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Prevalence of vitamin D deficiency in Korea: Results from KNHANES 2010 to 2011

Jung, In Kyung’
Department of Beauty Art, Honam University, Gwangju 502-791, Korea

ABSTRACT

Vitamin D deficiency (VDD) is becoming an epidemic and thereby a global health problem. Further, VDD adversely
affects calcium metabolism and skeletal health, and is associated with increased risk of several diseases, e.g., autoim-
mune diseases, several types of cancers, type 2 diabetes mellitus, cardiovascular diseases, infectious diseases, asthma,
psoriatic arthritis, and etc. To evaluate the prevalence of VDD in Korea, and then to evaluate the association of several
factors with serum 25(0OH)D level, the author analyzed the data of 14,456 individuals who were 10 years of age and
over from the Fifth Korea National Health and Nutrition Examination Survey 1 & 2 (KNHANES V-1 & 2) conducted by
the Korean Centers for Disease Control & Prevention. As a result, among Koreans (age = 10years), 65.9% of males and
77.7% of females were below optimum blood serum 25(OH)D (20 ng/mL). VDD is more severe in female than in male
at all age groups. In addition, the younger generations had less 25(OH)D level than older generations in Korea. The anal-
ysis by complex sample general linear model (CSGLM) suggested that blood 25(OH)D concentration was related with
gender (p < .001), residence (p = .030), occupation (p < .001), anemia (p < .001) and physical activity (p < .001). In
conclusion, VDD is pandemic and it is more severe in younger generations in Korea. Further, from the results by CSGLM,
serum 25(0OH)D status is closely related with the life style of Koreans. (J Nutr Health 2013; 46(6): 540 ~ 551)

KEY WORDS: vitamin D, VDD, 25(0H)D, life style, KNHANES.
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Table 1. General characteristics for participants of KNHANES 2010-2011 (age > 10 years)

Total Male Female
Parameter Estimated Unweighted Estimated Unweighted Estimated Unweighted
% frequency % frequency % frequency
Age, yrs 10-19 14.7% 2,011 15.6% 1,057 13.9% 954
20-29 15.4% 1,345 16.1% 553 14.7% 792
30-39 18.1% 2,386 18.6% 990 17.6% 1,396
40-49 18.9% 2,272 19.3% 1,013 18.6% 1,259
50—-59 15.4% 2,397 15.5% 1,010 15.4% 1,387
60—69 9.1% 2,092 8.7% 952 9.5% 1,140
70-79 6.4% 1,578 5.1% 692 7.6% 886
80 < 1.9% 375 1.2% 135 2.5% 240
Age-total 100.0% 14,456 100.0% 6,402 100.0% 8,054
Region Dong 79.8% 11,525 80.0% 5,109 79.5% 6,416
Town-village 20.2% 2,931 20.0% 1,293 20.5% 1,638
Region-total 100.0% 14,456 100.0% 6,402 100.0% 8,054
Housing General house 68.2% 7,568 68.0% 3,370 68.4% 4,198
Apartment 31.8% 6,888 32.0% 3,032 31.6% 3.856
Housing-totall 100.0% 14,456 100.0% 6,402 100.0% 8,054
Household income Poor 17.0% 2,753 15.1% 1,116 18.9% 1,637
Fair-poor 27.9% 3,671 27.5% 1,625 28.3% 2,046
Fair-rich 28.9% 3,981 30.1% 1,817 27.7% 2,164
Rich 26.2% 3,856 27.3% 1,761 25.1% 2,095
Houshold income-total 100.0% 14,261 100.0% 6,319 100.0% 7,942
Occupation Administrators & specialists 13.0% 1,535 15.9% 848 10.2% 687
Clecks 8.6% 980 10.2% 557 6.9% 423
Service workers & marketers 13.6% 1,549 12.9% 621 14.3% 928
Agriculture, forestry & fishery 6.5% 1,029 8.0% 572 5.1% 457
Engineers, technicians & assemblers  11.1% 1,153 19.7% 975 2.6% 178
Manual laborers 8.0% 1,052 6.8% 406 9.2% 646
Homemakers & students 39.1% 5,644 26.4% 1,617 51.7% 4,027
Occupation-total 100.0% 12,942 100.0% 5,596 100.0% 7,346
Anemia No 92.5% 12,306 97.6% 5,783 87.3% 6,523
Yes 7.5% 1,137 2.4% 209 12.7% 928
Anemia-total 100.0% 13,443 100.0% 5,992 100.0% 7,451
BMI, kg/m? <18.5 8.3% 1,213 6.7% 483 10.0% 730
18.5to <23 41.4% 5914 37.0% 2,366 45.7% 3,548
23 to <25 21.4% 3,061 23.8% 1,498 19.0% 1,563
25to <30 24.9% 3,625 28.9% 1,807 20.9% 1,818
30 < 4.0% 499 3.6% 179 4.3% 320
BMI-total 100.0% 14,312 100.0% 6,333 100.0% 7,979
Walking Yes 39.2% 4,662 41.7% 2,154 36.8% 2,508
No 60.8% 7,598 58.3% 3,102 63.2% 4,496
Walking-total 100.0% 12,260 100.0% 5,256 100.0% 7,004
Physical activity ~ No 82.6% 9,868 80.1% 4,089 84.9% 5,779
Medium 6.1% 759 5.8% 290 6.4% 469
High 11.3% 1,215 14.1% 643 8.7% 572
Physical activity-total 100.0% 11,842 100.0% 5,022 100.0% 6,820
25(0OH)D, ng/mL  Deficient (<10) 7.3% 973 5.1% 268 9.7% 705
Insufficient (10 to <20) 64.4% 8,553 60.8% 3,537 68.0% 5,016
Optimal (20 <) 28.3% 3,993 34.2% 2,216 22.4% 1,777

25(OH)D-total 100.0% 13,519 100.0% 6,021 100.0% 7,498
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Table 2. Continued
25(0OH)D, ng/mL

25(0OH)D status, EF (Std. E)%
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43.255
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96
596
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.
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No

Physical activity

20.92

Medium
High

19.58

18.93

Physical activity-total

490
228
.250
.233
A1

<18.5

BMI, kg/m’

18.5t0 <23
23to <25

2510 <30
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BMI-total

EF: estimated frequency, Std. E.: standard error, Cl: confidence interval
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7} =94tk BMIZL 57kl whet 25(0H)DE] %7t 57Fst
ot BMI 30 kg/m’ 0] A9 93]2 25(0H)DL] &=
7h ottt

o] d9] qItARSIEHA, A A adl, A7k
25(0H)DFHES] ALUAE EA8 A= Table 37+ 2
t} ofA1e] A (7 = 370176, p < .00D), AFAY ( = 76.985,
p < .001), e (o = 82.141, p < .001), 745 (' =
60.854, p < .001), AGHEF D HA/HEASE = 2
I ( =204.392, p < .001), HIEGHE (o = 27584, p < .001),
BMI (¢’ = 26.351, p = .029)°]| wte} oI5t xfo]& B,
AANARE (f = 7135, p = .133), AAZZAAE (o = 14766,
p = .062)> 25t Zpo| 7} gloich

AR L 10t 1561 + 0.235 ng/mL, 20t 1447 +
0.251 ng/mL, 30t 1579 + 0.248 ng/mLE &S AFGE
o] A% =2 AgdiHc} 25(0H)DY HE7F Weken, 54
AAFA= 1609 + 0175 ng/mLE & - HAGAFARS] 79
1785 + 0451 ng/mL ¥} wofch Felogdal olulze)
AZFA} 16.89 + 0.228 ng/mLE oftE AFEAF] 1548 +
0.191 ng/mL¥Et} =9rom, 7H| AS5HR = 3/45910] afd
S 2ol 7H Wokth AT HEE sEoly SHFARE
o] 420,52 + 0.590 ng/mL=Z 7} =9rat, 3aja) - AR
7} T BARROA 1536 + 0.285 ng/mL, AHEEAA} 14.94
+ 0311 ng/mL, 7|5 - AA] - 7|A| 24} 9 Z-GAA}F 1595
+ 0517 ng/mL& thE ol H]sj Arhd o= wrofch vid
FHE w2d wEaH2 ) 1545 + 0243 ng/mLE ¥l
o] §li= 16,58 + 0.173 ng/mL X} Wekon] §-o]Fo]
Ak AAEES 34| G ofl vlgl] AR EE sk 2
25OH)D =7} =okon At 53 3l AR 55
29 52 3h= AR 25(0H)DS] F=7} #=kt) BMIZF

o g

}\(—)] b

7

Am
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Table 3. Continued
25(OH)D, ng/mL

25(0OH)D status, EF (Std. E)%

Insufficient

Deficient

95% Cl

Std. E.

Estimated

Subgroups

Parameter

Optimum

Upper

Lower
16.04

mean

22.7 (1.2)

66.7 (1.1)

10.6 (0.8)

16.75

181

16.39

No

23.2 (1.1)

67.0 (1.0)

9.8 (0.7)
10.6 (0.7)

Walking-total

.062

p=

14.766

22.6 (1.1)

66.8 (1.1)

16.69
18.40

17.71

16.01
16.46
16.42

173
493

.329

16.35
17.43
17.06

No

Physical activity

26.9 (3.4)
24.1 (2.5)

23.0 (1.1)

66.8 (3.4)
68.3 (2.6)

66.9 (1.1)

6.3 (1.4)
7.6 (1.3)
10.1 (0.7)
10.1 (1.5)

10.5 (0.8)

Medium
High

Physical activity-total

20.9 (2.0)
20.6 (1.2)

69.0 (2.2)
68.9 (1.2)

16.60
16.54
17.36
17.38
16.84

15.50
15.82
16.35
16.44
15.24

.280
181
255
237
407

16.05
16.18
16.86

16.91

<18.5

BMI, kg/m’

.029

p=

26.351

18.5to <23
23to <25

23.5 (1.6)

67.1 (1.6)
66.5(1.7)

9.4 (1.1)
7.6 (0.9)
10.9 (2.4)

25.9 (1.7)

2510 <30

22.4 (3.0)
22.4 (1.1)

66.7 (3.4)
68.0 (1.0)

16.04
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6 (0.6)

BMI-total

standard error, Cl: confidence interval

EF: estimated frequency, Std. E.:

Z7}sho) wa} 25(0H)DE] w=7) 57189

ke/m’ ol4] A9 gashoict

S} BMI 30

HIEI2I D &
HIER] DA A5 5T l
sto] B3 Aubdgny (CSGLM) L
Al oo FHE tido 2 A, AFA, FHRS, 7HIAS
AR S, HIEREE, A7 AR, AAE5 -, BMI
of 2 25(OH)DL] WS XARSHILE ofuf ©
FOo &2 siqict. mPga it A2 7= Table 49} 2t} 4
|, 7HAIAEARE ], 714701 BMIE -2J81A] $Foke:
(> .05, ¥ (p < 00D, AFAY (p = .030), AAAEF L
AA/MBALSAE A5 (p < .001), FIEHHE (o < .001),
AF SRR (p < 001) B5F -§-2l3t ko] 2igich
B EARS] AT GFRAL A57] 1A d = et 220
T ARE Fslo] dutkgmgo s B35 A} Table 5
o] AWE Alck AHLE 12411 ng/mLE, o] Fr2 AEL o

lo
fru
ic lo
>
ofr
%2
fin}
IS

B, AZAE & WY, FEFEL oltE, F PSS 4
@), AAAER B U/ AR A B 54
F5, w 5. 0es oxh IS s, BMIS 0 ke/md

EJE}. %lzﬂ qo= QE%EL e
7)o ATxu—Lm} 1.043
N AFA7} ol E AEA o] H]
3l 0.488 ng/mL ln% , AaAEF 9 AR
g sL=o| uhepa= 7SR S-S e “X‘XH %!
S5 71202 39S f FeEjAt - HEsE D HATAR A

‘r‘

0.382 ng/mL $kal, AFRZEAA= 0425 ng/mL =iy
th ol S TAR: 2.836 ng/mL, 75 A7)
Table 4. Model effect analysis by CSGLM"”

Source dfl df2 Wald F Significance
(Correct model) 21 339 29.005 <.001
(Intercept) 1 359 1,322.310 <.001
Sex 1 359 121.437 <.001
Region 1 359 4.760 .030
Housing 1 359 2.716 .100
Household income 3 357 2.435 .065
Occupation 6 354 9.624 <.001
Anemia 1 359 21.853 <.001
BMI 4 356 2.119 .078
Physical acitivity 2 358 13.746 <.001
Walking 1 359 2.041 .154
Age 1 359 150.116 <.001

1) Model: vitamin D = (intercept) + sex + residence + housing
+ household income + occupation + anemia + BMI + physical
activity + walking + age
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Az2 gl 2HFARE 0.502 ng/mLRHS 9kt RIEHH
Aol wlsl A7keE Aol 1.027 ng/mLeHE 31, AlH|EHs

o] gle S 7|82 4= 2 %% Sh= AFEY]
25(OH)D4 =7} 1.210 ng/mLYHE £%keH (p < .001),

F3 A4 5-S 5F= AR 25(0H)D7} 0760 ng/mLyt
—E% =T (p = .001). Table 40| ofohd A5FE AR
e ] . 00]A0] oJaFo Z;q\‘: o]—o]_o]/]_ (p _ 139)
SeTEE 25(OH)D4 FLEo atolE AR AW A5
4/48-910] A 7|20 7 /48 9] 0.590 ng/mL, 3/4%-
9= 0443 ng/mLﬂJ—E% wokth (p < .05). 2/4E$)= 4/4%
AETt 0.271 ng/mL Wokout 11 Zpol= [-olkA] ¢kokth
(p > .05). B71HHE 81A] o= AR 714 E 3= A
ol vlsf 0.208 ng/mLyHE @9k 11 2foli= [-ol5A] oF
Ut BMIE AA2Q] maie] JFS FA= @okot
BMI 30 kg/m*] A/ 7|20 2 I8 4o 7 = BMI
18.5~23 kg/m’1 7+ 0.656 ng/mLYFE, BMI 23~25 kg/m’
Atolel FLofl A= 0.841 ng/mLAHE, BMI 25~30 kg/m’Ato]
o] FollAl= 0725 ng/mLRFE 25(0H)DY] H=7} =2 A
& eIk 5= AT (p < .05). TAFo] 14 Z7gte] uket
25(0H)D7F 0.071 ng/mLA Z7}8l= Ao 2 eIt} (p
< .001).

2t

1

ool A2 R & o gh=ilE0] H[gtyl D] 5

5] At ddell vlsh o:] 92] 7 ¢ %éﬁﬂﬂ ik}
o] Hrt 30tf ol > AFEE2] HIER D
2175199t (Table 2, 3). ol A3H= Choi %%l =A%
OF=A| 2008 AR S BASH Avjele w2k 7ho| it}
i gzte] S| & 25(0H)DEE9] 2tolE AHEH,
$1t oA HE A (F) XI‘I‘EE} BE G WA AFA
7F =001, ofHE AFAEHE URked] AR E9kth
TS Pt 01*4011*1 %’ Ao g AL 3/4590| 3

1o
. e

Ol ol 021

OR

ok FAEO A9 7 W ol A4S o] fold
o] Atk A %L }~—4 ﬂqxiﬂw B oo A Torg
2ol ZJo|E B 22 Qlir) AUARE W Al /ujAAE

Aef 2 =0 Eq'E'Jr/ﬂ oo] i egloje] & —-—/\}7\}01]/\1
25(OH)Ds=7F 7H4 s=9kat A} - ZE7t FHAFARY, A

= A R N RN AR =R RS P 25(OH)D—4
w7} o} 2]ejo] §a} Ayghbalo] 25(0H)D] HiEo] =
2714

ogaFol glekal Wk 4+ glck A7 o] BT
S9jgt Aol wolA piskork ARTEANE foltt 3

o7} USRI & - of BFoAA AAEEE A e AR

=9 5l Alete) 25(OH)D—4 s=st wsk

on A3t %}E% She A9uT FEEY BEL B AL
50| ©5le] 250HDY] FE7H & AR B 4 ok
dololA] st At

olg|gt A& Fal EH A= 4
9 25(OH)D?] FE7F =2 A& & 4= Ak

98532 @ o dollA o At Ukt Ak
° 2 ojido] YAHELE 25(0H)D2] Fho] Wekal BIdSA|7}
= 735 o 2tk BMIgF @ 5 25(0H)D F= Atol9
Al Hal w2 AFAtEe] AFARE AASkL 9l
o} B oTtof| A= BMI 30 kg/m7IK= BMIZ} £7Ftol|
w2} 5 25(OH)DY] =7} $71sE=d BMI 30 kg/m”

ool 238 MA|Fw2l BMI 18.5 kg/m’ w|RHl 2k
o} % 25(0H)DY] 5=/ H4st A& & 4= i o=
BMI7} =2 AFre] 7 mlsiA|iz4le] 25(0H)D7F &4
ejo] Jof Fof] =¥s}t= 25(OH)D] F=7t Rolxltk= A
YA o] Aol Ax|eh= FAo|ok I EH|The] SHtEE=
of2] 7HA] tiAbd A2kt vitamin DO #59] WS A
7P5—]_7ﬂ 3H Z 1 7:!4.3]__,1 \:ﬂ-tﬂ- i o];}]\];]_

2 A9 dat Adat FARY, AR E AAEEH
L7} vlER DO =] f-oJoH| P u|x= 8Qlo R U
EfL Agghikalo] a3t QRS ni|= 202 Az 109
o} 209} F-> AFEE9] HIEH D §-5o] 4218k A= Ab-
soud 57} Shirazi 50| &3t vie} ro] &2 Ay
A ALsl= AL g7 Ao R AzbEH
A 9 s ET F2 ZVJOL SO FAH o] A
&5k AFE9] HlE] D
ol AAE-TS T 4= 9= EEJ%QJ =9t o
AlsHA| Bagt 7o 2 AlmEr)

mf

o
)
oﬁ
s,

o oX

ox
o)

gh=Rlo) QISFALSISHA, A% 4]
25(OH)DFEw 0] 4TS 24
A2 224%ko] Zdo1HaL 1 9
O & Ueh g ARFS A vlE]
b 4= ik E3] WAl vlal oj4de] - o
TR} 30 o]s) F-2 AFES] HlEH
Zkshict Bt AUk (CSGLM)
195 o 25(OH)D2) %ﬂ% Tof Y-S ujA= °J9£~
A (p < .001), AFAY (p = .030), AGAEF L Ad/H]
le AE 2= (p < 001), HIEHE (p < .00D), AlA1E
oI (p < 0017} F-2Jat ot 7HAIASANES, 7]
5 BMI= F-9skA] @kt (p > .05).
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