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The Relationship of Serum Vitamin D Levels and the Framingham
Risk Score among Male Workersin the Manufacturing Sector

Seung-Hyun Park, Young-Wook Kim, Chang-Ho Chae, Jun-Seok Son,
Chan-Woo Kim, Jae-Youn Kim, Ja-Hyun Kim

Department of Occupational & Environmental Medicine, Samsung Changwon Hospital,
College of Medicine, Sungkyunkwan University

Objectives. A growing body of evidence states that vitamin D deficiencies may adversely affect car-
diovascular disease, however data from Korean workers are lacking. The purpose of this study was to
investigate the vitamin D level of the Korean worker and the relationship between vitamin D levels and
the Framingham Risk Score.

Methods: 11,448 male workers who visited a university hospital for health screening between March
2010 and August 2011, were enrolled in the study. We measured their of serum vitamin D(25(0OH)D)
levels and calculated their Framingham Risk Score.

Results: The mean serum vitamin D(25(OH)D) level of the surveyed workers was 13.03+6.47 ng/mL.
12.4% of the total workers had adequate vitamin D levels. It was found that the lower the vitamin D
level, the higher the risk of cardiovascular disease. The Framingham Risk Score and vitamin D levels
were found to be significantly related (OR=1.39, 95% CI 1.14~1.68) through a multivariate logistic
regression anaysis.

Conclusions: 87.6% of workers possessed inappropriate vitamin D levels. Management for this high
risk group in regards to cardiovascular disease should be included in the evaluation and vitamin D levels
should be corrected.

Key words: Vitamin D deficiency, Cardiovascular disease, Risk factors
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SR A ArAbe AAE 9@ AbgA ool & i

AZ 2T} o] £UAE AF = A ARESY A}
W2k= 1990 3,683, 20009 10,1599, 20109
13,3368 2.2 A &A1 S7F FAlloll Aok, mgh =k
et BmAgEe] el A waw 2010d HA
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(KOSHA GUIDE H-1-2010)5°] 98¥8%= 337}11:4 =
of AREE I it} o] AR I E
o ek U AN tiAtEFTolv AdHEE U
= H7HKOSHA Code H-36-2008)l H]3j
Framingham risk score’} /%52 43|} 2 #Z
ol #AE EHoFy Augdiz bE Adads
WP E WIIETEY Erhe 7‘——3-‘47} AT,

ul= 2041 o] ARERIF 4,495%
oAAM Bt HER D FEe 19, 9 ng/mL O]MJ_
41.6%°14 20 ng/mL nvte] BlEl] D 2B 7o 2
ERTE?. E3 w)=r AWl dide] wigll D Aol
T3 Ao A A Ao vls] ZF o] ndS WA At

A =71 1.62(95% CI 1.38~1.89), oA 28 Z oA
AP =7 1.27(95% CI 1.09~1.50)2 YEpdTH?,
Framingham Heart Study W’d#x5$S &3 vlgf
D¢} Aldadgate] AFoxs vHg D Gt H
d HEtY D AR AdaAdsd Ao =st
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e S MEY Hd 22Xte] &€F dIEEl D &3 Framingham risk score2te| A

[e]
itk whA 25-hydroxyvitamin D(25(OH)D)E i
el D Agdudy At &gste vl
2572 I3 vl D) 78 & ZAA @, upe
A dF HE D 5 Zels] ¢18 25(0H)DE
A7) 8} et 2 kg o 2299 (Electrochemiluminescence
immunoassay, ECLIA)< ©] &3l Sttt &4
< elecsys 20103 cobas e 601(Roche, Basel,
Switzerland)< o]-&3te] U/ tiEhEd ARl g

oA s,

3) Framingham risk score

Framingham risk score= NCEP-ATP III
(National Cholesterol Education Program-Adult
Treatment Panel III)ol4 AAI8H= Ak2 v o) ulha},
A, FZYsHE, UE A ZY2EHE 29l
A5 ARt 57 A5t F9 dH 55 nEsk] ALt
Siith o] e kA dEE Y &, 1EE
Ay FE ~HES Y] FoR o] ZF et 1

#9 A9 5T voldgth EF $2U2AES 5)

T, FAARE VTR e ] b9 dRTeR
o] A4S Roaigla, $37] e e For
the & A& fr7d mek 42 JeE Folssith o2
Al 3z A5 Bl 10d U AR E 2P EE
A&V, o5 (10%2] AANDE, 10~19%9] F%5
TYAT, 220%9] nY@dFo R BHeT)

3. =4 LY

A7 thgel TgE UEL T2 AZYe] IV
slevt vlefl D FEdl
F wEsh Bl obg] g Wlme| W 2k 22

mmHg ol’Fe2 sy, daie dA &
ToIAY 34 FE d9o] 126 m

Aelasnt.

obd7bAl @4 25(0H)D9 A% Fkdl W Exst
g 7122 gl AHE AR7HE Al B2 el
FEA gt 2T oo B AFe e nlEaE R

12 ng/mL v|%te] 2 (deficiency), 12~20 ng/mL
o] EF¥(inadequacy)., 20 ng/mL °|’de FE3
(adequacy) “Jelgle H<"E AMEsITh ®=E 20
ng/mLE 71502 H538 AT oE ERA
AT RS GEHARl 542

Azkg o, MFE ¥Wee 4
AABIATE HER D 52 840 Adad
golxtele] B 9 ¥ E vlwsly] g8 5A4
A8k tt. Framingham risk score
Jron 2row BEsle] A 2~E IIEMS A
At e BAEAMS SPSS version 17.0(SPSS
Incorporation, Chicago, IL, USA) Z2I#Z o] &

3L, ol p0.052 sk

[e]

do o do K1 R
rir
2
>,
=h

¥ o o et mu )

2 o
1. & 25(CH)D =&

oAb 11,4489 A &4 25(0H)De #Hue
13.03+6.47 ng/mL=Z Yelstth 25 ME a2 8.36
ng/mL, 75 MEAZE 16.77 ng/mLE UEldTh o]
E vy EAde] 7]Fd et UrH, 12 ng/mL vl
ARPTFL 5,225 (45.6%), 20 ng/mL °]del 3
£ 1,415 (12.4%) % YEelgt
Ho] wE "t ¥4 25(0H)D FF& 307t
12.76+6.36 ng/mL, 40t 12.89+6.39 ng/mL, 50
) 14.24+6.86 ng/mLo2 Yeh} A#o] Frledes
Fwol =2 A Bgew, 5009 A% 30d, 404
Hot EAIH g2 fo5H =4t} 12 ng/mL vvte] 2
AT 30l 2,117%H(47.4%), 40thol 2, 4957
(46.5%), 50thell 6139 (37.9%)°o2 Yehton 30t
oA 40th, 50thell Bla] BERR] D FE7e] v]&o]
s = Q1 4 Utk A GA A wE
Ho 83 25(0H)D <2 & (3¥9~59) 11.63+5.03
ng/mL, E(6¥€~84) 10.64+5.56 ng/mL, 7F=(9
#~119) 17.97£6.00 ng/mL, A&(129~29)
17.49+6.80 ng/mLE YEIRTE 12 ng/mL 7|7ke] 2
AT & 1,.686%(54.3%), & 3,001 (60.8%), 7}
S 2947 (14.0%), 7S 2447 (18.6%) .2 YEFLT).

AT A 2L ZEAPL 6,260 o2 HA 4
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chstalietdolsts|x| ® 24 A H 2 5 2012¢
?tﬁﬂﬂ 54.1% % i}ﬂ%}“ . 715 xﬂzi?ﬁ—a— Az, A

AT ZEAL OiF TAsta AATt. A Fol
w}% Fit g3 25(OH) FEe 2L ZEATL
14.05+6.87 ng/mL, 7]k A2 =227 11.80+
5.71 ng/mLZ Jeh} 244 227} 718 Az &
ARG BAHCR fosiA E=A dEtwo. 12
ng/mL vgte] AR E=3 7|El AzAelAM 2,712
(52.3%) %2 A Ax 224 25139 (40.1%) e} =7 U
ElwttH(Table 1).

rlo

20 ng/mL< 71Fo g AT REFo o] A
HEJTH Hd vole AZdaedA 421ﬂ HZ o)A
41292 et B3] Hd 57 g 9 ol¢t
7] 42 123.6 mmHg, 76.0 mmHg, ¥&w2 H
F57] 89 E oley] ¥4 124.7 mmHg, 76.4
mmHg= Uepson $£57] dstdx F FeAteld
EAACR {93t zolE HITh Hd FIFd2EHE,
FAAY, e APy Sy zHES FATAA
202.0 mg/dL, 123.2 mg/dL, 56.6 mg/dL, ¥l
4 202.8 mg/dL, 133.9 mg/dL, 55.3 mg/dL&Z %"4
A 3 Ad FHAEHEAA o AfolE

Aok & 9] e FFwelA 95.2 mg/dL, 5

-11:

&0l izl Adads oddAE 5(OH)D 7oA 93.3 mg/dLE Yetsth. B ADFAF
Table 1. Distribution of subjects with varying levels of vitamin D category N(%)
25(OH)D leveld
>20.0 ng/mL 12.0-19.9 ng/mL <12.0 ng/mL p value*
Total 1,415(12.4) 4,808(42.0) 5,225(45.6)
Age (years) <0.001
30-39 527(11.8) 1,819(40.8) 2,117(47.4)
40-49 652(12.1) 2,222(41.4) 2,495(46.5)
50-59 236(14.6) 767(47.5) 613(37.9)
Test season’ <0.001
Spring 161( 5.2) 1,260(40.6) 1,686(54.3)
Summer 256( 5.2) 1,680(34.0) 3,001(60.8)
Autumn 622(29.7) 1,177(56.2) 294(14.0)
Winter 376(28.7) 691(52.7) 244(18.6)
Jobs <0.001
Shipyard workers 1,056(16.9) 2,691(43.0) 2,513(40.1)
Manufacturing workers 359( 6.9) 2,117(40.8) 2,712(52.3)
* comparison by chi-square test.
tspring, march-may; summer, june-august; autumn, september-november; winter, december-february.
Table 2. Baseline characteristics according to vitamin D status mean+ SD
25(0OH)D leveld
Characteristics Total Sample > 20 ng/mL <20 ng/mL
(n=11,448) (n=1,415) (n=10,033) p value'
Age (years) 41.3+6.7 42.1+6.9 41.2+6.7 <0.001
Systolic BP* (mmHg) 124.6+12.2 123.6+125 124.7+12.1 0.004
Diastolic BP* (mmHg) 76.4+10.2 76.0+10.3 76.4+10.1 0.164
Total cholesterol (mg/dL) 202.8+34.5 202.0+33.7 202.8+34.6 0.434
Triglyceride (mg/dL) 132.7+91.7 123.2+76.3 133.9+935 <0.001
HDL '-cholesterol (mg/dL) 55.5+134 56.6+13.6 55.3+13.3 0.001
Glucose (mg/dL) 93.6+16.1 95.2+17.4 93.3+15.8 <0.001
BMI* (kg/m?) 245+28 249+27 244428 <0.001
Waist circumference (cm) 84.9+7.3 85.9+7.2 84.8+7.3 <0.001
Cigarette smoking (N(%6)) 5,067(44.3) 604(42.7) 4,463(44.5) 0.202!
Regular exercise (N(%)) 6,874(60.0) 913(64.5) 5,961(59.4) <0.001'

*blood pressure, Thigh-density lipoprotein, *body massindex.
Scomparison by student t-test, ' comparison by chi-sgquare test.
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=

(BMD ¢ slglsdle FdwolA 24.9 kg/m’, 85.9
cm, FETAA 24.4 kg/m’, 84.8 cme 2 YERiTH
A FAAF e FAA HES BTl 42.7%
0] 44.5% Bty Gkov FAACRE folstA]
Forth, F 33] ol Al = Aldse A

L HATA 64.5% % BT 59.4% R &
AFo R ol =2 Ao = YEltH(Table 2).

.‘*’

& 25(0H)D
score9}°| A

&0t Framingham risk

At AAle] @ Framingham risk score® &3t
10d o] Ad8dg dHYd=E Hd 4.18+14.36%
2 Jehdth ma 109 oyl A¥TAs e ne
10% vvre]l A&+ (low risk group), 10~20% =k
9 25 =¥ (intermediate risk group), 20%°]%%
o] n9d+F(high risk group)® W< W, AYd
T 10,0107 (87.4%), Te=AdT 1,2219(10.7%).
uglge] 21798 (1.9%) o2 Yebsttt.

g4 25(0H)D &= 20 ng/mL= 7|52 2 vl D
FETY Hdren ‘/H‘*Oi Framingham risk score
g *ELE]E“E HIER D BEpoA Ao vla] 109

A IHATE L fFolstAl =4 VeRdtt
HL‘%%@EE AAAT, FEEAPT, 1@
A= HER D BELoA fo
0} l a9 L] HlEo] =rh(Table 3).

3% 25(0H)D 4<°| Framingham risk score<}

2HE5E S - XY 2d 22Ate gF HIERl D

#=Z1} Framingham risk score2}2| ZHA|

A e FY3 dSAARAE Lolrr] 93l
Framingham risk scoreoAl 104 o) Agdx uy
A=t 10% vkl 2 10% o3 o= &7/t
o 22 2~H 3% *T% A3ttt Framingham
risk scoree] W2 ¥4 25(0H)D 4F°| 20 ng/mL
H|RQl & o]l ol] HlEiA 10\ o] 4l E T Sho]
AT AEIF 10% ol dlwrel 2= v AH 7t
1.37(95% CI 1.14~1.64)2 w934 =%

Framingham risk scoreo| X&%A] e I3 94
C{]Z}?] %_‘E, H]l:]ll—, ﬁ-;‘dﬁo] OE 7;"7%;@ Jc_)Lo] zl_%_o_
B Tz @34 25(0H)D F°] 20 ng/mL m|vt
Q1 o] o] el el Hlal 109 AdHd o] A
A= 10% olgeldel xg= v|xH7 1.39(95%
CI1.14~1.68)Z frel3kAl =A Yelth(Table 4).

]

i

HER De tiiE4o= HER Dalergocalciferol) <}
HIEF Ds(cholecalciferol)e] el EA3c}* " o]
Bl Dye T2 A5 FHFEEAA A, vE
Di= HFEEdA AT AlelA HEW De 7-4
slo] = 2 ¢ 28 & (7T-dehydrocholesterol) o] 3] -l A
2k d Bell ofsl HlER] Ds= Hgkete] dE AU, H
Bl D7} =4 g 24 B8 5 gu .
Z "l DE 7HlA 25(OH)DE A1, ol A
T@ate HER DY giREES AR, g4
25(0H)D =% H[gvl ’EHQ} WA AAES wked st

Table 3. Results of Framingham risk score by serum vitamin D status

25(0H)D leveld

Framingham risk score > 20 ng/mL <20 ng/mL
(n=1,415) (n=10,033) p value
10-year risk of CVD*, % 3.82+3.45 4.23+4.47 0.001!
10-year risk group of CVD* <0.001*
Low risk group (<10%), N(%) 1,279(90.2) 8,734(87.3)
Intermediate risk group (10-19%), N(%) 132( 9.3) 1,089(10.9)
High risk group (=20%), N(%) 7( 0.1) 210( 2.1)

*cardiovascular disease.
' comparison by student t-test, * comparison by chi-square test.

Table 4. Multivariable analyses of Framingham risk score above intermediate risk group according to 25(OH)D level

25(0H)D level Crude OR' (95% CI*) Adjusted* OR' (95% CI*)
> 20 ng/mL 1.00 1.00
< 20 ng/mL 1.37 (1.14-1.64) 1.38 (1.14-1.68)

*adjusted with diabetes mellitus, body massindex, regular exercise, test season, jobs.

todds ratio, *confidenceintervals.
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b

FeE B Y AoR dHD AP, £F |
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TR E @ HIAZ 5 u]¢ Thksl Ao Exale
Aol LHAHA*P vlEW] Do et FeAdo] FEYm

At
ozl Ao 4 25(0H)D g digh Pt 7+
o] AYEe] A= FHT. U] Ao mEd g
7 25(OH)D &2 dFoly =7PERE Ao]E Holuy
HAH R AFo Hgo] & o Busa o™
¥ 41,5049 m=e e g Aol wleR
D AR 46.9%, BT 36.4%% HuHATH?.
Framingham heart study w’d#F 1,739%< &3t
25(OH)D A7l = #te] 19.7 ng/mL, 15 ng/mL
njgto] 28% 2 HuFATF. 6,2199] AT=S e
2 3 AFd = 25(0H)D Htel 17.3 ng/mL 22
HuEQe, S ARE FNAGGG2AL Al 571 13
W= (2010) Azl wpad 2 2949 9] 304 o4 3
o] &% 25(0H)D Ho< 19.4 ng/mLE H1Eglon
WE947F 23.1 ng/mLE YERST 11,4489 &
A 2EAE e g o AT Aie 25(0H)DY
Hito] 13.0 ng/mLE YEe™, 20 ng/mL v|%ke]
10,0338 (87.6%) o= Yeisitt, o AtelA BIER]
D F&3 Hlgo] 7]EY] AT A Hg) & sew
Uebsith 71Ee] A Aol Hlwste] E AFelA H]
Bl D 57 HlEo] & A 7IEEke] Aol ok 04?"41
/\1-;(}_4,] ]:]]"724 7<4 o 9 56]— %o] .?_o]oi Agﬂﬂq.
gk ol AFA tAES d"o]l FHETE A
25(0OH)D ol S7Fske Fd< Holedl ol Iule]
IRAZZ G F2AL AR} vl 52gk oot
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HEH S - HMxY HY 22Ate gF HIERl D

ATellA 1 F8Ao]l dSHANY. AP AAS P
= | #e T AFAE dASETolu A
A wyod: H7/HKOSHA Code H-36-2008)
o ¥l&l Framingham risk score’} #4% 233} 2
HAZT fofdt BAE HoFr AYEAME 7P =4
Yepgth! . ol ApdM= ¥4 25(0H)D %
Framingham risk score Ato]9] #HAE &g —’F A
3, H[ER D Zgo] AEads W] o 32l
A 4 Ut} Atsd| YERA= YRR oA
o] o]‘— w ;].E A]‘dﬂ_q-;dﬂ H]—B:]_CH = J;] ], \::rLo]
AP HAF Tl Al gste KOSHA Guidest
g3 25(0OH)D Atele] Aa= vl D &7 A
el vlE] mel@Ee] Frbshe A Rl ou
EAAcZ fFosA = ZAUH(OR=1.08, 95% CI
0.92~1.26).

B AFelA 2 7R Algkdo]l aej|ojol gttt WA

(*]
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0,

> F

ol

tlo
Mkt

Hlell D 45e) BR 7% Bd BAR ofd g
$R71%] gtk webd 2 Apeith ALgE szl A

o] Holx glom J|E AgVIREE tE wele @
FATE wgor @ BR J1Flch aeiv e D
FEE QFolt rlel wet Wt 8] g o)u
AT F UtE 224 478 B @A veR D
S el Belgcked delst g g4, A7
At 54 Adel B4 Aol 2R 2aAR A
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