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Abstract

Purpose of Review Genetic, epidemiological, and translational data indicate that Lipoprotein (a) [Lp(a)] is likely in the causal
pathway for atherosclerotic cardiovascular diseases as well as calcification of the aortic valves.

Recent Findings Lp(a) is structurally similar to low-density lipoprotein, but in addition to apolipoprotein B-100, it has a
glycoprotein apolipoprotein(a) [apo(a)], which is attached to the apolipoprotein B-100. Several distinctive properties of Lp(a)
can be attributed to the presence of apo(a). This review discusses the current state of literature on pathophysiological and clinical
aspects of Lp(a). After five decades of research, the understanding of Lp(a) structure, biochemistry, and pathophysiology of its
cardiovascular manifestations still remains less than fully understood.

Summary Universally, Lp(a) elevation may be the most predominant monogenetic lipid disorder with approximate prevalence of
Lp(a)>50 mg/dL among estimated >1.4 billion people. This makes a compelling rationale for diagnosing and managing Lp(a)-
mediated risk. In addition to discussing various cardiovascular phenotypes of Lp(a) and associated morbidity, we also outline

current and emerging therapies aimed at identifying a definitive treatment for elevated Lp(a) levels.

Keywords Cardiovascular diseases - Coronary heart disease - Lipoprotein(a) - Lp(a) - Apolipoprotein(a)

Introduction

Lipoprotein (a) [Lp(a)] was thrust into limelight in 2009 when
significant evidence from Mendelian randomization studies
[1] and large cohort studies showed its association with
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atherosclerotic cardiovascular disease (ASCVD) [2-5].
Although Lp(a) was first identified in the 1960s, it is only till
recently that its structure and function has been fully under-
stood [4, 5]. There has indeed been an increased understand-
ing of the biochemistry and pathophysiological aspects of
Lp(a) and its association with ASCVD risk. However, this
enigmatic lipoprotein’s complexity continues to unfold. In this
article, we aim to summarize the current state of literature
regarding the association of Lp(a) with cardiovascular dis-
eases (CVD), highlight Lp(a) reducing therapies and discuss
future directions of therapies in development.

Structure of the lipoprotein(a)

Lp(a) is a lipoprotein very similar to low density lipoprotein
(LDL) with its lipid concentration as well as the presence of
the protein apoB-100. In addition, each Lp(a) particle has an
additional glycoprotein, apo(a), which is attached to the apoB-
100 by a single disulfide bond [6—8]. The apo(a) chain con-
tains five cysteine-rich domains known as “kringles.” The
apo(a) kringle IV-like sequences are grouped into 10 types
depending on the amino acid sequence (KIV; to KIV ).
KIV; to KIVy, are present in one copy except KIV,,
which are highly variable in number and determine the
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size of Lp(a) isoforms [9]. Among most of the popula-
tion, the concentration of Lp(a) is inversely correlated to
the apo(a) isoform size [10].

Lp(a) has prothrombotic, proinflammatory and
proatherogenic properties influencing ASCVD development
and progression. Apo(a) is structurally very similar to plas-
minogen and therefore, Lp(a) can hinder and impair the plas-
minogen activation, plasmin generation, and fibrinolysis [11,
12]. Lp(a) can also bind to macrophages via a high-affinity
receptor that promotes foam cell formation and the deposition
of cholesterol in atherosclerotic plaques [13]. It is mainly ex-
creted by the liver with secondary role of the kidneys [14, 15].

Lipoprotein (a) and cardiovascular diseases
Coronary artery disease and stroke

Elevated Lp(a) is one of the leading inherited dyslipidemias in
patients with premature ASCVD including coronary artery
disease (CAD) or ischemic stroke [16, 17]. Lp(a) particles
can be readily oxidized, degraded, and/or aggregated [18].
Lp(a) may also be more easily taken up by macrophage scav-
enger receptors [19] and may have preferential sequestration
into the arterial walls compared with LDL particles (Fig. 1).
Numerous studies [2, 20-25] have demonstrated the asso-
ciation of Lp(a) with incident ASCVD. Kamstrup et al.,
assessed the causal role of Lp(a) with incidence of CAD in
their Mendelian randomization approach from the
Copenhagen City Heart Study (CCHS; a prospective general

population study with 16 years of follow-up), the Copenhagen
General Population Study (CGPS; a cross-sectional general
population study in more than 29,000 individuals), and the
Copenhagen Ischemic Heart Disease Study (a case—control
study in 2461 individuals). They concluded that genetically
elevated Lp(a) levels were associated with an increased risk of
myocardial infarction (MI) [1]. The hazards ratio (HR) for MI
was 1.22 (95% CI 1.09-1.37) per doubling of Lp(a) levels
using instrumental variable analyses [1]. In another study,
two LPA variants were described to have a strong association
with increased risk of coronary heart disease (CHD) events
[3]. Clarke et al. showed that the odds ratio for CHD were 1.70
(95% CI 1.49-1.95) for the common variant of the LPA gene
(rs10455872) and 1.92 (95% CI 1.48-1.49) for a second, in-
dependent variant (rs3798220). These genetic studies have
significantly strengthened the evidence for causality of Lp(a)
levels and CAD [26].

Lp(a) concentrations vary by ethnicity [27]. African
American individuals have been reported to have higher
Lp(a) levels than Caucasians. However, both races remain
equally at risk of incident CVD events (CHD or ischemic
stroke) conferred by Lp(a) concentration [28].

Heart failure

Combined evidence from the CCHS and CGPS cohorts evaluated
the association between elevated Lp(a) levels and heart failure
(HF) in a total of 98,097 Danish individuals followed from 1976
to 2013 [29]. The results of this study showed that Lp(a) levels
were associated with incident HF risk [HRsyg 1.10 (95% CI10.97—
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Fig. 1 Lipoprotein (a): a risk factor for cardiovascular diseases, mechanisms and treatment options
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1.25) for the 34th—66th percentiles of Lp(a) (8-19 mg/dL), 1.24
(95% CI 1.08-1.42) for the 67th-—90th percentiles of Lp(a) (2067
mg/dL), 1.57 (95% CI 1.32—-1.87) for the 91st-99th percentiles of
Lp(a) (68-153 mg/dL), and 1.79 (95% CI 1.18-2.73) for levels
>99th percentile (>153 mg/dL) versus less than the 34th percentile
(Lp(a) levels <8 mg/dL) (p < 0.001)]. The equivalent population-
attributable risk was determined to be 9%. Furthermore, genetic
analyses showed a relative risk of 1.18 (95% CI 1.04-1.34) per 10-
fold higher Lp(a) levels for HF [29]. Mediation analyses showed
that 47% of the increased risk for HF secondary to elevated Lp(a)
levels was mediated through MI and 21% through aortic stenosis,
with 37% of the remaining risk unexplained. The authors postu-
lated that high levels of Lp(a) may lead to increased arterial stiff-
ness, including noncompliance of the aorta resulting in HF not
explained by development of MI or aortic stenosis [29].

However, in an analysis from Atherosclerosis Risk in
Communities (ARIC) study, Lp(a) levels were not indepen-
dently associated with HF hospitalization [30]. When compar-
ing quintile 5 vs. quintile 1 of Lp(a) levels; there was no
significant association with HF hospitalization (HR 1.07,
95%CI [0.91-1.27]). Therefore, whether Lp(a) independently
increases the risk of HF or if HF incidence may be a down-
stream effect of CHD development associated with elevated
Lp(a) remains, at best, inconclusive.

Aortic stenosis

High plasma Lp(a) concentrations have been shown to corre-
late strongly with aortic stenosis [31-34]. In the CCHS and
CGPS cohort (combined n = 77,860), an incremental risk
associated with aortic stenosis was noted across percentile
increases in Lp(a) levels [35].

Thanassoulis et al. showed that LPA single nucleotide
polymorphism (SNP) rs10455872, which carries a high risk
for MI and CHD, reached significance in a genome-wide anal-
ysis and was the strongest genetic causal risk factor for the
development of aortic stenosis and calcifications of the aortic
valve across multiple ethnic groups [36]. Other studies have
since confirmed the association between Lp(a) levels and aor-
tic valve calcifications, aortic stenosis, and progression of aor-
tic stenosis across different racial groups [35, 37, 38].

Recently, Tsimikas et al., have postulated that the high burden
of thrombosis and increased risk of stroke conferred by the coro-
navirus disease 2019 (COVID19) [39] may have linkages to ele-
vated Lp(a) levels [40]. COVIDI19 is associated with thrombotic
events and has also been shown to induce a cytokine storm with
high levels of IL-6. Given IL-6’s ability to strongly upregulate
Lp(a) levels, and the high homology of Lp(a) to plasminogen, it
is speculated that baseline elevated Lp(a) or acutely increased
Lp(a) may be responsible for some effects of the COVID19 related
thrombotic events [40]. This hypothesis is yet to be validated in
large epidemiologic datasets.

Quantification of lipoprotein(a)

Primarily due to the differences in KIV,, the measurement of
Lp(a) has been a debated topic. In addition to the aforemen-
tioned variations in KIV,_variable glycosylation occurs in the
core of the KIV motifs as well as the sequences linking the
kringles, which makes measurement challenging [41].

Some of these obstacles include assignment of uniform
target value to the assay calibrators, assessment of Lp(a) mass
(typically mg/dL) versus particle number (nmol/L), and an
absence of implemented guidelines for validation of method-
ological approaches [42]. The measurement of Lp(a) mass
units (mg/dL) expressed the entire lipoprotein’s mass includ-
ing apo(a), apolipoprotein B-100, cholesterol, phospholipids,
cholesteryl esters as well as the triglycerides [43]. Therefore,
the heterogeneous size of the apo(a) and the KIV; units in the
Lp(a) can result in challenging standardization using a single
calibrant material for measurement. Serum levels of Lp(a) in
those with higher numbers of KIV, repeats may be
overestimated and those with smaller numbers could be
underestimated until a universal calibrant has the same range
of isoforms as the testing samples of Lp(a). A conversion
factor of 2.85 for small isoforms and 1.85 for large isoforms,
with a mean of 2.4 nmol/L for every 1 mg/dL, was recom-
mended in the past [44] although, this has significant short-
falls. Marcovina et al. have shown that the conversion factor
calibrations, if not appropriately followed conversion may al-
ter the correct Lp(a) values [42].

A reagent assay by Denka Seiken can provide precise an-
alytical method for Lp(a) measurement. The assay reports
Lp(a) concentrations in nmol/L and can be referenced to the
World Health Organization/International Federation of

Clinical Chemistry and Laboratory Medicine reference mate-
rials [42].

Practical and clinical considerations
of lipoprotein(a)

Who should the Lp(a) levels be measured in?

Without intervention during an individual’s lifetime, Lp(a)
levels have been noted to remain relatively stable due to their
genetic predetermination [45, 46]. Repeat measurement is re-
served where a secondary cause of elevated Lp(a) (including
chronic kidney disease/nephrotic syndrome, chronic liver dis-
ease, hypothyroidism, diabetes mellitus, postmenopausal sta-
tus and drugs) is suspected or the response to therapeutic in-
terventions needs to be determined. Several leading lipid and
cardiovascular societies have put forward screening guide-
lines for Lp(a) (Table 1).

The 2018 American Heart Association (AHA)/American
College of Cardiology (ACC) and the HEART UK guidelines
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do not support universal Lp(a) testing as yet [43, 47]. This is in
contrast to the 2019 European Atherosclerosis Society and
European Society of Cardiology guidelines which endorse
the measurement of Lp(a) to be considered at least once in
each adult person’s lifetime to identify those with very high
inherited Lp(a) levels >180 mg/dL (>430 nmol/L) [49¢¢]. The
National Lipid Association (NLA) and HEART UK guide-
lines cautiously suggest that it may be reasonable to measure
Lp(a) amongst those individuals with a personal history of or
first-degree relatives with premature ASCVD and amongst
those with severe hypercholesterolemia (LDL-C >190 mg/
dL) [48]. The Canadian Cardiovascular Guidelines of 2016
suggest to measure the Lp(a) in individuals with intermediate
Framingham risk category (10-19%) or those with a family
history of premature ASCVD [50]. Universal thresholds for
what Lp(a) levels identify higher risk are not uniform across
guidelines, however in most cases, Lp(a) levels >125 nmol/L
(>50 mg/dL) have been deemed as strongly associated with
incidence of ASCVD risk (Table 2).

Given the strong genetic predisposition, cascade screening
of Lp(a) levels amongst family members of patients with ele-
vated Lp(a) levels and those with familial hypercholesterol-
emia may be considered on a case by case basis with patient-
clinical discussion.

Risk stratification evidence

The risk prediction of cardiovascular diseases by addition of
Lp(a) has yielded conflicting results. In a study of over 28,000
women from the Women’s Health Initiative, Women’s Health
Study and the JUPITER trial (Justification for Use of Statins
in Prevention) by Cook et al., Lp(a) was associated with
ASCVD only among those with high baseline total cho-
lesterol >220 mg/dL [51]. Further, the risk prediction
and reclassification indices had nominal improvement
with the addition of Lp(a) to the models including tra-
ditional ASCVD risk factors [52].

Reclassification of patients by measuring Lp(a) was ad-
dressed by at least two other studies with 15- and 6-year pro-
spective follow-ups [53, 54]. Lp(a) addition reclassified be-
tween 15 and 40% of patients to either high or low risk for
ASCVD events.

Barriers and strategies for clinicians

From a clinical standpoint, elevated Lp(a) has been the least
sought-after dyslipidemia to treat to date [55]. The reasons for
this include lack of understanding of the lipoprotein, measure-
ment challenges and a lack of targeted therapies. The electron-
ic health record billing codes for elevated Lp(a) [E78.41] and
family history of elevated Lp(a) [Z83.430] were just recently
approved in the USA [55]. Most of these barriers persist wide-
ly across the world even today.

Recommendations for lipoprotein (a) risk thresholds from different societies

Table 2

Lipoprotein (a) risk threshold

Societal position

>50 mg/dL (>125 nmol/L)

2018 American Heart Association/ American College of Cardiology

Multisociety Guidelines [47¢]
2019 National Lipid Association Scientific Statement [48]

>50 mg/dL or >100 nmol/L (based on >80th populations percentile in Caucasians)

Lp(a) > 180 mg/dL (>430 nmol/L) is defined as risk threshold equivalent to that for heterozygous FH

2019 European Society of Cardiology and European Atherosclerosis Society [49+¢]

2019 HEART UK Consensus Statement [43]

Risk thresholds: 32-90 nmol/L minor; 90-200 nmol/L moderate; 200400 nmol/L high; >400 nmol/L very high

>30 mg/dL

2016 Canadian Cardiovascular Society Guidelines [50]

Abbreviations: ESC; European Society of Cardiology EAS, European Atherosclerosis Society, FH; Familial Hypercholesterolemia
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Treatment of elevated Lp(a)
Primary prevention patients

Aggressive management of all risk factors amongst patients
with elevated Lp(a) with or without established ASCVD and/
or aortic stenosis has shown outcomes benefit. In addition to a
heart healthy lifestyle [56]; the following are some favorable
therapeutic interventions.

Statins

Statins have an established role in primary and secondary
prevention of ASCVD events. Statins only marginally affect
Lp(a) plasma levels with reports of either no effect on or an
increase of Lp(a) levels after statin treatment [57]. The mech-
anisms by which statins raise apo(a) and Lp(a) require further
investigation. In the Scandinavian Simvastatin Survival Study
(4S) subgroup analysis performed among 4402 high-risk men
with CHD, the numbers of deaths were significantly lower
(192 deaths) vs the top (240 deaths) half of the Lp(a) distribu-
tion in the simvastatin and placebo groups combined (P <.05).
Individuals aged 4075 years with 10y ASCVD risk of 7.5%
to <20% with a Lp(a) >100 nmol/L may derive benefit from
being on moderate- to high-intensity statin therapy [47¢¢].

Aspirin

In the Women’s Health Initiative, carriers of rs3798220, a
minor variant of LPA, had elevated Lp(a) levels and an in-
creased CVD risk (HR 2.11, 95% CI 1.39-2.52) versus non-
carriers. The carriers appeared to benefit more from the use of
aspirin therapy than noncarriers over 9.9y follow up [58]. The
benefit of aspirin therapy in individuals with elevated Lp(a)
levels could likely be due to its antiplatelet effect given the
prothrombotic properties of Lp(a). Another study showed
marginal lowering of Lp(a) with aspirin use in a subset of
Japanese patients; a benefit hypothesized to be secondary to
the preferential action of aspirin in reducing LPA gene tran-
scription [59, 60].

Secondary prevention patients

The use of statin therapy and low dose aspirin has shown
CVD outcomes benefit in individuals with established
ASCVD and should be continued. In addition, those with
elevated Lp(a) and established ASCVD may be considered
for the following therapies.

PCSK9i

Proprotein convertase subtilisin/kexin 9 inhibitors ((PCSK91)
have shown to significantly reduce plasma Lp(a)

@ Springer

concentration. Whether the PCSK9i induced reduction in
Lp(a) translates into ASCVD event reduction was tested
amongst 25,096 patients in the FOURIER trial (Further
Cardiovascular Outcomes Research with PCSK9 Inhibition
in Subjects with Elevated Risk), a randomized trial of
evolocumab versus placebo in patients with ASCVD [61].
Evolocumab significantly reduced Lp(a) levels, and patients
with higher baseline Lp(a) levels experienced greater absolute
reductions in Lp(a) and tended to derive greater cardiovascu-
lar benefit from PCSK9 inhibition. Evolocumab reduced the
risk of CHD death, myocardial infarction, or urgent revascu-
larization by 23% (HR 0.77 [95% CI, 0.67—0.88]) in patients
with a baseline Lp(a)>37 nmol/L (median). The absolute risk
reductions, and number needed to treat over 3 years were
2.49% and 40 versus 0.95% and 105, respectively. The
PCSKOi derived reduction in Lp(a) and associated benefit in
reducing ASCVD events was further strengthened by the re-
sults of ODYSSEY Outcomes trial. Alirocumab reduced
Lp(a) by 5.0 mg/dL (interquartile range [IQR]: 0—13.5 mg/
dL), corrected LDL-C by 51.1 mg/dL (IQR: 33.7-67.2 mg/
dLl), and reduced the risk of MACE (HR: 0.85 [95% (I,
0.78 to 0.93) [62]. Relative risk reduction was similar across
Lp(a) quatrtiles. In contrast, absolute risk reduction for MACE
was greater at higher baseline Lp(a) levels exceeding 2% in
the upper two quartiles.

In a study of pooled data from 10 phase 3 ODYSSEY trials,
Ray and colleagues did not find a significant association in the
overall cohort between reductions in Lp(a), and incidence of
ASCVD events (once changes in LDL-C were controlled in the
overall population) [63]. However, they did show a significant
association between reductions in Lp(a) and ASCVD events in
the subgroup of patients with baseline Lp(a) >50 mg/dL (p = 0.02).

Mipomersen

Mipomersen is an antisense oligonucleotide (ASO) which
binds the messenger RNA (mRNA) of ApoB-100, which in
turn triggers the selective degradation of mRNA molecule for
ApoB-100. Mipomersen reduces the atherogenic lipids and
lipoprotein production (including Lp(a) and LDL) by binding
to a specific mRNA preventing the translation of ApoB pro-
tein and, consequently, reducing the production of LDL and
Lp(a) [Lp(a) (mg/dL) reduction in mipomersen vs placebo
group (% median change of —26.4(—42.8, 5.4) vs. —0.0
(10.7, 15.3), p<0.001)] [64]. The efficacy and safety of long-
term mipomersen treatment are currently under evaluation and
therefore, it is not part of the usual Lp(a) reduction strategy in
clinical practice.

Apheresis

Lipoprotein apheresis (LA) is currently the only available
therapy that reduces Lp(a) levels by 50% [65, 66]. This
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process encompasses the selective or nonselective removal of
plasma constituents including lipoproteins in an extracorpore-
al fashion [67]. Patients with stable CHD as well as elevated
Lp(a) levels (>50 mg/dL; mean 103 mg/dL) were shown to
have regression of coronary atherosclerosis (by quantitative
coronary angiography) after weekly Lp(a)-specific apheresis
for at least 18 months [68]. Lp(a) level was reduced by a mean
of 73%, to a mean level of 29 mg/dL.

LA therapy also showed a decrease in overall recurrent
ASCVD events amongst patients with elevated Lp(a) (>60
mg/dL) [69]. Among those on LA, there was a reported 64
and 63% reduction in LDL-C and Lp(a) levels from baseline,
respectively. Over a period of ~48 months follow up, a 94%
reduction in major adverse CVD events was noted for those
on LA. The effect of LA in these studies may have been
confounded by the removal of other atherogenic lipoproteins,
as LA eliminates any apoB-containing lipoprotein, including
LDL as well as triglyceride-rich lipoproteins and their rem-
nants. Furthermore, fibrinogen (a procoagulant) and other pro-
inflammatory molecules may also be removed by LA [67].
Currently, an ongoing randomized multi-center study
(MultiSELECt trial) is evaluating the cardiovascular effects
of apheresis (vs maximal medical therapy) in secondary pre-
vention patients with elevated Lp(a) levels [70].

Apo-anti-sense nucleotide

Recently, the phase II trial studies evaluating the use of
AKCEAAPO(a)-LRx, an ASO targeting LPA mRNA (which en-
codes the main Lp(a) constituent, apolipoprotein(a)) conjugated
with N-acetylgalactosamine to direct the therapy specifically to
hepatocytes [71], were concluded with promising results [72].
Among 268 patients with high levels of Lp(a) (>60 mg/dL) and
preexisting ASCVD randomly assigned to AKCEA-APO(a)-LRx
or placebo; AKCEA-APO(a)-LRx showed significant reductions
in Lp(a) levels versus placebo. Approximately 98% of patients
achieved Lp(a) <50 mg/dL (mean reduction 80%) at the highest
cumulative dose regimen (equivalent to 80 mg monthly) [72]. In a
recent study, AKCEA-APO(a)-LRx and PCSK9i were given to
individuals (14 and 18, respectively) with ASCVD and elevated
Lp(a) levels. AKCEA-APO(a)-LRx led to a more significant
Lp(a)-lowering (mean % change of —47 vs —16% by PCSK9i)
and also reduced the pro-inflammatory markers. [73] The pivotal
phase III study (HORIZON trial; ClinicalTrials.gov Identifier:
NCT04023552) will evaluate the AKCEA-APO(a)-LRx
associated reduction of Lp(a) and CVD outcomes.

Conclusions

The past decade has brought significant improvements in our
understanding of Lp(a) structure, its causal association with
various cardiovascular phenotypes, challenges in optimal

measurement techniques, and the development of efficacious
therapies. With enhanced awareness of Lp(a) as a risk factor
for cardiovascular diseases, the scientific community has in-
deed made strides towards improved understanding of Lp(a)
with potential disease modifying therapies within sight. Future
paradigms including implementation of early referral to spe-
cialists, increased educational efforts and further research will
be essential to gain momentum in the quest towards
championing the care of patients with elevated Lp(a).
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