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Study on Vitamin D Status and Related Factors
in Middle School Students in Gyeongnam
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!Jinju Nam Middle School, Jinju 52725, Republic of Korea
’Dept. of Food and Nutrition/Institute of Agriculture and Life Science, Gyeongsang National University,
Jinju 52828, Republic of Korea

ABSTRACT

This study was performed to investigate vitamin D status, prevalence of vitamin D insufficiency or deficiency, and
associations between serum 25-hydroxyvitamin D (25(OH)D) concentration and related factors. The subjects were 91 middle
school students (boys; 44, girls; 47) in Gyeongnam. The data were obtained during the period from June 2017 to September
2017. Serum 25(OH)D levels were measured using radioimmunoassay (DIA source ImmunoAssays Co., Nivelles, Belgium)
and dietary intakes were assessed using 24-hour recalls (1 weekday and 1 weekend day). The mean concentration of serum
25(OH)D in girls (13.5+2.89 ng/mL) was significantly lower than in boys (16.1+4.57 ng/mL) (p<0.05). Deficiency and
insufficiency of vitamin D were defined as serum 25(OH)D concentrations of <20.0 ng/mL and 20.0~29.9 ng/mL,
respectively. 100% of boys and girls showed vitamin D insufficiency or deficiency. In boys, serum (25(OH)D) concentration
was negatively correlated with hemoglobin (p<0.001), hematocrit (p<0.001), systolic blood pressure (p<0.01) and ‘hours of
using smart-device’ (p<0.01), whereas it was positively correlated with intakes (p<0.05) of protein, vitamin K, folate and P.
In girls, serum 25(OH)D concentration was positively comrelated with ‘time to go to school’ (p<0.05) and levels of total protein
and Ca (p<0.01), whereas it was negatively correlated with ‘frequency of applying sunscreen’ (p<0.01). These results suggest
that more time spent in outdoor activities for sunlight exposure and vitamin D supplementation may be needed to improve

vitamin D status in middle school students.

Key words: 25(OH)D, middle school students, vitamin D insufficiency, vitamin D deficiency

ok =249 77143
= 2 U3
I THCranney A 5 2007).
HIEY D 48-x ](Vltamln D receptor)’} ZZ oyt
g e]of] AlA| o] thekel 227} Alxof] EAsh= Aol Be
Aol whet HEf Do Q1A W & thgh A= AlZto]
717 =2 thHolick MF 2007). BIE}Y] D& 7|29 24
G B FANAY 7% £l ¥]HJung CH & Mok JO
2014), F3(Greer RM 5 2013), 28 (Scragg R 5 2007)
749(Ginde AA 5 2009) ¥ o}&E3y] IH<(Cheon BR &
2015) T B2 A3} #e] slvka HaEo] gtk HlE‘r

2
=

o
=

' Corresponding author : Sung-Hee Kim, Tel: +82-55-772-1434, Fax:
+82-55-772-1439, E-mail: kimsh@gnu.ac.kr

>,
=
find
)
to,
A=)
T
ot
ox,
tlo

i
:<|)L_l‘
ol
il
n%

O

£ 4 3 < e, Al
741 2 A AFRES AW AR oF 90%= 9F-3d
53 A=tHDurazo-Arvizu RA 5 2014). HEl¥l D=
7-dehydr0cholesteroli—rE1 Ak} Aol efal] T FellA] s
=, ol A%, AlE, A ApdA| 14@ g 97 5o
e %'—”—T‘/}.TL <422 lth(Holick MF 5 2011).

AE RS Sl AR FiE HlE‘rfﬂ D+ Zt
2ol A 2338l 1,25(0H),D
-3t} &3 25(0H)D =
x AwkA o 2 AF8-E] & biomarker
53t AFAFHE Sl DA He H
= 25 ¥kl (Huh SY & Gordon CM 2008). 4121
=k HlEPﬂ De| A% Fxof thate] AR T8

H 7152 §IAIRE U181 83] (Endocrine Society)ol| A1
J25(0H)D &= 20 ng/mL 7|9HE 23, 20~29 ng/mL

ot
N
-
=

=2 1:&71717} 23

An

=

mi’t 1o g T

rJ

ar rr o o


https://crossmark.crossref.org/dialog/?doi=10.17495/easdl.2019.10.29.5.345&domain=http://easdl.org/&uri_scheme=http:&cm_version=v1.5

346 °|%7

< §5, 30 ngmL ©]3= FEoleka 425kl o H (Holick
F 5 2011), &oPgAdRl A= o] 7|5ES A&sta
£ ZFAlo]thHuh SY & Gordon CM 2008).

Zole A7) Watz dArdse] Aol Y&s
AlZro] FolxHA “vlElY] D AR Pandemic(‘H-3H)
& ol & AHEE R ddilelAl slo] HEl] D A4
A Aoz A74gE ZFef o]t Holick MF 2008). 83
25(0H)D FEE fgolu Holule]rldlxe Ay e
zpo] 7b 2 AR AN, opAlo} B F A Hof| A= Ao}
2 Qlof H|Ble] v Wi, P 9 oz
7} Ao A& Aopade] A9l Bl wRlel] vzl 23]
0 =tlz ®3w]o] 9JtiWahl DA 5 2012). $-elves &
HEel]l $1218HH(33~38°N), kel AbekAle] o] go] ¥
ofe]ghgo] 2L ubd wE D ekl Ee) A e AL A
olo]x] HIEIRI D ¥ gl Ago] Agk Z7} Fo shite]n,
53] Hade] vgll D A9 Ado] Erha FithLee
AN 5 2016). Shin YH 5(2012)& A2A9 Hade] AS
WA 98.9%, o13HY 100%7F BIER D #5 = A 4

3 2

N

Mo 2 r

H2do] 491 2

A A8 A RE f-Evhel FAdEe] ¥
ok I eqld gk A7t FaFelE B8, olE
A7} ulS- g Aol

ol & 7= A ¥ F HER] D A9 H&o] &
Aad7] ES R dH R vro] €3 2500H)D
Foll el golEa, oo} FAHE o7 7 8R1ES T
obstod A Adr] vlER] D A A7ME-S U709, vE}
9D AR ey A Al 2 Jdu s 7124

i}

P

gt ATl 4l 2] 9] 9 s|(BIRB-A17-Y-
0020)°] A AelE AA A Aol &Ale 27 FEta
, 479 F 91 o2 AR FA
E e T 20179 6¥FE 9974 AAEHITh

2. AAAF A HLEH

AT} A% AAAEAZ7)(GL-150KT)E ©]-8-51]
% 8:30~10:00 Ato] AlZ3tA 1, AT} A FS o] §alo]
A GA 4 (Body mass index; BMI(kg/m’)E 73t th @
103 A= Faom g oAl & F ozl ek 2
oA AAEYA(UA-T720)2 23] S F 2 FFS ol &
atie.

i
fo

18
18

2

rlo

HOFA o} AT

3 =
A2 A Hd AL o] F 12213 o) S5k
8 doll °F 5 mLe| AMEE A3 5}
3,000 rpmel| A 2F 2083t LA eI ste] A EH(Serum)&
S S} t}. Hemoglobin &%= % Hematocrit= 8 <Y
A4 71(ADVIA 60, Bayer health care, Germany)Z =%
stk @3 25(0H)D 5=+ DIA source 25(0H)D RIA
CTKit(DIA source ImmunoAssays Co., Nivelles, Belgium)E
ol-g3te] WAMd T e m Sl T 2HE, HDL-
ZH|=HE, FEAAE B 2P vEv 348 Kitrof
(Cholesterol-V, HDL-C555, Triglyzyme-V, Glzyme) 2.2 =%
31991, LDL-Z# ~H|E ¥%E Friedewald(Friedwald WT
S 1972)9] AXtAE o] &ato] AESith 24, <, 2E,
UYEE 9 vladlF 5% ICP A5A3eHEA 7] (Atomscan
advantage axial sequential plasma spectrometer, thermo jarrell
Ash Co., USA)E |83t ZHslith

M

2
2
o
oo

4. YurAre ol AT
QoA A} B AGEe ARAE o] gigon, A8
F=E ol7] SAst] 3099l GBI ul AL

5. MOl dFZAL

Aol AR MBS A7 wkale] 24413k B4
(24-hour recall method)S ©]-§3ted 2Uzte] 2| EFAF EFE
apelglon, AN B wrh B sreres] 9
3l A% 2R o ekt PPk WAL WESS CAN
Pro 4.0(Computer Aided Nutritional Analysis Program 4.0, 3t
JFea) S ool AN d%d ARAANE
(Nutrient adequacy ratio; NAR)< 7t < A4 A H S A
Foll ek Bl &= e 1 0139 el 12 533l a,
1t o FA 274 #1] &-(Mean nutrient adequacy ratio; MAR)
= NARS] Fitgro = JFEH At

N

£ SPSS/WIN 24.0 program< ©]-&3}<]
ZF Welnit}l Hi 3y} REUAS Ptk A tidate] 4
HEA Alghy) 253 dolry] 9)8ke] H1= #-4(Frequency

analysis)= AA18F9 3, H ZFo] S-S rtest 2 Fisher's
o o
T =

=9} tjeksl Ha=oto] A3 F|IA = Pearson’s correlation co-
efficient2 FA3}9th. BE B4 Aie §94F p<0.059]

A Assith



29(5): 345~356 (2019)

Az ol

.0
m_)'l_u

o

1. & 25(0OHD 5% =

Table 12 ZAF BHAEC] B E4 25(0H)D = 2 W
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Hemoglobin(Hb) &% % Hematocrit(Het)= @8Hijo] z+
7} 14.6+0.8 g/dL, 44.12.5%, 1880l 247} 13.2+1.1 g/dL,
39.642.7%% Feto] oAl HlE] FolsAl
(»<0.001). 3 Ad 2 ¥=gF =5 AHEA FGAA
e ol8AY(111.3+39.7 mg/dL)o] F8H¥(92.4+42.2 mg/dL)
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Table 1. Distribution of boys and girls across the 25(OH)D; range

Variables Boys (n=44) Girls (n=47) Total (n=91) t (p)
25(OH)D; (ng/mL) 16.1+4.6 13.542.9 14.743.9 2463
Deficiency (<20 ng/mL) 36(81.8) 46(97.9) 82(90.1)
Insufficiency (21~29 ng/mL) 8(18.2) 1( 2.1) 9( 9.9) 6.572"
Sufficiency (=30 ng/mL) 0( 0.0) 0( 0.0 0( 0.0)
Mean+S.D.
n(%)

* p<0.05 by Fisher's exact test.
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Table 2. Anthropometric and hematological indices of the subjects

Variables Boys (n=44) Girls (n=47) Total (n=91) t (p)

Age (years) 13.5+0.4 13.5+0.4 13.5£0.4 0.183
Height (cm) 165.3£5.0 159.4+5.1 162.3+5.8 55717
Weight (kg) 61.1+13.8 53.246.5 57.0£11.3 3.5157

BMI 222443 20.9+2.7 21.6£3.6 1.664
Hemoglobin (g/dL) 14.6+0.8 13.2+1.1 13.8+1.2 6.953""
Hematocrit (%) 441425 39.6+2.7 41.8+3.4 8.070""

Total cholesterol (mg/dL) 162.5+26.3 166.9+£21.0 164.7£23.7 —0.875

LDL-Cholesterol (mg/dL) 100.9+24.4 101.8+21.5 101.3+22.9 —0.195

HDL-Cholesterol (mg/dL) 53.8+12.5 56.8+11.1 55.3+11.9 —-1.223
Triglyceride (mg/dL) 92.4+42.2 111.3439.7 102.2+41.8 -2.196"

Glucose (mg/dL) 95.2+7.5 92.4+4.3 93.746.2 2.205"
Calcium (mg/dL) 9.6+0.3 9.6£0.2 9.6+0.2 0.985
Phosphorus (mg/dL) 4.9+0.5 4.540.4 4.740.5 35717

Potassium (mmol/L) 4.5£0.7 4.440.3 45205 1.595

Sodium (mmol/L) 139.7+14.1 142.6+1.3 141.149.9 -1.377

Magnesium (mg/dL) 2.240.1 2.240.1 2.1£0.1 0.520
Systolic blood pressure (mmHg) 126.8+10.4 125.948.9 126.4+9.6 0.478
Diastolic blood pressure (mmHg) 76.0+6.5 75.6+7.1 75.8+6.8 0.344
Mean+S.D.
* p<0.05, 7 p<0.01, ™" p<0.001.
Hol| W& foJ& atole A, WA SR ‘6~1020l2t & T5 ‘2@ H&o] FA 4.5%, A 8.0%=
E SHEGB6.3%)°] 7HE =2 W 21% o] olge & ERgton], A AT vE =gk A 20.3%, A
E(7.7%)°] 7V 2t B2 WA e A o2 262%E AT o] FEAd vlE] =2 HE&S Bl AT
et SRHES ABH(57.5%)°] FEAi4o. 9%)01] H] Abeh S B
8 w2 v =R gl A R FIeite SHE ZAL Y EL] 25T Table 404 Hi= ule}l o] oA
Ao zHz} 31.8%, 27.3%= 1A ZHz} 19.1%, 23. 4%oﬂ AL e s AAH oz u|dolghs @B 462%E 7}
Hlal ol el mE fF9gk Afo]5 H3thp<0.05). 1€ =k, 157U ‘5~6ﬂ’a}b SHEC] 44%E TP G
A At AbgEle] A9 e AR Seth et ok el cujdrolets 2 FH(59.1%)°] oIt
%"ﬁ%t T (72.7%)°] 04?‘?“3(27.7%)011 Hal kAL, 1 AGB4.0%)ol BlE] = v, ‘73_64 W] ererhals Stre
3] o A8t SHES oI3HY(72.4%)°] HEHY(27.2%) < oA (17.0%)°] FeHE(4.5%)°l Hlal] =of o}l 4AL
o Hlg Eof A4 AMESlFE ogAe] e vl f+  Ew ditae] ot HlEl frolstAl 2 AR ek

o5l B2 AR UEiTHp<0.001). 1¥ Z=REZ]7] o]
|AIZRRD A, 1AIRE mlRbolgke SRES EHE(31.8%)
o] oAY(17.0%)l Bl3l] =2 WHA, SA|ZE o]y olgke &
FEE o 8HY0.4%)°] et s%)el Hla) b 2nE
717] 0] &L ofgtio] Fatof Hla] R Ho] sl Ao=
YERATHp<0.001). ©]& Han EY(2015)9] oA ~nlE

h(p<0.05). °ol& 2t 10~184] FAd(Korea Health
Statistics 2017) % 3FAS A (Jung ES 2014)= thd 2
2 g AT Ao} fakg Agkeldlon, ofgkaio] dEtE
o} ob AL 1T} w2 o] f= of Aol 9RE /M=
AZro] o] Wo] 283, tholo]ER <l 2JAlE A 27] 1
wolgta ATty HuE v QIthEun YI 2013). 5 4
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Table 3. General characteristics of the subjects n(%)

Variables Boys (n=44) Girls (n=47) Total (n=91) F (p)
Apartment 30(68.2) 35(74.5) 65(71.4)

Type of residence Villa 6(13.6) 2( 4.3) 8( 8.8) 2419
Single house 8(18.2) 10(21.3) 18(19.8)
<5 8(18.2) 9(19.1) 17(18.7)
6~10 14(31.8) 19(40.4) 33(36.3)

Time to go to school 11~15 12(27.3) 8(17.0) 20(22.0) 3050

(minutes)

16~20 8(18.2) 6(12.8) 14(15.4)
>21 2( 4.5) 5(10.6) 7( 7.7)

Walking 14(31.8) 9(19.1) 23(25.3) .

How to go to school Bike 12(27.3) 11(23.4) 23(25.3) 9163
Bus or car 18(40.9) 27(57.5) 45(49.4)
Never 32(72.7) 13(27.7) 45(49.5)

Frequency of applying sunscreen | 6(13.6) 19(40.4) 25(27.5) 18.571"™
(/day) 2 2( 4.5) 6(12.8) 8( 8.8)
>3 4( 9.1) 9(19.2) 13(14.3)
<1 14(31.8) 8(17.0) 22(24.2)
Hours of using smart-device 1~2 12(27.3) 8(17.0) 20(22.0) 17.789™

(hours/day) 3~4 16(36.4) 12(25.6) 28(30.8)
>5 2( 4.5) 19(40.4) 21(23.1)

" p<0.05, ™" p<0.001.

Table 4. Dietary habits of the subjects n(%)
Variables Boys (n=44) Girls (n=47) Total (n=91) F (p)
Never 2( 4.5) 8(17.0) 10(11.0)

Frequency of having 1~2 4(9.1) 10(21.3) 14(15.4) 025’
breakfast 3~4 8(18.2) 13(27.7) 21(23.1) '
(fweek) 5~6 4( 9.1 0( 0.0) 4( 4.4)

Everyday 26(59.1) 16(34.0) 42(46.2)
Never 8(18.2) 5(10.6) 13(14.3)
Frequency of 1~2 18(40.9) 16(34.0) 34(37.4) s
beverage intake 3~4 10(22.7) 20(42.6) 30(33.0) )
(day) 5~6 4(9.1) 4( 8.5) 3( 8.8)
Everyday 4( 9.1) 2( 4.3) 6( 6.6)
Yes 12(27.3) 16(34.0) 28(30.8) 4735
Nutrient supplement
No 32(72.7) 31(66.0) 63(69.2)

* p<0.05.
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Table S. Daily nutrient intakes of the subjects

HES AdvEm, g me #of g iM%
Aol “1~23]' viilthe SHEC] B 37.4%=

, i vhlthE SHEEC] B 6.6%= 7P

£ fel@ Aol= §
T 30.8%7} ‘H-Eey ekl SHste] AL YS9 oF 13
AEW JFLFAE HEshe oz et
65%7F FARZAZ AP T vl Bgsltin
87149 FeH(Lee EO 2012)¥= 7338 Ao]7}

ol o

o
fol
o
o

3

$ER g elshe o 2
ggick. 2

Jepd o mE

o,

(1,469.2+331.4 kcal)©ll

D} ! gy B BT
2} om 7 Nutrition Society 2015)9l|4 A A sl=
F T 2,400 keal, ¢ 2,000 keal)
72 ] S84 (Jung SH 2016)°] H] &l vr?‘sng% 1:1 g
AUk S8R (p<0.001), A2
(p<0.001) A= 22t FeAY(308.2+80.6 g,
46.9+13.4 g, 74.3+14.9 g)°o] oJTAY(225.4456.5 g, 39.5+12.2
g, 58.0+13.1 g)oll Hlall FoletAl ket o=
A9 FH(Jung SH 2016)3} $-2uke} 10

fiobAlo} ki

15 Aotk gk A3 2e FEh(1,971.9+455.0 keal)©] 0215“3
piss Hl&] #-23kA E3krh(p<0.001). ©]

2015 gkl A1 7155(The Korean
12~ 14A] 0111474

= TFAIIA 5

Variables Boys (n=44) Girls (n=47) Total (n=91) t (p)
Energy (kcal) 1,971.9+455.0 1,469.24331.4 1,712.3+467.8 36.639™"
Carbohydrate (g) 308.2+80.6 225.4+56.5 265.4+80.4 5.704™
Lipid (g) 46.9+13.4 39.5+12.2 43.1£13.2 2.794"
Protein(g) 74.3+14.9 58.0+13.1 65.9+16.2 5.579™
Vitamin A (ug RE") 522.8+248.6 967.8+492.1 752.7+450.9 —5.388"
Vitamin D (g) 42454 3.646.0 3.9+5.7 0.478
Vitamin E (mg) 10.745.4 154439 13.145.2 —4.821™
Vitamin K (ug) 87.6£70.3 121.7475.6 105.3+74.7 —2.224"
Vitamin C (mg) 68.9+33.7 81.7+30.4 75.5432.5 —1.906
Vitamin B, (mg) 1.4£0.5 1.3£0.4 1.3+0.5 1.148
Vitamin B, (mg) 1.340.6 0.9+0.3 1.140.5 4263
Niacin (mg NE”) 18.1£6.5 13.3£3.2 15.6£5.6 4.483™
Vitamin Bg (mg) 1.740.6 1.3+0.3 1.540.5 4.591™
Vitamin By, (jg) 7.4+4.7 5.6+3.7 6.5+4.3 2.088"
Folate (ug DFEY) 394.9+89.3 481.8+124.6 439.8+116.8 —-3.801"
Ca (mg) 523.6+123.1 339.2+115.8 428.3+150.6 7.366""
P (mg) 1,053.3+196.3 905.0+200.7 976.7+211.1 3.562"
Na (mg) 3,060.1+1,051.8 3,020.8+851.1 3,039.84948.3 0.197
K (mg) 2,301.24674.7 2,168.6+477.8 2,232.7+581.9 1.087
Mg (mg) 96.6+88.4 78.9431.2 87.5465.6 1.294
Fe (mg) 125452 113+2.4 11.9+4.0 1.414
Mean+S.D.

Y RE: Retinol equivalent.
? NE: Niacin equivalent.

 DEF: Dietary folate equivalent.
* p<0.05, 7 p<0.01, ™ p<0.001.

A% 3
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~184] AW (Korea Health Statistics 2017)°l ]3] 22 A
° 2 e

HIER A H3S AT EAE 284 HERD F HER A
(»<0.001), BIEFF] E(»<0.001) 2 BIERR K(p<0.05) 413 &=
74z} o] 8HA)(967.8+492.1 pgRE, 15.4+3.9 mg, 121.7£75.6 pg)
o] F&}44(522.8+248.6 pgRE, 10.7+5.4 mg, 87.6+70.3 pg)°l
vl felsiAl Btk vlElR D AF 32 Al w2 {9
g 2ol QUYL W 3.9+5.7 pgl & Felvtel 12~1440
5 43| 2 The Korean nutrition society 2015)1 10 pg X}
u-5- T3t ol AA TS A9 FEJung SH
2016)7} Blas B 2 b dshgo] HIER A HIERI K
AFFe o o HiER D A Fe o] geken, wk
o oJghAy-& HlE] A} HIE] K A F] 72 T] Bokou) B
EWl D AFH e o Aok aga vEw A AFHFe 3
Y sy = vl 10~184 HY Aade] AEE 2
7} 364.4 pgRE, 265.4 pgRE(Korea Health Statistics 2017)<]
vl e Aoz yepgth 484 v 4, vER
B,(p<0.001), Yo}l (p<0.001), HIEF By(p<0.001) = H]E}T
Bio(p<0.05) AH &S 22 FeA(1.340.6 mg, 18.146.5
mgNE, 1.7£0.6 mg, 7.4+4.7 pg)°l < (0.9+0.3 mg,
13.3+3.2 mgNE, 1.3+0.3 mg, 5.6+3.7 pg)°ll Hl& foletA &
AT} W] G aKp<0.001) A FH TS o1 3HA(481.8+124.6 g
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DFE)o] %3}44(394.9+89.3 pug DFE)dl| H|&l fol&br] 23t
th ol5 A S 7419 38 Jung SH 2016)7} H]ws)
e vel By, HIER! B, Yokl 3 H[ERRI B AFH
U A BT gl FEgel vls] Ao, dat 43
Fe JY S BT 7RG Fdl vla] wdkTh

714 5 AEE<0.001) 2 <(p<0.01) AH &S 242t 38t
A(523.6+123.1 mg, 1,053.3+196.3 mg)°] 1344(339.2+115.8
mg, 905.0+200.7 mg)ell HIaH froJ3tAl Wakth ol HAT
< Jy A 25 gAY JY S8 (Jung SH 2016)°
Hs) A, A AT FEivket 10~184] H Had
(Korea Health Statistics 2017)]] H]s|A = 1T}

Table 62 JAe] 274 H]-E&(Nutrient adequacy ratio:
NAR)Z} 3 1 27 41 #| ] -&(Mean nutrient adequacy ratio:MAR)
S Uehd Flo|th T Ao vl B o] NARS HU 84 =2
FL022 AP TS TFohe A o2 e, HER A
9 FAke] NAR-S o84l A $ollnt 1.0 2 A FS 3+
3= Ao 2 YRt R C, HEI By, Yok, HlERR]
Bs, 2, 91 2 HO NARS Y 3H =5 1.0 v|wo g 3%
AFA TS T4 Zotith 53] Aol A5 d A BT
A F o] ARt = v X|A] Fdhs FEo 2 vt 10
~184 Had o] ZHF NAR(0.49)(Seo SY 2017)HUtE B

o

o olE W$ Az FEeR 4@ 44710 Felds

ol

Table 6. Nutrient intake of the subjects as nutrient adequacy ratio

Variables Boys (n=44) Girls (n=47) Total (n=91) t (p)
NAR"
Protein 1.0+0.0” 1.0£0.0 1.0£0.0 -
Vitamin A 0.7£0.2 1.0£0.0 0.8+0.2 -31.2"
Vitamin C 0.6£0.2 0.6+0.1 0.6£0.2 1.6
Vitamin B, 1.0+0.0 1.0£0.0 1.0£0.0 -
Vitamin B, 0.7+0.1 0.9+0.2 0.8£0.1 -1.60
Niacin 0.9+0.1 0.7+0.3 0.8£0.2 1.40
Vitamin Bg 0.8+0.1 0.7+0.2 0.8+0.1 15.8™
Folate 0.9£0.1 1.0£0.0 1.0£0.0 -14
Ca 0.4+0.1 0.3£0.2 0.30.3 10.1
P 0.7+0.2 0.6£0.2 0.7£0.2 115"
Fe 0.8+0.1 0.840.2 0.8+0.1 0.61
MAR? 0.8+0.1? 0.840.1 0.8+0.1 1.12
Mean+S.D.

Y NAR: Nutrient adequacy ratio (The subject’s daily intake of a nutrient/RI of the nutrient).

? MAR: Mean adequacy ratio (sum of the NARs for nutrients/12).

" p<0.01.
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Badre A4 a7gel F7EE AVI9 B olSel 2
#AH TS 527 A9 YR PR S RAT et rkn
13

St
AztEc) BlER A9] NARLS o] ghAd
Al Tk (p<0.01), BIEF B, 25 % ?_91 NAR-Z et o]
o] g el vl &l frol SHA| 3k tH(p<0.01). o] = e A} B E}
91 B,9] NAR-Z o &HA o] kA of] ] vJ 3l =
2, 24 B 9 NAR-S et o] of ghaof &l f-¢] o}ﬂl =

AE Seo SY(2017)2] A+ Aoz tha 2ol 7 AT
ZAL S EC] MARS AJ ol hE o] gk xle] = gl o,
T 08+0.12 Evg} 10~184] AW (Seo SY 2017)2
MARSI 0.75 0= #=kovt, kAo g 2ate] o] w3
& AT wEbA FdFuEel slo] A ddel Bk
T3 e 2k Foo] x| ool & Zloz At

5. @& 25(0H)D =T} Ciekst vig=elo|

Table 72 &3 25(0H)D = A A= 2
o] AHAAE yERH Zlolth
25(OH)D F== A7, #AZF 2 BMI
ERA] estow, ol felvel Aads did
JY 5(2017)9] 97 ZA¥e}t dAsint & <
o] vl A 4d(Shapes S 2015) 2 o] 2 %
2017)9] 2%l 84 25(0H)D s=&=

T Aete
g d(Saki F 5
sE=E BMISF fo]dk 59
BHde Jert e skath E=gk @4 25(0H)D sE=
oF&(Rajakumar K 5 2011)°]1} #J<1(Samuel L & Borrell
LN 2013)°l1 Al i = BMISE 2] A#AE YeR)H, H]
qolofl Al Yt sl x, Bk I3 25(0H)D 5=9] T4
£ zdsle AAZQ =8 g<9le]gkal 313 tH(Vimaleswaran

KS 5 2013). Soares MJ 5(2011)- H]EF D7} A zta 2
AF3ed E=ge] =, o8 AN FAE Tt
A gtka skgich vlwele] ¥3 25(0H)D =7t Vx‘% o]

fre g%l Ao I Pl AAKKul M
2009), Te]olER Q18)) Aol dFH o] A& = 7] wio
gl Ea¥ & 2 th(Goldner WS 5 2008).
A s o]l 7, 25(0H)D =9k 123k
B3-S JERNTHp<0.01). Hb % 2 Hetx| = &
$ 25(0H)D Fx=¢F o3t 59 FadS vehd
ﬂ(p<0 001), ©]= Hb &%= % Hetgh-2 25(0H)D F=
obl dWdE JeEdttE Pl AdR1E(Smith EM F
2015)F= Aute A9tk 229 4H S, LDL-ZY ~H 2,
HDL-Z¥|2H & 2 4844 v% 59 Ad vE5v 94
A B5% FA 25(0H)D = 123 FdS YERRA
gkstth ole dA AA vEE ¥4 2500H)D FE9 #
o FHE 2 HEuA el Aol 2d(Yoo HN
2015)%+= 22 Aol on, FFe 2~EE, LDL-Zd| 2|

OIH
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Table 7. Correlations between serum 25(OH)D concen-
tration, and anthropometric and hematological indices

Variables Boys (n=44) Girls (n=47)
Height —0.260(0.088) 0.135
Weight —0.135(0.381) —0.015
ifgg (I];ml\f&) —0.109(0.480) ~0.058
Total protein —0.013(0.936) 0.463"
Hemoglobin —0.529(0.000)"" 0.023
Hematocrit —0.533(0.000)"" —-0.013
Total cholesterol 0.292(0.054) 0.054
LDL-Cholesterol 0.260(0.088) —0.081
HDL-Cholesterol 0.223(0.145) 0.279
Triglyceride —0.180(0.243) 0.106
Glucose —0.148(0.336) 0.100
Calcium —0.035(0.821) 0394
Phosphorus —0.261(0.088) —0.093
Systolic blood ~0.408(0.006)" ~0.103
pressure
Piastolic blood _; 45(0.570) 0.059
pressure
™ p<0.01, ™ p<0.001.
= 3% FHAE F=e 25(0H)D F=9F o3 59 B4
<= Uehiiths Ae419 F3H¥(Shin YH 5 2012)3= A
o7} At X=T FEE P A =5 A 25(0H)D

(]

o} o)a e e EhA et ol
rolg e e

Aelgch.
2009)01 4= &
TBER

#, el D= E’iO—iixé

Selvket

&+ (Yoo HN 2015) Azfel= o
AadS e 3t AF(Reis IP 5

% 25(0OH)D %Eﬂ SR I lg},:j}

Fehs zkel 7 et g

zhgste] #3 p-AlEe] ot

HU

=
L.
@A

et A1 s} el A Aol B A BE
TE BaAA e BT dge] F23 UL vt

311 THPittas AG 5 2007). =3+ HIEF D& 232 o

A p-AzEed = ¥IE D FEA19F A R_i’/ﬂ ¢l

HE 28, (A o2E Mxede] 4
zAgozH FH p-AREL] 75l 2

S THPittas AG & 2007).
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o)gt ofe] A4S JERIN 2 (p<0.01), Q! TEE BY
g4 BT 25(0H)D FE¢} frol ek dad & el &%k
t}. Clements MR 5(1987)& €3 24 H5=7} 7Hhshd 2
Zgikg-0 2 25(0H)DEFE 1,25(0H),DE2] Hgko] x4
owA 84 A st Y FEoE 3 EHua ith
a3 FE7IEYE FEel A5l €3 25(0H)D %
b frofgh 59 AHde JEATHp<0.01). ol 571
dsto]l A 25(0H)D F=9} foleh S YehliA] &
U AL F8H4Y(Shin YH 5 2012) & 37] & o]t
7188t =% E4 25(0H)D w= ol 59 ddS |
ERiE $-2lyel 2ol ad(Yoo HN 2015)3 Tha #jo]
7F Ak A o2 v D AP n¥gte] A A
el YA o m k= 2K Giovannucci E 5 2006)=,
Jorde R -5(2010)° °Jshd &3 250H)D =7} 16.6
ng/mL ©]TH1 1F0] 25.0 ngmL )74l 27l Hlsl] =
71¥sto] 3.6 mmHg U] sttt Ead v ik

Table 8 €3 25(0H)D H=9} drkz 54,
FFa AT FHRBAE JeRd Aold &
%, 25(OH)D FE& £rHEY]7] o] &AM £9
ER ATH(p<0.01). 13HAYQ0 74, 25(0H)D F=&=
s Fo& ol S UeEbd(p<0.05) ¥, Aot
oA ARgSlehs folgt S0 S UERATHp<0.01).
ol Al 7] SRIEL AAEE 2 A9 wE: AR #
dxlo] gled], ol HaWE o= 3 A7Saki F 5
2017yl &= 2] A w2 ARbe] BS54 €3 25(0H)D &
T2 el kel Ao R veon, fejvket A<l
EE §98%F Algte] W45 ¥ 25(0H)D =7t <]
Sl Z7hetttar 3k th(Moon SI 5 1996). T3, o] A
2FES Ugoz 3 A7 (Absoud M 5 2011)0 4= of9]
ol AaL, TV AIA AlRte] B35 HEl D 29 91
TV} ol = AR Uehyith ¢, So)gsitnt opy
AAE AT r 24 o sd7FS S7M7]a, &
H|EE Soln, F4&S %o d3 250H)D F%
7t = A A3KSpecker BL 1996)7}F o, &
A2adS g ez 3 A (Jones G 5 2005)°14 = 2ol
Ao AAA dEuto 2w 3 250H)D 57t ke
Ao 2 Uehyith a2lRR ofe] 5o r el ofg) H
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Table 8. Correlations between serum 25(OH)D concent-
ration, and general characteristics, dietary habits and nu-

trient intakes

. Boys Girls
Variabl
aables (n=44) (n=47)
Time t .
tme 1o g0 ~0.141(0.889) 2.561
to school
Frequency of —0.736(0.467) —3411"
applying sunscreen
Hours of using ~3.302(0.002)** 1.975
smart-device
Frequency of
—0.524(0.603 1.120
having breakfast ( )
Frequency of 0.753(0.456) 0.816
beverage intake
Protein 0.368(0.014)" 0.117
Vitamin D 0.056(0.720) -0.118
Vitamin K 0.307(0.042)" -0.177
Folate 0.357(0.017)" -0.053
Ca 0.252(0.099) -0.069
P 0.358(0.017)" 0.056

 p<0.05, ™ p<0.01.

CM 5(2004)2 HAdo] g
ERl D 24 H]&o] S7Hd
EHAYQ1 7ol = T, vlE}
% 25(0H)D F&=st ol gk &<

(p<0.05), AT ZAFl= o| 4
25(0H)D F=o} frol ek F¥d& Y=

oL
ule} o] &4 25(0H)D =

=2 ol
55 ®°

) o]

Ris

| A A H9 n)
1A= A=
AF 3ol &
< Yepjilom
k]

& A HIEW D B 2 AF e frole Aol
YehtA] ekttt o] &3 25(0H)D F%7) thi- ke

of oa g7l e w Atdr. g

Aol 8 g 57} 7hhsld B

BE 1250H),DES] Hgho] Zxgo
=]

SEE 24 4AGY I
[e]

HIERR D AH & o Al s vYeiie A7 23=

AATh(Villareal DT 5 1991).
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