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The aim of this study was to assess the association of metabolic syndrome and Vitamin D in Korean
adults. The study subjects were Korean menopausal woman (n=4,340) who participated in the
Korea National Health and Nutrition Examination Survey 2010~2012. After adjusting for factors
such as age, body mass index, total cholesterol, smoking, and regular exercise, the mean 25(0OH)D
levels (M+SE) decreased with increasing metabolic syndrome score (MSS) (MSS 0, 18.18+0.29
ng/ML; MSS 1, 18.09+0.21 ng/mL; MSS 2, 18.07+0.19 ng/mL; MSS 3, 18.04+0.21 ng/mL; MSS
>4, 17.27+0.23 ng/mL), and the mean 25(0OH)D level (M£SE) for metabolic syndrome
(17.66+0.16 ng/mL) decreased in comparison to non-metabolic syndrome (18.11£0.14 ng/mL).
In conclusion, our results suggest that an increase in metabolic syndrome score or metabolic Corresponding author: Hyun Yoon

syndrome are inversely associated with the vitamin D levels. Department of Biomedical Laboratory Science,
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MNE oAtz oF 54%0] TAREE GHES Mol 9lrkshin,
2014). 9771 01432 97 A o143l H] Sto] L F|AHEO
ST B e Aol 0 FREGE SN A, $ B © AU B AHEe 5}
of & E3t iAol FHRH= Ao & o Hofi= Syndrome  SR= A0 & A A ITKCarr, 2003; Kim %5, 2007). #1771 914
Xetal 510w, ado] et 23S UehdthReaven &, ook A Hol o= Qlste] E 5 glucose B ¢1& F7Ht

1998). iARSS-ko] A2 A A Aeh HE et 5L A 2 22 AR g YlEe| A ot sk A (Lee 5, 2005), A2 S

d T , 3 AP ET o] oL & HEH A% Ao BB 1 o] M E AR SIS
214 dthIsomaa 5, 2001; McNeill 5, 2005). 1]=rol| 4] H7 7] HeltMoon 5, 2003; Kim %5, 2007).
oA 9] AR FHELS 2F 40%°]H(Ford 5, 2002), -2tk HEH D= 3282 A 24 vitamin D2+ WA 5-2] Y5 4]
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it a5oleh 22 71541 A Foll = EASHARE o Akel A
© 2 QM E HIEI D] E% 5= H 249 % 2l 25-hydroxy-

vitamin D [25(OH)DIE Z7d3to] AW & HIER D JEE 34
Bh=t, 71 o]= 24 ¥ 9l 1,25-dihydroxyvitamin DXEch HH
717} 2 ~35F2 Z47] g &o]th(Hollis?} Horst, 2007; Prentice &,
2008). HIEM DO 75 &5t E“—Ql S oAlskar
(Shmﬂf Om, 2009), | A 2] /4715 FAH e, AP At
ok FrtelEe] walh ok elA aMisr 5,
2008), HIEH19] A2 A& 77| dot dofier A= o] Bl
32 ]1 7143 organization) = W= FFHI A4S &
off, &-&20] Q%1 7]o] Qelo] Erk(Kim, 2007).
2|, vlER] DI T E s AR ko] A 29191 Al
o Bgge] 91 R Q1o sfgohs WAL, ulek, DAVZ, e
Sate] el o] st A7} gro] 1= 1 YX|9KBrandenburg
%, 2012; Cozzolino %, 2012; Muscogiuri 5, 2012; Park¥} Lee,
2012, WF’Z?—??LQ S elAtel I FefAe|So] Pasta

oA S o% ye r%&
A 8 A s A
T, A A VIEFRLD 0] %1 A8icks A 3
© AU A 571 FULIITEAARE o343 03 03
o g 2 4 wlek Dok A el

o oFof 17} i,

B A= A 57] A7 FRAR] AHR(2010~20129)5
o]-§3}A Tt 2AF FrofRpa== 25,499 0] 91 L, o] Z #H|77] o4
25,1087 0]3ltt. 5,108 5 A7 Aol 52 sHa g
o gl ML g B[ER] D 5o AAFA7} eto] EofQle T
A} 76872 A 2]t F- 4,34078 % FF B4 AR Sk Al 5
7] A7 kR A AT R a4l o9 e
o] A9 g; %o S WK%l 35 2010-02CON-21-C, 2011-

i)

A= 20109 % 5E] 20126 %= 714] 3 5ot Al
7] LU A AFEA} AR S o] Lottt RARE 0 21 A}
£9 A%, sl2Ed (waist measurement, WM), H-ZFA|4:

(body mass index, BMI), 2178 Al @&, oF-S-EA1S] EHHAL 5
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1) PR S 3 HOUBFSIZIAL
A} 5 AL 504 HlEkE, 50~5941E, 60~C9ATE, 7041
ol o AT ARASE ALY, HelEa, 2%

4278 (systolic blood pressure, SBP), & o]&7|det
(diastolic blood pressure, DBP)2] 2743k ARE-8F91 AL, EHst
S AR= 3 Z9 2| E(Total cholesterol, TC), 548 A (Trigly-
ceride, TG), AL E ZH AHE(HDL-cholesterol, HDL-C), &
£ A] d(Fasting blood glucose, FBG) ® 25(0H)D 5-2] 243k
= AR

2) AFBZ = S HIERRID

ARG Ak 7|22 Revised NCEP-ATP 111¢] 7]
(Revised NCEP-ATP TII, 2001)°] 4*}01 w2 SANES
TG =150 mg/dLO = Aol 1, W2 1 E ZYAHEES
HDL-C <50 mg/dLu|vte & AoJslict, & H-e FBG
100 mg/dLO.2 A Jsal, =2 F -2 SBP =130 mmHge] A
L}, DBP =85 mmHg w = 7 ofs}oicth, HRuuke: 3o = s
APC (Asia-pacific criteria)®] 7] wet WM =80 cm 2.2 7%
O HWHO, 2000). ©]& 574 O‘E%% AR =AU
o] 37 ol £t 2 hAESE0.E BRI meta-
bolic syndrome score (MSS)= ARG 2] 57H4] Y1831
=0o odm— o oﬂl:P E_'_H]n} =0 %Mx]ﬂ}tﬂé 17/:}3 1T

H, o =

o @

=

o r

O

[\

4. A=A 3 2N

Aol EAAEE SPSS WIN version 18.0 (SPSS Inc.,
Chicago, IL, USA) A1 =2 13- o] g5}oict. tiAate] B4
tHo} X Yo R R e Rl 4% A5 Batt i

THAR AT tAte] B4l W 25(0H)D= inde-
pendent t-test2} ANOVA testE o8-8} E-A418}40 ). 25(0H)D
of tfeh FEAHEAE Alste] 25(0H)Dof| Fee F=h2 8
oS BAS & ARt MSSell w2 25(0H)D2] Btk
WG BE SAFY o4 p<0.05% st
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1. SAPCARIO] U

=

AAARe] UnkA] EAJL Table 13+ 2ok giAARES] Bt
A2 45.75 (£10.7DAE 2ARE AL, BMI B3k 23.70+
3.20 kg/m*0| e}, tAARE2] ENIAL 5 TC, TG, HDL-C B
e ZF7F 191.104£38.34 mg/dL, 128.14+97.08 mg/dL,
51.46+12.14 mg/dLoIglal, FBG Haghe 95.68+17.09
mg/dLo| i}, thdAHE2] ekl tigt 4=4] Z- SBP2} DBP B+t
e 771 123,324 12.37 mmHg, 75.50£9.56 mmHge] it
HAFE % HEl DABQR50HD<15)] Sidshs A=

0x

Table 1. General characteristics of research subjects
N (%), M£SD, (N=4,340)

Variables N (%) M=+SD

Age (year) 63.55+9.32

<50 167 (3.8)

50~59 1,473 (34.0)

60~69 1,428 (32.9)

=70 1,272 (29.3)
Smoking

Non-smoker 4,031 (92.9)

Ex-smoker 138 (3.2)

Current smoker 171 (3.9)
Alcohol drinking

Non-drinker 2,229 (54.4)

Drinker 2,111 (48.6)
Regular exercise

No 3,940 (90.8)

Yes 398 (9.2)
Metabolic syndrome score (MSS) 2.12%1.29

0 539 (12.4)

1 947 (21.8)

2 1,106 (25.5)

3 941 (21.7)

=4 807 (18.6)
Metabolic syndrome

MSS<3 2,592 (59.7)

MSS=>3 1,748 (40.3)
25(0OH)D (ng/mL) 17.94+6.29

<15 1,535 (35.4)

>15 2,805 (64.6)
BMI (kg/m?) 24.29+3.28
WM (cm) 82.21+9.22
TC (mg/dL) 201.61+37.73
TG (mg/dL) 135.73+84.84
HDL-C (mg/dD) 52.53+12.38
FBG (mg/dL) 100.64+22.83
SBP (mmHg) 127.22+17.89
DBP (mmHg) 76.47+9.94

Abbreviation: 25(0H)D, 25-hydroxyvitamin D; BMI, body mass
index; WM, waist measurement; TC, total cholesterol; TG, tri-
glyceride; HDL-C, HDL-cholesterol; FBG, fasting blood glucose,
SBP, systolic blood pressure; DBP, diastolic blood pressure.
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1,535%(35.4%)01 A 1L, AR HMSS =3)0]] sl oh= A=}
L 1,7487(40.3%)01 9]t}

2. LXte| £40] M2 25(0H)D2| Hxtaf Hlw

o] EA4of thE 25(0H)D2] B3k Table 29+ 2k, of
A7re] B4 % 25(0HDOA iAol g Kol Hebs Y
(p=0.001), FAET(p=0.045), T5 = AAZE(p=0.035), BMI
(p<0.001) SoIUL}. AT TAA/A FoAE EXuqt

Table 2. Serum 25(0OH)D levels by subject characteristics
M=SD, (N=4,340)

Variables 25(0H)D (ng/mL) p-value
Age (years) 0.001
<50 16.76+5.37
50~59 17.56%5.83
60~69 18.20+6.43
=70 18.23+6.70
Smoking 0.045
Non-smoker 18.00+6.34
Ex-smoker 17.18%£5.52
Current smoker 17.00£5.65
Alcohol drinking 0.357
Non-drinker 17.85+6.41
Drinker 18.03%+6.16
Regular exercise 0.035
No 17.87+6.28
Yes 18.59%6.39
Body mass index (kg/m?) <0.001
<25 18.19+6.47
>25 17.52+5.96
Total cholesterol (mg/dL) 0.099
<200 18.10%6.51
=200 17.78%6.06
Waist measurement (cm) 0.042
Normal* 18.17+6.47
Abdominal obesityJr 17.77£6.16
Triglycerides (mg/dL) 0.003
Normal 18.13£6.30
Elevated triglycerides® 17.52+6.26
HDL-cholesterol (mg/dL) 0.036
Normal' 18.11+6.32
Reduced HDL-C" 17.71%6.24
Fasting blood glucose (mg/dL) 0.892
Normal** 17.93+6.17
Elevated FBG'" 17.95%6.50
Blood pressure (mm/Hg) 0.029
Normal ™’ 18.13+6.23
Elevated blood pressure®® 17.71+6.35

*Normal is defined as WM <80 cm; "Abdominal obesity is defined
as WM =80 cm; "Normal is defined as TG <150 mg/Dl,
SElevated triglyceride is defined as TG =150 mg/dL "Normal is
defined as HDL-C =50 mg/dL TReduced HDL-C is defined as
HDL C <50 mg/dL **Normal is defined as FBG <100 mg/dL

"Elevated FBG is defined as FBG =100 mg/dL; TTNormal is
defined as SBP <130 mmHg or DBP <85 mmHg * *Elevated blood
pressure is defined as SBP =130 mmHg or DBP =85 mmHg.



Table 3. Comparisons of serum 25(0OH)D levels for metabolic

syndrome and MSS (N=4,340)
25(0H)D 25(0H)D
. (ng/mL) (ng/mL)
Variables Non-adjusted p-value Adjusted* p-value
(M+SD) (M+SE)
MSS 0.004 0.041
0 18.24+6.40 18.18+0.29
1 18.16+6.24 18.09£0.21
2 18.09+6.33 18.07+0.19
3 18.02+6.06 18.04+0.21
=4 17.17+6.44 17.27+0.23
Non-MetS  18.15%6.31 0.007 18.11+£0.14  0.042
MetS 17.62+6.25 17.66+0.16

Abbreviation: MSS, metabolic syndrome score; MetS, metabolic
syndrome.
*Adjusted for age, BMI, TC, smoking, and regular exercise.

(p=0.042), =& 444 p=0.003), %< HDL-C (p=0.036), &=
2 FM(p=0.029) Tl =2 FH(p=0.892) 25(OH)D2]
Gt gholl A 2ol 2ol 71 gl ol

3. tHAEZ= =2t MSSO]| [ 25(0H)DL| Hxtt|w

AR St MSSell w2 25(0H)D2] HetB] 3= Table 37
2t} A9, BML, TC, A5, S AXEs 52 BT &
MSSefl w2 25(0H)D2] HFHM + SE)}2 MSS 00] 18.18+0.29
ng/dL °]$1aL, MSS 1°] 18.09+0.21 ng/dL, MSS 27} 18.07 +
0.19 ng/dL, MSS 3°] 18.04+0.21 ng/dL, MSS 47} 17.27+0.23
ng/dL & MSS7} $7F5 25(0OH)DL] Hatglo] st
(p=0.041), 915, BML, TC, %15, 655 AAES 52 24
S5, AR Skl w2 25(0H)D2] B GHM + SE)oll A &= 1] of
ASTH(18.11+0.14 ng/dl)ol vlgte] AR SGH(17.66+
0.16 ng/dL)%] 25(OH)DE] BgtM £ SE)o| f-2JsHA 14813l
THp=0.042).

ﬁ% S AZFGSZA AR (2010~2012)5 0]-8-319] 7
gl A] ARGtk vl ERT] D] Ao thgt ﬁ%om
7o) F 2 A7H= HepY] Dofl gt TS BAS Sof| =
H] tjARSEto] Hste] thag9t2] 25(OH)DS] B+#EM=SE)
o] FoJoHA WAL, ARSIt T4 840 71 wht 25(OH)D
O] BAHMESE)o] |-2J8HA| A3ttt Aot (Table 3).
HIEH] D= A S8t V8, B 3 S-S ol
ghekar A Sl=d|(Shin 2 Om, 2009), HIEH D] A2 &

5ot A BAEE SIS A g e ¥

ﬁ fi
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3= 71431 Al 71T Hollis 5, 2007). E3F ZFzko] thAlSS 7
ARAE W 1 g AolH, o] 5ol YA O & e
A2 A AT Aok e 9 A 28 S e
AE-S Z7AZITHMeigs, 2000; Grundy, 2007).

HIERY] Do} chARS:Swte] ek Aol A, Lu 5(2009) 50~
70A12] wjo] At AFsto] ke Ql-S At o= AASE Aol A BlER]
D A5 (24.4%)°] vlsto] vler] D AEH69.2%)0] HARSS-
o E(p-trend=0.0002)°] 3%}tt. 3t Park 5(2012)2 60

Al ol el gt ol o & AR Aol 4] 25(0H)D= TG
(p=0.023), SBP (p=0.002), DBP (p<0.001)2] Z7}} o] 9l
A3, HARE ] YRS [Odds Ratio (OR): 1.73, 95% Con-
fidence interval (CD: 1.13-2.66]2] Z7}2} & o] 9l g}, i)
2, Kahder 5(2011) 184] 0]4+e] @ 2tk 4018 thAko & AlA]
St Aol 4] 25(OH)D= tiARS S B thARS S 14 8.4 B
oF Aydo] §iltt. o]ef o] HIEH] Do} tiAkESatofl Tfet &
AT vetel IE, A Ao el whet ohE 7 UE
U] giZolct. & At Aol A thale et 84 F =S
-2 25(0H)D2}t To] YA, AR SE-e] 847t 5
7¥stel] whet 25(0H)D7F 743kl al(p=0.041), B] AL
H]3}o] giARES9] 25(0H)D7F A43FAtH p=0.042).

ARl A HIEHRI D7} 7HAShe o] f= A, 2 A=
tiehdl=to] S 2|31 A 57] = R1A7F O%A}Xh%(:zmo ~
2012)5 o|-8-ot AR th Ak #1747 oot o4 H17
B Qlgto] | AERZARH] O] FhA R A A Fazof| A W3kt L}E}
i}, o] 2 QIsto] WA Sl ofgt BRu|NEe] F71E
Ao WY A ST STt Lee B, 2005). BTt E 4]
TEE Ao 7ot 1 Q1AbolH, BlebRl DO 748} A
7} Qlth. Lee 5(2013) =+ A AW 1,660 tiAto. & AAJsH
serum 25(OH)D2} H]FF 51 tARS-Sto] thfdt Aol A ulgk 4
oA wlel D7F fofshAl adtetar skl (p<0.001),
Lagunova 5(2011) H|gtellA] H[eRY] D7} 7HASH= o] f-& Hl
Tkl Abghe- HIER] D7 AVgllA] 1,25(0H)D2& A2k} = 744
oA ZAZE & A o= 2355100 ik B4, HlER De R4S
4l & 2% (parathyroid hormone, PTH)¥} & A4aA71 ek,
Guasch $(2012)& Ad|¢lo] A 316%-2 tAko 2 ]S oatof
A BMIZ7} 5718422 PTHZ} 571319 2(p<0.001), BMI2] 57}
TRV T 220 S HIEI DO Zae] Fke T M
FQ oIk 3kt Eet Lee 5(2015)2 20114 F1 A7
FRAARE o8-8t ERE[uat PTHoY| o3t Aol A g d<te]
H]slo] BXL ujuko A 3 PTHZHPTH >65ng/L)2] ORZHOR:
1.19, CI: 1.02-1.39)°] -2l 8tA| S7Fok3it. & Ao Aol A]

mﬂt
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ARG B HiARS 2] 5 8.4:9 57171 25(0OH)D =
A7, 25(0H)D o] thakgt 9l thARs9=-o]
BRAE STHIZIEAE & < et e v] tiARSSto] 1]
Sto] thARS$19] 25(0H)D <20 ] W& O] fr2 tiARE S 4
Q47 E718ERE 25(0H)D 42520 74317 uitoehal Al Fick,

TRt B AT ARl it FRAYGRAES 0§
Set Lol /] W] ekl Dot thAREF] AN AAS A
T 47k G, B FHRAES B vlebel DO A2
O FEE A7 A 2 ek o] B2 ITTHAS BIS ]
SRR 1S I ATE Qe 5 9 A0 T|HEh

2 A 7R A 571 HRIAE GG ERA A=(2010~
2012)% o]g-3to] w7 7] o] Ad(n=4,340)001 4] tjAESE3} 1]}
9l DO #RAGE Hrkstaat AAslGict. ArAntellA] dF
BML TC, 3958 4 $55% AAEsS HAYT =+, 25(0H>D°ﬂ
ool FHZHM+SE)o] MSS 02 18.18+£0.29 ng/mL, MSS 1-&
18.09+0.21 ng/mL, MSS 2+ 18.07+0.19 ng/mL, MSS 32
18.04+0.21 ng/mL, MSS =4+ 17.27+0.23 ng/mL & MSS7}
Z7V2 A8l 1(p=0.041), H] THAREZ7(18.11+0.14
ng/mL)el| B]&te] tiARE33(17.66+0.16 ng/mL)oll A 5281
S7FIATHp=0.042). AZA 0 & ARSI T 840 7kt
ARG T2 HIEH] DO 2553t o] 0 & 3A|7} §let.
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