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Abstract

Elevated hpoprotem(a) (Lpfa)) concentratlons are assocmted
with premature coronary heart disease (CHD). In the general

population, Lp(a) levels are largely determined by alleles at the
hypervariable apolipoprotein(a) (apoja]) gene locus, but other
genetic and environmental factors also affect plasma Lp(a) lev-
els. In addition, Lp(a) has been hypothesized to be an acute
phase protein. It is therefore unclear whether the association of
Lp(a) concentrations with CHD is primary in nature. We have
analyzed apo(a) phenotypes, Lp(a) levels, total cholesterol, and
HDL~cholesterol in patients with CHD, and in controls from
the general populatlon Both samples were Chinese individuals
residing in Smgapore Lp(a) concentrations were significantly
higher in the patients than in the population (mean 20.7+239
mg/dl vs 8.9+12.9 mg/dl). Apo(a) isoforms associated with
high Lp(a) levels (B, S1, S2) were significantly more frequent
in the CHD patients than in the population sample (15.9% vs
8.5%, P < 0.01). Higher Lp(a) concentrations in the patients
were in part explained by this difference in apo(a) allele fre-
quencies. Results from stepwise logistic regression analysis in-
dicate that apo(a) type was a significant predictor of CHD,
independent of total cholesterol and HDL cholesterol, but not
independent of Lp(a) levels. The data demonstrate that alleles
at the apo(a) locus determine the risk for CHD through their
effects on Lp(a) levels, and firmly establish the role of Lp(a)
as a primary genetic risk factor for CHD. (J. Clin. Invest.
1992. 89:1040-1046.) Key words: atherosclerosis e risk factor «
quantitative genetic trait « population genetics  genetic epide-
miology

Introduction

Lipoprotein(a) (Lp[a])' is a macromolecular complex in hu-
man plasma that is assembled from a low-density lipoprotein
(LDL) and apolipoprotein (a) (apo[a]) (1). Shortly after the
discovery of the genetic Lp(a) system by Berg (2), it was recog-
nized that high concentrations of Lp(a) in plasma are asso-
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ciated with coronary heart disease and early myocardial infarc-
tion (3-6). This observation was confirmed by numerous stud-
ies in different ethnic groups, using different endpoints for
definition of coronary artery disease (CAD), and different
methods to measure Lp(a) in plasma (7). The vast majority of
these studies are cross-sectional case-control studies. Because
of the strong genetic determination of Lp(a) concentrations,
Lp(a) is widely considered a primary genetic risk factor for
coronary heart disease (CHD), despite the lack of any large
prospective epidemiological studies.

Originally, Lp(a) was described as a qualitative autosomal
dominant trait (2). Later studies showed that Lp(a) is a continu-
ous quantitative trait under the control of a single major gene
(8-12). The nature of this gene remained elusive until the dis-
covery of a genetic size polymorphism of apo(a) and its associa-
tion with Lp(a) levels in plasma (13-15). We have described six
different apo(a) isoforms, designated F, B, S1, S2, S3, and S4,
that vary in size from ~ 400 to over 800 kD. In the population,
the sizes of apo(a) isoforms are inversely associated with Lp(a)
levels, and in families, apo(a) isoforms and levels cosegregate
(13-17). Large isoforms are associated with low Lp(a), and
small isoforms with high Lp(a), in plasma. The human apo(a)
gene codes for a large protein with a high degree of homology to
the plasma zymogen plasminogen (18, 19). It contains a pro-
tease domain, one so-called kringle 5 domain, and multiple
complete, or nearly identical, tandem repeats of a plasminogen
like kringle 4 domain. The introns in apo(a) are also highly
conserved (1, 20) (H. J. Menzel, J. Pfitscher, and G. Utermann,
unpublished). The gene locus for apo(a) on chromosome 6
q2.6-2.7 is highly polymorphic. The alleles at this locus deter-
mine a genetic size polymorphism of apo(a) (1, 13). It has been
shown by quantitative Southern blotting, and more recently by
pulsed field gel electrophoresis, that this polymorphism results
from differences in the number of tandem kringle 4 repeats in
the apo(a) gene (20-22) (H. G. Kraft, S. Kochl, and G. Uter-
mann, unpublished). Together, the family, extended popula-
tion, and molecular genetic studies have shown that the apo(a)
gene locus determines both the size of the apo(a) isoform, and
the concentration of Lp(a) in plasma.

The mechanism by which apo(a) size determines Lp(a) con-
centrations is presently not understood. However, in healthy
Caucasians only about 40% of the variability in Lp(a) levels is
explained by the protein size polymorphism, whereas the rest is
presently unexplained. Other genetic, endogenous, and exoge-
nous factors that influence Lp(a) levels have been identified,
including defective alleles at the LDL-receptor gene locus
which result in a two- to threefold elevation (23). Lp(a) levels
may also be elevated secondary to disease. In end-stage renal
disease, Lp(a) levels are elevated two- to threefold over controls
(24, 25) (H. Dieplinger and G. Utermann, unpublished). Fur-
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ther, it has been shown that Lp(a) may behave like an acute
phase reactant (26). The development of atherosclerosis is a
longlasting process that takes decades before clinical symptoms
are manifest. Therefore, the possibility that elevated Lp(a) lev-
els are secondary to the disease process cannot be excluded.
The same argument does not apply to the apo(a) isoform phe-
notypes that represent invariable genetic markers with a signifi-
cant effect on Lp(a) levels. The present study was designed to
test whether Lp(a) is a primary risk factor for CHD. To this
end, we determined apo(a) types, Lp(a) levels, total cholesterol,
and HDL-cholesterol in Chinese patients with CHD, and a
population sample from Singapore. This population was se-
lected because a much higher fraction of the variability of Lp(a)
levels is explained by the apo(a) size polymorphism than in
Caucasians (27). This demonstrated the expected association of
CHD with elevated Lp(a) levels, but, more importantly, it also
demonstrated an association of CHD with the apo(a) pheno-
type.

Methods

CHD-patients and population sample. Chinese patients with CHD
were selected from a series of consecutive patients attending the Singa-
pore Chest and Heart Clinics in the second half of 1990 for suspected
CHD. Patients with a positive stress test (Bruce protocol) were evalu-
ated for presence of CHD by coronary angiography. Inclusion criteria
for this study were 50% or more stenosis of at least one of the major
coronary arteries. Patients with less than 50% stenosis, valve disease, or
cardiomyopathy, were excluded. 170 patients (136 men, 34 women)
fulfilled the inclusion criteria. For 162 patients, the complete data set
was available. Only those have been analyzed.

The healthy population sample (controls) was recruited from sub-
jects who underwent routine medical examination in connection with
their employment. Inclusion criteria were normal routine biochemical
laboratory tests, a normal resting ECG, absence of a history of cardio-
vascular disease, and diabetes in the subject and first-degree relatives.
211 subjects (110 men, 101 women) fulfilled the inclusion criteria.
Cases and control subjects were from the same ethnic group. The Chi-
nese in Singapore, including both the cases and controls, are Han Chi-
nese from Southern China, and represent the second and third genera-
tion of immigration. Fasting blood was drawn into EDTA and centri-
fuged at low speed. Plasma was stored at —20°C until shipped on dry
ice to Innsbruck. All laboratory analysis was carried out within a maxi-
mum of 6 mo after blood had been drawn.

Laboratory procedures. Apo(a) phenotyping was performed by
SDS-polyacrylamide gel electrophoresis of plasma under reducing
conditions, followed by immunoblotting as outlined (15), with slight
modification. In brief, 2 ul plasma was added to 50 ul 5% (wt/vol) SDS,
0.02 ethylmorpholine pH 8.6, 2 ul 8-mercaptoethanol, and the solution
was heated for 3 min in a microwave oven. 4 ul 1.5% (wt/vol) bromo-
phenol blue in 10% glycerol were added. A 5-ul aliquot was applied to a
6.6% polyacrylamide gel prepared and run according to Neville (28).
Immunoblotting was performed as described, using the monoclonal
anti-apo(a) antibody 1A? (29) which does not crossreact with plasmin-
ogen. A goat anti-mouse peroxidase conjugate (Dako, Copenhagen,
Denmark) was used as second antibody.

Lp(a) quantification was performed by a sandwich-ELISA, essen-
tially as described (29), using a rabbit polyclonal affinity purified anti-
Lp(a) antibody for coating, and the horseradish peroxidase conjugated
monoclonal anti-apo(a) antibody 1A? for detection. Cholesterol and
HDL-cholesterol were determined enzymatically using commer-
cial test kits (Boehringer Mannheim Diagnostics, Mannheim, FRG).

Statistical analysis. Standard statistical methods were used
throughout, and were implemented using BMDP Stat. Software, Inc.
(Los Angeles, CA) (30). Analysis of these data began with a series of

univariate tests to assess the difference of each variable individually
between the cases and the control samples from Singapore. These uni-
variate tests were then followed by multivariate analyses to account for
the interrelationships among the independent variables as they com-
bine to predict whether an individual one is a case or a control. Routine
parametric adjustment of the predicting variables such as Lp(a), and
cholesterol levels for the concomitant effects of age and sex, was not
carried out. Rather, adjustment for these relationships were incorpo-
rated directly into the multivariate analyses (31). Equality of the apo(a)
isoform phenotype frequencies among strata was tested, using a likeli-
hood ratio test. Because the distribution of plasma Lp(a) levels in these
(see below) and other data (27) is highly nonnormal, nonparametric
statistics such as the Kruskal-Wallis test (32, 33) were used to test the
equality of the Lp(a) levels among strata. For consistency, the same
tests were used to test the equality of the other phenotypes between the
cases and controls. Stepwise logistic regression (31, 34) using a maxi-
mum likelihood procedure (35) was used to assess the relationship be-
tween disease status and the set of interrelated predictive variables.
Because of their widely accepted role in influencing CHD, gender and
age were always included in the logistic model; they were not part of the
hypothesis testing hierarchy. Both forward and backward stepping pro-
cedures arrived at consistent results for these data (data not shown).

Results

Apo(a) types and Lp(a) concentrations in a Chinese control pop-
ulation. A description of Lp(a) and lipid levels in the study
population are given in Table I, and the distribution of Lp(a)
levels in the sample from the Chinese population in Singapore
is shown in Fig. 1 4. The mean Lp(a) concentration (8.9+12.9
mg/dl, Table I) is lower in this sample than in the general Cau-
casian populations (27), and the distribution is highly skewed
toward lower levels. Frequencies of apo(a) size isoform pheno-
types are given in Table II. Very large isoforms (designated S4)
predominate in the Singapore Chinese. The single-band S4
type was, by far, the most common apo(a) isoform phenotype
observed in this sample. Taken together, the phenotypes with
only high relative molecular mass apo(a) isoforms (S3, S4, 0)
had a relative frequency of 91.4%. Phenotypes with at least one
smaller isoform (B, S1, S2) were much less common (8.5%).
There exists an inverse association of apo(a) isoform size with
Lp(a) concentrations in plasma (Table III). Lp(a) levels were
significantly different between apo(a) types (Kruskal-Wallis
test = 81.6, 8 d.f.,, P < 0.001). Using the R? value from the
analysis of variance, ~ 53% of the variation in Lp(a) concen-
tration was explained by the size polymorphism of apo(a).
These results agree closely with our previous results on an

Table I. Mean Age and Lipid Levels in Chinese CHD Patients
and a Control Population Sample

Controls CHD patients
n=210 n=162 P
Age yr 37.3+14.5 57.6+8.5 <.01
(17-75 yr) (35-81 yr)
TC mg/dl 215+50 244+56 <.01
(99-369 mg/dl) (132-478 mg/dl)
HDL-C mg/dl 48.0+13.1 34.0+9.1 <.01
(19-98 mg/dl) (12-68 mg/dl)
Lp(a) mg/dl 8.95+12.98 20.71+£24.0 <.01

(0.2-75.0 mg/dl) (1.0-142.5 mg/dl)

Apo(a) Phenotypes in Relation to Coronary Heart Disease 1041
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Figure 1. Histograms of Lp(a) level distributions in a Chinese control
population (4), and Chinese patients with CHD (B) from Singapore.

independent Chinese sample from Singapore (27). Notably,
Lp(a) levels in the Chinese with the S4 isoform are lower than
in Caucasians, but levels are higher in Chinese S2 and S3 sub-
jects compared with Caucasians (compare Table III) (27). The
variance of Lp(a) levels within apo(a) isoform phenotypes is
smaller than in most other groups. Together, this results in a

Table I1. Frequencies (%) of Apo(a) Phenotypes in Chinese CHD
Patients and a Control Population Sample

Phenotype Controls CHD patients
(m)* (m*
B —_ p—
S1 14 (3) 3.7(6)
S2 33 (0) 6.8 (11)
S3 4.8 (10) 13.0 (21)
S4 56.2 (118) 45.7 (74)
0 16.7 (35) 19.1 (31)
B/S2 — 0.6 (1)
B/S4 — 1.2(2)
S1/S2 0.95 (2) —
S2/S3 0.95 (2) 1.93)
S2/S4 1.9 @) 1.2(2)
S3/84 13.8 (29) 6.8 (11)
Total 210 162

* Frequency difference between CHD patients and controls by likeli-
hood ratio test; chi-square = 26.3, 10 d.f., P < 0.01.
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Table III. Lipoprotein(a) Concentration (mg/dl+SD) in Relation
to Apo(a) Type in Chinese Patients with Coronary Heart Disease
(CHD) and a Control Population Sample

Controls CHD patients
Phenotype n=210* n=152
S1 31.7 (28.4) 57.9 (44.8)
S2 442 (21.1) 55.4 (24.0)
S3 17.2 (16.4) 29.2 (16.6)
$4 5.7(7.4) 12.1 (10.2) ©
0 2.2(1.8) 3.7(1.7)
B/S2 — 305 —
B/S4 — 74.7 (5.2)
S1/82 46.0 (14.1) —
S2/83 11.9 (12.2) 88.5(47.7)
S2/S4 31.5(12.2) 60.5 (10.6)
S3/54 10.9 (9.2) 19.2 (9.1)
Total 8.95 20.7

* Kruskal-Wallis Test = 81.63; d.f. 8; P < 0.0001.
# Kruskal-Wallis Test = 93.77; d.f. 9; P < 0.0001.

relatively larger difference of Lp(a) concentrations between the
major types, and in a stronger association of apo(a) type with
Lp(a) level.

Relationship between Apo(a) types and Lp(a) levels in Chi-
nese patients with CHD. Lp(a) levels, apo(a) phenotype fre-
quencies, and Lp(a) concentrations in the different apo(a) phe-
notypes in the Chinese patients with CHD are given in Tables
II and 11, and the distribution of Lp(a) levels in this sample is
shown in Fig. 1 B. The same inverse relationship of apo(a) size
with Lp(a) level as in the control population was present in the
CHD patients (Table III). On the average, patients with large
apo(a) isoforms had lower Lp(a) levels than those with smaller
isoforms. The differences in Lp(a) concentrations between
apo(a) types were highly significant (Kruskal-Wallis test
=93.8;9d.f, P <0.001).

In the patients, the apo(a) size polymorphism explained
65% of the variation in Lp(a) levels. This is higher than in the
population sample, and may be due to the increased frequency
of those alleles associated with elevated Lp(a) levels in the CHD
group (see below).

Thus, Lp(a) levels are mainly determined by apo(a) type in
both Chinese controls and patients with CHD. This suggests
that the differences in levels are in part due to differences in
apo(a) allele frequencies.

Comparison of apo(a) type frequencies and Lp(a) levels be-
tween CHD patients and the control population. Lp(a) concen-
trations are almost twice as high in the CHD patients than in
the general population (P < 0.001). Mean Lp(a) levels are 8.9
mg/dl in the population sample, and 20.9 mg/dl in patients.
Average Lp(a) levels for each phenotype in the CHD patient
and control groups are shown in Table III. For each variable,
levels are significantly higher in the cases than in the popula-
tion sample. We next asked whether the effects of the apo(a)
types on Lp(a) levels are the same in both groups. Fig. 2 shows
the deviation of Lp(a) concentrations from the mean Lp(a)
level of the respective group for each of the common apo(a)
phenotypes. In patients and controls, phenotypic deviations
from group means were virtually identical. These data suggest
that the effects of apo(a) types on Lp(a) levels are the same in
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Figure 2. Graphic representation of the deviation of mean Lp(a) con-
centrations in the common apo(a) types from the respective group
means of controls (0), and patients with CHD (+).

both groups. Consistent with this result, using a two-way analy-
sis of variance (36), there is no significant evidence for an inter-
action effect between apo(a) type and group on Lp(a) levels
(data not shown). The central question of this study was
whether apo(a) types associated with high Lp(a) levels are more
frequent in patients than in the control population. A clear and
significant difference in apo(a) isoform frequencies between
patients and controls was observed (Table II, P < 0.01). Pheno-
types associated with high Lp(a) levels in Caucasians and Chi-
nese were almost twice as frequent in the patients. The small B
isoform that is associated with the highest Lp(a) levels in all
populations studied thus far was only seen in the sample of
patients. Therefore, higher Lp(a) levels in the patients may be
at least partially attributable to differences in apo(a) phenotype
frequencies between patients and controls. However, the differ-
ences in Lp(a) levels between CHD patients and the population
sample can not be totally accounted for by the differences in
apo(a) type frequencies. Notably, Lp(a) levels were also ele-
vated over controls in each of the common apo(a) phenotypes
(Table III). This suggests that the relationship between apo(a)
type, Lp(a) level, and CHD may be more complex than antici-
pated.

We next calculated the odds ratios for Lp(a) levels and
apo(a) types. These ratios represent the relative odds of having
CHD or not having CHD for those with increased Lp(a) levels,
or certain apo(a) types, respectively. A value of one indicates
that there is no association between CHD and Lp(a) levels, or
apo(a) types, respectively. Values significantly greater than one
measure the degree to which the odds of disease are increased
when the risk factor is present. First, subjects were categorized
into those with high and low Lp(a) levels. The histogram of
Lp(a) concentrations in the controls show a natural break at 30
mg/dl (Fig. 1). This value also happens to correspond to the
90th percentile. The odds ratio for being in the CHD group for
subjects with Lp(a) > 30 mg/dl vs those < 30 mg/dl was 3.975
(Pearson chi-square 20.844, d.f. 1; P < 0.0001). Second sub-
jects were divided into those carrying at least one B, S1, or S2
allele vs those without any of these alleles. The odds ratio for
subjects with an allele for one of the low molecular weight
isoforms in the CHD group was 1.946 (Pearson chi-square
4.211, d.f. 1, P < 0.05). Thus, subjects with certain apo(a) al-
leles have a twofold increased risk for CHD.

Total cholesterol, HDL-cholesterol, Lp(a) level, and apo(a)
type as predictors of CHD. Total cholesterol concentrations
were 215+50 mg/dl in the population sample, and 244+56
mg/dl in the CHD patients, which is significantly higher (P
< 0.01). Total cholesterol concentrations in the Chinese con-
trol subjects were unexpectedly high and identical to those in
Western societies. The reason for this is unknown. Cholesterol
levels are, however, typically higher in Singapore Chinese than
in Mainland Chinese (37). This probably reflects differences in
lifestyle. Whatever the reason for the high cholesterol levels in
this particular group, cholesterol levels were even higher in
patients with CHD. HDL—cholesterol was significantly lower
in the patients (34+9 mg/dl) than in the population (48+13
mg/dl). Thus, the classical lipid risk factors were associated
with CHD in the Chinese from Singapore. Stepwise logistic
regression was used to assess the independent contribution of
the laboratory variable to the prediction of CHD. Because of
their widely accepted contribution, sex and age were assumed
to be significant predictors, and were automatically incorpo-
rated into the logistic risk function. HDL—cholesterol, Lp(a)
levels, and total cholesterol, in order, were all independent and
significant predictors of disease (Table IV). Apo(a) type was not
a significant predictor of disease as long as Lp(a) levels were in
the model (P = 0.106). However, if Lp(a) levels were excluded,
Lp(a) type was a significant predictor of CHD (P = 0.03). This
result is consistant with a relationship where apo(a) type deter-
mines Lp(a) level, and Lp(a) level predisposes to disease. Thus,
the important conclusion from the logistic regression analysis
is that apo(a) genotype is a significant predictor of disease, and
is an independent predictor of CHD after considering the tradi-
tional risk factors such as age and cholesterol.

Discussion

This is the first study which firmly establishes a relationship
between genetic apo(a) isoforms, Lp(a) levels, and CHD. The
comparison between Singapore Chinese patients with CHD,
and a Chinese control population, yielded four major results:
(a) Lp(a) levels are significantly higher in CHD patients than in
the population; (b) Apo(a) types associated with high Lp(a)
levels are more frequent in patients with CHD;, (c) Lp(a) levels
are higher in each common phenotype in the CHD patients;
and (d) stepwise logistic regression analysis indicates that
apo(a) type is a significant predictor of CHD, independent of
total cholesterol and HDL—cholesterol, but not independent of
Lp(a) levels.

Table IV. Result of a Stepwise Logistic Regression to Predict
CHD Status among Chinese in Singapore

Variable* Coefficient (SE) Chi square P value
Constant 2.22 1.15 — —
Gender 0.672 0.427 — —
Age 0.116 0.0174 —_ —
HDL—-cholesterol 0.162 0.0253 58.5 <0.001
Lp(a) 0.0513 0.0141 20.1 <0.001
Total cholesterol 0.00933 0.00367 7.17 <0.01

* The constant term along with gender and age were forced into the
logistic function. The other variables are presented in the order in
which they were entered.
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A large number of studies have demonstrated an associa-
tion of plasma Lp(a) concentration with CHD (3-6, 38-41).
Most of these have investigated Caucasian populations, but
two were performed on Japanese (6, 42). With the only excep-
tion of one small-nested prospective case-control study (43), all
studies relating Lp(a) levels to CHD were retrospective case-
control studies. Such studies may be biased, since the event
itself may alter the factor under study. Even prospective studies
may be biased in a situation where there is no single event, but
rather the longlasting process of atherosclerosis. Such a prob-
lem does not exist if the factor under study is a genetic poly-
morphism that is not changed by disease or throughout life.
Lp(a) levels are widely believed to be largely genetically con-
trolled. However, there is also evidence that several nongenetic
factors including postmenopause (44), diabetes mellitus (45,
46), and end-stage renal disease (24) influence Lp(a) concentra-
tions in plasma, and some of them are associated with an in-
creased risk for atherosclerosis (24, 44, 47-49). One report
claims that Lp(a) behaves like an acute phase reactant (26).
Therefore, Lp(a) concentration cannot be considered an un-
changeable, genetically controlled phenotype. Apo(a) pheno-
types, however, are a true polymorphism that is not changed by
disease or throughout life. Relating apo(a) isoforms to disease,
therefore, would definitely show that the apo(a) gene which
determines apo(a) type, and influences Lp(a) level, indeed con-
tributes to susceptibility to CHD.

Apo(a) isoforms were originally designated according to
their relative mobility, compared with apo B-100 in SDS-poly-
acrylamide gel electrophoresis, and six isoforms were distin-
guished (1, 13). Meanwhile, improved separation techniques
have enabled us to distinguish more than 10 apo(a) isoforms by
SDS-PAGE and immunoblotting (16, 27), and more than 20
apo(a) size alleles have been demonstrated by pulsed field gel
electrophoresis (20) (H. G. Kraft, S. Kochl, and G. Utermann,
unpublished). These alleles and isoforms differ by the number
of kringle 4 repeats in the apo(a) gene and protein, respectively.
Higher resolution and better separation of isoforms does not,
however, affect the linear relationship between apo(a) isoform
size and Lp(a) concentration. The same inverse association be-
tween apo(a) isoform size and Lp(a) levels was obtained in
studies based on 6 isoforms (13-15, 27, 50), 11 isoforms (16),
19 alleles (20), and 26 alleles (H. G. Kraft, S. Koéchl, and G.
Utermann, unpublished). To keep the conditions between the
different population samples comparable, we used the same
methodology and the same apo(a) isoform standards through-
out (27). Isoforms were designated according to our original
nomenclature (1, 13). Isoforms that did not comigrate exactly
with one of the isoform standards were binned with the closest
respective isoform in the standard (51). (The apparent molecu-
lar weight of apo(a) isoforms were as follows: F, < 400 kD; B,
~ 460 kD; S1, ~ 520 kD; S2, ~ 580 kD; S3, ~ 640 kD; S4,
> 700 kD.)

The results from this study clearly show that apo(a) type
frequencies are significantly different between Chinese CHD
patients and controls. This is due to a higher frequency of iso-
forms B, S1, and S2 in the Chinese patients. These isoforms,
which are associated with elevated Lp(a) levels in all Caucasian
and Asian populations, were almost twice as frequent in the
CHD patients, compared with the control population. Apo(a)
types were also determined in a second independent set of Chi-
nese controls (n = 189) and CHD patients (n = 192) from
Singapore. (Mean age of the CHD-patients in this set was
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57.748.5 yr). In this second and independent sample, apo(a)
type frequencies were also significantly different between pa-
tients and controls (likelihood-ratio chi-square P < 0.01, Table
V). As in the first set, it was the low relative molecular mass
isoforms (B, S1, S2) associated with high Lp(a) levels that were
significantly overrepresented, and almost twice as frequent in
the CHD patients (Table V). No Lp(a) level information was
available for this set (samples had been stored for more than 12
mo at —20°C, which prohibits reliable determination of Lp(a)
concentrations but not apo(a) phenotyping with our assays).
Therefore, no other data from this set were included here. The
phenotyping data from this independent set does, however,
strongly support our major conclusion from the first set,
namely, that alleles at the apo(a) gene locus contribute to the
risk for CHD.

We believe that these clear results were obtained because we
selected the Chinese population from Singapore for study.
Measured variability at the apo(a) gene locus (apo[a] isoforms)
explains only a fraction of the inter individual variation in
plasma Lp(a) levels. Plasma Lp(a) concentrations, in turn, con-
tribute to the risk of CHD. Therefore, it will be more difficult to
detect a difference in apo(a) isoform frequencies between CHD
patients and controls, compared with differences in Lp(a) lev-
els. In the Chinese controls, a large fraction of the variability in
Lp(a) levels is predicted by variation at the apo(a) locus (R?
from the analysis of variance 0.54).

Logistic regression analysis demonstrated that apo(a) types
are a predictor of CHD, independent of age, sex, total choles-
terol, and HDL cholesterol. The odds ratio for Chinese sub-
jects with isoforms B, S1, and S2 suggest that their risk to suffer
from CHD at a mean age of 57 yr is approximately twice that of
subjects in which these isoforms are absent. It is important to
note that odds ratios were higher for Lp(a) levels than for apo(a)
types, and that apo(a) type was only a predictor for disease
when Lp(a) levels were omitted from the logistic regression
analysis. This strongly suggests that the effect of the apo(a) gene
on disease is mediated by Lp(a) level, and not directly by apo(a)
type. This implies that apo(a) phenotyping is not recom-
mended for CHD risk assessment in practical medicine. Lp(a)
concentrations are sufficient, and superior to isoform determi-
nation for the prediction of CHD risk. In this context, another
observation is noteworthy. Lp(a) levels in CHD patients were
elevated within each of the common apo(a) phenotypic classes.
On the surface, this result may seem counterintuitive if one

Table V. Frequencies (%) of Subjects with Low and High M,
Isoforms in the Two Independent Sets of Chinese Patients
with Coronary Heart Disease (CHD)

and Controls from the General Population

Set 1 Set 2
Controls CHD Controls CHD
Isoforms n=210 n=162 n=189 n=193
B/S1/S2* 8.5 15.9 9.5 18.7
S3/S4/0* 91.5 84.1 90.5 81.3
Likelihood ratio
chi-square P <0.01 P <0.01

* All subjects with either of the isoforms B, S1, and S2.
# All subjects with only S3 or S4 isoforms or with Null type.
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assumes that the elevated average Lp(a) level in the patients
was attributable to an increased frequency of certain apo(a)
isoforms. However, it does not contradict our hypothesis that
differences in apo(a) isoform frequencies contribute to Lp(a)
level differences, and, in fact, might be expected if one con-
siders some features of the Lp(a)/apo(a) system. Two points are
relevant to this discussion. First,-the relationship between
apo(a) type and Lp(a) level is not strict (1, 50). An isoform of
the same size may be associated and cosegregated with high
Lp(a) levels in one, and with low levels in another family (H. G.
Kraft, S. Kochl, Ch. Sandholzer, and G. Utermann, unpub-
lished); second, apo(a) alleles have an additive effect on Lp(a)
levels (1, 14, 50). Thus, there may be more true homozygotes
among the patients, and also more subjects with isoforms that
are associated with levels in the higher range of the respective
type. Both phenomena would result in an increase of the type-
specific Lp(a) levels in CHD patients over controls. Thus, find-
ing both a higher frequency of apo(a) isoforms B, S1, and S2
that are associated with high Lp(a) levels in the general popula-
tion, and a higher mean concentration of Lp(a) in a given phe-
notype, is compatible with the postulated relationship between
apo(a) isoforms, Lp(a) levels, and the risk for CHD. This does
not exclude the possibility that other factors, genetic or non-
genetic, that are unrelated to the apo(a) locus, might also con-
tribute to the elevated Lp(a) levels in CHD patients. Mutations
at the LDL-receptor locus that cause familial hypercholesterol-
emia have been shown to result in elevated Lp(a) levels (23).
Other yet unidentified genes may also raise Lp(a) concentra-
tions and increase the risk for CHD. Thus, the elevated type-
specific Lp(a) levels in the CHD patients may well result from
the operation of both mechanisms.

We conclude that Lp(a) may be an important predictor of
CHD in Singapore Chinese, and that high Lp(a) concentrations
in this population are genetically determined.
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