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Vitamin D intake, serum 250HD, and bone mineral density of Korean adults: Based
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ABSTRACT

Purpose: The purpose of this study was to estimate dietary intake of vitamin D and the relationship between serum 25—
hydroxyvitamin D (250HD) concentration and bone mineral density (BMD) in Korean adults using the 2011 data from the
Korea National Health and Nutrition Examination Survey. Methods: Daily intake of vitamin D and ratio of subjects that
consumed less vitamin D than adequate intake (Al) were estimated in 4,879 Korean adults, The relationship between daily
intake of vitamin D and serum 250HD and BMD were analyzed. Results: Average daily intakes of vitamin D were 3,84 *
0.23 pug/day for men and 2,22 = 0.11 ug/day for women, Approximately 72~97% of men and 80~99% of women consumed
less than the Al of vitamin D for Koreans. Serum 250HD concentration increased with age, and the ratios of serum vitamin
D deficiency ({ 20 ng/mL) were 47.8~81.1% for men and 59.4~92.8% for women, Average intake of vitamin D was higher in
subjects aged ( 50 yr than in those = 50 yr, but lower in serum 250HD concentration, In subjects aged ¢ 50 yr, serum
250HD was higher in subjects that consumed 10 pg/day of vitamin D than in those that consumed less than 5 ug/day. In
female subjects aged = 50 yr, average intake of vitamin D was associated with higher bone mineral density. Conclusion:
It was found that dietary intake of vitamin D could increase serum 250HD concentration in young adults and bone mineral
density in old women, Therefore, nutrition policies for enriched foods with vitamin D and nutrition education to consume
more vitamin D—rich foods are needed to ameliorate vitamin D status of the Korean population, Adequate intake for Korean
population aged { 50 yr might be adjusted upwardly up to 10 pg/day.
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SUS ol 3T (U S 201509-SB-026-01).

KNHANES 2011 baseline subjects
N=8,518 (M : 3,867, F : 4,651)

N = 1,952 excluded due to age <19 yr

Subjects
N=6,566 (M : 2,839, F : 3,727)

N = 636 excluded due to missing data on
» Education (547)

» Physical activity (15)

» Alcohol drinking (25)

* Monthly income (49)

Subjects
N=5,930 (M : 2,512, F : 3,418)

N = 305 excluded due to missing data on
» Sunlight exposure time (24)

» Anthropometric variables(49)

» Serum 250HD (232)

Subject
N=5,625 (M : 2,407, F : 3,218)

N = 746 excluded due tc missing data on
« Vitamin D intake N=746

Total Subject
N=4,879 (M : 1,965, F : 2,914)

Fig. 1. Flowchart of subject inclusion and exclusion in the Korea
National Health and Nutrition Examination Survey 2011
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Table 1. Characteristics of participants

- Total Men Women 2 3)
Characteristics (N=4879) (N=1,965) (N=2914) x>-value
Smokin Yes 913 (25.4)" 765 (45.0) 148 (6.4) 957 454"
9 No 3,966 (74.6) 1,200 (55.0) 2,766 (93.6) '
o Yes 2,536 (59.4) 1,453 (77.3) 1,083 (42.0)
Drinking 629.829
No 2,343 (40.6) 512 (22.7) 1,831 (58.0)
Y 1,411 (32.7 738 (41.1 73 (24.
Strenuous & (32.7) 38 ) 673 (24.6) 151.364
No 3,468 (67.3) 1,227 (58.9) 2,241 (75.4)
) - Yes 1,766 (38.0) 813 (43.7) 953 (32.4)
Ph | activit Moderat 66.841
ysicataciviy oderate No 3,113 (62.0) 1,152 (56.3) 1,961 (67.6)
Y 4,054 (84.1 1,662 (85. 2,392 (83.1
Walking es 054 (84.1) 662 (85.0) 392 (83.1) 3187
No 825(15.9) 303 (15.0) 522(16.9)
Y . . )
Dietary supplement? es 1,994 (36.3) 648 (29.9) 1346 (42.5) 84.278
No 2,885 (63.7) 1,317 (70.1) 1,568 (57.5)
<2 2,894 (58.9) 989 (51.3) 1,905 (66.2)
Sunlight exposure time 2~<5 1,229 (26.8) 553 (29.9) 676 (23.8) 129167
>5 756 (14.3) 423 (18.8) 333(10.0)

1) All variables are expressed as number (percentage).
month.

7} AATh Aol BFAE HFeke B8] HIE-S 29.9%,
dL 42.5%= /o] Fdoll HIgl 2o|BRFAIE Bol
A AT (p < 0.001). 1Y 2A7F m|¥to & S
zol= Al Hlgo] FAAIME 51.3%, oJAddx=
66.2%= 4/4d<] Hl&o] EROL; 2~5A17L, 5AIZE o ¢
PSS xol= 9= 242 0] 29.9%, 18.8%, A4d]
23.8%, 10.0%= <] AW ZAAIZIo] oAdo) vlste
A (p <0.001).

HIEtZID MF2t &5 250HD sk

Amz} Ao wE vERID 439} ¥F 250HD F%
o tist A= Table 29F 2t} F<] 19 3t HIEWID
AF e JAdo] 3.84 + 0.23 pg/day, AL 2.22 £ 0.11
ng/day© 2 o] Aol ARt Bt duvA A
FHFoz WA A G A"d HEWID e
30~494] ABZoNA 557 £ 0.51 pg/dayE 71 2kl
65~744) A=A 2.12 + 0.28 pg/day= 7F¢ At (p
< 0.001). 43L& 30~494] ABZFNA A 2 A w]
ENID 443 2ko] 3.22 + 0.19 pg/day= 78 BkaL, 754
o AAEZol|A 1.27 + 0.26 pg/day= 7FF AT} (p <
0.001). olYA] AAHC = BAS & A= BIEWID 4
He odlyA] g3l AAY 65~744 QBT 754
ol AE Tl F7FL AR (p < 0.001). 20101 g
Q1 FUEPF7ITAM HIERIDY] FEAAHE (A
19~494] A= 5 pgo & 504 o4t ABZS 10 pgo
2 A= o] ok £ AT A T ) AT

2) Whether the person took dietary supplement at least once per week in a
3) ""chi-square test p-value < 0.001 for differences between men and women

T Z HIEWID SA3FE vk AR 282 B AA
£ 83.1%, oA AAE 89.8%% A3 =3 Asto|9]
om i B 30~494104 71 Bk (oF 71.6%,
80.2%) FAR= 65~744] ARZNA 96.6%=E 71 =%ke
), oJx}= 754 o)A B Sl A 98.5%F HISo] /M =
ATt AW dF 250HD T HY EF 19~294 4
BZo| A Z 250HD ¥57} 7P wikar, 754 ol 4
BZolA 7FE w=%om, Aio] HoldeE dF 250HD
£ frolahl 7K (p < 0.001). F 250HDS] A9+
% 20 ng/mL FIREOE HQLS wf 19~294] Aol
o] AFnL-e 717} 81.1%, 92.8%= AREo| 71
T=UAL, 754] o) AHFL FAJo] 47.8%, HAl0] 59.4%
2 AqPEo| 7P Itk

#5 250HD SE HTY 24
SEO

d3F 250HD s=ol| FF= vA= HEE AR 23
= Table 37 2t} G2 Ao HEAS AT At <
BHBAE BYloH, A4S F A, A

FAAst 2] 4
o] BEA| HAXS} SAZF o1 Y ZAlkE o] Y

HAE B

1% HIEIZID MFZ M2 &F 250HD skE
AFNIAE 504 W3 T2 o] ZiztellA HIENID
o] 1d i AFAFEH W =& ARIeE BT IF
250HD sx2ote] BAIS A3 3= Fig. 29} Zt}. H)
EFID A3 55 5 ug 1T, 5~10 pg 7T 10 pg o442
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Table 2. Mean energy and vitamin D intakes and mean serum 250HD concentration of Koreans, in 2011, by age and gender

Vitamin D intake (ug) Serum 250HD

Alof 2010  Energy intake ¥ —
Sex Age N KDRI (uig) (keal) Unadjusted Adjusfgd for Less than Level Def.|C|ency
energy intake Al (%) (ng/mL)  ratio (%)?
19 ~29 212 5 2,503.89 +82.42") 4.36+0.60  4.34+0.59" 80.3 16.47 £0.41 81.1
30 ~ 49 654 5 2,670.25+50.53 5.57+0.51 5.21+0.50 71.6 17.84+0.32 66.9
50 ~ 64 603 10 2,41590+ 46,40 4.60+0.35 476+0.34 86.6 19.41+0.41 57.8
Men 65~74 356 10 2,057.21+46.11 2.12+0.28 3.03+0.31 96.6 20.01+0.45 52.8
275 140 10 1,690.50+£56.74 2.54+0.51 420+0.56 93.7 20.12£0.63 47.8
Total 1,965 2,267.55£27.16 3.84+0.23 431£0.25 83.1 18.77 £0.27 65.9
F-value® 47196 15.304™ 7.6507" 14.293™
19 ~29 317 5 1,786.15+50.74 2.44+0.22 2.33+0.21 88.2 13.73+0.30 92.8
30 ~ 49 1,097 5 177676 +28.82 3.22+0.19 3.12+0.18 80.2 15.91+0.26 82.1
50 ~ 64 862 10 1,667.11427.22 2.60+0.19 2.64+0.19 94.2 17.80+0.29 69.2
Women 65~74 432 10 1,477.60£30.48 1.56+0.22 1.86+0.21 96.3 18.77 £0.51 60.6
>75 206 10 1,331.08£40.03 1.27+0.26 1.77£0.27 98.5 19.1420.65 59.4
Total 2914 1,607.74+17.10 2.22+0.11 2.34+0.11 89.8 17.07 £0.23 77.8
F-value 32,5127 14.5107 8.388™" 41.078™

1) Data are expressed as mean * SEs.

2) Cut-off point (deficiency level) for serum 250HD concentration was 20 ng/mL.

3) F-value

was based on the results from the complex samples general linear model; comparison among age groups.

Hxk

p <0.001

Table 3. Regression coefficient (95% Cl) for association between serum vitamin D concentration and variables according to the sex

Characteristics Men (N =1,965) Women (N=2,914)
B (95% Cl) P-value B (95% Cl) P-value
. Yes -0.884 (-2.051, 0.283) 0.136 -4.586 (-6.199,-2.973) <0.001
Smoking
No
o Yes 0.711 (-0.422, 1.844) 0.216 1.632 (-0.053, 3.317) 0.058
Drinking
No
Yes -0.33 1(-1.600, 0.938) 0.606 0.314 (-1.470, 2.098) 0.728
Strenuous
No
Y 1.190 (-0.054, 2.434 .061 -0.246 (-1.695, 1.202 .737
Physical activity Moderate e 0005 34) 0.06 0-246 (-1.695 02) 0.73
No
. Yes -0.591 (-2.127, 0.946) 0.448 1.111 (-0.121, 2.343) 0.077
Walking
No
Dietary supplement Yes 2.515(1.507, 3.524) <0.001 2.597 (1.506, 3.689) <0.001
(one month) No
<2
Sunlight exposure time 2~5 -0.701 (-1.811, 0.409) 0.213 0.552 (-0.618, 1.721) 0.352
25 1.193 (0.016, 2.370) 0.047 1.441 (0.249, 2.633) 0.018

P-value was based on the results from the complex samples general linear model.

2 55 $ gHAg5sel o % 250HD 55 Hlul
S 7,:5_:4% 504 wigk 3ol A 242 17.41 + 0.34 ng/

mL, 18.06 + 0.67 ng/mL, 19.22 + 0.64 ng/mLE RIE}FID
—% 5 ug WIEOZ AH3 T B} 10 pg oY AFHE o
% 250HD =7} 93 =34t} (p < 0.01). 504 7]
u} ANz 1Y FHi HIEMID A& ko] 10 pgol el o+
o] &% 250HD (17.01 + 0.84 ng/mL) F%7} 5 pg 19t
A3 7+ (15.25 + 0.32 ng/mL)l 18| F-2l81A4] =9kt (p

< 0.05). 2} 504 o) AFt A M E HE 25
oJu|gt A= Holx] Qi)

AEFE HIERID YFZD 7|0
A7 BlENID 4335} 7]o=E Table 49} zgu}
JAde] BIENID Al 71g T4 7|odehe AET
AARFZ 7|HTEE 7030% 9oH, 1 TS A= urv
(15.52%), Fi-it B 7L AIF (4.94%), 557 B LA (4.67%)
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el Q 18
T I
8 17 A T 8 17
‘E 16 N 16
515 T E 15
B 14 3 14
<5 5-10 =10 <5 5-10 =10
(631/1,186) (117/141) (118/87) (884/1,336) (117/96) (98/68)

Vitamin D intake (ug/day)

Vitamin D intake (ng/day)

Fig. 2. Sun exposure-adjusted serum 250HD concentrations by vitamin D intake level. Serum 250HD concentrations is expressed as
mean * SE. Results from the complex samples general linear model. p < 0.05, “p < 0.01

Table 4. Contribution of vitamin D-rich food groups towards the daily mean intake of vitamin D in Korean adults

Vitamin D intake (contribution, %)

Food group F-value®
Total (N = 4,879) Men (N=1,965) Women (N =2,914)
Fish and shellfish 2.44+0.14Y (67.527) 2.72+0.23 (70.30) 2.15+0.13 (64.28) 5215
Egos 0.61+0.02 (16.93) 0.60+0.04 (15.52) 0.62+0.03 (18.5¢) 0.173
Dairy products 0.19+£0.02 (5.44) 0.19+£0.03 (4.94) 0.20+£0.02 (6.02) 0.074
Meat & product 0.19+0.01 (5.42) 0.18+0.01 (4.67) 0.21+£0.02 (6.29) 1.811
Mushrooms 0.16+£0.03 (4.57) 0.17 £0.06 (4.45) 0.15+£0.03 (4.71) 0.291
Grain & grain products 0.00+0.00 (0.02) 0.00£0.00 (0.02) 0.00£0.00 (0.01) 0.100
1) Data are shown as mean + SEs, and adjusted for energy intake.  2) Contribution is also expressed as percentage (%).  3) F-value

was based on the results from the complex samples general linear model.

'0<0.05

502 et 9o RiElID dFFel 7 24 7]
el AEZL ojuFER 71041:: 64.28%Jo™, 71 E‘r
S AR G (18.56%), 57 2L 1 AFE (6.29%),
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Table 5. Bone mineral density at the total hip, femur neck, lumbar spine and wholebody of subject

Sex Age N WTBMD? THBMD? FNBMDY LSBMD”!
19~29 82 1.18+0.01Y 0.97 £0.02 0.87 £0.02 0.99£0.02
30~ 49 260 1.18+0.01 0.97 £0.01 0.82+0.01 0.96£0.01
50 ~ 64 243 1.16£0.01 0.93£0.01 0.76 £0.01 0.94+0.01

Men 65~74 147 1.15£0.01 0.89 £0.01 0.72+0.01 0.93+0.02

>75 46 1.12+0.01 0.83+0.02 0.67 £0.02 0.90£0.03

Total 778 1.16£0.01 0.92£0.01 0.77 £0.01 0.94£0.01

F-value® 46117 18.502" 42677 2.546

19~29 124 1.10£0.01 0.87 £0.01 0.77 £0.01 0.97 £0.01

30~ 49 442 1.13+0.01 0.88£0.01 0.74£0.01 0.99£0.01

50 ~ 64 342 1.05+0.01 0.82£0.01 0.67 £0.01 0.86 £0.01

Women 65~74 176 0.97 £0.01 0.74£0.01 0.59£0.01 0.75+0.01
275 75 0.93+0.01 0.64£0.01 0.52+0.01 0.67 £0.02

Total 1,159 1.04+0.01 0.79 £0.01 0.66 +0.00 0.85+0.01

F-value 84.983™ 764157 160.365™ 111.033™

1) Data are shown as mean + SE (g/cm?).
density  4) FNBMD: femur neck bone mineral density
results from the complex samples general linear model.

0<0.05 "p<0.01, "p<0.001
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Fig. 3. Serum 25(OH)D concentration-adjusted bone mineral den-
sity by vitamin D intake level in women over 50 yr. Bone mineral
density is expressed as mean + SE. WTBMD: wholebody total bone
mineral density, THBMD: total hip bone mineral density, FNBMD:
femur neck bone mi neral density, LSBMD: lumbar spine bone min-
eral density. Results from the complex samples general linear
model. ‘p < 0.05
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