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High levels of lipoprotein(a) [Lp(a)] are causal for atherosclerotic cardiovascular disease (ASCVD). Lp(a) is the
most prevalent inherited dyslipidemia and strongest genetic ASCVD risk factor. This risk persists in the presence
of at target, guideline-recommended, LDL-C levels and adherence to lifestyle modifications. Epidemiological and
genetic evidence supporting its causal role in ASCVD and calcific aortic stenosis continues to accumulate,
although various facets regarding Lp(a) biology (genetics, pathophysiology, and expression across race/ethnic
groups) are not yet fully understood. The evolving nature of clinical guidelines and consensus statements rec-
ommending universal measurements of Lp(a) and the scientific data supporting its role in multiple disease states
reinforce the clinical merit to start population screening for Lp(a) now. There is a current gap in the imple-
mentation of recommendations for primary and secondary cardiovascular disease (CVD) prevention in those with
high Lp(a), in part due to a lack of protocols for management strategies. Importantly, targeted apolipoprotein(a)
[apo(a)]-lowering therapies that reduce Lp(a) levels in patients with high Lp(a) are in phase 3 clinical devel-
opment. This review focuses on the identification and clinical management of patients with high Lp(a). Spe-
cifically, we highlight the clinical value of measuring Lp(a) and its use in determining Lp(a)-associated CVD risk
by providing actionable guidance, based on scientific knowledge, that can be utilized now to mitigate risk caused
by high Lp(a).

1. Introduction Lp(a) levels to disease development, and the challenges associated with
the measurement and assessment of risk. These have been the focus of a
recently published scientific statement by the American Heart Associa-

tion (AHA) [10] and consensus statement from the European Athero-

Despite being discovered several decades ago and having reported
associations with cardiovascular disease (CVD) in the 1980s, it is only

since the turn of the century that a resurgence of interest in lipoprotein
(a) [Lp(a)] biology has occurred [1,2]. This resurgence has been insti-
gated by high quality epidemiological studies, genome wide association
studies (GWAS) and Mendelian randomization studies, revealing high Lp
(a) as an inherited, independent, and causal CVD risk factor [3-5].
Furthermore, evidence suggests that high Lp(a) levels contribute to re-
sidual CVD risk in patients achieving target low-density lipoprotein
cholesterol (LDL-C) goals from apolipoprotein B-100 (apoB)-lowering
therapies and following healthy lifestyle changes [6-9]. There continues
to be a rising tide of studies investigating the mechanisms linking high

sclerosis Society (EAS) [5]. The primary purpose of this paper is to
review the scientific evidence that supports management strategies for
individuals with high Lp(a); including the importance of screening for
Lp(a) levels and providing actionable guidance for mitigating CVD risk
in individuals with high Lp(a).

1.1. Prevalence and supporting evidence for Lp(a) links to ASCVD

Using data from the Danish population [11] and UK Biobank [12],
which include mostly White populations, it is estimated that
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approximately one in five individuals worldwide (~1.5 billion in-
dividuals) have high Lp(a) levels (>100-125 nmol/L [~>50 mg/dL])
(Fig. 1A) [13]. In comparison, heterozygous familial hypercholester-
olemia (HeFH), a well-established atherosclerotic cardiovascular disease
(ASCVD) risk factor, has an estimated worldwide prevalence of 1 in 311
individuals (~25 million individuals) [14], while a common disease
such as diabetes, affects ~537 million adults worldwide [15]. Despite
the high prevalence, the contribution of high Lp(a) to ASCVD risk re-
mains underappreciated in clinical practice [5,16]. Importantly, the
recent development of novel therapeutics (glucagon-like peptide
[GLP]-1) that are changing the outcomes of individuals with obesity,
insulin resistance, and type 2 diabetes mellitus (T2DM) will not address
the risk of high Lp(a) as a driver for ASCVD [17]. High Lp(a) varies
considerably by race, with sequential increments in population median
Lp(a) levels reported in Chinese (16 nmol/L, [~6.5 mg/dL]), White (19
nmol/L, [~7.6 mg/dL]), South Asian (31 nmol/L, [~12.4 mg/dL]) and
Black (75 nmol/L, [~30 mg/dL]) individuals [12]; however similar Lp
(a) levels among White and Hispanic individuals have been reported
[18]. Substantial differences in Lp(a) levels across racial subgroups
exist, yet the relative risk of the incidence of ASCVD appears largely
similar with increasing Lp(a) level [12,13,19]. Findings from the Lp(a)
HERITAGE study suggest that approximately one in four patients with
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ASCVD have high Lp(a) (>125 nmol/L, [~>50 mg/dL]); however, the
prevalence of high Lp(a) is possibly overestimated due a selection bias of
patients enrolled in this study [20]. When patients from Lp(a)HERITAGE
were stratified by race in the United States, median Lp(a) levels were
more than 2.5-fold higher in Black patients with ASCVD (132 nmol/L,
[~52.8 mg/dL]) compared to the overall group (52 nmol/L, [~20.8
mg/dL]), with ~one in two Black patients compared to one in three of
the overall group having high Lp(a) [21]. The mechanisms and patho-
physiology relating to these higher absolute levels of Lp(a) in Black in-
dividuals needs to be furthered studied. It must also be acknowledged
that not all individuals with high Lp(a) levels will develop CVD, sug-
gesting that the convergence of additional risk factors in the setting of
high plasma Lp(a) is also important for CVD development [22].

As a lipoprotein, Lp(a) carries cholesterol, triglycerides (TG), phos-
pholipids (of which some are oxidized), cholesteryl esters, and addi-
tional apoproteins, each of which can have their own disease-causing
risk [23,24]. The Lp(a) particle comprises apolipoprotein(a) [apo(a)]
covalently linked to an apoB-containing lipoprotein (Fig. 1B) [3].
ApoB-containing lipoproteins, exemplified by LDL, have a
well-established mechanistic and clinical role in CVD [25]. The genetic
inheritance of plasma Lp(a) levels is through its apo(a) component [24].
This apoprotein is coded by the LPA gene and shares high structural
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Fig. 1. Overview of the structure, regulation, measurement considerations and level interpretation of Lp(a) and CVD-associated risk. A) Listing of non-genetic and
genetic factors that modolute lipoprotein(a) [Lp(a)] levels. Lp(a) levels are primarily determined by variability in the LPA gene which codes for the apolipoprotein(a)
[apo(a)] component of the particle. [5]. The prevalence of High Lp(a) levels ranges from 10-30% and varies depending on ancestry [13]. B) The Lp(a) particle
comprises a single apolipoprotein B-100 (apoB-100) containing lipoprotein covalently associated with apo(a). Oxidized phospholipids (OxPLs) are covalently
associated with apo(a), apoB-100 and the lipid core. Apo(a) consists of 10 kringle IV (KIV) domains, a single KV domain and an inactive, protease-like domain.
Different apo(a) isoforms have different KIV, copy numbers [69]. Recent guidance on important considerations when choosing Lp(a) assays, along with the risk
thresholds for determining risk from an Lp(a) measurement are described [5,10]. C) Adjusted hazard ratios for select cardiovascular disease (CVD) outcomes
comparing participants in the top percentile of Lp(a) distribution (>95th percentile for calcific aortic valve stenosis [CAVS], ischemic stroke and CV mortality; >99th
percentile for myocardial infarction [MI] and heart failure[HF]) versus those with lower Lp(a) levels (<22nd percentile for CAVS; <34th percentile for MI and HF;
<50th percentile for ischemic stroke and CV mortality) [45]. Peripheral artery disease (PAD) risk is based on an adjusted odds ratio for Lp(a) >66th percentile
compared to <33rd percentile [45]. Atrial fibrillation risk is based on a Mendelian randomization analysis of the odds ratio per 50 nmol/L increase in Lp(a) [55].
*Lp(a) levels are still reported in mg/dL and therefore knowledge of whether the Lp(a) measurement was in nmol/L or mg/dL is crucial; fconversion between nmol/L
and mg/dL is a gross estimate. IFCC = International Federation of Clinical Chemistry.
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homology to plasminogen [26]. It is highly polymorphic in size and can
potentiate atherothrombosis through additional mechanisms [3,27].
Investigators have described apo(a) as the major -carrier of
pro-inflammatory oxidized phospholipids (OxPL) with unique proteome
characteristics when compared to other apoB containing lipoproteins. Of
note, Lp(a) levels predict CVD risk even after apoB levels are accounted
for in multivariate models [28], the latter highlighting independent apo
(a) driven mechanisms towards development of CVD. Furthermore,
despite a higher abundance of LDL particles, a recent analysis of UK
Biobank data has determined that Lp(a) is approximately 6-fold more
atherogenic than LDL on a per particle basis [29].

Key takeaway: Circulating Lp(a) particles are causal for ASCVD. The
components of this particle, and in particular its specific apo(a)
component, contribute to its role in disease development.

1.2. Genetics and clinical implications

The expression of the apo(a) component of Lp(a) is highly controlled
by the LPA gene. Greater than 90 % of Lp(a) levels are genetically
determined, and the high frequency of LPA gene variants makes Lp(a)
the most common genetic dyslipidemia [30,31]. This compares to >160
genes that are required to explain between 50 and 70 % of the herita-
bility of other lipoproteins [32]. It is worth noting that the LPA gene has
been described as one of the strongest genetic risk factors for coronary
artery disease (CAD) [33], with variants that are more potently associ-
ated with CAD than LDLR- and proprotein convertase subtilisin/kexin
type 9 (PCSK9)-related variants [27]. While Lp(a) levels appear to be
relatively constant over a lifetime, there are several conditions that in-
fluence Lp(a) levels [30]. Some of these have been linked to the LPA
gene promoter region which contains transcription factor binding sites
for growth hormones [34] and acute phase responders such as inter-
leukin (IL)-6[35] and possibly other inflammatory cytokines [36],
which increase plasma Lp(a) levels (Fig. 1A). Lp(a) levels increase
during pregnancy and also increase after menopause suggesting an in-
fluence of endogenous estradiol levels on Lp(a) levels in women [37].
Furthermore, exogenous estradiol treatment in the form of menopausal
hormone therapy is associated with lower Lp(a) levels [38-40], but
hormone therapy is not recommended as a strategy for the primary
purpose of CVD prevention or treatment of dyslipidemia. Androgen
deprivation therapy results in an increase in LDL-C, TG, and Lp(a), and a
decrease in high-density lipoprotein cholesterol (HDL-C) levels. The
effect of testosterone replacement therapy on plasma lipids and lipo-
proteins is modest and variable but high-dose androgen therapy used by
athletes can markedly decrease HDL-C and also reduce Lp(a) levels [41].

With increases in personalized medicine efforts and the observed
racial/ethnic variations in Lp(a) levels, it is important to note numerous
LPA variants that associate with high and low Lp(a) levels. Briefly, the
LPA gene codes for various size polymorphisms within the apo(a) pro-
tein [32]. Notably, a highly variable region, the kringle IV type 2 (KIV3),
can have between 3 and 40 repeats. With one allele inherited from each
parent, unless a null allele is inherited, most individuals express two
isoforms. Smaller apo(a) isoforms (containing up to 22 KIV; repeats) are
associated with higher plasma Lp(a) levels, while larger apo(a) isoforms
(>22-40 KIV; repeats) are associated with lower Lp(a) levels [32].
There is some evidence for the higher production of small apo(a) par-
ticles as the driver for high Lp(a) levels [42]. The number of KIV; repeats
and genetic variants (ie, single nucleotide polymorphisms [SNPs])
within the KIV; region can explain 30-70 % of the variability in Lp(a)
levels, depending on ancestry (Fig. 1A) [43]. However, substantial in-
dividual variations in Lp(a) levels exist within a given isoform size,
which is often underappreciated [32]. Further, a variant in the penta-
nucleotide repeat of the LPA gene promoter region is reported to explain
up to 14 % of Lp(a) variation in European individuals, but has no as-
sociation in Black African individuals [30]. Considering this genetic
regulation of Lp(a) levels, cascade screening of Lp(a) in individuals with
a family history of premature CVD or high Lp(a) is warranted [5,22].
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Moving beyond the LPA gene, variants in APOE and CETP loci are
associated with lower Lp(a) levels, while an APOH loci has recently been
associated with increased Lp(a) levels [44]. In Supplemental Table 1, we
list specific examples of variants associated with LPA and non-LPA loci
and their impact on Lp(a) levels in different racial groups.

Key takeaway: In the era of personalized medicine, efforts should be
made to understand the role of LPA variants taking ancestry into ac-
count. Additionally, the links of variants to disease presentations and
overall risk for CVD should be examined. The clinical significance of LPA
gene associations with other genes is yet to be determined.

1.3. Lp(a) and clinical presentations

Key observations from a select number of studies support the role of
high Lp(a) in CVD risk (summarized in Supplemental Table 2).
Regarding ASCVD, high Lp(a) levels are strongly associated with CAD,
ischemic stroke, and peripheral artery disease (PAD) (Fig. 1C) [45]. A
recent analysis from the Copenhagen General Population Study
involving >100,000 individuals has revealed that every 50 mg/dL (105
nmol/L) increment in genetically determined Lp(a) level was associated
with a 39 % increased risk of PAD [46]. An observational analysis of the
LipidCardio study, comprising a largely Caucasian population, found
that patients with suspected or symptomatic CAD and high Lp(a) were
associated with a more severe disease presentation and complex-to-treat
form of CAD [47]. Beyond ASCVD, the strongest causal association be-
tween high Lp(a) and any cardiovascular (CV) endpoint has been
observed with calcific aortic valve stenosis (CAVS), the most prevalent
form of valvular heart disease (Fig. 1C) [45,48-50]. Indeed, the LPA gene
remains the only identified monogenic risk factor for CAVS [10].
Reciprocally, it has been demonstrated that genetically-mediated
lowering of Lp(a) is associated with a lower risk of CAVS (37 %), CAD
(29 %), PAD (31 %) and stroke (13 %) [51]. This finding suggests the
potential clinical benefit of lowering Lp(a) levels as a viable therapeutic
strategy, although these observations represent lifetime lowering of Lp
(a) and extrapolation to benefit in the secondary prevention setting
should be done with caution [51]. Ongoing randomized controlled trials
(RCTs) targeting apo(a) lowering and hence lowering Lp(a) levels will
provide the first evidence on whether directed therapies provide
improved outcomes.

An association between high Lp(a) levels and heart failure (HF) has
also been reported. However, the association between Lp(a) and
increased risk of HF (occurring in the >90th percentile) is lower
compared to the increased risk between Lp(a) and CAD or CAVS
(occurring in the >75th percentile) [5,52]. This observation likely re-
flects the role of CAD and CAVS as underlying causes, but an association
with other pathophysiological pathways such as
atherosclerosis-associated arterial stiffness and vascular
non-compliance could not be excluded [45]. This association of high Lp
(a) with HF has been shown in observational studies from the Athero-
sclerosis Risk in Communities (ARIC) study and the Multi-Ethnic Study
of Atherosclerosis (MESA) [53,54].However, the association in the
MESA study was only evident in White individuals suggesting further
research is required to understand the association between Lp(a) and
HF, including the possibility of race-based differences in Lp(a)-mediated
risk. Furthermore, recent evidence has demonstrated high Lp(a) as a
potential causal mediator of atrial fibrillation (AF); effects which were
partly independent of its known effects on ASCVD [55].

Regarding venous thromboembolism (VTE), human genetic studies
have not supported a causal role for high Lp(a) and VTE in the general
population [56]. Interestingly, secondary analyses from the Further
Cardiovascular Outcomes Research with PCSK9 inhibition in Subjects
With Elevated Risk (FOURIER) [57] and ODYSSEY OUTCOMES [58]
trials of patients with clinically evident CVD randomized to anti-PCSK9
mADbs that lower LDL-C levels, revealed that VTE incidence was associ-
ated with higher Lp(a) levels. The anti-PCSK9 mAbs from each trial,
which also cause moderate Lp(a) level reductions, were associated with
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lower VTE incidence among patients with high Lp(a) levels [57,58]. This
apparent discrepancy between findings from genetic studies and clinical
studies is not clear, but could reflect patients enrolled in these clinical
studies having a higher risk of VTE [9]. Definite physiological roles of Lp
(a) within hemostasis and coagulation are yet to be defined [59].

Interestingly, studies over the last decade have also revealed asso-
ciations between very low Lp(a) levels and incident type 2 diabetes
mellitus (T2DM), yet the causality remains unknown [5,60]. From a
clinical perspective, it will be interesting to monitor bleeding, throm-
botic events, and T2DM incidence in RCTs with targeted Lp(a)-lowering
therapies, which could shed light on Lp(a) physiology.

Key takeaway: Clinical research data supports high Lp(a) as a driver
for the development of CVD, including CAD, MI, Stroke, PAD, and CAVS.
The associations with AF and HF require additional validation. In-
dividuals at risk for these events, or those who have been recently
diagnosed, should have their Lp(a) level measured. Until targeted
therapies are available and their benefit on outcomes is proven, high
levels can be used to guide clinicians to enhance and optimize lowering
of other CVD risk factors.

1.4. How does Lp(a) link to disease?: Atherogenesis, inflammation, and
thrombosis/coagulation

The increased CVD risk mediated by high Lp(a) may be attributed to
pro-atherogenic,  pro-inflammatory = and  pro-thrombotic/anti-
fibrinolytic properties [61]. Both apoB and apo(a) components, the
main proteins on Lp(a), have been shown to be present in the arterial
wall [25,62]. A strong, positive correlation between plasma Lp(a) level
and its accumulation in atherosclerotic plaque was first reported in 1989
[63], with a subsequent study by van Dijk et al., detecting Lp(a) in all
stages of the atherosclerotic process, with substantially greater abun-
dance in advanced atherosclerotic lesions and ruptured plaques from
coronary arteries [64]. More recent clinical investigations have
demonstrated associations between high Lp(a) levels and vulnerable
plaque characteristics, including thin-cap fibroatheroma and acceler-
ated progression of low-attenuation plaque volume (necrotic core),
providing a potential mechanistic explanation between high Lp(a) levels
and clinical atherothrombotic events [65,66].

The most intriguing evidence for a pro-inflammatory role of Lp(a) in
humans was reported by Van der Valk et al., [67]. Here, autologous,
peripheral blood mononuclear cells that were reinfused, accumulated at
the carotid and aortic arterial walls at significantly higher rates in in-
dividuals with high Lp(a) levels, suggesting that individuals with high
Lp(a) have enhanced arterial wall inflammation, likely by facilitating
monocyte entry [67]. Mechanistic evidence in support of this
pro-inflammatory role is underpinned by findings where individuals
with high Lp(a) have increased levels of endothelial and monocyte cell
activation, and increased trans-endothelial migratory capacity, key
initiating steps in atherosclerosis [67,68].

A prominent molecule that appears to drive the pro-inflammatory
and subsequent pro-atherogenic properties of Lp(a) is OxPLs [67,69].
Furthermore, pro-calcific properties of Lp(a) have been attributed to its
OxPL content, as this damage associated molecular pattern induces
osteogenic gene expression and calcification in valvular interstitial cells
and is associated with an increased incidence and progression of CAVS
[5,70]. Both ASCVD and CAVS feature calcification, however, calcifi-
cation of atherosclerotic plaque occurs relatively late in the disease
process, whereas it features prominently in the earlier stages of CAVS
and potentiates the progression of CAVS [69,71,72]. Clinical evidence
has demonstrated that high Lp(a) is independently associated with the
presence of early-stage aortic calcium, which precedes symptomatic
CAVS by many years, and is believed to represent the most favorable
timing for therapeutic interventions, such as Lp(a) lowering [73]. A
phase 2 study “Lp(a)FRONTIERS CAVS” with the apo(a) antisense
oligonucleotide (ASO), pelacarsen, will test this hypothesis
(NCT05646381).
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A pro-thrombotic role for Lp(a) has been hypothesized since the
discovery of high homology (75-99 %) between the apo(a) component
of Lp(a) and plasminogen, a key component of fibrinolysis that serves to
limit excessive thrombus growth by facilitating clot lysis, via fibrin
degradation [74]. Unlike plasminogen, apo(a) lacks an active protease
domain, and experimental evidence with recombinant apo(a) supports
an anti-fibrinolytic role through competition with plasminogen, directly
or indirectly by fibrin binding for plasmin generation by tissue plas-
minogen activators [75]. However, ex vivo clot lysis times were unal-
tered following potent and specific apo(a) lowering with pelacarsen
[74]. Evidence of a direct, pro-thrombotic role for Lp(a) via platelet
activation has been demonstrated [76,77], while apo(a) also interacts
with, and inhibits, the anti-coagulant protein, tissue factor pathway
inhibitor, which could exacerbate thrombosis [78]. Further studies are
required to fully understand the mechanistic (ie, pro-platelet, pro-coa-
gulant, and/or anti-fibrinolytic) role(s) for Lp(a) in thrombosis.

Key takeaway: In patients with high Lp(a), clinicians should un-
derstand that the particle is not only pro-atherogenic, but also has pro-
inflammatory and pro-thrombotic burden. In addition to optimizing
therapies that decrease all CVD risk (ie, lipids, inflammation), imaging
modalities such as coronary artery calcium (CAC; see the section on
“imaging modalities™) could assist to assess Lp(a)-mediated risk [79].

2. The importance of Lp(a) screening now and how to manage
individuals/patients with high Lp(a) levels

2.1. Why measure Lp(a) levels?

Measuring Lp(a) is recommended by numerous clinical guidelines
including the 2018 AHA/American College of Cardiology (AHA/ACC)
[80] and the 2019 European Society of Cardiology/EAS (ESC/EAS) [81]
dyslipidemia guidelines, and by scientific or consensus statements from
the National Lipid Association (NLA) [4] and the American Association
of Clinical Endocrinologists and American College on Endocrinology
(AACE/ACE) [31], respectively (Fig. 2). The AHA/ACC, NLA and
AACE/ACE recommend measuring Lp(a) in those with personal and/or
family history of premature ASCVD, while testing in moderate- to
high-risk individuals is also recommended by the NLA and AACE/ACE
[4,31,80]. However, the strongest stance is put forward by the ESC/EAS
which recommends that an “Lp(a) measurement should be considered at
least once in each adult person’s lifetime” [81]. This stance of a uni-
versal measurement of Lp(a) at least once in a lifetime, is also now
recommended by the Canadian Cardiovascular Society [82], a recent
consensus statement on Lp(a) from the EAS [5] and a 2024 focused
update to the scientific statement by the NLA [83]. The universal
recommendation for an Lp(a) test is particularly important in the
context of primary prevention and understanding the risk of CVD events
in the absence of traditional risk factors [84]. In this regard, a recent
observational analysis of participants from the MESA, followed for a
median of 13.4 years, demonstrated that CVD risk in a primary pre-
vention setting significantly increased with high Lp(a), even when
LDL-C levels are optimal [85].

It is imperative for both clinicians and patients to understand that Lp
(a) levels cannot be determined from a standard lipid profile, as high Lp
(a) levels can occur alongside normal levels of LDL-C and TG [86].
Therefore, measuring Lp(a) levels is recommended for a comprehensive
CVD risk assessment [50]. A seminal finding from the Bruneck pro-
spective outcomes study determined that the addition of Lp(a) screening
to a baseline CVD risk assessment (using the Framingham Risk Score and
Reynolds Risk Score), significantly improved the discrimination and
reclassification of CVD risk [87]. Lp(a) screening was particularly
effective in reclassifying individuals at an intermediate risk, resulting in
a net reclassification improvement of almost 40%. Consequently, this
study laid the foundation for dyslipidemia management guidelines to
classify Lp(a) as a CVD risk enhancer and recommend its measurement
for risk mitigation, particularly in individuals with intermediate CVD
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Fig. 2. Clinical guidelines and consensus statements recommend screening for Lp(a): When, in whom, and why? Multiple global clinical guidelines and expert
consensus statements recommend Lp(a) screening to manage dyslipidemia and mitigate Lp(a)-mediated CVD risk. Provided is a synopsis of key recommendations for
measuring Lp(a) from the: American Heart Association/American College of Cardiology (AHA/ACC) [80], Canadian Cardiovascular Society [82], and European
Society of Cardiology/European Atherosclerosis Society (ESC/EAS) clinical guidelines [81]; and the ACC, American Association Clinical Endocrinology/American
College of Endocrinology (AACE/ACE) [31], EAS [5], and National Lipid Association (NLA) [4,83] consensus statements.

*Denotes clinical guideline; 'Denotes scientific/consensus statement; *Premature atherosclerotic cardiovascular disease (ASCVD) is defined as occurring in men aged

<55 years and women aged <65 years.

risk [80,81]. Nurmohamed et al., reaffirmed the Bruneck study obser-
vation, by demonstrating that Lp(a) screening reclassified almost
one-third and two-thirds of individuals with very high Lp(a) levels
(>99th percentile) to a higher risk category for the SCORE (primary
prevention) and SMART (secondary prevention) ASCVD risk algorithms,
respectively [88]. Also of note, Afshar et al., revealed that a high Lp(a)
level effectively reclassified individuals with moderate LDL-C levels
(135-159 mg/dL) to a higher CVD risk category, who may otherwise not
meet the criteria for lipid-lowering therapy [89]. Furthermore, the
addition of Lp(a) levels to the pooled cohort equations improved ASCVD
risk prediction in individuals with diabetes or prediabetes from the ARIC
study [90]. Importantly, participants among these studies were of
White/European descent [87-89], and therefore it remains to be
determined if these observations extend to other racial or ethnic groups.
A recent analysis of a large multi-ethnic pooled cohort of five prospec-
tive studies of CVD from a US population, shows consistent increases in
ASCVD risk associated with higher Lp(a) levels by sex and self-reported
race/ethnicity, with particularly stronger relationships noted in those
with versus without diabetes [91].

Another recommendation to further enhance the comprehensive
nature of a CVD risk assessment would be to measure apoB levels, which
are known to be better predictors than LDL-C levels in estimating inci-
dent and residual CVD risk [25]. Accurate and inexpensive apoB assays
are available [25]. Therefore, the contribution of measured Lp(a) levels
to total apoB levels can be assessed by a simple conversion, as depicted
in the recent AHA scientific statement on Lp(a) [10]. In the era of very
potent lipid-lowering therapies that preferentially lower LDL-C, Lp(a)
may persist as the predominant atherogenic lipoprotein in individuals
who achieved ultra-low apoB levels, but high Lp(a).

Considering that Lp(a) is an independent ASCVD risk factor,

knowledge of Lp(a) levels is crucial to identify patients who remain at
risk, despite receiving apoB-lowering therapies [6]. Furthermore, an Lp
(a) measurement can help explain cases of unexplained or premature
ASCVD, which can enhance patient engagement and understanding of
CVD risk [92]. From a risk mitigation perspective, Lp(a) screening can
inform clinical practice, such that modifiable risk factors can be targeted
more intensively (Fig. 2). Evidence in support of this was provided by
the Copenhagen City Heart Study, where European males (>60 years of
age) with high Lp(a) levels who did not smoke or have hypertension, had
an ~20 % reduction in the 10-year risk of ischemic heart disease
compared to males who had similarly high Lp(a) levels, but smoked and
were hypertensive [93]. Similarly, in patients with high Lp(a) levels,
Perrot et al., demonstrated that those who had an ideal CV health score
as determined by the seven AHA CV health metrics (ie, body mass index,
diet, physical activity, blood pressure, smoking status, total cholesterol
level and diabetes status), had a 67 % lower risk of CVD compared to
those with unhealthy CV health scores, and therefore adoption of these
health metrics should be encouraged in all individuals with high Lp(a)
levels [94]. Interestingly, recent evidence from the MESA cohort,
revealed that high Lp(a) levels enhanced the association of hypertension
with incident CVD, and this association was greatest among Black par-
ticipants [95]. Similarly, in the ARIC study, high Lp(a) levels were
significantly associated with an increased incidence of ASCVD events
among White individuals with diabetes or prediabetes at baseline, but
not in those with normal fasting blood glucose [90]. Importantly, data
from the ARIC and UK Biobank studies, that include diverse cohorts,
support similar CVD risk ratios rates for all racial groups [12,19].
Although Lp(a) levels are highly genetically determined, various
clinical conditions have been associated with high levels, as described in
Fig. 1A [5,96-98]. Recent evidence also suggests that Lp(a) levels can
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increase by an average of 22% from childhood to adulthood [99].
Deshotels et al., demonstrated that a large proportion of adults with
borderline high Lp(a) in middle life have high Lp(a) levels later in life;
particularly women, Black individuals, and those with hypertension
[100]. Therefore, the clinical presentation and timing of any previous Lp
(a) measurement are important considerations in determining the need
for a repeat Lp(a) measurement, while an Lp(a) value found within the
“gray zone” (discussed in the following section) should merit consider-
ation for another Lp(a) measurement [101].

Key takeaway: Lp(a) testing is recommended by multiple clinical
guidelines and medical societies. CVD risk assessments that do not
include an Lp(a) measurement, could underestimate an individual’s risk
and miss an opportunity to intensify global CVD risk factor
management.

2.2. How can Lp(a) measurements be embedded into routine clinical
practice?

In 2018, driven by efforts from patient advocacy groups and leaders
in the lipid field, the Centers for Disease Control and Prevention
approved two ICD-10 codes, E78.41 [Elevated Lp(a)] and Z83.430
[Family history of elevated Lp(a)], for diagnosing high Lp(a), empha-
sizing the importance of embedding this measurement into clinical
practice now (Fig. 3) [4]. Utilization of these codes will further allow
clinicians to document the prevalence of high Lp(a) in patient cohorts
and generate large clinical research databases, which will also be
particularly important for future policy decisions [2,61]. Furthermore,
the CPT® code 83695 has been assigned to indicate an Lp(a) measure-
ment allowing clinicians to electronically document this medical service
(Fig. 3). However, despite the epidemiological and genetic evidence,
guideline recommendations, and that approximately 60 million Ameri-
cans (based on estimates from other general populations) are likely to
have high Lp(a) levels, there remains a substantial gap in the imple-
mentation of Lp(a) measurements in clinical practice [50]. An analysis
from the Family Heart Database™ in 2022 of over 112 million in-
dividuals determined that only 0.3 % (n = 333,726) had at least one Lp
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(a) measurement (Fig. 3) [102]. This low rate of Lp(a) screening
(approximately 1 % or less) is supported by additional observational
studies from Hu et al. [103], and Bhatia et al. [16], although the latter
study observed that approximately 3-4 % of high risk patients with
ASCVD or CAVS were screened.

To help embed Lp(a) measurements into routine clinical practice,
barriers to implementing testing must be confronted and policy in-
terventions are required. One commonly identified barrier is a lack of
value perception among clinicians, mainly due to the perceived lack of
targeted therapeutic options for an individual/patient with a high Lp(a)
level [104]. Further, the lack of a universal Lp(a) threshold for CVD risk
prediction among guidelines and of actionable recommendations on
how to manage a patient with high Lp(a) fuels a misconception that Lp
(a) testing is not necessary until a specific therapy targeting Lp(a) is
available [104]. Identifying an appropriate threshold for high Lp(a) has
been challenging, largely due to significant ethnic/racial differences in
Lp(a) levels and population-level distribution [26].

There has been a recent increase in the use of digital health tech-
nologies to improve clinical care [105]. Various approaches have been
studied, showing that using a text-message intervention may improve
cardiovascular risk factors [106] and the use of electronic applications
has showed improvements in physical activity and e-health literacy
scores [107]. The application of these modalities to increase Lp(a)
screening implementation practices needs further exploration.

2.3. A pragmatic approach to assess risk in those with high Lp(a)

2.3.1. What values are desirable and high?

Recent evidence from the UK Biobank, comprising a multiethnic
population, challenges the use of a single number as an Lp(a) threshold
associated with ASCVD risk, demonstrating that ASCVD risk increases
linearly and consistently across all ethnic/racial subgroups with a rise in
Lp(a) level, and is present at levels lower than reported thresholds [12,
84]. In light of this, the EAS and NLA advised on a risk spectrum
(Fig. 1B) where Lp(a)-associated CVD risk can be viewed as a contin-
uum, with <75 nmol/L (~30 mg/dL) generally considered desirable,

% Of >112 miillion Americans with
claims data for ASCVD screening
or treatment from 2012-2019, only

f 0.3% received Lp(a) screening

#  ofHCPs in the United States,
[ <0.1% are responsible for
A ordering 50% of Lp(a) tests

-

Available ICD-1 O-CM\
diagnosis codes:

'4p. E78.41
m Elevated Lp(a)

Z283.430
Family history of

elevated Lp(a)

Available CPT®
code:

83695
Lp(a) blood test
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Fig. 3. Lp(a) screening rates in the United States are sub-optimal and are currently concentrated within a small number of health care providers (HCPs) [102]. Two
dedicated ICD-10-CM codes, E78.41 and Z83.430, are available to enhance the diagnosis of high Lp(a) and allow familial risk to be assigned to patients with Lp
(a)-mediated CVD risk. The available CPT® code (83695), reports an Lp(a) blood test, while direct-to-consumer Lp(a) assays that measure in nmol/L are avail-

able to order at a low cost.
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>125 nmol/L (~50 mg/dL) considered very high risk, and a gray zone of
75-<125 nmol/L (~30-<50 mg/dL) [5,83]. The adoption of this is a
pragmatic approach to determining Lp(a)-associated CVD risk and
would allow clinicians to determine, based on overall risk, whether the
Lp(a) level constitutes a clinically meaningful increase in risk [101]. A
recent opinion piece by Wong ND highlights “The failure to screen and
identify those with Lp(a)-associated risk represents a missed opportunity
to address this risk, not only with our existing repertoire of treatments,
but hopefully in the future with promising therapies in development
targeting Lp(a).”[108]

2.3.2. Test cost and insurance coverage

In general, an Lp(a) test can cost between $25 to $100 dollars, which
is comparable to a standard lipid profile [3]. Use of diagnostic codes may
help with insurance coverage if there is a family history of high Lp(a)
(Fig. 3). Some insurance plans may not cover the cost of measuring Lp(a)
and some countries require patients to pay for their own Lp(a) mea-
surement [104]. This cost of the test may be a barrier for some patients
and it will be important to educate policy makers of the importance of
this test to allow greater coverage by insurers. Individuals may also
obtain direct-to-consumer Lp(a) assays for reasonable prices which may
be an option to consider and may be useful for cascade screening of
relatives.

2.3.3. Assay considerations

There are substantial challenges in assay standardization of Lp(a)
particle molar and mass concentration, and these have been recently
reviewed [101]. There is no unbiased conversion factor between the two
measurement units (mg/dL and nmol/L) [10,109]. Efforts to further
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standardize and improve the accuracy of Lp(a) assays are ongoing, with
more recent recommendations stating that Lp(a) should be measured in
nmol/L and use an apo(a) isoform-insensitive assay traceable to the
International Federation of Clinical Chemistry reference material
(Fig. 1B) [5,10]. There are Lp(a) assays calibrated to international
standards available, and these assays utilizing a calibration approach are
suitable in determining Lp(a)-associated CVD risk in the general popu-
lation [10,101,110].

Key takeaway: Once a suitable Lp(a) assay is adopted, it is recom-
mended to continue using the same standardized assay for future mea-
surements. If an optimized assay is not available at your site, clinicians
are encouraged to use the available assays (despite limitations) and to
continue using the same assay if repeated measures of Lp(a) levels are
needed.

2.4. What is actionable following identification of a high Lp(a) level?

While CV outcome trials of targeted apo(a)-lowering therapies are
pending, individuals with high Lp(a) may benefit from:

1. Risk calculators: To facilitate actionable responses by clinicians
following a high level of Lp(a), we have developed ASCVD risk
mitigation flowcharts for primary (Central Illustration) and second-
ary (Fig. 4) prevention. The risk assessment component of the pri-
mary prevention flowchart incorporates an Lp(a) measurement into
the ACC/AHA 10-year predicted ASCVD risk assessment to deter-
mine an individual’s appropriate risk category and risk mitigation
interventions (Central Illustration) [80,111]. Knowledge of an in-
dividual’s Lp(a) level is incorporated as a risk enhancing factor and

Life’s Essential 8

Inflammation

« Statins

therapies*
* Lipoprotein

apheresis’

N

Coagulation

« Colchicine * Low-dose * Low-dose * Referral to a
* Ezetimibe rivaroxaban aspirin lipid specialist or
* Bempedoic acid + P2Y12 inhibitors preventive
+ PCSK9-targeted cardiologist

N

Platelets Specialist

v

- J

Fig. 4. Mitigation of Lp(a)-associated risk in patients with ASCVD. Patients with high Lp(a) and ASCVD should be categorized as being a high risk for future CVD
event(s). As per the Central Illustration, adoption of “Life’s Essential 8" should be advised with initial risk mitigation discussions. Further understanding of the pro-
atherogenic, pro-inflammatory and pro-thrombotic burden of Lp(a)-associated ASCVD risk should prompt consideration of the armamentarium of therapies that can
mitigate risk (including lipid-lowering therapies and/or lipoprotein apheresis, and anti-inflammatory, anti-platelet and/or anti-coagulant therapies) with consid-
eration of a referral to a specialist (eg, lipidologist or preventive cardiologist). Therapies in bold indicate those where current evidence suggests a clinical

benefit could be derived in patients with high Lp(a).

*Anti-PCSK9 mAbs or PCSK9 siRNA therapies; lipoprotein apheresis is currently FDA-approved for patients with high Lp(a) only in the setting of FH. FH = familial

hypercholesterolemia; P2Y12 = purinergic receptor P2Y G-protein-coupled 12.
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could adopt the observation by Patel et al., that the risk for ASCVD
was 11 % higher for each 50 nmol/L increment of Lp(a) [hazard ratio
1.11 per 50 nmol/L Lp(a)] [10,12]. To incorporate Lp(a) into a
10-year risk estimate, the patient’s modelled 10-year risk would be
multiplied by a factor of 1.11"(patient’s Lp(a) in nmol/L/50) (Cen-
tral Illustration). As an example, the 10-year risk estimate for a pa-
tient with an Lp(a) of 200 nmol/L would have a 10-year risk that is
1.52-fold higher than modeled by the ACC/AHA pooled cohort
equations calculator.

. Imaging modalities: There are risk modifiers not commonly included
in ASCVD risk prediction models that also warrant consideration
with an Lp(a) measurement, particularly CAC [112]. Mehta et al.,
demonstrated a joint association between high Lp(a) levels (upper
quintile [Q5]) and CAC score (>100) with ASCVD risk [112].
Asymptomatic individuals had an approximate five-fold increase in
ASCVD risk compared to individuals within the lower Lp(a) quintiles
(Q1-4) who had a CAC score of zero. Both risk factors were inde-
pendently associated with ASCVD risk, and the authors acknowl-
edged that individuals from the high-risk subgroup would likely
benefit from intensive ASCVD risk reduction strategies [112].
Further supportive evidence showing a positive association between
high Lp(a) levels and CAC progression over a mean follow-up of 7.3
years was demonstrated by Wong ND et al. [113]. It has also been
recently proposed that CAC would be an appropriate imaging mo-
dality within certain clinical scenarios where risk-enhancing factors,
including high Lp(a), are present [79].

. Assessment of inflammatory markers: Similar to Lp(a), hsCRP was
added as an ASCVD risk enhancer in the 2018 AHA/ACC cholesterol
guidelines [80]. Currently, there is conflicting evidence on whether
hsCRP modifies Lp(a)-associated ASCVD risk. Using asymptomatic
participants from the MESA population, Zhang et al., demonstrated
that Lp(a)-associated ASCVD risk was only observed with concomi-
tant elevation in hsCRP (>2 mg/L) [114]. Similarly, a prespecified
post hoc analysis of the multinational “A Study of Evacetrapib in
High-Risk Vascular Disease (ACCELERATE)” trial revealed a step-
wise relationship between high Lp(a) levels and CV death, myocar-
dial infarction and stroke in patients with high CV risk only when
hsCRP levels were >2 mg/L [115]. However, a more recent analysis
of a large dataset of predominately White individuals from the
Copenhagen General Population Study revealed that Lp(a) was the
main driver of ASCVD (and CAVS) irrespective of hsCRP levels [116],
suggesting contextual differences in population or ethnic/race in the
interaction between systemic inflammation and Lp(a)-associated
risk.

. Lifestyle modifications: A risk-based strategy for prevention is rec-
ommended for individuals with high Lp(a), tailoring interventions
broadly effective at lowering ASCVD risk to the patient’s compre-
hensive risk profile. Following the ASCVD risk assessment with Lp
(a), it is advisable that all individuals, regardless of assigned risk
category, adopt healthy lifestyle behaviors. This should be aligned
with the AHA’s enhanced approach to assessing CV health by “Life’s
Essential 8’, to target modifiable ASCVD risk factors through a
healthy diet, physical activity, avoiding nicotine, healthy sleep,
healthy weight, and healthy levels of blood lipids, blood glucose and
blood pressure (Central Illustration) [117].

. CVD risk-modifying therapies/procedures: For individuals catego-
rized as intermediate or high-risk, pharmacological therapies (eg,
statins and other apoB-lowering therapies and anti-hypertensive
therapies) are recommended to intensify modifiable risk factor
management. For individuals in the high-risk category, more inten-
sive targeting of risk factors is advised (Central Illustration); this
could involve combined statin and anti-PCSK9 mAb or PCSK9 small-
interfering RNA (siRNA) therapies, lipoprotein apheresis (FDA-
approved only in those with high Lp(a) based on criteria in the
setting of familial hypercholesterolemia [FH]), anti-platelet thera-
pies (eg, aspirin) or additional CVD risk-modifying agents as
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discussed below. Importantly, where there is uncertainty regarding
an appropriate risk mitigation approach, patient referral to a suitable
specialist (eg, lipidologist or preventive cardiologist) should be
considered in both primary (Central Illustration) and secondary
(Fig. 4) prevention populations. Within the current repertoire of
approved apoB-lowering therapies that are indicated for LDL-C
lowering, several have reported effects on plasma Lp(a) levels
(Table 1). Interestingly, statins tend to modestly increase Lp(a) levels
by 9-20 % through mechanisms that remain to be determined [27].
Thus, while statins remains an essential therapeutic strategy in CVD
risk mitigation, they do not produce clinically important changes in
Lp(a) levels. Niacin can lower Lp(a) levels by ~20 % [6], however no

Table 1
The effect of approved lipid-lowering procedures and therapies affecting Lp(a)
levels.

Therapeutic Effecton Lp  Effect on Possible Lp(a)- Effect on CVD
strategy (a) LDL-C lowering risk
mechanism
Apheresis* 30-35 % 70 % Removal of An observational
time- reduction circulating study showed a
averaged [121] apoB-100 and/  reduced MACE
reduction or apo(a) incidence of 58
[27] -containing % in a 2-year
lipoproteins observation
[121] period vs 11 % in
the 5-year

treatment period
[151]
Statins 9-20 % 30-50 % Increased apo A meta-analysis
increase reduction (a) synthesis of 27 RCTs with
[152] [153] and secretion statins showed a
[152] 21 % MACE
reduction per
38.9 mg/dL
reduction in
LDL-C [154]
Ezetimibe 0-7 % 15-22 % Unknown An RCT with
reduction reduction combined
[9] [81] ezetimibe and
statin vs statin
monotherapy
showed a ~6-7
% MACE
reduction [155]
Bempedoic No 17-28 % - An RCT showed
acid significant reduction a 15 % reduction
change [156] in 3-point MACE
[118] [156]
Niacin 21 % 12 % Inhibits LPA No incremental

reduction reduction gene clinical benefit of

[6] [6] expression at adding niacin to
the promotor statin therapy
level [152] [157]

PCSK9 19-27 % 51-61 % Enhanced RCTs with
mAbs/ reduction reduction clearance and different anti-
siRNA [7,8,119] [158-160] reduced PCSK9 mAbs

production of have both

Lp(a) [8] demonstrated a
15 % MACE
reduction in
patients
receiving statin
therapy and LDL-

C > 70 mg/
dL158.159

Apo(a) = apolipoprotein(a); apoB = apolipoprotein B-100; CVD = cardiovas-
cular disease; FH, LDL-C = low-density lipoprotein cholesterol; Lp(a) = lipo-
protein(a); MACE = major adverse cardiovascular event; PCSK9 = proprotein
convertase subtilisin/kexin type 9; RCT = randomized control trial; siRNA =
small interfering ribonucleic acid.

" In the United States, apheresis is approved for patients with high Lp(a) only
in the setting of FH.

 Moderate intensity statins.
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CV outcome benefit has been reported for niacin when added to
statin therapy; considering the evidence of adverse effects associated
with the use of niacin, it should be used with caution for Lp
(a)-lowering [9]. Ezetimibe has modest Lp(a) lowering effects that
are not clinically significant [9]. Bempedoic acid also does not lower
Lp(a) levels [118]. Currently, the only available therapeutic ap-
proaches that lower Lp(a) levels and reduce CV risk are anti-PCSK9
mAbs and lipoprotein apheresis [9]. Anti-PCSK9 mAb (and PCSK9
siRNA) therapies are not approved for Lp(a)-lowering and to date
there are no completed RCTs that have assessed CV risk reduction in
patients with high Lp(a). The evidence in support of lipoprotein
apheresis, which is FDA-approved for patients with high Lp(a) only
in the setting of clinically diagnosed FH, is currently derived from
observational data [61]. Lp(a) levels are reduced by ~20-30 % with
anti-PCSK9 mAbs [27], with similar reductions reported for incli-
siran, a siRNA therapy that targets PCSK9 mRNA (Table 1) [119].
Secondary analyses of the CV outcome trials, FOURIER and ODYS-
SEY OUTCOMES, revealed that after lowering LDL-C with statins and
anti-PCSK9 mAbs, high Lp(a) levels were associated with increased
residual CVD risk [7,8]. The magnitude of clinical benefit with
anti-PCSK9 mAbs appeared to be associated with the extent of Lp(a)
reduction, suggesting that Lp(a) could be an important and modifi-
able risk factor in patients with nominally controlled LDL-C, but
further investigation is required [9]. In the United States, lipoprotein
apheresis performed every 2 weeks is the only FDA-approved ther-
apeutic option for patients with high Lp(a) (>60 mg/dL [ ~150
nmol/L]) in the setting of clinically diagnosed FH, and either coro-
nary or peripheral artery disease, but uptake of this invasive thera-
peutic option is poor and not readily available to the vast majority of
patients with high Lp(a) [10]. Lipoprotein apheresis lowers
apoB-containing lipoproteins, LDL-C and Lp(a), by 70—75 %; how-
ever, due to the intermittent nature of the therapy, rebound occurs
and the time-averaged reduction of Lp(a) with bi-weekly treatments
is estimated to be between 30 and 35 % (Table 1) [120,121].
Retrospective and prospective lipoprotein apheresis trials have
demonstrated CV event reduction by ~80 % in patients with high Lp
(a), but the benefit of apheresis requires prospective RCTs to make
definitive conclusions [61].

6. Management of other comorbidities: Other possible therapeutic op-
tions for targeting Lp(a)-associated risk include low-dose aspirin, as
supported by two primary prevention trials: the Women’s Healthy
Study [122] and ASPirin in Reducing Events in the Elderly (ASPREE)
[123]. In both trials, low-dose aspirin was beneficial in reducing CVD
events in individuals with high Lp(a)-associated genotypes, with
ASPREE suggesting CVD benefits outweighed bleeding risk. There-
fore, aspirin — as a widely available, well tolerated, and
cost-effective therapy — may be of benefit to individuals at moderate
or high Lp(a)-associated CVD risk (Fig. 4). Further, in the absence of
approved therapies for mitigating Lp(a)-associated risk, these data
have been used to justify the prescription of aspirin by clinicians in
patients with high Lp(a) [123]. Further evidence from RCTs and the
analysis of directly measured Lp(a) levels are required to fully un-
derstand the role of aspirin in targeting Lp(a)-associated CVD risk.

Importantly, there are intensive therapeutic interventions (as
described) to mitigate the increased CVD risk caused by high Lp(a);
however, this risk cannot be inferred from a standard lipid profile test
[86] and can only be detected by an Lp(a) test following a simple,
routine fasting or non-fasting venipuncture [50]. Notably, a
cross-sectional and longitudinal analysis of patient records in Germany
has uncovered that mortality rates of patients with prior ASCVD events
and an Lp(a) test were significantly lower compared to a matched con-
trol group with ASCVD events and no Lp(a) test [124]. It has been
suggested this observation is likely explained by intensified preventive
treatment approaches along with specialized CV patient care as a result
of Lp(a) testing [124].
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Secondary prevention patients with ASCVD and high Lp(a) should be
immediately categorized as high-risk. Patients with multiple risk factors
in addition to high Lp(a) and those with recurrent ASCVD events may be
considered very high risk [125]. High Lp(a) levels are common in those
with FH and is associated with an ~5 fold increased risk in an already
high risk population [126,127]. Again, adoption of “Life’s Essential 8"
components of CV health is recommended to complement pharmaco-
logic risk reduction (Fig. 4) [117]. The best available evidence to date
showing improved CV outcomes in patients with high Lp(a) comes from
secondary analyses of RCTs with PCSK9 targeted-therapies and these
therapies should be preferentially implemented when considering
lipid-lowering therapies to achieve LDL-C/ApoB reduction goals [9].
Observational data suggest that lipoprotein apheresis, which acutely
lowers Lp(a) and LDL-C by 70-80 % acutely and ~35 % time averaged
between bi-weekly treatment sessions, may also modify risk in patients
with high Lp(a) [27]. Lipoprotein apheresis is an FDA-approved therapy
for those with FH, high Lp(a) in the presence of FH, and ASCVD.
Apheresis can be considered for this very high risk population especially
if LDL-C/ApoB goals cannot be achieved with pharmacologic therapy
alone or if recurrent events occur. Additional risk-based mitigation ap-
proaches should be considered based on Lp(a) pathophysiology, in
specific the broad spectrum of evidence-based interventions that are
effectively used in secondary prevention of ASCVD (Fig. 4).

Anti-platelet/anti-coagulant therapies, such as P2Y12 receptor an-
tagonists [128] (as monotherapy or dual antiplatelet therapy with
aspirin) and/or aspirin with a low-dose anticoagulant (rivaroxaban)
[129] may potentially alleviate the additional pro-thrombotic burden
posed by high Lp(a). The anti-inflammatory compound, colchicine, has
emerged as an effective risk modifying therapy targeting the inflam-
matory axis of CVD; it is widely available and has a low cost (Fig. 4)
[130]. The RCTs Low-Dose Colchicine (LoDoCol, LoDoCo2) [131,132]
and the Colchicine Cardiovascular Outcomes Trial (COLCOT) [133]
have demonstrated that the risk of CV events is significantly lower with
once daily colchicine compared to placebo in secondary prevention CVD
populations. However, colchicine has not been tested in patients with
high Lp(a). An inhibitor of IL-6, ziltivekimab, was shown to reduce Lp(a)
among patients with chronic kidney disease [134], and this agent is
currently under study in several CV outcome trials including patients
with residual inflammatory risk at high CVD risk (NCT05021835,
NCT05636176, NCT06118281). Autoimmune diseases, in particular
rheumatoid arthritis, are associated with increased mortality due to CVD
[135]; therefore, what effect (if any) can antirheumatic drugs, including
ziltivekimab, have on Lp(a)-associated CVD risk? While evidence in
support of these latter therapies mitigating Lp(a)-mediated CVD risk
does not exist, it is anticipated that secondary analyses of ongoing trials
will address this question and could prove beneficial while targeted Lp
(a)-lowering therapies are pending.

Considering the heritable nature of Lp(a) levels, cascade screening of
first-degree family members is another warranted and actionable
response following the detection of a high Lp(a) level [136]. Indeed, the
recent AHA scientific and EAS consensus statements have recommended
cascade screening for high Lp(a), including those with a personal or
family history (also noted by the ICD-10-CM code ‘Z83.430") of ASCVD
[5,101, while also incorporating this into services that already exist for
cascade screening of FH, as ~25 % of adults with clinical FH have high
Lp(a) [5,137]. The clinical value of including systematic Lp(a) screening
within cascade screening for FH was demonstrated by Ellis et al., where
screening from index cases with both FH and high Lp(a) identified one
new case of high Lp(a) for every 2.4 individuals screened; this was in
comparison to opportunistic screening from index cases with FH, but
without high Lp(a), identifying one individual for every 5.8 screened
[138]. Notably, while FH and high Lp(a) alone were associated with
increased ASCVD risk among family members, the greatest risk was
observed in relatives with both FH and high Lp(a), with the authors also
acknowledging the merit of Lp(a) screening outside of FH [138].



G. Reyes-Soffer et al.
3. Emerging targeted Lp(a)-lowering therapies

Novel therapies that target apo(a) are at different clinical trial stages
and substantially lower Lp(a) levels in patients with high Lp(a) [9]. This
is critically important in the context of Lp(a) level population distribu-
tion, which is generally skewed, and has more than a 1000-fold range of
concentrations between individuals [30]. Therefore, those with the
highest levels of Lp(a) will likely require large, absolute reductions in Lp
(a) levels to effectively manage their CVD risk [139,140]. There are
currently five therapies in clinical development, four of which target the
mRNA transcript of the LPA gene to inhibit Lp(a) translation [9]
(NCT05565742, NCT05563246) (Table 2).

Pelacarsen is a N-acetylgalactosamine (GalNAc)-conjugated ASO
that specifically targets hepatic LPA mRNA [141]. In a phase 2,
dose-ranging study in patients with ASCVD and Lp(a) levels >150
nmol/L (~60 mg/dL), pelacarsen showed significant, dose-dependent
reduction in Lp(a) levels of up to 80 %, while 98 % of treated patients
achieved Lp(a) levels <125 nmol/L (~50 mg/dL) at 6 months [141].
Adverse events were mostly mild, with injection-site reactions being the
most common event, and there were no significant differences in terms
of safety between any pelacarsen dose and placebo [141]. OxPLs have
been proposed as drivers of Lp(a) pathogenicity and in this study both
OxPL-apo(a) and OxPL-apoB were reduced by up to 70 % and 88 %,
respectively [141]. Aligned with this finding, pelacarsen attenuated the
pro-inflammatory gene expression signature of monocytes and their
transendothelial migratory capacity, key initiating steps in arterial wall
inflammation associated with ASCVD development [142]. A phase 3 CV
outcomes trial with pelacarsen, Lp(a)HORIZON, is ongoing and has
completed enrollment with over 8000 patients with ASCVD and high Lp
(a) (>70 mg/dL or ~>150 nmol/1) (NCT04023552).

Olpasiran is one of three candidate GalNAc-conjugated siRNA ther-
apies that target hepatic LPA mRNA. Data from a phase 2 trial in patients
with ASCVD and baseline Lp(a) >150 nmol/L revealed dose-dependent
reductions in Lp(a) levels from baseline of 70-97 % at Week 36
following olpasiran administration every 12 weeks [143]. Furthermore,
all patients who received olpasiran at doses >75 mg every 12 weeks
achieved Lp(a) levels below 125 nmol/L [143]. From a safety perspec-
tive, olpasiran was well tolerated, as the incidence of serious adverse
events was comparable among olpasiran- and placebo-treated patients
[143]. The phase 3 CV outcomes study, OCEAN(a)-Outcomes, is ongoing
in patients with high Lp(a) and a history of ASCVD, with the trial due to
finish in late 2026 (NCT05581303).

Findings from a phase 1 trial of the siRNA zerlasiran have demon-
strated a potent, Lp(a)-lowering effect of up to 98 % with a single dose in
individuals with Lp(a) levels >150 nmol/L. Sustained suppression of Lp
(a) levels up to 80 % below baseline levels was observed at 5 months

Table 2
Emerging targeted Lp(a)-lowering therapies.
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following zerlasiran administration [144]. Zerlasiran was well tolerated,
and any treatment emergent adverse events were generally mild [144].
A phase 2 trial investigating the efficacy, safety, and tolerability of
zerlasiran in individuals with high Lp(a) levels at high risk of ASCVD is
underway, with expected completion in 2024 (NCT05537571). The
remaining GalNAc-conjugated siRNA that targets Lp(a) is lepodisiran
(LY3819469), with recent findings from a phase 1 trial in healthy in-
dividuals with high Lp(a) (> 75 nmol/L, ~30 mg/dL) reporting a
maximal median percent reduction in Lp(a) levels of 97 % after a single
dose of lepodisiran in the highest dose (608 mg) group, which was a
sustained reduction out to 1 year [145]. A phase 2 trial with lepodisiran
in individuals with high Lp(a) began in late 2022 (NCT05565742).
Finally, a small oral molecule, muvalaplin (LY3473329), that disrupts
the interaction between apo(a) and apoB, is under investigation. A phase
1 trial was completed in late 2021 and demonstrated a
placebo-corrected reduction in Lp(a) levels by up to 65 % in doses >100
mg [146]. A phase 2 trial commenced in late 2022 (NCT05563246)
(Table 2).

A next generation oral CETP inhibitor, obicetrapib, was also shown
to reduce Lp(a) by 56 % in a phase 2 study of patients with dyslipidemia
[147], and is moving on to further study in a phase 3 cardiovascular trial
in patients with ASCVD and residual LDL-C elevation (NCT05202509).

Moving beyond RNA therapeutics, novel gene-editing approaches
targeting dyslipidemia are on the horizon, offering alternative and
exciting opportunities to target atherogenic lipoproteins as a ‘one-and-
done’ therapy [148]. Most notably, CRISPR-based therapeutics have the
capacity for genome editing directly at the DNA sequence level and have
proven valuable in experimental research settings [149]. Gene-editing
studies permanently targeting PCSK9 and ANGPTL3 are underway
[148]. A study in primates has demonstrated that a single infusion of a
CRISPR base-editing therapeutic, targeting liver PCSK9, nearly ablated
gene expression and effectively lowered. LDL-C levels by 60 % at 8
months [150]. Following on from this landmark study, a phase 1 trial
with this therapeutic, VERVE-101, is underway in patients with HeFH to
evaluate long-term safety in humans, along with changes in LDL-C levels
(NCT05398029). Undoubtably, the clinical adoption of such therapies
will require resolution of ethical and safety issues [148].

4. Conclusion

High Lp(a) is a common CVD risk factor and conscious efforts, as
directed by clinical guidelines and consensus statements, should be
made to screen individuals/patients for high Lp(a) levels, to determine a
more comprehensive CVD risk profile. The latter will facilitate appro-
priate risk mitigation strategies. Ongoing clinical trials with targeted
apo(a)-lowering therapies that lower plasma Lp(a) levels provide hope

Drug Mechanism of action Mean/median Lp(a) Absolute Lp(a) reduction Current clinical trial stage/NCT Projected trial
reduction (%) (nmol/L) identifier completion
Pelacarsen GalNAc-conjugated ASO targeting apo Phase 2: Phase 2: Phase 3 [Lp(a)HORIZON]/ 2025
(a) mRNA 35-80 % [141] 96-188 NCT04023552
Olpasiran GalNAc-conjugated siRNA targeting Phase 2: Phase 2: Phase 3 2026
apo(a) mRNA 70-97 % [143] 250 [OCEAN(a)-Outcomes]
NCT05581303
Zerlasiran GalNAc-conjugated siRNA targeting Phase 1: Phase 1: Phase 2 2024
apo(a) mRNA 46-98 % [144] 183-259 NCT05537571
Lepodisiran ~ GalNAc-conjugated siRNA targeting Phase 1: 41-97 % [161] Phase 1: 36-127 Phase 2 2024
apo(a) mRNA NCT05565742
Muvalaplin Small molecule inhibitor targeting Lp Phase 1: Up to 65 % [146] Phase 1: N/A Phase 2 2024
(@ [KRAKEN]
NCT05563246

The minimal Lp(a) level entry criteria for all trials described is >75 nmol/L (~30 mg/dL). Lp(a)HORIZON and OCEAN(a)-Outcomes trials include patients with
established ASCVD; KRAKEN and the zerlasiran phase 2 trials involve individuals at high-risk of CVD events. The phase 2 trial with lepodisiran involves healthy
individuals with high Lp(a). Apo(a) = apolipoprotein(a); ASO = antisense oligonucleotide; ASCVD = atherosclerotic cardiovascular disease; GalNAc = N-acetyl
galactosamine; Lp(a) = lipoprotein(a); mRNA = messenger ribonucleic acid; N/A, not available; siRNA = small interfering RNA.
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to patients and clinicians for decreasing Lp(a)-mediated CVD risk and
CVD events. Until targeted therapies are available, patients with high Lp
(a) may be treated with a risk-based strategy using the armamentarium
of available interventions effective at reducing CVD, preferentially those
that have been tested and improve overall CVD risk.

[ ASCVD risk assessment incorporating Lp(a)

-
: et "
R

Liestyie Modiication
+ LDL-ClApoB lowering o target
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+ Consideraddtionsirisk.modifying

Litestyle Modcation
+ Lower LDLCIRpoB to target

steen,
Contol)

X cardiologistreteral

Central Illustration. Incorporation of an Lp(a) measurement into a primary
prevention ASCVD risk assessment, with a risk-based prevention approach The
upper panel describes how an Lp(a) measurement in nmol/L can be incorpo-
rated as a risk enhancer into a 10-year predicted ASCVD risk assessment. Lp(a)
risk is derived from the standardized risk for ASCVD being 11 % higher per 50
nmol/L increment within a multiethnic population from the UK Biobank [12].
Additional risk modifiers should also be factored in. The bottom panel describes
risk mitigation approaches depending on assigned risk category; all of these
should initially adopt the AHA’s holistic approach to CV health, “Life’s Essential
8", including healthy diet, physical activity, avoiding nicotine, healthy sleep,
healthy weight, and healthy levels of blood lipids, blood glucose and blood
pressure [117]. With increasing risk category (ie, moderate to high risk),
pharmacotherapeutic intervention(s) should be considered to address overall
ASCVD risk, with consideration for a specialist referral (eg, lipidologist or
preventive cardiologist) to provide well-informed advice on Lp(a)-associated
risk.

ApoB = apolipoprotein B-100; LDL-C = low-density lipoprotein cholesterol.
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