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Abstract This study investigated the relationship between Vitamin D levels and indices related to cardiovascular
disease in Korean adults aged > 19 years. The data for analysis were obtained from the sixth Korea National Health
Nutrition Examination Survey in 2013 and 2014. The results showed that the incidence of Vitamin D deficiency was
73.1% among Korean adults and that indices related to cardiovascular disease showed an increasing trend (55.6% of
Korean adults). The relationship between Vitamin D levels and indices related to cardiovascular disease with
controlled physical activity status was also studied. The odds ratios (ORs) for age were 1.72 for the 4-62 years age
group (95% CI, 1.53-1.93) and 2.05 for the > 65 years age group (95% CI, 1.71-2.45). For blood pressure, the OR
for pre-hypertension was 1.30 (95% CI, 1.15-1.47) and that for hypertension was 1.31 (95% CI, 1.11-1.54). For body
mass index (BMI), the OR was 1.36 (95% CI, 1.11-1.66) and that for waist circumference (WC) was 1.36 (95% CI,
1.11-1.66). For fasting blood sugar (FBS), the OR for impaired fasting glucose (IFG) was 1.37 (95% CI, 1.21-1.55)
and that for diabetes mellitus (DM) was 1.31 (95% CI, 1.05-1.65). The OR for total cholesterol (TC) was 1.30 (95%
CI, 1.11-1.52) and that for triglycerides (TG) was 1.20 (95% CI, 1.04-1.37) in Korean adults. There was a significant
relationship between Vitamin D and indices related to cardiovascular disease in Korean adults with respect to age,
blood pressure, FBS, BMI, TC and TG. Confirmation of a causal relationship between Vitamin D and indices related
to cardiovascular disease may require further research consisting of more systematic cohort studies.

Keywords : Korea National Health and Nutrition Examination Survey(KNHANES), Vitamin D, Cardiovascular
disease, Total cholesterol, Triglyceride.
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2.2 0|8Hs FEU2EHE, 19 E SR E A, old @
221 UHtX EM ql Azt S EM sy g AUE FY2HE, SAAAE, ol d
Auy BHoRE AW, A%, AE A, AF A HE FIRk 2Assl:
& ARSI e dAtel oAb, A 19444, AA ASLE AR 2ARE FEA R A (Height,
45-644, 65 o) o8 AERFEAT AE A= 4E  cm), AT(Kg) R Sl =(Waist circumference, WC)
a7 g A9E vIEoR, AES agon WAyt F O8I AHFAF(BMI Body Mass Index)=
Qe A2 TFron ATS sor} Ayl o)s  AHTE AR ANTOE L] ARtskiv24]. A
2 WA el Aes e R ARRL. A  FFE AATE 250 kgm*E VIR vvbE A
FAge 2o PYAFI S I wAPe} g e PR, olF s AT R MR oR Fs
wo| PATAL ¥IPe w2 ow REsirh ot SAL HAE Aol I 52 1 S A
A% e EAow &F FA ~EYA ox Ar, ¢ F T HzARe] Aol 2 dA(Wall Unit
NA| FEL AFRelT) 3 cYyF 93 o= o 33, Baumanometer, America)E 0§38t $-5 kel
A eF 2 A2 pdzh 41 vige) g5 g A SESISIEH2S) (SIS 120 mmHg vRbelaL,
FoR, AT A0 Q1 olel 85 @ A9 g OIS 80 mmHg VIRIR) ATE S Y (Normaly .
Fw BRI, AL @A TA o¥w @i & 2, FH/1ES 120 mmHg o] B 140 mmHg v
ol oFo] 57} olatoln] Ao Yo}, Al 9ex ¢ °liL ole]Hsk 80 mmHg ©%d Hi= 90 mmHg VRt
7, 57 jwkel A2 ol ow WA B oo] Y ARPE <dsE ATA(Pre-hypertension) 2, 5
571 oldolw @Al WAL M WS Fobor /IOl 140 mmHg ol Ex ole]Egtel 90
EReTh 2B s X JRE Ues] go] 1zirh  mmHg oFd EE A FEE 88k A A
o} ol 11t} W 2F b gl o Ao ¥ S(Hypertension) O -F3T
LA gerie)l A5 L)X gEthE glE o 3318 A A (HbAlc, Hemoglobin Alc)v= BxH
ARFIAAE AA B AT 15 g @r1g 1 AT 6.5% oI5k AdNormal), 6.5% o[4S Fi
3] 308 o)Ak, F 59U o4 AMF A= Ay g% (DM, Diabetes Mellitus) =, 25 I(FBS, Fasting
o8 <H 1FY%0 Yaur} o] 27 S/} % Blood Sugan) <EHE30] 100.0 me/dL VWD AR
o] okzk 7pm Aro] Al BHES 13] 305 oA, F 59+ 4 (Normal) 0.2, <FEEF0] 100.0 mg/dL o]
o) AAE A FEr Bow FH 13 5 A 1260 mydL MR AR S < EIFGN(IFG,
oF Pl Zo| u]S FSAL} 2o] wo] 7} Hzo]  Impaired Fasting Glucose)' =, ‘F4Al o] 126.0
A BES 18] 205 o4, F 39 o) Ade A mgdl ol e WY ASHAIE HESHAY B E
‘AP g o7 Aoyt d FAE T B Sle AEPE ERr(DM,
Diabetes Mellitus)’ 0.2 %7313t}
2.2.2 H|E}EI D 77y AL FEe] FEA] AR F FHzHE
njelyl Do) A 971eh7] 9l 25(0H) D3o]  (TC, Total Cholesterol)2 240.0 mg/dL ©]/ E&= 114
71w okgslng 82 uEh D B =40 o]g 8% e AR A9, SAAY(TG, Triglyceride)&
9903, AT B85} H Al we} 200 ng/mL o4 2000 mg/dL ©]dR1 g, AE e =EE(LDL-C,
9 ZH10.0-199 ngmLe B35 10.0 ng/mL 7] LDL-Cholesterol)2 160.0 mg/dL ©]4¢1 4% 1%
Ag oz TEIS). Z#2~HE(HDL-C, HDL-Cholesterol)< 40.0 mg/dL
ngel Ag-olt27]. FFdzHE/ L FY2HE
223 AT M3 B XE Hlgo] 5.0 oY AUE Y sHE/LEE Fi
AET YR AR AP B AEZ olgape] T VIO 35 oI8] AFelras).
A3 vl s26]00 A wEs Aldd 23
APE= ARE 7]l A AE 47(Hol, 57188,
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Table 1. Indices related to cardiovascular disease of study subjects

FZU=HE, #

A% e 2HE,
]

e FH2HE, AR SYsHE/
, slElEHel A JY el {43 A}
I CH(Table 1).

Variable Total(n=3014) Male(n=1965) Female(n=2048) P value®
Age (year) 44.41+14.76 44.62+14.78 44.22+14.74 0.873
SBP (mmHg) 115.97+15.81 118.88+14.69 113.18+16.34 <0.001
DBP (mmHg) 75.21£10.22 77.79+10.40 72.74+ 9.40 <0.001
FBS (mg/dL) 97.96+20.29 100.05+20.61 95.96+19.79 <0.001
HbAlc (%) 5.76+ 0.76 5.81+ 0.81 571 0.71 0.003
TC (mg/dL) 187.08+35.25 186.78+34.82 187.37+35.66 0.055
HDL cholesterol (mg/dL) 52.59+12.17 49.31£11.56 55.74+11.90 0.039
Triglyceride (mg/dL) 137.53+115.07 163.54+136.94 112.57+£81.77 <0.001
LDL cholesterol (mg/dL) 110.38+31.06 110.14+30.64 110.62+31.47 0.546
TC/HDL-C ratio 2.76x 1.80 2.75+ 1.81 2.78+ 1.79 0.290
LDL-C/HDL-C ratio 1.59+ 1.14 1.56+ 1.14 1.62+ 1.14 0.659
BMI (Kg/m®) 23.78+ 3.54 24.34+ 3.35 23.24+ 3.64 0.013
WC (cm) 80.50+10.03 84.18+ 9.24 76.97+ 9.47 0.301
Vitamin D (ng/mL) 16.86+ 6.62 17.74+ 6.63 16.01+ 6.50 0.169

* All Data are presented as Mean+SD.

* SBP, Systolic blood pressure; DBP, Diastolic blood pressure; FBS, Fasting blood sugar; TC, Total cholesterol; HDL, high density lipoprotein;
LDL, low density lipoprotein; BMI, body mass index; WC, Waist circumference; Vitamin D, 25-hydroxyvitamin D3; SD, standard deviation.

a P value was taken by unpaired #-test.

Table 2. Relevance of vitamin D levels in accordance by general characteristics of study subjects N(%)
Vitamin D (ng/mL), N(%)
Variable Category = 10.0 10.0-19.9 = 20.0 P value'
530(13.2) 2402(59.9) 1081(26.9)
Gender Male 198(10.1) 1146(58.3) 621(31.6) <0.001
Female 332(16.2) 1256(61.3) 460(22.5)
Age (year) 19-44 322(15.7) 1332(65.1) 393(19.2) <0.001
45-64 161(10.5) 848(55.5) 519(34.0)
< 65 44(10.3) 213(50.0) 169(39.7)
Married status No married 208(21.2) 646(65.9) 126(12.9) <0.001
Married 279(10.5) 1536(57.7) 846(31.8)
Other(married) 43(11.6) 220(59.1) 109(29.3)
Place Urban 467(14.0) 2037(61.0) 837(25.1) <0.001
Rural 63 (9.4) 365(54.3) 244(36.3)

* by chi-square test(p<0.05)
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o] 59.9%, 5

54 T AddelA 01*401]/\1t AfLe] 16.1%, 5

58.3%H.T} =31 fo]5}

tHp<0.001). AAllA 19-4441= AAT0] 15.7%, =
0] 65.1%Z 46-64419F 654 o] KT} =9kl 65
A o] ZRo] 39.7%F 19-444 9} 46-644] KT}

7§|
0] 61.3%% FAH] 10.1%,
[e5]
AR
53

°] 14.0%, =5 w1°] 61.0%=

2Rl 543%0 Hl& =

=3 989 tHp<0.001). A& AEolA] mEL A
0] 21.2%, BEE-T-0] 65.9%= 71E0L Z1Ell] Hs|
=1 793 tHp<0.001). AF A HelA =AE AH
T
.

2 Aol 9.4%,
2l 33 th(p<0.001)

Agrol 7.0%, EEwwol 54.7%° H|F
(p<0.001), T5&= HHE 3}

H":‘%O] 60.7%= 8}% ] U= %9] 253
?_

4 53
ATHP=0.047). 32
8 Haro] 19.0%, =ow0] 55.6%,
o] 25. 4%9j i1, 85.0 o] AFol 15.6%, =
T0] 54.3%, FTETOl 30.1%E  FskHth
=0.001)(Table 3).

3.4 MSISIE XE $X0f 02 A d|Etl
Dote| B

(Table 2) Ay QA & FE FdelM AR ARl
14.22%, =FwT0] 61.1%, SwT 0] 24.7%, 52T
3.3 217 EMo| M2 ¥ HERY D £FT Ao 2ol 108%, BFLE] 56.5%, Fiio]
o| oM 32.7%, BB Aol 104%, EF5ET0] 58.8%,
A% B4 F O A ATl 142%, BF ST 0] 08%E HSHTE=000D). T FesvE
Rito] 61.9%, A AvA] AT 11.7%, 2% W 240.0 mg/dL °J3H= L] 13.4%, EEre]
BT 57.4%9F 1389t ART 12.0%, EEET 56.0% 60.3%, 5] 26.3%, 240.0 mg/dL o] A& Ayo)
o H]3] =9kon] #ete] w2 HEl D] Fol= G9) 12.1%, E559] 56.3%, w10 31.6%= 255
SHATHp<0.001). WA FFNM @7] AWL A g TH=0.039). i FelaH el M 400 mydL o)
T AYTol 17.9%, BFETO] 638% stz wel & AWTOl 129% EFEwel 60.6% Tl
Table 3. Relevance of vitamin D levels in accordance by health characteristics of study subjects N(%)
Variabl c Vitamin D (ng/mL)(%) P value'
anavie ategory = 10.0 10.0-19.9 = 200 vaie
Blood pressure (mmHg) Normal 335(14.2) 1460(61.9) 564(23.9) <0.001
Pre-hypertension 134(11.7) 658(57.4) 355(31.0)
Hypertension 61(12.0) 284(56.0) 162(32.0)
Alcohol drinking Non-drinking 244(13.8) 1034(58.6) 487(27.6) 0.323
Drinking 286(12.7) 1368(60.9) 594(26.4)
Smoking status Non-smoking 417(13.5) 1853(59.9) 826(26.7) 0.595
Smoking 113(12.3) 549(59.9) 255(27.8)
Usual stress Yes 444(12.9) 2084(60.5) 919(26.7) 0.126
No 86(15.2) 318(56.2) 162(28.6)
Walking No 408(17.9) 1450(63.8) 416(18.3) <0.001
Yes 122 (7.0) 952(54.7) 665(38.2)
. » Moderate  No 328(11.8) 1652(59.5) 796(28.7) <0.001
Physical activity
Yes 202(16.3) 751(60.7) 285(23.0)
High No 215(12.1) 1098(61.6) 469(26.3) 0.071
Yes 315(14.1) 1304(58.4) 612(27.4)
BMI (kg/n?) Normal 516(18.9) 1499(54.8) 718(26.3) 0.047
Overweight and Obesity 201(15.7) 716(55.9) 363(28.4)
WC (cm) < 85.0 515(19.0) 1509(55.6) 690(25.4) 0.001
> 85.0 202(15.6) 706(54.3) 391(30.1)

* by chi-square test(p<0.05)
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Table 4. Relevance of vitamin D levels in accordance by biochemical factor indices of study subjects N(%)
. Vitamin D (ng/mL)(%) P

Variable Category = 100 10.0-199 = 200 P value

FBS (mg/dL) Normal 403(14.2) 1728(61.1) 698(24.7) <0.001
IFG 102(10.8) 533(56.5) 309(32.7)
DM 25(10.4) 141(58.8) 74(30.8)

TC (mg/dL) < 240.0 468(13.4) 2113(60.3) 919(26.3) 0.039
> 240.0 62(12.1) 289(56.3) 162(31.6)

HDL-C (mg/dL) > 40.0 448(12.9) 2110(60.6) 923(26.5) 0.038
< 40.0 82(15.4) 292(54.9) 158(29.7)

TG (mg/dL) < 200.0 435(13.2) 2009(61.1) 846(25.7) 0.001
= 200.0 95(13.1) 393(54.4) 235(32.5)

LDL-C (mg/dL) < 160.0 509(13.5) 2254(59.6) 1021(27.0) 0.137
> 160.0 21(9.2) 148(64.6) 60(26.2)

TC/HDL-C ratio <50 486(13.2) 2209(59.8) 998(27.0) 0.896
> 5.0 44(13.8) 193(60.3) 83(25.9)

LDL-C/HDL-C ratio <35 498(12.9) 2308(59.9) 1044(27.1) 0.037
= 35 32(19.6) 94(57.7) 37(22.7)

HbA1c(%) <65 663(18.0) 2035(55.3) 981(26.7) 0.355
> 65 53(15.9) 181(54.2) 100((29.9)

* by chi-square test(p<0.05)

Table 5. Relevance of cardiovascular clinical characteristics indicator according to the vitamin D level

Variable Category Independent variable B P value OR(95% CI)
Age (year) 45-64 0.540 <0.001 1.72(1.528-1.925)
65=< 0.716 <0.001 2.05(1.708-2.450)
Blood pressure Pre-hypertension 0.263 <0.001 1.30(1.153-1.466)
(mmHg) Hypertension 0.269 0.001 1.31(1.112-1.541)
BMI(Kg/m” Overweight & Obesity 0.125 0.029 1.13(1.013-1.268)
WC(cm) = 85.0 0.192 0.001 1.12(1.083-1.356)
o FBS (mg/dL) IFG 0314 <0.001 1.37(1.207-1.553)
Vitamin D DM 0273 0.019 1.31(1.045-1.652)
< 20.0(ng/mL)
HbAlc(%) = 65 0.096 0.327 1.10(0.909-1.334)
TC (mg/dL) = 240.0 0.261 0.001 1.30(1.109-1.519)
HDL-C (mg/dL) < 40.0 -0.003 0.998 1.00(0.855-1.163)
TG (mg/dL) > 200.0 0.180 0.010 1.20(1.044-1.373)
LDL-C (mg/dL) > 160.0 0.065 0.565 1.07(0.855-1.333)
TC/HDL-C ratio > 50 -0.032 0.746 1.00(0.800-1.174)
LDL-C/HDL-C ratio > 35 -0.239 0.078 0.79(0.604-1.027)
* by logistic regression analysis adjusted for Physical activity(p< 0.05).
* OR : Odds ratio, CI : Confidence Interval
26.5%, 40.0 mg/dL VW= AFT0] 15.4%, BT 3.5 83 d|EIY D =1t M€ Zah &
] 54.9%, Fw0] 29.7%= 28 thp=0.038). & XESDHo| M
/Kéx]ﬂl—oﬂ}ﬂ 200.0 mg/dL U]E’l’% = 1:11__ ] 13.2%, T—'b_'f% Sé%] H]E]Jﬂ D _1,_ ] 20.0 ng/mL OV\]'Oﬂ ]3“
0] 61.1%, SE0] 25.7%, 200.0 mg/dL ©]/d> 2 ol 7o AHL 19-4440] U3 45-6440 4 W] }
i H=8 =1
Hwol 13.0%, Biare] 544%, Twwel 325%F 7150950 Cl,  1.528-1.925)%, 654 o1
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