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LIPOPROTEIN(A), A LIPOPROTEIN

described more than 40 years
ago,1 is a specific class of lipo-
protein particles found in hu-

man plasma, made up of a single copy
of apolipoprotein B-100 linked to an
apolipoprotein(a) component. It dif-
fers from low-density lipoprotein cho-
lesterol (LDL-C) by this apolipopro-
tein(a) component, a protein with
marked size heterogeneity.2 Its struc-
tural homology to plasminogen3 may
lead to inhibition of fibrinolysis, con-
tributing to a thrombogenic milieu.4,5

High lipoprotein(a) levels correlate with
a greater degree of atherosclerotic coro-
nary artery disease6 and carotid wall
thickening7,8 but not with coronary cal-
cium.9 Lipoprotein(a) may induce
chemotaxis of monocytes and affect
plasminogen activator inhibitor 1 and
tissue factor expression.10,11 Plasma lev-
els are stable over time and more than
90% of the variation in plasma lipopro-
tein concentrations may be attribut-
able to the apolipoprotein(a) gene.12,13

Epidemiological studies of lipopro-
tein(a) have shown disparate results,
leading to controversy about the clini-
cal utility of routinely measuring lipo-
protein(a). Although many studies have
shown positive associations,14-20 oth-
ers have shown weak21 or no associa-
tions.9,22-26 Part of this controversy has
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Context Controversy exists as to whether lipoprotein(a), a lipoprotein with homology
to plasminogen, is a clinically meaningful cardiovascular risk marker in women. There is
also poor agreement among lipoprotein(a) levels obtained by different assays.

Objective To determine the association of lipoprotein(a) levels, measured with an
assay independent of apolipoprotein(a) isoform size, with the incidence of future car-
diovascular events.

Design, Setting, and Participants Prospective study of 27 791 initially healthy
women in the Women’s Health Study, enrolled between November 1992 and July 1995
and followed up for 10 years. Lipoprotein(a) level was measured in blood samples ob-
tained at baseline with an assay independent of apolipoprotein(a) isoform size.

Main Outcome Measure Hazard ratios (HRs) for first-ever major cardiovascular
events (nonfatal myocardial infarction, nonfatal cerebrovascular event, coronary re-
vascularization, or cardiovascular deaths).

Results During follow-up, there were 899 incident cardiovascular events. After ad-
justing for age, smoking, blood pressure, body mass index, total cholesterol, high-density
lipoprotein cholesterol, diabetes, hormone use, C-reactive protein, and randomization
treatment groups, women in the highest quintile of lipoprotein(a) (�44.0 mg/dL) were
1.47 times more likely (95% CI, 1.21-1.79; P for trend �.001) to develop cardiovas-
cular events than women in the lowest quintile (�3.4 mg/dL). This association, how-
ever,wasduealmostentirely toa thresholdeffectamongthosewith thehighest lipoprotein
(a) levels. After adjusting for all of the variables listed above, the HR associated with li-
poprotein(a) levels exceeding the 90th percentile (�65.5 mg/dL) was 1.66 (95% CI,
1.38-1.99); 95th percentile (�83 mg/dL), 1.87 (95% CI, 1.50-2.34); and 99th percen-
tile (�130.7 mg/dL), 1.99 (95% CI, 1.32-3.00), with almost no risk gradient at lower
levels. Associations were strongest among women with low-density lipoprotein cho-
lesterol (LDL-C) above the median level. In this subgroup, the adjusted HR associated
with lipoprotein(a) levels exceeding the 90th percentile was 1.81 (95% CI, 1.48-2.23);
95th percentile, 1.93 (95% CI, 1.51-2.48); and 99th percentile, 1.93 (95% CI, 1.21-
3.05) (P value for interaction with LDL-C=.001).

Conclusions In this cohort of initially healthy women, extremely high levels of lipo-
protein(a) (�90th percentile), measured with an assay independent of apolipoprotein(a)
isoform size, were associated with increased cardiovascular risk, particularly in women
with high levels of LDL-C. However, the threshold and interaction effects observed do
not support routine measurement of lipoprotein(a) for cardiovascular stratification in women.
JAMA. 2006;296:1363-1370 www.jama.com

©2006 American Medical Association. All rights reserved. (Reprinted) JAMA, September 20, 2006—Vol 296, No. 11 1363

 by FREDCRAWFORD, on October 4, 2006 www.jama.comDownloaded from 

http://www.jama.com


been due to the poor agreement be-
tween lipoprotein(a) levels obtained by
different lipoprotein(a) assays in clini-
cal studies. Recently, however, an as-
say that uses a latex-enhanced immu-
noturbic method, independently of
apolipoprotein(a) isoform size and krin-
gle IV type-2 repeats,27,28 has become
available.

Further complications regarding in-
terpretation of lipoprotein(a) levels have
derived from differences in sex,9,29,30 eth-
nicity,9 and differing sensitivities of
stored lipoprotein(a) to degradation, of-
ten in an apolipoprotein(a) isoform-
dependent manner,31,32 making direct
comparison of lipoprotein(a) studies
challenging.33,34 Whether relationships
of lipoprotein(a) to cardiovascular risk
are linear or apply in a threshold man-
ner to those with the highest levels also
remains controversial.

To address these issues, we used a
state-of-the-art lipoprotein(a) assay to
evaluate the role of baseline lipopro-
tein(a) level among 27 791 initially
healthy women who were followed up
for 10 years for incident cardiovascu-
lar events. We also evaluated, based on
prior evidence,8,35-39 whether lipopro-
tein(a) interacts with LDL-C to affect
cardiovascular events in women. Fi-
nally, because lipoprotein(a) is often
measured in patients with premature
coronary artery disease, lipopro-
tein(a) levels in those with and with-
out such family history were com-
pared.

METHODS
Study Design

The study cohort was derived from par-
ticipants in the Women’s Health Study,
a randomized, double-blind, placebo-
controlled, 2�2 factorial design trial
of aspirin and vitamin E in the preven-
tion of cardiovascular disease and can-
cer, conducted among initially healthy
women aged 45 years or older.40-42 Par-
ticipants, enrolled between November
1992 and July 1995, provided base-
line information on behavioral, life-
style, and demographic risk factors. All
participants were followed up prospec-
tively for 10 years for the occurrence

of first-ever major cardiovascular
events, including nonfatal myocardial
infarction (MI), nonfatal stroke, coro-
nary revascularization procedures, and
cardiovascular-related death. The meth-
ods of the cohort assembly, follow-up,
and end-point validation have been de-
scribed previously.40-42 All partici-
pants in the Women’s Health Study pro-
vided written informed consent and the
study protocol was approved by the in-
stitutional review board of Brigham and
Women’s Hospital (Boston, Mass).

Among Women’s Health Study par-
ticipants, 28 345 provided baseline
blood samples that were stored in liq-
uid nitrogen (−150°C to −180°C) un-
til the time of analysis. These samples
underwent lipoprotein(a) and lipid
analysis in a core laboratory certified by
the National Heart, Lung, and Blood In-
stitute/Centers for Disease Control and
Prevention Lipid Standardization Pro-
gram. Due to poor agreement between
lipoprotein(a) levels obtained by dif-
ferent methods,28 we used the only com-
mercially available assay tested by the
National Heart, Lung, and Blood Insti-
tute and the International Federation
of Clinical Chemistry that is not af-
fected by kringle IV type-2 repeats.28 We
determined the concentration of lipo-
protein(a) using a turbidimetric assay
on the Hitachi 917 analyzer (Roche Di-
agnostics, Indianapolis, Ind), using re-
agents and calibrators from Denka
Seiken (Tokyo, Japan). The day-to-
day variability of lipoprotein(a) con-
centrations of 17.6 and 58.1 mg/dL were
3.6% and 1.5%, respectively.

High-sensitivity C-reactive protein
(CRP) was measured using a vali-
dated immunoturbidometric method
(Denka Seiken).43 Total cholesterol was
measured enzymatically. High-
density lipoprotein cholesterol
(HDL-C) (Roche Diagnostics, Basel,
Switzerland) and LDL-C (Genzyme,
Cambridge, Mass) were measured by a
homogeneous direct method. All lipid
determinations were performed on the
Hitachi 917 autoanalyzer. Ninety-
eight percent of the samples received
by the core laboratory underwent suc-
cessful evaluation for each biomarker.

Statistical Analysis
Because the distribution of lipopro-
tein(a) was right-skewed, median val-
ues were computed and ranked tests
were used to determine differences ac-
cording to baseline characteristics
(Kruskal-Wallis test for 3 groups and
Wilcoxon rank sum test for 2 groups).
Spearman correlation coefficients were
calculated to discern correlations be-
tween lipoprotein(a), other lipid frac-
tions, and high-sensitivity CRP. We di-
vided the population according to
quintiles of lipoprotein(a) levels and as-
sessed the hazard ratios (HRs) of fu-
ture cardiovascular events in Cox pro-
portional hazards models, comparing
quintiles 2 through 5 with the lowest
(referent) quintile. The HRs were esti-
mated in models adjusting for age only
and in models adjusting for age (in
years), blood pressure (systolic/
diastolic as defined by Framingham risk
models: �120/�75 mm Hg; 120-129/
75-84 mm Hg; 130-139/85-89 mm Hg;
140-159/90-94 mm Hg; and �160/
�95 mm Hg), diabetes, current smok-
ing status, body mass index (as de-
fined by World Health Organization
categories: �25, 25-29.9, �30), cur-
rent hormone therapy status (current
use vs past or never use), total choles-
terol, HDL-C, CRP, and randomiza-
tion treatment groups. Tests for trends
across quintiles of lipoprotein(a) were
addressed by entering a single ordinal
term for each quintile based on the me-
dian value for lipoprotein(a) within
each quintile. To evaluate for evi-
dence of threshold effects between in-
creasing levels of lipoprotein(a) and risk
of future cardiovascular events, we then
used prespecified cutoffs at the 25th,
50th, 75th, 90th, 95th, and 99th per-
centiles of baseline lipoprotein(a) lev-
els, calculating HRs for individuals with
lipoprotein(a) levels exceeding each of
these thresholds.

To assess for interaction between li-
poprotein(a) and LDL-C, and to assess
for joint effects, we calculated the HRs
of future cardiovascular events in Cox
proportional hazard models after divid-
ing the cohort into 4 groups for lipopro-
tein(a) levels at, above, or less than the
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90th percentile (65.5 mg/dL) and LDL-C
levels at, above, or less than the median
(121.4 mg/dL). P values for interaction
were computed. We constructed Kaplan-
Meier curves for incident cardiovascu-
lar events with lipoprotein(a) levels at,
above, or less than the 90th percentile
and with or without a family history of
MI in a parent before the age of 60 years.
Finally, right-censored c statistic val-
ues44 were calculated for models that did
and did not include lipoprotein(a). All
P values are 2-tailed and a value of less
than .05 is considered significant. Data
analysis was conducted using SAS sta-
tistical software version 9.1 (SAS Insti-
tute Inc, Cary, NC) and S-PLUS version
6.0 (Insightful Corp, Seattle, Wash).

RESULTS
At study entry, the mean (SD) age of
the 27 791 women was 54.2 (7.1) years.
They had a mean (SD) body mass in-
dex (calculated as weight in kilo-
grams divided by height in meters
squared) of 25.9 (5). A total of 3218
smoked currently, 782 had diabetes,
6975 had hypertension, and 3210 had
a family history of MI in a parent be-
fore the age of 60 years. A total of 899
women developed first-ever cardiovas-
cular events. There were 232 nonfatal
MIs, 244 nonfatal ischemic cerebrovas-
cular events, 560 coronary revascular-
izations (percutaneous angioplasty or
coronary artery bypass grafting), and
142 cardiovascular deaths; for women

with multiple events, only the first was
considered for this analysis.

The distribution of lipoprotein(a)
levels at baseline for the complete
study population and according to
other cardiovascular risk factors is
presented in TABLE 1. A total of 7345
(26.4%) women had lipoprotein(a)
levels of 30 mg/dL or higher—a level
often used for conveying increased
risk.16,45,46 Women who had diabetes
or were taking hormone therapy had
lower lipoprotein(a) levels (P�.001),
whereas higher lipoprotein(a) levels
were found among women who were
older (P�.001), black (P�.001), or
reported a family history of myocar-
dial disease before the age of 60 years

Table 1. Distribution of Lipoprotein(a) Levels at Study Entry Among Apparently Healthy Women and Within Indicated Subgroups

No. of
Women

Lipoprotein(a) Levels, mg/dL,
at Each Distribution Percentile

5th 10th 25th 50th 75th 90th 95th

Lipoprotein(a) level, median, mg/dL 27 791 1.30 1.90 4.40 10.60 32.80 65.50 83.00

Age, in decades, y
38-49 8875 1.30 1.90 4.40 10.20 30.40 61.80 79.50

50-59 12 817 1.30 1.80 4.30 10.50 33.00 66.50 83.80

60-69 5165 1.30 2.00 4.70 11.50 35.80 68.10 85.00

70-89 934 1.50 2.10 5.20 12.35 35.00 71.00 88.60

Body mass index*
�25 14 087 1.30 1.90 4.40 10.30 31.50 64.80 82.10

25-29.9 8355 1.30 1.90 4.50 11.00 34.00 66.90 85.00

�30 4810 1.20 1.80 4.30 10.90 33.80 65.30 82.00

Framingham systolic/diastolic
blood pressure categories, mm Hg

�120/�75 9235 1.30 1.90 4.60 10.40 31.70 63.40 80.60

120/75 to 129/84 8863 1.30 1.90 4.40 10.60 31.80 65.50 84.30

130/85 to 139/89 5176 1.30 1.90 4.50 11.10 35.05 67.30 82.30

140/90 to 159/94 3599 1.20 1.80 4.20 11.00 32.90 67.60 85.00

�160/�95 599 1.10 1.70 4.10 10.10 35.40 67.40 84.20

Smoking history
Current 3218 1.30 1.80 4.30 10.50 32.40 66.60 84.70

Past or never 24 549 1.30 1.90 4.40 10.60 32.90 65.40 82.70

Diabetes history
Yes 782 1.00 1.50 3.30 9.10 29.90 68.30 91.80

No 26 996 1.30 1.90 4.50 10.70 32.90 65.40 82.60

Hormone therapy
Current 12 075 1.20 1.70 3.90 9.40 30.40 64.40 81.70

Past or never 15 661 1.40 2.10 4.90 11.60 34.30 66.30 83.90

Race/ethnicity
White 26 261 1.30 1.90 4.30 10.30 31.80 65.20 82.40

Black 513 4.70 7.60 17.60 34.90 63.00 96.80 117.30

Other 781 1.40 2.10 4.80 10.60 25.80 52.00 66.20

Family history of myocardial infarction
Yes 3210 1.20 1.90 4.60 11.30 37.50 71.00 88.20

No 21 798 1.30 1.90 4.30 10.40 31.30 64.30 81.70
*The World Health Organization categories were used. Body mass index is calculated as weight in kilograms divided by height in meters squared.
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(P�.001). No significant relationships
were discerned between lipoprotein(a)
level and body mass index, blood pres-
sure, or smoking status.

The Spearman correlation coeffi-
cient between lipoprotein(a) and apo-
lipoprotein A-1 was −0.02 (P�.001);
apolipoprotein B, 0.14 (P�.001); total
cholesterol, 0.14 (P�.001); LDL-C,
0.17 (P�.001); HDL-C, 0.003 (P=.61);
and non−HDL-C (total cholesterol mi-
nus HDL-C), 0.13 (P�.001); and high-
sensitivity CRP, −0.007 (P=.22).

Association of Lipoprotein(a)
With Cardiovascular Events
The age-adjusted and fully adjusted HRs
for future cardiovascular events accord-
ing to quintiles of lipoprotein(a) are
presented in TABLE 2. In analyses con-
trolling for age, smoking, blood pres-
sure, body mass index, total choles-
terol, HDL-C, diabetes, hormone use,
CRP, and randomization treatment
groups, women in the highest quintile
of lipoprotein(a) (�44.0 mg/dL) were
1.47 times more likely (95% confi-

dence interval [CI], 1.21-1.79) to de-
velop cardiovascular events than
women in the lowest quintile (�3.4 mg/
dL; P for trend �.001). However, as
shown in FIGURE 1, this association was
almost entirely seen in the top quin-
tile suggesting a threshold effect (log-
rank P�.001). Similar associations were
seen for coronary heart disease (MI,
death due to cardiovascular causes,
coronary revascularization) and ische-
mic stroke. In the fully adjusted mod-
els, women in the top quintile of lipo-
protein(a) had a 1.35 times higher HR
(95% CI, 1.07-1.71; P�.001 for trend
across quintiles) for coronary heart
events compared with the lowest quin-
tile and a 1.87 times higher HR (95%
CI, 1.29-2.71; P=.003 for trend across
all quintiles) for ischemic stroke com-
pared with the lowest quintile.

The HRs for prespecified thresholds
of lipoprotein(a) were calculated and are
shown in TABLE 3. The multivariate-
adjusted HR in women with lipopro-
tein(a) levels higher than the 90th per-
centile was 1.66 (P�.001); 95th
percentile, 1.87 (P�.001); and 99th per-
centile, 1.99 (P= .001). After additional
adjustment for race/ethnicity (white,
black, other), similar trends were seen.

Interaction Between Elevated
Lipoprotein(a) and Elevated LDL-C
on Cardiovascular Events

The rates of incident cardiovascular dis-
ease according to lipoprotein(a) levels
at, above, or less than the 90th percen-
tile and LDL-C levels at, above, or less
than the study median value of 121.4

Figure 1. Probability of Cardiovascular Events According to Increasing Quintiles of
Lipoprotein(a) Levels
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Table 2. Future Cardiovascular Events Among Initially Healthy Women According to Lipoprotein(a) Quintiles at Study Entry

Lipoprotein(a) Quintiles at Study Entry
P Value

for Trend1 2 3 4 5

Lipoprotein(a) level,
median (range), mg/dL

1.90 (0.10-3.40) 5.40 (3.50-7.50) 10.60 (7.60-15.30) 24.30 (15.40-43.90) 65.50 (44.00-239.60)

Cardiovascular events, No. (%) 178 (3.2) 169 (3.1) 140 (2.5) 152 (2.7) 260 (4.7)

Person-years of follow-up 55 062 54 612 55 228 55 045 54 626

HR (95% CI)
Age-adjusted 1.00 0.98 (0.79-1.21) 0.77 (0.62-0.96) 0.81 (0.66-1.01) 1.41 (1.17-1.71) �.001

Framingham covariate-adjusted* 1.00 1.00 (0.81-1.24) 0.76 (0.61-0.95) 0.77 (0.62-0.96) 1.35 (1.12-1.64) �.001

Fully adjusted† 1.00 1.07 (0.86-1.32) 0.83 (0.66-1.04) 0.86 (0.69-1.08) 1.47 (1.21-1.79) �.001
Abbreviations: CI, confidence interval; HR, hazard ratio.
*Adjusted for age, blood pressure categories, current smoking status, total cholesterol, and high-density lipoprotein cholesterol.
†Adjusted for age, blood pressure categories, current smoking status, total cholesterol, high-density lipoprotein cholesterol, body mass index, diabetes, current hormone therapy

use, C-reactive protein, and randomization treatment group.
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mg/dL are presented in FIGURE 2. The
highest rates of cardiovascular disease
are seen in women with both lipopro-
tein(a) levels at or above the 90th per-
centile and LDL-C levels at or above the
median. The cohort was further strati-
fied by median LDL-C levels (TABLE 4).
A 1.64-times higher fully adjusted HR
for cardiovascular events was seen in
the top lipoprotein(a) quintile com-
pared with the bottom quintile with
LDL-C levels at or above the median
(P�.001 for trend across all quin-
tiles). In contrast, these associations
were not seen in the women with
LDL-C levels below the median.

The threshold analysis in the subset
of women with LDL-C levels at or above
the median showed a fully adjusted HR
of 1.81 (95% CI, 1.48-2.23) for lipo-
protein(a) levels above the 90th per-
centile (P�.001); 1.93 (95% CI, 1.51-
2.48) for levels above the 95th
percentile (P�.001); and 1.93 (95% CI,
1.21-3.05) for levels above the 99th per-
centile (P=.005). A P value of .001 was
observed in a formal test for interac-
tion, cutting the lipoprotein(a) and
LDL-C categories by their median val-
ues to increase statistical power.

Family History of Premature MI
and Lipoprotein(a)

To evaluate whether family history af-
fects the association of lipoprotein(a)
with cardiovascular disease in these
data, we stratified our analyses by fam-
ily status. Lipoprotein(a) levels were in
general higher in women with a fam-
ily history of premature MI than in
those without such a history (median
lipoprotein(a) levels, 11.30 vs 10.40 mg/
dL, respectively, P<.001; Table 1). How-

ever, when comparing the highest li-
poprotein(a) quintile with the lowest
quintile, the adjusted HRs were simi-
lar among women with a family his-
tory of premature MI (1.51; 95% CI,
0.87-2.63) and without such a history
(1.47; 95% CI, 1.17-1.85). Women with
high lipoprotein(a) levels had a higher
risk of cardiovascular disease, regard-
less of family history.

Analysis With C Statistic

The right-censored concordance in-
dex (c statistic) for the fully adjusted
model that included lipoprotein(a) level
was 0.80. When lipoprotein(a) level was

removed from this model, the c statis-
tic was 0.79. This effect, while small,
was similar in magnitude to parallel
models that excluded total cholesterol
(0.79), HDL-C (0.79), smoking status
(0.78), or blood pressure (0.79).

COMMENT
In this large prospective cohort study
of initially healthy women, extremely
high levels of lipoprotein(a), mea-
sured with an assay independent of apo-
lipoprotein(a) isoform size, were asso-
ciated with increased cardiovascular
disease risk, particularly in women with
high LDL-C levels. This relationship ex-

Figure 2. Lipoprotein(a) and Low-Density Lipoprotein Cholesterol Levels and Cardiovascular
Disease
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LDL-C indicates low-density lipoprotein cholesterol; Lp(a), lipoprotein(a).

Table 3. Future Cardiovascular Events Among Initially Healthy Women According to Prespecified Thresholds of Lipoprotein(a)

Cutoff
Percentile

Lipoprotein(a)
Level, mg/dL

No. of
Women

Cardiovascular
Events, No. (%)

Age-Adjusted
HR (95% CI) P Value

Fully Adjusted
HR (95% CI)* P Value

25th �4.4 20 957 682 (3.3) 1.00 (0.86-1.16) .97 1.05 (0.90-1.23) .56

50th �10.6 13 955 488 (3.5) 1.12 (0.98-1.28) .09 1.10 (0.96-1.27) .15

75th �32.8 6953 302 (4.3) 1.48 (1.29-1.70) �.001 1.48 (1.29-1.71) �.001

90th �65.5 2783 154 (5.5) 1.76 (1.48-2.09) �.001 1.66 (1.38-1.99) �.001

95th �83 1390 92 (6.6) 2.12 (1.71-2.63) �.001 1.87 (1.50-2.34) �.001

99th �130.7 279 24 (8.6) 2.58 (1.72-3.87) �.001 1.99 (1.32-3.00) .001
Abbreviations: CI, confidence interval; HR, hazard ratio.
*Adjusted for age, blood pressure categories, current smoking status, total cholesterol, high-density lipoprotein cholesterol, body mass index, diabetes, current hormone use,

C-reactive protein, and randomization treatment group.
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isted independently of traditional risk
markers, and CRP. However, these re-
sults were driven almost exclusively by
extremely elevated lipoprotein(a) lev-
els among those with above median
LDL-C levels, with almost no risk gra-
dient in individuals with lower lipo-
protein(a) levels, which constituted the
majority of individuals screened. The
interaction seen between lipopro-
tein(a) and LDL-C levels in our study
is in concordance with recent biologi-
cal data that point to the modification
of the atherogenicity of lipoprotein(a)
by interaction with oxidized LDL-C6

and with clinical data from a number
of prior case-control and cohort stud-
ies.8,35-39

The current data may help to ad-
dress some of the controversy that has
stemmed from some prior studies of li-
poprotein(a). As we did not see a linear
effect in this data, it is possible that prior
studies that did not evaluate for thresh-
olds29,47 may have missed modest but sig-
nificant lipoprotein(a) effects on car-
diovascular risk. Second, in contrast to
several prior studies,22,25,29 we also as-
sessed for the interaction of lipopro-
tein(a) with LDL-C and found the risk

to be largest among those with concomi-
tant increases in LDL-C levels. Third, we
used a newly available lipoprotein(a) as-
say, that unlike other assays, has been
validated by a program for the standard-
ization of lipoprotein(a) measure-
ments supported by the National Heart,
Lung, and Blood Institute and the In-
ternational Federation of Clinical
Chemistry.28 Fourth, our data raise the
possibility that traditional clinical
thresholds for lipoprotein(a) are too low.
Risk increased when levels exceeded
65.5 mg/dL, which is a level much higher
than the previously suggested cut point
of 30 mg/dL.48

While of pathophysiological inter-
est, we do not believe our data support
generalized screening of lipoprotein(a)
in the population as a whole because
only extremely high levels were asso-
ciated with cardiovascular risk. Clini-
cally, lipoprotein(a) level is not low-
ered by most lipid-correcting therapies
with the exception of high doses of
nicotinic acid (3-4 g/d), a dose that
requires close monitoring and is
poorly tolerated. Furthermore, there is
no clinical evidence that lowering
lipoprotein(a) levels lowers cardiovas-

cular risk. However, aggressive lower-
ing of LDL-C levels has been shown to
be important in modifying the excess
cardiovascular risk associated with
elevated lipoprotein(a) levels,49 sug-
gesting that when lipoprotein(a) levels
are elevated, the primary objective
should be to treat elevated LDL-C
aggressively either with a statin or
with niacin. Determination of lipopro-
tein(a) levels should thus be reserved
for high-risk subsets of the population
such as individuals with premature MI
who have otherwise normal risk pro-
files or are at particularly high risk
because of circumstances such as
familial hypercholesteremia.50

Strengths of our prospective cohort
study include its size, the storage con-
ditions of the samples, and the assay
used. In this regard, our cohort study
helps to resolve mixed results based on
sparse data in women30 and from stud-
ies that may have been inconclusive due
to small sample size.51-53 Second, our
samples were stored in liquid nitro-
gen until the time of this study, with-
out multiple freeze-thaw cycles that can
potentially alter lipoprotein(a) lev-
els.32 Third, the assay used was inde-

Table 4. Cardiovascular Events by Lipoprotein(a) Quintiles, Stratified by Low-Density Lipoprotein Cholesterol Levels

Lipoprotein(a) Quintile
Median (Range), mg/dL*

P Value
for Trend

1
1.90 (0.10-3.40)

2
5.40 (3.50-7.50)

3
10.60 (7.60-15.30)

4
24.30 (15.40-43.90)

5
65.50 (44.00-239.60)

LDL Cholesterol �50th Percentile (�121 mg/dL) (n = 13 908)

Cardiovascular events, No. (%) 97 (4.1) 85 (3.4) 88 (3.3) 102 (3.4) 205 (6.1)

Person-years of follow-up 23 175 24 441 26 678 29 753 33 065

HR (95% CI)
Age-adjusted 1.00 0.85 (0.63-1.13) 0.78 (0.58-1.04) 0.78 (0.59-1.03) 1.46 (1.15-1.86) �.001

Framingham
covariate-adjusted†

1.00 0.86 (0.64-1.16) 0.76 (0.57-1.02) 0.75 (0.57-1.00) 1.49 (1.17-1.90) �.001

Fully adjusted‡ 1.00 0.93 (0.69-1.26) 0.87 (0.65-1.17) 0.87 (0.65-1.16) 1.64 (1.28-2.11) �.001

LDL Cholesterol �50th Percentile (�121 mg/dL) (n = 13 883)

Cardiovascular events, No. (%) 81 (2.5) 84 (2.8) 52 (1.8) 50 (2.0) 55 (2.5)

Person-years of follow-up 31 887 30 170 28 550 25 292 21 561

HR (95% CI)
Age-adjusted 1.00 1.14 (0.84-1.55) 0.71 (0.50-1.00) 0.80 (0.56-1.13) 1.01 (0.72-1.42) .96

Framingham
covariate-adjusted†

1.00 1.20 (0.88-1.63) 0.76 (0.54-1.08) 0.85 (0.59-1.21) 1.05 (0.74-1.49) .95

Fully adjusted‡ 1.00 1.26 (0.92-1.72) 0.77 (0.54-1.11) 0.88 (0.61-1.26) 1.11 (0.78-1.58) .77
Abbreviations: CI, confidence interval; HR, hazard ratio; LDL, low-density lipoprotein.
*Quintile values were derived from the entire cohort.
†Adjusted for age, blood pressure categories, current smoking status, total cholesterol, and high-density lipoprotein cholesterol.
‡Adjusted for age, blood pressure categories, current smoking status, total cholesterol, high-density lipoprotein cholesterol, body mass index, diabetes, current hormone use,

C-reactive protein, and randomization treatment group.
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pendent of both kringle IV type-2 re-
peats and apolipoprotein(a) isoform
size.

Limitations of our data include the
predominant white ethnicity of our co-
hort. There may be important racial and
ethnic differences in lipoprotein(a) lev-
els and effects on cardiovascular dis-
ease that we were not able to assess in
our study. Additionally, lipopro-
tein(a) may be associated with prema-
ture atherosclerosis, an issue we can-
not fully address as the average age of
our cohort at inception was 54.2 years.

In summary, in this prospective co-
hort of 27 791 initially healthy women,
we found that very high levels of lipo-
protein(a) measured with an assay in-
dependent of apolipoprotein(a) iso-
form size were predictive of future
cardiovascular events, particularly when
LDL-C level was also high. While the
threshold effects seen do not support
generalized screening, our data do in-
dicate that lipoprotein(a) may have
clinical importance for selected high-
risk women.
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The final purpose of art is to intensify, even, if nec-
essary, to exacerbate, the moral consciousness of
people.

—Norman Mailer (1923- )
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