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Abstract

Primary prevention of incident atherosclerotic cardiovascular disease (ASCVD) as well as decreasing the risk of future events in
those with established atherosclerosis is critical from a public health perspective. Management of dyslipidemias constitutes a key
target in decreasing the risk of developing ASCVD events. While there have been great strides in the treatment of dyslipidemia
over the last three decades, there are important recent developments and ongoing research that will expand the available
therapeutic options and enable further cardiovascular risk reduction.

Purpose of Review The purpose of this paper is to review new developments relating to the primary prevention and management
of ASCVD with a specific focus on optimizing the treatment of dyslipidemias.

Recent Findings In the realm of ASCVD risk prediction, mounting evidence over the last decade has demonstrated that coronary
artery calcium testing is superior to any serum biomarker in the prediction of future ASCVD events and in discriminating future
cardiovascular risk. As such, it has been incorporated into the most recent ACC/AHA primary prevention guideline to help guide
management decisions in select patients. In terms of the management of dyslipidemias, PCSK9 inhibitors lower LDL-C by 50—
70% and provide an additional 15% reduction in key cardiovascular events in high-risk patients with known ASCVD, as
demonstrated in the ODYSSEY and FOURIER trials. Cholesteryl ester transfer protein (CETP) inhibitors, which significantly
increase HDL-C levels, demonstrated mixed results in large clinical trials and have helped reframe HDL-C as a risk marker rather
than a modifiable risk factor. In regard to the management of triglycerides, the REDUCE-IT trial demonstrated a nearly 5%
absolute reduction in key cardiovascular events with a highly purified fish-oil derivative named icosapent ethyl in high-risk
patients already on statin therapy. Finally, in regard to lipoprotein(a)—which is a strong risk factor for ASCVD—there are
exciting developments in the therapeutic pipeline which reduce circulating lipoprotein(a) levels by nearly 90%.

Summary The management of dyslipidemias continues to be an exciting field with several ongoing cardiovascular outcomes
trials, improvement in risk prediction models, and new therapeutic agents in the pipeline that will further mitigate residual
cardiovascular risk in both primary and secondary prevention patients.

Keywords Dyslipidemia - ASCVD - Cardiovascular disease prevention - Emerging therapies - Lipoprotein(a) - LDL-C -
Hypertriglyceridemia

Introduction

This article is part of the Topical Collection on Lipid Abnormalities and

Cardiovascular Prevention Despite substantial advances in the management of cardiovas-
cular disease over the last several decades, atherosclerotic car-
diovascular disease (ASCVD) is still the leading cause of
morbidity and mortality worldwide [1-4]. The average annual
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of modifiable risk factors which impact cardiovascular health,
lipoprotein disorders play a particularly critical role in the
development of atherosclerosis and incident heart disease.
To underscore this point, the American Heart Association
(AHA) included untreated total cholesterol of less than
200 mg/dL as one of the seven components of the “ideal
cardiovascular health” [6]. Accordingly, the management of
dyslipidemias is critical to both primary and secondary car-
diovascular prevention efforts.

Optimizing dyslipidemia management to both prevent the
onset of cardiovascular disease and mitigate the future risk in
those who already have evidence of atherosclerosis requires a
multidimensional approach. In this paper, we will discuss the
importance of risk assessment and how it relates to treatment.
Additionally, we will discuss key lipoproteins, their associated
disorders, and therapeutic options for optimizing the care of
individuals who are at risk of incident ASCVD.

Risk Assessment

Cardiovascular risk assessment is the foundation of primary
prevention as it allows patients and practitioners to estimate
future ASCVD risk and to match the intensity of therapy with
the level of risk. Accordingly, there have been numerous risk-
assessment models developed with the goal of providing cli-
nicians with meaningful and actionable data points by which
to encourage lifestyle recommendations and/or pharmacolog-
ic interventions. The most well-known risk assessment tools
include the Framingham models, the Systemic Coronary Risk
Estimation (SCORE), and the pooled cohort equations (PCE)
[7-9]. Various societies rely on different risk-assessment tools
with the US ACC/AHA guidelines utilizing the PCE model
and the European ESC/EAS guidelines utilizing the SCORE
methodology [10, 11]. Trrespective of which specific risk
model is chosen, however, the underlying premise is identical:
identifying and treating at-risk individuals to prevent the onset
of ASCVD is critical from a public health perspective [12].
Another key tenant in risk assessment and subsequent man-
agement is the importance of matching the overall ASCVD
risk with the intensity of treatment [12]. Although their rec-
ommendations differ slightly, both the ACC/AHA and ESC/
EAS guidelines recommend more intense pharmacologic
treatment to high-risk primary and secondary prevention pa-
tients while low-risk primary prevention patients may not re-
quire pharmacological therapy [4, 11]. Although both guide-
lines rely heavily on their respective ASCVD risk prediction
tools, they nonetheless identify categories of patients who are
recommended to initiate pharmacologic treatment to mitigate
their cardiovascular risk irrespective of their calculated
ASCVD risk score. For example, the ACC/AHA guideline
indicates the need for statin therapy among individuals with
diabetes or those with baseline LDL-C > 190 mg/dL; in both
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of these patient populations, pharmacologic intervention is
warranted even if the calculated ASCVD risk is below the
typical threshold to warrant pharmacotherapy.

Although the above-mentioned risk prediction tools are
based on robust population data and have been validated ex-
tensively, there are still some important limitations to their
practical application. Age, for instance, weighs heavily into
the PCE scoring system given that it is an important risk factor
for cardiovascular disease on a population level. However, the
precise implication of age for an individual patient may
overestimate—or in the case of young individuals,
underestimate—their true risk for future ASCVD events
[13—15]. In that vein, the most recent ACC/AHA guidelines
stress the importance of shared decision-making along with
identification of a variety of “risk-enhancing factors”—such
as a family history of premature ASCVD, inflammatory dis-
ecases, elevated lipoprotein(a), and metabolic syndrome—
when it comes to the initiation of pharmacologic therapy [4,
10]. Accordingly, the guideline recommends that risk-
enhancing factors in a borderline-risk (10-year ASCVD risk
of 5 to <7.5%) or intermediate-risk (10-year ASCVD risk of
>7.5 to <20%) adult would increase the specificity of the
calculated 10-year ASCVD risk and thereby favor the initia-
tion of pharmacotherapy. However, if a given borderline or
intermediate-risk patient has no such risk-enhancing factors, it
would be reasonable to postpone institution of therapy and
instead focus exclusively on lifestyle modification.

While risk-enhancing factors work to increase the specific-
ity of the PCE calculation and favor initiating pharmacother-
apy in borderline and intermediate-risk patients, there may
still be uncertainty regarding the benefit of initiating therapy
in select individuals. Furthermore, certain patients may have a
strong preference to avoid pharmacotherapy if at all possible.
It is in this light and with a strong focus on shared decision-
making that the 2018 ACC/AHA guideline now recommends
the use of coronary artery calcium (CAC) testing to further
guide decision-making in intermediate-risk and select
borderline-risk adults [4]. This recommendation is based on
the substantial evidence that has accumulated over the last
decade regarding the utility of CAC testing in accurately clas-
sifying cardiovascular risk by directly visualizing calcified
coronary plaque [16e¢]. Moreover, CAC testing has been dem-
onstrated to be superior to any serum biomarker in the predic-
tion of future ASCVD events and in the discrimination of
future cardiovascular risk [12]. Accordingly, patients with a
calculated borderline or intermediate ASCVD risk who have a
CAC score of zero can be reclassified to the low-risk category
and pharmacotherapy can be safely deferred (unless, per the
guideline, the patient has diabetes, a strong family history of
early CHD, or is a current smoker), with consideration for
repeat CAC testing every 5 to 10 years. However, if athero-
sclerosis is identified by CAC testing with any score above
zero, this demonstrates an increased ASCVD risk and would
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justify initiating pharmacotherapy [4, 10]. In addition to
CAC'’s ability to accurately classify risk in cases of uncertain-
ty, it has been demonstrated to be cost-effective, a critical
point within the current economics of healthcare financing
and health policy [17-19]. ASCVD risk assessment—while
certainly nuanced—is critical to both the management of dys-
lipidemia and in understanding each patient’s global cardio-
vascular risk, establishing it as the foundation of primary pre-
vention (Fig. 1).

Lifestyle Modification to Promote Overall
Cardiovascular Health and Reduce ASCVD
Risk

Lifestyle modification—including diet and exercise—forms
the backbone of any intervention to reduce the risk of incident
cardiovascular disease and should be recommended to all in-
dividuals. With respect to the treatment of dyslipidemia, a
plant-based diet high in whole grains, fruits, vegetables, and
legumes, but which minimizes processed foods and animal
sources of protein, has been shown to reduce cholesterol, im-
prove dysglycemia, lower inflammation, and in some studies
even decrease lipoprotein(a) [20-24].

Low-density Lipoprotein Cholesterol

Expansive data spanning the realms of genetics, epidemiolo-
gy, and randomized controlled trials (RCTs) have demonstrat-
ed the causal and pathogenic role of LDL-C in myocardial
infarction, ischemic stroke, and cardiovascular death [25-30,
31ee]. While the precise details that link LDL-C and plaque
formation are still under active investigation, decades of vas-
cular biology research have established that infiltration of
LDL particles into the arterial wall is the inciting event that
leads to the ultimate development of atherosclerosis [32].

Fig. 1 Key risk factors in
determining ASCVD risk in
primary prevention

Because of this nearly incontrovertible causal link between
LDL-C and atherosclerotic heart disease, LDL-C has become
the backbone of cardiovascular risk assessment and is the
primary target of lifestyle and pharmacologic intervention to
reduce the incidence of cardiovascular disease. Accordingly,
the major US and European cardiovascular guidelines focus
heavily on LDL-C as a modifiable risk factor [4, 11].

The mainstay of targeted LDL-C treatment comes in the
form of HMG coenzyme A reductase inhibitors—known col-
lectively as statins—which exert their primary therapeutic ef-
fect by upregulating the LDL receptor. Pioneering studies
such as the West of Scotland Coronary Prevention Study,
Air Force/Texas Coronary Atherosclerosis Prevention Study,
HOPE-3, and the Scandinavian Simvastatin Survival Study
demonstrated the remarkable success of statin therapy in re-
ducing major cardiovascular events in both primary and sec-
ondary prevention [33-36]. Data from high-quality meta-anal-
yses of statin RCTs have demonstrated that statin therapy re-
duces the risk of ASCVD events by more than 20% for each
1 mmol/L (38.7 mg/dL) reduction in LDL-C—all but
confirming the principle that “lower is better” when it comes
to LDL-C [26, 37]. Moreover, statins are generally well-tol-
erated, safe, and cost-effective. It can be stated with confi-
dence that the introduction of statin therapy to both primary
and secondary prevention efforts over the last two decades has
revolutionized cardiovascular medicine.

The general approach adopted by the major US and
European guidelines for the use of statin therapy centers
around assessing the patient’s global ASCVD risk and
matching the intensity of treatment with the patient’s overall
risk (as detailed above). Although previous US guidelines
recommended a treat-to-target LDL-C approach, this subse-
quently changed to the global ASCVD risk approach in the
2013 ACC/AHA guideline [9]. This overall risk-based ap-
proach remains largely unchanged in the 2018 ACC/AHA
guideline, although certain LDL-C targets for initiation of
more aggressive therapies are now incorporated for
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particularly high-risk primary and secondary prevention pa-
tients [4, 10]. The European guidelines, however, continue to
advocate for treating LDL-C to specific targets given the
strong compilation of data demonstrating that lower is better
when it comes to LDL-C [11].

While statin-based therapy is the main agent used for lower-
ing LCL-C, there are two additional LDL-C lowering agents
which play an important role in select populations. Ezetimibe,
a cholesterol absorption inhibitor, lowers LDL-C by approxi-
mately 20% and is most commonly used in high-risk secondary
prevention patients but is also used selectively in certain high-
risk primary prevention patients as well as in those who may be
statin intolerant [4, 38]. The evidence for ezetimibe’s beneficial
role in the management of dyslipidemia comes primarily from
two RCTs. The SHARP trial demonstrated a 17% reduction in
major atherosclerotic events in patients with chronic kidney dis-
ease but with no known cardiovascular disease when ezetimibe
was added to statin-based therapy [39]. Notably, the SHARP
trial did not have a comparator statin-only arm, limiting the trial’s
overall generalizability in an era when statins form the backbone
of ASCVD management. In contrast, the IMPROVE-IT trial
demonstrated ezetimibe’s independent and additive effect when
combined with statin therapy in patients who recently experi-
enced an acute coronary syndrome. Although the 2.0% absolute
risk difference in major cardiovascular outcomes between the
ezetimibe-treated group and the control arm was modest in na-
ture, the IMPROVE-IT trial nonetheless demonstrated the added
value of a non-statin agent in secondary prevention and further
affirmed the benefits of more aggressive LDL-C reduction [40¢].
Beyond its clinical utility, ezetimibe has an excellent tolerability
and side-effect profile, making it an appealing choice in select,
high-risk patients who have not achieved adequate LDL-C re-
duction with maximally tolerated statin therapy [4].

Proprotein convertase subtilisin/kexin 9 (PCSK9) inhibitors
now provide an effective option for the management of LDL-C
and the residual cardiovascular risk in high-risk patients.
PCSKO is an enzyme which binds to the LDL receptor on
hepatocytes, leading to its degradation. By blocking this en-
zyme, inhibitors of PCSK9 lead to higher expression of the
LDL receptor on hepatocytes, thereby promoting LDL-C clear-
ance by the liver [30]. PCSKO9 inhibitors lower LDL-C by 50—
70%, thus providing a substantial reduction in LDL-C levels.
The outcome evidence for PCSK9 inhibitors come from two
seminal RCTs: the ODYSSEY trial of alirocumab and the
FOURIER trial of evolocumab which both collectively demon-
strated an additional 15% reduction in key cardiovascular
events in high-risk patients with known ASCVD already on
statin therapy [38, 41, 42¢]. According to the latest ACC/
AHA guideline, PCSK9 inhibitors are currently recommended
in the following categories of patients: (a) very high-risk sec-
ondary prevention patients who are on maximally tolerated
statin therapy but have LDL-C above 70 mg/dL; and (b) pa-
tients with severe primary hypercholesterolemia (LDL-C >
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190 mg/dL) or heterozygous familial hypercholesterolemia
(FH) who are not at goal despite maximally tolerated therapy
[4]. Additionally, in clinical practice, PCSK9 inhibitors are also
used in select “primary prevention” patients with multiple risk
factors who have significant statin intolerance (e.g., unable to
tolerate even low dose statins) as well as evidence of significant
coronary atherosclerosis on non-invasive or invasive testing.
Notably, given the cost of the two approved PCSK9 inhibitors,
the ACC/AHA guideline recommends adding the lower-priced
ezetimibe prior to the initiation of a PCSK9 inhibitor to deter-
mine whether the addition of ezetimibe alone may be able to
achieve sufficient LDL-C reduction [4].

Two other notable LDL-C directed therapies that are cur-
rently undergoing trials include inclisiran and bempedoic acid.
Inclisiran, a small interfering RNA (siRNA) molecule to the
PCSKO receptor, has been demonstrated to be safe and effica-
cious at decreasing LDL-C by approximately 50% in a large
phase II trial [43+]. Importantly, as an siRNA molecule,
inclisiran’s effect on the PCSK9 receptor and circulating
LDL-C levels lasts for more than 180 days, making it possible
for patients to receive this therapy twice a year and reap the
cardiovascular benefits of prolonged and significant LDL-C
reduction. The ORION-4 trial (NCT03705234) is currently
underway in a large secondary prevention setting and we look
forward to its results. Bempedoic acid is an inhibitor of ATP
citrate lyase, a key enzyme in the cholesterol biosynthesis
pathway, and has been shown to decrease LDL-C by ~17%
in patients already on maximally tolerated statin therapy [44].
The CLEAR Outcomes trial (NCT02993406) using
bempedoic acid in statin intolerant primary and secondary
prevention patients is currently underway.

While the management of dyslipidemia and mitigating over-
all cardiovascular risk has primarily focused on therapies
targeting LDL-C over the last two decades, other blood lipopro-
teins have been examined extensively in the context of cardio-
vascular risk. These lipoproteins—namely HDL-C, triglycer-
ides, and lipoprotein(a)—play important roles in cardiovascular
health and our understanding of their distinct impacts continues
to grow. Moreover, there continue to be ongoing developments
to specifically target these lipoproteins in an attempt to further
elucidate and treat any residual cardiovascular risk in patients
with otherwise well-controlled modifiable risk factors.

High-density Lipoprotein Cholesterol

Decreased levels of the cholesterol content within HDL mol-
ecules (HDL-C) are strongly correlated with the presence and
development of clinically significant ASCVD [25, 45].
Conversely, every 1 mg/dL increase in HDL-C is associated
with an approximate 2—4% decrease in the rates of adverse
cardiovascular outcomes, promoting the concept of HDL-C as
an atheroprotective molecule [46]. Accordingly, because
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HDL-C is an independent and strong predictor of clinically
meaningful cardiovascular events, HDL-C plays a key role in
cardiovascular risk equations [47].

However, despite the body of evidence demonstrating the
association between HDL-C and cardiovascular disease, the
causative role of HDL-C in ASCVD has been challenged by
both Mendelian randomization studies and the failure of
HDL-C directed therapies to improve outcomes. For instance,
lifelong reduced HDL-C levels due to mutations in the
ABCAL gene do not confer an increased risk of ischemic heart
disease [48, 49]. Conversely, genetic polymorphisms which
cause lifelong increased levels of HDL-C are not associated
with improved cardiovascular outcomes [50]. Additionally,
two large and well-designed RCTs of niacin therapy—the
AIM-HIGH and THRIVE trials—did not show a cardiovas-
cular benefit of raising HDL-C in patients with known cardio-
vascular disease who were on statin-based therapy [51, 52].
Furthermore, cholesteryl ester transfer protein (CETP) inhib-
itors, which increase HDL-C levels by more than 100%, have
demonstrated mixed results and are not currently used in clin-
ical practice. Two large CETP trials were stopped due to lack
of efficacy—ACCELERATE (evacetrapib) and Dal-
OUTCOMES (dalcetrapib)—while the ILLUMINATE trial
with torcetrapib was terminated early due to a significant in-
crease in the risk of cardiovascular events in the experimental
arm [53-55]. Although another CETP agent, anacetrapib, suc-
cessfully met its primary endpoint in the REVEAL trial, its
beneficial effect was likely the result of its role in lowering
non-HDL cholesterol by 18% compared with the control arm
rather than its impact on raising HDL-C levels [56].

Although the classic HDL-C hypothesis that increased
levels of HDL-C provide cardiovascular protection has been
largely disproven, there is emerging data that a revised con-
cept of HDL—one focusing on HDL function—may prove
more fruitful in terms of therapeutic targets [47]. Evidence is
accumulating that differences in HDL function in regard to
promoting cholesterol efflux from cells, termed the “choles-
terol efflux capacity,” may be a better indicator of cardiovas-
cular risk than HDL-C [57, 58]. Although this is a burgeoning
area of research, there are currently no large-scale phase 3
clinical trials targeting therapies focused on HDL function
[59]. Ultimately, while HDL-C still stands as a strong and
independent risk factor for the development of ASCVD, the
current data suggests that the role of HDL-C may be as a
marker of overall cardiovascular risk rather than being a direct
therapeutic target for the prevention of ASCVD events.

Triglycerides

Elevations in both fasting and non-fasting serum triglyceride
levels are strongly associated with increased risk of MI, ische-
mic stroke, and all-cause mortality [60—64]. This relationship

is further bolstered by data demonstrating increased incidence
of ischemic heart disease in patients with triglyceride levels
between 200 and 499 mg/dL who had well-controlled LDL-C
while on statin therapy [65]. Although the pathogenesis of
atheroma formation due to elevated triglyceride levels is not
entirely clear, it likely relates to the cholesterol content of
triglyceride-rich lipoproteins—also known as remnant
cholesterol—rather than the distinct triglyceride particles
themselves [66—68]. Until recently, there has been less of a
spotlight on elevated triglyceride levels with regard to the
development of ASCVD, with a greater focus placed on low
HDL-C for a variety of mechanistic, epidemiologic, and con-
ceptual reasons [68, 69]. However, as described above, with
numerous failed attempts at improving cardiovascular out-
comes by raising HDL-C levels as well as accumulating data
regarding the role of triglycerides in ASCVD, there has been a
renewed interest in pursuing targeted therapies for elevated
triglyceride levels.

The first priority in managing those with mild to moderate
hypertriglyceridemia (fasting or non-fasting TG levels be-
tween 150 and 499 mg/dL) should be lifestyle modification,
treatment of secondary risk factors, and review of the current
medication list [4, 11]. In regard to lifestyle modification,
patients should be encouraged to lose weight, perform aerobic
exercise, and limit excessive alcohol intake as each of these
measures can reduce plasma triglycerides [68, 70, 71].
Additionally, treatment of secondary risk factors such as obe-
sity, diabetes mellitus, and hypothyroidism should be
optimized.

Despite the burgeoning evidence linking elevated triglyc-
eride levels with ASCVD, pharmacotherapy for patients with
mild to moderate hypertriglyceridemia has not been typically
recommended in the absence of certain high-risk features or
other evidence-based indications [4, 11]. The reason for this is
multifactorial but primarily reflects the lack of high-quality
RCT data demonstrating improved outcomes in patients with
hypertriglyceridemia when treated with triglyceride lowering
medications such as fibrates and niacin [11, 62]. Fibrates such
as gemfibrozil and fenofibrate are typically reserved for pa-
tients with severe hypertriglyceridemia with triglyceride
levels greater than 1000 mg/dL to prevent pancreatitis.
Additionally, niacin has fallen out of favor given its poor
side-effect profile as well as the results of the AIM-HIGH
and THRIVE trials which failed to demonstrate positive car-
diovascular effects when adding niacin to statin therapy [51,
52]. As such, statins are the recommended first-line agents in
individuals with mild to moderate hypertriglyceridemia who
are at elevated ASCVD risk by conventional metrics. In addi-
tion to their well-elucidated and beneficial cardiovascular ef-
fects, high-intensity statins are able to reduce triglyceride
levels by as much as 45% [72].

With the recent publication of the REDUCE-IT trial as well
as other targeted therapies in the therapeutic pipeline, the tide
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of triglyceride management may be evolving [62, 73¢]. The
REDUCE-IT trial, which randomized high-risk patients al-
ready on statin therapy to a highly purified fish-oil derivative
named icosapent ethyl, is the first large-scale RCT which suc-
cessfully demonstrated cardiovascular risk reduction with an
agent specifically targeting patients with an elevated fasting
triglyceride level. Nevertheless, the trial did not find a signif-
icant association between baseline triglyceride level and effi-
cacy, suggesting that the mechanism of benefit—at least, in
part—may be independent of the effect of triglyceride lower-
ing. Other highly anticipated ongoing trials assessing the
added cardiovascular benefit of targeting triglyceride levels
include the STRENGTH trial (NCT02104817) as well as the
PROMINENT trial (NCT03071692). Finally, antisense oligo-
nucleotides and siRNA targeting apolipoprotein C-III is an-
other novel therapeutic pathway that may further revolutionize
our current management of hypertriglyceridemia [74-76].

Lipoprotein(a)

Elevated serum lipoprotein(a) [Lp(a)] levels are strongly as-
sociated with increased risk of coronary heart disease, calcific
aortic valve stenosis, and stroke [77-82]. The mechanism by
which Lp(a) exerts its independent effects is most likely due to
its unique molecular structure [83]. First identified in 1963,
Lp(a) is composed of a lipid-rich low-density lipoprotein like
moiety covalently linked to a genetically heterogeneous
apolipoprotein(a) molecule [84, 85]. The LDL-like moiety is
thought to confer pro-atherogenic qualities while its
apolipoprotein(a) component is hypothesized to be associated
with pro-thrombotic properties [83]. Lp(a) concentration is
primarily determined by the LPA gene, with the size of the
gene—and the resulting size of the apolipoprotein(a)
particle—strongly correlating with the serum concentration

Fig. 2 Assessing and treating
individuals with increased
ASCVD risk requires both a
primary focus on LDL-C and
consideration of other residual
risk/modifiable risk factors
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of Lp(a). Importantly, there is an inverse relationship between
the LPA gene size and the Lp(a) serum concentration whereby
individuals with larger LPA gene sizes (and resulting larger
apolipoprotein(a) isoforms) have lower serum Lp(a) concen-
trations [79, 86—88]. Additionally, certain single-nucleotide
polymorphisms (SNPs) within the LPA gene—in particular,
rs10455872 and rs3798220—are strongly associated with in-
creased levels of Lp(a) as well as increased risk of CHD and
calcific aortic valve stenosis [80, 81, 88, 89].

Although the nuances of the interaction between gender and
ethnic backgrounds on Lp(a)’s impact on cardiovascular disease
are still being clarified, it is nonetheless clear that elevated Lp(a)
levels account for a significant degree of the residual cardiovas-
cular risk in patients with otherwise well-controlled risk factors
[82, 90-94]. By most standards, Lp(a) levels above 30 mg/dL
are considered abnormal, with the greatest risk conferred to
those individuals with levels greater than 50 mg/dL, a value
above the 80th percentile [95]. Given that the concentration of
Lp(a) is explained almost entirely by the LPA gene size and
certain pathogenic SNPs, elevated Lp(a) is therefore the most
common inherited dyslipidemia with nearly 1 in 5 people in the
USA having levels above 50 mg/dL [96]. Although Lp(a)
values are not part of the current generation of ASCVD risk
calculators, Lp(a) measurement has nonetheless been shown
to help improve CVD risk prediction and its selected evaluation
is incorporated into the ACC/AHA and ESC/EAS guidelines to
help improve risk stratification [4, 11, 97].

Although Lp(a)’s impact on cardiovascular disease out-
comes has been well established for more than a decade,
targeted therapeutic options have been limited. Currently, the
most recent ACC/AHA and ESC/EAS guidelines recommend
intensified risk factor modification as well as aggressive man-
agement of LDL-C for patients with elevated Lp(a). However,
there are a variety of promising developments that may revo-
lutionize targeted Lp(a) management [98e¢]. First, recent
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evidence has demonstrated that PCSK?9 inhibitors both signif-
icantly lower Lp(a) levels and potentially provide even greater
cardiovascular benefit to patients with elevated baseline Lp(a)
levels. In an analysis of the FOURIER trial, which investigat-
ed the cardioprotective role of the PCSK9 inhibitor
evolocumab, the investigators demonstrated that evolocumab
tended to reduce the risk of major cardiovascular events by a
greater degree in patients with an elevated Lp(a) as compared
with those with Lp(a) levels below the median. Overall,
evolocumab reduced the incidence of the primary cardiovas-
cular endpoints in the study population by 16%. However,
when stratified by Lp(a) level, those patients with Lp(a) above
the median experienced a 23% reduction in the primary end-
points versus a 7% reduction in those patients with Lp(a)
levels below the median [99+]. Although these findings were
observational, they are nonetheless important for two reasons.
For one, they are the first to support the concept of Lp(a) being
a modifiable risk factor and bolster the development of ever-
more targeted therapies. Second, they provide potential insight
into which patients may derive the most benefit from PCSK9
inhibitors, a finding which could influence practice patterns if
confirmed in other analyses of PCSK9 inhibitors [96].

An important development in the Lp(a) pipeline, however,
involves antisense oligonucleotides (ASOs) targeting compo-
nents of the Lp(a) molecule. In particular, there is much antic-
ipation around ASOs directed against apolipoprotein(a) pro-
duction in the liver, thereby inhibiting the production of Lp(a).
ASOs are single-stranded DNA molecules, typically under 30
nucleotides in length, which are engineered to be complemen-
tary to a specific messenger RNA or a regulatory RNA se-
quence. Once administered, these designer molecules enter
the patient’s cells and bind to the intended native RNA,
preventing transcription into a functional protein [75, 100].
Currently, there are ongoing early phase trials of different
ASO molecules targeting apolipoprotein(a) which have dem-
onstrated dose-dependent reductions in Lp(a) levels of up to
90% [75, 98+, 101, 102]. Given these early findings, we ea-
gerly await large-scale phase III trials of these molecules,
which have the potential to revolutionize the treatment of el-
evated Lp(a) and improve our ability to treat residual cardio-
vascular risk in patients with otherwise well-controlled risk
factors.

Conclusions

Although there have been tremendous strides in the manage-
ment of dyslipidemias over the last three decades, there are
still many areas that are under active research and investiga-
tion. Key questions revolve around how to further identify and
reduce the risk of incident cardiovascular disease in primary
prevention and how to decrease the rate of future events in
those with known cardiovascular disease who are currently

optimally managed. Given the exciting developments in this
field as a whole as well as particular developments in triglyc-
eride management and ongoing trials in Lp(a), we anticipate
that there will be meaningful advances in the coming years
which will impact the management of dyslipidemias and how
we optimize the cardiovascular risk profiles of our patients
(Fig. 2).
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