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Abstract Lipoprotein(a) [Lp(a)] has enhanced athero-
thrombotic properties. The ability of Lp(a) levels to predict
adverse cardiovascular outcomes in patients undergoing
coronary angiography has not been examined. The relation-
ship between serum Lp(a) levels and both the extent of an-
giographic disease and 3-year incidence of major adverse
cardiovascular events (MACE: death, myocardial infarction,
stroke, and coronary revascularization) was investigated in
2,769 patients who underwent coronary angiography [me-
dian Lp(a) 16.4 mg/dl, elevated levels (=30 mg/dl) in 38%].
An elevated Lp(a) was associated with a 2.3-fold [95% confi-
dence interval (CI), 1.7-3.2, P< 0.001] greater likelihood of
having a significant angiographic stenosis and 1.5-fold (95
CI, 1.3-1.7, P < 0.001) greater chance of three-vessel dis-
ease. Lp(a)=30 mg/dl was associated with a greater rate of
MACE (41.8 vs. 35.8%, P=0.005), primarily due to a greater
need for coronary revascularization (30.9 vs. 26.0%, P =
0.02). A relationship between Lp(a) levels and cardiovascu-
lar outcome was observed in patients with an LDL choles-
terol (LDL-C) =70-100 mg/dl (P = 0.049) and >100 mg/dl
(P=0.02), but not <70 mg/dl (P= 0.77). Polymorphisms of
Lp(a) were also associated with both plasma Lp(a) levels and
coronary stenosis, but not a greater rate of MACE. Lp(a)
levels correlate with the extent of obstructive disease and
predict the need for coronary revascularization in subjects
with suboptimal LDL-C control. il This supports the need to
intensify lipid management in patients with elevated Lp(a)
levels.—Nicholls, S. J., W. H. W. Tang, H. Scoffone, D. M.
Brennan, J. Hartiala, H. Allayee, and S. L. Hazen. Lipopro-
tein (a) levels and long-term cardiovascular risk in the con-
temporary era of statin therapy. J. Lipid Res. 2010. 51:
3055-3061.
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For more than a century, evidence has continued to
accumulate supporting the pivotal role of cholesterol in
the pathogenesis of atherosclerotic cardiovascular disease
(CVD). The finding of a curvilinear relationship between
systemic levels of LDL cholesterol (LDL-C) and prospec-
tive cardiovascular risk in population studies (1) and un-
equivocal clinical benefit of therapies that lower LDL-C
(2) have prompted its central role in the approach to risk
prediction and preventive strategies. However, the finding
that many patients with established CVD have normal
LDL-C levels and no identifiable risk factor suggests that
additional factors are likely to play a contributory role in
promoting cardiovascular risk.

A number of additional lipid risk factors have been pro-
posed to be independently associated with CVD. Lipopro-
tein (a) [Lp(a)] contains apolipoprotein (apo)B-100, linked
by a disulfide bond to apo(a). Data supports the idea that
Lp(a) possesses potent atherogenic and thrombogenic
properties (3-6). This is likely to be derived not only from
the presence of apoB-100, but also due to the presence of
a kringle structure with remarkable homology to plasmin-
ogen, which may alter hemostatic activity. Although epide-
miologic studies have reported variable findings with
regard to the relationship between Lp(a) levels and car-
diovascular risk (7-18), it was recently reported that genetic
polymorphisms associated with elevated Lp(a) levels are
associated with an excessive rate of myocardial infarction
(19-22). This implicates a direct role for Lp(a) in acute
thrombotic/ischemic events. In addition, accumulating
evidence suggests a relationship between apo(a) isoform
size and both Lp(a) levels and cardiovascular risk (23).

Abbreviations: apo, apolipoprotein; CABG, coronary artery bypass
grafting; CAD, coronary artery disease; CI, confidence interval; CrCl,
creatinine clearance; CVD, cardiovascular disease; GWAS, genome-
wide association study; Lp(a), lipoprotein(a); LDL-C, LDL cholesterol;
MACE, major adverse cardiovascular event; MI, myocardial infarction;
OR, odds ratio; PCI, percutaneous coronary intervention; SNP, single
nucleotide polymorphism.
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The relationship between Lp(a) and cardiovascular
events requires ongoing exploration in different patient
cohorts in order to elucidate its potential role as a marker
of clinical risk and target for therapeutic manipulation.
In particular, its role in higher risk patients, regardless of
their level of LDL-C or concomitant use of high-potency
statin therapy, has not been defined. The objective of the
current analysis was to investigate the clinical and genetic
relationship between baseline levels of Lp(a) and both
the extent of angiographic disease and the subsequent
incidence of cardiovascular events in a cohort of patients
who presented for a clinically-indicated coronary angio-
gram and with a contemporary treatment regimen.

METHODS

Study population

Patients were enrolled in the GeneBank study, a repository
of clinical, biochemical, and angiographic data from consent-
ing subjects undergoing elective diagnostic cardiac evaluation,
including coronary angiography, at the Cleveland Clinic. All
participants gave written informed consent and the Institu-
tional Review Board of the Cleveland Clinic approved the
study protocol. The current analysis evaluated sequentially en-
rolled subjects without biochemical evidence of myocardial
necrosis (troponin I [cTnI] <0.03 ng/ml), and who did not
undergo coronary revascularization or experience an ischemic
clinical event (death, MI, or stroke) within 30 days of the in-
dex cardiac catheterization.

Biochemical determination

Specimens were stored at —80°C prior to analysis. Lp(a) was
measured in serum samples by an automated latex enhanced
immunoassay (QUANTIA Lp(a) assay and standard) using the
Abbott Architect ci8200 platform (Abbott Laboratories, Abbott
Park, IL). For this assay, a concentration up to 30 mg/dl was
considered within the normal range, with an inter- and intra-
assay coefficient of variation of 3.5% at 13 mg/dl, limit of de-
tection of 0.4 mg/dl, and precision less than 5%. This assay is
not influenced by apo(a) isoform size. Cardiac troponin I was
also measured using a high sensitivity assay on the Abbott
Architect platform, as previously described (24). LDL-C was
calculated by using the Friedewald equation. An estimate of
creatinine clearance (CrCl) was calculated using the Cockcroft-
Gault equation.

Endpoint determination

Adjudicated outcomes were ascertained over the ensuing 3
years for all subjects following enrollment. Coronary artery dis-
ease (CAD) was defined as any clinical history of myocardial
infarction (MI), percutaneous coronary intervention (PCI), or
coronary artery bypass surgery prior to enrollment, or angio-
graphic evidence of CAD (=50% stenosis) in one or more ma-
jor coronary arteries at index coronary angiography examination
at time of enrollment. A MACE was defined as death (all-cause,
from the Social Security Disease Index), nonfatal MI, nonfatal
stroke or coronary revascularization [PCI or coronary artery by-
pass grafting [CABG) ] following enrollment. Revascularization
procedures recorded during the follow-up period included
atherectomy, balloon angioplasty, CABG, PCI, or stent. For sub-
jects with multiple events, only the first event was considered for
this analysis.
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Genetic analyses

As part of ongoing genome-wide association studies (GWASs)
in GeneBank, 3,031 samples were genotyped using the Affyme-
trix 6.0 GeneChip. In addition to single nucleotide polymor-
phisms (SNPs) spanning the Lp(a) locus on chromosome 6, five
SNPs previously reported to be associated with plasma Lp(a) lev-
els and/or CAD phenotypes (21, 25) were also present on the 6.0
chip and selected for the present analysis. All variants were tested
for Hardy-Weinberg equilibrium using a x” test prior to analysis.
Haplotypes of the four previously reported SNPs (rs2048327,
1rs3127599, 157767084, rs10755578) were estimated using an ex-
pectation-maximization algorithm to generate maximum like-
lihood estimates of haplotype frequencies, which assigns the
probability that each individual possesses a particular haplotype
pair. Association analyses of these haplotypes were only carried
out in those individuals whose haplotypes could be determined
with greater than 80% probability. Quantitative association tests
were carried out in 2,376 subjects for whom plasma Lp(a) levels
were available using multiple linear regression under an additive
genetic model with adjustment for age and gender. Due to non-
normality, Lp(a) values were natural log transformed prior to
analysis. To test for association with CAD, we used logistic regres-
sion under an additive genetic model with adjustment for age
and gender and reported the results as odds ratios (ORs) with
95% confidence intervals (CIs). Cox proportional hazard models
were used to calculate the risk for experiencing a MACE, with
adjustment for traditional cardiac risk factors.

Statistical analysis

Patients were stratified according to baseline Lp(a) levels < or
=30 mg/dl for all analyses. Continuous data was summarized by
mean + SD across level of Lp(a) and compared using the Stu-
dent’s ttest if data was normally distributed. Nonnormally dis-
tributed continuous datawas summarized as median (interquartile
range) and compared using the Wilcoxon rank-sum test. Cate-
gorical data was presented as percentage and compared using
the x° test. Kaplan-Meier methods were used to estimate time to
3-year endpoints. Cox proportional hazards models were used to
calculate hazard ratios and 95% ClIs in determining the risk of
3-year MACE and revascularization events for patients with an
elevated Lp(a). ORs from a logistic regression analysis were gen-
erated to summarize the association of high Lp(a) and both the
rate of maximum angiographic stenosis =50% and presence of
three-vessel disease. To determine if the risk with an elevated
Lp(a) differs across LDL-cholesterol levels, 3-year MACE and
revascularization rates were also investigated in patients, strati-
fied according to baseline LDL-C of <70, =70-100, =100 mg/dl.
All analyses were performed using SAS version 9.1 (Cary, NC).
Pvalues <0.05 were considered statistically significant.

RESULTS

Patient characteristics

The median (interquartile range) Lp(a) level in the en-
tire cohort was 16.4 (6.8, 60.5) mg/dl. Whereas 37.9% of
patients had a Lp(a) =30 mg/dl, the upper quartile of
patients had a Lp(a) at baseline in excess of 60 mg/dl.
A high rate of significant obstructive disease was present
at the time of the baseline angiogram. A stenosis >50%
was observed in at least one coronary artery on angiogra-
phy in 91.8% of patients. Significant three-vessel CAD was
demonstrated in 42.5%. MACE occurred in 36.6% of
patients (25.6% coronary revascularization, 10.5% death,
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5.2% myocardial infarction, 1.1% stroke) during a 3-year
follow-up.

Clinical characteristics, medication use, and biochemi-
cal parameters in patients stratified according to their
level of Lp(a) are summarized in Table 1. Patients with a
Lp(a) =30 mg/dl were younger (63.0 +10.7 vs. 63.9 + 10.9
years, P=0.04), less likely to be Caucasian (96.2 vs. 98.4%,
P < 0.001) and diabetic (25.8 vs. 29.7%, P = 0.03), more
likely to have a history of hyperlipidemia (90.8 vs. 87.9%,
P =0.02), and had lower body mass index (29.2 + 5.8 vs.
29.9+5.9 kg/mg, P=0.001) . An elevated Lp(a) was associ-
ated with a greater history of CAD (96.6vs. 91.7%, P<0.001)
and peripheral arterial disease (30.2 vs. 25.0%, P=0.003),
with a higher rate of previous MI (53.7 vs. 49.2%, P=0.03)
and CABG (44.8 vs. 37.0%, P< 0.001). The presence of an
elevated Lp(a) was accompanied by greater LDL-C (101.0 +
31.8vs. 94.9 + 31.0 mg/dl, P<0.001) and HDL cholesterol
levels (34.8 £9.9 vs. 33.6 £ 9.8, P=0.001) and lower triglyc-
erides (119 vs. 123 mg/dl, P= 0.03). As a result, patients
with an elevated Lp(a) were more likely to be treated with
a statin (72.3 vs. 63.1%, P< 0.001).

Lp(a) and angiographic disease

The prevalence of angiographic CAD in patients strati-
fied according to Lp(a) levels is summarized in Table 2.
Patients with an elevated Lp(a) had a greater rate of single
(95.3 vs. 89.7%, P< 0.001) or three-vessel (48.2 vs. 39.0%,
P<0.001) disease. The presence of an elevated Lp(a) was
associated with a 2.3-fold (95% CI, 1.7, 3.2, P < 0.001)
greater likelihood of having a stenosis >50% in at least one
coronary artery and a 1.5-fold (95% CI, 1.3, 1.7, P< 0.001)
greater likelihood of having three-vessel disease.

Lp(a) and cardiovascular events

The incidence of cardiovascular events during 3 years of
follow-up in patients stratified according to baseline Lp(a)
levels is summarized in Table 3 and Fig. 1. The presence of
an elevated Lp(a) was associated with a greater rate of
MACE (41.8 vs. 35.8%, P=0.005), which was primarily due
to an excessive requirement for coronary revasculariza-
tion (30.9 vs. 26.0%, P = 0.02). In contrast, the rate of
death (12.2vs. 10.5%, P=0.20), MI (6.0 vs. 5.7%, P=0.84),
and stroke (1.0 vs. 1.3%, P = 0.64) did not significantly
differ between patients with low or high levels of Lp(a).
Overall, having Lp(a) =30 mg/dl was associated with a
1.2-fold (95% CI 1.1, 1.4, P=0.005) greater likelihood of
MACE and a 1.2-fold (95% CI 1.0, 1.4, P = 0.02) greater
likelihood of coronary revascularization.

Lp(a), lipid levels, and cardiovascular risk

The relationship between the rate of significant obstruc-
tive disease on angiography and cardiovascular event rates
in patients with an elevated Lp(a), stratified according
to baseline levels of LDL cholesterol, is summarized in
Fig. 2. An elevated Lp(a) was associated with a greater rate
of significant obstructive disease, three-vessel disease, or
major adverse cardiovascular events with an elevated Lp(a)
in groups of patients with an LDL-C between 70 and 100
mg/dl and >100 mg/dl. In contrast, patients with very
well-controlled LDL-C levels (<70 mg/dl) demonstrated
no greater risk of angiographic disease or of an adverse
cardiovascular outcome in the setting of an elevated Lp(a).
When LDL-C levels were adjusted for Lp(a) levels, we con-
tinued to observe a greater rate of MACE in subjects with
higher LDL-C levels. (data not shown). An elevated Lp(a)

TABLE 1. Clinical characteristics, medication use and risk factor control in patients stratified
according to baseline Lp(a) level

Parameter Lp(a) <30 (n=1720) Lp(a) =30 (n =1049) P
Age (years) 63.9+10.9 63.0 +10.7 0.04
Male (%) 71.1 68.6 0.17
Body Mass Index (kg/mz) 29.9+5.9 29.2+5.8 0.001
Caucasian (%) 98.4 96.2 <0.001
Diabetes (%) 29.7 25.8 0.03
Hypertension (%) 87.0 85.9 0.42
Hyperlipidemia (%) 87.9 90.8 0.02
History of CAD (%) 91.7 96.6 <0.001
History of PAD (%) 25.0 30.2 0.003
Previous MI (%) 49.2 53.7 0.03
Previous CABG (%) 37.0 44.8 <0.001
Previous PCI (%) 37.0 39.5 0.19
Previous stroke (%) 6.7 7.7 0.35
Aspirin use (%) 78.3 77.4 0.06
Beta-blocker use (%) 66.6 68.3 0.36
Statin use (%) 63.1 72.3 <0.001
ACE inhibitor use (%) 52.1 54.1 0.32
Systolic blood pressure (mmHg) 134.0 £ 21.2 133.1 +22.1 0.28
Diastolic blood pressure (mmHg) 74.1£12.7 74.3 £12.5 0.76
LDL cholesterol (mg/dl) 94.9 + 31.0 101.0 + 31.8 <0.001
HDL cholesterol (mg/dl) 33.6 +9.8 34.8+9.9 0.001
Triglycerides (mg/dI)" 123.0 (87.0, 179.0) 119.0 (84.0, 166.0) 0.03
CRP (mg/L)" ) 2.5 (1.1, 5.9) 2.4 (1.0,5.9) 0.19
Creatinine clearance (ml/min/1.73m?) 95.2 +39.9 92.6 + 39.3 0.13

Results expressed mean + SD for continuous variables or percentage for categorical variables. ACE, angiotensin
converting enzyme; CABG, coronary artery bypass grafting; CAD, coronary artery disease; CRP, c-reactive protein;
MI, myocardial infarction; PAD, peripheral arterial disease; PCI, percutaneous coronary intervention.

“median (interquartile range).
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TABLE 2. Angiographic measures of patients stratified according to
baseline Lp(a) level

Parameter Lp(a) <30 Lp(a) =30 P

Any stenosis >50% (%) 89.7 95.3 <0.001

3-vessel disease (%) 39.0 48.2 <0.001

Left ventricular ejection 51.7+12.7 51.6+12.3 0.54
fraction (%)

Odds ratio for stenosis >50% 1.0 2.3 (1.7,3.2) <0.001

Odds ratio for 3-vessel disease 1.0 1.5 (1.3,1.7) <0.001

was associated with a greater rate of MACE in subjects with
either HDL cholesterol less (42.6 vs. 36.7%, P = 0.01) or
greater (39.4vs. 32.7%, P=0.16) than 40 mg/dl, although
these results failed to meet statistical significance in the
latter group of patients.

Genetic polymorphisms, Lp(a), and cardiovascular risk

Several recent studies have reported the association
of SNPs at the LPA locus with both plasma Lp(a) levels
and CAD-related phenotypes (21, 25, 26). In particular,
Tregouet et al. (21) reported that two haplotypes com-
prised of four SNPs (rs2048327, rs3127599, rs7767084,
rs10755578) spanning a large region encompassing the
SLC22A3-LPAL2-LPA gene cluster on chromosome 6 were
associated with CAD. In a subsequent study, a single in-
tronic LPA SNP was also reported to be associated with
both plasma Lp(a) levels and CAD-related phenotypes
(25). As part of ongoing genetic studies in GeneBank, we
used genotyping data generated from the Affymetrix 6.0
GeneChip in 3,031 GeneBank subjects to first replicate the
association of the five previously reported SNPs and haplo-
types at the LPA locus with plasma Lp(a) levels. As shown
in Table 4, four of these reported SNPs and the two four-
SNP haplotypes were significantly associated with plasma
Lp(a) levels in GeneBank subjects, replicating previous
observations. We also observed association of several ad-
ditional SNPs present on the 6.0 GeneChip located within
the LPA locus with plasma Lp(a) levels, two of which
(rs9457925 and rs2292334) exhibited highly significant
pvalues (Table 4).

Based on these results, we next determined whether
these LLPA variants were also associated with CAD and fu-
ture risk of MACE. Using logistic regression analysis, two
previously reported SNPs (rs2048327 and rs10755578)
and one of the SNPs present on the 6.0 GeneChip
(rs2292334) were significantly associated with risk of CAD

TABLE 3. Cardiovascular event rates in patients stratified according
to baseline Lp(a) level

Parameter Lp(a) <30 Lp(a) =30 P
MACE (%) 35.8 41.8 0.005
Coronary revascularization (%) 26.0 30.9 0.02
Death (%) 10.5 12.2 0.20
Myocardial infarction (%) 5.7 6.0 0.84
Stroke (%) 1.3 1.0 0.64
Hazard ratio for MACE 1.0 1.20 (1.06, 1.37)  0.005
Hazard ratio for coronary 1.0 1.20 (1.02, 1.40) 0.02
revascularization

MACE, major adverse cardiovascular events; death, myocardial
infarction, stroke, coronary revascularization.
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Fig. 1. Cox proportional hazard plots for frequency of major ad-
verse cardiovascular events (MACE: death, myocardial infarction,
stroke, coronary revascularization; A) and coronary revasculariza-
tion (B) in subjects stratified according to Lp(a) <30 mg/dl (solid
line) or =30 mg/dl (broken line).

(Table 5). One of the previously reported haplotypes
(CTTG) also yielded a similar trend, although this asso-
ciation did not achieve statistical significance (Table 5).
Importantly, the effects of these variants/haplotypes on
increasing the risk of CAD are consistent with their effects
on increasing plasma Lp(a) levels. We next carried out
two stratified analyses with CAD. In the first sub-analysis,
we only included those subjects with LDL-C levels above
100 mg/dl and observed that the magnitude of the asso-
ciations was attenuated (Table 5), perhaps as a result of
decreased sample size. In the second sub-analysis, we de-
fined affected subjects as only those with angiographic evi-
dence for severe CAD, defined as the presence of three or
more major epicardial vessels with >50% stenosis. The as-
sociation of rs2048327 and rs2292334 with severe CAD
remained significant with P-values of 0.02 and 0.02, respec-
tively. In addition, the CTTG and CCTC haplotypes also
demonstrated significant (P= 0.02) and suggestive associa-
ton (P = 0.07) with severe CAD, respectively. Using Cox
proportional hazard models, we did not observe associa-
tion of the LPA SNPs/haplotypes with increased prospec-
tive risk of MACE over 3 years of follow-up (data not
shown). Taken together, these results confirm previously
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Fig. 2. Percentage of subjects with any stenosis >50% (A), 3-vessel
disease (B) and major adverse cardiovascular events (MACE: death,
myocardial infarction, stroke, coronary revascularization; C) strati-
fied according to Lp(a) <30 mg/dl (solid bars) or =30 mg/dl
(open bars) and levels of LDL-C.

reported associations and further support the biochemical
and genetic relationship between LPA variants, plasma
Lp(a) levels, and increased risk of CAD (Table 5).

DISCUSSION

In the current analysis, Lp(a) levels were investigated in
stable patients presenting for elective coronary angiogra-
phy. Elevated Lp(a) levels were associated with the pres-
ence of more extensive obstructive disease on angiography
and subsequent need for coronary revascularization dur-
ing 3-year follow-up. The ability of Lp(a) to predict an ad-
verse cardiovascular outcome was observed in patients
with concomitant LDL-cholesterol levels greater than
70 mg/dl. Importantly, the attributable cardiovascular risk
associated with Lp(a) is dramatically attenuated among
subjects in whom LDL cholesterol has been reduced
to below the more aggressive goal of <70 mg/dl. These
findings suggest that the potential atherothrombotic

TABLE 4. Association of SNPs and haplotypes at the LPA locus with
plasma Lp(a) levels in GeneBank

Lp(a) (mg/dl)

Number of alleles 0 1 2 *P

152048327° 24+30 41 +42 55+48  62x10 7
153127599" 32:+40  39+39 45 + 41 1.7x 107"
1s7767084" 37+40  35+41 98 + 33 0.13

rs10755578" 32+39  37+40 41+40 93x10"
CTTG’ 30+37  50+42 64 + 45 1.7x 107
cCTC! 33+£37 91 +54 69 = 41 1.4x107%
rs6919346° 39 + 41 30 + 36 18+27  37x107"
159457925" 33+£37  95+50  114+47  20x 102
152292334 24+30 41 +42 55+48 9.3 x107%®

Data for Lp(a) are shown as mean = SD and all analyses were
adjusted for age and gender.

*Derived from analyses using natural log transformed values.

“Reported by Tregouet et al. (21).

" Risk haplotypes of rs2048327, rs3127599, 1s7767084, and
rs10755578 reported by Tregouet et al. (21).

‘Reported by Ober et al. (25).

¢ Part of ongoing GWAS currently being carried out at the
Cleveland Clinic using the Affymetrix 6.0 GeneChip.

impact of Lp(a) may be influenced by circulating LDL lev-
els. Taken together, these results support the role of Lp(a)
as a marker of cardiovascular risk in patients and the use of
intensive lipid management in subjects with elevated
Lp(a).

Accumulating evidence has suggested that Lp(a) plays
an important role in promoting CVD. The association be-
tween the atherogenic apoB100 and kringle structure with
potential to impair endogenous fibrinolytic activity sug-
gests that Lp(a) plays an important role in the propaga-
tion of atherosclerosis and thrombus formation in the
setting of plaque rupture (3-6). This is supported by early
observations that many patients with premature CAD and
no major risk factors are found to have an elevated Lp(a)
(27). These reports were subsequently confirmed by the
finding of a relationship between Lp(a) and cardiovascu-
lar risk in a number of, but not all, population cohorts
(7-18). Variability in findings are likely to reflect differ-
ences in concomitant risk factors and their range of Lp(a)
levels. Recent reports that genetic polymorphisms result-
ing in elevated Lp(a) levels predict MI further supports
Lp(a)’s role in ischemic CVD (19-21), an observation that
we replicate in our study as well. The current findings ex-
trapolate this relationship to a cohort of patients with a
high prevalence of atherosclerotic disease and with a high
rate of use of established medical therapies. It is important
to note, however, that the current analysis is unable to de-
termine whether Lp(a) plays a direct role in disease patho-
genesis in these patients or simply acts as a marker of
elevated cardiovascular risk.

Although Lp(a) should likely receive increased atten-
tion in risk prediction algorithms, the therapeutic options
are limited. Whereas niacin and hormone replacement
therapy have each been reported to have a favorable im-
pact on Lp(a) levels, the majority of lipid-modifying strate-
gies have little influence on Lp(a). As a result, there is an
ongoing need to identify novel effective therapeutic agents
to lower Lp(a), such as thyromimetic agents (28), with the
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TABLE 5. Association of SNPs and haplotypes with CAD in GeneBank

All Subjects (n = 3031)

Subjects with LDL > 100 mg/dl (n = 1212)

Number of alleles 0 1 2 P 0 1 2 P

rs2048327° 1 1.2 (0.9-1.6) 1.5 (1.0-2.2) 0.04 1 1.2 (0.8-1.8) 1.7 (0.9-3.0) 0.09
rs3127599“ 1 1.2 (0.9-1.6) 1.1 (0.7-1.6) 0.32 1 1.5 (1.0-2.2) 0.9 (0.5-1.7) 0.44
rs7767084" 1 1.3 (0.9-1.7) 0.8 (0.4-1.5) 0.40 1 1.2 (0.8-1.9) 0.8 (0.2-2.8) 0.50
rs10755578" 1 1.3 (0.9-1.6) 1.4 (1.0-2.0) 0.04 1 1.1 (0.7-1.6) 1.4 (0.0-2.4) 0.19
CTTG’ 1 1.1 (0.9-1.5) 2.2 (0.9-5.2) 0.09 1 1.2 (0.8-1.8) 1.2 (0.4-3.4) 0.46
ccrc! 1 1.3 (0.7-2.7) *NA 0.39 1 1.9 (0.6-5.8) *NA 0.23
1s6919346° 1 1.0 (0.8-1.4) 0.5 (0.2-0.9) 0.32 1 0.9 (0.6-1.4) 0.4 (0.1-1.0) 0.15
159457925" 1 2.2 (0.9-5.2) *NA 0.07 1 2.6 (0.8-9.0) *NA 0.12
152292334 1 1.2 (1.0-1.6) 1.5 (1.0-2.2) 0.03 1 1.2 (0.8-1.7) 1.7 (1.0-3.2) 0.07

Data are shown as OR (95% CI) with adjustment for age and gender.

* ORs were not calculated for homozygous carriers of these variants since there were only three subjects carrying two alleles.

“Reported by Tregouet et al. (2009).

’ Risk haplotypes of 152048327, 153127599, 157767084, and rs10755578 reported by Tregouet et al. (2009).

‘Reported by Ober et al. (2009).

! Part of ongoing GWAS currently being carried out at the Cleveland Clinic using the Affymetrix 6.0 GeneChip.

objective of reducing cardiovascular risk. An elevated
Lp(a) or genetic variant may identify a patient who is more
likely to benefit from use of other preventive therapeutic
approaches (19). Given the limited therapeutic options
available, one approach is to lower LDL cholesterol. How-
ever, little has been reported on Lp(a) attributable risks
stratified by LDL-C levels. The current findings support
the notion that a relationship between elevated Lp(a) lev-
els and increased adverse cardiovascular outcomes may be
attenuated with aggressive LDL-C reduction, because en-
hanced risk is not observed in the current patient cohort
where LDL cholesterol is less than 70 mg/dl. The present
findings thus suggest that Lp(a) is an important marker of
cardiovascular risk that identifies patients who are likely to
derive more clinical benefit from intense lipid lowering
with reduction of LDL cholesterol to < 70 mg/dl. The cur-
rent observations provide further support for the concept
that an elevated Lp(a) increases the risk associated with
the presence of traditional risk factors such as LDL choles-
terol (29-32). Ultimately, the impact of altering the de-
gree of LDL-C lowering on the basis of an elevated Lp(a)
remains to be investigated in a prospective randomized
clinical trial. Moreover, the relative merit of combination
therapy with statin and niacin compared with statin mono-
therapy on cardiovascular event rates remains under inves-
tigation in ongoing clinical trials. It is important to note,
however, that these studies did not select patients on the
basis of an elevated Lp(a) level and given that niacin has
additional properties beyond its ability to lower Lp(a), it
cannot be simply inferred that any clinical benefit can be
attributed to changes in that lipid parameter alone.

A number of caveats should be noted with regard to the
present analysis. The Lp(a) threshold that was selected for
the current analysis reflects one that is typically used in
clinical practice. It remains to be determined whether this
will ultimately represent the most optimal for stratification
of risk on the basis of Lp(a). The current analysis was
also performed in patients with a high prevalence of
established atherosclerotic CVD. It remains to be de-
termined whether Lp(a) levels predict the extent of ob-
structive disease and need for coronary revascularization in
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asymptomatic apparently healthy subjects. However, it
should be noted that in studies of apparently healthy men/
women, Lp(a) was identified as a predictor of prospective
risk for development of CVD and mortality (33). It is also
important to consider that use of niacin, an agent that has
been demonstrated to both lower Lp(a) levels and in clini-
cal trials to reduce cardiovascular event rates, was not re-
corded. Another potential caveat of the present study is
that patients were predominantly Caucasian. Given that
there may be differences in the potential atherogenicity of
Lp(a) in different ethnic groups, it is uncertain to what
extent these findings can be extrapolated to other groups.
Although Lp(a) levels were only determined at baseline,
several groups have reported very little fluctuation in lev-
els in an individual over a period of decades, due to the
fact they are predominantly influenced by genetic rather
than environmental factors. Accordingly, it is likely that
Lp(a) levels remained relatively stable during the duration
of patient follow-up. It is possible that additional clinical
factors may have influenced the relationship between
Lp(a) and cardiovascular risk. In addition, apo(a) isoform
size may also be relevant, although these data were not
available in the current analysis. Furthermore, it is impor-
tant to note that much of the previous controversy in the
Lp(a) field was likely to reflect the use of suboptimal
immunologically based assays, with poor reproducibility,
methodological issues with sample storage and handling,
and investigations of relatively low risk cohorts. The more
recent trend toward consistent findings of a relationship
between Lp(a) and outcome may reflect the use of new
generation assays.

In conclusion, the current findings provide further evi-
dence that Lp(a) predicts the extent of angiographic dis-
ease and subsequent incidence of cardiovascular events in
patients presenting for elective cardiac evaluation. Fur-
ther, the attributable risk associated with elevated Lp(a)
appears to be substantially attenuated among subjects in
whom aggressive LDL-C lowering has occurred to levels
<70 mg/dl. The present findings further support the as-
sociation between Lp(a) and atherosclerotic CVD. The
lack of relationship at low levels of LDL-C suggests that the
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presence of an elevated Lp(a) identifies a patient who is
more likely to benefit from use of intensive lipid lowering
strategies. i
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