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Prevalence of Vitamin D Deficiency and Insufficiency in Korean Children and Adolescents

and Associated Factors
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Background: The objective of this study was to assess the serum 25-hydroxyvitamin D (250HD) status and evaluate the associated factors in a
Korean pediatric population aged 0-18 yr.

Methods: Serum 250HD levels were retrospectively analyzed in 13,236 Korean children and adolescents. 250HD tests by chemiluminescent im-
munoassay were requested from 332 medical institutions nationwide in Korea between January 2014 and December 2014. Prevalence of vitamin
D deficiency (VDD) and insufficiency (VDI) and the associated factors were analyzed. VDD and VDI were defined as serum 250HD levels of <20.0
ng/mL and 20.0-29.9 ng/mL, respectively.

Results: The 250HD levels negatively correlated with age (r=-0.4033, P<0.001). Overall, 79.8% boys and 83.8% girls had hypovitaminosis D
(VDI or VDD). The Odds ratios (ORs) of being in the VDD/VDI category as against the reference category of VDS (vitamin D sufficiency) were as
follows: increase in age by 1 yr (OR=1.42/1.25, all P<0.001); girls (OR=1.32/1.16, P<0.001/P=0.004) compared to boys, spring
(OR=1.61/1.80), fall (OR=1.31/1.28), and winter (OR=1.44/2.03, all P<0.001) compared to summer season; living in urban areas (OR=1.23,
P <0.001) compared to rural areas.

Conclusions: VDD and VDI are highly prevalent in children and adolescents in Korea. Serum 250HD levels decreased significantly according to
increasing age. Winter and spring seasons, increasing age, female sex, and living in urban areas are the factors associated with a high risk of VDD

or VDI
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1. ST B HIERI D £ wi

2014 15 12871] A=pofl YRR 33270 77| o 2R
B (DAt A total 25-hyrdoxyvitamin D
(350HD) ZA7} SJ2J 0-184] Ajole] 2014 13, 2368(H
Q% 52448400 23S FYHeT BAE, o] i
AL elTfskel A A gelalelgielsle] Selo] utel 1)
ol @4 250HD &%= LIAISON® 25 OH Vitamin D TOTAL
Assay A|2F-Z o]-8, LIAISON XL (Liaison system, DiaSorin Inc.,
Stillwater, MN) 2|55} of| 4] Sleh=gH o AR(CLIA,
chemiluminescent immunoassay) 2. & 243}tk i AAE
785 AzApll A AABIL Sl S™Sh= 4.0-150.0 ng/ml, 7]
54 MR 4.0 ng/mLo]e) 2 HAHOA AIRE 587 4
2} AAZ H715E & WHo A4 (coefficient variation, CV)&= 1.7-
8.3% (Bt &%= 179 ng/mL) & 25-7.0% (Bt 5% 33.7 ng/mL)
I} 250HDS] EEAAPH Hy AR A7](tandem mass
spectrometry, MS/MS)&}2] A2 tf-2-3F ZSkt}: CLIA=
1.0619 X LC-MS/MS+1.2425 (R*= 09023, P<0.05). $17 7|7} % 1]
= National Institute of Standards and Technology (NIST)/Na-
tional Institute of Health (NTH)7} Z=35}= Vitamin D Metabo-
lites Quality Assurance Program (VitDQAP)O]| 2713t Hr=3te] 2
TH(CLIA vs. LC-MS/MS)&} [NIST #gHe tf2-3 Zrch: Vith
QAP-I (Vial A), (294 vs. 31.3), [32.0] ng/mL; VitD QAP-IV (Vial B),
(38.1 vs. 38.0), [40.0] ng/mL; SRM 968d L1 (Control), (13.0 vs. 12.2),
[12.5] ng/mL.

vjelal D AL 250HD %% 20 ng/mL 0]gk HZ2 20299
ng/mL, Z5-2 30 ng/mL 040 2 Aolalglail, 18-23], WA
250HD 5% 30 ng/mL v|7H- A B]EMIZ D (hypovitaminosis D)

http://dx.doi.org/10.3343/lmo0.2016.6.2.70

= 71 snt

2. SHEN

vl Do} ¥HAE QQ15= A, A%, A 2 X9S st
ek WA, Ao wE 250HD F= zfolE HEsh| $iate]
Mann-Whitney U-test, /'8 HIElY] D 2HEY} £E5E AlolE
Qtolr 7] $13}te] Chi-squared testE AAISFCE A5} 250HD
FEO TAE Tetslr] 9J8f Spearman =9 IAIE o]8-5t
et dAgtoll T2 250HD Fk AtolE H7| $Jsto] F-A1 A
O < 7A, 2 FBT-124)), FeHB13-154D X 1-53HY(16-18
AL Y] 0 & BES) S Kruskal-Wallis test 2 5-41519c) A4
of w2 ztolE H7] $JalA] 250HD HAF QY-S 7EC R &
(3-59), AE6-89), 7F2(9-119) U AL1229E UY&E &
Kruskal-Wallis test= 41515t} X0 & x}o]& H 7] Y3l
A AL SRS A5 1) AR E e 7} B e o
QIsHTh ot mAIKE, 1, 71, oA, B AL o =
DS H] EAFYE, S5E, SR, AetaE, debdE,
BAEE, s, Al w9 250HD F= Zol7h A
Mann-Whitney U-testE AAISIIT]E RO 2 Qroj A 1183t 4
7HA] WO, A%, A, A19DE0] HERI D Adefol] G 1]
A=A Lok 7] 3] vl D HE-S 715 M5 (baseline cate-
gory)Z A5} tFl2 AW & (multinomial logit model)S ©]-&
3 SRS =3Ik 5 412 SAS software package
version 9.2 (SAS Institute Inc., Cary, NC, USA)E ©|-8-3}% 1L,
P<0.055 SAAC R Fo3t 210 & 735190t

2 I

1. A9 &3 250HD == Y AMH|EI2IS Do| RHE

250HD %= oJo}Q21.6£8.8 ng/mD)2] 79 Ho}229+9.1
ng/mL)o]] H]5ko] §-251A4] Weth(P<0.00D) (Table 1. ojo}o] 7
< AUEMIS D FHEC] wotoll HIgte =4aL(83.8% vs.
79.8%), HIEF] D AHPE/FLHE-2 ofol2] 449%/389%, Hotke]
39.4%/40.4% 24, APE/FEZES A o Fo3t Apo]
(P<0.00D)E HAThFig. 1A).

2. d=of| 2 &3 250HD s 2 MH|EHRIS D
A 7ol whek @3 250HD F=7} sk A 9l
T A3 (Spearman = $AAS -0.4033, P<0.001), ZF AF
o] &3 250HD F+ 5T S UW(24.2492 ng/ml), 25
AJ(19.0 +59 ng/mL), Z5H8(16.0 + 6.8 ng/mL), LSAY(15.0£7.
ng/mLO 2, 5T AgtolA 7MY W s Bt
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(P<0.001) (Table 1). B]EFY] D AHE-L 0-34] AFo|| A= 214-
29.1% H=RANE g Sk} 9 AHEC] A S7FeEAL, 10
] o]Tof| AFEo] B Z7lsto] 17419] 82.7%, 1842 83.2%7}
H]ERR D Zge] s = }IcHEig. 1B).

3. Y/ EE E& 250HD = U MHIEINIS D SHE

€9 250HD Bt =& 8924.1111.0 ng/mDe) 7 &=
12921387 ng/mD)o]| 7H4F Worom uel= D G EL
2987.3%)0l 7HF =11 89(74.8%)0l 7HE RekthFig. 10). AA
¥ 9t 250HD FEE 01823.2410.2 ng/mDe]l 7P =31 &
(21.6+8.4 ng/mL)e]| 7}3F WoEom(P<0.001) (Table 1), AH]EF
S D 52 H584.8%) 1} 7-&(84.8%)0] 717 =8 tHFig. 1D).

=

<

4, X9 83 250HD s 2! AMHIEIRIS D REE
250HD % ©A](22.049.0 ng/mL)e] Z-<$ v EA227+

9.0 ng/mL)of| H]&}ed YFok1 (P<0.001) (Table 1), AH]EMIZ D &

HES TA19] - 825%, Bl A1) A5 80.7%c] s 3ict

Table 1. Characteristics and serum total 25-hyrdoxyvitamin D levels of
participants (N=13,236)

M7 ) (Me:ﬁ?i SD) (mean zisgll;,lig/mL) AEILE
Overall 13,236 (100) 52+48 222+90
Sex <0.001*
Boys 6,583 (50.4) 50+46 229191
Girls 6,482 (49.6) 55+49 216188
Age group’ <0.001*
Kindergarten or less 9,001 (69.4) 25+ 1.7 242+92
Elementary school 2,540 (19.6) 9.1+ 16 19.0+59
Junior high school 713(55) 139408 160£6.8
Senior high school 713(55) 17.1+08 150+73
Season® <0.001"
Spring 3399 (257) 55+49 216+84
Summer 2,897 (219) 51+48 2321102
Fall 2997 (226) 5.1+47 223192
Winter 3943 (298) 52+46 220+83
Region" <0.001*
Urban 8461(639) 53+48 220+£90
Rural 4775(36.1) 51147 22.7+£90

*Mann-Whitney U-test for 250HD; *Participants were grouped according to age
as kindergarten or less (age <7 yr), elementary school (age 7-12 yr), junior high
school (age 13-15 yr), and senior high school (age 16-18 yr); *Kruskal- Wallis test
for 250HD; *Seasons were defined as spring (March to May), summer (June to Au-
gust), fall (September to November) and winter (December to February); "Regions
were categorized as rural and urban areas according to the locations of institu-
tions of which 250HD had been requested from. Urban area includes Seoul, Busan,
Daegu, Incheon, Gwangju, Daejeon, Ulsan, and Gyeonggi-do. Rural area includes
Gangwon-do, Chungcheongbuk-do, Chungcheongnam-do, Jeollabuk-do, Jeolla-
nam-do, Gyeongsangbuk-do, Gyeongsangnam-do, and Jeju-do.

Abbreviation: 250HD, 25-hyrdoxyvitamin D.
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(Fig. 1E). 167]] Al%=2] 250HD Bt 5= A Yof| uje} 2 2jol7}
Q= 7o 2 e THFig. 2A). 3FA|TE 250HD H+t 57} E3
& 7F1%(16.8 ng/mD)9F HEHEE(169 ng/mD)2] 7% B
o] 247} 1354|2} 14342 -2 Wk, g 250HD 7 Al
O 5 #& FAH235 ng/ml), FHEFEQ239 ng/mL2] 75 H
A2 32419 37H|E 7] Aol iAo e o
aolE| QI (Fig. 2B).
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fu o

7} 1.42, 125HH(311
P<0.001)°] 1L, o%*jg w*goﬂ H|8j 1.32, 1.16HH(P<0.001,
P=0.000)7} =it A Haof tisliAl= ool vlsl 5/7+/
A& wf vl D7} S-Sl | ek Ag ol AU R L AjH]
7} Z¥ZF 1.61/1.31/1.44, 1.80/1.28/2.038] 2 YERFTHall P<0.00D).
ShE, EAI9] 7 BEA] A EE HlER] D7} S sl | Ee A
'Y A7t AHCR FolsH w2 Ao FelEdnt

(OR=1.23, P<0.001) (Table2).

LA

2 A AAA SR vlgwl D 5 Z9o] 4t 57} F 5t
Lrolt} kg0l Sl H747] oS e = g it =4
Ao A, 250HD = 30 ng/mLE 7|20 & & uf) ZF =719 H]
BRI D 552 Bi= 47%, o] X0t 49%, Yt 90%, Tt 92%
=, 2] - H[EH] D FFo] Foprof X 5 7P A7k
Ao 2 YERGTh 12 ng/mL 7|5 A F=1919] 21%, =112 57%
7} o] F&k uitof| sigth24]. HIER DO] A Freo] thsliA
AIAA L &2 &85 = G 71E2 obA] RN 17 AdRloflAl
SV FAPARS& ek 4oL Ads S Al
QA= 7 250HD 5= 20 ng/ml oY, Fw3t & 173 ¢
ol fAIE %’4611*1& 30 ng/mL o1 XISMOF 6}

3L QAo whebA HE D 2
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Fig. 1. Prevalence of vitamin D deficiency (<20 ng/mL), insufficiency (20-
29.9 ng/mL), and sufficiency (=30 ng/mL) among the study population. (A)
By sex. (B) By age. (C) By month. (D) By season. Season was defined as
spring (Mar-May), summer (Jun-Aug), fall (Sep-Nov), and winter (Dec-Feb).
(E) By region groups. The urban area includes Seoul, Busan, Daegu, Incheon,
Gwangju, Daejeon, Ulsan, and Gyeonggi-do. The rural area includes Gang-
won-do, Chungcheongbuk-do, Chungcheongnam-do, Jeollabuk-do, Jeolla-
nam-do, Gyeongsangbuk-do, Gyeongsangnam-do, and Jeju-do.
Abbreviation: 250HD, 25-hyrdoxyvitamin D.
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Fig. 2. Distribution of mean serum 25-hydroxyvitamin D (250HD) levels and mean ages according to regions. (A) Mean serum 250HD levels by re-
gions. Mean 250HD levels were stratified to 15-<17, 17-<19, 19-<21, 21-<23, and 23-25 ng/mL. (B) Mean ages according to regions.

Table 2. The factors associated with vitamin D deficiency (250HD<20 ng/mL) or insufficiency (250HD 20-29.9 ng/mL) against the reference cate-
gory (vitamin D sufficiency, 250HD >30ng/mL) on a multi-nominal logistic regression analysis (N=13,236)

Vitamin D deficiency

Vitamin D insufficiency

Variables
OR (95% Cl) P value OR (95% Cl) P value

Age* 1.42 (1.39-1.45) <0.001 1.25(1.23-1.28) <0.001
Sex (vs. Boys)

Girls 1.32(1.19-1.47) <0.001 1.16 (1.05-1.28) 0.004
Season' (vs. Summer)

Spring 1.61(1.38-1.87) <0.001 1.80 (1.56-2.09) <0.001

Fall 1.31(1.13-1.52) <0.001 1.28 (1.11-1.48) <0.001

Winter 1.44 (1.24-1.66) <0.001 2.03 (1.77-2.33) <0.001
Region™ (vs. Rural)

Urban 1.23 (1.10-1.37) <0.001 1.04 (0.94-1.16) 0.4773

The reference group for each variable is given in parentheses. For example, the odds ratio for "girls (vs. boys)" is 1.32, which means that for girls, the odds of being in the
250HD <20 vs. =30 ng/mL category are 1.32 times the odds for boys, assuming that all other variables in the model are held constant.

*Age increase by one year; Seasons were defined as spring (March to May), summer (June to August), fall (September to November), and winter (December to
February);*Regions were categorized as rural and urban areas according to the locations of institutions from where 250HD had been requested from. Urban area includes
Seoul, Busan, Daegu, Incheon, Gwangju, Daejeon, Ulsan, and Gyeonggi-do. Rural area includes Gangwon-do, Chungcheongbuk-do, Chungcheongnam-do, Jeollabuk-do, Je-

ollanam-do, Gyeongsangbuk-do, Gyeongsangnam-do, and Jeju-do.
Abbreviations: 250HD, 25-hyrdoxyvitamin D; OR, odds ratio; Cl, confidence interva
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