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ment, including lifestyle modification and lipid-lowering drug therapy in high-risk individuals, primarily
to reduce low-density lipoprotein cholesterol (LDL-C) levels. The U.S. Food and Drug Administration
approved an indication for lipoprotein apheresis (which reduces both Lp(a) and LDL-C) in high-risk pa-
tients with familial hypercholesterolemia and documented coronary or peripheral artery disease whose
Lp(a) level remains >60 mg/dL [~150 nmol/L)] and LDL-C > 100 mg/dL on maximally tolerated lipid-
lowering therapy. Although Lp(a) is an established independent causal risk factor for cardiovascular
disease, and despite the high prevalence of Lp(a) elevation (~1 of 5 individuals), measurement rates are
low, warranting improved screening strategies for cardiovascular disease prevention.

© 2024 National Lipid Association. Published by Elsevier Inc. All rights reserved.

Introduction (Preface)

The lipoprotein(a) [Lp(a)] field is rapidly evolving on
many fronts, warranting this focused update to the 2019 Na-
tional Lipid Association (NLA) Scientific Statement on Use
of Lipoprotein(a) in Clinical Practice.' Recent evidence has
influenced our understanding of whom should have Lp(a)
levels measured, how to interpret Lp(a) levels for use in risk
assessment, and clinical management of patients with ele-
vated Lp(a). The NLA now recommends: (1) measurement of
Lp(a) levels at least once in every adult; (2) classification of
individuals with Lp(a) levels <75 nmol/L (30 mg/dL) as low
risk, individuals with Lp(a) levels >125 nmol/L (50 mg/dL)
as high risk, and individuals with Lp(a) levels between 75
and 125 nmol/L (30-50 mg/dL) as intermediate risk; and (3)
use of lipoprotein apheresis as now indicated by the U.S.
Food and Drug Administration (FDA) in high-risk patients
with familial hypercholesterolemia (FH) and documented
coronary or peripheral artery disease whose Lp(a) level re-
mains >60 mg/dL [~150 nmol/L)] and low-density lipopro-
tein cholesterol (LDL-C) >100 mg/dL on maximally toler-
ated lipid-lowering therapy. This statement expands on new
and emerging evidence supporting these recommendations
(Table 1).

A. What new evidence has emerged regarding
Lp(a) as a cardiovascular risk factor since the
last NLA scientific statement?

Accumulating data from large, population-based
studies indicate that elevated plasma Lp(a) is an
important independent, causal risk factor for
atherosclerotic cardiovascular disease and calcific
aortic valve stenosis

The most notable of these studies are two analyses of the
UK Biobank.?® Their enormous sample sizes (n =460,506
and 413,734, respectively) allowed several key questions to
be addressed with unprecedented statistical power.

First, a continuous, log-linear relationship between base-
line Lp(a) and risk for atherosclerotic cardiovascular dis-
ease (ASCVD) events was observed, with a significant (al-
beit small) increase in risk at what would usually be consid-
ered “low-risk” levels of Lp(a) (25-50 nmol/L).%** This find-

ing should prompt the retirement of the old concept of a di-
chotomous threshold, i.e., 125 nmol/L or 50 mg/dL. Indeed,
the continuous gradient of risk with increased Lp(a) implies
that clinical decision-making should be influenced by the de-
gree of Lp(a) elevation and the patient’s other risk factors, not
the mere presence of elevated Lp(a).

Second, while substantial differences in median Lp(a) lev-
els and the distribution of Lp(a) levels between different
racial/ethnic groups were observed in UK Biobank (in ac-
cordance with prior research*), no impact of race on Lp(a)-
attributable risk was found.”> ASCVD risk attributable to
elevated Lp(a) was similar for White, South Asian, and
Black individuals (hazard ratios [HRs] 1.11, 1.20, and 1.07
per 50-nmol/L increase in Lp(a), respectively).” Further, a
recent analysis of a large multiethnic US pooled cohort
of five prospective studies showed consistent increases in
ASCVD risk associated with higher Lp(a) levels by sex and
race/ethnicity, with particularly stronger relationships noted
in individuals with versus without diabetes.” Some (but not
all) studies—generally with smaller sample sizes and fewer
ASCVD events—have shown similar results.**% Accord-
ingly, there is no evidence for the establishment of race-based
definitions of elevated Lp(a).

Additional evidence has emerged supporting the
unique impact of elevated Lp(a) on multiple
cardiovascular diseases

The most consistent and quantitatively substantial asso-
ciations between elevated Lp(a) and cardiovascular disease
(CVD) events are for myocardial infarction (MI) and cal-
cific aortic valve stenosis (CAVS).>*-!'! Higher Lp(a) lev-
els are also associated with a stepwise increase in the risk of
peripheral artery disease, abdominal aortic aneurysms, and
major adverse limb events.'> However, in comparison, as-
sociations of Lp(a) with ischemic stroke,”*-%'" heart fail-
ure,”” and cardiovascular mortality®'%-!'3!* are less strong,
and a higher Lp(a) level is required to see a similar incre-
ment in risk for these outcomes. For example, in partici-
pants of European ancestry in the Copenhagen General Pop-
ulation Study, the Lp(a) level associated with HR of 1.5
for MI was 193 nmol/L. (89.5 mg/dL) and for CAVS was
154 nmol/L (71.3 mg/dL), whereas the levels were higher
for ischemic stroke (323 nmol/L [150 mg/dL]) and heart fail-
ure (261 nmol/L [121 mg/dL]).9 Recent studies have also
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Table 1 What is new.

Epidemiological Data

« The relationship between baseline Lp(a) level and ASCVD events is continuous and log-linear, with increased risk even at

“lower-risk” levels.

« Despite differences in Lp(a) levels among racial/ethnic groups, Lp(a)-attributable risk is similar, eliminating previous race-based

definitions of elevated Lp(a).

« Because accepted conversion factors to adjust for Lp(a)-C in LDL-C calculation have proven inaccurate, leading to undertreatment

of high-risk patients, such adjustments should not be used.
Treatment

« Lipoprotein apheresis is the first therapy to receive a FDA indication for Lp(a) reduction, for use in high-risk patients with FH,

ASCVD, elevated Lp(a), and elevated LDL-C (see Table 2).

» Emerging pharmacological agents that specifically target Lp(a) are in development and undergoing testing in clinical trials as

potential future therapies.
Recommendations

o Adults (aged >18 y): Measurement of Lp(a) in all adults is reasonable to refine risk assessment for ASCVD events (COR I, LOE B-NR).

o When Lp(a) levels are used for ASCVD risk assessment, it is reasonable to use measurements >125 nmol/L (>50 mg/dL) as levels
suggesting high risk, levels <75 nmol/L (<30 mg/dL) as low risk, and levels between as intermediate risk (COR IIa, LOE B-NR).

e The use of an adjustment factor to estimate Lp(a)-C for correction of calculated LDL-C is not recommended (COR III [no benefit],

LOE C-EO).

« Lipoprotein apheresis is an FDA-approved therapy for high-risk patients with FH and ASCVD (coronary or peripheral arteries) whose
Lp(a) level remains >60 mg/dL (~150 nmol/L) and LDL-C > 100 mg/dL on maximally tolerated lipid-lowering therapy (COR IIa, LOE

B-NR).

Abbreviations: ASCVD, atherosclerotic cardiovascular disease; COR, class (strength) of recommendation; FDA, United States Food and Drug Admin-
istration; FH, familial hypercholesterolemia; LDL-C, low-density lipoprotein cholesterol; LOE, level (quality) of evidence; Lp(a), lipoprotein(a); Lp(a)-C,

lipoprotein(a) cholesterol.

reinforced the strong evidence base that elevated Lp(a) is not
a risk factor for venous thromboembolism.” 1>

Accumulating clinical evidence allows refined
incorporation of Lp(a) levels into clinical
decision-making

Lp(a) levels provide incremental and independent prog-
nostic information to C-reactive protein levels for risk esti-
mates of ASCVD, MI, and CAVS. ' Elevated Lp(a) remains
a risk factor for ASCVD even with aggressive LDL-C low-
ering by statins and nonstatins (proprotein convertase subtil-
isin/kexin type 9 [PCSK9] inhibitors, bempedoic acid, and
ezetimibe).!”"” Nonetheless, early and more-intensive man-
agement of modifiable risk factors, including LDL-C and
non-high-density lipoprotein cholesterol (non-HDL-C) lev-
els, is warranted in at-risk patients who have elevated Lp(a),
as their risk is potentiated to a greater extent at a given Lp(a)
concentration.” Estimates of the incremental reduction in
LDL-C needed to mitigate the additional risk posed by el-
evated Lp(a), based on the patient’s age at the time treatment
is initiated, have been publishedo; however, these estimates
have not been tested in randomized controlled outcomes tri-
als.

B. Recommendations for Lp(a) screening
The adult population

The risk for ASCVD events that is associated with Lp(a)
is independent of LDL-C and is attributed to the athero-

genic, proinflammatory, and prothrombotic properties of
Lp(a).” Lp(a) is associated with an increased risk of in-
cident ASCVD even in the absence of a family history of
heart disease.”' Systematic universal Lp(a) screening can im-
prove health outcomes by increasing awareness of, and en-
abling precision in, ASCVD prevention strategies’” and in-
dividualization of therapy selection.”’ Preventive strategies
with healthy lifestyle and LDL-C/apolipoprotein B (apoB)-
lowering pharmacotherapies (especially statins) reduce risk
across almost all patient groups, and incorporation of Lp(a)
into risk assessment can inform decision-making for these
patients since treatment is tied closely to overall risk. How-
ever, whether Lp(a)-specific therapies reduce ASCVD risk
in adulthood is an ongoing subject of intensive investiga-
tion.”*?> Nonetheless, observational studies of lipoprotein
apheresis in patients with and without FH’® and in children
with ischemic stroke’’ demonstrated improvement in cardio-
vascular outcomes in cohorts with high Lp(a) and progressive
disease despite optimal medical therapy.

We recommend measuring Lp(a) in every adult at least
once for cardiovascular risk assessment (see Table 1; COR 1,
LOE B-NR).

The pediatric population

In the pediatric population (i.e., children <18 years of
age), elevation of Lp(a) has been linked to the occurrence
of arterial ischemic stroke.”®->’ Given the time necessary for
atherosclerosis to cause arterial ischemia and occlusion, im-
paired fibrinolysis and the formation of emboli are the most
likely causal links to childhood-onset ischemic stroke in the
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presence of elevated Lp(a). A meta-analysis showed an odds
ratio of 6.3 (95 % CI 4.5-8.7) for ischemic stroke in chil-
dren with Lp(a) levels >30 mg/dL (75 nmol/L) versus those
without elevated Lp(a).”” Increased levels of Lp(a) in arte-
rial ischemic stroke may also occur in the setting of other
prothrombotic risk factors, including elevations in homo-
cysteine, deficiencies of the anticoagulants protein C, pro-
tein S, and antithrombin III, and the presence of factor V
Leiden G1691A mutation, as well as the prothrombin gene
G20210A mutation.’® Aspirin is commonly used as an an-
tiplatelet therapy in children with ischemic stroke.’' Al-
though aspirin has been shown to lower Lp(a), it is not rec-
ommended primarily for this purpose. Observational studies
in children with ischemic stroke demonstrate significant im-
provement in cardiovascular outcomes and reduced repeat
cerebral vascular events in response to lipoprotein aphere-
sis.”’

We recommend selective screening of Lp(a) in high-risk
children <18 years of age. This includes children with:

1) clinically suspected or genetically confirmed FH;

2) first-degree relatives with a history of premature ASCVD
(age <55 years in men, <65 years in women);

3) ischemic stroke of unknown cause; or

4) first-degree relatives with elevated Lp(a)'

Moreover, a finding of elevated Lp(a) in a child should
trigger cascade screening of immediate family members. It
has been reported that the concentration of Lp(a) reaches
adult levels by age 5 years and that an Lp(a) level >90th
percentile at birth is a good predictor for levels >42 mg/dL
(88 nmol/L) at age 15 m.>> More recent data have shown that
levels of Lp(a) may increase until early adulthood.*?-*3

Knowledge that a child has elevated Lp(a) has the po-
tential of changing the parents’ health beliefs and parent-
ing practices, including helping their child: (1) improve ad-
herence to a lifelong heart-healthy lifestyle, starting at a
very young age; (2) understand the benefits of maintaining
a healthy weight; (3) avoid smoking, vaping, and second-
hand smoke exposure; (4) avoid illicit drugs, such as cocaine,
which are associated with premature MI in the young as a
result of vasospasm and other mechanisms®*; and (5) un-
derstand the importance of routine monitoring and optimal
management of other risk factors, such as blood lipids, blood
glucose, and blood pressure. On a case-by-case basis, lipid-
modifying therapies should be considered. With Lp(a) mea-
surement and other genetic testing, efforts should be made
not to label or stigmatize children with elevated Lp(a).

In children with elevated Lp(a), treatment of conventional
risk factors to guideline-based goals becomes particularly
important, as these children are likely to be at higher risk
compared with children with the same risk factors without
elevated Lp(a). Individuals with elevated Lp(a) (=30 mg/dL)
as children had ~2 times higher risk for ASCVD events as
adults compared with individuals without elevated Lp(a) as
children, and individuals with both elevated Lp(a) and ele-
vated LDL-C (>130 mg/dL) as children had ~4 times higher
risk for ASCVD events as adults,”” suggesting an opportu-

nity for early intervention to enhance ASCVD prevention in
high-risk children.*®

C. New thinking on Lp(a) measurement
How should Lp(a) be measured?

Lp(a) measurement is complicated by the unique struc-
ture of apolipoprotein(a) [apo(a)]. Apo(a) is characterized by
a variable number of identically repeated kringle IV type 2
(KIV2) sequences (ranging from 3 to >40 copies) that cor-
respond to differently sized isoforms of Lp(a).’’ Therefore,
antibodies that recognize epitopes in the KIV2 sequence tend
to underestimate the concentrations of smaller Lp(a) isoform
sizes (which tend to be associated with higher Lp(a) lev-
els and higher ASCVD risk), while overestimating those of
larger isoforms. This has made the standardization and har-
monization of Lp(a) measurements challenging. A second,
related point of controversy has been the units that should
be used for Lp(a) measurement—i.e., reporting of Lp(a) in
units of particle concentration (nmol/L) versus mass concen-
tration (mg/dL). From a technical perspective, the isoform
size heterogeneity of Lp(a) supports the use of particle con-
centration units (nmol/L) rather than mass units, because the
latter are dependent on the isoform size. Although both are
acceptable measures when performed by skilled laboratories
using state-of-the-art techniques, and both were found to be
similarly predictive of cardiovascular event risk and risk re-
duction, the NLA continues to favor Lp(a) measurement in
nmol/L. However, Lp(a) measurement in mg/dL is far better
than no Lp(a) measurement and should be used if a healthcare
provider has access only to Lp(a) measurement with a mass
assay. In addition, the NLA strongly recommends against
converting Lp(a) values in mg/dL to values in nmol/L or vice
versa using a fixed conversion factor (see Table 1; COR III
[no benefit], LOE C-EO).

Efforts by the International Federation of Clinical Chem-
istry to develop global standardization of Lp(a) measure-
ment are ongoing. In the interim, all current analytical meth-
ods to measure Lp(a) (many of which use a 5-point cali-
brator) are sufficient to assess risk associated with Lp(a) in
the general population.*” However, the administration of new
Lp(a)-lowering therapies will require accurate measurement
of Lp(a) to determine the eligibility of individuals for therapy
as well as to monitor the effectiveness of Lp(a) lowering.

Quantification of the contribution of Lp(a) to
LDL-C levels

The cholesterol carried by Lp(a) (Lp(a)-C) is included in
both calculated and direct measurements of LDL-C, as well
as in calculated non-HDL-C.*’ Based on early biochemical
studies indicating that 30 % of the mass of Lp(a) particles is
cholesterol,’ a correction factor for Lp(a)-C was developed
to adjust LDL-C calculation in patients, particularly those
with elevated Lp(a). However, more recently the cholesterol
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content of Lp(a) has been shown to be highly variable and
on average much lower than 30 %.* Lp(a)-C estimations us-
ing fixed conversion factors significantly overestimate Lp(a)-
C and, as a consequence, underestimate Lp(a)-free LDL-C,
particularly at clinically relevant Lp(a) concentrations.*' The
application of inaccurate Lp(a)-C estimates to correct LDL-
C assessment may lead to the undertreatment of high-risk
patients, and therefore such corrections should not be used
(see Table 1; COR III [no benefit], LOE C-EO). A recently
proposed formula that uses molar concentrations of Lp(a)
for correction of LDL-C for Lp(a)-C requires further clini-
cal validation and is therefore not recommended for use at
this time.*?

Use of genetic risk scores as a surrogate for Lp(a)
measurement

While genetic risk scores incorporating genetic variants
at or near the LPA locus are increasingly accurate for iden-
tifying individuals likely to have elevated Lp(a) and to de-
velop CVD,'"-#+% Lp(a) genetic risk score appears to add
no incremental value for CVD risk classification compared
with Lp(a) concentrations alone.'” Additionally, the general-
izability of genetic risk scores to groups with non-White an-
cestry remains uncertain. Therefore, at this time, Lp(a) mea-
surement is preferable for risk ascertainment; all the nec-
essary information for appraisal of Lp(a)-attributable car-
diovascular risk is embodied in the measurement of plasma
Lp(a) concentration itself, mandating increased screening to
identify individuals with elevated Lp(a) and high risk for
CVD.

D. How should Lp(a) be incorporated into
clinical decision-making to assess and
mitigate risk?

Risk assessment

The assessment of CVD risk offers the opportunity to im-
plement tailored risk-reducing strategies, matching the in-
tensity of pharmacological treatments to the absolute global
risk of the patient. Several professional cardiology societies
have identified high Lp(a) as a “risk-enhancing” or “risk-
modifying” factor. The 2019 American College of Cardi-
ology (ACC)/American Heart Association (AHA) Guide-
line on the Primary Prevention of CVD identified an ele-
vated Lp(a) >125nmol/L as a “risk-enhancing” factor that
would favor the initiation or intensification of statin ther-
apy for primary prevention in individuals otherwise deemed
to be at borderline or intermediate risk by the pooled co-
hort equations.*> The 2022 European Atherosclerosis Soci-
ety consensus statement on Lp(a) recommends measuring
Lp(a) at least once in all adults, also uses levels >125 nmol/L
to "rule-in" ASCVD risk, and endorses interpretation of ele-
vated Lp(a) in the context of a patient’s absolute global CVD

risk?; individuals who would otherwise be considered at low
or moderate 10-year CVD risk by the Systematic Coronary
Risk Evaluation (SCORE) estimator tool would be recom-
mended for more intensive treatment of LDL-C, systolic
blood pressure, and lifestyle risk factors in the setting of el-
evated Lp(a). The Canadian Cardiovascular Society recom-
mends measuring Lp(a) level once in a patient’s lifetime with
the initial lipid screening and considers Lp(a) >50 mg/dL
(or >100nmol/L) as a risk modifier, warranting statin ther-
apy in intermediate-risk patients and earlier, more-intensive
lifestyle modification and management of other ASCVD risk
factors in low-risk patients including primary prevention.*°
In patients with severely elevated Lp(a), especially those with
a family history of early-onset CVD or with high risk as
estimated by AHA Predicting Risk of CVD Events (PRE-
VENT)*" or SCORE risk calculators, healthcare providers
should be particularly attentive to CVD risk and screen for
ASCVD and, if warranted by physical examination, possibly
aortic stenosis.

The previous NLA recommendation for using Lp(a) lev-
els in ASCVD risk assessment was dichotomous and derived
from the 80th percentile of White primary prevention partic-
ipants in the Framingham Offspring Study (>100nmol/L);
therefore, application was limited to White patients. Based
on subsequent data, including the much larger dataset from
UK Biobank, we now recognize the continuous increase in
CVD risk across increasing Lp(a) levels and have also rede-
fined high-risk levels to represent better the multiethnic US
population.

In the risk continuum across Lp(a) levels, individuals
with Lp(a) levels <75 nmol/L (30 mg/dL) can be consid-
ered low risk and individuals with Lp(a) levels >125 nmol/L
(50 mg/dL) should be considered high risk (see Table 1; COR
IIa, LOE B-R). This approach allows for the consideration of
repeat measurement of Lp(a) in patients with levels within a
“gray zone” of intermediate risk between 75 and 125 nmol/L
(30-50 mg/dL). Because Lp(a) levels are relatively stable in
primary prevention patients, measurement of Lp(a) once for
individuals in the low-risk or high-risk category in this popu-
lation is reasonable®-*8; however, this needs to be verified in
secondary prevention populations.’” A substantial percent-
age of individuals with intermediate-risk Lp(a) levels may
move into the high-risk category, especially women after
menopause, individuals who develop proteinuria and chronic
kidney disease, and individuals with hypothyroidism.*”->"
Therefore, repeat measurement may be warranted for these
patients.

Coronary artery calcium (CAC) is a well-established
prognostic marker of ASCVD risk as it is a useful surro-
gate of total coronary atherosclerosis burden.”' However,
elevated Lp(a) is independently associated with incident
ASCVD even after adjusting for the CAC score. In the Multi-
Ethnic Study of Atherosclerosis (MESA), the highest quin-
tile of Lp(a) compared with the lower quintiles was associ-
ated with a 29 % increased risk of incident ASCVD after ad-
justing for other risk factors and CAC (HR 1.29 [95 % CI
1.04-1.61]), with a similar trend noted in the Dallas Heart
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Study.”” While MESA participants with both high CAC score
and elevated Lp(a) were at the greatest ASCVD risk, a trend
of increased risk was observed in participants with high Lp(a)
but CAC score of 0 (HR 1.31 [95 % CI 0.73-2.35]). In addi-
tion to promoting atherosclerosis, elevated Lp(a) is purported
to increase CVD risk through other mechanisms, such as be-
ing prothrombotic and proinflammatory. In addition, elevated
Lp(a) is not consistently associated with baseline CAC and
CAC progression,”® implying a distinct underlying pathobi-
ology. Thus, a CAC score of 0 does not eliminate the risk as-
sociated with elevated Lp(a), particularly in younger adults,
in whom a CAC score of 0 may underestimate the lifetime
risk of ASCVD and provide false reassurance.

What recommendations should be offered to
patients?

Lifestyle modification

Adoption of a healthy lifestyle is the foundation of all
prevention guidelines. Although diet and physical activity
have minor and variable impacts on Lp(a) concentrations, a
healthy lifestyle is clearly associated with reduced vascular
risk and should be recommended for all adults and children,
particularly high-risk patients, such as those with elevated
Lp(a). In a large prospective observational study, individuals
with elevated Lp(a) (>~125 nmol/L) but otherwise optimal
cardiovascular health scores had lower risk of incident CVD
compared with individuals with lower Lp(a) levels but poor
cardiovascular health.>*

Statins

Across all professional society guidelines, statins remain
first line-therapy for mitigating LDL-C—driven ASCVD risk
in both secondary and high-risk primary prevention pa-
tients.” Although statins do not lower Lp(a) and may slightly
increase Lp(a), statins clearly lower ASCVD risk, reduc-
ing major adverse cardiovascular events (MACE) by ap-
proximately 22 % for each 1-mmol/L (38.7 mg/dL) reduc-
tion in LDL-C.”® In the Justification for the Use of Statins
in Prevention: an Intervention Trial Evaluating Rosuvastatin
(JUPITER), median Lp(a) was not affected by rosuvastatin
treatment, but Lp(a) distribution was shifted toward higher
percentiles; patients with Lp(a) level above or below the
median had similar benefit with rosuvastatin, and risk for
MACE was increased in patients with higher baseline or on-
treatment Lp(a) levels.'® The Lp(a)-raising effects of statins
are minimal on average, with an approximate 1.1-mg/dL in-
crease or 0.1 % relative increase in Lp(a) on statin treatment
as seen in a large meta-analysis.”’ Although some individu-
als may have greater increases, especially after high-intensity
statin therapy, concerns about Lp(a) elevation should not be
areason to discourage or discontinue statins. Of note, ongo-
ing clinical trials of targeted Lp(a) therapeutics in high-risk
ASCVD patients are all being conducted on a background of
statin therapy, as statin therapy remains the standard of care
for secondary prevention patients.

Ezetimibe and bempedoic acid

Ezetimibe does not affect Lp(a) levels appreciably. A
statistically significant 7.1 % Lp(a) reduction in one meta-
analysis (including 7 trials and 2337 patients with primary
hypercholesterolemia) was not considered clinically signif-
icant by the investigators,”® and another meta-analysis (in-
cluding 10 trials and 5188 patients with primary hypercholes-
terolemia) showed no effect on Lp(a) level with ezetimibe
as monotherapy or in combination with statin.”” Bempedoic
acid also does not affect Lp(a) level.*

PCSK9-directed therapies

PCSK9 inhibitors, including monoclonal antibodies
(evolocumab and alirocumab) and small interfering RNAs
(siRNAs; inclisiran), can lower Lp(a) by approximately 20—
30 %,'%-°1:%? although they are not approved for this indica-
tion. Moreover, in the Further Cardiovascular Outcomes Re-
search with PCSKO9 Inhibition in Subjects with Elevated Risk
(FOURIER) trial in stable ASCVD patients, evolocumab
conferred a greater relative risk reduction among individ-
uals with elevated Lp(a) compared with those without el-
evated Lp(a), another indication that higher risk patients
derive more benefit from intensive LDL-C/apoB—lowering
therapy, which may include benefit from Lp(a) lowering."”
The reduction in MACE with evolocumab was 25 % in pa-
tients with baseline Lp(a) above the median (120 nmol/L;
HR 0.75 [95 % CI 0.64-0.88]) vs 11 % in those with base-
line Lp(a) at or below the median (HR 0.89 [95 % CI 0.79-
1.01]; p-interaction =0.096), and the reduction in MACE
appeared proportional to Lp(a) level achieved. Similarly, in
ODYSSEY Outcomes, each 1-mg/dL reduction in Lp(a) with
alirocumab was associated with HR of MACE of 0.994 (95 %
CI 0.990-0.999; p =0.0081).%® Thus, if a high-risk patient
needs additional LDL-C lowering after maximally tolerated
statin therapy and also has elevated Lp(a), a PCSKO9 inhibitor
may be a good choice to address residual risk from both LDL-
C and Lp(a).

Niacin

Niacin may lower Lp(a) concentration by decreasing
apo(a) production rate. In a meta-analysis of 14 random-
ized placebo-controlled trials of extended-release niacin (in-
cluding a total of 9013 patients), niacin was associated with
a significant 23 % reduction in Lp(a) levels.** Although
niacin monotherapy provided ASCVD benefit in men in the
secondary-prevention Coronary Drug Project,®>*° more re-
cent studies of statin combined with niacin as an HDL-C-
raising agent did not show clinical benefit despite ~20 % re-
ductions in Lp(a) level.®”-%® Therefore, niacin is not recom-
mended for Lp(a) lowering.

Aspirin

Although aspirin remains a class I recommendation for
the secondary prevention of ASCVD, its use is less well
established for primary prevention, with recent clinical tri-
als suggesting more harm than benefit. As such, the 2019
ACC/AHA Guideline on the Primary Prevention of CVD
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Table 2 Summary table of recommendations.

Recommendation COR LOE
I. Laboratory measurement of Lp(a)

1. For the measurement of Lp(a), it is recommended that an immunochemical assay that is I B-NR
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 use of a III (no benefit) C-EO
factor to convert Lp(a) values from mg/dL to nmol/L is not recommended

3. The use of an adjustment factor to estimate Lp(a)-C for correction of calculated LDL-C III (no benefit) C-EO
is not recommended

II. Lipoprotein(a) testing in clinical practice

1. Adults (aged >18 y): Measurement of Lp(a) in all adults is reasonable to refine risk I B-NR
assessment for ASCVD events

2. Youth (aged <18 y): Selective screening of Lp(a) is recommended in high-risk patients (e.g., IIb C-LD

clinically suspected or genetically confirmed FH, ischemic stroke of unknown cause, first-degree

relatives with a history of premature ASCVD (age <55 years in men, <65 years in women), or

first-degree relatives with elevated Lp(a)

3. When Lp(a) levels are used for ASCVD risk assessment, it is reasonable to use ITa B-R
measurements >125 nmol/L (=50 mg/dL) as levels suggesting high risk, levels

<75nmol/L (<30 mg/dL) as low risk, and levels between as intermediate risk

III. 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
>125nmol/L or >50 mg/dL 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) >125 nmol/L or >50 mg/dL, it is IIa A
reasonable to consider more intensive LDL-C lowering to achieve greater ASCVD risk reduction
3) In high-risk* or very-high-risk** patients taking a maximally tolerated statin with Lp(a) IIa B-R

>125 nmol/L or >50 mg/dL, 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* or very-high-risk** patients taking a maximally tolerated statin with Lp(a) IIa B-R
>125nmol/L or >50 mg/dL, the addition of a PCSK9 inhibitor is reasonable in those with

on-treatment LDL-C> 70 mg/dL (or non-HDL-C > 100 mg/dL)

5) Lipoprotein apheresis is reasonable for high-risk patients with FH and ASCVD (coronary ITa B-NR
or peripheral arteries) whose Lp(a) level remains >60 mg/dL (~150 nmol/L) and
LDL-C > 100 mg/dL on maximally tolerated lipid-lowering therapy

6) Niacin or HRT with estrogen and progesterone, which lower Lp(a) concentration, is not
recommended to reduce ASCVD risk

III (Harm) A, B-R

Adapted from Wilson DP, Jacobson TA, Jones PH, et al. Use of lipoprotein(a) in clinical practice: a biomarker whose time has come. A scientific
statement from the National Lipid Association. J Clin Lipidol. 2022;16:e77-e95. 10.1016/j.jacl.2022.08.007.
Bold indicates new/updated recommendations.
*High-risk patients: clinical ASCVD, including myocardial infarction, acute coronary syndrome, stable or unstable angina, coronary or other arterial
revascularization, stroke, transient ischemic attack, or peripheral artery disease, including aortic aneurysm, all of atherosclerotic origin.
**\lery-high-risk patients: history of multiple major ASCVD events or 1 major ASCVD event and multiple high-risk conditions.
ASCVD risk categories adapted from Grundy SM, Stone NJ, Bailey AL, et al. 2018 AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA
Guideline on the Management of Blood Cholesterol: executive summary: a report of the American College of Cardiology/American Heart Association Task
Force on Clinical Practice Guidelines. J Am Coll Cardiol. 2019;73:3168-3209. doi:10.1016/j.jacc.2018.11.002.
COR and LOE categories adapted from Joglar JA, Chung MK, Armbruster AL, et al. 2023 ACC/AHA/ACCP/HRS guideline for the diagnosis and management
of atrial fibrillation: a report of the American College of Cardiology/American Heart Association Joint Committee on Clinical Practice Guidelines.
Circulation. 2024;149:e1-e156. doi:10.1161/CIR.0000000000001193.
Abbreviations: ASCVD, atherosclerotic cardiovascular disease; COR, class (strength) of recommendation; FH, familial hypercholesterolemia; HRT, hormone-
replacement therapy; IFCCLM, International Federation of Clinical Chemistry and Laboratory Medicine; LDL-C, low-density lipoprotein cholesterol; LOE,
level (quality) of evidence; Lp(a), lipoprotein(a); Lp(a)-C, lipoprotein(a) cholesterol; non-HDL-C, non-high-density lipoprotein cholesterol; PCSK9,
proprotein convertase subtilisin/kexin type 9; WHO, World Health Organization.

gave aspirin only a class IIb recommendation for primary
prevention in adults with elevated ASCVD risk but at low
risk of bleeding.*> However, secondary analyses of primary
prevention trials, such as the Women’s Health Study® and
the Aspirin in Reducing Events in the Elderly (ASPREE)
trial,”’ suggested that individuals with genetically predicted

elevated Lp(a) might derive a net benefit from aspirin ther-
apy. Given Lp(a)’s purported prothrombotic characteristics,
aspirin might be of particular benefit in patients with ele-
vated Lp(a), with greater reduction in vascular events and
no increased risk of bleeding compared with the use of as-
pirin in primary prevention patients without elevated Lp(a)
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reported in ASPREE.”" We recommend having a risk—benefit
discussion about aspirin in primary prevention patients with
elevated Lp(a), for use as a risk-lowering—not a lipid-
lowering—agent, although some studies have reported Lp(a)
reduction with high doses of aspirin.”! As noted, aspirin may
also be used in children with high Lp(a) and prior stroke.’’

Lipoprotein apheresis

Currently, the only FDA-approved therapy for treating
high Lp(a) is lipoprotein apheresis, based on observational
data (see Table 1; COR IIa, LOE B-NR). In addition to
indications defined by LDL-C levels, apheresis is now
also approved for use in high-risk patients with FH and
ASCVD (coronary or peripheral arteries) whose Lp(a)
level remains >60mg/dL [~150nmol/L)] and LDL-
C>100mg/dL on maximally tolerated lipid-lowering
therapy.”” Because lipoprotein apheresis removes all apoB-
containing lipoproteins, both LDL-C and Lp(a) are substan-
tially reduced acutely but return toward pretreatment levels
between procedures. However, apheresis is not available at
all centers and can be expensive and time-consuming. A
need remains for additional treatment options to address
Lp(a)-related residual risk.

New therapies under investigation

Pelacarsen is an antisense oligonucleotide targeting the
mRNA transcribed from the LPA gene and can reduce Lp(a)
levels by >80%.”° Olpasiran is an siRNA that also pre-
vents the translation of the apo(a) protein with up to ~100 %
reduction in circulating Lp(a) levels.”* However, whether
these therapies can reduce MACE has not yet been es-
tablished and is currently being tested in large ongoing
cardiovascular outcome trials in secondary prevention pa-
tients with elevated Lp(a) levels: pelacarsen in Assessing

Table 3 Take home points.

the Impact of Lipoprotein (a) Lowering with Pelacarsen
(TQJ230) on Major Cardiovascular Events in Patients with
CVD (Lp(a)HORIZON)” and olpasiran in Olpasiran Tri-
als of Cardiovascular Events and Lipoprotein(a) Reduc-
tion (OCEAN(a))-Outcomes Trial.”® Other siRNA thera-
pies targeting Lp(a) (zerlasiran [SLN360]’" and lepodisiran
[LY3819469])"® are being tested in phase 2 trials.”” Addi-
tionally, an oral agent (muvalaplin [LY3473329]) that works
by a different mechanism of disrupting the formation of
Lp(a), by interfering with the apo(a) and apoB interaction,
is being tested in early-phase trials.®’

Challenges in increasing rates of Lp(a) testing

Despite the knowledge that Lp(a) elevation is common
and affects at least ~1/5 of individuals worldwide, current
rates of testing for Lp(a) in clinical practice remain extremely
low.®1:82 Several studies have examined the prevalence of
Lp(a) testing across single centers and large health systems.

In the US, the prevalence of Lp(a) testing across 6 cen-
ters in the University of California health system in 2012—
2021 (5,553,654 patients) was only 0.3 %, with low Lp(a)
testing rates observed in patients with ischemic heart dis-
ease (2.9 %), peripheral vascular disease (2 %), and stroke
(1.8%).%" A similar study examined the prevalence of Lp(a)
testing across 11 US health systems (PCORnet) in 2015—
2019 and found that Lp(a) was measured in only 0.06 % of
patients per year.®’

Thus, while rates of Lp(a) testing are low when examining
large health systems, heterogeneity exists in the prevalence
of Lp(a) testing among single centers, specific patient popu-
lations, and differing healthcare reimbursement policies. For
example, the prevalence of Lp(a) testing may be higher at
individual centers, among patients with conditions known

o The relationship between Lp(a) level and cardiovascular disease risk is continuous and log-linear
« Rather than a single dichotomous cutpoint defining a risk threshold, Lp(a) levels represent a continuum of cardiovascular disease

risk spanning low, intermediate, and high risk

e Individuals with Lp(a) levels <75 nmol/L (30 mg/dL) may be considered low risk, individuals with Lp(a) levels >125 nmol/L
(50 mg/dL) may be considered high risk, and individuals with Lp(a) levels in the “gray zone” between 75 and 125 nmol/L
(30-50 mg/dL) are at intermediate risk and may warrant repeat measurement

e Lp(a) risk categories apply across races and ethnicities

« Lp(a) should be measured at least once in every adult for cardiovascular risk assessment
« Lp(a) should be measured and reported in nmol/L; Lp(a) values should not be converted between mg/dL and nmol/L using a fixed

conversion factor

« The previously proposed correction factor for Lp(a)-C used to adjust LDL-C calculation may lead to the undertreatment of high-risk

patients and therefore should not be used

« Although statins may increase Lp(a) levels, concerns about Lp(a) elevation should not be a reason to discourage or discontinue

statins

« In high-risk patients with elevated Lp(a) who need additional LDL-C lowering after maximally tolerated statin therapy, a PCSK9

inhibitor may address residual risk from both LDL-C and Lp(a)

« Lipoprotein apheresis was approved by the FDA for use in patients with clinically diagnosed heterozygous familial
hypercholesterolemia and either documented coronary artery disease or documented peripheral artery disease who have Lp(a) level
>60mg/dL (~150 nmol/L) and LDL-C> 100 mg/dL despite maximally tolerated lipid-lowering therapy

Abbreviations: FDA, United States Food and Drug Administration; LDL-C, low-density lipoprotein cholesterol; Lp(a), lipoprotein(a); Lp(a)-C, lipopro-

tein(a) cholesterol; PCSK9, proprotein convertase subtilisin/kexin type 9.
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to be impacted by Lp(a) (e.g., ASCVD, CAVS), and when
steps are taken to increase Lp(a) testing (e.g., educational ef-
forts, incorporation of testing into aspects of the electronic
health record system).***” Expansion of lower-cost direct-to-
consumer testing may be an important approach to increase
access to testing. While a cost-effectiveness analysis is be-
yond the scope of this manuscript, the average cost of an
Lp(a) test is currently $30-$100.%°

E. Summary

While specific Lp(a)-lowering therapies are not cur-
rently available, elevated Lp(a) is actionable now®® (Table 2;
Table 3). Lp(a) level should be measured at least once in
all adults to identify individuals with high Lp(a) levels for
implementation of early and intensive risk factor manage-
ment. For CVD risk assessment, Lp(a) levels should be used
to stratify patients as low risk (<75nmol/L) or high risk
(>125 nmol/L), and individuals with Lp(a) levels in between
should be considered as intermediate risk and also may be
considered for repeat measurement. As a risk-enhancing fac-
tor, Lp(a) level can also help reclassify individuals with over-
all borderline, intermediate, or high risk, and this informa-
tion may impact the choice of lifestyle modification and in-
tensification of lipid-lowering therapy with statin and other
drugs, including PCSK9 inhibitors. In addition, identification
of individuals with high levels of Lp(a) also identifies a fam-
ily at risk, and cascade screening for elevated Lp(a) should
be performed in first-degree family members. Lipoprotein
apheresis is indicated for patients with clinically diagnosed
FH and either documented coronary artery disease or docu-
mented peripheral artery disease whose Lp(a) level remains
>60 mg/dL (~150 nmol/L) and LDL-C > 100 mg/dL despite
maximally tolerated lipid-lowering therapy.
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