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Novel therapeutics specific to lipoprotein(a) are now available and offer
the means to test the ‘lipoprotein(a) hypothesis.” However, it is essential to
clinical trial design to estimate how much lipoprotein(a) lowering is required
for meaningful clinical benefit in a representative high-risk patient popula-
tion. A recent Mendelian randomization analysis provides new insights
highly pertinent to this question.

Testing the lipoprotein(a) hypothesis: how much to lower for
clinical benefit?

In the last 20 years, opinion about lipoprotein(a) [Lp(a)] as a car-
diovascular risk factor has changed [1]. The European Atherosclerosis
Society (EAS) Consensus Panel statement on Lp(a) helped to catalyse
this reversal [2]. Indeed, evidence from mechanistic, epidemiological,
and genetic studies showing that Lp(a) was a causal mediator of car-
diovascular disease and calcific aortic valve disease [3-6], with effects
that were consistent across a broad spectrum of subjects, risk factors,
and concomitant therapies. Moving forward, Lp(a) measurement is now
recommended in both European and USA lipid management guidelines
[7,8]. These initiatives are highly relevant given that high Lp(a) is
prevalent; in North American or European Caucasian subjects, one in
five have an Lp(a) level > 50 mg/dL. Prevalence does, however, vary
according to ethnicity, being higher in Africans and lower in Asians
[9,10].

Conclusive testing of the association between high Lp(a) and car-
diovascular risk awaits a large randomized controlled trial. Until re-
cently, this has been the major stumbling block, with the lack of ther-
apeutics that specifically target Lp(a). Options were limited; PCSK9
inhibitors and lipoprotein apheresis both lower Lp(a) but are costly, and
the former is predominantly prescribed for lowering low-density lipo-
protein cholesterol (LDL-C). This scenario has now changed with the
advent of novel antisense oligonucleotides targeting apolipoprotein(a)
that lower Lp(a) production by up to 90% [11]. Recent reports of phase
2b data also showed reduction of Lp(a) in patients with established
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cardiovascular disease (the majority on a statin and 21% on a PCSK9
inhibitor), by more than 70% when given every 4 weeks, and 80%
when given weekly (American Heart Association Scientific Sessions late
breaker, Chicago, November 2018).

Essential to the planning of this major outcomes study is an estimate
of the Lp(a) lowering required to achieve a clinically meaningful re-
duction in cardiovascular events. Unlike the situation for LDL-C, how-
ever, measurement of Lp(a) is fraught with problems. Together with the
recognized need for standardization of assay methodologies, there is
also lack of agreement regarding the threshold for elevated risk, par-
ticularly among individuals with established cardiovascular disease on
intensive LDL-C lowering therapy [10].

The use of a Mendelian randomization approach is appropriate to
address this question, given that elevation in Lp(a) is almost completely
genetic in origin. As allocation of variants in the LPA gene, which en-
codes apolipoprotein(a), a determinant of Lp(a) levels, is random there
are no external influences that can affect Lp(a) levels. Using this ap-
proach, a recent meta-analysis [12] showed that Lp(a) would need to be
lowered by 100 mg/dL to achieve the same benefit as seen with low-
ering LDL-C by 1 mmol/L (38.7 mg/dL). Others have suggested less Lp
(a) lowering is required, ranging from 50 to 60 mg/dL [13]. These
differences may relate to the extent of heterogeneity of Lp(a) values in
the different cohorts studied; addressing this discrepancy is critical to
planning trials to test the ‘Lp(a) hypothesis’.

A very recent report by the Lp(a)-GWAS-Consortium provides new
insights into this question [14]. This Mendelian randomization analysis
used data from 13,781 individuals in 5 primarily population-based
studies. Lp(a) measurement was performed by a single central labora-
tory using a standardized, well-validated assay, with median Lp(a)
values across all studies of 11-12 mg/dL. Analysis was restricted to 27
LPA variants with a minor allele frequency of at least 1%, to estimate
the contribution of low, intermediate, and high numbers of Lp(a) var-
iants to the Lp(a) level. Odds ratios for these variants associated with
coronary heart disease (CHD) risk were derived from a subsample of the
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Box 1
Testing the Lp(a) hypothesis: unresolved questions
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Does Lp(a) have a cumulative chronic effect on CHD risk?

What reduction in Lp(a) is required in other ethnic groups?

very low LDL-C levels?

What is the contribution of prothrombotic and proinflammatory effects to CHD risk associated with high Lp(a)?
What is the variability in the reduction in CHD risk with Lp(a) lowering?

What is the risk reduction associated with Lp(a) lowering in very high risk individuals with cardiovascular disease, especially in those with

CHD Exome + consortium. Using these data, the authors reported that
Lp(a) would need to be lowered by 65.7 mg/dL (95% CI, 46.3-88.3 mg/
dL) for a comparable 22% risk reduction associated with lowering LDL-
C by 1 mmol/L (38.7 mg/dL) over 5 years in a randomized controlled
trial. Thus, when considering the design of future trials aimed at testing
the ‘Lp(a) hypothesis’, Lp(a) in the patient cohort would need to exceed
75 mg/dL to achieve the required magnitude of Lp(a) reduction. It is
pertinent that in the recent phase 2b study of a specific Lp(a) ther-
apeutic, median Lp(a) levels at baseline exceeded 80 mg/dL and the
absolute Lp(a) reduction achieved was 75 mg/dL with a weekly dosing
regimen (American Heart Association Scientific Sessions late breaker,
Chicago, November 2018). Thus, collective findings bode well for the
design of a major outcomes study to test the Lp(a) hypothesis.

Results from the current study are also strengthened by 1) the use of
a central laboratory using a validated standardized assay, and 2) a
cohort with less heterogeneity in Lp(a) values than in precious reports.
Yet, a number of outstanding questions remain (Box 1) [15]. First, it is
recognized that this is an estimate of the required Lp(a) reduction, and
baseline Lp(a) values may need to be higher if an upper limit of the
confidence interval for this estimate is more appropriate. On the other
hand, emerging evidence that Lp(a) also has prothrombotic and
proinflammatory effects that are likely to contribute to pathophysio-
logical mechanisms [6], suggest that a lower baseline Lp(a) value may
be adequate. And finally, there remains uncertainty in translating the
CHD risk reduction associated with lifelong exposure to genetic variants
conferring lower Lp(a) values, with short-term exposure to Lp(a) low-
ering therapies in clinical trials.

Irrespective of these uncertainties, this analysis provides further
information critical to informing the design of clinical trials of novel Lp
(a) lowering treatments. The forthcoming years could represent the
pinnacle of the Lp(a) renaissance, in very much the same way as genetic
data for PCSK9 was the driver for development of highly efficacious
LDL-C lowering therapies that reduce cardiovascular events.
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