
> 4 times/wk 46 ( 5.4) 50( 5.0) 64 ( 6.1) 80( 7.7) 131(12.0) 39( 5.1) 49 ( 5.6) 67 (7.3 78 ( 8.2) 99(10.5)
Exercise < 0.0001 0.004
None 610(55.4) 542 (49.4) 544 (48.4) 526(47.4) 450 (39.2) 565 (56.6) 544 (54.2) 523 (52.5) 476(47.6) 461 (46.6)
1 — 2 days/wk 215(20.0) 232(23.1) 223(22.1) 219(22.9) 222(22.5) 189(20.5) 183 (20.1) 198(21.4) 197 (21.2) 196(21.5)
3 — 4 days/wk 120(12.0) 136(12.1) 111(10.8) 143(13.7) 165(16.0) 106 (10.9) 106(120) 119(12.6) 130(14.0) 136(14.0)
5 — 7 days/wk 140(12.6) 172(15.3) 209(18.6) 194(16.0) 241 (22.2) 122 (12.0) 150(13.6) 143(13.4) 179(17.1) 188(17.8)
Sunlight exposure time < 0.0001 < 0.0001
< 5 hours/day 809 (85.0) 794(83.5) 759(78.4) 704(72.3) 553(58.2) 533 (81.0) 556(80.9) 544(77.8) 506 (69.7) 420 (64.8)
> 5 hours/day 125(15.0) 162(16.5) 215(21.6) 290(27.7) 441 (41.8) 126 (19.0) 133(19.1) 168 (22.2) 211(30.3) 237 (35.2)
Supplement use 0.7693 0.0345
Yes 187 (19.8) 176(18.4) 195(20.2) 195(21.5) 182(20.1) 144 (16.8) 159 (16.9) 164(19.2) 161(20.1) 201 (22.9)
No 738(80.2) 722(81.6) 712(79.8) 725(78.5) 740(79.9) 684 (83.2) 679(83.1) 653 (80.8) 667 (79.9) 628(77.1)

1) Mean £ SD for each quartile; 12.05 £ 0.07, 16.53 = 0.04, 20.02 £ 0.03, 24.12 + 0.05, 31.33 = 0.16
2) Analysis of variance for contfinuous variables and and chi-square test for categorical variables

3) Mean % SD for each quartile: 9.15 £ 0.07, 12.41 £ 0.03, 14.99 £ 0.03, 18.06 £ 0.04, 24.63 £ 0.16
4) Mean £+ SD

5) N (%)
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Table 2. Characteristics of the subjects according to the quintiles of serum 25-hydroxyvitamin D concentrations by season in Korean older adults aged 65 and older years

25(CH)D, ng/mL
June-November December-May
Qr Q2 QA3 Q4 Q5 2 Q1 Q2 Q3 Q4 (8) o
(n = 303) (n = 304) (n = 304) (n =302 (n = 304) (n = 255) (n = 255) (n = 255) (n = 256) (n = 254)
Age (year) 739+ 04Y 717+£03 721+04 722+05 720+04 00001 729+ 04 722+04 722+04 718+04 721 £04 0.4142
Sex < 0.0001 < 0.0001
Male 642257  101(34.7) 131 (43.2) 140 (47.8) 169 (568.3) 70(27.5) 89(37.1) 109 (45.3) 132(54.2) 137 (55.8)
Female 239(77.5) 203 (65.3) 173 (56.9) 162 (52.2) 135(41.7) 185(72.5) 166 (62.9) 146 (54.7) 124 (45.8) 117 (44.2)
BMI (kg/m?) 23.80 £ 022 23.83 £ 0.21 23.91 £ 0.1823.45 £ 0.2322.83 £ 023 00015 24.35 + 0.30 24.34 £ 0.24 23.52 + 0.24 23.37 = 0.24 23.50 + 0.22  0.004
Region < 0.0001 < 0.0001
Rural 70(19.2) 117 (30.2) 128 (35.9) 162 (45.2) 176 (48.7) 81(21.5) 96(27.2) 126(38.1) 131 (41.7) 149 (47.0)
Urban 233 (80.8) 187 (69.8) 176 (64.1) 140 (54.8) 128 (51.3) 174(78.5) 159 (72.8) 129 (61.9) 125(58.3) 105 (53.0)
Education 0.8443 0.4632
Below elementary school 227(742)  223(745) 228(75.3) 233(75.8) 228(73.9) 188 (70.6) 199 (74.1) 196 (74.6) 173(63.2) 173 (67.2)
Middle school 34(11.6) 35(11.0) 22( 7.4 26( 9.9) 35(12.7) 25(12.9) 22(10.9) 23( 9.8) 31(13.8) 34(12.6)
High school 29( 9.4 20( 7.9 38(11.8) 24( 7.9) 23( 7.9 25(11.1) 21(9.7) 20( 8.3) 26 (12.3) 34(14.0)
College or higher 10( 4.9 19( 6.5 15( 5.5) 17 ( 6.4) 14( 5.6) 15( 5.4) 13( 5.2) 14( 7.3) 24(10.7) 12( 6.2)
Smoking sfatus 0.1305 0.6524
Current smoker 39(14.1) 37(14.2) 36(13.7) 37(15.3) 66(22.4) 37(14.9) 31(13.1) 41(16.3) 39(18.5) 36(14.5)
Former smoker or Nonsmoker 263 (85.9)  265(85.8)  267(86.3)  265(84.7)  237(77.6) 216 (85.1) 224 (86.9) 212(83.7) 215815  218(85.5)
Alcohol intake < 0.0001 < 0.0001
Nondrinker 199 (65.1) 178(59.8) 155 (49.0) 152 (47.0) 139 (44.5) 168 (65.6) 149(57.0) 141 (55.9) 123 (43.3) 122 (44.9)
<4 times/mon 78 (25.8) 93(29.0) 83(26.3) 94(33.9) 76 (26.9) 65(27.9) 70(30.2) 64 (24.7) 73 (30.6) 60 (24.5)
2 — 3 times/wk 11( 3.2 15( 5.8) 33(14.7) 20( 6.9) 26( 8.8) 10( 3.4) 16( 4.9 18( 6.0) 29(14.4) 24( 9.6)
> 4 times/wk 14( 5.8) 16( 5.9 31(100) 36(12.2) 62(19.9) 10( 3.2) 20( 7.9) 30(13.4) 29(11.7) 48(21.0)
Exercise 0.0022 0.1836
None 218(75.3) 196 (68.0) 192 (67.4) 173 (60.0) 171(61.7) 174 (69.8) 173 (66.8) 166 (66.9) 166 (67.0) 161 (66.3)
1 -2 days/wk 33(11.5) 28(10.0) 30( 8.7) 30(11.7) 31( 8.5 23( 9.4 28(10.7) 22( 6.5) 22( 8.0 28(12.8)
3 — 4 days/wk 14( 3.7) 18( 4.7) 30( 8.9 30( 9.1) 35(11.4) 24( 8.2) 24(11.4) 22( 6.5) 21(7.7) 27 ( 8.6)
5 — 7 days/wk 35( 9.4) 57(17.2) 49(15.4) 69(19.2) 64(18.5) 30(12.6) 30(11.1) 43(20.1) 45(17.4) 38(12.3)
Sunlight exposure time < 0.0001 < 0.0001
< 5 hours/day 215(88.7) 179 (68.5) 142 (54.6) 109 (42.4) 115 (44.8) 102 (78.5) 119(70.9) 92 (58.3) 92 (55.1) 75 (42.0)
> 5 hours/day 38(11.3) 88 (31.5) 130 (45.4) 169 (57.6) 172(55.2) 41 (21.5) 70(29.1) 85(41.7) 92 (44.9) 112(58.0)
Supplement use 0.8703 0.002
Yes 50(20.6) 56(18.9) 51(16.8) 52(19.9) 54(19.8) 27(10.7) 35(15.5) 37 (19.4) 41(18.9) 55(27.5)
No 227(79.4)  230(81.1)  233(83.2) 228(80.5) 227(80.2) 211 (89.3) 199 (84.5) 192 (80.6) 193(81.1) 181 (72.9)

1) Mean £ SD for each quartile: 11.91 £ 0.23, 17.89 £ 0.09, 22.12 + 0.08, 26.77 £+ 0.09, 33.90 £ 0.27 ng/mL
2) Analysis of variance for continuous variables and chi-square test for categorical variables
3) Mean £ SD for each quartile: 9.28 £ 0.18, 13.50 = 0.06, 16.73 £ 0.08, 20.58 = 0.10, 27.70 = 0.30 ng/mL

4) Mean + SD
5) N (%)
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2. ¢4 83 25(0H)D T 5

99 8% 25(0H)D 5%+ Fig. 13 2t} 7+ 19—
644 /d21e] L d3 25 (0H)D Hvt s&E 5—-892 74
9 Z}Z} 16.7 ng/mL, 18.9 ng/mL, 21.1 ng/mL, 22.8
ng/mLZE F71 o 9-1299] 3¢ 242 22.1 ng/mL,
20.1 ng/mL, 18.4 ng/mL, 15.9 ng/mL=Z 743
892 228 ng/mLE 718 =9kom 3¥L 14.9 ng/mLE
7P wokth 6-11€2) 8% 25(0H)D vt 55+ 20.6
ng/mLE 12—-5% 15.6 ng/mLEC} E9kh vk 654 o)
Rle] @ ¥F 25(0H)D Ht 5= 5-89e] A% 7
7z 18.1 ng/mL, 19.0 ng/mL, 22.5 ng/mL, 24.9 ng/
mLE F71om 9-1299] 49 217} 23.1 ng/mL, 21.9
ng/mL, 20.9 ng/mL, 18.0 ng/mLZ 743t} =3 8¢Y
2 24,9 ng/mLE 7F& =9kom 498 15.8 ng/mLE 7}
2ttt 6-1129 8% 25(0H)D F¢ s5% 22.1
ng/mLE 12-5€ 17.2 ng/mLXt} =4t vk 19-644)

S
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ol &% 25(0H)D =7} 42l 22.8 ng/mL, =2 24.9
ng/mL% 4 5 7P 23k Ad91e 3¢9 14.9 ng/mL, =
Q& 49 15.8 ng/mLe] €% 25(OH)D =7 4d = 7}
A el 2 6-114¢, 12-5€9 &5 25(0H)D H+t
w0 AL 747} 41918 20.6 ng/mL, 15.6 ng/mL, =91
2 221ng/mL, 17.2 ng/mL=E 6-1149, 12-5¢ % F
Qlo] AgRlut =okom, st % 25(0H)D sx2
2 AJQl 18.2 ng/mL, ¢! 19.9 ng/mLE x=¢lo] Al
woh A €5 25(OH)D w57} =34t

ox Mo
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Fig. 1. Means of serum 25-hydroxyvitamin D concentrations by month.
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128 - AJ813} x=¢19] 8% 25-hydroxyvitamin D 5=} B]E}T] D -
48.8%%13L 12—-59°] -9 717} 28.2%, 52.8%, 19.1%
2 UERHT 6541 o] m=Q12] Al vlEkl De] A vl
&, BT NS, 0SS 6-1192 A9 2471 10.1%,
32.4%, 57.5%%31 12—592] 739 217} 24.1%, 45.4%,

30.5%% et

4, 2 ¥35 25(0H)D 5= HIEQ D
Tk 19—644] Ad<le] vl D 5 H%@‘%ﬂ A A
A =7 E5 25(0H)D skl A= 93k T
2t} 6-1120= €% 25(0H)D 59 a150], ¥, &
AT, 72 A AFANETE ) daAlE YERTH

[

i

AAE AF

12-590l= 8% 25(0H)D X9} ¥, & PAF,
T, T AR 9 AN TS O] AaAlE
ERATE. 654 o] =919] HIE] D T2 4% o
AFNE7FES 25 (OH) D ol v 98 Table 4
9} 2t} 6-11€0= 8% 25(0H)D 559 279 4o
AFRIET} 8] AAIAE bt 12-5€90)= %

=] sul

25(OH)D Fx9} o] A~T7 o] A AFRI =7} 22 A
AAE et Aol =9 25 A d% 25(0H)D
icﬂ E‘rE HlEPﬂ D FQ 39249 dd HAFRIEele

Table 3. Regression coefficient (95% Cl) for association between serum 25-hydroxyvitamin D concentrations and daily consumption
frequencies of vitamin D rich foods by season in Korean adults aged 19 to 64 years

June-November

December-May

£(95% Cl) P 5(95% Cl) D
Beef ~0.48 (~2.04, 1.07) 0.542 ~0.68 (~1.85, 0.50) 0.257
Egg -0.13 (-0.93, 0.67) 0.746 0.53 (-0.30, 1.35) 0.208
Mackerel 2.70 ( 0.86, 4.54) 0.004 1.10 (-0.52, 2.72) 0.182
Tuna ~0.12(=1.96, 1.71) 0.896 ~1.06 (-2.97, 0.85) 0.275
Yellow corvina 1.70 (-0.37, 3.77) 0.107 1.26 (-0.56, 3.07) 0.173
Pollack 0.78 (-2.26, 3.82) 0.613 ~0.68 (-2.88, 1.51) 0.540
Anchovy 1.24( 0.48,1.99) 0.002 0.66 ( 0.04, 1.28) 0.037
Al fish 0.82( 0.32, 1.33) 0.002 0.38 ( 0.01,0.75) 0.044
Mushroom ~0.51 (-1.67, 0.65) 0.389 ~0.70 (-1.80, 0.40) 0.210
Milk 0.70( 0.11, 1.28) 0.020 0.69 ( 0.18, 1.20) 0.008
Yogurt 0.14 (-0.85, 1.12) 0.781 0.41 (-0.34, 1.16) 0.285
Ice cream 0.72 (-0.69, 2.13) 0.316 ~0.25 (-1.63, 1.12) 0.716
Mik and dairy products 0.42 (-0.02, 0.86) 0.061 0.42 ( 0.04, 0.79) 0.031

Adjusted for age, sex, sunlight exposure time, supplement use

Table 4. Regression coefficient (95% Cl) for association between serum 25-hydroxyvitamin D concentrations and daily consumption
frequencies of vitamin D rich foods by season in Korean older adults aged 65 and older years

June-November

December-May

B(95% Cl) p B(95% Cl) P
Beef -2.20(-6.42, 2.01) 0.304 -1.44 (-6.00, 3.12) 0.534
Egg -0.03 (-1.65, 1.58) 0.967 0.13 (-2.02, 2.28) 0.907
Mackerel -1.77 (-5.13, 1.59) 0.300 -1.80(-5.19, 1.59) 0.296
Tuna 3.05(-8.59, 14.68) 0.606 -6.45(-16.22, 3.32) 0.195
Yellow corvina 4.40( 0.26, 8.54) 0.037 -0.81(-3.79, 2.16) 0.589
Pollack -2.40 (-7.74, 2.95) 0.377 -3.82(-9.19, 1.55) 0.162
Anchovy -0.13(-0.98,0.72) 0.765 -0.14 (-1.33, 1.05) 0.817
All fish -0.04 (-0.76, 0.67) 0.906 -0.40 (-1.34, 0.53) 0.392
Mushroom -1.96(-5.20, 1.28) 0.235 -1.14 (-3.94, 1.66) 0.423
Milk 0.50 (-0.67, 1.67) 0.402 0.11 (-2.16, 1.95) 0.917
Yogurt 0.28 (-1.47,2.03) 0.753 0.40 (-1.73, 2.53) 0.710
lce cream 0.51 (-6.23, 7.26) 0.881 -6.08 (-11.85, -0.31) 0.039
Mik and dairy products 0.41 (-0.59, 1.41) 0.422 -0.28 (-1.64, 1.08) 0.687

Adjusted for age, sex, sunlight exposure time, supplement use
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2004a; Holick 2004b; Gropper & 2009). #]=2]
Third National Health and Nutrition Examination
Survey (NHANES III) #AH&2E o]&3}o] 124 o) o
Zke] @5 25(0H)D Bt 55 AEEE vugs o
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25(OH)D 3t F55 4-10¥€2] 3% 712} 34.1 ng/mlL,
31.5 ng/ml, 30.7 ng/mL, 27.8 ng/ml.e]™ 11-3<¥2]
A% 242+ 27.6 ng/mL, 28.2 ng/mL, 29.0 ng/mL, 27.5
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SAE, 7 BA Zow oy o nAle Fow
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1998 Mattila 5 2002; Jasinghe & Perera 2006;
s 2008; Gropper & 2009; Koyyalamudi %
2009; Phillips & 2011; Kalaras 5 2012). ¥ I-ofA]
435 250D =9 vlEe] D 2 Fe252 I 4
FRIEeke] AAIE %*4 3 Av} gk 19-644] 4919 3
gz 25(OH)D & 5o, BA], F AR, %%,—?«.Qr
4 AL dd “4”‘7} Fe] IS Bolct v
654 o1 =919] B¢ 85 25(0H)D =9 2719 4d
= H3lom olo]aTFe] U 4

ANEE L9 FRAAES R0k Blolgk, 2ol 15
HER) D 2 FOAFS FARE A8 AT 2 el g

9] ¢ 1993—2002 Nutrition and Health Surveys
in Taiwan (NHASIT) ollA 13A4] o)d& tii o2 242413
A 715 Ak AFAAFNE AR E o]8-8te] HlE] D
T weAEE A Ay A, AIE, S5, b Y
A, 71 9]0 A5, BEA7} vlE] D«] T8 FaFoIA
tHLee & 2008). 27919] 18604 A& o= 24
AIZE B Apso)k A5 ?L’HJE O]ﬁ tol Blel DE]
= 7, AR, Al

= Row ‘/]-E} D}(Gonzélez—Rodriguez =
2013). v]=2] Z$- 2003—20061 NHANESeI|A] 194]
OW—‘L tow 2407 3PP AkRE o] &-ste] HIER D
O] T HUAES FAERIE Wl -, A 2 Z2A0 A
g4, @427 vlEl] DE AdH ks Zo® et
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QAZ o A U SA|Fo] oo E3] AH|QlT} )
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T FAAE AT Aol Algldo] vEeRt Zlow A}EH
t}(Calvo 5 2004; Gonzalez—Rodriguez 5 2013). &
& AT A3} 654 o)A w2loq FF 25(0H)D F% }
ofo] ATy AMFARES} 2] HAIAE B o =2l
22} 5 95%2] =q10] B Hell 2—-33] o]3}7 ofo] A
S AFAZ el 13] o) AT 1> HA] 5%
7] whitell A0 tPdRbES] ghow Qlal] A7 F2l A A
T olB® 5 ofo| g e HIE] D §HFa) o]of mE
g3 25(0H)D F=ol #et A7t Dby &5 dh=ro
2135 HloJEHjo] AE o] g3sto] 7t A% RFAIZNE b
R D AH %S Y8k 559097 Fostt
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HIEW] D& &3kl v} (Gallagher JC 5 1980; Riggs
2000; Delmas 2002). & A= #77] o2 o5 =
A 8o RS aEsto] B8 ekgkom, STt
FEAbe Tk A E5AQL HIE] D B5A] A5 ol thgh
o] glofA] o) F A3 v mefskA] Ktk Algkdo] Q.
Q1 95 F HlER D 3 s3] Fhaste yo]
7} @-24== 7—dehydrocholesterol, precalciferol &%
7} ol L Al nleh D A3k §80] Hhdhs 2o%
B 1%t (MacLaughlin & Holick 1985; Gropper &
2009). 13 2 Aol Q1 ATt - =FAITE
o] Wil AlEZlFHIEo] Ekon dF 250D &7t
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European Prospective Investigation into Cancer
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o] 1994d# 1998W 35-604% wdox FF
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