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Background-—Current recommendations for lipoprotein(a) (Lp[a]) focus on the control of other risk factors, including lowering low-
density lipoprotein cholesterol (LDL-C), with little evidence to support this approach. Identifying interactions between Lp(a) and
other risk factors could identify individuals at increased risk for Lp(a)-mediated disease.

Methods and Results-—We used a case-only study design and included 939 participants (median age=49 years, interquartile
range 46–53, women=33.1%) from the GENdEr and Sex determInantS of cardiovascular disease: from bench to beyond-Premature
Acute Coronary Syndrome (GENESIS-PRAXY) study, a multicenter prospective cohort study of premature acute coronary syndrome.
There was a higher prevalence of elevated Lp(a) levels (>50 mg/dL; 80th percentile) in PRAXY participants as compared to the
general population (31% versus 20%; P<0.001). Lp(a) was strongly associated with LDL-C (adjusted b 0.17; P<0.001). Individuals
with high Lp(a) were more likely to have LDL-C >2.5 mmol/L, indicating a synergistic interaction (adjusted odds ratio 1.51; 95% CI
1.08–2.09; P=0.015). The interaction with high Lp(a) was stronger at increasing LDL-C levels (LDL-C >3.5, adjusted odds ratio
1.87; LDL-C >4.5, adjusted odds ratio 2.72). In a polytomous logistic model comparing mutually exclusive LDL-C categories, the
interaction with high Lp(a) became attenuated at LDL-C ≤3.5 mmol/L (odds ratio 1.16; 95% CI 0.80–1.68, P=0.447). Other risk
factors were not associated with high Lp(a).

Conclusions-—In young acute coronary syndrome patients, high Lp(a) is more prevalent than in the general population and is
strongly associated with high LDL-C, suggesting that Lp(a) confers greater risk for acute coronary syndrome when LDL-C is
elevated. Individuals with high Lp(a) and LDL-C >3.5 mmol/L may warrant aggressive LDL-C lowering. ( J Am Heart Assoc.
2016;5:e003012 doi: 10.1161/JAHA.115.003012)
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E levated lipoprotein(a) (Lp[a]) represents one of the most
common genetic dyslipidemias worldwide, affecting 1 in

5 individuals.1 Lp(a) has recently been confirmed as a causal
factor for cardiovascular disease including myocardial infarc-
tion (MI)2 and aortic stenosis.3 To date, the appropriate
management of high Lp(a) is not known as there are limited

therapeutic options to directly lower Lp(a).4 Current recom-
mended strategies focus on the control of other risk factors,
including lowering low-density lipoprotein cholesterol (LDL-C),
with little evidence to support this approach.5 Identifying
interactions between Lp(a) and other risk factors could point
to patient groups at increased risk for Lp(a)-mediated disease,
as well as preventative strategies to mitigate the risk
conferred by high Lp(a) (eg, LDL-C lowering and smoking
cessation). However, whether Lp(a) interacts with LDL-C or
other cardiovascular risk factors in the development of
premature acute coronary syndrome (ACS) has not been well
established.

Accordingly, we sought to evaluate whether high Lp(a)
interacts with LDL-C levels and other risk factors in premature
ACS using a case-only design. The case-only study has been
used to identify several gene–environment interactions and
provides valid estimates when the genetic exposure and
environmental exposure are not associated in the general
population.6,7 Since Lp(a) is under strong genetic regulation
withmodest environmental influence from other cardiovascular
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risk factors,6 and has been shown to be independent of most
cardiovascular risk factors, including LDL-C, in the general
population,8–11 the case-only study design provides a valid
approach to identify interactions between cardiovascular risk
factors and Lp(a).

Methods

Study Population
Patients included in the analysis were from the Gender and
Sex determinants of cardiovascular disease: From bench to
beyond—Premature Acute Coronary Syndrome (GENESIS-
PRAXY) study. GENESIS-PRAXY is a multicenter prospective
cohort study of premature ACS patients from Canada, the
United States, and Switzerland who are 18 to 55 years old.
Details of this study have been previously published else-
where.12 Of the 1123 patients enrolled in GENESIS-PRAXY,
184 were excluded for missing Lp(a) levels, leaving a final
sample of 939 patients included in this analysis. In Canada,
the McGill University Health Center acted as the central ethics
review board for all centers. All other centers received
approval from their respective ethics review boards. Informed
consent was obtained from all of the participating subjects.

ACS in the Study Population
The GENESIS-PRAXY study population included individuals
who developed symptoms consistent with acute cardiac
ischemia within the first 24 hours of hospital admission.
These individuals were considered to have an ACS, which
included unstable or intermediate coronary syndromes and/
or acute MI. In addition to symptoms, these patients were
required to fulfill at least 1 of the following criteria: (1) New
electrocardiographic (ECG) changes in ≥2 contiguous leads
including ST elevations by ≥1 mm, ST-segment depressions
by ≥1 mm, dynamic T-wave inversions of ≥1 mm, pseudo-
normalization of negative T-waves, significant Q-waves
defined by being at least one third the height of the
corresponding R wave or ≥0.04 seconds in duration, R-wave
>S-wave in lead V1 suggestive of posterior MI, left bundle
branch block; and/or (2) Increased cardiac enzymes above
the hospital’s normal range: creatine kinase-MB >2 times the
upper limit and/or creatine phosphokinase >2 times upper
limit, elevated troponin I and/or elevated troponin T.

Data Collection
Patients fulfilling the above criteria were identified within the
first 48 hours of hospital admission. Standardized chart
reviews in addition to self-administered questionnaires were
used to obtain demographic data and information on risk

factors. We defined hypertension, hyperlipidemia, and dia-
betes based on self-report of these conditions, and/or use of
antihypertensive, lipid-lowering, or hypoglycemic medications,
respectively, at admission. If patients reported cigarette
smoking >1 cigarette per day within 30 days prior to
admission, they were defined as current smokers. Standard
sphygmomanometers were used to measure blood pressure
during the first 48 hours of the admission. Family history of
coronary artery disease was defined as having a first-degree
relative with coronary artery disease at any age. The 10-year
general cardiovascular disease Framingham Risk Score was
calculated using previously reported methods.13 Fasting
plasma samples obtained within the first 48 hours of
admission were used to measure LDL-C levels via standard
methods. Lp(a) plasma concentration (in mg/dL) was mea-
sured using rate nephelometry technique on an Immage
system analyzer (Beckman-Coulter Inc., Fullerton, CA) using
an anti-lipoprotein(a) rabbit polyclonal antibody, independent
of the Apo(a) isoform size, in frozen plasma samples (Immage;
Beckman-Coulter).

Case-Only Study Design
A case-only study design is a modern epidemiological method
used to identify genetic by environment (G9E) interactions for
a disease of interest without the use of controls. Under
conditions of no association between the genetic and
environmental exposure in the general population, a case-
only study estimates the enrichment of the presence of both a
genetic and environmental exposure in cases.6,7 Simply put,
since Lp(a) is predominantly genetically mediated,8 and Lp(a)
levels are not associated with environmental factors in the
general population, including cardiovascular risk factors such
as LDL-C, as previously reported,8–11 any observed associa-
tion between Lp(a) and these risk factors among cases of
premature ACS is indicative of a departure from a multiplica-
tive interaction. Previous work has shown that the odds ratio
obtained from the case-only studies is the same as the odds
ratio from case–control studies with unmatched controls.14

Furthermore, this type of design reduces variation and can
result in greater precision with smaller standard errors.7

Finally, if a positive association is detected between the
factors that influence disease risk (eg, LDL and Lp[a]), it
suggests a synergistic interaction.15,16

Statistical Analysis
We present continuous data as means with SDs and discrete
data as percentages. Bivariate analyses were performed using
t tests for continuous variables and Fisher exact tests for
discrete data. To evaluate whether high Lp(a) was enriched in
our study sample of premature ACS, we compared the

DOI: 10.1161/JAHA.115.003012 Journal of the American Heart Association 2

Lp(a) and Cardiovascular Risk in Premature ACS Afshar et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



prevalence in our study sample to the population prevalence
using the v2 test for continuous variables. The population
prevalence of high Lp(a) was based on published estimates
from the Copenhagen General Population Study.2

To evaluate association between risk factors (age, sex,
smoking status, family history, body mass index, hyperten-
sion, diabetes, LDL-C levels) and continuous log-normalized
Lp(a) levels, we used linear regression models. In these
models, the effect size reported is in terms of transformed Lp
(a) levels. Because Lp(a) pathogenicity increases significantly
at high levels, we also used logistic regression models to
evaluate the association between high Lp(a) >50 mg/dL
(80th population percentile) and each risk factor. To further
explore the strength of the association between high Lp(a)
and LDL-C, we performed sensitivity analyses by increasing
LDL-C thresholds. All models were adjusted for age, sex,
smoking status, hypertension, and diabetes. To identify a
clinical LDL-C threshold at which the interaction with Lp(a)
was attenuated, we performed a polytomous logistic model
across mutually exclusive LDL-C groups. A polytomous
logistic model was used as there were more than 2 clinically
relevant LDL-C groups as possible outcomes. In secondary
analyses, to ensure that the associations were not an artifact
of the LDL-C measurement, we repeated all analyses using
corrected LDL-C levels using the Dahlen’s formula, which
corrects the LDL-C measurements for the presence of
cholesterol contained in Lp(a).17 We also performed additional
adjustments of all models for statin, angiotensin-converting
enzyme inhibitor, or angiotensin II receptor blocker use. All
statistical analyses were performed using R version 3.1.3
software.18 Statistical significance was considered at a
2-sided a<0.05.

Results

Baseline Characteristics
Table 1 summarizes study sample characteristics stratified by
Lp(a) level with a cut-off value of 50 mg/dL. Median age of
study participants was 49 years (interquartile range 46–53)
and 33.1% were women. Most participants were considered to
be at moderate risk for cardiovascular disease based on the
Framingham 10-year cardiovascular disease risk score of 18%,
with no statistically significant difference between the 2
groups.

High Lp(a) Is Enriched in Early-Onset ACS and Is
Associated With LDL-C
Table 2 shows that PRAXY study participants had a higher
prevalence of high Lp(a) compared to the general population
(20% versus 31%; P<0.001). As compared to patients with

lower Lp(a), patients with high Lp(a) levels (>50 mg/dL) had a
higher prevalence of hyperlipidemia (P=0.024), but there were
no significant differences in smoking status, family history of
cardiovascular disease, body mass index, hypertension, or
diabetes (P>0.050 for all). In linear regression analysis, only
LDL-C was significantly associated with elevated Lp(a)
(b=0.16; P<0.001), even after adjusting for age, sex, smoking
status, hypertension, diabetes, and body mass index (b=0.17;
P<0.001) (Table 3).

Table 1. Baseline Characteristics of GENESIS-PRAXY Study
Subjects

All Patients
(N=939)

Lp(a) ≤50
mg/dL
(N=647)

Lp(a) >50
mg/dL
(N=292) P Value

Median age [IQR] 49 [46–53] 49 [45–53] 50 [46–53] 0.862

Female 311 (33.1) 205 (31.7) 106 (36.3) 0.178

Framingham
10-year risk

18.0 (7.4) 17.8 (7.3) 18.3 (7.7) 0.438

Current smokers 404 (43.5) 280 (43.9) 124 (42.8) 0.775

Family history 458 (48.8) 312 (48.2) 146 (50.0) 0.622

Body mass index 29.7 (6.4) 29.7 (6.2) 29.5 (6.8) 0.739

Hypertension 445 (47.5) 314 (48.6) 131 (45.1) 0.358

Hyperlipidemia 511 (54.4) 336 (51.9) 175 (59.9) 0.024

Diabetes 147 (15.7) 110 (17.0) 37 (12.7) 0.099

Statin at
admission

200 (35.7) 126 (32.4) 74 (43.0) 0.017

ACEI/ARB 195 (34.8) 133 (34.2) 62 (36.0) 0.700

Continuous variables are expressed as mean and categorical variables as percentage.
P-value calculated by t test for continuous variables and Fisher exact test for categorical
variables.
ACEI indicates angiotensin-converting-enzyme inhibitor; ARB, angiotensin II receptor
blockers; GENESIS-PRAXY, GENdEr and Sex determInantS of cardiovascular disease:
from bench to beyond-Premature Acute Coronary Syndrome; IQR, interquartile range; Lp
(a), lipoprotein(a).

Table 2. Prevalence of High Lp(a) in GENESIS-PRAXY Versus
the General Population

Lp(a) ≤50
mg/dL
N (%)

Lp(a) >50
mg/dL
N (%)

OR (95% CI)
P Value

CGPS (N=5543)† 4434 (80.0) 1109 (20.0) 1.81 (1.55, 2.10)
<0.001GENESIS-PRAXY

(N=939)
647 (69.0) 292 (31.0)

GENESIS-PRAXY indicates GENdEr and Sex determInantS of cardiovascular disease: from
bench to beyond-Premature Acute Coronary Syndrome; Lp(a), lipoprotein(a); OR, odds
ratio.
P-value calculated by v2 test for continuous variables.
†In the Copenhagen General Population Study (CGPS) (N=5543), 20% of the population
had elevated Lp(a).2
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High Lp(a) Interaction With LDL-C
In logistic regression analysis, elevated Lp(a) >50 mg/dL was
associated with LDL-C >2.5 mmol/L in both unadjusted (odds
ratio 1.53, 95% CI 1.11–2.11; P=0.009) and adjusted models
(odds ratio 1.51; 95% CI 1.08–2.09; P=0.015). There were no
significant interactions by sex (P>0.050). Given that Lp(a)
levels are genetically mediated and not associated with LDL-C
in the general population, the observed odds ratio >1 among
cases is indicative of a synergistic interaction.

Increasing Strength of the Lp(a) and LDL-C
Interaction at Higher LDL-C Thresholds
In sensitivity analyses, we analyzed the interaction between
elevated Lp(a) with increasing LDL-C levels. We demonstrate
that the magnitude of the interaction between elevated Lp(a)
increases with increasing LDL-C thresholds. The adjusted
odds ratio increased from 1.51 (95% CI 1.08–2.09, P=0.015)
at LDL-C >2.5 mmol/L, to 2.72 (95% CI 1.67–4.42; P<0.001)
at an LDL-C >4.5 mmol/L.

Interaction of High Lp(a) and LDL-C Becomes
Attenuated at LDL-C ≤3.5 mmol/L
To identify a possible threshold for the interaction of high Lp
(a) and LDL-C, we used a polytomous logistic regression
analysis comparing mutually exclusive groups based on LDL-C
levels. As compared to LDL-C <2.5 mmol/L, the adjusted Lp
(a) interaction odds ratios across LDL-C groups were 1.16
(95% CI 0.80–1.68, P=0.447), 1.66 (95% CI 1.11–2.51,
P=0.015), and 3.31 (95% CI 1.93–5.67, P<0.001) for LDL-C
2.5 to 3.5 mmol/L, 3.5 to 4.5 mmol/L, and >4.5 mmol/L,
respectively. We observed a marked attenuation of the
interaction of high Lp(a) and LDL-C at the threshold value of
≤3.5 mmol/L (Figure).

Sensitivity Analyses Using Corrected LDL-C and
Other Secondary Analyses
Using Dahlen’s formula and correction of LDL-C levels for high
Lp(a), the interaction between Lp(a) and LDL-C remained
significant; however, in our threshold analyses, the threshold
for attenuation of the Lp(a) interaction with LDL-C decreased,
to a corrected LDL-C value of >2.5 mmol/L (Table 4). In
secondary analyses, all of the above associations between Lp
(a) and LDL-C remained significant even after adjustment for
statin and angiotensin-converting enzyme inhibitor/an-
giotensin II receptor blocker use (results not shown).

Discussion
In this study of 939 premature ACS cases, we demonstrate a
higher prevalence of high Lp(a) level, compared to the general

Table 3. Associations Between Continuous Lp(a) and Traditional Cardiovascular Risk Factors in Premature ACS

b† 95% CI P Value Adj. b* 95% CI P Value

Age, per y �0.0032 (�0.017, 0.011) 0.654 �0.0018 (�0.016, 0.012) 0.806

Women 0.098 (�0.071, 0.270) 0.256 0.11 (�0.068, 0.280) 0.233

Smoking �0.11 (�0.270, 0.054) 0.190 �0.12 (�0.280, 0.045) 0.157

Hypertension �0.11 (�0.270, 0.048) 0.190 �0.11 (�0.280, 0.056) 0.193

Diabetes �0.13 (�0.350, 0.087) 0.238 �0.13 (�0.360, 0.100) 0.272

FHx 0.034 (�0.160, 0.220) 0.731 0.045 (�0.150, 0.240) 0.650

BMI �0.0047 (�0.017, 0.008) 0.461 �0.0023 (�0.016, 0.011) 0.735

LDL-C 0.16 (0.090, 0.240) <0.001 0.17 (0.089, 0.240) <0.001

ACS indicates acute coronary syndrome; BMI, body mass index; FHx, family history; LDL-C, low-density lipoprotein cholesterol; Lp(a), lipoprotein(a).
*Adjusted for age, sex, smoking status, hypertension, diabetes, and BMI.
†bs are in terms of ln (Lp[a]).

Figure. Interaction between lipoprotein(a) >50 mg/dL and mutu-
ally exclusive LDL-C categories in patients with premature ACS.
ACS indicates acute coronary syndrome; LDL-C, low-density
lipoprotein cholesterol.
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population, confirming that elevated Lp(a) is an important risk
factor for premature ACS. We also demonstrate that Lp(a)
appears to be strongly associated with LDL-C, but not with
other cardiovascular risk factors, in young ACS cases,
highlighting the potential importance of LDL-C in patients
with elevated Lp(a). Given that previous studies have
confirmed that Lp(a) and LDL-C are not associated in the
general population,10,11 our finding that Lp(a) and LDL-C are
strongly associated in young ACS cases is indicative of an
interaction between these lipids in the development of
premature ACS. Our results suggest that Lp(a) excess may
promote initiation and early development of vascular plaque
that may be accelerated by the presence of other pro-
atherogenic lipids, such as LDL-C, leading to the synergistic
interaction observed in our analysis. We note that among
premature ACS patients, individuals with high Lp(a) were >1.5
times more likely to have LDL-C values of >2.5 mmol/L, as
compared with those with lower Lp(a) levels. Moreover, the
interaction between elevated Lp(a) and LDL-C levels became
increasingly stronger at higher LDL-C levels. Young ACS cases
with high Lp(a) had 80% higher odds of having LDL-C levels
above 3.5 mmol/L and had almost 300% greater odds for
having LDL-C levels above 4.5 mmol/L, as compared to those
with lower Lp(a). Most importantly, we demonstrate that
below a LDL-C threshold of <3.5 mmol/L, the interaction with
Lp(a) became markedly attenuated (and statistically non-
significant), suggesting that LDL-C below this threshold may
reduce the risk of premature ACS in those with high Lp(a).
Given the absence of approved specific Lp(a)-lowering med-
ications at the current time, our finding further highlights the
importance of appropriate LDL management in patients with
elevated Lp(a) and lends support to current recommendations
for more aggressive LDL-C lowering in individuals with high Lp
(a).

Several prior studies have explored possible interactions
between Lp(a) and other risk factors, including LDL-C, in
primary prevention, but many of these studies have been
performed in small cohorts with several limitations.19–25 The

Bruneck study prospectively evaluated 500 participants free
of carotid atherosclerosis and demonstrated that Lp(a) was a
predictor of accelerated progression of carotid atherosclero-
sis, only among participants with LDL-C levels >3.3 mmol/L.
However, this interaction could not be further evaluated with
clinical cardiovascular events due to a low event rate
(n=64).20 In the PROCAM study, with data from 788
participants with 44 cardiovascular events, Lp(a) was found
to be predictive of cardiovascular events, especially at higher
LDL-C levels (>4.1 mmol/L), but formal testing for interaction
was not performed.21 The PRIME study reported data from
9133 individuals followed for 5 years (n=288 cardiovascular
events) and demonstrated the presence of an interaction
between elevated Lp(a) ≥33 mg/dL, and LDL-C >4.3 mmol/
L,22 but did not identify a specific LDL-C threshold for this
interaction, likely due to the relatively small number of
available cases. Similarly, in a small nested case–control
study with 195 cases and controls from the Physician’s Health
Study, elevated Lp(a) (>95th percentile) was associated with
the development of angina only among individuals with LDL-C
>4.15 mmol/L,23 but did not report other cardiovascular
events (including MI). The most robust data to date regarding
the interaction of Lp(a) and LDL-C originate from the Women’s
Health Study (n=27 791 women with 899 incident cardiovas-
cular events) in which a strong interaction between elevated
Lp(a) levels (>44 mg/dL) and high LDL-C levels (>3.1 mmol/
L) was observed in women.24 Finally, although a recent
observational study has suggested that patients with ACS and
high Lp(a) have recurrent cardiovascular events despite low
LDL-C,25 a recent large meta-analysis of statin trials in
secondary prevention suggested that Lp(a) was only predic-
tive of recurrent events in individuals with high LDL-C
>3.4 mmol/L.26 Although these studies have all demon-
strated some evidence for interaction between elevated Lp(a)
and LDL-C levels, these analyses have been limited by small
sample sizes, the lack of formal interaction tests, the inclusion
of only women or the use of surrogate end points (ie, angina
or vascular imaging). Our study therefore extends the

Table 4. Polytomous Logistic Regression Analysis of the Interaction Between High Lp(a) and Mutually Exclusive Increasing
Corrected LDL-C Levels, Using Dahlen’s Equation, in Premature ACS

OR for Lp(a)
>30 mg/dL* 95% CI P Value

OR for Lp(a)
>50 mg/dL* 95% CI P Value

cLDL-C ≤2.5 Reference

2.5<cLDL-C≤3.5 1.40 (0.97, 2.00) 0.07 1.60 (1.08, 2.38) 0.020

3.5<cLDL-C≤4.5 1.51 (0.95, 2.40) 0.08 1.54 (0.93, 2.55) 0.096

4.5 <cLDL-C 3.17 (1.49, 6.76) 0.002 4.04 (1.96, 8.34) >0.001

ACS indicates acute coronary syndrome; BMI, body mass index; LDL-C, low-density lipoprotein cholesterol; Lp(a), lipoprotein(a); OR, odds ratio.
cLDL-C is corrected LDL-C using Dahlen’s equation (LDL=TC�HDL�0.2TG�0.3Lp[a]) (references 8 and 9).
*Adjusted for age, sex, smoking status, hypertension, diabetes, and BMI.
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evidence regarding this interaction in a sizeable contemporary
sample of much younger ACS patients (≤55 years) that
includes both men and women, using a unique case-only
approach, and adds to the existing evidence that elevated Lp
(a) is most strongly associated with ACS under conditions of
elevated LDL-C. We also used a more clinically relevant Lp(a)
value of 50 mg/dL for high Lp(a), which is considered to be
the level where Lp(a) is most strongly associated with
cardiovascular risk.27 Finally, the large number of ACS cases
allowed us to identify a LDL-C threshold at which the
interaction was attenuated, which was not previously possible
and is of clinical relevance.

Several studies have also used the modified Friedewald
equation, also known as Dahlen’s formula, to calculate
corrected LDL-C levels10,11 to account for the increased
cholesterol content of Lp(a) particles. In sensitivity analyses,
using Dahlen’s corrected LDL-C levels, the interaction
between elevated Lp(a) and corrected LDL-C remained
significant but at a lower corrected LDL-C threshold of
<2.5 mmol/L.17 Nonetheless, given that Dahlen’s modified
LDL-C formula is not frequently used clinically, an uncorrected
LDL-C threshold >3.5 mmol/L is likely more relevant in
clinical practice.

High Lp(a) has been determined as the strongest indepen-
dent genetic risk factor of CV disease,27,28 and a causal role
for circulating Lp(a) in cardiovascular events has been
demonstrated by Mendelian randomization.2 Lp(a) has also
been shown to be a potential causal factor for valve
calcification and aortic stenosis in a large genome-wide
association study,3 and in several subsequent reports.29,30

Despite these important associations, Lp(a) screening
remains controversial in general practice largely due to the
limited therapeutic options for lowering Lp(a). Nonetheless,
the European Atherosclerotic Society consensus panel as well
as the National Lipid Association recommends measuring Lp
(a) in patients with early-onset ACS, a family history of early
ACS, or who are at intermediate risk (ie, 10–20% 10-year risk)
for cardiovascular events.1 This approach is supported by
recent data suggesting that Lp(a) may reclassify intermediate
risk individuals to high risk,31 especially when Lp(a) levels are
very high (>95% percentile).5,32 Our results suggest that in
addition to these groups, Lp(a) screening should also be
recommended for individuals with LDL-C >3.5 mmol/L, as the
presence of both high LDL-C and high Lp(a) may accelerate
progression of vascular disease and markedly increase the
risk of cardiovascular events. This may have particular
importance in young patients with LDL-C >3.5 mmol/L who
are frequently at low 10-year predicted cardiovascular risk
and would therefore not be otherwise eligible for statin
therapy. Our results suggest that statin therapy among those
with high Lp(a) and concomitant LDL-C >3.5 mmol/L could
lead to meaningful reductions in premature cardiovascular

events. Such an approach is supported by a post-hoc analysis
of the Familial Atherosclerosis Treatment Study (FATS)
randomized trial in which the reductions in coronary stenosis
progression and clinical events from lipid-lowering treatment
were greatest among individuals with high Lp(a) (>90th
percentile) who had the greatest LDL-C reductions from
treatment.33

Future trials targeting individuals with high Lp(a) using
statins (to lower LDL-C), niacin, proprotein convertase
subtilisin kexin type 9 (PCSK9) inhibitors,34,35 or specific Lp
(a)-lowering antisense therapies36 are clearly warranted to
confirm the benefits of lipid-lowering in individuals with high
Lp(a), and should pay special attention to the subgroup with
concomitant elevations of LDL-C, who may be at highest
cardiovascular risk. It is noteworthy that PCSK9 inhibitors
have shown promising results with respect to significantly
lowering both Lp(a) and LDL-C and may serve as the future
preferred treatment strategy for patients with familial hyper-
cholesterolemia with combined elevations of Lp(a) and LDL-
C.34,35,37 Anacetrapib, the only cholesteryl ester transfer
protein inhibitor currently under investigation, has also been
suggested to effectively reduce both LDL-C and Lp(a) levels.38

In contrast, Lp(a)-lowering agents such as tibolone,39 as well
as recent antisense therapies could potentially be used as the
primary approach to treat individuals with isolated high Lp(a)
levels.36 A randomized trial with Lp(a)-lowering antisense
agents could also provide the final confirmatory test of
causality for the role of Lp(a) in coronary artery disease and
aortic valve disease.40

Our study has several strengths including a sizeable
sample of young ACS patients typically encountered in clinical
practice and the use of a case-only design, which provides a
robust approach for identifying relevant risk factor interac-
tions. Several limitations deserve mention. First, although the
case-only study maximizes power and provides robust inter-
action estimates, this depends on a key assumption that the
interacting factors observed in cases are independent in the
general population. Although we could not directly confirm
this assumption, several studies have shown that Lp(a) and
LDL-C levels do not associate in the general population.10,11

Furthermore, our estimates for this interaction are consistent
with the evidence from smaller case–control and prospective
studies, suggesting that our results, based on the case-only
approach, are valid. Second, our study was cross-sectional
and may not fully consider the lifelong impact of elevations of
both Lp(a) and LDL-C on ACS risk. However, because Lp(a)
levels are primarily genetically mediated, Lp(a) has been
shown to remain constant over time.2 Third, use of the case-
only approach precludes reporting the direct association of Lp
(a) or LDL-C with MI; however, both of these lipid markers
have been shown to be strongly associated with MI and
cardiovascular events in large meta-analyses and have
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recently been shown to be causal using Mendelian
randomization. Finally, we did not correct LDL-C levels for
lipid-lowering treatment, and this could lead to some
misclassification in LDL-C levels; however, <40% of PRAXY
participants were on lipid-lowering therapies prior to their
index event and any misclassification would tend to bias our
results to the null; therefore, we may underestimate the true
magnitude of this interaction.

Conclusions
In young ACS patients, high Lp(a) is more prevalent than in
the general population and is strongly associated with high
LDL-C levels. Our results demonstrate that Lp(a) confers
greater risk for ACS when LDL-C is elevated. In individuals
with high Lp(a) and concomitant elevations in LDL-C
>3.5 mmol/L, LDL-C lowering may be warranted to reduce
the risk of premature ACS. Larger prospective studies and
randomized trials in individuals with high Lp(a) are needed to
confirm these findings.
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