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Preamble: In 2014, the National Lipid Association
(NLA) convened an expert panel to develop a consensus
set of recommendations for the Patient-Centered Manage-
ment of Dyslipidemia (Part 1)." The evidence base used
was derived from randomized controlled trials (RCTs),
meta-analyses of results from RCTs, and review of results
from observational, genetic, metabolic, and mechanistic
studies. Based on the totality of evidence, the NLA Part
1 Recommendations laid out several core principles and
conclusions. One important core principle is that an
elevated level of cholesterol carried by circulating apoli-
poprotein B—containing lipoproteins (non—high-density li-
poprotein  cholesterol and low-density lipoprotein
cholesterol, termed atherogenic cholesterol) is a root
cause of atherosclerosis, the key underlying process
contributing to most clinical atherosclerotic cardiovascu-
lar disease—related events. Another core principle is that
providers use a patient-centered approach that accounts
for the circumstances, objectives, and preferences of
each individual patient. The patient should be an active
participant in the decision-making process, and shared de-
cisions should be based on the objectives of therapy, po-
tential risks, and side effects, as well as benefits and
costs. In 2015, the NLA Part 2 Recommendations for Pa-
tient-Centered Management of Dyslipidemia were pub-
lished to expand on the NLA Part 1 Recommendations
in areas where clinicians needed additional guidance,
particularly where the evidence base was less robust or
where RCT evidence was lacking to guide clinical deci-
sion-making.” The current 2019 NLA Position Statement
on Lp(a) builds on the NLA Recommendations Part 1
and Part 2 and updates a previous NLA expert panel state-
ment on the clinical utility of advanced lipoprotein
testing.” The current statement was developed by a diverse
and international panel of experts. The process began with
the appointment of an Executive Steering Committee by
the Chair of the NLA Scientific Publications Committee.
The Executive Steering Committee then selected expert
panel members and appointed a Scientific Chair. The
Chair and Executive Steering Committee initially drafted
a set of key clinical questions to be addressed that were
later revised with input from the expert panel members.
Once the key clinical questions were agreed on, writing
assignments were determined based on expertise. After
grading the quality and strength of the evidence, final rec-
ommendations were drafted that required a consensus of
60% of the expert panel before being presented to the
NLA board for approval. The NLA expert panel graded
the recommendations using the American College of Car-
diology/American Heart Association Evidence-Based
Grading System (Table 1)." This is the same grading sys-
tem that was used in the 2018 American College of Cardi-
ology/American Heart Association Multisociety Guideline
on Cholesterol Management that was endorsed by the
NLA.’ In rating the class (or strength) of the recommenda-
tion, consideration was given to the “net benefit” after

taking into account potential benefits and risks or harms
associated with the test or intervention. For rating the
level (or quality) of the evidence, consideration was given
to obtaining the highest quality evidence to support a
recommendation, such as that from RCTs or meta-
analysis.

L. Introduction

a. Question: What are the proposed pathophysiologic
mechanisms supporting a causal link between increased
circulating concentrations of Lp(a) and (1) atheroscle-
rotic cardiovascular disease (ASCVD) and (2) valvular
aortic stenosis (VAS)?

Observational and genetic evidence strongly support a
causal relationship between high plasma concentrations of
lipoprotein(a) [Lp(a)] and increased risk of ASCVD and
VAS.“? Although the precise pathophysiologic mechanism
behind these relationships is not completely clear, the
mechanism likely involves either or both components of
Lp(a), that is, the low-density lipoprotein (LDL)-like parti-
cle and the apolipoprotein(a) [apo(a)] attached to apolipo-
protein B (apoB) via a disulfide bridge (Fig. 1). The
apo(a) protein has homology with plasminogen and in vitro,
as well as in some animal models, inhibits fibrino-
lysis.”'*!" Historically, it has been suggested that high con-
centrations of circulating Lp(a) could have provided a
survival benefit by facilitating wound healing,'”"” reduce
bleeding, and aiding hemostasis during childbirth.*°

Both ASCVD and VAS share elements of stenosis as
well as cholesterol deposition in the arterial intima and
aortic valve leaflets, respectively. In susceptible individ-
uals, Lp(a) mediated promotion of thrombosis in vulner-
able plaques of coronary arteries or at sites of stenosis
may increase risk of myocardial infarction (MI), and
thrombotic emboli may increase risk of ischemic stroke
(Fig. 1).*

The cholesterol content of the LDL portion of Lp(a) may
promote cholesterol deposition in the arterial intima and at
aortic valve leaflets, leading, respectively, to symptomatic
atherosclerosis resulting in MI and ischemic stroke, and
VAS (Fig. 1). However, even at very high Lp(a) concentra-
tions such as 100 mg/dL, the cholesterol content of Lp(a)
would only amount to 33 mg/dL,'* which is unlikely to
cause substantial deposition of cholesterol in tissues.

Although ASCVD and VAS are distinct clinical entities,
they have several risk factors in common and similar
pathological processes. Evidence suggests that oxidized
phospholipids (oxPL), which modify Lp(a) primarily by
covalent binding to its unique apo(a) component, might
hold the key to Lp(a) pathogenicity and provide a
mechanistic link between ASCVD and VAS. Oxidized
phospholipids co-localize with apo(a)-Lp(a) in arterial
and aortic valve lesions and may directly participate in
the pathogenesis of these disorders by promoting
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Table 1

CLASS (STRENGTH) OF RECOMMENDATION

CLASS | (STRONG)
Benefit >>> Risk

Suggested phrases for writing recommendations:
e Isrecommended
e Isindicated/useful/effective/beneficial
e Should be performed/administrated/other
e Comparative-Effectiveness Phrases:

o Treatment A should be chosen over treatment B

o Treatment / strategy A is recommended / indicated in preference to treatment B

CLASS lla (MODERATE)
Benefit >> Risk

Suggested phrases for writing recommendations:
e [sreasonable
e Can be useful/effective/beneficial
e Comparative-Effectiveness Phrases:

o ltis reasonable to choose treatment A over treatment B

o Treatment/strategy A is probably recommended/indicted in preference to treatment B

CLASS lib (WEAK)
Benefit 2 Risk

Suggested phrases for writing recommendations:
e May/might be reasonable
e May/might be considered

Usefulness/effectiveness is unknown/unclear/uncertain or not well established

CLASS llI: No Benefit (MODERATE)
Benefit = Risk

Suggested phrases for writing recommendations:
e s not recommended
e Is not indicated/useful/effective/beneficial
e Should not be performed/administered/other

Suggested phrases for writing recommendations:
e Potentially harmful
e Causes harm
e Associated with excess morbidity/mortality
e Should not be performed/administered/other

*Modified from the 2016 ACC/AHA Clinical Practice Guideline Recommendation Classification System

e High-quality evidence from more than 1 RCT
e Meta-analyses of high-quality RCTs

e One or more RCTs corroborated by high-quality registry studies

LEVEL (QUALITY) OF EVIDENCE

LEVEL B-R (Randomized)

e Moderate-quality evidence from 1 or more RCTs
e Meta-analysis of moderate-quality RCTS

LEVEL B-NR (Nonrandomized)

studies, observational studies, or registry studies
e Meta-analyses of such studies

e Moderate-quality evidence from 1 or more well-designed, well-executed nonrandomized

LEVEL C-LD (Limited Data)

execution
e Meta-analyses of such studies
e Physiological or mechanistic studies in human subjects

e Randomized or nonrandomized observational or registry studies with limitations of design or

LEVEL C-EO (Expert Opinion)

e Consensus of expert opinion based on clinical experience

*Modified from the 2016 ACC/AHA Clinical Practice Guideline Recommendation Classification System

endothelial dysfunction, lipid deposition, inflammation and
osteogenic differentiation in valvular interstitial cells
(VIC)I5 -16 leading to calcification. Genetic evidence for a
contribution of oxPL has been presented,I7 and associations
between elevated oxPL on Lp(a) and risk for coronary heart
disease (CHD) and valvular aortic stenosis have been de-
tected.'"'® A recent prospective study of 145 elderly

patients (70.3 years = 9.9 years) with VAS found that
higher Lp(a) and oxPL levels significantly increased
markers of disease progression, assessed by multimodal im-
aging methods, including the risk for aortic valve replace-
ment and death. In vitro studies demonstrated that disease
was mediated by Lp(a)-associated oxPL osteogenic differ-
entiation of VIC and further showed that this effect was
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Figure 1 Proposed pathophysiologic mechanisms supporting
a causal link between elevated circulating concentrations of
Lp(a) and (1) atherosclerotic cardiovascular disease and (2)
aortic stenosis. LDL, low-density lipoprotein; PL, phospho-
lipids; TG, triglycerides; FC, free cholesterol; CE, cholesteryl
ester; ApoB100, apolipoprotein B 100; KIV, kringle IV; KV,
kringle V; P, protease; apo(a), apolipoprotein(a); OxPL,
oxidized phospholipids.

significantly reduced by an antibody that inactivated oxPL,
suggesting an important therapeutic intervention to slow
disease progression in individuals with VAS and elevated
Lp(a).

Key points

e Apolipoprotein(a), attached to the apolipoprotein
B segment of an LDL-like particle, is a unique protein
contained within Lp(a).

e Apo(a) has homology with plasminogen and may inhibit
fibrinolysis, thus increasing thrombosis.

e Through inhibition of fibrinolysis at sites of plaque
rupture, apo(a) has the potential to cause MI and ischemic
stroke.

e Thrombosis at sites of turbulent flow may promote
atherosclerotic and valvular aortic stenosis.

e Apo(a) possesses unique properties that promote initiation
and progression of atherosclerosis and calcific valvular
aortic stenosis through endothelial dysfunction and
pro-inflammatory responses, and pro-osteogenic effects
promoting calcification.

e Many of these effects are likely attributable to the
oxidized phospholipids, of which Lp(a) is the preferential
carrier, and which are covalently attached to the apo(a)
portion of Lp(a).

b. Question: Do available, high-quality data from meta-
analyses, large prospective, population-based studies,
large Mendelian randomization studies, and genome-
wide association (GWA) studies support a relationship
between increased circulating Lp(a) concentrations and
(1) ASCVD; (2) VAS; and (3) mortality?

Meta-analyses of prospective, population-based studies
of adults show increased risk of CHD and MI at Lp(a)
concentrations above 30 mg/dL (62 nmol/L) and increased
risk of ischemic stroke at concentrations above 50 mg/dL
(100 nmol/L) (Table 2). However, effect sizes were modest,
likely due to inclusion of all available studies (1) irrespec-
tive of size, study quality, and quality of the Lp(a) assays
used and (2) whether the plasma samples used were fresh
or had been frozen for prolonged periods of time before
measurement of Lp(a). 19-22

Another meta-analysis found that individuals with smaller
apo(a) isoforms [and high Lp(a) concentrations] had an
approximately 2-fold higher risk of CHD and ischemic
stroke than those with larger apo(a) isoforms (and low Lp(a)
concentrations).” Finally, a meta-analysis of 4 small studies
of varying study quality found a 4-fold risk of stroke in youth
with high vs low Lp(a) concentrations.”

The INTERHEART study of 6086 cases of first MI and
6857 controls, stratified by ethnicity (Africans, Chinese,
Arabs, Europeans, Latin Americans, South Asians, and
Southeast Asians) and adjusted for age and sex, examined
the contribution of Lp(a) concentration and isoform size
(using an isoform insensitive assay) to MI risk in accordance
with ethnicity. Concentrations of Lp(a) > 50 mg/dL were
associated with an increased risk of MI (odds ratio 1.48;
95% CI 1.32-1.67; P < .0001), independent of established
ASCVD risk factors. Although there was an inverse associ-
ation between isoform size and Lp(a) concentration, this
relationship did not persist after adjustment for Lp(a) con-
centration. The relationship between Lp(a) concentration
and MI risk was significant for all ethnicities except for Af-
ricans and Arabs and was highest in South Asians and Latin
Americans. Whether these findings are due to ethnic differ-
ences or smaller sample sizes of African and Arab subjects,
as compared with other ethnic groups, is uncertain.”

Large prospective, population-based studies measuring
plasma Lp(a) in fresh samples using isoform-insensitive
measurements show that individuals with Lp(a) in the top
5" percentile (=120 mg/dL; 258 nmol/L) vs those in the
lower 20™ percentile (<5 mg/dL; 7 nmol/L) have 3- to 4-
fold risk of MI’*?” and 3-fold risk of VAS (Table 2).”® In
corresponding studies, individuals with highest vs lowest
Lp(a) concentrations had 5-fold risk of coronary artery ste-
nosis, 1.7-fold risk of carotid stenosis, 1.6-fold risk of
ischemic stroke, 1.6-fold risk of femoral artery stenosis,
1.5- to 2-fold risk of heart failure, 1.5-fold risk of cardio-
vascular mortality, and 1.2-fold risk of all-cause mortal-
ity."”~ However, in prospective studies involving
African-Americans, elevated Lp(a) levels were not found
to increase the risk of incident heart failure.™
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Table 2

Do available, high-quality data from meta-analyses, large observational studies, Mendelian randomization studies, and

genome-wide association studies support a relationship between increased circulating Lp(a) concentrations and (1) atherosclerotic
cardiovascular disease, (2) valvular aortic stenosis, and (3) mortality?

Atherosclerotic cardiovascular disease

Myocardial Ischemic Atherosclerotic Aortic valve  Cardiovascular  All-cause
High-quality data source: Infarction stroke stenosis* stenosis mortality mortality
Meta-analyses of observational studies  Yes Yes No No No No
Large observational studies’ Yes Yes Yes Yes Yes Yes
Large Mendelian randomization studies  Yes Yes Yes Yes Yes Yes
Large genome-wide association studies  Yes No Yes Yes No No

*Clinical symptoms in the form of stable angina pectoris or intermittent claudication or documented atherosclerotic stenosis in coronary, femoral, or

carotid arteries.
tUsing isoform insensitive Lp(a) measurements.

Large Mendelian randomization studies, which are less
subject to confounding and reverse causation,” ~® further
support that increased Lp(a) in plasma represents an inde-
pendent, genetic and causal factor for acute MI, ischemic
stroke, VAS, coronary artery stenosis, carotid stenosis,
femoral artery stenosis, heart failure, cardiovascular mortal-
ity, and all-cause mortality (Table 2).>°>**? Importantly,
among all genetic instruments available for Mendelian
randomization studies, those for Lp(a) have the greatest sta-
tistical power, where both a single-nucleotide polymor-
phism and Kringle IV type 2 number of repeats each
explain more than 25% of all variations in plasma concen-
trations. In other words, of all evidence from Mendelian
randomization studies for any biomarker and any disease,
the evidence supporting high Lp(a) concentrations to cau-
sality of ASCVD and VAS is the strongest.

Finally, GWA studies focusing primarily on the direct
association between genetic variation and risk of disease in
large case-control consortia generally find that of all
genetic variation in the human genome, those related to
high Lp(a) concentrations confer the highest risk of
ASCVD’" and VAS."”"" Sometimes GWA studies are

Key points

e Meta-analyses of prospective, population-based studies of
high Lp(a) demonstrate high risk of MI, CHD, and
ischemic stroke.

e Large prospective, population-based studies of high Lp(a)
demonstrate high risk of MI, ischemic stroke, VAS,
coronary artery stenosis, carotid stenosis, femoral artery
stenosis, heart failure, cardiovascular mortality, and
all-cause mortality.

e Large Mendelian randomization and GWA studies confirm
that high Lp(a) is a causal factor for MI, ischemic stroke,
VAS, coronary artery stenosis, carotid stenosis, femoral
artery stenosis, heart failure, cardiovascular mortality,
and all-cause mortality.

e These causal relationships are independent of
concentrations of other lipids and lipoproteins,
including LDL-C.

referred to as hypothesis-free testing, thereby implying
that no bias can explain why genetic variation for high
Lp(a) plasma concentrations associate with the highest
risk of ASCVD and VAS.

Lp(a) concentrations in plasma are 80%-90% geneti-
cally determined”"” and represent a lifelong, genetic causal
factor independent of all other known causes and risk fac-
tors for ASCVD, VAS, and mortality, including LDL-C.

Il. Laboratory measurement of
lipoprotein(a)

a. Question: What are the key laboratory measurement is-
sues which impact a clinician’s interpretation of reported
Lp(a) values?

Lp(a) has a highly heterogeneous structure owing to the
presence of many different isoform sizes within the popula-
tion. The distribution of plasma Lp(a) levels is highly skewed
and differs considerably among different ethnic groups. From
a clinical perspective, these factors have important implica-
tions for Lp(a) measurement.” Key issues include (1) the
prevalence of assays reporting Lp(a) values as mass concen-
trations (units of mg/dL) vs particle concentrations (nmol/
L); (2) the lack of standardization of Lp(a) assays; and (3)
the absence of evidence-based Lp(a) cut points for different
risk groups, ethnic populations, and comorbidities.

b. Question: What are the limitations of currently available
assays and how does the performance characteristics of
the test (ie, accuracy [bias] and precision) affect clini-
cian interpretation of the results?

Currently available assays have not been subjected to a
global standardization regime.** Although some commer-
cially available assays use calibrators that are traceable,
such as the WHO/International Federation of Clinical
Chemistry and Laboratory Medicine secondary reference
material Proposed Reference Material-2B,* this is not the
case for all, notably those that report results in mg/dL.
Moreover, harmonization of values obtained from different
assays, even those reporting in nmol/L, has yet to be
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undertaken.’® The potential exists, therefore, for bias in
Lp(a) immunoassays because of the presence of variable
numbers of repeated units in differently sized apo(a) iso-
forms.*****” Typically, this bias manifests as an underesti-
mation of the levels of small Lp(a) isoforms and an
overestimation of large Lp(a) isoforms.*’ This bias could
result in misclassification of patients with Lp(a) levels close
to a predefined cut point.”” Some commercially available
assays minimize isoform-dependent bias by using a 5-
point calibrator, consisting of a range of Lp(a) isoforms."’

It has been recommended that use of mg/dL units be
discontinued.’® As the Proposed Reference Material-2B is
in nmol/L, and Lp(a) isoforms have different molecular
weights, unlike other lipids and lipoproteins, direct conver-
sion between mg/dL and nmol/L is not possible. Universal
use of nmol/L would (1) create an opportunity to stan-
dardize and harmonize Lp(a) assays, as the output is inde-
pendent of the molecular weight of the Lp(a) species used
as the calibrator and (2) facilitate future clinical studies of
Lp(a) and the establishment of evidence-based guidelines.
Therefore, in the absence of Lp(a) assay standardization,
clinicians should use, where possible, assays that report re-
sults in nmol/L, using a 5-point or similar calibrator, and
which are calibrated against the WHO/International Feder-
ation of Clinical Chemistry and Laboratory Medicine sec-
ondary reference material.

c. Question: What should be the population Lp(a)
cut points for defining high risk, based on age, sex,
and ethnicity?

The evidence base for specific cut points for high risk
based on age, sex, and ethnicity is generally incomplete.
This also applies to individuals with comorbid conditions
such as familial hypercholesterolemia (FH), diabetes
mellitus, or renal disease. There has been debate about
whether cut points based on Lp(a) concentrations or
population-specific percentiles are most appropriate.
This is because the distribution of Lp(a) levels differs
among ethnic groups (Table 3)** and is affected by
certain disease conditions.*® For example, the Multi-
Ethnic Study of Atherosclerosis found that while a cut
point of =50 mg/dL best predicted CHD in Caucasians,
Chinese-Americans, and Hispanics, the corresponding
value for blacks was =30 mg/dL.49 On the other hand,
the Atherosclerosis Risk in Communities study found
no difference in risk between Caucasian and black

Table 3  Distribution of Lp(a) levels by ethnic group™

Lp(a) Level by percentile (nmol/L)
Ethnic group N 10%" 50t 75t goth ggth gsth
Caucasian Americans2929 1 20 73 100 154 209

African Americans 189916 75 130 148 199 234
Japanese American 1379 3 19 40 49 75 103

*Data from Marcovina, 2016.

subjects, irrespective of the cut point used.”’ Moreover,

individual studies in different populations (eg, primary
vs secondary prevention) have arrived at different cut
points (=30 mg/dL and =50 mg/dL, respectively).”’ It
is unlikely that these observations reflect differences in
the underlying pathobiology of Lp(a). Although different
groups likely have varying risk factor profiles, which in-
fluence the contribution of Lp(a), it is also possible that
the different observed cut points reflect selection bias,
different statistical power in individual studies, and other
confounding effects. Therefore, we recommend a tenta-
tive, universal cut point of =100 nmol/L (approximately
=50 mg/dL), which is supported by the largest meta-
analyses in a range of populations.'®>" Although some
guidelines, including the 2018 American Heart Associa-
tion (ACC)/American Heart Association (AHA) Choles-
terol Guidelines,” suggest that Lp(a) values =125
nmol/L (or =50 mg/dL) be considerred as high risk,
our literature review suggests that the 80th percentile in
Caucasian U.S. populations more roughly approximates
100 nmol/L depending on the assy used and the popula-
tion assessed.”’*’

d. Question: Because the cholesterol content of Lp(a) is
included in the measurement of LDL-C, is there a level
of LDL-C where the measurement of Lp(a) should be
considered independent of clinical history?

Some studies have shown that lowering LDL-C attenu-
ates or eliminates risk attributable to elevated Lp(a).52‘53 On
the other hand, other studies have shown that Lp(a) clearly
contributes to residual risk in statin-treated subjects.”*>*"°
In a 2018 meta-analysis, elevated Lp(a) was a stronger risk
factor than LDL-C for incident CVD in statin-treated than
in placebo-treated subjects.”’ Therefore, it may be reason-
able to speculate that measuring Lp(a) in subjects with
elevated LDL-C identifies subjects who could benefit
from more intensive LDL-C lowering therapy, including
use of proprotein convertase subtilisin/kexin type 9
(PCSK9) inhibitors, which have been shown to lower
Lp(a) by ~20%-30%.">" However, this proposition has
yet to be directly tested in clinical studies. Notably, current
risk prediction algorithms, such as the Framingham Risk
Score or the Pooled Cohort Equations, do not include
Lp(a), whereas recommendations from several organiza-
tions and societies suggest measuring Lp(a) in subjects
with an intermediate risk score.”®>’ Therefore, at present,
we recommend that measurement of Lp(a) should be
considered when clinically indicated and not necessarily
related to a high baseline level of LDL-C alone. Because
statins and PCSKD9 inhibitors lower LDL-C less effectively
in the setting of a high Lp(a) concentration, the finding of
less-than-anticipated LDL-C lowering in response to treat-
ment with these agents should suggest the possibility of a
markedly elevated Lp(a). Some patients with markedly
elevated LDL-C values, with levels suggesting FH, have
been found to have this clinical presentation primarily
because of Lp(a) elevation *’
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Key points

e Measurement of Lp(a) is currently not standardized or
harmonized.

e Available assays report Lp(a) in either mg/dL or nmol/L
and may exhibit Lp(a) isoform-dependent bias.

e Evidence is incomplete regarding the utility of using
different risk cut points of Lp(a) based on age, gender,
ethnicity, or the presence of comorbid conditions.

o Elevated Lp(a) appears to confer elevated risk for ASCVD
over a wide range of LDL-C concentrations.

e An Lp(a) level >50 mg/dL (>100 nmol/L) may be
considered as a risk-enhancing factor favoring the
initiation of statin therapy. This level corresponds to
the 80" population percentile in populations which
are predominantly Caucasian.

e The corresponding 80" population percentile in African
Americans is approximately 150 nmol/L, but it is unclear
whether a different risk threshold or cut point should be
applied. Clinicians should be aware that African Americans
have an approximately 3-fold higher median Lp(a) than
Caucasian populations (75 nmol/L vs 20 nmol/L)

stable throughout an individual’s lifetime and unaffected by
lifestyle. Therefore, a case could be made to measure Lp(a)
in all individuals, at least once in a lifetime, based on strong
support for the association between elevated Lp(a) levels and
increased risk, together with genetic findings that indicate
elevated Lp(a) is causally related to premature ASCVD and
VAS. However, there is no current evidence to substantiate
the benefit of such an approach, and there is currently no
targeted treatment(s) to lower Lp(a) levels that have been
proven to affect ASCVD outcomes or progression of VAS.
Therefore, although some panel members supported it, a
recommendation for universal testing of Lp(a) was not made
at this time. The Scientific Statement Committee acknowl-
edges that there is likely little harm from a universal
screening approach and that the cost of the test is relatively
inexpensive compared with other cardiovascular disease
screening tests. As more data become available in the future,
the potential role of universal testing should be re-evaluated.

b. Question: What clinical factors result in consideration of
Lp(a) testing in primary prevention?

A large percentage of the world’s population (20%)
has an Lp(a) > 50 mg/dL.°" A prospective population-

Class of Rec Levels of

Table of Recommendations' (strength) Evidence
I. Laboratory measurement of lipoprotein(a)
1. For the measurement of Lp(a), it is recommended that an immunochemical I B-NR

assay that is calibrated against the WHO/IFCCLM secondary reference material

should be used and reported in nmol/L.%*%°
2. When using values of Lp(a) for clinical risk assessment and treatment decisions, III (no benefit) C-EO

the use of a factor to convert Lp(a) values from mg/dL to nmol/L

is not recommended."”
3. When Lp(a) values are used for ASCVD risk assessment in Caucasian patients, ITa B-R

it is reasonable to use measured values = 50 mg/dL or =100 nmol/L as levels

suggesting increased risk.®-3%43:20

IFCCLM, International Federation of Clinical Chemistry and Laboratory Medicine; EO, expert opinion; LD, limited data; NR, nonrandomized; R,

randomized; RTC, randomized controlled trial.
The “B” and “C” are sequential alpha listings, i.e A -> B -> C, etc.

tThe NLA grading system adopted the methodology and classification system used in the 2015 ACC/AHA Clinical Practice Guideline Recommendation
Classification System.” All recommendations were graded by the Class (or strength) of the Recommendation and by the Levels (or quality) of the Evidence

supporting the Recommendation.

lWW. Lipoprotein(a) testing in clinical
practice

a. The importance of Shared Decision-Making

A decision to measure Lp(a) should be made after a
thoughtful benefit-risk discussion between the patient and
his/her health care provider. Shared decision-making should
reflect an individual’s preferences and values. Decisions
should also be based on family history, the presence of
comorbid conditions, race/ethnicity, and/or concern of future
risk. In the absence of an acute illness, the level of Lp(a) is

based study showed that measurement of Lp(a) predicted
not only 15-year CVD outcomes but improved CVD risk
prediction.®” Several national and international (Euro-
pean Society of Cardiology/European Atherosclerosis
Society) guidelines™”"" recommend Lp(a) testing if
an individual has documented ASCVD (especially with
recurrent events on optimal lipid-lowering therapy), se-
vere hypercholesterolemia or genetic FH, premature
ASCVD, or a first-degree family member with premature
ASCVD, particularly in the absence of traditional risk
factors. Based on the results of cascade screening of
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797 patients from a Spanish registry of molecularly
defined heterozygous FH patients, testing for Lp(a) dur-
ing cascade screening was found to be an effective means
to identify relatives of the proband with increased risk of
clinical ASCVD, especially when FH and elevated Lp(a)
coexist.”’

The 2018 ACC/AHA Multi-Organization Guideline on
the Management of Blood Cholesterol does not provide a
recommendation on routine measurement of Lp(a). How-
ever, the 2018 guideline further states that if the results of
Lp(a) testing are available to the clinician, an elevated
concentration of =50 mg/dL or =125 nmol/L may be
considered to be a risk-enhancing factor favoring moderate-
intensity statin therapy in patients at intermediate risk
(7.5%—-19.9% 10-year risk) (class Ila B-NR) who are aged
40-75 years and have an LDL-C of 70-189 mg/dL. In
addition, an elevated Lp(a) may aid risk discussion in
patients aged 40-75 years with borderline risk (5%—7.4%)
and an LDL-C 70-189 mg/dL, when initiation of statin
therapy is being considered (class IIb B-NR).

A potential caveat to consider in this recommendation
emanates from a study examining Lp(a) levels in blood
samples from female subjects as part of 2 large randomized
clinical trials and one observational study, suggesting that
Lp(a) concentrations of >50 mg/dL predicted increased
cardiovascular risk only in those with total cholesterol
>220 mg/dL.°* However, other larger studies do not sup-
port this perspective.'*'%

Two International Classification of Diseases (ICD)-10
codes have been added to justify Lp(a) testing
[E78.41 = elevated Lp(a) and Z83.430 = Family History
of elevated Lp(a)]. The relative stability of Lp(a) levels
over a lifetime supports the perspective that repeat
measurement is generally unnecessary, provided that the
initial blood sample was not obtained during an acute
illness.”

Key points

Lp(a) testing is reasonable to refine risk assessment for
ASCVD events in adults with:

o First-degree relatives with premature ASCVD (<55 y
of age in men; <65 y of age in women).

e A personal history of premature ASCVD.

e Primary severe hypercholesterolemia (LDL-C =190
mg/dL) or suspected FH.

Lp(a) testing may be reasonable in adults:

e To aid in the clinician-patient discussion about whether
to prescribe a statin in those aged 40-75 y with
borderline (5%-7.4%) 10-y ASCVD risk.

e To identify a possible cause for a less-than-anticipated
LDL-C lowering to evidence-based LDL-C-lowering
therapy.

e To use in cascade screening of family members with
severe hypercholesterolemia.

e To identify those at risk for progressive VAS.

c. Question: What is the effect of currently available ther-
apies on lowering Lp(a) levels and is there evidence that
reducing Lp(a) will reduce the incidence of ASCVD,
VAS, or cerebrovascular disease?

Although in general beneficial, lifestyle changes,
including low fat diets and moderate-to-vigorous daily
physical exercise, have no significant effect on Lp(a)
levels.>7-67:68

Hormone replacement therapy (HRT) in women
lowers Lp(a) levels, and in the Women’s Health Study,
HRT was observed to modify CVD risk across Lp(a)
quintiles.®” However, in the Heart and Estrogen/progestin
Replacement Study (secondary prevention) and the
Women’s Health Initiative (primary prevention) random-
ized trials, HRT-related adverse events (breast cancer,
stroke, thrombosis) outweighed any benefit on CVD.
Therefore, HRT cannot be recommended as the sole pur-
pose of lowering Lp(a).””

Niacin therapy is associated with a significant reduction
in Lp(a) of approximately 23%.’ However, its addition to
statin therapy in high-risk ASCVD patients with LDL-C
levels near or at goal (<75 mg/dL) has not been shown
to improve ASCVD outcomes in AIM HIGH and HPS2
THRIVE and has been associated with increased harms
(new onset diabetes, bleeding, myopathy, and infec-
tions).”””"""* One potential explanation for this finding is
niacin’s limited ability to reduce the concentration of
Lp(a) in those with the highest baseline Lp(a) levels and
small isoform size.””

Statin therapy has demonstrated a clinical benefit in
patients with elevated Lp(a) in both primary and secondary
prevention.”'”* A 2018 meta-analysis of patients with
elevated Lp(a) and history of CV events concluded that
those with Lp(a) levels >50 mg/dL on statin therapy are
at a significantly higher risk of CVD as compared to those
with levels <30 mg/dL, independent of other conventional
CVD risk factors.”

There is uncertainty about the clinical value of PCSK9
inhibitor—associated Lp(a) reduction. An analysis of the
FOURIER trial demonstrated that evolocumab reduced
Lp(a) by 27% and that the reduction in MACE was 23%
(hazard ratio [HR] 0.77, 95% CI 0.67-0.88) in those
patients with Lp(a) > median (37 nmol/L) and by 7%
(HR 0.93, 0.80-1.08) in those = median.’”* Patients with
higher baseline Lp(a) levels had greater absolute reductions
in Lp(a) and tended to derive greater benefit from PCSK9
inhibition. In ODYSSEY OUTCOMES, there was also a
greater absolute benefit on MACE with alirocumab in pa-
tients with higher baseline levels of Lp(a)’”” In addition,
baseline Lp(a) values predicted risk of MACE. Although
the reduction of LDL-C was the dominant factor contrib-
uting to the event reduction with alirocumab, an indepen-
dent contribution of lowering Lp(a) on MACE and total
CV events was also demonstrated.”® Additional analysis
of the PCSK9 inhibitor outcomes trials will be needed to
support their use in patients with elevated Lp(a) levels.
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A modest reduction in Lp(a) of 20%-25% has been
reported in homozygous FH patients treated with lomita-
pide, a microsomal triglyceride transfer protein inhibitor.
However, there are no studies showing the incremental
benefit in this unique population. In the absence of data,
lomitapide is not indicated for Lp(a) lowering or for
ASCVD risk reduction.

Lipoprotein apheresis (LA), which acutely lowers
LDL-C by >60% and reduces plasma levels of oxidized
phospholipid, known mediators of vascular inflammation
and predictors of atherosclerosis progression found
predominantly on Lp(a)-containing fractions,”’ may be
offered to individuals with drug resistant, uncontrolled
LDL-C levels (>160 mg/dL with and >300 mg/dL
without CVD). In 2010, the German health care
system approved LA therapy for ASCVD patients with
an elevated Lp(a) (>60 mg/dL; >120 nmol/L) and
recurrent ASCVD events, irrespective of LDL-C
levels.”® Currently, more than 1400 Germans
receive weekly LA therapy for an elevated Lp(a) and
CVD prophylaxis.”” Since the initiation of LA
therapy for Lp(a) reduction in Germany, three prospec-
tive/retrospective trials involving over 400 individuals
have demonstrated a 70% reduction of MACE compared
with preapheresis events.*’ ® In addition, Khan et al
conducted a single-blind, placebo-controlled, crossover
trial, initiating weekly LA therapy for patients
with refractory angina and elevated Lp(a) levels
(>50 mg/dL).*’ Myocardial perfusion reserve, the
study’s primary outcome, increased after LA compared
with sham treatment, yielding a net treatment increase
of 0.63 (95% CI 0.27-0.89; P < .001 between the
groups). In the United States, LA is performed primarily
to reduce LDL-C in patients with severe FH
and ASCVD. Some specialized lipid centers have also
used LA for both LDL-C and Lp(a) reduction in very
selected very-high-risk patients, such as those with
recurrent ASCVD events despite optimal lipid-
lowering drugs.

Recent in vitro data demonstrated that an antibody that
binds to and inactivates oxPL reduced the pro-osteogenic
effect of Lp(a), providing evidence to support clinical
studies using therapeutic antibodies.'” Presently, no clinical
data exist on the lowering of Lp(a) for the treatment of VAS
and the benefits of available lipid-lowering drug therapy,
and LA on VAS outcomes is unknown. The use of statins
in patients with calcific VAS may modestly raise Lp(a)
and oxidized phospholipids, effects that theoretically could
promote progression.™

Phase 2 clinical trials of apo(a) antisense oligonucleo-
tide (AKCEA apo(a)-LRx) have been completed in patients
with elevated Lp(a) and ASCVD. These
studies demonstrated Lp(a) reductions of 35%-80%, de-
pending on the dosage used; however, more trials are
needed to show safety, and improved ASCVD outcomes,
before the drug can be considered for clinical use.

Key points

o Lifestyle therapy, including diet and physical exercise,
has no significant effect on Lp(a) levels.

e Statin therapy does not decrease Lp(a) levels.

e Patients with a history of ASCVD who are taking statins
and have an Lp(a) = 50 mg/dL are at increased risk for
ASCVD events, independent of other risk factors.

e Niacin lowers Lp(a), has no demonstrated ASCVD risk
reduction benefit in patients taking statins, and may
cause harm.

e Lomitapide, which is indicated to lower LDL-C in patients
with homozygous FH, also lowers Lp(a) but is not
recommended for ASCVD risk reduction.

e PCSK9 inhibitors lower Lp(a), but the contribution of
Lp(a) reduction to their ASCVD risk reduction benefit
remains undetermined.

e LDL apheresis lowers Lp(a) and is sometimes used for
those with elevated Lp(a) and recurrent ASCVD events.

d. Question: What clinical factors would result in consider-
ation of Lp(a) testing in secondary prevention?

Recommendations for Lp(a) screening in patients with
established ASCVD (stroke, CHD, peripheral arterial dis-
ease, and VAS) continue to evolve. The most consistent
barrier to screening is based on a lack of evidence
demonstrating that lowering Lp(a) independently of LDL-
C reduces adverse CVD-related events. Although a case
could be made by experienced lipidologists for screening
Lp(a) in all secondary prevention patients, the following
discussion provides the best available evidence to guide the
clinical utility of measuring Lp(a).

Clinical situations in which Lp(a) screening may be
reasonable in secondary prevention include adults (1) with
premature ASCVD-related events,®’ (2) with recurrent
ASCVD events, including individuals with target vessel
restenosis after percutaneous intervention and bypass graft
failure, despite adequate risk factor control,””*° and (3)
with ischemic stroke who are aged <55 years.'” Individ-
uals aged <45 years with premature ASCVD-related
events have been shown to be more likely to have a
Lp(a) level >50 mg/dL, tripling the chance of an acute
coronary syndrome compared with individuals aged
>60 years."’

Lp(a) has been shown to be a strong predictor of risk
when the risk attributable to LDL-C is reduced by statin
therapy. A large meta-analysis of 29,069 patients enrolled
in 7 primary and secondary prevention placebo-controlled
statin trials™ found that on-statin treatment patients with
Lp(a) levels >50 mg/dL (15% of the population) had a
MACE HR of 1.48 (1.23-1.78), compared with subjects
with Lp(a) < 50 mg/dL in the placebo arm who had an
HR of 1.23 (1.04-1.45) (Fig. 2).
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No. of

Trials Patients Events

Age- and sex-adjusted
On-statin 7 14536 2603
On-placebo 7 14533 3148

Multivariable adjusted*
On-statin 6 13883 2561
On-placebo 6 13881 3088

HR (95% Cl) comparing patients with

P value for

Lp(a) 250 mg/dL vs. <50 mg/dL interaction

—a——  148(1-23,178) 0010
—_— 1-23 (1-04, 1-45)
— 1-47 (1-25, 1-73) -
—— 1-26 (1-06, 1-50)
T T T

125 15175 2

Figure 2 Predictive value of on-statin verses on-placebo lipoprotein(a) concentration for incident cardiovascular disease. *Adjusted for
age, sex, previous cardiovascular disease, diabetes, smoking, systolic blood pressure, LDL cholesterol corrected for lipoprotein(a) choles-

terol, and HDL cholesterol. Adapted from Willeit et al. 2018.

Approximately 1 in 3 individuals with FH also have a
Lp(a) level >50 mg/dL, which is a significant accelerant
of ASCVD and is also an indication for cascade
screening of Lp(a) in FH families.’”***’ These findings
suggest that it is reasonable to measure Lp(a) in FH pa-
tients with ASCVD. The relationship of Lp(a) levels
and stroke generally suggests that Lp(a) is a risk factor
for cerebral vascular disease.”’”"”! A meta-analysis of
case-control prospective cohort studies, which included
5029 stroke events, found Lp(a) to be an independent
risk factor for ischemic stroke, especially in adults
aged <55 years.'” Because the preponderance of evi-
dence supports Lp(a) as an independent risk factor, it
may be reasonable to measure Lp(a) in adults aged
<55 years with ischemic stroke.

It may also be reasonable to measure Lp(a) in in-
dividuals with calcific VAS.***> Two single-nucleotide
polymorphisms (rs10455872 and rs3798220), which deter-
mine plasma levels of Lp(a) are associated with an
increased risk of calcific VAS proportional to the Lp(a)
level. One study reported HRs for calcific VAS ranging
from 1.2 for a Lp(a) < 20 mg/dL to 2.9 for levels
>90 mg/dL.”" Another study reported an odds ratio of
1.61 for VAS per log-unit increase in plasma Lp(a) levels.*”
A recent prospective study found that 1) aortic valve cal-
cium scores increased 3x faster in individuals with the
highest tertile Lp(a) level compared to the lowest tertile in-
dependent of the adjustment for other risk factors; 2) that
disease progression measured by peak aortic jet velocity
by echocardiography was almost 2x greater comparing
the top and lower tertiles and 3) that the hazard ratio for
a composite outcome of aortic valve replacement and all-
cause mortality was 1.87 comparing the top and lower
tertiles.™

The calculated LDL-C includes the cholesterol con-
tained in Lp(a). Because the Lp(a) cholesterol is not
reduced by statins, individuals with elevated Lp(a) may
have a less-than-expected response in LDL-C reduction to
statin therapy. Data from GWA studies have reported that
several genetic variants, including rs10455872, within the

LPA gene account for as much as a 4% attenuation in LDL-
C lowering with statin treatment.”*”*

A Mendelian randomization analysis concluded that
large absolute reductions of Lp(a) may be needed to
demonstrate a meaningful reduction in ASCVD risk.”
The magnitude of this effect is significant, ranging from
a proportional risk reduction of 1.3% when the change
in Lp(a) is 5 mg/dL to a risk reduction of 27.7% if the
change is 120 mg/dL. This analysis suggests the effect
is significant, ranging from a proportional risk reduction
of 1.3% when the change in Lp(a) is 5 mg/dL, to a risk
reduction of 27.7% if the change is 120 mg/dL. Another
Mendelian randomization analysis suggests that an abso-
lute reduction of 66 mg/dL in Lp(a) would result in the
same relative risk reduction as a 38.7 mg/dL (1 mmol/L)
reduction in LDL-C. These studies are important consider-
ations for the design and entry criteria of potential
ASCVD outcomes trials of new therapies directed at
Lp(a) reduction.”®

Key points

e The measurement of Lp(a) is reasonable in adults with:
e Premature ASCVD (<55 y of age in men, <65y
of age in women).
e Recurrent or progressive ASCVD, despite optimal lipid
lowering.

e Lp(a) is associated with an increased risk of calcific VAS
proportional to the Lp(a) level, and measuring Lp(a)
may be reasonable in patients with this disorder.

e Patients with high Lp(a) levels may have less-than-
expected LDL-C lowering on statin therapy.

e There is a lack of current evidence demonstrating that
lowering Lp(a), independently of LDL-C, reduces ASCVD
events in individuals with established ASCVD. It appears
that large absolute reductions in Lp(a) may be needed to
demonstrate a significant clinical benefit.
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Class of Rec Levels of
Table of Recommendations' (strength) Evidence
II. Lipoprotein(a) testing in clinical practice
1. Adults (aged =20 y)
a. Measurement of Lp(a) is reasonable to refine risk assessment for ASCVD events in:
1) Individuals with a family history of first-degree relatives with premature ASCVD ITa C-LD
(<55 y of age in men; <65 y of age in women®®
2) Individuals with premature ASCVD (<55 y of age in men; <65 y of age in women), Ila B NR
particularly in the absence of traditional risk factors,?%:27-36:7:%8
3) Individuals with primary severe hypercholesterolemia (LDL-C =190 mg/dL) or suspected ITa B-NR
FH'59,63,99,1OO
4) Individuals at very-high-risk** of ASCVD to better define those who are more Llikely IIa B-NR
to benefit from PCSK9 inhibitor therapy.”* '
b. Measurement of Lp(a) may be reasonable for individuals with:
1) Intermediate (7.5%-19.9%) 10-y ASCVD risk when the decision to use a statin is ITb B-NR
uncertain, to improve risk stratification in primary prevention.>%%27:61:8
2) Borderline (5%-7.4%) 10-y ASCVD risk when the decision to use a statin is uncertain, IIb B-NR
to improve risk stratification in primary prevention,”?%27:6%:8
3) Less-than-anticipated LDL-C lowering, despite good adherence to LDL-C lowering ITb C-LD
therapy.17'59’%
4) A family history of elevated Lp(a).*®*%°° IIb C-LD
5) Calcific valvular aortic stenosis,'®?7-3%:83:102103 IIb C-LD
6) Recurrent or progressive ASCVD, despite optimal lipid-lowering therapy.”®°% "% IIb C-LD

tThe NLA grading system adopted the methodology and classification system used in the 2015 ACC/AHA Clinical Practice Guideline Recommendation
Classification System.* All recommendations were graded by the Class (or strength) of the Recommendation and by the Levels (or quality) of the Evidence

supporting the Recommendation.

e. Question: What factors may be reasonable in considering
measurement of Lp(a) levels in youth (aged <20 years)?

Limited data are available to assist in clinical decision-
making regarding (1) criteria for measurement of Lp(a) in
those 20 years of age or younger and (2) recommendations
for intervention in those in whom elevated levels of Lp(a)
have been identified. However, given its autosomal codom-
inant mode of inheritance and causal role in ASCVD,
selective screening of Lp(a) of youth who have informative
clinical findings and/or family history is reasonable. The
LPA gene is fully expressed by 1-2 years of age and the
concentration of Lp(a) reaches adult levels by~5 years
of age. In the absence of inflammation, plasma levels of
Lp(a) are stable and track into adulthood, as well as from
one generation to the next.”'"” Fasting is not required for
Lp(a) measurement.

Evidence supports a link between elevated levels of
Lp(a) and ASCVD-related events in adults, and ischemic
stroke in both youth and adults.'®**'%® Lifelong elevation
of Lp(a), beginning at a very early age, predisposes to
higher risk of premature ASCVD as an adult. Most youth
with elevated levels of atherogenic lipoproteins, including
Lp(a), are of normal weight and are asymptomatic. Longi-
tudinal measurement of flow-mediated dilation of the
brachial artery demonstrated attenuated endothelial

. 107 . .
function, " whereas a cross-sectional study found no dif-

ference in pulse wave velocity or carotid intima-medial
thickness when comparing youth with Lp(a) =30 mg/dL
vs those with Lp(a) <30 mg/dL."'"® Long-term studies link-
ing altered arterial function and/or structural changes in
youth with elevated levels of Lp(a) to adult-onset
ASCVD-related events are lacking.

Individuals with extremely elevated Lp(a) (=200 mg/
dL) have a similar lifetime risk of CHD as heterozygous
FH, although the estimated prevalence of the former is
twice as high.”’ Such reports have led some to suggest a
need for universal as well as selective screening, begin-
ning in childhood. While appealing, currently this
approach is limited by lack of Lp(a)-lowering therapy
that has been shown to be safe, effective, and approved
for use in youth. Nonetheless, knowledge that a child
has an elevated level of Lp(a) creates an opportunity to
inform the family about the importance of (1) adherence
to a lifelong heart-healthy lifestyle, starting at a very
young age; (2) the benefits of maintaining a healthy
weight; (3) smoking avoidance, including the health risks
of secondhand exposure; and (4) the need for monitoring
plasma lipids, blood glucose, and blood pressure. Identi-
fying youth with an elevated level of Lp(a) level also fa-
cilitates reverse cascade screening to help identify
relatives who may also be at risk.
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Given the time necessary for atherosclerosis to cause
arterial ischemia and occlusion, impaired fibrinolysis and
formation of emboli are the most likely causal link to
childhood-onset ischemic stroke. Data supporting this
putative mechanism are, however, limited. Case-control
studies and meta-analysis have reported a significantly
increased odds of incident idiopathic childhood-onset
ischemic stroke in association with elevated levels of
Lp(a).”"'%? Childhood ischemic stroke is linked to
various prothrombotic risk factors, including elevations
in homocysteine, deficiencies of anticoagulants protein
C, protein S and antithrombin III, and the presence of
factor V Leiden G1691A mutation as well as the pro-
thrombin (PT) gene mutation G20210A. In contrast,
although an independent study found Lp(a) to be a
mild prognostic factor for recurrence ischemic stroke,
no evidence was found of an association with incident
childhood-onset ischemic stroke.''” Such conflicting re-
sults raise an important, but unanswered clinical question
as to whether measurement of Lp(a) is potentially more
beneficial in secondary versus primary prevention of
childhood-onset ischemic stroke.

Although additional evidence is needed, the presence of
increased prothrombotic risk factors, including increased
levels of Lp(a), has been suggested as potentially playing a
role in venous thromboembolism. Compared with controls,
the coexistence of Factor V G1691A (FV-Leiden) and
elevated Lp(a) has been reported to be significantly more
prevalent among individuals with venous thromboembo-
lism, including some adolescents, although the role of
increased Lp(a) in this setting is unknown.'"’

Depending on the underlying cause of stroke, current
pediatric guidelines recommend the use of anticoagulants
or antiplatelet agents in the acute setting. Such recommen-
dations are generally based on adult studies, cohort studies,
and/or expert opinion. Prolonged use of anticoagulants or
antiplatelet agents requires careful consideration of poten-
tial benefits verses known risks of treatment.

Since 2011, published guidelines have recommended
selective screening of cholesterol in youth 2 years of age
and older, and universal screening beginning at age 10
years (range 9-11), regardless of general health or the
presence or absence of CVD risk factors. Given the current
evidence, to date, only selective measurement of Lp(a) has
been recommended in (1) youth with a history of hemor-
rhagic or ischemic stroke and (2) offspring of a parent with
premature CVD and no other identifiable risk factors.''*'"”

Youth with FH and family history of early-onset
ASCVD were 3 times more likely to have high Lp(a)
than those with a family history of late-onset ASCVD
(OR: 3.77, 95% CI: 1.16-12.25, P = .027) but were not
more likely to have highly elevated LDL-C (=190 mg/
dL) (OR: 0.45, 95% CI: 0.11-1.80, P = .26). Lp(a)
was reported to be more predictive than LDL-C for early
onset of CVD in family members. Measurement of Lp(a)
in youth with FH may better characterize their cardiovas-
cular risk, particularly when knowledge of family history

is limited, and help identify those who could benefit
from more aggressive management to reduce ASCVD
risk.' "

With its potential for risk enhancement, it seems reason-
able to measure Lp(a) in youth with genetically confirmed or
clinically suspected FH and offer screening to youth when a
parent or sibling is found to have an elevated Lp(a).

Key points

e The LPA gene is fully expressed by 1-2 y of age and the
concentration of Lp(a) reaches adult levels by~5y
of age.

e Fasting is not required for Lp(a) measurement, and
despite being genetically determined, levels may be
influenced in the presence of inflammation.

e Because Lp(a) is genetically transmitted, youth whose
parents have an elevated Lp(a) level are reasonable
candidates for screening; conversely, reverse cascade
screening is recommended when a child is found
to have an elevated level of Lp(a).

e Even if the absence of approved Lp(a)-lowering
medications in youth found to have an elevated level
of Lp(a), it is important to emphasize early and
lifelong adoption of a heart-healthy lifestyle by the
child and family members, especially with respect
to smoking avoidance or cessation, given the
thrombotic risk attributable to Lp(a).

e Measurement of Lp(a) in youth with a history of ischemic
stroke may be reasonable.

Class of Rec Levels of

Table of Recommendations’ (strength)  Evidence

2. Youth (aged <20 y)

a. Measurement of Lp(a)

may be reasonable with:

1) Clinically suspected or IIb C-LD
genetically confirmed FH.%%*%

2) A family history of first-degree  IIb C-LD
relatives with premature
ASCVD (<55 y of age in men,
<65 y of age women).%*1%%

3) An unknown cause of ischemic  IIb C-LD
Stroke.20'97'101'104

4) A parent or sibling found to IIb C-LD
have an elevated Lp(a).'%

tThe NLA grading system adopted the methodology and classifica-
tion system used in the 2015 ACC/AHA Clinical Practice Guideline
Recommendation Classification System.” All recommendations were
graded by the Class (or strength) of the Recommendation and by the
Levels (or quality) of the Evidence supporting the Recommendation.
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V. Treatment

a. Question: If Lp(a) is markedly increased, what are the
implications with regard to further LDL-C-lowering
therapy? Is there evidence that supports improved out-
comes with greater LDL-C reductions in the presence
of an increased Lp(a)?

In patients receiving LDL-C-lowering therapy,
increased baseline and on-statin treatment Lp(a) concen-
trations remain a risk factor for ASCVD events.”"*"" In
analyses of 29,000 patients from seven randomized statin
trials, an Lp(a) =50 mg/dL (105 nmol/L) vs <15 mg/dL
(29 nmol/L) conferred a 1.3-fold ASCVD risk for baseline
and a 1.4-fold for on-statin Lp(a) concentrations.”” Statin

Key Points

e In statin-treated patients, a high Lp(a) is an independent ASCVD risk factor.

e In primary prevention for adults aged 40-75 y with a 10-y ASCVD

risk of 7.5%-19.9%, an Lp(a) =50 mg/dL or =100 nmol/L is

reasonable to be used as a risk-enhancing factor to favor initiation of a moderate or high-intensity statin.

e In high-risk* or very-high-risk** patients with LDL-C =70 mg/dL (
=100 nmol/L on maximally tolerated statin intensity, it is reasona

non-HDL-C =100 mg/dL) and a Lp(a) =50 mg/dL or
ble to consider more intensive therapies (such as ezetimibe

and/or PCSK9 inhibitors) to lower LDL-C (and non-HDL-C) to achieve greater ASCVD risk reduction.
e The presence of an elevated Lp(a) in patients with very-high-risk** ASCVD and baseline LDL-C =70 mg/dL or non-HDL-C
=100 mg/dL despite maximally tolerated statin = ezetimibe may be used as a factor favoring addition of a PCSK9 inhibitor.
e Although niacin and hormone replacement therapy can reduce Lp(a) levels, these drugs are not recommended because of no

demonstrated ASCVD benefit and the possibility of harm.

Table of Recommendations'

Class of Rec
(strength) Levels of Evidence

ITI. Treatment

1. In adults aged 40-75 y with a 10-y ASCVD risk of 7.5%-19.9%, the finding of an Lp(a) IIa B-NR
=50 mg/dL or =100 nmol/L is reasonable to be used as a risk-enhancing factor to favor
initiation of a moderate- or high-intensity statin in those with on-treatment LDL-C

=70 mg/dL (or non-HDL-C =100 mg/dL).2*2%3°
2. In high-risk* or very-high-risk** patients, with Lp(a) =50 mg/dL

or =100 nmol/L, it ITa A

is reasonable to consider more intensive LDL-C lowering to achieve greater ASCVD risk

reduction.%%%°

3. In very-high-risk** patients, taking a maximally tolerated statin with Lp(a) ITa B-R
=50 mg/dL or =100 nmol/L, the addition of ezetimibe is reasonable in those

with on-treatment LDL-C =70 mg/dL (or non-HDL-C =100 mg/dL)
4. In high-risk* patients taking a maximally tolerated statin, with Lp

116

(a) =50 mg/dL IIb B-R

or =100 nmol/L, the addition of ezetimibe may be reasonable in those with

on-treatment LDL-C =70 mg/dL (or non-HDL-C =100 mg/dL)."*’

5. In very-high-risk** patients taking a maximally tolerated statin and ezetimibe, ITa B-R

with an LDL-C =70 mg/dL (or non-HDL-C =100 mg/dL) and an Lp
=50 mg/dL or =100 nmol/L, the addition of a PCSK9 inhibitor
is reasonable.”* 7 1°% 1%

6. Niacin, which lowers Lp(a) concentration, is not recommended to
ASCVD risk in patients receiving moderate- to high-intensity statin
ezetimibe and an on-treatment LDL-C <80 mg/dL>*"?

(a) of

reduce III (harm) A
S ar/=

7. HRT with estrogen and progesterone, which lowers Lp(a) concentration, IIT (harm) B-R

is not recommended in perimenopausal/postmenopausal women to
reduce ASCVD risk.°® '

ASCVD risk categories (adapted from Grundy, 2018)

*High risk = Individuals with clinical ASCVD including those with MI, ACS
stroke, transient ischemic attack, or peripheral artery disease including aortic

**Very high risk = Individuals with a history of multiple major ASCVD eve

, stable or unstable angina, coronary or other arterial revascularization,
aneurysm, all of atherosclerotic origin.
nts or 1 major ASCVD event and multiple high-risk conditions.

tThe NLA grading system adopted the methodology and classification system used in the 2015 ACC/AHA Clinical Practice Guideline Recommendation
Classification System.” All recommendations were graded by the Class (or strength) of the Recommendation and by the Levels (or quality) of the Evidence

supporting the Recommendation.
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treatment did not affect Lp(a) concentrations, and high
Lp(a) was a stronger ASCVD risk predictor in patients
on statins vs placebo. Because patients on statins with
markedly elevated Lp(a) concentrations have a higher ab-
solute risk than those without Lp(a) elevation, such pa-
tients are likely to exhibit the greatest benefit from more
aggressive LDL-C—lowering therapy. Therefore, as recom-
mended in the 2018 ACC/AHA Cholesterol Guidelines,
the following recommendations can be made. First, in pri-
mary prevention for adults aged 40-75 years with a 10-
year ASCVD risk of 7.5%—-19.9%, a Lp(a) =50 mg/dL
or =100 nmol/L is reasonable to use as a risk-enhancing
factor to favor initiation of a moderate- or high-intensity
statin. Second, in high or very-high-risk patients with
LDL-C =70 mg/dL (non-HDL-C =100 mg/dL) and a
Lp(a) =50 mg/dL or =100 nmol/L on maximally toler-
ated statin intensity, it is reasonable to consider more
intensive therapies (such as ezetimibe and PCSK9 inhibi-
tors) to lower LDL-C (and non—-HDL-C) to achieve greater
ASCVD risk reduction.

In the FOURIER trial, the addition of evolocumab to the
treatment regimen of high-risk patients already receiving
intensive therapy with high- or moderate-intensity statin
(69% vs 30%) +/— ezetimibe showed that the greatest
treatment benefit was obtained in those with baseline Lp(a)
at or above a clinical threshold of 120 nmol/L (50 mg/dL)
as compared with those below the threshold.'”" Evolocu-
mab reduced Lp(a) by 27%. However, it is not clear that
this reduction contributed independently to the treatment
benefit.'"” In the ODYSSEY OUTCOMES study, alirocu-
mab use in high-risk/very-high-risk patients confers the
greater absolute risk reduction in patients within the highest
Lp(a) tertile (>60 mg/dL).m In addition, recent analysis
from ODYSSEY OUTCOMES suggests that the Lp(a)
reduction with alirocumab, independent of LDL-C, contrib-
utes to risk reduction.”’

As noted in section Laboratory Measurement of lip-
oprotein(a), niacin and hormone replacement treatment can
reduce Lp(a). However, because there is no evidence of
ASCVD benefit, while there is a suggestion of harm, use of
these therapies are not recommended.

Conclusion

With overwhelming support of elevated Lp(a) levels as an
independent risk factor for ASCVD and VAS, based on a
review of the current evidence, we have provided recom-
mendations for clinicians on how best to deal with this
lipoprotein in clinical practice. Although presently there is
no global standardization of Lp(a) measurement, the
preferred measurement unit is nmol/L, and although nmol/
L cannot be converted directly to mg/dL, levels =50 mg/dL
and =100 nmol/L each suggest increased risk of ASCVD
and VAS. Currently available evidence indicates that Lp(a)
measurement may be useful to reclassify ASCVD risk and,
selectively, to aid in pharmacotherapy decision-making.

Repeat measurement of Lp(a) is not recommended as the
clinical value of serial measurements has not been estab-
lished. Although adoption of a heart-healthy lifestyle and
statins do not lower Lp(a) levels, it is still reasonable to
intensify both in individuals with elevated Lp(a). In those
with elevated Lp(a) and insufficient LDL-C lowering, it is
reasonable to add ezetimibe and, in selected cases, PCSK9
inhibitors, whereas niacin and hormone replacement therapy
should be avoided.

Future directions

While much is now known about Lp(a) and its role in
ASCVD and valvular aortic disease, future recommenda-
tions for clinical practice still await additional evidence.
For Lp(a) to be accepted as a risk factor for intervention, a
randomized clinical trial of Lp(a) lowering in those at risk
is required. Until we have the results of such a trial, several
important unanswered questions remain. Is it reasonable to
recommend universal testing of Lp(a) in everyone regard-
less of family history or health status, at least once to help
encourage healthy habits and inform clinical decision-
making? Will earlier testing and effective interventions
help to improve outcomes? What will be the benefit of
medical interventions that target Lp(a) lowering and how
will such therapies change the outcome of those at-risk and
those currently affected by ASCVD? Will Lp(a)-lowering
therapy be effective in those with low LDL-C, given the
development of new promising LDL-C—lowering therapies
beyond statins, ezetimibe, and PCSK9 inhibitors?

To answer these and a myriad of other questions, it is
encouraging that a randomized, placebo-controlled, double-
blind trial of Lp(a) reduction using antisense oligonucleo-
tides to block the production of Lp(a) via LPA gene
silencing is anticipated to start in 2020. Other pharmaceu-
tical companies are developing other promising Lp(a)-
lowering therapies such as small interfering RNA inhibitor
technology. Thus, if these early studies continue to show
both safety and efficacy, it is likely that more randomized
trials will also be conducted with the aim of reducing
ASCVD and possibly AVS progression through novel tar-
geted Lp(a) reduction.

As discussed in this scientific statement, there is an
urgent need for better standardization of Lp(a) measure-
ment and an improved understanding of Lp(a) metabolism,
physiology, and the pathologic mechanisms by which Lp(a)
and oxidized phospholipids on Lp(a) leads to ASCVD and
AVS. Finally, we need to address the knowledge gaps that
currently exist for unique populations, including the
relationship of high Lp(a) with stroke in children and to
better define the unmet medical needs for Lp(a) reduction
in individuals of all ethnicities. Additional data are urgently
needed in blacks, South Asians, and those of Hispanic
descent. We hope that this National Lipid Association
scientific statement will help stimulate a thoughtful world-
wide discussion that will result in improved health and
outcomes of those entrusted to our care.
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Class of Rec Levels of
Summary Table of Recommendations' (strength) Evidence
I. Laboratory measurement of lipoprotein(a)
1. For the measurement of Lp(a), it is recommended that an immunochemical assay that I B-NR
is calibrated against the WHO/IFCCLM secondary reference material should be
used and reported in nmol/L.***
2. When using values of Lp(a) for clinical risk assessment and treatment decisions, the IIT (no benefit)  C-EO
use of a factor to convert Lp(a) values from mg/dL to nmol/L is not recommended.** **
3. When Lp(a) values are used for ASCVD risk assessment in Caucasian patients, Ila B-R
it is reasonable to use measured values = 50 mg/dL or =100 nmol/L as levels
suggesting increased risk.%3%°°
II. Lipoprotein(a) testing in clinical practice
1. Adults (aged = 20 y)
a. Measurement of Lp(a) is reasonable to refine risk assessment for ASCVD events in:
1) Individuals with a family history of first-degree relatives with premature ASCVD ITa C-LD
(<55 y of age in men; <65 y of age in women).%°
2) Individuals with premature ASCVD (males aged <55 y and females aged <65 y), ITa B NR
particularly in the absence of traditional risk factors.?%:2-36-96.%7
3) Individuals with primary severe hypercholesterolemia (LDL =190 mg/dL) ITa B-NR
or suspected FH.>%:0%98.99
4) Individuals at very high** risk of ASCVD to better define those who are more ITa B-NR
likely to benefit from PCSK9 inhibitor therapy.”**°
b. Measurement of Lp(a) may be reasonable with:
1) Intermediate (7.5%-19.9%) 10-y ASCVD risk when the decision to use a statin IIa B-NR
is uncertain, to improve risk stratification in primary prevention.”?%27:61:8
2) Borderline (5%-7.4%) 10-y ASCVD risk when the decision to use a statin is IIb B-NR
uncertain, to improve risk stratification in primary prevention.>#!27/61.8°
3) Less-than-anticipated LDL-C lowering, despite good adherence to therapy.'’->%“° IIb C-LD
4) A family history of elevated Lp(a).**%?° IIb C-LD
5) Calcific valvular aortic stenosis, 739101102 IIb C-LD
6) Recurrent or progressive ASCVD, despite optimal lipid-lowering therapy.>®°% % IIb C-LD
2. Youth (aged < 20y)
a. Measurement of Lp(a) may be reasonable with:
1) Clinically suspected or genetically confirmed FH.?**® IIb C-LD
2) A family history of first-degree relatives with premature ASCVD IIb C-LD
(<55 y of age in men, <65 y of age women).***%¢
3) An unknown cause of ischemic stroke,?%7-10%10% IIb C-LD
4) A parent or sibling found to have an elevated Lp(a).'® IIb C-LD
ITI. Treatment
1. In adults aged 40-75 y with a 10-y ASCVD risk of 7.5%-19.9%, the finding of an ITa B-NR

Lp(a) =50 mg/dL or =100 nmol/L is reasonable to be used as a risk-enhancing
factor to favor initiation of a moderate- or high-intensity statin in those with
on-treatment LDL-C =70 mg/dL (or non-HDL-C =100 mg/dL).**°

2. In high-risk* or very-high-risk** patients, with Lp(a) =50 mg/dL ITa A
or =100 nmol/L, it is reasonable to consider more intensive LDL-C
lowering to achieve greater ASCVD risk reduction.?*°%>?

3. In very-high-risk** patients, taking a maximally tolerated statin with ITa B-R
Lp(a) =50 mg/dL or =100 nmol/L, the addition of ezetimibe is reasonable
in those with on-treatment LDL-C =70 mg/dL (or non-HDL-C =100 mg/dL).*"’

4. In high-risk* patients taking a maximally tolerated statin, with Lp(a) IIb B-R
=50 mg/dL or =100 nmol/L, the addition of ezetimibe may be reasonable in
those with on-treatment LDL-C =70 mg/dL (or non-HDL-C =100 mg/dL).*"’

5. In very-high-risk** patients taking a maximally tolerated statin and ezetimibe, ITa B-R
with an LDL-C =70 mg/dL (or non-HDL-C =100 mg/dL) and an Lp(a)
of =50 mg/dL or =100 nmol/L, the addition of a PCSK9 inhibitor
is reasonable,’?%106:116

(continued on next page)
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(continued)

Class of Rec Levels of

Summary Table of Recommendations’ (strength) Evidence
6. Niacin, which lowers Lp(a) concentration, is not recommended to reduce ASCVD III (harm) A

risk in patients receiving moderate- to high-intensity statins +/— ezetimibe and

an on-treatment LDL-C <80 mg/dL.>*"?
7. HRT with estrogen and progesterone, which lowers Lp(a) concentration, IIT (harm) B-R

is not recommended in perimenopausal/postmenopausal women to

reduce ASCVD risk.%®**®

IFCCLM, International Federation of Clinical Chemistry and Laboratory Medicine.

ASCVD risk categories (adapted from Grundy, 2018)

*High risk = Individuals with clinical ASCVD including those with MI, ACS, stable or unstable angina, coronary or other arterial revascularization,
stroke, transient ischemic attack, or peripheral artery disease including aortic aneurysm, all of atherosclerotic origin.

**Very high risk = Individuals with a history of multiple major ASCVD events or 1 major ASCVD event and multiple high-risk conditions.

tThe NLA grading system adopted the methodology and classification system used in the 2015 ACC/AHA Clinical Practice Guideline Recommendation
Classification System.* All recommendations were graded by the Class (or strength) of the Recommendation and by the Levels (or quality) of the Evidence

supporting the Recommendation.
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