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a b s t r a c ta r t i c l e i n f o

Evidence fromMendelian randomization studies suggest that lipoprotein(a) (Lp(a)) has a causal role in the de-
velopment of atherosclerotic cardiovascular disease risk. However, guidelines and consensus statement recom-
mendations vary regarding how clinicians should incorporate Lp(a) into patient care. To provide practical
answers to key questions pertaining to Lp(a) that clinicianswill find useful when assessing and treating patients,
a global think tank was convened. Representatives from seven national and international stakeholder organiza-
tions answered questions thatwere focused on: Lp(a)measurement; ethnic, gender, and age considerations; fac-
toring Lp(a) into risk assessment; and current and emerging treatment options for elevated Lp(a). This
manuscript summarizes the finding from this global think tank. Areas requiring further investigation were iden-
tified, and the need to standardize reporting of Lp(a) levels to ensure harmonization and comparability across
laboratories and research studies is emphasized.
© 2022 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Lipoprotein(a) (Lp(a)) is a low-density lipoprotein (LDL)-like parti-
cle with an additional protein apolipoprotein(a) [Apo(a)] coiled around
it.1 Kåre Berg discovered Lp(a) in human serum in 1963 during a study
of variation in LDL antigenicity.2 Recent Mendelian randomization
studies point towards a possible causal role of Lp(a) in atherosclerotic
cardiovascular disease (CVD;ASCVD) risk. Data from 460,506 middle-
aged participants in the United Kingdom Biobank demonstrated that
Lp(a) predicts incident ASCVD among both primary and secondary
CVD prevention patients, with an increase in risk demonstratedwith in-
creasing Lp(a) concentrations.3 Despite the known relationship be-
tween Lp(a) and ASCVD risk, there are several questions related to the
full deployment of this risk marker in the global context of patient care.

In 2019, the National Lipid Association (NLA) published a Scientific
Statement regarding the use of Lp(a) in clinical practice with several
recommendations.4 However, other organizations have also published
expert recommendations with several similarities and differences.5–7

To facilitate a harmonized approach to Lp(a), the NLA convened a
Global Think Tank of seven stakeholder organizations in 2020 with the
objective to deliver a globally accepted expert consensus on the mea-
surement andmanagement of Lp(a) in clinical practice. The stakeholder
organizations including the Association of Black Cardiologists, American
College of Cardiology, American Heart Association, European Athero-
sclerosis Society, International Atherosclerosis Society, National Insti-
tutes of Health, and Preventive Cardiovascular Nurses Association,
collaborated with the NLA to design the concept of the Think Tank and
to complete this initiative.

The Global Think Tank on the Clinical Considerations and Manage-
ment of Lp(a) was conducted as a half-day meeting on November 30,
2020. There were 21 participants: five planning committee members
appointed by the NLA, one representative appointed by each stake-
holder organization, two fellows-in-training, and seven additional spe-
cial guests appointed to assure broad scientific and clinical expertise.
Focused questions, informed by a survey of the stakeholders, were iden-
tified as the top issues that clinicians have about Lp(a) and were
answered during the Think Tank meeting:

1) How should Lp(a) be measured?

2) What are the ethnic, gender, and age considerations while consider-
ing Lp(a) associated ASCVD risk?

3) How should Lp(a) be factored into risk assessment?
4) What are the current and emerging treatment options for elevated

Lp(a)?
5) What further research is needed?

This manuscript summarizes the discussion of the Think Tankmeet-
ing in response to these questions and is not considered a guideline. The
aim of this review is to provide succinct summary of recommendations
for practicing clinicians pertaining to each of the 5 questions.

How should Lp(a) be measured?

Challenges and solutions for Lp(a) measurement

Issues in the measurement of Lp(a) have created roadblocks for the
standardization and harmonization of commercial assays. This has hin-
dered comparison of data from studies using different methods of Lp
(a)measurement and created uncertainty for clinicians regarding inter-
pretation of clinical Lp(a) measurements.8 As such, reliable methodolo-
gies for measuring Lp(a) that address both standardization and
harmonization are needed.

The structure of Lp(a) creates unique challenges for itsmeasurement
compared to other lipoproteins. In addition to its LDL-like moiety, Lp
(a) also contains the unique apolipoprotein(a) (apo(a)) component.
Apo(a) consists of 11 types of kringle sequences, ten of which (desig-
nated apo(a) KIV type 1 – apo(a) KIV type 10) are highly similar to plas-
minogen kringle 4. The apo(a) KIV type 2 sequence itself is present in a
variable number of repeated copies (ranging in number from 3 to >40),
giving rise to plasma Lp(a) isoform size heterogeneity (Fig. 1). Of note,
there is awell-established general inverse relationship between the iso-
form size of Lp(a) and its levels in plasma, with smaller isoforms associ-
ated with higher plasma Lp(a) concentrations.9 Although differences in
isoform size predominantly determines plasma levels of Lp(a), it does
not entirely explain the differences in levels across ethnic groups.10

Other influences e.g. single nucleotide polymorphisms, two splice site
variants in the K-IV type-2, and other unknown mechanisms also play
a role.

The presence of the repeated kringle IV type 2 sequence in apo
(a) creates many of the Lp(a) measurement challenges. Expressing Lp
(a) as a mass concentration (milligrams/deciliter; mg/dL) introduces
an inherent bias because a givenmass of Lp(a) represents a lesser num-
ber of particles for large isoforms and a greater number of particles for
small isoforms. Moreover, converting frommass concentrations to par-
ticle concentrations using a single conversion factor of 2.5 will overesti-
mate the concentration of larger isoforms and underestimate the
concentration for smaller isoforms (Fig. 2). To manage this challenge,
measurement of Lp(a) using particle concentration units (nanomoles/
l; nmol/L) is becoming increasingly common.4 Many platforms using
high throughput measurement methods (immunoturbidometric or
immunonephelometric methods) now report Lp(a) measurements in
nmol/L. To ensure optimal minimization of isoform size bias in Lp
(a) measurement, a number of commercial assays include five different
isoform sizes of Lp(a) as calibrators, each of which have been standard-
ized against the World Health Organization/International Federation of
Clinical Chemistry and Laboratory Medicine (WHO/IFCC) reference
material that is reported in nmol/L units.

The mass spectrometry-based approach for Lp(a) measurement is
an exciting new development.11 Unique peptide fragments of apo(a),
not present in the repeated KIV2 domain, can be specifically detected
and their concentration assessed against an appropriate internal stan-
dard with this approach. This approach is suited for high throughput
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Fig. 1. Structure of Lp(a) and apo(a). Lp(a) consists of apo(a) covalently linked to an apoB100-containing lipoprotein moiety consisting of a core of cholesteryl esters (CE) and
triacylglycerols (TG) surrounded by a shell of phospholipids (PL) and free cholesterol (FC). Apo(a) contains 10 types of kringle IV (KIV) repeats, one of which (KIV2) is present in
different numbers in different isoforms, as well as a kringle V domain (KV) and an inactive protease-like domain (P).

Fig. 2.Relationship betweenmass and particle concentrations of Lp(a) species containing differently sized apo(a) isoforms. For a givenmass of particles, therewill bemore particles when
themass of each particle is smaller. Assaysmeasuring inmg/dLwould register the concentrations of each of these groups of particles as the same; however, there are twice asmany of the
small particles, as reflected in the nmol/L concentrations. The asterisked square brackets (red) denote the size polymorphic region in apo(a) that accounts for the difference inmolecular
mass between small and large Lp(a) isoforms.
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applications and addresses issues of isoform size bias that are often
encountered in immunochemical assays as discussed above.

Accurate measurement of Lp(a) is of increasing importance as the
fieldmoves toward considering Lp(a) as a component of clinical risk as-
sessment and as specific Lp(a)-lowering therapies become available.3

Lp(a) levels are established in early childhood and remain relatively sta-
ble throughout an individuals' life and as such a single measurement is
generally considered sufficient. However, several conditions can affect
Lp(a) levels. For example, transient elevations of Lp(a) immediately fol-
lowing a CVD event have been reported. It has also been well-
established that Lp(a) levels increase post-menopause although, the
significance of this elevation is not well known. Additionally, a variety
of disease states may modulate Lp(a) levels including liver disease,
chronic kidney disease, and diabetes mellitus. In these cases, additional
Lp(a) measurements may be necessary. Transient increases in Lp
(a) levels have been reported in acute inflammation12; this occurs pri-
marily due to an interleukin-6 (IL-6) response element in the LPA
gene that upregulates its expression.13 As such, baseline Lp(a) levels
cannot be reliably determined during the acute phase of inflammation.

The cholesterol associatedwith the LDL-like component of Lp(a) (Lp
(a)-C) is included in clinical measurements of LDL-C. A value of 30% has
been proposed as a “correction” factor for Lp(a)-C14 but since the
amount of cholesterol in the Lp(a) particle may vary significantly, this
approach is not currently recommended for widespread clinical use.14

What are the ethnic, gender, and age considerations for Lp(a) risk?

Race/ethnicity

There are distinct differences in Lp(a) levels, apo(a) isoform size dis-
tribution, and LPA single nucleotide polymorphisms across racial and
ethnic groups. Black ancestry is associated with the highest Lp
(a) levels and the distribution of Lp(a) levels in this population is
more normal than the typical skewed distribution seen in other racial
and ethnic groups. Relative to Blacks, South Asians have the second
highest median Lp(a) level, and this is followed by Whites, Hispanics,
and East Asians.10,15–17 Nonetheless, it is clear that elevated Lp(a) is in-
dependently associated with ASCVD in all racial and ethnic groups that
have been evaluated.10,18–21 One analysis from the Atherosclerosis Risk
In Communities study demonstrated that Lp(a) concentration was sim-
ilarly associatedwith ASCVD risk in both Blacks andWhites.22 However,
different racial and ethnic groups have distinct risk factor profiles that
could influence the contribution of Lp(a) to ASCVD risk. Finally, differ-
ences in levels across ethnic groups could also contribute to differences
in population attributable risk of CVD associated with Lp(a).

It is unlikely that there are unique differences in the fundamental
pathophysiology of Lp(a) in various ethnic groups. Therefore, a univer-
sal Lp(a) threshold for increased risk has been proposed by the NLA.4

Data from the U.K. Biobank, the largest prospective cohort with Lp
(a) data for both Black and South Asian individuals, has provided insight
regarding median Lp(a) concentrations among different race groups.3

Significant differences in median Lp(a) concentrations were observed
across race/ethnicity (16,19, 31, and 75 nmol/L in Chinese, White,
South Asian, and Black individuals, respectively). However, analysis of
various racial subgroups yielded similar estimates of ASCVD risk
which appeared to be linear and irrespective of whether a uniform or
race-specific percentile threshold for elevated Lp(a) level was used.

Sex

There are notable sex differences in plasma Lp(a) concentrations. Lp
(a) levels remain relatively constant throughout life inmen, and tend to
increase with age in females after menopause.23 An analysis from the
Heart and Estrogen/progestin Replacement Study demonstrated that el-
evated Lp(a) levels were independently associated with an increased
risk for coronary heart disease (CHD) in post-menopausal females.24

Moreover, combination hormone replacement therapy (HRT) lowered
Lp(a) by approximately 15–20%. Nonetheless, given the association be-
tween HRT and risk of ASCVD, use of HRT to lower Lp(a) in perimeno-
pausal/postmenopausal females is not recommended.4

Age

Universal screening of Lp(a) in children is controversial. Lp(a) levels
are established early in childhood and remain relatively constant
throughout life.4 Available evidence suggests a significantly increased
risk of incident childhood-onset ischemic stroke related to elevated Lp
(a).25 Lp(a)-related stroke in children is rare and appears to be non-
atherosclerotic in nature, given the time necessary for atherosclerosis
to develop and events to occur. More commonly, lifelong elevation of
Lp(a) is associated with ASCVD, including stroke. Individuals with ex-
tremely elevated Lp(a) (>180 mg/dL) have been proposed to demon-
strate a similar ASCVD lifetime risk as those with heterozygous
familial hypercholesterolemia.26 On this basis, some experts suggest
universal Lp(a) screening of all children, though there is not a uniform
agreement with this suggestion. Universal Lp(a) screening might
allow for initiation and emphasis of healthy lifestyle at a young age
and may facilitate meticulous screening andmanagement of traditional
ASCVD risk factors over the life course. While universal screening re-
mains controversial, there is general agreement that cascade Lp
(a) screening of children is reasonable when a parent with elevated Lp
(a) is identified, particularlywhen there is a family history of premature
ASCVD.4 Moreover, when a child is the index case, reverse cascade
screening of the parents is recommended.

How should Lp(a) be factored into ASCVD risk assessment?

The relationship between Lp(a) andASCVD risk has beenwell estab-
lished in epidemiological studies and meta-analyses,3,27–29 Mendelian
randomization studies,30,31 and genome-wide association studies.15,32

TheUKBiobankhas demonstrated substantial racial diversity in relation
tomedian Lp(a) concentrations.3 Despite these differences, risk for inci-
dent ASCVD over a median follow-up of 11.2 years was similar and
showed a linear gradient regardless of ethnicity, with a 50 nmol/L in-
crease in Lp(a) being associated with hazard ratios of 1.11, 1.10, and
1.07 for White, South Asian, and Black individuals, respectively. Using
race-specific 90th percentile values (White: ≥168.2 nmol/L, South
Asian: ≥139.5 nmol/L, and Black ≥211.7 nmol/L), and employing Cox
proportional hazards regression models with covariates of enrollment
age, and sex, the hazard ratios for incident ASCVD comparing those
above versus below the 90th percentile were 1.52 (95% CI 1.46–1.59),
1.35 (95% CI 1.30–1.78) and 1.51 (95% 1.05–2.18) for Whites, South
Asians, and Blacks respectively. Furthermore, inclusion of Lp
(a) measurement in addition to models adjusted for Framingham Risk
Scores and Reynolds Risk Scores in a cohort of 826 participants in the
Bruneck study followed for 15 years for cardiovascular disease events
resulted in either upward or downward net reclassification improve-
ment of 39.6% in those originally classified as being at intermediate
ASCVD risk.33

Variable and ethnicity-specific associations between elevated
plasma Lp(a) levels, oxidized phospholipids on apoB (OxPL-apoB), Lp
(a) genetic markers and major adverse cardiovascular events (MACE)
was demonstrated in a study of 1792 Black, 1030 White, and 597 His-
panic enrollees in the Dallas Heart Study. In this study LPA SNPs, apo
(a) isoforms, Lp(a), and OxPL-apoB levels were studied and ASCVD out-
comes assessed over a median 9.5 years of follow-up. Despite the pres-
ence of ethnicity-specific differences in LPA genetic markers, the
relationship of Lp(a) to MACE was best explained by elevated plasma
Lp(a) or OxPL-apoB levels.34

The relationship between high Lp(a) concentrations and increased
ASCVD risk has been demonstrated in studies of high-risk primary and
secondary CVD prevention populations with high levels of LDL-C,35,36
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and in those achieving LDL-C<70mg/dL.37,38 In addition, a patient level
meta-analysis of seven randomized, placebo-controlled, statin outcome
studies was used to calculate hazard ratios (HRs) for fatal or non-fatal
CHD, stroke, or revascularization procedures across predefined Lp
(a) groups (15 to <30 mg/dL, 30 to <50 mg/dL, and >/=50 mg/dL, vs
<15 mg/dL), before pooling estimates using multivariate random-
effects meta-analysis. This study demonstrated that elevated baseline
and on-statin Lp(a) concentrations showed an independent and
approximately linear relation with CVD risk.39

Evidence supports a causal association between elevated Lp(a) and
calcific AS.40 The association between elevated Lp(a) levels and incident
calcific aortic valve stenosis (AVS) was demonstrated in a study of
17,553 participants of the European Prospective Investigation into Can-
cer -Norfolk study, among whom 118 developed AVS during a mean
follow-up of 11.7 years. The rs10455872 genetic variant in LPAwas ge-
notyped in 14,735 study participants, who simultaneously had Lp
(a) measurements, and in another study of 379 individuals with
echocardiographically-confirmed AVS and 404 controls. The study
showed that those with high Lp(a) levels have an increased risk for
AVS and that the rs10455872 variant, which is associated with higher
Lp(a) levels, is also associated with increased risk of AVS, suggesting
possible causality of this variant.41

A subsequent study was designed to determinewhether levels of Lp
(a) and oxidized phospholipids were associated with aortic stenosis
progression and CVD death. A total of 220 patients with mild to

moderate AVS were studied with a primary endpoint of progression
rate of AS, measured by the annualized increase in peak aortic jet veloc-
ity in m/s/year by Doppler echocardiography. The secondary endpoint
of the study was the composite of aortic valve replacement or cardiac
death. Over 3.5 ± 1.2 years of follow-up and after adjustment for age,
sex and baseline aortic stenosis severity, aortic stenosis progression
was found to be more rapid and requirement for aortic valve replace-
ment greater for those in the top tertile of Lp(a) concentrations [Lp
(a) (>58.5 mg/dL) and OxPL-apoB (>5.50 nmol/L)] versus the middle
and bottom tertiles [Lp[a] ≤ 58.5mg/dL and OxPL-apoB ≤5.50 nmol/L].42

Table 1 reviews guideline-recommended use of Lp(a) for risk assess-
ment and demonstrates that there is substantial divergence of perspec-
tive among guidelines on how the clinician should most appropriately
use Lp(a) for risk assessment in clinical practice. The AHA/ACC/multi-
society Cholesterol Guideline5 uses an elevated Lp(a) value as a risk en-
hancing factor among those at borderline or intermediate 10-year
ASCVD risk, but only if measured at the clinician's discretion. The
European Society of Cardiology/European Atherosclerosis Society
(ESC/EAS) Dyslipidemia Guidelines6 suggest that Lp(a) measurement
should be considered at least once in each person's lifetime, with the pri-
mary objective to determine whether, based on a value of ≥180 mg/dL
or 430 nmol/L, there is a presence of a risk equivalent state to familial
hypercholesterolemia. They also use elevated Lp(a), but with values
lower than those above, to aid in risk reclassification and treatment
decision-making in those presumed to be at moderate risk using

Table 1
Guideline-recommended use of lipoprotein(a) for risk assessment.

Guideline Whom to Screen How is it used Values used for decision-making Comments

2018 American Heart
Association/American
College of Cardiology/-
Multisociety Guideline5

No
recommendations

If measured, as a risk enhancing
factor in addition to the Pooled
Cohort Equations in adults 40–75
years of age

50 mg/dL or 125 nmol/L 1. Used only as aid in statin initiation
decision-making for primary prevention

2019 European Society of
Cardiology/ European
Atherosclerosis Society6

Screen at least
once during
lifetime

To identify those at increased ASCVD
risk in primary prevention

180 mg/dL or 430 nmol/L confers
lifetime risk as high as heterozygous FH
“Less extreme elevations” to aid in
treatment intensity decision-making in
those between moderate- and high-risk
using SCORE risk assessment

1. No specific definition of “less extreme
elevation” of Lp(a)

National Lipid Association
20194

Selectively screen
for primary or
secondary
prevention

To identify those at risk for initial
ASCVD event or to identify those at
risk for recurrent or progressive
ASCVD or valvular aortic stenosis

50 mg/dL or 100 nmol/L in Caucasians
or > 150 nmol/L in Blacks
Is reasonable to refine risk assessment
in:
1. 1st degree relatives of those with
premature ASCVD
2. Personal history of premature ASCVD
3. Those with severe primary
hypercholesterolemia or FH suspects
May be reasonable:
1. To inform risk discussion in adults
with 5–7.4% 10-yr ASCVD risk
2. To identify cause of less than
anticipated LDL-C lowering with a statin
3. For cascade screening of those with
LDL-C ≥ 190 mg/dL
4. To identify those at risk for
progressive valvular aortic stenosis

1. Emphasized ethnic differences in Lp(a)
levels
2.Extended recommendations to secondary
prevention
3. First guideline to recommend
consideration as marker for progressive
valvular aortic stenosis

2021 Canadian
Cardiovascular Society
Guidelines7

Screen once
during lifetime as
part of initial lipid
screening

For elevated values:
To inform intensity of behavioral and
drug therapy decision-making for
primary and secondary prevention

50 mg/dL or 100 nmol/L
Primary prevention:
1. More intensive behavior modification
and management of other ASCVD risk
factors
2. Consider CAC scoring
3. Consider earlier introduction of
statins or other
lipid lowering therapy, esp. in
intermediate and/or low-risk
individuals with LDL-C 135–193 mg/dL
Secondary prevention:
1. Intensify LDL-C lowering therapy
2. Consider PCSK9 inhibitors, especially
in post ACS patients

1. First major society guideline to
recommend universal screening and Lp(a)
measurement in treatment decision making
in primary and secondary prevention
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systematic coronary risk estimation (SCORE) risk assessment. The NLA
Lp(a) Scientific Statement4 supports selective screening of Lp(a) to be
used in treatment decision-making for both primary and secondary
ASCVD prevention and in those with valvular aortic stenosis. The Cana-
dian Cardiovascular Society Dyslipidemia Guidelines7 provides the
strongest recommendation favoring Lp(a) screening, indicating that it
should be measured once during lifetime as part of initial lipid screening
andbe used in treatment decision-makingboth for primary and second-
ary ASCVD prevention. It is most likely that the basis for these differing
recommendations emanates from a variety of factors, including:

• Different Lp(a) measurement techniques employed in the literature
across studies and their differential impact on various ethnic groups
given differences in Lp(a) isoform size across ethnicities

• Differences in Lp(a) reporting (mg/dL vs. nmol/L) in clinical practice
• Lack of clinical trial data supporting Lp(a) as a treatment target
• Lack of currently available treatments that have been convincingly
demonstrated to lower ASCVD or aortic stenosis risk in those with
elevated Lp(a) in the absence of lowering other atherogenic
lipoproteins

If the clinician decides to measure Lp(a) in clinical practice, what
values should be used as indicators of significantly increased risk?

• A value of ≥180 mg/dL or 430 nmol/L may indicate the need for ag-
gressive LDL-C lowering and attention to addressing other non-lipid
modifiable risk factors.6

• Although there has been a suggestion that a reasonable “cut point” for
an “elevated Lp(a) is ≥100 nmol/L in Whites and probably Hispanic/
Latinos and ≥ 150 nmol/L in Blacks,4 these values represent approxi-
mations and the clinician must recognize that Lp(a)-related risk is a
continuum, with no specific “cutpoint”.3

• Lp(a)-related risk, like that of other risk factors, is of greatest clinical
significance in those with additional ASCVD risk factors.

In view of the above considerations, it appears reasonable at this
time for the clinician to adopt a perspective for clinical use of Lp
(a) that employs the following approach:

1. Obtain Lp(a) values only if it is likely that the results will impact clin-
ical decision making.

2. Obtain Lp(a) values in the absence of acute illness, as Lp(a) levels
may be elevated as an acute phase reactant.

3. Avoid serial Lp(a) measurement, as values are relatively stable
throughout one's lifetime

4. If one takes the perspective that Lp(a) does not need to bemeasured
in all individuals, reasonable candidates for Lp(a) measurement, as
an indicator for the potential for more aggressive preventive treat-
ment strategies includes those patients with:
o Heterozygous familial hypercholesterolemia (FH)
o Premature ASCVD
o Family history of premature ASCVD
o Progressive ASCVD despite optimal medical therapy
o Recent acute coronary syndromes43

o Family history of elevated Lp(a)

What are current and emerging treatment options for elevated Lp
(a)?

Despite strong association between elevated Lp(a) concentrations
and ASCVD and aortic valve disease risk as discussed above, there is
lack of robust evidence which demonstrated that reducing Lp(a) levels
reduces clinical ASCVD events.4,44,45 Table 2 shows the impact of various
therapies on plasma Lp(a) concentrations and the possible impact on
ASCVD.

In the presence of elevated Lp(a) concentrations, treatment for both
primary and secondary ASCVD prevention should focus on optimal con-
trol of modifiable risk factors.4,45 Education directed at smoking cessa-
tion, nutrition, and physical activity should be provided to all patients.
There is controversy as to whether clinicians should reduce LDL-C,
prescribe antiplatelet therapy, or prescribe PCSK9 inhibitors for either
LDL-C or Lp(a) lowering in primary and secondary ASCVD prevention
patients with elevated Lp(a).

Primary prevention

For primary prevention patients with high Lp(a) levels, it is essential
to performa thorough risk assessmentwhich includes the following key
elements: assessment of individual risk factors, calculation of ASCVD
risk, and assessment of family history of early onset ASCVD. This should
be used to direct education and treatment. If the calculated 10-year risk
of ASCVD is borderline (5.0 to 7.4%) or intermediate risk (7.5–19.9%), or
if there is family history of early ASCVD or familial hypercholesterol-
emia, elevated Lp(a) should be considered a risk enhancing factor favor-
ing more aggressive LDL-C lowering therapy.4,5,46

Despite optimal control of risk factors, subclinical atherosclerosis
might be present in primary prevention patients.47 Coronary artery cal-
cification (CAC) measurement can provide further insight that favors
aggressive LDL-C lowering therapy in borderline and intermediate risk
patients (e.g., CAC scores ≥100 Agatston units or ≥ the 75th percentile
for age and sex in young individuals).5 The opposite may be also true
with a CAC score of zero, where statin therapy may be deferred
among borderline and intermediate risk patients.48–50 Imaging may
help to stratify risk in individuals with elevated Lp(a) and absence of
subclinical coronary atherosclerosis as suggested by an analysis from
theMulti Ethnic Atherosclerosis Study.51 One should start statin therapy
for LDL-C reduction aimed at delaying or reversing the progression of
the disease.52 It is debatable whether LDL-C lowering is needed in peo-
ple with high Lp(a) and low estimated ASCVD risk, especially in the ab-
sence of family history of early ASCVD, or in those with a CAC score of
zero.

The use of low-dose aspirin versus placebo was investigated in the
Women's Health Study.53 Carriers of a rare LPA gene variant
(rs3798220) that is associated with elevated Lp(a) concentrations and
small apo(a) isoform sizes (present in 3.7% of the population) had a 2-
fold higher ASCVD risk. Interestingly, a relative 56% reduction in
ASCVD risk was observed in carriers on aspirin therapy versus non-
carriers. This may reflect aspirin's antithrombotic effect against en-
hanced prothrombotic properties of the apo(a) protein. Despite this,

Table 2
Lipid modifying therapies, their impact on lipoprotein(a) plasma concentrations and
ASCVD.

Therapy Impact on Lp
(a) plasma
concentration

Impact on ASCVD

Statins39 Neutral or
slight
increase

Robust due to LDL-C reduction5

PCSK9 inhibitors50 20–25%
reduction

Robust due to LDL-C reduction5;
impact of Lp(a) reduction possible
in subgroup analyses55,57

Ezetimibe63 Neutral Moderate due to LDL-C reduction5

Niacin59 20–38%
reduction

Impact of Lp(a) reduction on events
negligible37,64

Apolipoprotein B antisense
oligonucleotide
(mipomersen)60

26%
reduction

Possible due to LDL-C lowering,65

impact of Lp(a) reduction unknown

Apolipoprotein(a)
antisense oligonucleotide
(pelacarsen)61

Up to 80%
reduction

Currently unknown

Lipoprotein apheresis58,59 19–88%
reduction

Possible44
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there is no robust evidence from large, randomized trials to confirm that
antiplatelet therapies are beneficial for patients with elevated Lp
(a) especially when LDL-C is lowered by pharmacological therapy.54

Statin therapymay increase Lp(a) levels as seen in themeta-analysis
by Tsimikas, et al., which analyzed data from six randomized clinical
trials.43 This meta-analysis found a mean percentage change in Lp
(a) (8.5 to 19.6%) compared to the placebo group (0.4–2.3%). However,
in the meta-analysis by Willeit et al., with individual data of 29,000 in-
dividuals enrolled in statin trials, there was a pooled −0·4% (95% CI
−7 to 7) change in Lp(a).39 Still, there was heterogeneity among
these trials with 3 showing a mean increase (between 2% and 15%)
and 4 showing, a mean decrease (between −1% and −13%) in Lp
(a) levels. The question remains whether this possible statin induced
Lp(a) increase is clinically relevant. In analyses from the JUPITER trial,
the median change in Lp(a) levels was zero among those randomized
to rosuvastatin or placebo although, there was a small but statistically
significant positive shift in the overall Lp(a) distribution among those
on rosuvastatin.38 Both baseline and on-treatment Lp(a) levels were as-
sociated with residual ASCVD risk independent of LDL-C and other fac-
tors. Rosuvastatin reduced the risk of cardiovascular events to a
similar degree without any heterogeneity of effect among those with
Lp(a) levels above or below the median. While reduction in LDL-C re-
mains the current standard of care, clinicians should evaluate the resid-
ual cardiovascular risk to individualize patient treatment.

Secondary prevention

In individuals with ASCVD, there is evidence that even with the use
of statin and antiplatelet therapies, the residual risk of ASCVD is in-
creased by high Lp(a).5,39,56 Management of individuals with elevated
Lp(a) should focus on intensifying LDL-C lowering and addressing
other modifiable risk factors.56,57 The higher risk of events in those
with high Lp(a)was associatedwith a greater absolute benefit of further
LDL-C lowering with proprotein convertase subtilisin/kexin type 9
(PCSK9) inhibitors.56,57

Whether Lp(a) lowering by PCSK9 inhibitors (around 20–25%)50

brings additional benefit in terms of ASCVD risk reduction is a matter
of debate. Two additional analyses of the Evaluation of Cardiovascular
Outcomes After an Acute Coronary Syndrome During Treatment With
Alirocumab (ODYSSEY) trial suggest that modification of Lp(a) burden
by alirocumab (in patients receiving statin therapy), reduced the risk
for a cardiovascular event independent of concurrent reduction in
LDL-C.55,57 Currently, PCSK9 inhibitors are not indicated to lower Lp
(a) and should not be used for this specific purpose.

Lipoprotein apheresis affects multiple lipoproteins; there are mini-
mal data regarding the effect of specific removal of Lp(a) alone. How-
ever, one observational study suggests that during a 5-year follow-up,
a 70% reduction in Lp(a) with lipoprotein apheresis was associated
with a reduced risk of ASCVD event rates when compared with ASCVD
event rates for the two years before the start of regular apheresis
therapy.44

It is unclear how intensive Lp(a) lowering should be to prevent
ASCVD events.56 Two Mendelian randomization analyses indicate that
the risk of CHD is reduced by Lp(a) lowering. Although both studies sug-
gest reduction in CHD, the extent of Lp(a) lowering needed to reduce
CHD were substantially different from each other. One study suggested
that an absolute reduction in Lp(a) by approximately 100 mg/dL is
needed to reduce CHD risk similarly to reduction of LDL-C by 1 mmol/L
or 38.67 mg/dL.26 However, another study estimated that Lp
(a) lowering of 65.7 mg/dL is needed to reach the same effect as a
38.67 mg/dL lowering of LDL-C.58

Both niacin and the antisense oligonucleotide against apolipoprotein
B mipomersen may reduce Lp(a) by a mean of 20–38% and 26%,
respectively.59,60 However, there is no evidence that this reduction in
Lp(a) leads to a reduced risk of ASCVD events. Therefore, these drugs
are not recommended for patients with elevated Lp(a).

The Lp(a) HORIZON trial (NCT04023552) is an ongoing outcomes
study to assess the efficacy and safety of an antisense oligonucleotide
targeting LPA mRNA that robustly reduces apolipoprotein(a) synthesis
(pelacarsen 80mg).61 Pelacarsen in this trial will be givenby subcutane-
ous injection once monthly to participants with established CHD and
one of two Lp(a) strata (>70mg/dL and > 90mg/dL). Hopefully the re-
sults will provide evidence to show a clear benefit from Lp(a) lowering
independent of other lipid parameters in secondary ASCVD prevention
settings. Lastly, small interfering RNA (SiRNA) are also being studied
currently to assess their role in Lp(a) lowering.62

Further research needs

Although our knowledge of Lp(a) continues to grow, there are sev-
eral important questions that remain unanswered:

1. How should reporting of Lp(a) (mass concentration, particle concen-
tration) in clinical and research domains be standardized?

2. Should universal screening be performed to identify those with ele-
vated Lp(a) levels?

a. Which particular groups of patients should routinely receive
screening for elevated Lp(a) levels?

b. Should cascade screening be systematically performed in relatives
of people with high Lp(a)?

3. Should a threshold Lp(a) level be used to identify those at higher risk
of ASCVD events? Is the threshold level different when assessing risk
of calcific aortic stenosis? Is the risk threshold the same for similar
level of Lp(a) elevation across various racial and ethnic groups? Is
the risk threshold the same for those on statin therapy? Is the risk
threshold the same for primary and secondary prevention patients?
What is the impact of correcting LDL-C levels for Lp(a) cholesterol
both from a risk assessment and therapeutic perspective?

4. How should Lp(a) be incorporated in ASCVD risk calculators?
5. Does lowering of Lp(a) without altering the levels of other lipopro-

teins reduce risk of ASCVD events and calcific AVS?
6. Given the post-menopausal rise in Lp(a), should females be screened

for elevated Lp(a) at or after menopause?
7. Should all children have Lp(a) measured at the time they undergo

universal lipid screening (between the ages 9–11)?
8. Howmuch reduction in Lp(a) is necessary to prevent ASCVD events?
9. Is it safe to reduce high Lp(a) levels?

Conclusions

In this manuscript, we summarize practical answers to key ques-
tions pertaining to Lp(a) that clinicians will find useful when assessing
and treating patients (see Box 1). Much has been learned recently re-
garding Lp(a) structure, its possible causal association with ASCVD,
and the impact of various treatments on Lp(a) levels. However, how
to best use Lp(a) in risk stratification, assessment of risk across various
ethnic groups, and whether lowering Lp(a) in the absence of lowering
other atherogenic lipoproteins reduces ASCVD events remain as areas
that need further investigation. Lastly, parallel efforts are needed in
the clinical and the research community to standardize reporting of Lp
(a) levels, so they are harmonized and comparable across laboratories
and research studies.
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Box 1
Answers to the top clinical questions.

Question Answers

How should Lp(a) be measured? • Lp(a) concentration assays
(nmol/L) provide more accurate
measurement than Lp(a) mass
assays (mg/dL)

• Converting measurements across
assays can lead to over- or under-
estimation of Lp(a)

• Lp(a) assays need to be standard-
ized against World Health Organi-
zation / International Federation of
Clinical Chemistry and Laboratory
Medicine (WHO/IFCC) reference
material

What are the ethnic, gender,
and age considerations?

• Elevated Lp(a) is independently
associated with ASCVD in all
racial and ethnic groups

• Lp(a) levels are established early in
childhood and remain relatively
constant throughout life but may
vary in some clinical conditions
like acute coronary syndrome,
diabetes, kidney or liver disease

• Menopause is associated with an
increase in plasma Lp(a) concen-
tration given declining levels of
estrogen

• Cascade Lp(a) screening is con-
sidered reasonable when a patient
with elevated Lp(a) is identified

How should Lp(a) be factored
into risk assessment?

• Lp(a) measurement is useful in
intermediate risk adults to reclas-
sify ASCVD risk

• Elevated Lp(a) levels are useful
markers of increased ASCVD risk,
suggesting the need for more
aggressive lipid and non-lipid risk
factor management in those with
heterozygous FH, premature
ASCVD, family history of prema-
ture ASCVD, recent acute coro-
nary syndromes, or progressive
ASCVD despite optimal medical
management

• Elevated Lp(a) levels may be asso-
ciated with accelerated progres-
sion of aortic stenosis

What are the current and
emerging treatment options
for elevated Lp(a)?

• Available treatment options that
lower Lp(a) include PCSK9 inhibi-
tors and lipoprotein apheresis

• Statins do not lower Lp(a) levels
• Investigational agents that are
associated with marked Lp(a) low-
ering are currently being investi-
gated in secondary ASCVD
prevention setting
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