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Vitamin D Levels and Prevalence of Vitamin D Deficiency Associated with Sex, Age,

Region, and Season in Koreans
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Background: Although many studies on vitamin D have been conducted, they have not been consistent regarding the method of measurement,
the individuals investigated, and the season of blood sampling. Thus, this study was performed to investigate 25-hydroxy vitamin D [25(0H)D] lev-
els and the prevalence of 25(0H)D deficiency by age, region, and season using the standard method for vitamin D measurement.

Methods: A total of 17,252 health examinees (9,180 men and 8,072 women) who were administered the vitamin D test at 16 health promotion
centers in 13 cities in Korea from January to December 2013 were selected for this study. Measurements of 25(0H)D, and 25(0H)D; were per-
formed by liquid chromatography-tandem mass spectrometry (LC-MS/MS) using the MSMS Vitamin D Kit.

Results: The levels of 25(0H)D were significantly lower among women than men. The median 25(0H)D value was lowest among men and women
in their 20s when compared to other age groups. We observed the lowest levels in January and February and the highest levels in August, Sep-
tember, and October. The prevalence of 25(0H)D deficiency (having levels of <10 ng/mL) was significantly higher among women than men. When
different age groups were analyzed, the highest rates of 25(0H)D deficiency were found in their 20s, and prevalence decreased with age (up to an
age of 60 years). Lastly, the prevalence of 25(OH)D deficiency was highest in Seoul and the Gyeonggi area when compared to other regions.
Conclusions: Level of 25(0H)D and the prevalence of 25(0H)D deficiency differed by sex, age, month (season), and region.
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Biut =3to] wheh oheet Aol w2 viER HaEa glok 2, H[EII D &Y

[15]. S-2uefe] Az ddzAtelA = Blel D7} 583k 7 10A17F 35 & et FHS I wefsto] W AJei= oA

(30 ng/mL D7}, of 247 13.2%, 6.7% o & iR A o] gt HAMR fsto], BlEl DE &8I ACQUITY

H T 55 Aeolohio) vl=te] u17d g PR AHNHANES) TQD (Waters, Milford, MA, USA)of|4] MSMS Vitamin D Kit (Perki-
o A= HEM] D F-Z(30 ng/mL "H]TH2] H]Eo] 1988-1994 2] nElmer, Wallac Oy, Turku, Finland)E ©]-&3}o] 25(0OH)D;,

69%011 4] 2001200611 0fl+= 76% 2 5784 THLT). 25(OH)Ds & S48 L, 80l =253 Aldkd 743 AH8g -
ARl @ HIER D FEs olF ol APl o] A AE7t g HARPHderivatized assay)2 ©-8-5F3itt Kitof] 32

oFAlo|ut HIEM] D 7}3}A1E A 9L AHo|L) 317 So] gk ghE] YHEFFE A (internal standard)¥} 4.7, 9.4, 18.8, 375, 75, 150
o uke ot olg) 2 ulEh] D2 2 Ak ol whekb = ng/mL =9 CalibratorE AHg-3}o] A|Z2ARe] Ao what HA;
=

CHE A U S 9o Bz, vk D el ek Bugel  shi, ZAE AR 242 Quanlynx 40 £ZEG ] T2
AgHo] ik THB R B Aol AT A A% 04 0] B o] gHGITE
A 4 ARAAAES PPOR, BEAEOR FeiT 1C-

Tandem mass spectrometry (LC-MS/MS)E- 0]-&5}o] 25(OH)D,2} 3. E71EM

25(OH)DsE S48}, 1958 129714] 15 2h=219] H]E]l D 25(0H)D,, 25(0HD; % 2 total 25(OH)DA] 2] Aldo] w2 2}
O] E5 o HlEI D 299 FHE-S Yok At shgick olo] B e =il T-HA(Student's 7 tes)S ML, TIIAS
o Adid U AEHE Hyt 25(OH)D,, 25(0HD; ¥ Z total

CHeh 3 2y 25(0H)D Zoli= ALHEAHEAS 3}9IC) Total 250D 914

o A 2 FA Aol H%E 2to]& 27| 9J8) Kruskal

1.og Wallis 7785 SF3Ic}. HIER D ZHO] A, dAF, Aol w2

20139 1958 128704] 2738%0e A0 2 A= 1371 A FRHES AolE &7 S8l ﬂx}—“vﬂ:@l(x tes)2 SFATE SA 2=
o] 1671 XA E WHgt 7R & 3 vl D AAHE o 1382 SPSS version 12.0 (SPSS Inc., Chicago, IL, USA)& ©|-8-3F5
17,2527 (e, 9,180%; o1, 8,072%)& O & sF¢ith o] A= ¢ 11, P<0.05E EAF 08§05t Ao & Flgith
Fgel01911812] olo] nfe} Aagslole)

Table 1. The 25-hydroxy vitamin D, [25(0H)D.], 25-hydroxy vitamin Ds; [25(0H)Ds], and total 25-hydroxy vitamin D [25(0OH)D] levels

25(0H)D; (ng/mL) 25(0H)Ds (ng/mL) Total 25(0H)D (ng/mL) P value
Sex <0.001
Male (N=9,180) 06+12 215+84 219485
Female (N=8,072) 07+13 18.6+87 192489
Age (yr) <0.001
20-29 (N=260) 06+038 16482 16.8 £ 8.1
30-39 (N=2,056) 06+08 182+78 187 £79*
40-49 (N=4,096) 06x10 19.5+83 199 £83"
50-59 (N=6,401) 0712 20.7 £86 21.2+8.7"
60-69 (N=3,585) 08+16 212+92 21.8+93"
>70 (N=854) 08+ 16 20.6 £ 10.1 21.2£10.1*
Month <0.001
Dec-Feb (N=4,074) 0712 163+73 169+75
Mar-May (N=4,357) 0712 17076 176+76"
Jun-Aug (N=4,747) 06+ 14 230+83 23.6+84"
Sep-Nov (N=4,074) 07+ 1.1 238488 243+88"
Total (N=17,252) 0712 20.1+£87 206+838 =

Values are shown as means = standard deviations.

The P value was derived from the Student t-test and one-way ANOVA.

*P<0.001 derived from posthoc comparisons (Dunnett's test) between the 20-29 years age group and the other age groups; 'P<0.001 derived from posthoc comparisons
(Dunnett's test) between the Dec - Feb group and the other months groups.
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1. g0l WE €3 25(0HD 5=

HlEpel Do) % i Ao] ket Ko7t Qloick 2, el
X2 25(OH)D,, 25(0H)D;, total 25OH)D] B2 == 7k} 0.64
+1.2 ng/mL, 215+ 84 ng/mL, 219+ 85 ng/mL, 9} = Z
0.7+13 ng/mL, 18.6+£87 ng/mL, 19.2+ 89 ng/mLE, 25(OH)D;2}
wotal 25OMD= oA 2]} A B EU_THP<0.00D (Table
D. 221t 250D, B §&=2 froleh duato|7F il

rr

2, ol 2 83 25(0H)D sk2| 2

H[EY] DO 85 e d B Aol waf 2pol7t 318)
o} &, A”ioll w2 total 25(OH)DE] EF 5= 200¢] 16.8+
8.1 ng/mL= 7P Wil A7} S7HekE S7FsHIT (P<
0.00D) (Table 1. 20tH, 30tH, 40tH, 50TH, 60TH, 7041 o] ol 412] &
/39] AR total 25(OH)ID2] 5 9}4=(25 - 9]-75 8 )=
7k} 17.1 (11.6-22.0) ng/mL, 185 (13.8-24.0) ng/mL, 20.7 (155-26.3)
ng/mL, 219 (16.6-27.8) ng/mL, 213 (16.1-28.6) ng/mL, 21.6 (149-
28.2) ng/mLE SAH O 2 {OJgt o7} Q131aL(P<0.00D), o143
oAM= 242} 143 (10.3-18.8) ng/mL, 15.6 (11.6-21.6) ng/mL, 16.0
(117-22.3) ng/mL, 179 (13.2-247) ng/mL, 19.1 (135-26.7) ng/mL,
171 (12.3-25.8) ng/mL=E 2|3k ZFo]7}k Ql3lTt 25(OHD2] 9]
T 20tholl Al 7H ke, e oAl 604 o :7A], 0349
A= 70A] o-7IA] A7t S7FE S7HSEAEHP<0.00D)
(Fig. D.

3. &M x{FIHofl 2 S 25(0H)D 5=

HIER DO EF Fe o A3 Lo wet 2ozt QiSiet &,
ol 3L total 250D EF e 9-1190f| 243488
ng/mL2 7} 431, 6-8Y, 3-5¢, 1219 <02 WopHkp<
0.00D) (Table 1. 1€5-5 12742 2] @l Z{3|Lo]| whe} 25(OH)D
O] 95 E I 75M R 99 = Z12F 145 (11.1-19.D) ng/mL,
14.0 (10.7-18.6) ng/mL, 15.1 (11.3-20.1) ng/mL, 159 (119-21.3) ng/
mL, 17.6 (13.2-22.8) ng/mL, 20.3 (15.4-259) ng/mL, 22.4 (17.4-28.1)
ng/mL, 25.0 (199-30.8) ng/mL, 26.4 (209-32.1) ng/mL, 24.3 (18.6-
31.0) ng/mL, 20.2 (15.1-259) ng/mL, 16.8 (12.7-22.0) ng/mL} 1L, &
A oz {-oJ51A 2ko]7F )1Aeh(P<0.00D) (Fig, 2).

4,94 AFHE, X|Hojl M= HIEIRI D ZE, =2l HlE
Total 25(OH)D #%=7} 10 ng/mL 1]7H2]
ng/mL ol A5 FEHOR, DAY FEE HEoR S
Bipis
HIER D A3 Bl &2 FAJol A 47%, JAolA 11.8%=, 014
oA 20l o] B E=UTHP<0.00D (Table 2). AT B[EFI D
29 vlE2 d oA 20to] 7P =8aCad 17.0%, o4
23.2%), A7 S7Fed S HE] DAY HE-2 A4xsto] 50
of| ' 217} 2.8%, 9.6%= 7H WFTHP<0.00D (Table 2). 20T
ool A 3.2%E 71 RotaL, 704 o) didellA 215%= 7H
=9tk HIE D7F FEeh HlE2 EAlAl 17.1%, oAdellA
12.0%3Ic}

Aol uh2 HIER D 29 vlE2 A, A7IA%o] E3kem,
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Fig. 1. Distribution of serum 25-hydroxy vitamin D [25(0H)D] levels by age groups (men and women). The bottom and top horizontal lines of the
box represent the 25th and 75th percentiles, respectively. The band near the middle of the box represents the median value, and the horizontal

lines represent the 5th and 95th percentiles. Kruskal-Wallis test, P<0.001.
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Fig. 2. Distribution of serum 25-hydroxy vitamin D [25(0H)D] levels by month of examination. The bottom and top horizontal lines of the box rep-
resent the 25th and 75th percentiles, respectively. The band near the middle of the box represents the median value, and the horizontal lines rep-
resent the 5th and 95th percentiles. Kruskal-Wallis test, P<0.001.

Table 2. Prevalence of 25-hydroxy vitamin D [25(0H)D] deficiency, insufficiency, and sufficiency among the study participants by age groups

Total 25(0H)D levels (ng/mL)

<10 10=<Vit D<20 20=VitD<30 30=<\Vit D< 100 P value*
N (%) N (%) N (%) N (%)
Men age groups (yr) <0.001
20-29 23 (17.0) 68 (50.4) 9 (21.5) 5 (11.1)
30-39 101 (8.3) 578 (47.3) 409 (33.5) 134 (11.0)
40-49 104 (43) 1012 (42.1) 936 (39.0) 350 (14.6)
50-59 87 (2.8) 1,208 (38.4) 1,256 (40.0) 593 (18.9)
60-69 83 (4.5) 714 (38.9) 656 (35.8) 382 (20.8)
=70 30 (6.8) 167 (37.8) 150 (33.9) 5 (21.5)
Total 428 (4.7) 3,747 (40.8) 3,436 (37.4) 1,569 (17.1)
Women age groups (yr) <0.001
20-29 29 (23.2) 70 (56.0) 2 (17.6) 4 (3.2)
30-39 118 (14.2) 447 (53.6) 223 (26.7) 46 (5.5)
40-49 264 (15.6) 868 (51.2) 440 (26.0) 122 (7.2)
50-59 313 (9.6) 1,589 (48.8) 932 (28.6) 423 (13.0)
60-69 173 (9.9) 758 (43.3) 500 (28.6) 319 (18.2)
=70 59 (14.3) 192 (46.6) 110 (26.7) 51 (12.4)
Total 956 (11.8) 3,924 (48.6) 2,227 (27.6) 965 (12.0)
*P value derived from the Chi-square test.
HAL SAE A AlFA] o] Yrokth(Fig. 3). sures Survey, CHMS)[18]o)| 4] 27.08 ng/m121 A3} v wsk off, 3=+

0l tjAke & 3 H ATLof|A] et 250D HEE 2055 ng/mlL
= o witk S8, e 2Rste] vlwd o, A Ao
25(0H)D7} 26.28 ng/mL, 93412 25(OH)D7} 27.88 ng/mLol Hh,

srre uebl D 2% £l BEo| B W} F9 shtolth  Selutebe] 49 v 212} 219 ng/mL, 192 ng/mLE o}l
250HD) Bt5 7} vlele oo 2 o FUAGGEEA A3 o stk 2009 Selutele] SuAZGgRA 104
(National Health and Nutrition Examination Survey, NHANES) olAF gk=r9lo] &3 25(0OH)DE] sk, B4 1958 ng/
(171914 22.08 ng/mL, 7Hutcke] A7FZAKCanadian Health Mea- mL, oJAollA] 17.18 ng/mLE, 204 oJAFS: thAte & o 1 o1

k
U2k
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O0th7HA] Aol F7Fe=5 Ak S7FstSitt Hilger 512019] H]
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ol o Wi, Fg/okze]7h A Gofl= Ao/ Ao
o wral sheick ko] el IsolA @5 250D
7h ey B Aokt wedlof A 7H a1, 20-39410014 7 Sk
31 3T} P =l Alo] JoFz AR(National Diet and Nutrition
Survey)[27]o| A& B]EF D] F-250] 854 o)/de] =913} 19-244
of 32 ARZ oA 7174 Bokeh T4 HERR D B0 1
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ok
H[ERE] D H5-8 AN Y o] SR ulehel D B3
AE Bgalis o] ole B4 BHET Y= vlEkE D B3

of thet AxQke: U=l o 4o YA SQlrk 2010
National Osteoporosis Foundation (NOF)oJ| A= 504 o]A4}e] Alel
o)A 35 800-1,000 TUL] B]EM D AFHE Ug3k 9lom37],
gjet-Zojabelslo] 2011WE Zrba2 Aok 22204 B
MRS Y9 800 U= AlRbstar QUeH38]. & A+ 2y &3
25(OH)D+= 4, Aol uhe} tha, F2 AR5kl 531, 14
oA 25(OH)D7} War, A U H}_o] wonmg ol52 Aake
Z, @5 HEH DS #ol7] 913t AgekAolu vEll DE $71

A7l Aol Hol gt w&ol "Jﬁo}‘:} ERF HIER D EEA|
of Tt H AR 4 9 A9l wht 2Ejd da vt
lom], A e e da vt qloalet Az gl

%

HHH: 20133 195 E 129717] A= 137 E=A]2] 167 ARAE
£ g AR 5 3 BlERl D HARS 7 17,2527, 9,180
™, of, 8,072)2 A2, MSMS Vitamin D Kit (PerkinElmer,
Wallac Oy, Turku, Finland)&
tandem mass spectrometry (LC-MS/MSFH .2 &% 25(0OH)D;,
25(OH)Ds& S48kt

21} 250D+ oollA frefahAl o Rkt 25(0mDe] F-4
e HUY oA 20Toll A 7 WKAL, 1, 29 7R Sjke.
™, 8-10€0f| =8k} 25(OH)D A0 ng/mL 1|¥H FHEE-2 o}/

0]8-3)| 4] Liquid chromatography-
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