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BACKGROUND Recent studies showed that lipoprotein(a) [Lp(a)] is a causal risk factor for cardiovascular disease

(CVD). However, whether Lp(a) modifies clinical risk assessment was not established.

OBJECTIVES This study was conducted to determine whether Lp(a) improves CVD risk prediction.

METHODS In 1995, Lp(a) was measured in 826 men and women (age range, 45 to 84 years) from the general

community. Incidence of CVD was recorded over 15 years of follow-up.

RESULTS In models adjusted for Framingham Risk Score (FRS) and Reynolds Risk Score (RRS) variables, the hazard ratio

(HR) for incident CVD was 1.37 per 1-SD higher Lp(a) level (SD ¼ 32 mg/dl) and 2.37 when comparing the top fifth quintile

with other quintiles. The addition of Lp(a) to the RRS increased the C-index by 0.016. Of the 502 subjects who remained

free of CVD, 82 were correctly reclassified to a lower risk category and 49 were reclassified to a higher risk category

(predicted 15-year categories: <7.5%, 7.5% to <15%, 15% to <30%, $30%) (p < 0.001). Of the 148 subjects who

developed CVD, 18 were correctly reclassified to a higher risk category and 17 were reclassified to a lower risk category.

In subjects at intermediate risk (15% to <30%), the net reclassification improvement afforded by Lp(a) was 22.5% for

noncases, 17.1% for cases, and 39.6% overall. Allele-specific Lp(a) levels did not add to the predictive ability of the FRS

or RRS or to Lp(a).

CONCLUSIONS Elevated Lp(a) predicts 15-year CVD outcomes and improves CVD risk prediction. These findings

suggest that Lp(a) levels may be used in risk assessment of subjects in the general community, particularly in

intermediate-risk groups. (J Am Coll Cardiol 2014;64:851–60) © 2014 by the American College of Cardiology

Foundation.
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ABBR EV I A T I ON S

AND ACRONYMS

CAD = coronary artery disease

CI = confidence interval

CVD = cardiovascular disease

ERFC = Emerging Risk Factors

Collaboration

FRS = Framingham Risk Score

HDL-C = high-density

lipoprotein cholesterol

HR = hazard ratio

hs-CRP = high-sensitivity

C-reactive protein

IDI = integrated discrimination

improvement

KIV = kringle IV

LDL-C = low-density

lipoprotein cholesterol

LMW = low-molecular-weight

Lp(a) = lipoprotein(a)

MI = myocardial infarction

NRI = net reclassification

improvement

RRS = the Reynolds Risk Score

SNP = single nucleotide

polymorphism
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L ipoprotein(a) [Lp(a)] is composed of
apolipoprotein B-100 and the cova-
lently attached heterogeneous glyco-

protein apolipoprotein(a). Lp(a) has no
defined physiological function but is consid-
ered one of the strongest genetically deter-
mined risk factors for cardiovascular disease
(CVD) (1). Circulating Lp(a) levels are mainly
(w90%) genetically determined, primarily
through variation in the LPA gene. Plasma
Lp(a) levels can vary among individuals by
more than 1,000-fold, mediated by copy
number variation in the number of identical
kringle IV type 2 (KIV-2) repeats and the
presence of various single nucleotide poly-
morphisms (SNPs). Unlike in other lipo-
proteins, the influence of dietary and
environmental factors on Lp(a) levels is
small, and therefore Lp(a) is a quantitative
genetic trait that influences atherogenicity
from birth (2).

The mechanisms through which Lp(a) may
be proatherogenic include the role of the
low-density lipoprotein (LDL) moiety and
the proinflammatory effects of the apo(a)
component (1–3). Lp(a) also preferentially
binds proinflammatory and proatherogenic
oxidized phospholipids in comparison with other
lipoproteins (4,5), induces macrophage apoptosis (6),
and is integrally involved in initiating and potentially
destabilizing atherosclerotic lesions (7). This finding
is clinically substantiated by showing that the risk of
Lp(a) is primarily driven by its content of oxidized
phospholipids present in patients with high Lp(a)
levels and small apo(a) isoforms (5,8,9).
SEE PAGE 861
The evidence for a causal role of Lp(a) in CVD is
based on strong data from large epidemiological
databases (10), mendelian randomization studies
starting in the 1990s (11), and genome-wide associa-
tion studies linking genetically determined Lp(a)
levels to CVD events, such as by KIV-2 repeats or
various SNPs influencing Lp(a) levels (12,13). Epide-
miological studies suggest a log-linear relationship
between circulating levels of Lp(a) and the risk of
CVD that is independent of other lipid measures
and conventional risk factors (14–18). Mendelian
randomization studies demonstrate a causal,
multivariable-adjusted, linear association between
genetically determined Lp(a) levels and CVD risk
(14,19,20). Finally, genome-wide association studies
show that the LPA variants are strongly associated
with reduced copy numbers of KIV-2 repeats,
increased Lp(a) levels, and higher risk of coronary
artery disease (CAD) (12,20).

These epidemiological and genetic studies suggest
that measuring Lp(a) would enhance risk prediction
and that Lp(a) should be a target of therapy (21). In
that regard, it would be important to document that
measuring Lp(a) levels allows clinicians to reclassify
patients correctly into categories of lower or higher
predicted risk using accepted risk algorithms. There-
fore, the goal of this study was to assess whether
Lp(a) allows reclassification of CVD risk by using a
variety of methods. Because Lp(a) levels are geneti-
cally mediated, we assessed reclassification based
on the Reynolds Risk Score (RRS), which additionally
encompasses a family history of CVD and high-
sensitivity C-reactive protein (hs-CRP).

METHODS

The Bruneck Study is a prospective population-based
survey of the epidemiology and pathogenesis of
atherosclerosis enrolling a sex- and age-stratified
random sample of all inhabitants of Bruneck, Italy
(125 women and 125 men, all in their fifth to eighth
decade of age) (22). The current investigation focuses
on blood samples from the 1995 examination and the
follow-up period for clinical events between 1995
and 2010. In 1995, the study population consisted of
826 subjects, and plasma samples for assessment of
Lp(a) were available in all participants. The ethics
committees of Verona and Bolzano approved the
study protocol, and all study subjects gave their
written informed consent before entering the study.
All risk factors were assessed by validated standard
procedures.

STUDY METHODOLOGY AND LABORATORY METHODS.

Study methodology and laboratory methods for fac-
tors listed in Table 1 were previously described in
detail (8,22–24). Determination of apolipoprotein(a)
isoforms and measurement of allele-specific Lp(a)
levels are available in the Online Appendix.

The primary composite CVD endpoint included
vascular death (from ischemic stroke, myocardial
infarction [MI], sudden cardiac death, or aortic
aneurysm rupture), acute CAD (consisting of nonfatal
MI, new-onset unstable angina defined as angina at
rest, crescendo angina or new-onset severe angina,
and acute coronary interventions), and ischemic
stroke. MI was defined by the World Health Organi-
zation’s criteria for definite disease status. Stroke was
classified according to the criteria of the National
Survey of Stroke. All other revascularization pro-
cedures (percutaneous intervention, bypass, and
surgery) were carefully recorded. Ascertainment of



TABLE 1 Baseline Characteristics of Study Subjects (1995, N ¼ 826) According to

Incident CVD During Follow-Up (1995 to 2010)

Primary Composite CVD Endpoint

p ValueNo (n ¼ 678) Yes (n ¼ 148)

Demographic parameters

Age, yrs 66.6 � 10.8 74.1 � 10.5 <0.001

Female 352 (51.9) 60 (40.5) 0.014

Lipids, lipoproteins, and lipoprotein lipases

Lp(a), mg/dl 23.3 � 28.7 39.1 � 43.8 <0.001

High Lp(a) (>45 mg/dl)* 114 (16.8) 51 (34.5) <0.001

Apo(a) isoform, number of KIV repeats
(major allele)†

25.3 � 4.4 24.8 � 4.7 0.208

Apo(a) isoform, #22 KIV repeats† 214 (31.7) 58 (39.5) 0.070

Total cholesterol, mg/dl‡ 227.9 � 41.1 237.5 � 47.0 0.012

HDL cholesterol, mg/dl‡ 59.0 � 16.0 56.0 � 16.9 0.049

LDL cholesterol, mg/dl‡ 143.7 � 36.6 152.9 � 41.4 0.007

Lp-PLA2 activity, mmol/min/l 765.3 � 197.1 858.7 � 215.8 <0.001

Vascular risk factors and inflammation

Hypertension 451 (66.5) 113 (76.4) 0.025

Systolic blood pressure, mm Hg 146.9 � 20.1 154.5 � 22.3 <0.001

Diastolic blood pressure, mm Hg 86.9 � 9.1 87.8 � 9.8 0.265

Current smoking 137 (20.2) 24 (16.2) 0.303

Diabetes (ADA) 56 (8.3) 24 (16.2) 0.004

C-reactive protein, mg/l§ 1.5 (0.8-3.0) 2.2 (1.1–4.8) 0.001

Body mass index, kg/m2 25.6 � 3.8 26.2 � 4.1 0.081

Parental history of MI <60 yrs 20 (2.9) 4 (2.7) 0.871

Statin use

Statin use at baseline 22 (3.2%) 6 (4.1%) 0.62

Statin use in 2010 124 (18.3%) 44 (29.7%) 0.002

Preexistent CVD

CVD 47 (6.9) 41 (27.7) <0.001

Values are mean � SD or n (%). *High Lp(a) corresponds to the top fifth (i.e., >45 mg/dl). †Analysis was based on
822 participants with information on apo(a) isoform available with 147 incident CVD events. ‡To convert values
for cholesterol to mmol/l, multiply by 0.02586. §Median and interquartile range is presented for high-sensitivity
C-reactive protein.

ADA ¼ American Diabetes Association; apo(a) ¼ apolipoprotein(a); CVD ¼ cardiovascular disease; HDL ¼
high-density lipoprotein; KIV ¼ kringle IV; LDL ¼ low-density lipoprotein; Lp-PLA2 ¼ lipoprotein phospholipase
A2; Lp(a) ¼ lipoprotein(a); MI ¼ myocardial infarction.
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events or procedures did not rely on hospital
discharge codes or the patient’s self-report but rather
on a careful review of medical records provided by
the general practitioners and files of the Bruneck
Hospital and the extensive clinical and laboratory
examinations performed as part of the study pro-
tocols. Incident CVD events were ascertained from
1995 through 2010, and 100% follow-up was achieved.

Continuous variables were presented as mean � SD
or medians (interquartile range) and dichotomous
variables as percentages. The CRP level was loge
transformed to obtain an approximately normal dis-
tribution of values. Differences in baseline levels of
vascular risk attributes between subjects with and
without subsequent CVD (1995 to 2010) were
analyzed with the Student t test and the chi-square
test. The association of baseline Lp(a) levels with CVD
risk was quantified using Cox proportional hazard
models, progressively adjusted for the Framingham
Risk Score (FRS) variables (age, sex, diabetes, smok-
ing, systolic blood pressure, total cholesterol, and
high-density lipoprotein cholesterol [HDL-C]), and
RRS (Framingham variables in addition to a parental
history of premature MI and loge CRP). Lp(a) was
either entered as a continuous variable or categorized
in quintiles. Proportional hazard assumptions were
tested for Lp(a) by means of scaled Schoenfeld re-
siduals and Cox models with time-dependent cova-
riates and were satisfied. Differential associations in
subgroups were analyzed by inclusion of appropriate
interaction terms.

To assess the incremental predictive value for CVD
risk afforded by Lp(a) measurement, this study used
distinct approaches. First, the improvement in risk
discrimination resulting from adding Lp(a) informa-
tion to a model containing the RRS variables was
quantified using Harrell’s C-index (25). The C-index is
suitable for time-to-event data and gives the proba-
bility that the model correctly predicts the order of
failure of randomly selected pairs of individuals. A C-
index of 1.0 indicates perfect prediction of the order
of failure, whereas a C-index of 0.5 is achieved purely
by chance. We used the individual RRS components
rather than published formulas because the published
formulas were for a 10-year period, a slightly different
CVD endpoint, and nondiabetic subjects only. Using
the individual variables rather than published scores
is conservative because models with individual vari-
ables usually predict CVD better than do the scores,
and it is more difficult for new variables to improve
risk prediction. The reason this study did not exclude
subjects with diabetes is that investigators have
shown that the RRS works in diabetic patients as well
(26); however, data are presented in a sensitivity
analysis performed in persons without diabetes. The
95% confidence intervals (CIs) for C-indices and their
changes were derived from jackknife standard errors
(27). Comparison of the C-index for models including
and not including information on Lp(a) was per-
formed according to the method of DeLong (28) and
with the Stata procedures somersd.

Second, we evaluated whether Lp(a) measurement
helps correctly classify participants into categories
of predicted CVD risk. Using the risk categories
<7.5%, 7.5% to <15%, 15% to <30%, and $30%, the
categorical net reclassification improvement (NRI)
(25) was calculated for participants who experienced
a CVD event within 15 years of follow-up (n ¼ 148 in
the study cohort) and for those who remained free of
CVD throughout the entire survey period (n ¼ 502).
The authors also computed the prospective variant of
the categorical NRI, which additionally includes



TABLE 2 Baseline Co

Continuous variables

Age, yrs

Apo(a) isoform, KIV

Total cholesterol, mg

HDL cholesterol, mg

Lp-PLA2 activity, mm

Systolic blood pressu

Log C-reactive prote

Categorical variables

Sex

Male

Female

Family history§

No

Yes

Diabetes mellitus

No

Yes

Smoking status

Never/ex-smoker

Current

*Adjusted for age at baseli
age 60 years.

CI ¼ confidence interval
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participants who were censored before year 15 for
causes unrelated to CVD (29). The standard errors for
prospective NRI were estimated using 200 nonpara-
metric bootstrap samples. Separate analyses focused
on the continuous NRI, which does not depend on the
arbitrary choice of categories, but deems any change
in predicted risk in the correct direction as appro-
priate. Finally, we calculated the integrated discrim-
ination improvement (IDI), which integrates the NRI
over all possible cutoffs of predicted risk and math-
ematically corresponds to the difference in discrimi-
nation slopes of the 2 models in comparison (29,30).
Statistical analyses were performed with SPSS 18.0
and Stata 12.0 MP software packages. All reported p
values are 2-sided.

RESULTS

Table 1 displays the baseline characteristics of study
subjects (n ¼ 826) according to incident CVD during
follow-up (1995 to 2010). Subjects developing the
primary CVD endpoint were more likely to be older
and male, have higher Lp(a) levels, and have a strong
trend of <22 KIV repeats associated with CVD end-
points. They also had higher levels of lipid and in-
flammatory biomarkers and vascular risk factors. A
rrelates of Lp(a) in the Bruneck Study (1995, N ¼ 826)

Mean � SD or %

Age- and Sex-Adjusted Correlation
Coefficient or Mean Difference
in Lp(a) Levels Compared With
Reference Category (95% CI)*

68 � 11 0.02 (�0.05 to 0.08)

repeats 25 � 5 �0.49 (�0.54 to �0.44)†

/dl 230 � 42 0.20 (0.14 to 0.27)†

/dl 58 � 16 0.02 (�0.05 to 0.09)

ol/min/l 782 � 204 0.09 (0.02 to 0.16)‡

re, mm Hg 148 � 21 �0.01 (�0.07 to 0.06)

in, mg/l 1.8 � 2.8 0.00 (�0.07 to 0.07)

50.1% [Reference]

49.9% 1.63 (�2.81 to 6.06)

97.1% [Reference]

2.9% 3.20 (�10.04 to 16.45)

90.3% [Reference]

9.7% �3.54 (�11.16 to 4.08)

80.5% [Reference]

19.5% 2.75 (�3.00 to 8.51)

ne and sex. †p < 0.001. ‡p < 0.05. §Parental history of myocardial infarction before

; other abbreviations as in Table 1.
parental history of MI was not different between the
groups. The use of statins at baseline was similar
among subjects with or without CVD. However, in the
year 2010, more subjects with CVD were taking sta-
tins than were subjects without CVD (18.3% vs.
29.7%, p ¼ 0.002). Baseline statin use was not related
to apo(a) isoforms (3.3% in the #22 KIV group vs.
3.7% [p ¼ 0.76] in the >22 KIV group). However,
statin use during follow-up was higher in the #22 KIV
group than in the >22 KIV group (26.1% vs 17.6%,
p ¼ 0.003, after adjustment for age and sex).

Correlates of baseline variables to Lp(a) showed
no association with age, HDL-C, systolic blood pres-
sure, or hs-CRP. Weak correlations were noted with
total cholesterol and lipoprotein phospholipase A2

activity (Table 2). A strong negative correlation was
present between Lp(a) concentration and the number
of KIV repeats of the smaller apo(a) isoforms (age-
and sex-adjusted correlation coefficient, �0.49; 95%
CI: �0.54 to �0.44; p ¼ 5 �10-59) (Table 2).

Overall, 148 incident CVD events occurred (inci-
dence rate, 15.0 per 1,000 person-years; 95% CI: 12.8
to 17.7). In a comparison of participants in the top
fifth of Lp(a) levels to the remainder, the age- and
sex-adjusted HR for CVD was 2.34 (1.67 to 3.29)
(Table 3). The HR for CVD per 1-SD higher baseline
level of Lp(a) was 1.38 (1.23 to 1.56) (SD ¼ 32 mg/dl).
Additional adjustment for smoking, systolic blood
pressure, total cholesterol, HDL-C, diabetes, parental
history of premature MI, and loge hs-CRP did not
materially change the effect estimates of this associa-
tion (Table 3, Figure 1). Figure 2 displays a forest plot
showing the multivariable adjusted risk of Lp(a) in
various subgroups and demonstrates that Lp(a) pre-
dicts risk in all relevant subgroups with no evidence
for differential associations (see Figure 2, p value for
interaction >0.05 for all subgroup categories).
Lp(a) AND CARDIOVASCULAR RISK DISCRIMINATION

AND RECLASSIFICATION. First, we evaluated the
usefulness of Lp(a) in CVD risk discrimination. The
C-index for CVD based on the FRS variables was 0.758
(0.722 to 0.794). Addition of apo(a) isoforms to
this model did not change the C-index. Addition of
Lp(a) to this model improved the C-index by 0.0164
(95% CI: 0.0019 to 0.0308; p ¼ 0.027) (Figure 3).
Addition of apo(a) isoforms to a model already con-
taining FRS variables and Lp(a) did not further in-
crease in the C-index, nor did replacement of “total”
Lp(a) with allele-specific Lp(a) levels associated with
low- versus high-molecular-weight (LMW vs. HMW)
apo(a) isoforms. The C-index for CVD based on the
RRS variables was 0.762 (0.726 top 0.798). Addition of
information on Lp(a) to this model improved the
C-index by 0.0155 (95% CI: 0.0014 to 0.0297;



TABLE 3 Association of Baseline Lp(a) Levels With the Risk of CVD Over 15 Years of Follow-Up (N ¼ 826)*

Level of Adjustment

Hazard Ratio Comparing High Lp(a)
Levels (Top Fifth, >45 mg/dl)

to the Remainder
Hazard Ratio per 1-SD
Higher Level of Lp(a)†

HR (95% CI) p Value HR (95% CI) p Value

Progressive adjustment for Framingham Risk Score variables

Adjustment for age and sex 2.34 (1.67–3.29) <0.001 1.38 (1.23–1.56) <0.001

Above þ diabetes 2.34 (1.66–3.28) <0.001 1.38 (1.22–1.56) <0.001

Above þ smoking 2.33 (1.66–3.28) <0.001 1.38 (1.22–1.55) <0.001

Above þ systolic blood pressure 2.36 (1.68–3.32) <0.001 1.38 (1.22–1.55) <0.001

Above þ total cholesterol 2.30 (1.63–3.24) <0.001 1.36 (1.20–1.53) <0.001

Above þ HDL cholesterol (¼ Framingham Risk Score) 2.32 (1.65–3.27) <0.001 1.37 (1.21–1.55) <0.001

Further adjustment for all Reynolds Risk Score variables

Above þ parental history of premature MI 2.33 (1.66–3.29) <0.001 1.36 (1.21–1.54) <0.001

Above þ loge C-reactive protein (¼ Reynolds Risk Score) 2.37 (1.68–3.34) <0.001 1.37 (1.21–1.55) <0.001

Further adjustment for other variables

Above þ apo(a) isoform major allele (HMW vs. LMW)‡ 2.61 (1.74–3.93) <0.001 1.43 (1.23–1.67) <0.001

*The primary composite cardiovascular endpoint subsumes ischemic stroke, acute coronary artery disease, and vascular death. †1 SD of Lp(a) corresponds to 32 mg/dll.
‡Analysis was based on 822 participants with 147 incident CVD events.

HMW ¼ high molecular weight; HR ¼ hazard ratio; LMW ¼ low molecular weight; other abbreviations as in Tables 1 and 2.

3.0

2.5

2.0

1.5

1.0

0.5

0 20 40 60 80

Mean Lp(a), mg/dl

Ha
za

rd
 R

at
io

 (9
5%

 C
I)

FIGURE 1 Shape of the Association Between Baseline

Lp(a) Concentration and CVD Risk (826 Participants,

148 Incident CVD Events)

Hazard ratios across quintiles of lipoprotein(a) [Lp(a)] concen-

tration were adjusted for the Reynolds Risk Score variables (i.e.,

age, sex, parental history of premature myocardial infarction,

diabetes, smoking status, systolic blood pressure, total choles-

terol, high-density lipoprotein cholesterol, and log C-reactive

protein). The 95% confidence intervals (CIs) were estimated

from the floated variances that reflect the amount of information

underlying each group (including the reference group). Lp(a)

quintiles were defined as: 0 to <3.2, 3.2 to <8.6, 8.6 to <17.7,

17.7 to <45, and $45 mg/dl. CVD ¼ cardiovascular disease.
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p ¼ 0.031). Again, the corresponding C-index change
for a combined use of information on Lp(a) and
number of KIV repeats and allele-specific Lp(a) levels
was unchanged (Figure 3). The change in C-index for
CVD on use of Lp(a) was similar when the analysis
was restricted to participants who were free of dia-
betes at baseline (DC-index, 0.0144; 95% CI: �0.0015
to 0.0304). Lp(a) improved the C-index from 0.756 to
0.779 if stroke was used as the endpoint (DC-index,
0.0232; 95% CI: 0.0004 to 0.0459; p ¼ 0.046; 65 inci-
dent stroke events). C-index (0.0158 [95% CI: 0.0015
to 0.0301]) and retrospective NRI (7.73 [95% CI: �1.38
to 16.83]) for “corrected” allele-specific Lp(a) levels
were nearly identical.

Second, we evaluated the usefulness of Lp(a) in
CVD risk reclassification. Table 4 shows the classifica-
tion of individuals based on RRS variables alone
and in combination with Lp(a) into categories of pre-
dicted 15-year risk (<7.5%; 7.5% to <15%; 15% to
<30%; $30%). Of the 502 subjects who remained free
of CVD, 82 were correctly reclassified to a lower-risk
category and 49 were reclassified to a higher-risk
category. Of the 148 subjects who developed CVD, 18
were correctly reclassified to a higher-risk category
and 17 were reclassified to a lower-risk category.

Third, we calculated the NRI and IDI for CVD
(Table 5). According to the foregoing data, the
categorical retrospective NRI was 0.7% in cases
(p ¼ 0.866), 6.6% in noncases (p ¼ 0.004), and 7.3%
overall (p ¼ 0.115). In comparison, the categorical
prospective NRI was 5.8% (p ¼ 0.217), the continuous
NRI was 20.7% (p ¼ 0.046), and the IDI was 0.027
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Age at baseline

Sex

Parental history of premature MI

Prevalent diabetes

Smoking status

Systolic blood pressure

Total cholesterol

HDL cholesterol

hs-CRP

Apoa isoforms*

45-56 years
57-68 years
69-84 years

Male
Female

No
Yes

No

Yes

Never/Ex
Current

100-138 mmHg

139-153 mmHg
154-227 mmHg

93-209 mg/dl
210-242 mg/dl
243-470 mg/dl

25-50 mg/dl
51-63 mg/dl

64-132 mg/dl

<1.2 mg/l
1.2-2.5 mg/l
>2.5 mg/l

KIV≤22
KIV>22

Variable / 
       subgroup

No. of
CVD events Hazard ratio (95% CI) per 1 SD higher Lp(a)

P value for
interaction

FIGURE 2 Association of Lp(a) With Cardiovascular Risk in

Clinically Relevant Subgroups

Hazard ratios were adjusted for age, sex, parental history of premature myocardial

infarction (MI), diabetes, smoking status, systolic blood pressure, total cholesterol,

high-density lipoprotein (HDL) cholesterol, and log C-reactive protein (high-sensitivity

CRP [hs-CRP]). *Analysis was based on 822 participants with 147 incident cardiovascular

disease (CVD) events. KIV, number of kringle IV repeats. Apo(a) ¼ apolipoprotein(a);

other abbreviations as in Figure 1.
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(p ¼ 0.006). Results were comparable when the
analysis was restricted to participants without dia-
betes at baseline (Table 5). The classification gain of a
targeted assessment of Lp(a) in the intermediate risk
group (15% to #30% predicted 15-year risk of
CVD) was as follows: 22.5% for noncases (95% CI: 10.6
to 34.4; p < 0.001), 17.1% for cases (95% CI: �1.4 to
35.6; p ¼ 0.071), and 39.6% overall (95% CI: 17.6 to
61.6; p < 0.001).

Because smaller apo(a) isoforms expressed in low
quantity could add significant weight in such analyses,
we have performed a supplementary analysis that
used the isoform for categorization in LMW and HMW
apo(a) phenotypes that was most strongly expressed
in the immunoblot. Analysis using this variable
showed a slightly stronger association between LMW
apo(a) and CVD (35.8% vs. 26.8% in subjects with and
without incident CVD, p ¼ 0.028) but virtually iden-
tical results regarding risk discrimination and reclas-
sification (data not shown).

DISCUSSION

This study demonstrates that adding Lp(a) to the FRS
and RRS improves discrimination and reclassification
of CVD risk over prospective 15-year follow-up in an
unselected population. Because this cohort reflects
patients who are seen in a primary care setting, the
findings suggest that Lp(a) levels may be used in risk
assessment in patients in the general community,
particularly those at intermediate risk of CVD (Central
Illustration).

Debate on the role of clinical testing of Lp(a) levels
is considerable, and until recently, no guidelines had
been published to guide clinical decision making. In
2010, the European Atherosclerosis Society recom-
mended Lp(a) measurement once in patients with
premature CVD, as well as those in the following
categories: intermediate or high CVD risk, familial
hypercholesterolemia, family history of premature
CVD and/or elevated Lp(a), recurrent CVD despite
statin treatment, $3% 10-year risk of fatal CVD
(according to European guidelines), and/or $10%
10-year risk of fatal and nonfatal coronary heart dis-
ease (according to U.S. guidelines) (15). They further
recommended that a secondary priority after low-
density lipoprotein cholesterol (LDL-C) lowering is a
desirable Lp(a) level of <50 mg/dl (<80th percentile)
and, based on meta-analyses but no prospective
Lp(a)-specific lowering studies, recommended treat-
ment with niacin to reduce Lp(a) below this level.
The U.S. National Lipid Association provided similar
recommendations on testing, but no recommendation
on desirable levels or therapy (31). These recommen-
dations remain controversial pending a randomized
trial that enrolls patients with high Lp(a) levels and
specifically and potently lowers Lp(a) and reduces
clinical outcomes. However, they add an important
voice to the debate and will stimulate needed clinical
research on reducing the CVD risk of Lp(a).

This study’s findings support the notion that
Lp(a) is useful in clinical risk prediction in the pri-
mary care setting. This was particularly true in
subjects at intermediate CVD risk, whose categorical
NRI afforded by Lp(a) was 39.6% overall (22.5% for
noncases and 17.1% for cases). Additional measures
of NRI and IDI were consistent with the foregoing.



TABLE 4 Reclassification of Study Participants Into Groups With Low, Medium, and High

15-Year Risk of CVD by Addition of Lp(a) to a Model Containing the Reynolds Risk Score

Variables*

Participants Who Experienced a CVD Event (n ¼ 148)

Model With Reynolds
Score Variables

Model With Reynolds Risk Score Variables Plus Lp(a)

Total <7.5% Risk
7.5% to

<15% Risk
15% to

<30% Risk $30% Risk

<7.5% risk 9 7 (77.8) 2 (22.2)† 0 (0.0)† 0 (0.0)†

7.5% to <15% risk 18 1 (5.6)‡ 12 (66.7) 5 (27.8)† 0 (0.0)†

15% to <30% risk 41 0 (0.0)‡ 4 (9.8)‡ 26 (63.4) 11 (26.8)†

$30% risk 80 0 (0.0)‡ 0 (0.0)‡ 12 (15.0)‡ 68 (85.0)

Total 148 8 18 43 79

Participants Who Remained Event-Free (n ¼ 502)

Model With Reynolds Risk Score Variables Plus Lp(a)

Total <7.5% Risk
7.5% to

<15% Risk
15% to

<30% Risk $30% Risk

<7.5% risk 180 166 (92.2) 13 (7.2)§ 1 (0.6)§ 0 (0)§

7.5% to $15% risk 145 27 (18.6)k 96 (66.2) 22 (15.2)§ 0 (0)§

15% to <30% risk 120 0 (0)k 40 (33.3)k 67 (55.7) 13 (10.8)§

$30% risk 57 0 (0)k 0 (0)k 15 (26.3)k 42 (73.7)

Total 502 193 149 105 55

Values are n (row %). *This reclassification table compares a model based on the Reynolds Risk Score only with a
model considering the Reynolds Risk Score plus Lp(a) level. NRI denotes the classic retrospective categorical net
reclassification improvement with calculations based on 148 subjects with and 502 subjects without events and a
complete follow-up over the 15-year period. †Moved to higher risk, n ¼ 18; ‡Moved to lower risk, n ¼ 17; NRI
0.68% (�7.16, 8.51). §Moved to higher risk, n ¼ 49; kMoved to lower risk, n ¼ 82; NRI 6.57% (2.11, 11.04).

NRI ¼ net reclassification improvement; other abbreviations as in Table 1.
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FIGURE 3 Improvement of Discrimination of CVD Risk With the Use of

Single and Combined Information on Lp(a) Level and apo(a) Isoform

This analysis focuses on the 822 subjects with both lipoprotein(a) [Lp(a)] level and apo-

lipoprotein(a) [apo(a)] isoform available. *Apo(a) isoform was included as a dichotomous

variable of low molecular weight (LMW#22 kringle IV [KIV] repeats) versus high molecular

weight (HMW >22 KIV repeats), and this dichotomization refers to the smaller of the 2

apo(a) alleles in case both alleles are expressed. Abbreviations as in Figures 1 and 2.
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Measures of reclassification that do not rely on
the choice of cutoff values (continuous NRI and
IDI) indicated a significant gain in classification
accuracy when Lp(a) level was added to the RRS
(Table 5). The continuous NRI deems any change in
predicted risk in the correct direction as appropriate
and thus avoids arbitrary cutoffs, whereas the
IDI integrates the net reclassification over all
possible cutoffs of predicted risk. Categorical NRIs
using predefined categories were significant for
noncases only (Tables 4 and 5). Categorical NRIs are
commonly reported for their ease of interpretation
but are sensitive to the arbitrary choice of cutoff
values. Overall, the study suggests a worthwhile
gain in CVD risk discrimination and classification
based on a single assessment of Lp(a), which varies
minimally through a person’s lifetime around a pre-
set genetically determined level. This seems to be
an adequate investment in resources, although a
formal cost analysis remains to be performed.

Prior studies evaluating the role of Lp(a) in CVD
risk discrimination and reclassification in accepted
prediction models such as RRS have not been per-
formed, but 2 recent studies have addressed similar
questions (16,17). In an investigation by the Emerging
Risk Factors Collaboration (ERFC), based on data
from 24 prospective studies and 133,502 participants
(12,639 incident CVD events), Lp(a) was shown to
reclassify 4.1% of subjects when it was added to total
cholesterol and HDL-C (16). The C-index for Lp(a)
increased from 0.7229 to 0.7245. The C-index also
increased significantly in the intermediate-risk (by
0.0089) and high-risk FRS categories (by 0.0026).
These values are more modest compared with the
current study in which the C-index increased from
0.7580 to 0.7744, and we note that the increase in the
C-index for stroke was even more impressive,
increasing from 0.756 to 0.779. Limitations of the
ERFC analysis include the lack of evaluation of clin-
ical risk scores and concomitant data on Lp(a) and
apo(a) isoforms, which made an evaluation of the
benefits of a combined use of information on these
markers impossible. Kamstrup et al. (17) studied
8,720 participants (1,683 incident CVD events) and
evaluated the role of extreme Lp(a) levels (80th and
95th percentiles) in CVD risk. The HRs were similar to
those in the current study: Lp(a) at 80th percentile
($47 mg/dl) had a HR of 1.5 for CVD and at the 95th
percentile ($117 mg/dl) has a HR of 1.7. When adding
Lp(a) to conventional risk factors, the NRI was 3%
and 6%, and the IDI 0.015 and 0.022 for the 80th and
95th percentile, respectively, similar to the current
study. However, unlike the current analysis, when
adding Lp(a) over the entire range of concentrations,
NRI did not improve, but IDI did improve slightly.
LPA genotypes were measured as the sum of KIV-2
repeats of the two alleles (which underestimates the
effect of the dominant isoform) or by LPA SNPs. LPA
genotypes also improved NRI and IDI, but the



TABLE 5 Improvement in 15-Year CVD Risk Prediction by Use of Lp(a) on

Top of a Model Containing the Reynolds Risk Score Variables*

Change of Risk Prediction Metrics
(95% CI) on Addition of Lp(a)

Overall Cohort
Exclusion of Participants

With Diabetes

No. of participants 826 746

No. of incident CVD events 148 124

Categorical retrospective NRI 7.3 (�1.8 to 16.3) 7.9 (�1.8 to 17.7)

Noncases 6.6 (2.3 to 11.0) 5.5 (0.8 to 10.2)

Cases 0.7 (�7.2 to 8.5) 2.4 (�6.1 to 10.9)

Categorical prospective NRI 5.8 (�3.4 to 14.7) 6.8 (�3.9 to 17.5)

Noncases 7.5 (3.9 to 11.1) 6.7 (3.0 to 10.4)

Cases �1.8 (�10.2 to 6.7) 0.1 (�9.7 to 9.9)

Continuous NRI 20.7 (0.3 to 41.1) 22.7 (2.4 to 43.0)

IDI (95% CI) 0.027 (0.008 to 0.047) 0.034 (0.013 to 0.056)

Categorical retrospective NRI
Intermediate risk group

39.6 (17.6 to 61.6) 32.8 (9.3 to 56.2)

Noncases 22.5 (10.6 to 34.4) 18.9 (6.1 to 31.7)

Cases 17.1 (�1.4 to 35.6) 13.9 (�5.7 to 33.5)

*Age, sex, diabetes, systolic blood pressure, total cholesterol, high-density lipoprotein cholesterol, parental
history of myocardial infarction at <60 years of age, and loge-transformed C-reactive protein level.

IDI ¼ integrated discrimination improvement; other abbreviations as in Tables 1, 2, and 4.
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combination of Lp(a) levels and LPA genotypes did
not enhance NRI or IDI for coronary heart disease and
slightly enhanced it for MI. Although differences
exist among the current study and the 2 fore-
going studies, they are all remarkably consistent in
enhancing risk prediction by adding Lp(a) to con-
ventional risk factors.
RATION Reclassification of Individuals Predicted to be at

r CVD Risk by Additional Assessment of Lp(a)

s were defined as: lower-risk group <15%; intermediate-risk group

her-risk group $30%. *The Reynolds Risk Score contains information

s, smoking, systolic blood pressure, total cholesterol, high-density

ol, parental history of premature myocardial infarction, and loge
VD ¼ cardiovascular disease; Lp(a) ¼ lipoprotein(a).
In the current study, neither apo(a) isoforms nor
allele-specific Lp(a) levels (32) added to the predic-
tive ability of FRS or RRS, nor to Lp(a), unlike earlier
studies (11,33). In a prior study from Bruneck that
evaluated 5-year progression of carotid atheroscle-
rosis assessed by high-resolution duplex ultrasound,
the presence of LMW apo(a) phenotypes emerged as
one of the strongest risk predictors of advanced ste-
notic atherosclerosis, especially when it was associ-
ated with high Lp(a) plasma concentrations (24). In
the current study, we instead evaluated the capability
of apo(a) phenotypes to predict CVD events in clinical
practice. The discrepancy in findings between an-
atomic disease and CVD events, however, may have
been confounded over the next 10-year follow-up
by the issue that subjects with LMW isoforms were
more likely to be treated with statins. Higher use
of statins in patients with LMW isoforms may have
abrogated the CVD effect of LMW apo(a) isoforms,
as suggested by a similar attenuation of Lp(a)
effects in a recent meta-analysis in 18,979 patients
with established CAD who were receiving statin
therapy (34). A meta-analysis by Erqou et al. (19)
in 40 studies and 58,000 subjects demonstrated a
relative risk of 2.08 for coronary heart disease for
individuals with #22 KIV-2 repeats versus >22 re-
peats. However, Lp(a) levels were not generally
available for adjustment, and therefore the true ef-
fect of apo(a) isoforms added to Lp(a) levels could not
be determined. In the Framingham Offspring Study,
adding apo(a) isoforms to Lp(a) levels did not add
predictive value (35). Finally, various SNPs have been
shown to affect Lp(a) levels, but they do not seem to
predict CVD risk independently when Lp(a) is added
to the models (12,17). Overall, these studies suggest
that Lp(a) is the main driver of CVD risk and that the
additive effect of apo(a) isoforms to the predictive
ability of Lp(a) is likely modest. However, further
studies are needed in a variety of clinical groups with
genetically different isoform distributions, particu-
larly those with small isoforms, to determine point
estimates more accurately.

In view of accumulating data from epidemiolog-
ical, genetic association, and mendelian randomiza-
tion studies, Lp(a) has become a target of therapy
(21). The antisense inhibitor mipomersen, approved
to lower LDL-C levels in patients with homozygous
familial hypercholesterolemia, lowers Lp(a) levels
21% to 39% (36). Cholesterol ester transferase protein
(CETP) inhibitors and proprotein convertase subtili-
sin/kexin type 9 (PCSK9) monoclonal antibodies
currently in trials also lower Lp(a) up to 40% (21,37).
Finally, specific antisense inhibitors to apo(a) have
been tested in both animal models (38) and in phase I



PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: Although Lp(a)

has been identified as a causal risk factor for CVD, its predictive

value has not been fully established.

TRANSLATIONAL OUTLOOK: The clinical utility of basing

clinical management decisions on Lp(a) measurements for pri-

mary prevention of cardiovascular events awaits evaluation in

prospective clinical trials.
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trials and lower Lp(a) up to 95% (39). Such drugs may
allow testing of the clinical hypothesis that lowering
Lp(a) levels in patients with elevated Lp(a) levels
may result in clinical benefit.

STUDY STRENGTHS. The presented data were of high
quality, including the comprehensive assessment of
measurements at baseline in all individuals and 100%
follow-up for clinical endpoints over a period of
15 years. More detailed analyses were performed
with regard to the targeted use of Lp(a) in the
intermediate-risk group and comparisons for cases
and controls. All participants of the study were
Caucasian. Lp(a) SNPs were not available, but previ-
ous studies showed that the association between
SNPs and CVD disappears after adjustment for Lp(a)
(12,17). Thus, no reason exists to assume that Lp(a)
SNPs improve risk prediction beyond the information
provided by Lp(a) level and apo(a) isoforms. This is
especially true considering that less than half of the
LMW apo(a) isoforms are tagged by the currently used
SNPs (40).

STUDY LIMITATIONS. Risk reclassification metrics
(e.g., NRI) have inherent limitations, such as depen-
dence on the choice of cutoff and time frame for
predicted risks and on the age distribution of the
study population. NRIs were presented following
published recommendations (41), and they yielded
findings consistent with other risk prediction metrics.
CONCLUSIONS

Elevated Lp(a) predicts 15-year CVD outcomes and
improves CVD risk prediction. These findings suggest
that Lp(a) levels may be used in risk assessment of
subjects in the general community, particularly in
intermediate-risk groups.
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