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Association of Levels of Serum Lipids and Lipoproteins with Coronary Artery
Disease Documented by Angiography

Sung Hoon Kim, M.D., Seog Ho Kim, M.D., Heung Sun Kang, M.D,,
Chung Whee Choue, M.D., Kwon Sam Kim, M.D., Myung Shick Kim, M.D.,
Jung Sang Song, M.D., Jong Hoa Bae, M.D,,

Young Seol Kim, M.D., and Young Kil Choi, M.D.

Division of Cardiology, Department of Internal Medicine, Kyung Hee University,
School of Medicine, Seoul, Korea

Background © The association between the levels of serum lipids and lipoproteins and
coronary artery disease(CAD) was well established. This study examines to assess the rela-
tion of the concentrations of serum lipids and lipoproteins to the severity of coronary athero-
sclerosis quantified by angiography.

Methods © We studied 72 patients(men 47, women 25 and mean age 55.6 years) who under-
went coronary arteriography for suspected coronary artery disease. Coronary lesion scores
were represented by estimates of stenosis in four major coronary vessels. We determined
the levels of serum total cholesterol, triglyceride and HDL-cholesterol by biochemical me-
thods. Serum apolipoprotein A-I, apolipoprotein B and lipoprotein(a) were quantified by
radioimmunoassay.

Results . The distribution of Lp(a) levels among the subject population was highly skewed,
with a mean Lp(a) level of 20.0 mg/dL and a median of 15.2mg/dL. Coronary lesion scores
significantly correlated with Lp(a), HDL-cholesterol levels and the age of patient by univa-
riate statistical analysis. By multivariate analysis levels of Lp(a) were associated significantly
and independently with lesion scores and tend to correlate with the presence of CAD.
In men, overall lesion severity of coronary atherosclerosis was related to Lp(a) levels, whe-
reas in women it was related to apolipoprotein B levels by multiple regression anaylsis.

Conclusion . The serum Lp(a) may be considerably more reliable index of advanced coro-
nary artery disease than other lipids and lipoproteins, especially in men.

KEY WORDS : Lipoprotein(a) + Coronary artery disease * Independent risk factor.
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HIT $3EY Ay 2R oy ¥F A
A FAbol el HAC] T AF7E Bol IyH:
gon £33 W3 AHAARELS BEFH A
AFAAEA 2 A Aot o] FF NFARE
Foll A Lipoprotein (a)(¢]3} Lp(a))= s¥A 4
AL vEdle g2 A7} BdE A
F8 A¥AR2ZA Bl FEHI Yt Lp(a)e
196313 Bergs Vol 93] & UHAA € FH=
HEo] F1% AdWo g apolipoprotein B-100-&
7HA AujEA gl o] e (glycoprotein) 9l #-A¢
2 300~800 kD2] apolipoprotein(a)7} disulfide
A¥to)l 98] dZAE macromolecular complexiz)
ool Wit &, At & Hlo] #F T A7}
AP gojuiel SHPAHL FUEst & Ao
e 2o Buvh .

{2 vt e B35 Ao Frkste
FAlo] ot FEAeA oy EF AFA RS
FAAEE X Aol FAlC] Wt d+e 1
2] gt} old] HxFE BAETH 2FES AlY
v s ozl BRFRAAEEFY A=
d m& dF AAXANEEHY FAES golr7]
A3t B A& AP

22 Asldy EH¥d Adstd
&g Algwe 71299 g Ui
2 JdaE 479, A 259 o)

138 AP AY B AP H FFol AL
z 7

298 = 4E AR F§ F2
TEHE A FHolSe olfE BEEUxIE
& YL g, o] el BFFY $+I&E L2

87, #% FRPEA) WuoR YARIB
B2 Yaste BAE AT Al sHleh

o2 BaH A=AE 4Ust Sones ol o3
¢ #4ENE 35 mm Yo JsHGsYck
#EEH WA ¥E Y= Az ASsdn,
o] WA #gd BEEY 294L7AE 24
oldel A7t Felsted ARt

2) AESY HHEpo| HY

5 BYFERS 3 A2 3gn HS B
TS A ¥2 & 23 318 X (left anterior descen-
ding), 33} 4 =] (left circumflex) 18] 2 4 X (ob-
wse marginal branches) 2 A E3 o} 2+ #4E
Aol Ho) P YEE 0%, 25%, 50%, 75%, 90%
223 100% 2 vHol ol F o] Hof &9 &
A9 ¥y M= (coronary lesion score) 2 31
omi0, ol ma} A Fog Wrded IF, IE,
aga M 74z JYEY 3 Jevh 25%
n) ekl AS, 25% oA 150% Akl A, gL
150% 0] /42 252 sttt

3) B85 XT Y XEho| &3

gARAE 1242013 FRE) AFsAT
g3 % cholesterol#} triglyceride enzymatc kitZE
AbR-3lo] & 23} 22 HDL-cholesterol & HDL-cho-
lesterol supply kit® o] &3+ H7|gFEHoz =3
A= '

LDL-cholesterol& Friedenwald & 2lo] <]3] A At
8lg T LDL-cholesterol=total cholesterol-HDL-
cholesterol-triglyceride/5 ¥ apolipoprotein  A-1,
apolipoprotein B 2 Lipoprotein (a)& Pharmacia
A}e] radioimmunoassay(RIA) kit ©]£-8}od im-

Table 1. Lipids and lipoprotein levels in men and

women

Men Women
No. 47 25
Age(yrs) 55+10 56+ 10
Total cholesterol(mg/dL) 194+ 38 205+ 38
Triglyceride(mg/dL) 154+ 87 159+ 59
LDL— cholesterol(mg/dL) 38+ 10 39+ 8
HDL— cholesterol(mg/dL)  122+33 134+ 36
Total/HDL - cholesterol 5416 54%1.5
Apo A—I(mg/dL) 10214 110%£17
Apo B(mg/dL) 95+ 21 96+ 29
Lp(a)(mg/dL) 22+ 17 16+ 13

All values are expressed by meant $.D
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% F#7te] H]E Mann-WhineyZAAY, ¥ o
o]4e] v Kruskal-Wallis 234 AHg-3+ ot
AR X7} FHEEE A g€ 4% Spear-
man A g FBAFE T GUAFENE 8
At

chi FEAE 918 A 8 £ 4 (discriminant ana-
ylsis) 2t} 3} 7] 2 (multiple regression analysis)
S 3o AlAE] FJABAAE B3l pakol
0.05 ol3tdd FAFHCE {FoAF Aoz #A
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1. g Mgo] g €3 X2 2o v

A #x} 729 e] 8% cholesterol, triglyceride,
HDL-cholesterol, LDL-cholesterol, apolipoprotein A-
I, apolipoprotein B L8] 31 Lipoprotein (a) 9] &&=
Ao wat 9u e zpole HolR] &strH(Table
D.

2. Lp(a)8E ST CIE 24SY Eolxte}
o u|@

42 Lp(a)FEe B¥E FAEEY} ollge
o} W # |7} 20.0mg/dL, 2% )7} 15.2mg/dLo] T}
(Fig. D. Lp(2) 8% %9 t& &4 5929
PR F A9, 8F cholesterol, triglyceride,
HDL-cholesterol, LDL-cholesterol, apolipoprotein A-
I 18]3 apolipoprotein B 9}e] FAAAE <o}
Hoked 8% cholesterol, LDL-cholesterol @ Apo-
lipoprotein Bs} 2]v] Q1= A 2#A S B h(Table
2).

3. BASY W Mot X|IZEE L] A

g &2 7299 #EY FEHPSF wE
BEY¥XE 19 204 BoFn Uck(Fig 2). ol&
PAEAE BT W F5ol wE Al 2o
Uy, 25%u ke #4359 Hitol e 4
o2 17, 25%0]4 150%0]9ke] ASE [IFE, 150
%olAel ASE mFoz g 4 £ ¥F
AL Ay re] Jd @ FFHAE H 39
vely u}el 23, HDL-cholesterole IO A 1
TR uidA ¥gten, Lp(a)e HIZA I
B} ouilAl Ekth(Table 3).
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Fig. 1. Frequency distribution of serum Lp(a) levels in all 72 patients.



g} ibro] 23S o] ¥ EF Lp(a)s ke
53] g MR Al T BARH R ofulgle
apo] & B H(Table 4).

AT s g g dYFHAE
APFAA] FRBAE Yot 7] st ¥ RFF
AReZ AU FENE el ZE d38A
oA A%, HDL-cholesterol, apolipoprotein B 1g]
I Lp(a)7t gmide AadAE BieH, ¥
gt M Lp(a) st A o], A 2@ Ao & apoli-
poprotein B ¥F Fx=9 ouigle FABAE X
fcH(Table 5).

Z AFAAE AFEHEG SHHoE ¥

Table 2. Correlation of Lp(a) levels with other risk

factors
Parameters r*
Age 0.026
Total cholesterol 0.382%*
Triglyceride 0.023
HDL— cholesterol 0.059
LDL—cholesterol 0.360%*
Apo A-1 0.065
Apo B 0.319**

*Spearman rank correlation coefficient
**P<0.01

FeEAE golRy] ¢dte ohdF AL A3
J ). LDL-cholesterole 1 A A7} ThE W)
g3t SHEAY] WEA A2 1A
¥ttt GF3 7R ¢ Ao Lp(a)g #xty
dio] AFENAES) Ao G vAe 5
2 f1EIAEA FATH oJuE 23 YAk
(Table 6). ©A| & 3] 7] £ 4] (stepwise multiple regre-
ssion analysis) & Al3YEd ZE t43At A
€ Lp(a) 5=t 5”3 Q2N #
AZF 743 A3, o828 HDL-cholesterol, 3+}9]
AE Lolch e FRo A Lp(a)7}, o=t
o] A= apolipoprotein B7} ]EIA2A 9jnjr}
AU EF o] A-JAAE] A5 YA
FFE A3 F Ae AE Yol 3t #
BEN HAY 7L 25% 0| T o) FFog
o] B 4 (multivariate discriminant analysis)
€ A= Lp(a)v 3834 (standardized
discriminant function coefficient) 0.4872 ZA|8}3
¢l oule UUAR BFFAAR] EHH 99
A2 Zgskan YA THP=.07).

I ot
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Fig. 2. Frequency distribution of coronary lesion scores in all 72 patients.



Table 3. Lipids and lipoprotein levels

in relation to coronary lesion scores

Group I 11 111
Coronary lesion score (<25%) (25—150%) (>150%)
No. 16 28 28
Age(yrs) 52+ 13 55+ 9 59+ 10
Total cholesterol(mg/dL) 206+ 33 195+ 29 197+ 49
Trigyceride(mg/dL) 155+ 74 153+ 65 159+ 93
HDL-cholesterol(mg/dL) 42+ 13 40+ 9 85+ 7%
LDL— cholesterol(mg/dL) 124+ 30 122+ 30 182+ 42
Apo A-1(mg/dL) 109+ 11 103% 16 104117
Apo B(mg/dL) 90+t 14 95+ 21 99+ 31
Lp(a) (mg/dL) 13+ 9 18+ 9 26+ 21%

All values are expressed by Meant S.D

*P<0.05 compared with group I by Mann-Whitney test

Table 4. Lipids and lipoprotein levels in relation to coronary lesion scores according to sex

Group 1 II 11
Coronary score (<L25%) (25—150%) (>150%)
Men
No. 9 16 22
Age(yrs) 48+ 12 56+ 9 57+ 11
Total cholesterol{mg/dL) 204+ 39 194+ 28 190+ 45
Triglyceride(mg/dL) 169+ 95 147175 154+ 95
HDL— cholesterol(mg/dL) 43+ 15 38+ 10 36t 7
LDL— cholesterol(mg/dL) 114% 30 123+ 26 124+ 41
Apo A—1(mg/dL) 108+ 10 99t 15 101+ 13
Apo B(mg/dL) 96+ 14 96+ 17 94+ 27
Lp(a)(mg/dL) 13+ 10 18+ 10 29+ 20*
Women
No. 7 11 7
Age 56+ 13 52+ 10 62+ 7
Total cholesterol 208+ 29 195+ 31 217+ 55
Triglyceride 139+ 38 161+ 47 178+ 90
HDL-cholesterol 40X 10 42+ 6 34t 8
LDL-cholesterol 136+ 26 121+ 37 150+ 40
Apo A-l 111+ 13 108+ 16 110+ 25
Apo B 84+ 11 93+ 26 115+ 38
Lp(a) 13+ 8 17 9 17+ 22

All values are expressed by meant S.D
*P<0.05 by Kruskal-Wallis test

E7]o) A THE LDLoY ot g9} Al A4 &
ZEAG o) B} #2F Uxrt & B3-S WAk
LDLe] ¥F o2 AZ}sla Lipoprotein(a)gtil 3
B EN Mg G BAR, o] F AR A
H]F0] 1.05~1.10 g/mLo]n LDL#} e X9l

A3 H719F Aol VLDLY 22 pre-betadi]
ARz BAZE & EFY] EHAA HUuG
12), Lipoprotein(a) ¢] 2% apolipoprotein B-100-&
2t LDL-like particleol} apolipoprotein(a) 7} disul-
fided@o =2 o]Fo]z E&olx, =3 apolipopro-



Table 5. Univariate nonparametric correlation of risk factor with coronary lesion scores

Age T-Chol TG HDL-C LDL-C Apo A-1 Apo B Lp(a)
All (n=72)
r value 0.270 0.028 0.093 -0.271 0.112 -0.079 0.204 0.326
p value 0.011 NS NS 0.015 NS NS 0.043 0.004
Men (n=47)
r value 0.262 0.136 0.075 —0.259 0.040 —0.064 0.001 0.333
p value 0.038 NS NS NS NS NS NS 0.014
Women(n=25)
r value 0.323 0.218 0.170 —0.281 0.290 —0.003 0.494 0.262
p value NS NS NS NS NS NS 0.006 NS

T-Chol : total cholesterol, TG ! triglvceride, HDL-C . HDL-cholesterol
LDL-C : LDL-cholesterol, Apo : apolipoprotein, NS : not significant
r value is the spearmann rank correlation coefficient

Table 6. Independent association with coronary le-
sion scores by multiple regression analy-

sis

t-ratio p value
Age 2.38 0.021
Total cholesterol 1.20 0.236
Triglyceride 0.34 0.739
HDL— cholesterol —1.72 0.091
Apo A-l —0.22 0.826
Apo B 1.24 0.219
Lp(a) 2.76 0.008

tein(a)= FHAA 6] long arme] A ete @Y
ARt o3 2HEHe FE (glycoprotein) & 2
70 ] ¥ d(allele) & 2t Qlo] ExH&F 300~
800 kD] ofej7fe} FFHoE EFETG.
Lp(a)9] 8FF v apo(a)e EHH ozt
2ol & Hol=dl sodium dodecyl sulfate-polyacryla-
mide gel electrophoresis(SDS-PAGE)E Al 3§13
apo(a)oll i3t &Al 2 immunoblottingg 3o 24
apo(a)e] EHFL A& & AH*'?. Apo B-100
o H71gTY HAE 7IEeE L A< B,
aug o =4 9F5HE S, 82, S8, 42 §HE}
b #AZHE fF¥3F EE¥L 44 LpB, Lpsl,
LpS2, LpS3, LpS4, LpO(null allele) 2 F7]%c} =
717} &o} A 7]dFo] WE EEF B, S1 ¥ S2&
o Lp(a) BFFEE 2t vk, Aol =9
HEY 39 S4= e Lp(a) S5 EE #ed.
Zt 3839 dgdF A NIEE AFT Aol E
Hof ol Zt Q1FTe] Lp(a)d] <3 9 7A3}

WAool aolrt UL AAMSETHY.

Apo(a) ] opn| =4t v E 7} DNATFZ7} L] Foll
w2} apo(a)x R4 plasminogen®} AEAlo] =
or Mg HATH wapAdo] glgo] FelE e
2, Lp(a)7} T 4@t opal SR F YA
= A4 £ glgo] dHHTBM.

Lp(a)e 5435 8Ate] JPAA2A 2
B2 F5S 2 Yo Lp(a)7t 423859 9
FAAZA ZAE3L AFo] oju] ez} B
Hol glu2®) HAMZANE EHHA A
A2 FAg3ohe Burt o0 Henys e &
FENEAFoR ExPdo)dFes P ARF
Lp(a)7} 31.6 mg/dLo] d<l B9 92% oA d o]
Al Btk B astgenh), Gays e ol4€
gule] FHAstel Lp(a)7t F27 28-S 3l
Aotz SQ 2, B W& NPT FAo
FAdo] Lp(a)7t AREcte Hux I
71EA 1E2E 2 28 %9 heterozygoted| M = Lp
(@7 2719 4$ BAEAAF Aol o
o ol §1A dFe A Budta ot
8, FYNE BAFUAEDA NN 3T
Hls Lp(a)9] $=7F guigiAl Edvhe ®avt
QI3 G ANZHZANHE Lp(a)7t EFHA
AEAAEA oui7t & BasAH. Lp(a)
© A Zoly dlAlzA A9 4&E @A gen
3l A7t EWIE gle Ao g4 Ao
9. @A7A) g2 vl2E Lovastatin®} & 3
A7 A ol e ¢ WAR 14, neomycinF nia-
cnol¥ g2 F& niacn BEO 2 Lp(a)e] 8F
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FEE AsAATE Bust oyt gog
F o 43 Lp(aE 2E £ Av A A
o] g FETH

L@ 8% 5% BAEALVY gE 9
dlAtetel HAle dwrxoz Ao g3
o geA Ak ey B A7 A s 8F cho-
lesterol, LDL-cholesterol® apolipoprotein B9} A&
BA7 UL BogFYt. Fcholesterle 1 £
ol Lp(a) —cholesterole] ¥ &5]7] wj&o Lp(a)
o AfRAAE HAAoE AZAAHY. Lpa)rt
HDL-cholesterol 2 &3 & o heparin—manganese
o WA EE Freidenwald 2o o8] 228
LDL-cholesterol®] F=+ LDLZ Lp(a)o] Egd
cholesterol & 3-8t Qlo}t. welA Lp(a) ¢} LDL-
cholesterolz} 2] #A &= 2lu)7}t gtz & = YA
o}, Lp(a) 9} #2359 2 gke] #4171 LDL-choles-
terole] FFxrl FAlo &Erte Add dFE
w=tE B gtk Apolipoprotein Be] ¥ 3
FEE BAEY A A2 A cholesterolo]
1} LDL-cholesterol 2t} ¢ #AIY= SIAE B2
Aol A Badta YRGS wh 2P ge
Bu% ok, 99 Lp(a)ete] #AE 34 8%
ALFTE 713 AHEE ddo 23 AFdA Lp
(a)%5 %+ apolipoprotein BE X9} ujefslA|ut o
ole AAAAE BJHY. o] AL Lp(a) lipop-
roteinol] apolipoprotein B} apolipoprotein (a) 7}
Al A8 W Eoleta 4 E Y\ MY
AHAFEE Zte AMEE o 2d A7 AT A
Lp(a) ¢} apolipoprotein B2] & A##A 7 &
the Bavt 9lef®) oj59 @Al g d7E
goz o gag 3ot

2 A7 AFdAN 8F Lp(aexd #YF
Hzg oA vebhd SR EEFe Axe A
+ 9gudle A7 &S BAFUY. BFE
3359 X E A 7Aste AAE o]} BFEH
A& 593 APAAZA Lpa)s FAZA
£3] &alx & ¥ cholesterol, HDL-choleste-
RiSe EAAETY o 2 FHL flAw AAch

T BRI fEdAE FUdd M2
Aolg HAFAT. daleHe Lp(a)d] 8% &
7 BAEH A A FRE AT F e
EHAA AFJIAZA 7 vzt AL, A3

ol A& apolipoprotein Bl 8F ¥%7t b4 2
FFE vAc AHAAR F LA 22U RE
dEa 729 e DAIA 37184 (stepwise
multple regression analysis) 2 Zoll A e} K]
Lp(a), HDL-cholesterol® #xz}e] A ¢o g A4
THAE] YA AFUAAEAN FFE FUH

A spgo] Fuiztel] 2ol & Hole ol & F49
& Fe gou ddERY F7 AR AA ¢
Z7l o] do 2 o B FAE HFLE o]d
e 77 Aol & Aoz Qyzhdr.

2 %

AR -

BgERAEH dFAAFEde BA g
A7t ol A= gl EAR YFAAFEE
HFER A g FFo] LHE Bdo] A
o g A Aok gk BFEAE T A=
g FFAA Tt BAE Folr7] g8t &
ATE AP34

o H:

FE5E F42 AUt BT RxgeS Y
g 728 (A 47, A% 257) 9] FAE LR
Uziel & #dsde §% =g FH3o &
BFEAYAPSTE Tt BFEHAYY] = E
A oz Uyt RE AR 8F F
cholesterol, triglyceride, 712} 1 HDL-cholesterol5-&
Aslstayio g &3 1, 85 apolipoprotein
A-1, apolipoprotein B ® lipoprotein(a) -2 %A}
HYg=ANEL Edle =AY} LDL—choleste-
rol& Friedewald 320 2l 2F&3¢ch

2 ot:

Lp(a)e] EFFre BEEE e H
27} 20.0mg/dL, £4X)7} 15.2mg/dLol i) &
EFEM A FAEH ¥ FFe Lp(,
HDL-cholesterol @ $2}2] A& onjde A
#AE Bk hAZFENAA Lp(a)d BFFE
© BT =& Uehlie SHAHY
APJNAE 23R BFFHEE] EAol 3
&g AL AU OF H7EAAA ZE #
Ao e HGTHAEFe] Jxo Lp(a), HDL
cholesterol & #z}e] A#o], Gt A& Lp(a)7}
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ozl Al = apolipoprotein B7F S &gl 91 A=}
24 g3t YAt

2 E:

Lipoprotein(a) 8] FE =& 53] oA
ofN JFFHAH] FF 2 BYEUHEF
AEE ddse SHARJA AEAREA ulr}
AR}
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