Original Article

PISSN 1738-2637
J Korean Soc Radiol 2013;68(5):397-405
http://dx.doi.org/10.3348/jksr.2013.68.5.397

CHRF S g2l

Relationship between Conventional Cardiovascular Disease Risk
Assessment and Coronary Artery Calcification in Group Exposed to
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Purpose: The purpose of this study is to determine the relationship between the
coronary artery calcification (CAC) and the conventional cardiovascular disease risk
assessment (CCDRA).

Materials and Methods: This study included 101 subjects who were exposed to inor-
ganic dusts and underwent CAC scoring by multidetector CT (MDCT), laboratory tests,
and a standardized questionnaire for CCDRA, after being approved from the Institu-
tional Review Board and providing informed consent. All subjects were divided as ei-
ther non-calcified group (< 1, 55.4%) or calcified group (> 1, 44.6%) from total CAC,
and evaluated by CCDRA, such as Framingham risk score (FRS) and National Cholester-
ol Education Program (NCEP). Receiver operating characteristic (ROC) area of FRS was
generated for predicting CAC risk using SPSS program (ver. 19.0, Chicago, IL, USA).
Results: Total CAC was significantly correlated with FRS (r = 0.283, p = 0.004).
Crude odds ratio for CAC risk was 3.64 [95% confidence interval (Cl) 1.39-9.52] in
FRS > 209, and 2.87 (95% Cl 1.24-6.65) in the high risk group of NCEP. Subjects
with pneumoconiosis showed higher values of CAC (p = 0.541) and FRS (p = 0.035)
scores compared with subjects without pneumoconiosis. ROC area of FRS was 0.69
(95% Cl 0.59-0.79) with a cutoff point of 13.5%.

Conclusion: CAC measured MDCT is significantly correlated with FRS than other
CCDRA.
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22 FUoA e A& cardiovascular) ¥ AFE M (coro-
nary artery) 2] oJek AFFEO] WA F7Fsk= FAl0] QA
TH(1), AT A2 K 2T Qli= ARFollA A4S
ZNP=| 8w 7)o 25t 2745k SAll (intervention) = Q19T
We| Y A=} oFofR|HA ofgo] M55k ] wiEol 54w
2 o5 ue- FA5IEH2-4).

A A AT SIS BFRs WO R Framing-
ham risk score (FRS)2} National Cholesterol Education Pro-
gram (NCEP 7o|EziRD)o] =AlH o2 def AR £,
ulA ZlZols TAFEN H5ish AFE WAl g

[
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2] =g 2Rl oflEIAo] BHHRTH(5-7).

g W ualgho] odAtolok Xtk G541 e @
Y% (conventional coronary angiography)©| 22 59 Ak
2Elo] 97, o5& CT (multidetector CT; MDCT)7F &
ASFAA BIRGAIR] 2ol AJAE|QIE 1 & AEAR] 7=
NERR Z7E Bls(spatial resolution) X Al7F E815(tempo-
ral resolution)®] =0 MDCT EHxFE-2 HAl] A4S
WAL Xdo] HMEAQ FHxgeol ek et
S0 5 B ARGO| HA| FIISHHA B LT o= 2|
2L lTH(8-11).

Jejuh, MDCT S ge2 54712 2d A ool &

Q9 HA e RSOl MY HAKscreening examina-
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tion) = A5 ]0ll= 117F0] HAME(12) Y =2 WAPA 1]
(9, 11), 2GA AR = Qlgh HX%|F H2R2-(10)0] ol
=0JH(13).

H A AT ASO] 505k o =X 30l WAFE U A5
O] AJeFA1Q] 7 Hquantification)”F CTOl QJal %2 AA] (A
Sl A5|5F AAHE of2f(14), MDCT €3xg<«y} vjwsh
AN HA Y] s AR Rdof =& RIZtEel Bolk
S H3(6-8, 15, 16), BlwA 2 Ao AR 2GAE A

B5HA| Fot AEPARRA] A-80] 7H55hoint. 9t MDCT
/5 A355H HAkRs AT S F7koks 7120
ge] ARgsl 8 FRSQF NCEP 7o|=2kelo] 529l g7t
oo Q= WAARE HEH(5-7, 13, 17).

T 2RO =EEH Uit o E A Aol 231
22 WU ko Algabaeto] ofgh Al 9
< 37M1713(18-20), =t 22 =SS o= ot A
A CT FdolMe s A3]st 4740 2 470 Y]
off =2 HIEE HojA B a2 APuEe] Haclo]
4 S-S AAFSIATH2L).

ole} 72 HiFolA] B Aol Exlo) EEE e
S Oareg 2z AXSE MDCT AR A5]s} HAtol
BZARN A3l5} 319k AEARl g o 87
A Lo IA} SFAT,

A o

2010 49 HUFE] 79 9Y Aol FXI0f| 2|l X
AT A AR 1152 vVde 2 MDCT s
1510t AR Fallekd Hael ARRARE ZHaE Y
21135 (Institutional Review Bord) 5913} d--3o] 5-2)4
(informed consent) & B> & AA[SIIL}, Ao]o} HARS wF
2 A 16T 5 SHUARE HAISHA] ek 4Tt Aot
AR O 7 R wg WA A= F21 102 Akl
10188 24 "2 steltt,
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21 7 AMEjolA ST A g o =R E] BT
(body mass index, ke/m?)= . 2 ol
Aol ofsl &7 A 102 oV Y2 FSHA oF 5 k2 XpA[9f]

A 52719} olghr| Weke 7t7h ZAtstot,

B>

&5 U Tl A7

2l AARE Sk = HRE F5 G/d(Digital Diagnost,
Philips Healthcare, Best, the Netherlands)©ll thol Zl#] AA
< ZIHAAF DI 28 2] FF FAtoletat w0 ghofut
= AWO] A A0 2 HE] A (negative, XHYH <
0/1) 1+ A HZ (positive, AHEE > 1/0)2=2 BEFo6FET

ot

MDCTO]| 22t M2} HA

MDCTOl| 2Jgt s A3]5}t HAR= Aol ARESh=
T2 EFZ AABIEAL(55 mAs, 120 kVp, 3-mm thickness,
8 x 3 mm collimation), ZAAF A X2t 717, 2GA| 52 At
L51A] UK Brilliance 16, Philips Healthcare, Best, the Ne-
therlands). 2705 2 FAH(raw images)-2 A3I5F 42| =4
= floll ol = oY Ao R HEHo] AGARl AT ES)
of(Rapidia, ver 2.8, Infinitt Healthcare, Seoul, Korea)S &
510 sl Felof whet Al Alplol 215 At 4]
3J3k= Agaston method & AFE5] s W H=E Tt 130
Hounsfield unit (HU) Vg2l HalA+~E Hol= o= &
OJ5IoIrH(14). s & A3]at =|(total calcium score) =
| vY 5|8 (F AS]SE %] < 1, non-calcified group)}
A5]at (& A3EF 424 > 1, calcified group) 0 & B=5H
(7), TA] 2AE Qo A ETH(< 100), S5 A (100~
400), LHFH(> 400) 22 LRI,

)
q
X

A Y = & ZYAEE(total cholesterol), A =& ThaH(

density lipoprotein), LU= ATkl (high density lipoprotein), =
gloFE](creatinine), C-R¥R8/JHEH(C-reactive protein) 5=
ot N A= 8.5 mL LG XA FIH(SST™ 11
Advance, BD Vacutainer, Franklin Lakes, NJ, USA)°l &%
oo 1AIZE ool 3000 rpm 22 1027+ A2l (UNION
32R PLUS, Hanil Science Industrial, Gangneung, Korea)St
T @4 350 uLE Al RAU7IA] Ws BE 0.5 mL vial
(Micrewtube, Simport, Vancouver, Canada)©ll g}t -80°Coll
Al Y5 Hasiolnt, ZRiAHER Foked 242 FgE
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7] (Hitachi 7080, HITACHI, Tokyo, Japan)©llA] E-A15}195c},

o
EHO! RIS A 7t

National Cholesterol Education Program
O}=2AJAFE 3] (American Heart Association) A 3 NCEP
ztolezgielof wheh(2) Agvhrdee] 2y fds AHE
(lower risk), == (moderate risk), =1
(moderately high risk), 2 &w-(high risk) 2= E=25tH10
(13), BA 243 ol AT (RS S5 =g o
DI G T LT R F 0= LRSI

Framingham Risk Score

10 Wiofl Algads A 9l 5T & k= FRS=
NCEP-Adult Treatment Panel TITOIA AAISHL Q= ARt
of weh, Ay, Y, F SeAHE, TUEX T S AHE
TAAEH, =7 ¥ ¥ 1EY A7 oAF=HE ALlsiein
(3). Ak He25E AYFT(< 10%), SS=AT
(10~20%), DAFT(> 20%) 22 BForar, 248 Qs
CRA] 5= 22 (20% BIRRZT} 20% OVddt) O & L=Qiet,

PRI E S T Z10| =2l

Sh=aARARP H A-dHH(Korean Occupational Safety and
Health Agency) AR Ut 9ol F7F 7hoj=eiel
(KOSHA 7tol=gtel KOSHA H-1-2010)°l =h22) A%
o, A, SR, 1edTe® 2RSA(T), o
Al 2412 ffall AR AReeh) 3 Sl (S
DT T O ® LRI

40
ook
Ml
=

A5G Hapof| tisiA e Btk EHARR UL, 5
o] tislial= Rl g UERQIE. SPSS == T8l (version
19.0, Chicago, IL, USA)-& ©}8-5l0] HEg = waf 24
(chi-square test)= AAISIHAL, ALY Hpof tidhAl= 51
HE - (Student’s t—test)-S AAIGH -2 vl oHICE
MDCT #&W Al5]5} 9193 2840 Algae F7ke
Uohtl WA} oiHEf 2 X|AE B EALS AAlSH] TRE Rl
AFS BAJoFA] 92 HIxH|(crude odds ratio: crude OR)E 5
7ot WM F A3]Stof thet FRS, NCEP 2 KOSHA
7roleefRle] A, Holof tigh Als W F Alslstet
FRSE] /2d-2 Pearson test& AAIGIH. &7 G/ 2

O
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20| w2 At RS 5
FRSO] Yo whe}f ARl Bl H3k7t QI9=X] &o}
B7] Qo] AFthAIE (linear by linear analysis) 2412 AAlS
St} s Ao]sl odof thek FRSO] Atk gofsar

A} receiver operating characteristic (ROC) £-41-2- AJA|SITY,

i
S
=2

<]
i
off
=)

o
=
ot
T
Io

L

2

LSS HIMR| 2t 0F M9t 7HO)| LRSSl LRI
S84 HHEQ0IH| L

A K2 Bt o] 62.4 + 8.3A1(HS 456~81.9), 221
w2717 19.2 £ 9.0 9] 5~45), A 24.0 £ 3.0
ke/m?(H9] 15.4~30.5)%2L, 91%(90.1%)°] A = 1}A
TR =2 FAEE Bt AHSARE 6195(60.4%), 1L
SUA 5278(51.5%), F=HA 1318(12.9%), IAIESA 16
H(15.8%)°14Tt.

e ABIoE2 45%(44.6%)°190, A s A
SOl g4t LolF FRS Y NCEP 7Ho|=2iQl =57 =, el
UAR] Bl 7} -5 vl Do BT 3-Of5HA] =t (Ta-
ble 1). 571 Gt ojr] Fef, Ak, KHSAE, Pty
Aol Bl 7} 5o Ao|olo] PAFE I vlAl S| ol-H T
=R FAGHARI el AL, BHTHARI Aol M
5 - Lol R-2fgk Apol= QllEt.

WU AojelrollA Alslel AH0) k= 2oy s
left anterior descending artery)®] 39%(86.7%)°2= 71 =
O W2 HYV, QA=W (right coronary artery) 259
(55.6%), ZaA5 R (left circumflex artery) 12%8(26.7%), &
ZHAFs W (left main coronary artery) 1095(22.2%) <O &2 Lf
At WY F Azlet #1= 100 vITE 2475(53.3%),
100~400 D19 157(33.3%), 400 °Ve 6% (13.3%)°14H.

Q.

—~

o

SN W2 1Y B2 WS SH N2l 24
Zh ZE AR AR o g7l e Alsleh 9
= okd] ffell & Asiet 2] 1,100 T2l 400014 =
ALE]) HTREARE AATBIEH(Table 2). & A1313E 2] 10741
FRS 20% ©Vgsrel 20% BIRhE o 250 Aso} 210

3.6441[95% confidence interval (CI) 1.39~9.52] =9k,
NCEP 7o efRloflx= Aldabdeh BHfdo] &2 w0l ¥
2 FHO WAFE Ak 9f7o] 2.8781(95% CI 1.24~
6.65) 9-9I5HA| t=9ktt KOSHA 7Io|=2RIoA e AL
OF 9ol 1,234 =UATE ROk l= ottt & 4159}
2] 1003 4000141= FRSQF NCEP 7o|=2fQl B 9f9io]
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Table 1. Comparison of General Characteristics and Risk Factors between Non-Calcified and Calcified Groups by MDCT Calcium Scoring

Variable Non-Calcified Group (n = 56) Calcified Group (n = 45) p-Value
Demographics
Age (yr) 60.4(7.9) 64.9(8.1) 0.006
Body mass index (kg/m?) 24.1(2.9) 239(3.1) 0.839
Current & former smokers, no. (%) 48 (85.7) 43 (95.6) 0.178
Dust exposure duration (yr) 19.8 (9.1) 185 (8.9) 0.445
Medical history
Systolic blood pressure (mm Hg) 126.8 (14.2) 131.6(15.9) 0.110
Diastolic blood pressure (mm Hg) 777 (9.7) 79.9 (12.4) 0.325
Pneumoconiosis, no. (%) 30 (53.6) 31(68.9) 0.118
Hypertension, no. (%) 23 (41.1) 29 (64.4) 0.019
Diabetes, no. (%) 6(10.7) 7 (15.6) 0.470

Laboratory values
Cholesterol (mg/dL)

Total 182.8 (36.9) 187.9 (36.6) 0.490
High-density lipoprotein 451 (10.6) 475(15.3) 0.349
Low-density lipoprotein 99.4 (29.4) 107.0 (28.5) 0.193
C-reactive protein (mg/dL) 0.39 (0.75) 0.68 (1.94) 0.308
Creatine (mg/dL) 1.18 (0.16) 1.17 (0.17) 0.865
CVD risk assessments
FRS, no. (%) > 20% (n = 25) 8(14.3) 17 (37.8) 0.007
NCEP, no. (%) High (n=36) 14 (25.0) 22 (489) 0.013
KOSHA, no. (%) Risk (n = 29) 15 (26.8) 14 (31.1) 0.633

Coronary artery calcification
Total calcium socre, no. (%)

< 100 - 24 (53.3) -
100-400 - 15 (33.3) -
> 400 - 6(13.3) -
Location, no. (%)
LM - 10 (22.2) -
LAD - 39(86.7) -
RCA - 12 (26.7) -
LCX - 25 (55.6) -

Note.—Study groups were divided as either non-calcified (< 1) or calcified group (> 1) by total calcium score. Statistical analysis was performed by chi-
square test for categorical variables and Student's t-test for continuous variables.

CVD = cerebrovascular disease, FRS = Framingham risk score, KOSHA = Korean Occupational Safety and Health Agency (KOSHA H-1-2010), LAD = left
anterior descending artery, LCX = left circumflex artery, LM = left main coronary artery, MDCT = multidetector CT, NCEP = National Cholesterol Education
Program (See Ref. 2), RCA = right coronary artery

Table 2. Coronary Artery Calcification Risk from Cerebrovascular Disease Risk Assessments
Crude Odds Ratio (95% Confidence Interval)

CVD Risk Assessments

TCS =1 TCS = 100 TCS = 400
FRS < 20% (n = 76) 1 1 1
> 20% (n = 25) 3.64(1.39-9.52) 1.28 (0.44-3.77) 3.32(0.63-17.62)
NCEP Low (n = 65) 1 1 1
High (n = 36) 2.87 (1.24-6.65) 2.42 (0.91-6.44) 3.94 (0.68-22.66)
KOSHA Normal (n = 72) 1 1 1
Risk (n = 29) 1.23 (0.52-2.93) 0.73 (0.24-2.22) 0.48 (0.05-4.28)

Note.—Crude odds ratios with 95% confidence interval were calculated at three cutoff points in total calcium score.
CVD = cerebrovascular disease, FRS = Framingham risk score, KOSHA = Korean Occupational Safety and Health Agency (KOSHA H-1-2010), NCEP = Na-
tional Cholesterol Education Program (See Ref. 2), TCS = total calcium score
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G2 HT =0 ojA] A3]5) YFO] AT ROJokA = Als W AJ3]SkRF FRSO| Yol W tiAIAL B HiSE B
AT, o5 Qlok, ARt Ml’“ S WU A3|5IoA] %9

AR 2 A5]L x]of thal FRS (= 0.283, p = 0.004) % 82.5% vs. T7%, 52 12.5% vs. 16.4%, 19
9} NCEP 7Pol=2lRl(r = 0.247, p = 0.013)2 9-2Jak ko] AF & 5% vs. 6.6%%1, FRSOH/H% AT 20% vs. 9.8%,

WS B0I(Fig. 1A, B), G- VA Lol S7Frs SS90 65% vs. 59%, LA 15% vs. 31.1%3AH.
W F A3Ist 21 = 0.284, p = 0.004)2+ FRS (r = AAROl vlsl X#HE2olA s ® A3]skp = 0.541)2t
0.436, p < 0.001)= 25l S7I8I¥THFig. 1C, D). KO- FRS (p = 0.035) 25 =7} S718kp= izt et
SHA 71| =210k s 5 A3]ot 4] = A HlAAE ORI AR Bou wits A3lgtk= F 7 7Hof -2
O] Liol9} foloh S Holx] it Sk A7t Q.

T 20| 2 YF U M2|2teF FRSO| AHE 22 LSS Mot HO LY FRSS HTHY
Table 30MlAl= 2l A7H0]] ek g ot 1S Thofl - FRS2HE st Al5]sl fedof oieh Audg Yottt
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Fig. 1. Scatterplots show that correlation between FRS and TCS (A), between NCEP and TCS (B), between age and TCS (C), between age and FRS (D).
TCS was significantly positively correlated with FRS (r = 0.283, p = 0.004) as well as NCEP (r = 0.247, p = 0.013). TCS and FRS significantly in-
creased with age.

Note.—FRS = Framingham risk score, NCEP = National Cholesterol Education Program, TCS = total calcium score
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Table 3. Distribution Comparison of TCS and FRS between Negative and Positive Groups for Pneumoconiosis

Method Category Negative Group (n = 40) Positive Group (n = 61) p-Value
TCS Low, < 100 33(82.5) 47 (77.0) 0.541
Moderate, 100-400 5(12.5) 10 (16.4)
High, > 400 2(5.0) 4(6.6)
FRS Low, < 10% 8(200) 6(9.8) 0.035
Moderate, 10-20% 26 (65.0) 36 (59.0)
High, > 20% 6(15.0) 19 (31.1)

Note.—Study groups were divided as either negative (profusion < 0/1) or positive group (profusion > 1/0) by pneumoconiosis findings. Data are expressed
as the number of subjects (percent). p-value was calculated by the Linear by linear association of chi-square test.

FRS = Framingham risk score, TCS = total calcium score

1.0
Cutoff point FRS = 13.5%
Sensitivity = 73.6%
0.8 1-specificity = 41.4%
> 0.6
=
Z
<
A 0.4
0.2
AUC = 0.69 (95% Cl = 0.59-0.79)
OO 1 T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

1-specificity

Fig. 2. Receiver operating characteristics curve illustrate that coro-
nary artery calcification risk by Framingham risk score (FRS). Area un-
der the curve (AUC) was 0.69 (95% Cl, 0.59-0.79) with cutoff point of
13.5%.

Note.—Cl = confidence interval

JAF ROC 248 AAJSICHFig. 2). FRSQ] ROC WA
0.69(95% Al=5-7F 0.59~0. 79)@‘1, Hohbd2 13.5%(Q17+
= 73.6%, 1-E°|% 41.4%)= LERIT]H

A TFO] dE Q1 /F a1t BlEo] MDCT s
=] A3 AHE _E"JH/H J}/%PEDH 15}
< o5 4 Y= EHZR QAR ou] gkeF ot (5-7, 15),
MDCT & *494 AAks Hag T ewWAehe XId
2G&1 MDCT s datxgs
of E-gol &z g D}(6—8, 15, 16)

AR Y acle = e A =S ol =A%
o= e AR Qb= FRSF NCEP 7rol=eRRlke: MDCT
s Aojoket =2 HAdZ BIAITHS-7, 13, 17), &

FEUETE ClISshs ol JlotE FRSEH MDCT e

F
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1315} HAPH B L4BHA0H(5). TRIE A 91510l
k11 Q)= 454 o)Fo] ZAto] 9l ARES TiAFO 2 B ATk
HLATH(16) oA TAFEUI RIS BhAY 9]3)S FRSULC 2 of
Z3He ZAWct FRSQF MDCT AFs ) 4515} ZAte} 3HA of
238 ol o A=Y (ROC HA 0.63 vs. 0.68, p < 0.001),
FRSOIA] 10l O]l THAHEO1eE Al S13do] 10~19%2 o3
HoLe Tl MDCT AJ8lskat dagh 202 warsigly, -
2] FFAolME WdEH MalotolM 55.6%7t FRS
10~20%°1 Sig=ar, ROC B4 AutojA] MDCT H4Hs 0l
A3131 1ol thieh FRSO) AT 13.5% %

N
N
H _]>-
r&"
ool
X

Kim 5(17)9] G472 A7oA MDCT #HAFs 2 A 5]o} ZAket
FRS= -8-0J5k ko] ARAlS Wil (r = 0.282, p < 0.01), H]
MBS (F Al8IsE 2] = 0)3 A5k (F A3]st 4] >
1) 2kl FRS AP r= AR Aol HTH(4.3 vs.
11.0, p < 0.001). 92} AFAAIAE FRS7} S7Fers

PAPS U M8)5H 23T OlsHA 751, Aalakzol v
Mafak2urt FRSO] IRErt SABtA 0 § ol £t
(17.4 vs. 13.3, p < 0.001). FRS YY=7} oxe] A4y}
(T)sck 7] Liek 22 7. Syt chio] T 5o
o AEAUE 21 e W) SYOET ol 62,44, 25
A, A S SR 90.10%, DU 51.5% o
@ 229 4 olck, E9, 92) APl TAFEU Alsla)
980] 44.6%2 ek} AR HEOR B A7)
o] THAFE U 4315t QT (E ABIBE 4 > 1, 31.4%)Hck

ATATtoA AEAQ AR Y FUHR R
MDCT 4@*%‘%“ Hm} AF-E Yot bl Qo] th2 F7he
o FRS7F 7 -2l6kA| 9ll=(crude OR = 3.64, 95% CI
1.39~9. 52)054 U= Zog LRt Kim 5(7)9] dr2at
(Crude OR = 2.71, 95% Cl 1 83~4.01)F YAt E3L,

KOSHA 7tol=gelif= 5= ougl= AE UA
3=t °k= WHO/ISH (23)3 2z ZPAJSE KOSHA 70|
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TAMOIAE 49, 7%= A BA1(24)% vf Qo0 vlw A %]
Zofl G=rollM 21000 e S = QH Uit e FOES 4O =2 AL
THUAS A AxfoflAE Uil Yetut; B2 =E o]
A AldHABEo 2 Qo H=5F AFRS-(standardised mortality
ratios: SMRs)©]-8-2J5HA| 22 Z1(1990~2005% SMRs = 106.6,
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