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‘The prevalence of abnarmalities of lipoprotein cholesteral and
apolipoproteins A-F and B and [ipopretein (a) [Lp(a)] was deter-
mined in 321 men {mean age 50 + 7 years} with angiographically
dotumented corvnary artery disease and compared with (hat in
9901 control subjects from the Framingham (Mspring Study (mean
age 49 £ 6 years) who were cBnically free of coromary artery
disease. After correction for sempling in kospital, beta-adrenergic
medication use and effecis of diet, patients had significantly higher
cholesterol levals (224 + 53 vs, 214 + 36 mg/dl), triglyeerides (189
+ 95 vs. 141 + 104 mgldl), tow densily Kpoproteln (LDL)
cholesterol (156 + 5t vs, 138 & 33 mg/dl}, apelipaprotein B (131
+ 37 vs. 108 = 33 mg/di) and Lp(a) levels (19.9 * 19 vs. 14.9 =
17.5 mgfdl). They also had significanily Jower high density lipo-
protein (HDL) cholesterol (36 = 11 vs. 45 = 12 mp/dl) and
apolipaprotein A-1 levels (114 & 26 vs. 136 = 32 mgfd}) (all p <
0.008).

On the basis of Lipid Research Clinic 90th percentile values for
triglycerides and LDL cholesterol and 10#h percemiile valwes for
HDL chelesterol, the most Erequent dyslipidemins were low HDL

cholesterel alene (19.3% vs. 4.4%}, elevated LDL cholesterol
112.1% v5. 9%), hypertriglyceridemia with tow HDL cholesterol
9.7% vs. 4.2%), hypertriglyceridemia and elevated LDL cholese
teral with low HDL cholesterol (3.4% vs. §.2%) and Lp{a) excess
{15.8% vs. 10%) in patients versus cantrol subjects, respectively
(p < 0.05). Stepwise discximinant analysis indicates that smoking,
hypertension, A, apolipo-
protein B, increased Lp{a)} and diabetes are all significant (p <
0.05) factors in order of imp in distinguishi
patients with coronary artery disease from normal control sub-
Jeets.

Not applying a correction for beta-adrenergic bocking agents,
sampling blas and diet effects leads to & serious underestimation of
the p of LDL ak lities and an imation of
HDL sbnormalities in patients with coronary artery disease.
However, 35% of patients had a total cholestero] level <200 mg/dl
after correction; of these patients, 73% had an HDL cholestero}
level <35 mg/d),

{J Am Coll Cardiol 1292;19:792-502)

The leading cause of morbidity and mortality in the United
States is coronary artery disease and its sequelae. The
identification of subjects a1 risk of developing coronary
atheroselerosis is an important public health issue. 1n addi-
tion to otker risk factors, such as maie gender, increasing
age, hypertension, diabetes and a family history of prema-
ture coronary artery disease, elevated plasma low density
lipopretein (LDL) choleslerol and decreased high density
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lipoprotein (HDL) cholesierol have been shown 10 be inde-
pendent predictors for coronary artery disease in prospec-
tive {1-11) and case-contro] (12-44) epidemioclogic studies.
In view of the multifactorial etiology of coronary atheroscle-
rosis, no single biochemical variable will identify all patients
at risk for developing coronary atherasclerosis. The effects
of the varicus risk factors are clearly cumulative and the
identification of major biechemical markers and their inter-
relations should allow eatlier detection of patients at risk
(4.45).

Elevated LDL cholesterol and decreased HDL choles-
terol concentrations are associaled with an increased risk of
developing coranary artery disease (1,3,3.8-11), The major
apolipoproteins of LDL and HDL particles, namely, apo-
lipoprotein B and apolipoprotein A-l, respectively, are
strongly associated with the presence of coronary artery
disease. An increased level of LDL apolipoprotein B has
been associated with increased risk, as has a low level of
apolipoprotein Al (13-33,36~41,43,44). Lipoprotein (a)
[Lp(a)l, first identified by Berg (46), has been shown to be
increased in patients with angiographically documented coro-
nary arlery disease (47-53). Lp(a) consists of one or more
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malecules of apolipoprotein (a} linked by A cysteine band to the
apelipoprotein B moiety of EDL particies. Recenit
the molecular structure and complementary DiN4 {cDNA) of
apolipaprolein (a) have heen elucidated and have revealed
considerable hamology berween he plasminogen and apalipo-
protein (2) genes. Variant forms of apolipoprotein (a differ in
apparent molecular weight, in par hecause of varying numbers
of kringle-like domams in the mulecule (50)

Our ability to lip oteins and
Lp(a) has been preatly reﬁned in the pﬂql few yeurs. These
variables are used in many studies to provide an assessment of
cardjpvascutar risk in a given population. Most of these varia-
bles, however, are closely i Jaied und their
may not improve our ability to predict risk. The present study
was uncertaken to determine lipid, lipoprotein and apolipopro-
tein atinns and the prevalence of abnermalitics i
lingprotein choigsterol. apolipoproteins A-1 and B and Lpta) in
men with premature coronary aniery disease. We also cor-
rected for confounding varigbles that affect lipid and hpopro-
tein levels, such as the effect of samphng inihe hospital (37,38).
the use of medigati L drenergic blocking
drugs (39-62)—and the role of dmlary changes in our patients
(63). We also studied the ii lations among the variables and
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by the Huiun in
Engiind Medical Center.

Men in = 901) 49 = & years of age from the offspring
cohort of the Framingham Heart Study were used as control
subjects. These control subjects were free of clinical mani-
festations of verebrovascular, peripheral vascular or coro-
nary artery disease and had no histary of myacardial infarc-
tion, Information on risk factors and medication as for the
sindy patients was asceriained. Subjects with clinically
documented cardiovascular disease (angina, defirite or sus-
pected myocardial infarction, electrocardicgraphic evidence
of myocardial infarction. peripheral vascular disease or
vercbrovasculur disease) were excluded. Control subjects
taking lipid-lowering medications were excluded.

Lipid, Tipoprotein, apolipoprotein and Lp(s) measure.
ments. Plasma total chalesterol. wriglycerides and HDL cho-
lesterol levels were determined enzymahcally. with HDL
chnlesierol ined after dextran-
tivri. LDY chalesterol was calcutated by the method of
Friedewald et al. (64) unless the tnghyeciide concentration
was >400 mg/dl. in which case, cholesteral was measured in
1he d > 1.006 infranate after u!(racen\nfuganon {65 66) LDL

! | was then calculated as ol

Review C of the New

determined the most discediminam varishlas far the npevence of
coronary artery disease.

Methods

Subjects studied. Patients {n = 321) underwent clective
cardiac catheterization and coronary angiography for the
diagnosis and determination of the extent of coronary artery
disease at the New Enpland Medical Center Hospital, The
referral base of the hospital includes Greater Boston and
Tastern Massachusetis, All patients were white men <60
years of age (meon = 5D 30 = 7) at the time of coronary
angiography. All were studied between July 1985 and De-
cember 1987, Patients with scute myocandial infarction.
surgery or trauma in the 6 weeks preceding admission were
excluded, as were those faking lipid-Jowering medications.
Information on other risk factors— hypertension (defined as
a history of high blood pressure =150/%5 mm Hg, treated or
not), diabetes (history of diabeles or treatmem with an oral
hypoglycemic agent or insulin} and smoking (=10 cigarettes/
day in the year preceding the procedure), as well as medi-
calivns (especially diuretic drugs, beta-adrenergic blocking
agents and calcium channel blocking deugsl—was nated hy
direct interview and review of the patienl’s medical chari.

The deglee of comnary anery disease was determined by
wo i cardi of the patient’s in-
¢lusion in the study. The presence of corunary artery dis-
ease. defined as >50% stenosis of a majer coronery artery.
was identified on multiple projections (>75% cross-sectional
area sienosis). Patients with minimal disease (<350% steno-
sis) or with narmal angiograms (n = 25) were axcluded from
the analysis. The study protocol was reviewed and accepted

mings HDL cholesterol. Lipid analyses were performed at
tive Lipid Metabotism Laboratory of the U.S, Department of
Agriculture Human Nutrition Research Center on Aging at
Tuits University, and at the Framingham Hean Study Core
Laberatory. Both lat ies use identical procedures and
equipment. Qur laboratory meets the performance criteria of
the Centers for Disease Control Lipid Standardization Fro-
gram (65). Multiple aliquots of plasma were frozen at —80°C
for fater amalysis of apolipoproteins.

Apolipoprotein A-I and apoli in B were
by noncompetitive enzyme-linked immunosorbent assays
(ELISA) (67.68). Mormal ranges for apalipoproteins A-Tand
B were determined in 3,541 participants {men and women)
from the Framingham Offipring Stwdy. Apolipoprotein jm-
munoassays were standardized with use of purified apolipo-
proteins subjccted to amino acid analysis. Lp(a) was deter-
mined by ELISA, erh usc of amonocional anti-] Lp(a) annbody
with ro cross ylop and a polyclonal ant-
body directed at the apullpopmleln (a) portion of Ly(a) [Macra
Lpta), Terumo Corp.]. This assay was standardized with use of
purified Lp(a), with the mass corresponding to the entire
panicle. Lpfa) levels wers determined in 760 male control
subjects and 256 men with coronary artery disease; lack of
plasma sumples avcounis for the missing values. The %0th
percentile for Lpta). based on the contral group. was deter-
mined to be 38.8 mg/dl. All apatipoprotein and Lp(a) determi-
natioris were performed at the Lipid Metabolism Laboratory at
Tufts University, Intra- and interrun coefficients of variance for
these assays were <10%.

Diet effects, We attempted to correct for a possible diet
effect by analyzing the mutrient imtake (as a percent of
caiories) in 43 men with coronary ariery disease and %6
Framingham control subjects by using food frequency ques-
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tionnaires (69). The coronary artery discase group had
slightly lower total fat consumption than did the control
group (29.3% vs. 32.1%), with the following differences in
saturated. monosaturated and polyunsaturated fats: 10.2%
vs. 12.9%: 11.4% vs. 13.3% and 8.6% vs. 5.9%, respectively.
The daily cholesterol intake was 105 vs. 150 mg/1,000 keal.
By applving the formula of Hegsted et al, (70) to determine
the change in total cholesterol, patients with coronary artery
disease would be expected to have a 6.6% decrease in total
cholesterol. On the basis of this subset analysis, we extrap-
olated the effects of diet fo the coronary artery disease group
and made the following assumptions: the effect of the dier
was the same for all patients (that is, a decrease of 6.6% in
total choiesterol due to a deerease in LDL cholesterol),
apolipoprorein B changed 1o the same degroe as LDL
cholesterol and there was no significunt effect overall on
lyceride HDL cholesterol apolipoprotein A<l or Lpla)
levels. Body mass index was calculated as weight (kg)/
height? (crm).

Statistical analysis, The data were stored on 4 VAX
11/780 computer (Digital Equipment Corp.) with use of the
database RS/1 (BBN Software). The normality of continuous
lipoprotein measures was tested by using the Kolmogorov-
Smirnoff test. Triglycerides and Lpta) levels were 1rans-
formed oy using 158, to better approximate a normal distri-
bution. The greuped ¢ test was used (o compare patient and
control groups for these variables. Unpaired two-tailed ¢
tests were used to evaluate the differences between mean
values for variables having a parametric distribution. Log,o
transformation of nonparametric variables was performed
and the 1 test was then used. Chi-square analysis was used 1o
evaluate the differences in smoking, diabeles, hypertension
and use of beta-blockers, as well as differences in prevalence
of lipid disorders. Multiple regression analyses were con-
ducted by using the Statistical Analysis Software (SAS)
package 1o determine corrclation coefficients between the
clinical data and lipid analyscs. We corrected for noted
beta-blocker effect, in-hospital sampling bias and diet effect
and calculated the expected changes in lipid. lipoprotein
cholesterol and apolipoprotein A-I and B levels. The Spear-
man correlation coefficients were nsed for variables not
having 2 normal distribution. Stepwise discriminant analysis
was performed by using a forward/backward procedure with
hypertension, smoking. dinbstes. triglycerides and lipopro-
tein cholesterol levels or apolipoprotein values entcred into
the statistical model.

Results

Clinical data {Table 1}. The mean age of the coronary
artery diseasc and control groups was virtually identical,
although a statistically significant difference was detected (50
+ 7 vs, 49 £ 6 years, patients vs. control subjects, p =
0.046). The prevalence of hypertension was higher in the
coronary artery disease group (419 vs. 20%. p < 0.001), as
was the frequency of diabetes mellitus (12% vs. 3.2%, p <
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“Fabte 1, Ctinical Characteristics of Patient and Control Groups

Paticots With
CAD Control Subjects
(n =321 (n - 901) pValue  p' Value

Age (y1) 027 4916 a6 027
% Male 100% 3% - -_—

Ueta-blacker 5% % <0.001 0.601
Hypertension 2% 209 <0000 000
Diabetes 12% 1.2% <0.001 0.001
Smokers 675 8% <0.001 0,001
BMI 2179 £ 4.08 2014 £ 3.66 0.024 0.14

BMI = body mass index (weight [kglheight lem)®); CAD = caronary
artery diseaye; p’ = currevied for multipte 1 tests (Bonferroni correction).

0.001) und smoking (67% vs. 28%, p < (.001). Body mass
index was 27.79  4.08 in the coronary artery disease group
versus 27.14 = 3.66 in the control group (p = 0.024). After
correction for multiple ¢ tests (Banferroni correction), age
and body mass index were no longer significantly difforent

Because of our previous finding (57) that sampling in
patients in the hospital can lead to a bias in lipoprotein
levels, especially for HDL cholesterol, we performed pro-
spective resampling in 72 patients after hospital discharge
and =6 weeks after cardiac catheterization. No significant
effect on total. LDL and VLDL cholesterc], plasina irighye-
erides or apolipoproteit was noted in the
out of hospital state compared with the hospital sampling.
However, as we have previously seen, HDL cholesterol and
apolipoprotein A-I were lower at the time of the catheteriza-
tion than in the out of hospital stzte (33 £ 9 v5. 37 = 8 mg/dl,
p < 0.001 and 105 + 23 vs, 1{7 + 24 mg/dl, p < 0.001,
respectively). On the basis of this sample (58) and previously
reported data (57), we believed that a correction factor was
necessary to compare HDL cholesterot and apolipoprotein
A-I values in the patiens and control groups. The increase in
HDL and apolipoprotein A-1 concentrations observed out of
hospital was proportional to the initial (in-hospital) values.
HDL cholesterol was thus increased by a factor of 1.0916
and apolipoprotein A-1 by 1.10] for pati¢nis with coronary
artery disease who underwent sampling in the hospital ar the
time of cardiac catheterization.

Medication effect was ulso evaliated in patients with
coronary ariery disease (Table 2). Beta-blockers are known
to exert an efivct on plasma lipuproiein levels {(59-62), Of
the 321 patients 113 (35%) were not and 208 {65%) were
taking a beta-blocker. There were no statistically significant
differences in total cholesterol or apolipoprotein B values in
these two subproups; however, patients taking a beta-
blocker had lower LDL cholesterol, HDL cholesteroi and
apolipoprotein A-I concentrations and higher triglyceride
Ievels than did patients who were not taking such medication
(p < 0.05) (Table 2). B the effects of beta-blockers on
plasma lipoprotein concentrations are significant and two-
thirds of our patients were taking this class of medication,
we analyzed the patients with coronary artery disease as a




JACC Vol. 19. No. ¢

GENEST ET AL. 795
March 15, 1992:792~802 LIFUZROTEINS {N CORONARY ARTERY DISEASE
Tabte 2. Lipoprotein and Apolipopretein Levels in Control Subjects and Patients With Coronary Antery Disease: Effects of Beta.
Adrenergic Blocking Agents
Coronary Anery Disease Gronp
Hete-Blocker Treatment
Contral —_—
Group Overall* o On
tn =501y ([T p' =114 n = 208) P '3
T chol 236 Uz 49 0343 218 = 56 208 = 45 0.059 0.18
Te 141 % 104 189 = 9 <0.001 177 =45 195 = 96 0.046 <0001
YLbL 28 =21 ELIE ] <0001 k4] 29 0.037 <0.001
LDL 138+ 13 141 = d& 1853 14 137 =40 0o <0
HDL s ER IR b 2001 3 M=o 0.623 <0.001
Apo B 108 = 33 123 = 33 <D0 18 1B 033 “0.001
Apo Al 136 £ 32 n =% 14 108 = 24 9016 <0.001
Loy 14907 199 = 2L MR- 178> 19 0378 <t

*Overall results (expressed in mg/dl) currected only for haspital effect. High density Eipoprotein (HDLI cholesterol increased fram 32 + W10 35 = 11 mg/di
(HDL, x 1.0916}. Lipoprotein (a) |Lp ()] was deteimined in 760 male cantral subjects and 256 male patients with ¢oronary artery diseas. Apoliponrotein A
(Apo A-l) increased from 100 = 22 ta 111 = 25 mg/dl (Apo A-1 X 110D to compensate Tor hospital effect (see text for details), Apo B =Apolipopratein B:
LDL = low densily lipaprolein chatesterol: p' = control subjects vs. patients with coronary artery disease: p = patients with coronary antery disease not taking

 beta-adrenergic blocker vs. those taking such medication: p* = control subjects vs. patients with coronary artery disease not taking 2 beta-blacker: T chol =
total cholesterol: Tg = triglycerides: VLDL = very low density lipoprotein cholesierol,

group, then separated those whe were and were not receiv-
ing heta-blocver therapy. We slso adjusicd yceride,
LDL cholesierol. HDL cholesterol, apolipoprotein B and
apolipoprotein A-1 levels in patients taking a beta-blocker to
those paiicnts who wore not taking a beta-blocker. We
assumed that the differences observed between patients with
and without beta-blocker therapy were solely due te the use
of such medication,

Lipid, lipoprotein and apolipoprotein levels (Tables 2 and
3). To comect for a diet effect, total cholesterol, LDL
cholesterol and apolipoprotsin B luvels were increased by
6.6%, as discussed. Uncorrected lipid, lipoptotein and apo-
lipopratein levels are shown in Table 2.

After adjustment for confounding variables, lipid and
lipoprotein cholesterol and apolipoprotein levels in patients
and control subjects were compared (Table 3). The patients
with coronary artery diseasc had a 4.7% higher total choles-

terol level (224 = 53 vs. 214 = 36 mg/dl, p < 0.001), 34%
higher triglyceride level (189 = 95 vs. 141 + 104 mg/d], p <
0.004) and 139 higher LDL cholesterol level {156 = 51 vs.
138 = 33 mg/dl, p < 0.001); they had a 22% lower HDL
chglesterol concentration (36 = i1 vs. 45 = 12 mgAdl, p <
0.001). 16% lower apolipoprotein A-fkevai {114 = 26 vs, 136
+ 32 mg/dl. p < 00PN, 21% higher analipnorotein B leval
(131 = 37 vs. 108 = 33 mgfdl, p < 0.001) and 34% higher
Lpiai level (19.9 = 19 vs. 14.9 £ 17.5 mg/dt, p < 1.003). Nat
correcling for beta-blocker and diet effects significantly
alters the classification of lipid disorders in patients with
coronary arlery disease on such medication (Table 2).
Prevalence of lipoproteim ab lities (Table 4). The cut
paints used for lipoprotein abnormalities were the %0th
percentiles for age and gender according to the Lipid Re-
search Clinics data for lotal and LDL cholesterol and
triglyceride levels and the 10th percentile for HDL choles-

Table 3. Lipoprotein and Apolipoprotein Levels in Control Subjects and Patients With Coronary

Artery Disease

Coranary Artery Discase Group {n = 321)

Control
Group After
in = 30 Overall® P ADJ P’
T chol U436 M= 0.343 745 <0.001
Tg 45 = 104 189 = 96 B 180 + 05 <0001
VLDL 8= B=19 <0.00 B=19 <0.00
LDL 13833 141 46 0.853 156 = 51 <0.00!
HDL ax12 Belo <0.001 il <0.001
Apo B 108 = 33 =3 <0.001 13137 <0.001
Apo Al 136 = 32 1 +25 <0.001 142 <0.001
Lpia) 143175 199+ 215 <0.002 19.9 219 <0.003
*As in Table 2. #Total cholesteral {T chol), low density [j in (LDL) in Al (Apo

A-]) and apolipopratein b (Apo B) adjusted (ADJ) for beta-adrencrgic blocker use and effects of diet (see text). p* =
control subjects vs, patients with coronary artery disease after adjustment for heta-adrenergic blockers and diet

effects. Abbreviations as in Table 2.



796 GENEST ET AL.
LIPOPROTEINS IN CORONARY ARTERY DISEASE

Table 4, Prevalence of Lipupretein Abnormalities in Patienls With
Premature Coronary Artery Disease

Cororary Anery Disease

Comro| Group Growp {2 = 19
In = %0 Overall Aller ADI*

HDL 4.4% 22,05% 19.3%¢
Tg+HDL 42% 13754 2.7%E
Te RI% 9.7% 9.7%
LDL 9.0% 4754
LOL+HDL 0.3% 4752
Te+LOL 045 1658
Te+LDOL+HDL N.2% VY%
Dyshipidemic TIN5 02451
Nomal T AR%
ANHDI. 9.0% 46K
All Tg 13.3% 25.9%1
All LhL 9.905 11.9%
Am B 1L.6% 20044
Apa Al 10.7% 3107t
Lpla 1005 15.8%4 15.8%%

*After adjustment for sampling, bela-adrenergic biockers and diet, Tri-
elyceride (Tg) level >&ith percentite. Low density lipoprotein (LDL} chales-
terol >3ith percentile and high density lipoprotein (HDL] cholesterol <1th
percentile (>%0th pereentile for age and sex matched LRC values for T and
LDL chalestero!: <10th percentile for HDL: apolipoprotein B [Apa Bf >30rh
percentile. Apatizoprotein Al (Apo Al <I0th percentile, based on the
Framiogham Heart Swody}. Presence of Familial hypercholesteroleniia in 4 of
321 (frequency 0.0125). tp < 0.003: 7p < 0.05. Abbreviations as in Table 2.

terol (71). For apolipoproteins B and A-I, the values were
derived from our contro! group of 901 men from the
Framingham Hear! Study free of clinical manifestations of
coronary artery disease. The 90th percentile for apalipapio-
tein B and the 10th percentile for zpolipoprotein A-1 were
chosen as cut points. Based on 2 slightly smaller sample of
cuntral subjects (n = 760), the 90th pereentile for Lp(a) was
determined at 38.8 mefdl.

The most fremmrr abiormality observed was fow HDL
lipoprote¢inemia} after correction for
hospital and medication effects. The next most common
phenolype was elevated LDL cholesterol either aione or in
combination with clevated triglycerides or reduced HDL
cholesterol, or both. The comhbination of hyperriglyceri-
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demia and decreased HDL chal ol was also significantly
higher in paticnts with coranary artery disease. The relation
between hypertriglyceridemia and lew HDL cholesterol has
long bean known (5). The prevalence of elevated Lp(a)
>38.8 mg!d! was higher in patients {15.8%%) than in control
subjects (10%, p < 0.05). In the coronary artery disease
group. four cases of heterozygous familial hypercholesterol-
emia with tendinous xanthomas were noted (estimated fre-
quency 0.0125). In the control group, two patients had a
cholestero! level =350 mgill with LDL cholesterol level
>95th percentile.

Based on the 9th pereentile for triplycerides and LDL
cholesterol and the 10th percentile for HDL cholesterol,
38.9% of patients had ne abnormality compared with 73% of
control subjects (p < 0.001) (Table 4). A slightly higher
proportion of patients had a significant lipid abnormality
while tking a beta-blocker than while not taking such
medication (64.4% vs. 57.5%. data not shown). The corre-
lations among the lipid variables are shown in Table 5.

The reiation between LDL cholesterol and plasma apo-
lipoproiein B on a scanergram (data not shown) reveals that
in some patients with coronary artery disease, elevation of
apolipoprotein B occurs without a proportional elevation in
LDL cholesterol. This abservation has been previously
made by Sniderman et al. (19} for LDL apolipoprotein B (72)
and LDL cholesterol. The prevalence of elevated apolipo-
protein B with normal LDL cholesterol (using the 90th
percentile for both LDL and apolipoprotein B levels) was
19.8% compared with 8.4% in the control group (p < 0.005).
However, only 10.7% of the patients with coronary artery
disease had elevated apolipoprotcin B with normal (that is,
<90th percentile) Jevels of triglycerides and LDL choles-
terol. This provides an index of the frequency of hyperapo-
betalipoproteinemia (19) in this cohort.

Discriminant analysis (Table ). Discriminant analysis
reveals that conventional risk factors allow for an excellent
discrimination between patients and control subjects (Table
6A). When apolipoprotein variables were entered into the
statistical model and mglycendeﬁ total chclcslcrol LDL
<hel L and HDL. chol ol were d
tein B conferred better discrimination than did LDL choles-

Table 5. Correlation Matrix of Lipoproteins and Apclipoproteins in Patients With Premature Coronary Artery Disease (n = 321) and

C?EQ'DI Subjects (n = 501)

T Clul Ts VLDL HBL Apo B Apo Ad Lpia*
T Chat 0262t 0257 st 0183 0720t 0.2799¢ -0.030
Te 0,310t 0.097+ ~0.078 0,260t 0317t 0007 ~0.166
VLDL 0.)461 0.970¢ ~¢085 -0.25§* 0315% 0003 -0.166
LDL 0.837F —0.102* -0.677 0 06441 0.153° ~0.006
HDL 005 ~0.4202 ~Dd297 —6.080¢ -0.040 0.670¢ 0.093
Apo B 0673 0.346% 0.3837 0,569+ -0.28a% 0.073% -0.160
Apo Al 0.135% -0.189 —0.18+ —-0.008 0.756% =0.093* 0.0%6
Lpta) 0.042 -0.147 —0.147 035 055 (o' 0.039

*Lipoprolein (a) |Lp ()] based on 760 contro! subjects and 256 patients with coronary artery disease. 7p < 0.01, $p < 0.001. Data aic Spearman correlation

ceefficients. Lower left = control subjects: upper right =

patients wilh corenary artery disease. Abbreviations as in Table 2.
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Table 6. Stepwise Discriminant Analysis

Stop Variable Farbal r*

Model P ¥alue
A: Lipids and Lipoprelzins®
1 Smoking 0371 037 2001
2 Hypenension L3153 DABS o008
3 HDL [ ) 0579 0.001
4 Diabetes 0.050 069 0.000
5 LDL UL 0.637 0.002
6 Lpla) anni 9,640 0.4l
D: Lipids, Lipoproteins and Apolipuprotsins®
1 Smoking 0.372 0.372 0.001
2 Apo A-] 0.107 n.47¢ 0001
3 Hypartension 0.0% 0.57 o001
4 ApaB 0.049 0622 o
5 Diaberes 0030 0.652 L3t
6 Lpia) ns 0.655 0.040

*Based o 760 contro! subjects and 256 men wil: cenunory antery disease.
Abbreviaticrs o3 in Table 2.

terol between patients and comtrol subjects (Table 6B).
Triglyceride concentrations appear to offer significanmt
univariate discrimination between patients and control sub-
Jects, but were excluded from the model with multivasiate
analysis. Mean and median Lp(a) levels were higher in
patients than in control subjects; Lpfa) is an independent
risk factor for the development of coronary artery disease.
The second model that mcluded traditional risk factors
led that king, hy lipoprotein A-E.,
apolipoprotein B, Lp{a) and diabetes were all significantly
associated with the presence of coronary artery disease.
The frequency distributions for adjusted levels of LDL
(Fig. 1A), apolipop B {Fig. 1B}, HDL
cholestervl (Fig. 1C), apolipoprotein A-1 (Fig. 1), triglyc-
erides (Fig, 1E) and Lpta) (Fig. IF) are shown for patienis
and contra! subjests.

Discassion

Identification of patiemts s risk for developing coronary
artery disease. This poses a daunting problem. Becuuse of
the muhifactorial ctiology of the disorder in which environ-
mental, genetic and nutritional aspects are so closely inter
related, it is becoming increasingly difficult to provide a
cost-effective assessment of risk in 1he general population.
The recently published recommendations of the National
Cholesterol Education Frogram {43) bave focused on toial
and 1.DL cholesterol as a basis for screening and treatment.
Our data suggest that total and LDL cholesterol may not be
the best discriminants for the presence of coronary artery
disease despite the strong association between elevated
cholesterol and the development of coranary artery disease
in cross-sectional ion studies and prospective epide-
miologic studies. Although total cholesterol remains a good
marker for coronary artery discase between populati
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{1.2.2M. HDL cholesterol appears o he a better predictor
within populalions.

The present study shows that total and LDL cholesterof
do not differ significantly between patients and controt
subjects if the confounding effects of diet and beta-blockers
(73) ure not taken o accout, LDL cholesterol, however,
is higher in patiems not 1aking beta-blockers than in control
subjects and patients with coronary artery disease appear to
have a healthier diet than normal control subjects.

Triglycerides. The assoctation between triglyceride con-
centrations and corenary atherosclerosis desezrves close
scrutiny, We observed a significantly higher triglyceride
coiceniration in patiems with coranary artery disease than
n coniro} subjecis, a- bseivation previously noted (74,75),
but not in large, prospective epidemiotogic studies. The
negative corrclation between elevated triglycerides and de-
creased HDL cholesterol levels makes it difficult to consider
triglyceride levels mdependem!y It does appear that high
triglvceride levels are with i
cular risk when th:y are associated with elevated levels of
LDL hot or plasm p ", protein B (lype 1t hy-

li i [761) or
[ow HDL cholesterol levels alone or in combination. Hy-
peniriglyceridemia alone. however, is not significantly more
frequent in patients tham comirol subjects, indicating that it is
the combination of hypertriglyceridemia with eievated LDL
or reduced HBL cholesteral. ar both, that confers additional
cardiovascular risk.

The data presented here show the importance of consid-
ering confounding variables, nat only with respect to indi-
vidual patients. but when intarpreting epidemiologic studies
dealing with lipids and coronary atherosclerosis. The high
prevalence of dyslipidemias in 1he coronary antery disease
group, irrespective of confounding variables, strongly sup-
perts the concept of the role of lipid disorders in the
pathogenesis of coronary atherosclerosis. Diverse mecha-
nisas will undoubtedly underlie most lipid disorders; for the
purpose of di jon, these disorders will be d mto
disorders of LDL, triglvcerides. HDL and Lp(a).

Elevated LD . d (type A hyperlipoproteinemi
1o this study, the p of ¢l d LDL cho iin
patiemts wus 22.4% vs. 9.9% in conirol subjects (p < 0.05)
(Table 4) after correction for confonnting variabies. If those
warizhles are not taken inte account, mean levels of LDL

halesterol and the prevak aof ek i LDL choll 1
are underestimated. The prevalence of elevated LDL cho-
lesteral was 11.9% in patients before comrection. The prev-
alence of LDL cholesterot >9%0th percentile without other
abnormalitics was 12.1% vs. 9% in the control group.
Heterozygous familial hypercholesterolemin (as defined by
markedly elevated LDL cholesterol fevels [>95th percen-
tile], the p of tendi th familial segrega-
tion and premature coronary artery disease) was present in 4
of 321 patients (prevalence 0.0825). In the control group, two
patients had total cholesteral levels >350 mg/dl with LDL

bol of 95tk p ile (preval 0.002). Although
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Figure 1. Frequency distribution of LDL cholestera! (LDL-C) (A},
apolipoprotein (Apo) B (B), HDL chulestersl (RDL-C) (), apolipo
protein (Apo) A-1 (D), triglycerides (E) and Lpfa) (F) in conlrol
subjects (lines) and in men with corontary artery disease (CADY
(hatched bars). Daw are adjusted (adj.) for diet. sampling and
bela-blocksr use. ELISA = enzyme-Tinked immunosorbent assays

accurata estimates of the prevalence of familial hypercholes-
trrolemia due to a functional abnormality of the LDL
tuceptor do not exist. the frequency varies from 0.002 (1 of
5M) in the general population to ©.0037 (1 of 270 in
populations with a founder effect, such as the French Cana-
dians or Afrikaaners in South Africa (77,78).

Comhbined hyperlipidemia (types [IB and IV hyperlipepro-
tuinemiash The frequency of hypenriglyceridemia {without
aliwr npupidtein abnormalities) was 9.7% in the patiemt
group versus 8.5% (close to the expecled frequency of 8.1%%)
|n the conlml group p= NS) Hypertriglyceridemia without

d LDL ol or d d HDL cholesterol
was nol seen more frequently in patients with premature
coronary artery disease in this sudy. The frequency of
} d triglycerides d with Tow HDL chelesterol
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level <200 mgdi. Of those, 73% {¥3 of 113) had a HDL
cholestcral lcvel <35 mpsdt. Thus., despite a total cholesterol
level considered withim the desirable range. many patients
had & significant dyslipidemia.

Lp(a) excess. Nn lasge population norms are as yet avail-
able for Lp{a), In this study Lp(a) levels ware higher in the
patient granp than in the control group and a prevalence of
Lp{at >38.8 mg/dl was alsc higher in the coronary artery
discase group. The frequency distribution of Lp(a) is skewed
to the right both in patients and in control subjects, The
physiologic rofe ef Lpal has not been elecidated, but Lp(ay
may interfere with intravascalar thrombolysis and inhibit the
streptokinase-mediated conversion of ptasmin from plasmi-
nogen. Furthermore, Lpla) is found within atherosclerotic
plaque and may contribute to cholesterol ester avcumulation
within the plaque (56}.

Apolipoprotein B. It has been suggested that apolipopro-
lein B and apolipoprotein A-] serve as better discriminators
for the rresence of coronary antery disease than LDL or
HDL cholesterol. The level of apolipoprotein B was in-
creased in our patients (Table 3) and the value was not
infl d by effect or beta-blocker use. Further-

was higher than expected in the control group if both were
independent of each other {which is not the case). Hyper-
triglyceridemia combined with hypoalphalipoproteinemia is
common in patients with coronary anery disease {Table 4).
The frequency of elevated triglycerides and LDL choles-
terol, with or without decreased HDL cholesterol, was
greater in patients on a beta-blocker than these not taking
such medication.

la (law HDL. chal §). In the
presem study, the most common abnormality was hypoat-
phalipoproteinemia. cither alone (19.3% vs. 4.4%, p < 0.001)
or associated with an elevated triglyceride concentration
(9.7% vs. 4.2%, patients vs. contio] subjects, p < 0.001).
Both the use of a beta-blocker and in-hospital pling

more, the fr of el d apolipop B in the
coronary artery disease group is nearly three times that in
the control group after correction for cenfounders. Qur
assay dnes nol measure LDL apuhpcpmtem B, but does

10tal plasna apolipop B. Ik wecould
not reliably of hyperapob

blish the preval
lipoprotein B in LDL) as ongmaliy

ia (efevated
defined (19) in patients with coronary atherosclerosis be-
cause our assay for apolipoprotein B measures total plasma
apolipnprotein B in comparison with the radial immunodif-
fusion (RID) assay that measurés EDL apolipoprotein B
{72). Howcver, in normelipidemic patients (<90th percentile
[ur triglycerides and LI)L cholestero)), 10.7% have an ele-

causc an overestimation of the prevalence of hypoalpha-
lipaproteinemia, as does the higher proportion of smokers in
our patient group {Table 1). The frequency of “'pure™
hypoatphalipoproteingmia is lower 1han the expected level in
the contral group (4.4%) amd the combined disordcr of
hypertriglyceridemia with low HDL cholesierol is higher
than expected (4.29%). These observation undetlic the close
inverse association of triglycerides and HDL chalesterol. In
I!:le coronary artery disease group. 36.1% had low HDL
| alone or in ination with ether lipop

abnommalities compared with 9% in the control grnup. This
represents a fourfold increase over values in control sub-
jects. Our data are comsistent with previously published
data. In several studies (14,27,35,37,0,41,43), the mean
HDL cholesterol level was lower than reported in the
present study. None of these studies has reported the
prevalence of low HDL cholesteral in their patients based on
the 10th percentile l’or age and gender. When considering the
cut points of the National Chol | Education Program

(45}, 35% (113 of 321) of our patients had a total cholesterol

vatgd apulipoprotein B alone d with 4.5% in the
control group. Apolipeprotein B nry reflect the number of
apotipoprotein B-contaimng particles and thus provides bet-
ter discrimination than the chol | content of VLDL and
LDL particles.

Apalipoproteim A-I. Levels of apolipoprotein A-1 were
decreased in patiens with coronary artery disease 10 a
degree similar to the reduction in HDL cholesterol. The
prevalence of low apelipoprotein A-I (<10th percentile) in
patients was nearly 3.5 times that found in control subjects
{after correction for biases). Comparing the two by stepwise
discriminant analysis, apolipoprotcin A-1 appears slightly
better than HDL cholestercl in differentiating patients from
control subjects.

In this case-contrel study of 321 men with angiographi-
cally documented coronary artery disease, plasma levels of

hol ol, LDL chol i, triglycerides, apolij
B and Lp{a) were increased and kevels of HDL cholesterol
and apolipoprotein A-1 were decreased compared with a
group of healthy middle-aged men with no clinical manifes-
tations of corcaary atherosclerosis. The prevalence of lipe-
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prolein abrormalities was confounded by in-hospital sam-
pling bias, dietary changes and use of beta-blockers. When
these were taken into account, the most common abnormal-
ilies include hypnarphahpnprotelnemm. combined hyperiri-
glyceridemia with hypoatphalipopr elevated Lp(a)
and elevated LDL cholesteral. Thc use of boa-blockers in
patients results in overestimalion of the frequency of hyper-
triglyceridemia and hypoalphalipoproteincmia and underes-
timation of the frequency of elevated LDL cholasterol.

Conclusians. This study revealed a high prevalence of
dyslipidemias in patients with coronary artery disease. Clin-
ical trinis (79-83) have demonstrated thar a reduction in
clevated LD choleslerol is associated with a reduction in
cardiovascular mortality, The current guidelings of the Na-
tional Cholesterol Education Program (45) are directed at the
screening and treatment of elevated LDL cholesterol levels.
The prevalence of HDL cholesteral and triglyceride abnar-
malities was greater in the coronary artery discase group
than in the contro} group and accounted for >30% of the
lipoprotein abnormalitics identificd in this study. We recom-
mend that adult men with cororary artery disease have a
d of HDL chol ol, regardless of total cho-
lesterol, and that healthy men havc a determination of

iglycerides and HDL ol if the total cholesterol is
>200 mg/dl. In addition, our data suggest that apalipoprotein
B, apolipoprotein A-1 and Lp(a) are slightly better discrim-
inators between patients and control subjects than are cnn-
ventional lipoprotcin variables.

To our knowledge, no other case-control studies in patients
with coronary artery disease have takes inte account the
effects of sampling biases, medications and differences in diet
compared with a contro! group, However, prospective studies
have shown the importance of elevated total and LDL cheles-
terol in paticnis with coronary artery disease. Our study
suggests that once these variables are taken into account, our
results elosely match those of prospective studies with regard
te lipoprotcin cholesterol levels. Moreover, the data point to
the concept that in paticnts with established coronary artery
disease more aggressive efforts should be made to lower LDL
chotesterol levels 10 < 100 mgidl and consideration should also
be directed (o using agents known to raise HDL constituents
(for exampie, niacin, fenofibiate, gerafibrozil, simvastatin, lov-
astatin and pravastatin).
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