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ABSTRACT
Atherosclerotic cardiovascular disease (ASCVD) is a 
leading cause of morbidity and mortality, with low-den-
sity lipoprotein (LDL) cholesterol being a causative risk 
factor. Though statins have a decades-long track record 
of effi cacy and safety, nonstatin agents may be used to 
reduce LDL cholesterol as an adjunct or alternative to 
statin therapy. Several new nonstatin medications have 
been approved in recent years, with robust data from 
clinical trials supporting their use in atherosclerotic dis-
ease. This review addresses the indications, evidence, and 
important prescribing considerations for using nonstatin 
lipid-lowering therapy and proposes a practical approach 
for determining when to initiate nonstatin therapy.

KEY POINTS
The use of statins to reduce LDL cholesterol remains key 
to the prevention and treatment of ASCVD; target LDL 
cholesterol levels should be individualized based on 
cardiovascular risk profi les and shared decision-making.

Some patients are unwilling or unable to tolerate statin 
therapy, while others fail to achieve LDL cholesterol 
goals despite statin use. In such instances, clinicians may 
consider nonstatin therapy to lower LDL cholesterol.

Nonstatin lipid-lowering agents including ezetimibe, 
proprotein convertase subtilisin/kexin type 9 monoclonal 
antibodies, and bempedoic acid have been shown to 
reduce cardiovascular risk when given in conjunction 
with or in place of statins.

Atherosclerotic cardiovascular disease 
(ASCVD) remains the leading cause of 

morbidity and mortality worldwide. ASCVD is 
a broad term that encompasses coronary heart 
disease (myocardial infarction or obstructive 
coronary artery disease), cerebrovascular disease 
(stroke, transient ischemic attack, or signifi -
cant carotid artery stenosis), peripheral arterial 
disease (claudication or limb ischemia), aortic 
atherosclerotic disease, and prior coronary or 
arterial revascularization due to atherosclerosis.

It is now indisputable that low-density lipo-
protein (LDL) cholesterol has a causal relation-
ship to atherosclerosis, the process that under-
pins the development of clinical ASCVD.1 

Lipoproteins are particles that transport fats 
throughout the body, and LDL specifi cally 
transports cholesterol. Standard lipid panels 
normally report the serum concentration of 
LDL cholesterol, ie, the amount of cholesterol 
being transported by LDL particles. In the past 
few decades, LDL cholesterol has emerged as a 
powerful predictor of cardiovascular risk and a 
determinant of target levels of lipid-lowering 
therapy. Encouragingly, a meta-analysis of 26 
randomized trials found that each 1.0-mmol/L 
(18-mg/dL) decrease in LDL cholesterol resulted 
in a 22% relative risk reduction in major vascu-
lar events (P < .0001), further supporting the 
notion that lower is better when it comes to 
LDL cholesterol.2

 For decades, the cornerstone of both pre-
vention and treatment of ASCVD has been 
3-hydroxy-3-methylglutaryl-coenzyme A 
reductase inhibitors, better known as statins. doi:10.3949/ccjm.91a.23058
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By inhibiting the rate-limiting enzyme in cholesterol 
synthesis, statins increase cell-surface LDL receptor 
expression and clearance of LDL cholesterol from the 
bloodstream. The Scandinavian Simvastatin Survival 
Study,3 published in 1994, was the fi rst to demonstrate 
that statins improve outcomes (reduction in cardio-
vascular mortality and major coronary events with 
simvastatin) in patients with coronary artery disease 
and hyperlipidemia. 

Successive large-scale clinical trials over the next 
3 decades added more and more supporting evidence. 
Today, statins are one of the most prescribed drugs in 
clinical practice. Given the overwhelming evidence 
of cardiovascular benefi t conferred by these agents, 
clinicians should continue to prescribe statins at the 
maximum tolerated doses for appropriate patients.

 While statin therapy has a long track record of 
safety and effi cacy in treating ASCVD, there are 
instances in which nonstatin lipid-lowering thera-
pies may be needed. These scenarios include patient 
unwillingness to take statins, intolerability of statin 
side effects, and failure to meet LDL cholesterol goals 
with statin therapy alone. An analysis of the Patient 
and Provider Assessment of Lipid Management registry 
found that more than 25% of adults meeting criteria 
for statin therapy were not taking one, largely because 
they were never offered a statin or because they were 
concerned about potential adverse effects.4 Nearly 55% 
of former statin users in the registry cited perceived side 
effects, most commonly muscle-related symptoms, as 
the primary reason for drug discontinuation.4 Similarly, 
a recent meta-analysis estimated between 5% and 17% 
of patients discontinue statins due to medication side 
effects, rates far higher than expected in clinical trials.5 
These fi ndings emphasize the need for ongoing patient 
education regarding statin use and for clinician famil-
iarity with nonstatin therapies for lipid management.

 This review simplifi es the guidance on when 
to consider the addition of nonstatin therapy for 
LDL-lowering based on recent clinical trial data. We 
also aim to provide practical strategies that clinicians 
can use to determine the most appropriate nonstatin 
therapy as an adjunct to or in place of statins. Many 
of the recommendations in this review are based on 
the 2018 American College of Cardiology/American 
Heart Association cholesterol guidelines6 and the sub-
sequent 2022 American College of Cardiology Expert 
Consensus Decision Pathway7 on the role of nonstatin 
therapies for lowering LDL cholesterol. We also include 
recently published outcome data from CLEAR (Cho-
lesterol Lowering via Bempedoic Acid [ECT1002], an 
ACL [adenosine triphosphate-citrate lyase]-Inhibiting 

Regimen).8 This large double-blind, randomized con-
trolled trial of 13,970 patients with statin intolerance 
were assigned to bempedoic acid or placebo, which has 
provided robust evidence for another nonstatin agent 
in the ever-changing landscape of LDL cholesterol 
management.

 ■ INDICATIONS AND GOALS FOR LIPID-LOWERING 
THERAPY

A holistic assessment of each patient’s cardiovascular 
risk and baseline lipid profi le is essential for determin-
ing goal levels of LDL cholesterol. The 2018 American 
College of Cardiology/American Heart Association 
Task Force multisociety guideline6 on the management 
of blood cholesterol and the 2019 European Society of 
Cardiology/European Atherosclerosis Society guide-
lines9 for the management of dyslipidemias discuss 
in detail the indications and treatment goals for lip-
id-lowering therapy. Evidence-based indications for 
lipid-lowering therapy are divided into primary and sec-
ondary prevention of ASCVD, and recommendations 
for either moderate- or high-intensity statin therapy 
depend on estimated cardiovascular risk.

Patients treated for primary prevention include 
adults with LDL cholesterol of at least 190 mg/dL or 
patients between ages 40 and 75 who have diabetes 
or an estimated 10-year risk for ASCVD of least 7.5% 
(taking into consideration comorbidities and risk-en-
hancers).6,9 On the other hand, patients treated for 
secondary prevention have clinical manifestations of 
ASCVD—cardiovascular, cerebrovascular, or periph-
eral arterial disease—and are further subdivided into 
high-risk and very-high-risk categories. In patients for 
whom lipid-lowering therapy is indicated, the next 
decision is to what level the cholesterol—most com-
monly LDL cholesterol—should be lowered. Over the 
past decade, more and more data have supported the 
notion that lower is better regarding levels of athero-
genic lipids.

 The society guidelines noted indicators for effi -
cacy and suggest that there is a relative target level 
of cholesterol reduction (ie, 30% to 49% reduction 
for moderate-intensity statins or ≥ 50% reduction for 
high-intensity statins from baseline LDL cholesterol) 
for patients treated with lipid-lowering therapy.6,7,9 One 
concern with this strategy from a practical perspec-
tive is that many patients have been on some form 
of LDL-lowering therapy, and a true “baseline” LDL 
level may not be available. Another issue with this 
approach is that patients with signifi cant hypercholes-
teremia may have LDL cholesterol levels that remain 
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TABLE 1
Main nonstatin lipid-lowering therapies

Agent Mechanism Dosing Cost
Expected lowering of 
LDL cholesterol

Major prescribing 
considerations

Ezetimibe7,10–15 Inhibition of intestinal 
cholesterol absorption leads to
increased synthesis of LDL 
receptors and increased LDL 
cholesterol clearance

Daily oral 
medication

$ Monotherapy: 
15%–19%

With statin therapy: 
13%–25%

Generally well tolerated (avoid 
in hepatic dysfunction)

Low cost

Available in combination with 
simvastatin

Often fi rst-line recommended 
nonstatin for lowering LDL

Alirocumab, 
evolocumab7,16–19

Monoclonal antibodies bind 
to PCSK9 protein, reducing 
destruction of LDL receptors 
and increasing LDL cholesterol 
clearance

Subcutaneous 
injection every
2–4 weeks

$$$ Monotherapy: 50%

With statin therapy: 
54.7%–70%

Substantially more LDL-lowering 
than oral options

Requires ongoing injections

Risk of site reactions

Variable insurance coverage may 
result in high cost

Bempedoic 
acid7,8,20–22

Inhibition of ATP citrate lyase
leads to a reduction in
cholesterol biosynthesis, leading 
to an increase in LDL receptors 
and to increased LDL cholesterol 
clearance

Daily oral 
medication

$$ Monotherapy: 
17.2%–26.5%

With statin therapy: 
16.5%–18%

With ezetimibe: 
25%–35%

Generally well tolerated

No muscle-related side effects

Relatively high cost and variable 
coverage (may need prior 
authorization)

Available as combination 
therapy with ezetimibe 

Inclisiran7,23–26 Inhibits translation of PCSK9 
via RNA interference, reducing 
destruction of LDL receptors 
and increasing LDL cholesterol 
clearance

Subcutaneous 
injection every 
6 months

$$$ Monotherapy: limited 
data

With statin therapy: 
39.7%–52.3%

Twice-yearly dosing may be 
convenient and desirable

High cost and variable coverage 

Limited access (current
ongoing cardiovascular 
outcomes trials ORION-4 and 
VICTORION-2P) 

Bile acid 
sequestrants7,27

Less intestinal bile acid 
absorption leads to an increase 
in cholesterol converted to bile 
acid, which leads to an increase 
in LDL receptors and LDL 
cholesterol clearance

Daily oral 
medication

$ Monotherapy: 15%

With statin therapy: 
additional 10%–16%

Unpalatable agents with 
gastrointestinal side effects

Cardiovascular outcome data 
older and weaker than other 
options

Not recommended by guidelines 
to lower LDL cholesterol

ATP = adenosine triphosphate; LDL = low-density lipoprotein; ORION = A Randomized Trial Assessing the Effects of Inclisiran on Clinical Outcomes Among 
People With Cardiovascular Disease; PCSK9 = proprotein convertase subtilisin/kexin type 9; VICTORION = A Randomized, Double-Blind, Placebo-Controlled, 
Multicenter Trial, Assessing the Impact of Inclisiran on Major Adverse Cardiovascular Events in Participants With Established Cardiovascular Disease 
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substantially elevated even after relative reduction. 
Accordingly, most experts advocate for an absolute 
LDL cholesterol target alongside a relative reduction 
and consider the addition of nonstatin therapy when 
patients remain above goal despite maximally tolerated 
statin therapy. Absolute LDL cholesterol targets range 
from 55 mg/dL to 100 mg/dL depending on indication 
for therapy, overall cardiovascular risk, and patient 
goals of care.7 

 In recent years, several new nonstatin agents have 
been shown in clinical trials to both lower LDL choles-
terol levels and reduce cardiovascular events in select 
patients (Table 1).7,8,10–27 It is worth noting that to date, 
no LDL-lowering nonstatin therapy has been shown 
to reduce all-cause or cardiovascular mortality. This 
may be due to underpowering, inadequate follow-up 
duration, or a true lack of mortality benefi t in the era 
of goal-directed medical therapy. Regardless, reduction 
in rates of myocardial infarction, stroke, or coronary 
revascularization is very meaningful clinically. In the 
following section, we review nonstatin therapies that 
clinicians may consider as an adjunct or alternative to 
statins in select patients.

 ■ SPECIFIC NONSTATIN THERAPIES

Ezetimibe
Ezetimibe, US Food and Drug Administration 
(FDA)-approved in 2002, is the most prescribed non-
statin agent for the treatment of hyperlipidemia.7 Ezeti-
mibe blocks the Niemann-Pick C1-Like 1 protein and 
inhibits uptake of cholesterol in the small intestine, 
thereby reducing the absorption of dietary and biliary 
cholesterol.7 This subsequently promotes synthesis of 
hepatic LDL receptors, resulting in a reduction of serum 
LDL cholesterol.10 Ezetimibe is an oral medication and 
lowers serum LDL cholesterol by an additional 13% 
to 25% from baseline when added to statin therapy 
depending on statin intensity, or 15% to 19% when 
given as monotherapy compared with placebo.10,11 Ezet-
imibe is affordable and generally well-tolerated, with 
principal side effects of headache and upper respiratory 
tract symptoms occurring in 4% and 8% of patients.11 
In addition, no dosage adjustments are required for 
individuals with hepatic or renal impairment.

The IMPROVE-IT (Improved Reduction of Out-
comes: Vytorin Effi cacy International Trial),12 published 
in 2015, evaluated the effect of ezetimibe in combi-
nation with simvastatin, compared with simvastatin 
alone, in 18,144 patients with recent acute coronary 
syndrome. At 7 years, the rates for the primary end 
point (composite of death from cardiovascular disease, 

major coronary event, or nonfatal stroke) were 32.7% 
in the simvastatin-ezetimibe group and 34.7% in the 
simvastatin monotherapy group, with an absolute risk 
reduction of 2% and number needed to treat of 50 
patients over 7 years to prevent 1 event. A later analysis 
found a high rate of subsequent events not included 
in the primary analysis—thus, the cardiovascular risk 
reduction from ezetimibe may be even greater than the 
original trial suggests.13 

IMPROVE-IT fi rmly established the utility of 
ezetimibe, with other trials lending further support. 
Published in 2011, the SHARP (Study of Heart and 
Renal Protection) trial13,14 randomized patients with 
chronic kidney disease and without clinical ASCVD 
to receive ezetimibe with simvastatin or placebo. 
With a median 4.9-year follow-up, the study found 
that patients receiving simvastatin and ezetimibe had 
a lower incidence of the composite end point (myo-
cardial infarction, coronary death, ischemic stroke, 
or any revascularization procedure) compared with 
those receiving placebo (11.3% vs 13.4%; absolute 
risk reduction 2.1%; number needed to treat 50),13,14 

though there was limited analysis of the combination 
compared with simvastatin alone. 

The more recent RACING (Randomised Com-
parison of Effi cacy and Safety of Lipid Lowering With 
Statin Monotherapy Versus Statin–Ezetimibe Combi-
nation for High-Risk Cardiovascular Disease) trial,15 

which enrolled 3,780 patients and was published in 
2022, demonstrated that the combination of moder-
ate-intensity rosuvastatin and ezetimibe was nonin-
ferior to high-intensity rosuvastatin therapy for the 
composite primary end-point events (cardiovascular 
death, major cardiovascular events, nonfatal stroke) 
over a 3-year period. Also notable was the fact that 
patients receiving combination therapy achieved lower 
levels of LDL cholesterol and a lower incidence of drug 
intolerance (4.8% vs 8.2%). These clinical trials have 
demonstrated ezetimibe’s effi cacy, safety, and impact 
on cardiovascular outcomes across a wide spectrum of 
patients receiving lipid-lowering therapy.

PCSK9 monoclonal antibodies
Proprotein convertase subtilisin/kexin type 9 (PCSK9) 
is a protein produced primarily by hepatocytes that 
circulates in the plasma and binds to LDL receptors, 
triggering a signaling cascade resulting in lysosomal 
degradation of the LDL receptors and decreased LDL 
cholesterol clearance.16 These fully human monoclo-
nal antibodies bind free plasma PCSK9, preventing 
PCSK9 interaction with the LDL receptor. This results 
in increased LDL receptor recycling within hepatocytes 
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and increased clearance of circulating LDL cholesterol. 
PCSK9 monoclonal antibodies are administered sub-
cutaneously, usually at 2- or 4-week intervals, and tend 
to lower LDL cholesterol by approximately 50% when 
given alone, and by approximately 70% in patients 
already on statin therapy.16

Two PCSK9 antibodies—alirocumab and evo-
locumab—were FDA-approved in 2015.7,17–19 The 
GAUSS-3 (Goal Achievement After Utilizing an 
Anti-PCSK9 Antibody in Statin Intolerant Subjects 
3) trial17 randomized patients with statin-intolerance to 
evolocumab or ezetimibe and demonstrated a far more 
potent LDL cholesterol reduction in patients receiving 
evolocumab (52.8% vs 16.7%). 

In the following years, 2 randomized placebo-con-
trolled trials confi rmed the effi cacy of PCSK9 mono-
clonal antibodies in reducing cardiovascular events.18,19 

The FOURIER (Further Cardiovascular Outcomes 
Research With PCSK9 Inhibition in Subjects With 
Elevated Risk) trial,18 published in 2017, randomized 
27,564 patients with clinical ASCVD and LDL cho-
lesterol levels greater than or equal to 70 mg/dL despite 
statin therapy to the addition of evolocumab or pla-
cebo. At a median follow-up of 2.2 years, evolocumab 
reduced the risk of the primary end point (composite 
of cardiovascular death, myocardial infarction, stroke, 
hospitalization for unstable angina, or coronary revas-
cularization) compared with placebo (9.8% vs 11.3%; 
absolute risk reduction 1.5% with number needed to 
treat 74). The only notable difference in adverse events 
between groups was a higher rate of injection-site reac-
tions in the evolocumab group (2.1% vs 1.6%).

 The ODYSSEY (Evaluation of Cardiovascular Out-
comes After an Acute Coronary Syndrome During 
Treatment With Alirocumab) Outcomes trial19 evalu-
ated whether alirocumab reduced the risk of recurrent 
ischemic cardiovascular events in 18,924 patients with 
recent acute coronary syndrome and cholesterol levels 
above goal despite maximally tolerated statin therapy. 
At a median follow-up of 2.8 years, the alirocumab 
group had a lower incidence of the composite primary 
end point (death from coronary heart disease, nonfatal 
myocardial infarction, fatal or nonfatal ischemic stroke, 
or unstable angina requiring hospitalization) compared 
with placebo (9.5% vs 11.1%; absolute risk reduction 
1.6% and nearly identical to the outcome observed 
in the FOURIER trial). The ODYSSEY trial had a 
similarly high rate of local injection-site reactions in 
the PCSK9 monoclonal antibodies group.

 The advent of PCSK9 monoclonal antibodies 
allowed for the reduction of LDL cholesterol to lev-
els rarely achieved with conventional lipid-lowering 

therapy, along with an excellent safety profi le. The 
corresponding impact on cardiovascular outcomes gave 
further credence to the notion that lowering LDL cho-
lesterol levels beyond what is attainable with statins is 
possible and offers incremental cardiovascular benefi t.

Bempedoic acid
Bempedoic acid is an oral medication that inhibits 
adenosine triphosphate citrate lyase, an enzyme in 
the cholesterol biosynthesis pathway upstream of 
3-hydroxy-3-methylglutaryl-coenzyme A reductase 
(the target of statins).7,8,20,21 Like the effect of statins, 
inhibition of cholesterol synthesis results in increased 
LDL cholesterol receptor expression and increased 
clearance of serum LDL cholesterol. Notably, the 
enzyme required to activate bempedoic acid is present 
in hepatocytes but absent in skeletal muscle, resulting 
in far lower concern for statin-associated muscle symp-
toms compared with statin therapy. Bempedoic acid 
lowers LDL cholesterol by 17.2% to 26.5% as mono-
therapy, by 16.5% to 18% when added to a background 
of statin therapy, and by up to 50% when given as a 
fi xed-dose combination with ezetimibe.20,21

In the recently published CLEAR Outcomes trial,8 

13,970 patients with a prior cardiovascular event or 
at high risk for ASCVD and unable to tolerate more 
than a very low dose of a statin (22.7% of patients 
were taking a low-dose statin and 11.5% were taking 
ezetimibe) were randomized to receive oral bempedoic 
acid or placebo. In this trial, bempedoic acid lowered 
LDL cholesterol by about 20% from baseline, and 
patients receiving bempedoic acid had a 21.6% greater 
reduction in high-sensitivity C-reactive protein levels 
compared with patients receiving placebo. At a median 
follow-up of 40.6 months, patients receiving bempedoic 
acid had a lower incidence of the composite primary 
end point (death from cardiovascular causes, nonfatal 
myocardial infarction, nonfatal stroke, or coronary 
revascularization) compared with placebo (11.7% 
vs 13.3%; absolute risk reduction 1.6% with number 
needed to treat of approximately 63.6).8,28 Bempedoic 
acid was well-tolerated, with rates of discontinuation 
in the bempedoic acid arm similar to those with pla-
cebo. Side effects occurring more frequently in patients 
receiving bempedoic acid compared with placebo 
included elevated liver aminotransferase levels (4.5% 
vs 3%), renal injury (11.5% vs 8.6%), gout (3.1% vs 
2.1%), and cholelithiasis (2.2% vs 1.2%).8

 It is important to note that in the CLEAR Out-
comes trial,8 bempedoic acid was given in place of 
statin therapy (or with a very low average daily statin 
dose), not as adjunct treatment. This is in contrast to 
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the landmark trials of other nonstatin therapies, which 
were generally added to a background of maximally 
tolerated statin therapy. This trial specifi cally targeted 
patients who could not or would not tolerate statin 
therapy. Patients and their physicians specifi cally doc-
umented the inability or refusal to take a higher dose 
of statin despite understanding the benefi t of statins.8 

While bempedoic acid lacks outcomes data when given 
alongside high-intensity statins, it is encouraging that 
patients who do not tolerate statins have another avail-
able therapy that lowers LDL cholesterol and reduces 
cardiovascular risk.

 As mentioned, bempedoic acid is also available 
in combination with ezetimibe (1 tablet containing 
180 mg of bempedoic acid and 10 mg ezetimibe). This 
combination is FDA-approved to lower LDL choles-
terol levels in adults with ASCVD or familial hyper-
cholesterolemia.7,22 A phase 3 clinical trial found that 
after 12 weeks of treatment, this combination reduced 
LDL cholesterol levels by 36.2%, a greater reduction 
than that with either bempedoic acid (17.2%) or eze-
timibe (23.2%) alone.22 In addition, a recent phase 
2 study demonstrated that combination bempedoic 
acid, ezetimibe, and atorvastatin triple therapy was 
generally well-tolerated and lowered LDL cholesterol 
levels by 63.6% compared with placebo, with more 
than 90% of patients achieving LDL cholesterol con-
centrations below 70 mg/dL.29 While there are as yet 
no cardiovascular outcome data specifi c to this therapy, 
the signifi cant reduction in LDL levels from synergistic 
oral therapy is encouraging.

Inclisiran
Beyond monoclonal antibodies for PCSK9-lowering, 
there have been recent advances in using small inter-
fering RNA molecules (siRNA) to reduce PCSK9 
translation at the cellular level. The siRNA molecules 
engage the natural pathway of RNA interference and 
lead to the degradation of PCSK9 mRNA, resulting 
in decreased production of the PCSK9 protein.23 One 
such siRNA targeting the PCSK9 protein, inclisiran, 
was granted FDA approval in December 2021 as an 
adjunct for adults with clinical ASCVD or familial 
hypercholesteremia who require lowering of LDL cho-
lesterol beyond what is achieved with statins.7

Phase 3 clinical trials published in 2020 (A Ran-
domized Trial Assessing the Effects of Inclisiran on 
Clinical Outcomes Among People With Cardiovas-
cular Disease [ORION] 9, 10, and 11) demonstrated 
that inclisiran, administered twice yearly as an injec-
tion, was well-tolerated without any major adverse 
events.24,25 Patients receiving inclisiran had a 39.7% 

to 52.3% reduction of LDL cholesterol on top of statin 
therapy.25 It is worth noting, however, that inclisiran 
appears to be less effi cacious at lowering LDL choles-
terol than PCSK9 monoclonal antibodies.26 

 In an extension study of ORION-1,26 92 patients 
originally assigned to placebo were treated with twice-
monthly evolocumab for 1 year and subsequently 
transitioned to twice-yearly inclisiran. Treatment with 
evolocumab lowered LDL cholesterol by 61% followed 
by a time-averaged LDL cholesterol reduction of 45% 
over 3 years after switching to inclisiran.26 Though 
the early data on LDL cholesterol reduction and drug 
safety appear promising, larger trials examining the 
impact of siRNA-based therapies on cardiovascular 
risk reduction are ongoing, and effects of inclisiran on 
cardiovascular outcomes remain undetermined. There 
are currently 2 ongoing trials—ORION-4 and VIC-
TORION-2P Prevent (A Randomized, Double-Blind, 
Placebo-Controlled, Multicenter Trial, Assessing the 
Impact of Inclisiran on Major Adverse Cardiovascular 
Events in Participants With Established Cardiovascu-
lar Disease) that aim to determine whether inclisiran 
will impact cardiovascular morbidity or mortality for 
primary and secondary prevention. 

 ■ THERAPIES NOT ROUTINELY RECOMMENDED 
FOR LIPID MANAGEMENT

Dietary supplements
Nearly every clinician who prescribes lipid-lowering 
pharmacotherapy has been asked about the use of 
dietary supplements to lower LDL cholesterol. Of the 
many available supplements, red yeast rice and plant 
sterols have the most data supporting lipid-lowering, 
with various studies reporting LDL cholesterol reduc-
tions on the order of 10% to 25%.30,31 In fact, plant 
sterols are endorsed as an option to lower blood choles-
terol levels in the 2019 revision of the European Soci-
ety of Cardiology/European Atherosclerosis Society 
dyslipidemia guideline.9 A principal problem, however, 
is that most supplements are not FDA-regulated, so dif-
ferent manufacturers or formulations may have varying 
effi cacy. Further, there is a dearth of quality data on the 
effect of these supplements on cardiovascular health.

The recently published Supplements, Placebo, or 
Rosuvastatin Study32 compared the effi cacy of com-
mon supplements that have been purported to lower 
lipid levels on lowering the LDL cholesterol concen-
tration.32 This prospective, single-blind clinical trial 
randomized 190 patients without evidence of clinical 
ASCVD but with an increased 10-year ASCVD risk 
and LDL cholesterol of 70 to 189 mg/dL to receive 
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rosuvastatin 5 mg daily, placebo, fi sh oil, cinnamon, 
garlic, turmeric, plant sterols, or red yeast rice. After 
28 days, rosuvastatin decreased LDL cholesterol lev-
els by 35.2%, while none of the dietary supplements 
demonstrated a signifi cant decrease in LDL cholesterol 
compared with placebo. Though this trial did not assess 
cardiovascular outcomes, it provides evidence that the 
studied supplements—often promoted for cholesterol- 
lowering benefi ts—do not signifi cantly impact levels 
of atherogenic lipids.

Bile acid sequestrants
Bile acid sequestrants, such as cholestyramine, cole-
sevelam, or colestipol, were one of the fi rst classes of 
lipid-lowering therapies.7,27 These nonabsorbed poly-
mers bind intestinal bile acids and impede their reab-

sorption, leading to a decrease in the bile acid pool and 
concurrent increase in the conversion of cholesterol to 
bile acids. The net effect is a modest reduction of LDL 
cholesterol, with possible increase in serum triglycer-
ide concentrations. On average, bile acid sequestrants 
were shown to reduce LDL cholesterol by about 15% 
as monotherapy and an additional 10% to 16% in 
combination with statin therapy.

The Lipid Research Clinics Coronary Primary Pre-
vention trial,27 published in 1984, randomized 3,806 
asymptomatic men with primary hypercholesterol-
emia to cholestyramine compared with placebo for 
an average of 7.4 years. Cumulative incidence of the 
primary end point (defi nite coronary heart disease death 
and/or defi nite nonfatal myocardial infarction) was 7% 
in the cholestyramine group compared with 8.6% in 

TABLE 2
Clinical trials of nonstatin therapy 

Trial Intervention
Study population, 
prevention goal

Composite primary 
outcome Major fi ndings

IMPROVE-IT
201512

Simvastatin plus 
ezetimibe vs 
simvastatin only

18,144 patients with 
recent acute coronary 
syndrome and LDL 
cholesterol 50–125 mg/dL 

Secondary prevention

Cardiovascular death, 
myocardial infarction, 
stroke, unstable 
angina, or coronary 
revascularization

Simvastatin + ezetimibe combination 
reduced primary end point at 7 years 
(32.7% vs 34.7%)

Driven primarily by myocardial 
infarction and stroke 

No mortality effect

FOURIER
201718

Evolocumab plus 
statin vs statin alone

27,564 patients with 
ASCVD and LDL 
cholesterol ≥ 70 mg/dL 
despite statin use

Secondary prevention

Cardiovascular death, 
myocardial infarction, 
stroke, unstable 
angina, or coronary 
revascularization

Evolocumab reduced primary end 
point at 2.2 years (9.8% vs 11.3%)

Driven by myocardial infarction, stroke, 
need for revascularization

No mortality effect

ODYSSEY 
201819

Alirocumab + statin vs 
statin alone 

18,924 patients with 
recent acute coronary 
syndrome and elevated 
lipids despite statin use

Secondary prevention

Cardiovascular death, 
myocardial infarction, 
stroke, or unstable 
angina

Alirocumab reduced primary end point 
at 2.8 years (9.5% vs 11.1%)

No signifi cant mortality benefi t

CLEAR 
20238

Bempedoic acid vs 
placebo

13,970 patients with 
ASCVD or at high risk and 
unable to take statins

Primary and secondary 
prevention

Cardiovascular death, 
myocardial infarction, 
stroke, or coronary 
revascularization

Bempedoic acid reduced primary 
end point at 40.6 months (11.7% vs 
13.3%)

No signifi cant effect on fatal or 
nonfatal stroke, cardiovascular death, 
or all-cause mortality

ASCVD = atherosclerotic cardiovascular disease; LDL = low-density lipoprotein 
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Figure 1. Practical approach to the addition of nonstatin therapy. 
aIndividual LDL-cholesterol target based on patient risk profi le.
bNo current cardiovascular outcome data.
LDL = low-density lipoprotein; PCSK9 = proprotein convertase subtilisin/kexin type 9

Adult with indication for lipid-lowering therapy 
and on maximally tolerated dose of statin
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those receiving placebo (relative risk reduction of 19% 
and absolute risk reduction of 1.6%).27 Though this 
study showed an effect on cardiovascular outcomes, 
the use of bile acid sequestrants is limited by drug-drug 
interactions (often decreasing absorption of other med-
ications) and frequently intolerable gastrointestinal side 
effects, including nausea, constipation, and dyspepsia. 
In light of the cardiovascular outcomes data for both 
statins and recent nonstatin therapies, the clinical 
utility of bile acid sequestrants continues to diminish.

Niacin and fi brates
Niacin and fi brates (fenofi brate or gemfi brozil) are 
prescribed primarily as triglyceride-lowering drugs, 
though they may also mildly lower LDL cholesterol 
levels.33 The effects of fi brates on LDL cholesterol are 
quite minimal, and more importantly, randomized tri-
als have not reliably shown these therapies to reduce 
cardiovascular risk. Some older data suggested that 
fi brates may be benefi cial in patients with high tri-
glyceride or low high-density lipoprotein cholesterol 
levels, though the effect is more modest than statins, 
and the combination of fi brates and statins often results 
in signifi cant myalgias. 

Despite lowering LDL cholesterol, niacin is poorly 
tolerated with signifi cant side effects, and more impor-
tantly has failed to demonstrate a benefi t for cardiovas-
cular outcomes in the era of statins.34 While niacin and 
fi brates may have a niche in carefully selected patients 
with very high triglycerides, neither is currently recom-
mended as an alternative or adjunct to statin therapy 
for lowering LDL cholesterol.

 ■ THERAPIES SPECIFIC TO PATIENTS WITH 
FAMILIAL HYPERCHOLESTEROLEMIA

Familial hypercholesterolemia is an inherited disorder 
that results in very high levels of LDL cholesterol and 
an increased risk of premature ASCVD. Clinical fea-
tures differ depending on whether one or both alleles 
are affected. While homozygous familial hypercholes-
terolemia is very rare, heterozygous familial hypercho-
lesterolemia is the most common monogenic autosomal 
dominant disorder, affecting 1 in 250 individuals.24,35 
Patients with heterozygous familial hypercholesterol-
emia are nearly always treated with lipid-lowering ther-
apy and will often require additional therapies beyond 
high-intensity statins to lower LDL cholesterol.36 
Patients with homozygous familial hypercholesterol-
emia will nearly always require nonstatin therapies, 
and there are specifi c therapies, such as lomitapide 
(a microsomal triglyceride transfer protein inhibitor, 
necessary for very low LDL assembly and secretion) 

and evinacumab (a monoclonal antibody against 
angiopoietin-like protein 3, a regulator of lipoprotein 
metabolism), approved specifi cally for these patients.36 
These therapies are not currently approved for nonho-
mozygous familial hypercholesterolemia patients and 
are given under the direction of a lipid specialist; they 
are thus beyond the scope of this review.

 ■ CHOICE OF NONSTATIN THERAPY:
A PRACTICAL APPROACH

Once patient and clinician have decided to initiate 
nonstatin therapy, there are multiple factors that should 
be considered when choosing the agent. First, patients 
should preferentially be prescribed therapies that have 
been shown not only to lower LDL cholesterol, but also 
to reduce ASCVD risk. Therapies with high-quality 
evidence for reducing cardiovascular events include 
ezetimibe, bempedoic acid, and PCSK9 monoclonal 
antibodies (landmark trials detailed in Table 2).8,12,18,19

There is also biological plausibility for ASCVD 
risk-reduction benefi t with bempedoic acid-ezetimibe 
combination therapy and inclisiran, though these ther-
apies lack outcome data currently. Other important 
considerations for patients may include effi cacy of LDL 
cholesterol-lowering, route of administration (oral or 
subcutaneous injection), cost (insurance plan coverage, 
availability of assistance programs, or need for prior 
authorization), and attention to drug-drug interactions 
and side effects of each agent.37 Given the number of 
patients requiring lipid-lowering therapy, with multiple 
agents to choose from and varying recommendations 
from major societal guidelines, a simplifi ed approach 
is needed.

 We propose an algorithmic approach for the addi-
tion of nonstatin therapy (Figure 1). From a practical 
standpoint, we categorize LDL cholesterol goals by 
whether patients are being treated for primary preven-
tion (goal LDL cholesterol 70 to 100 mg/dL) or second-
ary prevention (goal LDL cholesterol 55 to 70 mg/dL), 
with the understanding that patients and clinicians will 
modify LDL cholesterol goals based on patient cardio-
vascular risk profi le and the desire for more-aggressive 
rather than less-aggressive cholesterol reduction. We 
propose to subsequently stratify the choice of nonstatin 
therapy based on patient LDL cholesterol level at the 
time of initiation of therapy, which informs how much 
additional LDL cholesterol-lowering is required. 

In patients who require LDL cholesterol-lowering of 
at least 30% from current levels, upfront therapy with 
a PCSK9 monoclonal antibody (alirocumab or evolo-
cumab) is reasonable, assuming the patient does not 
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have fi nancial coverage barriers and can tolerate sub-
cutaneous injections. Inclisiran is a possible alternative 
for these patients, though cardiovascular outcome data 
are not yet available. For patients who have barriers to 
PCSK9-inhibiting therapies or require less than 30% 
LDL cholesterol-lowering, ezetimibe or bempedoic acid 
are evidence-based oral options with modest impact on 
LDL cholesterol levels, though greater reduction can 
be achieved with combination therapy.

 ■ FUTURE DIRECTIONS

ASCVD remains the world’s leading cause of death 
despite advances in our understanding of the dis-
ease process. Statin therapy has been revolutionary 
in improving cardiovascular outcomes, particularly 
for high-risk patients, but there remains a need for 
other forms of lipid-lowering therapy as an adjunct or 
alternative to statins. Landmark clinical trials have 
cemented ezetimibe, PCSK9 monoclonal antibodies, 
and bempedoic acid as nonstatin agents that both lower 
LDL cholesterol levels and provide cardiovascular 
benefi t to patients, with a large-scale outcome trial 
currently testing the effi cacy of inclisiran.

Additional novel therapies to lower LDL choles-
terol are entering clinical development, including 
recently completed phase 2b studies of an oral mac-
rocyclic peptide PCSK9 inhibitor (MK-0616) and a 
liver-targeted antisense oligonucleotide that inhibits 
PCSK9 expression (AZD8233).38,39 Other regulators 
of LDL cholesterol levels, such as angiopoietin-like 
protein 3, apolipoprotein C-III, and cholesteryl ester 
transfer protein have also emerged as promising targets 
for lipid-lowering drug development.40,41 There is no 
doubt that the landscape of nonstatin therapies will 
continue to evolve in coming years, with each therapy 
having unique indications, advantages, disadvantages, 
and evidence base, and ultimately providing patients 
more therapeutic options for reducing cardiovascular 
risk. ■

 ■ DISCLOSURES
Dr. Cho has disclosed consulting for AstraZeneca, Esperion, and Merck; 
research: PI for AstraZeneca and Novartis; steering committee for 
CLEAR outcomes for Esperion. The other author reports no relevant 
fi nancial relationships which, in the context of his contributions, could 
be perceived as a potential confl ict of interest.

 ■ REFERENCES
1. Ference BA, Ginsberg HN, Graham I, et al. Low-density lipoproteins 

cause atherosclerotic cardiovascular disease. 1. Evidence from 
genetic, epidemiologic, and clinical studies. A consensus statement 
from the European Atherosclerosis Society Consensus Panel. Eur 
Heart J 2017; 38(32):2459–2472. doi:10.1093/eurheartj/ehx144

2. Cholesterol Treatment Trialists’ (CTT) Collaboration, Baigent C, 
Blackwell L, Emberson J, et al. Effi cacy and safety of more intensive 
lowering of LDL cholesterol: a meta-analysis of data from 170,000 
participants in 26 randomised trials. Lancet 2010; 376(9753):
1670–1681. doi:10.1016/S0140-6736(10)61350-5

3. Scandinavian Simvastatin Survival Study Group. Randomised trial 
of cholesterol lowering in 4444 patients with coronary heart dis-
ease. Lancet 1994; 344(8934):1383–1389. pmid:7968073

4. Bradley CK, Wang TY, Li S, et al. Patient-reported reasons for 
declining or discontinuing statin therapy: insights from the PALM 
Registry. J Am Heart Assoc 2019; 8(7):e011765.
doi:10.1161/JAHA.118.011765

5. Bytyçi I, Penson PE, Mikhailidis DP, et al. Prevalence of statin 
intolerance: a meta-analysis. Eur Heart J 2022; 43(34):3213–3223. 
doi:10.1093/eurheartj/ehac015

6. 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 [published correction 
appears in J Am Coll Cardiol 2019; 73(24):3234–3237]. J Am Coll 
Cardiol 2019; 73(24):3168–3209. doi:10.1016/j.jacc.2018.11.002

7. Lloyd-Jones DM, Morris PB, Ballantyne CM, et al. 2022 ACC expert 
consensus decision pathway on the role of nonstatin therapies for 
LDL-cholesterol lowering in the management of atherosclerotic 
cardiovascular disease risk: a report of the American College of 
Cardiology Solution Set Oversight Committee [published correction 
appears in J Am Coll Cardiol 2023; 81(1):104]. J Am Coll Cardiol 
2022; 80(14):1366–1418. doi:10.1016/j.jacc.2022.07.006

8. Nissen SE, Lincoff AM, Brennan D, et al. Bempedoic acid and cardio-
vascular outcomes in statin-intolerant patients. N Engl J Med 2023; 
388(15):1353–1364. doi:10.1056/NEJMoa2215024 

9. Mach F, Baigent C, Catapano AL, et al. 2019 ESC/EAS guidelines for 
the management of dyslipidaemias: lipid modifi cation to reduce 
cardiovascular risk [published correction appears in Eur Heart J 
2020; 41(44):4255]. Eur Heart J 2020; 41(1):111–188.
doi:10.1093/eurheartj/ehz455

10. Bruckert E, Giral P, Tellier P. Perspectives in cholesterol-lowering 
therapy: the role of ezetimibe, a new selective inhibitor of intes-
tinal cholesterol absorption. Circulation 2003; 107(25):3124–3128. 
doi:10.1161/01.CIR.0000072345.98581.24

11. Knopp RH, Gitter H, Truitt T, et al. Effects of ezetimibe, a new 
cholesterol absorption inhibitor, on plasma lipids in patients with 
primary hypercholesterolemia. Eur Heart J 2003; 24(8):729–741. 
doi:10.1016/s0195-668x(02)00807-2

12. Cannon CP, Blazing MA, Giugliano RP, et al. Ezetimibe added to 
statin therapy after acute coronary syndromes. N Engl J Med 2015; 
372(25):2387–2397. doi:10.1056/NEJMoa1410489

13. Pradhan A, Bhandari M, Sethi R. Ezetimibe and improving cardio-
vascular outcomes: current evidence and perspectives. Cardiol Res 
Pract 2020; 2020:9815016. doi:10.1155/2020/9815016

14. Baigent C, Landray MJ, Reith C, et al. The effects of lowering LDL 
cholesterol with simvastatin plus ezetimibe in patients with chronic 
kidney disease (study of heart and renal protection): a randomised 
placebo-controlled trial. Lancet 2011; 377(9784):2181–2192. 
doi:10.1016/S0140-6736(11)60739-3

15. Kim BK, Hong SJ, Lee YJ, et al. Long-term effi cacy and safety of 
moderate-intensity statin with ezetimibe combination therapy 
versus high-intensity statin monotherapy in patients with athero-
sclerotic cardiovascular disease (RACING): a randomised, open-label, 
non-inferiority trial. Lancet 2022; 400(10349):380–390.
doi:10.1016/S0140-6736(22)00916-3

16. Shapiro MD, Tavori H, Fazio S. PCSK9: from basic science discoveries 
to clinical trials. Circ Res 2018; 122(10):1420–1438.
doi:10.1161/CIRCRESAHA.118.311227

 on April 27, 2024. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/


CLEVELAND CLINIC JOURNAL OF MEDICINE  VOLUME 91  • NUMBER 1  JANUARY 2024  63

SINGH AND CHO

17. Nissen SE, Stroes E, Dent-Acosta RE, et al. Effi cacy and tolerability 
of evolocumab vs ezetimibe in patients with muscle-related statin 
intolerance: the GAUSS-3 randomized clinical trial. JAMA 2016; 
315(15):1580–1590. doi:10.1001/jama.2016.3608

18. Sabatine MS, Giugliano RP, Keech AC, et al. Evolocumab and clinical 
outcomes in patients with cardiovascular disease. N Engl J Med 
2017; 376(18):1713–1722. doi:10.1056/NEJMoa1615664

19. Schwartz GG, Steg PG, Szarek M, et al. Alirocumab and cardiovas-
cular outcomes after acute coronary syndrome. N Engl J Med 2018; 
379(22):2097–2107. doi:10.1056/NEJMoa1801174

20. Ray KK, Bays HE, Catapano AL, et al. Safety and effi cacy of 
bempedoic acid to reduce LDL cholesterol. N Engl J Med 2019; 
380(11):1022–1032. doi:10.1056/NEJMoa1803917

21. Laufs U, Ballantyne CM, Banach M, et al. Effi cacy and safety of be-
mpedoic acid in patients not receiving statins in phase 3 clinical tri-
als. J Clin Lipidol 2022; 16(3):286–297. doi:10.1016/j.jacl.2022.03.001

22. Ballantyne CM, Laufs U, Ray KK, et al. Bempedoic acid plus 
ezetimibe fi xed-dose combination in patients with hypercho-
lesterolemia and high CVD risk treated with maximally tol-
erated statin therapy. Eur J Prev Cardiol 2020; 27(6):593–603. 
doi:10.1177/2047487319864671 

23. Fitzgerald K, White S, Borodovsky A, et al. A highly durable RNAi 
therapeutic inhibitor of PCSK9. N Engl J Med 2017; 376(1):41–51. 
doi:10.1056/NEJMoa1609243

24. Raal FJ, Kallend D, Ray KK, et al. Inclisiran for the treatment of 
heterozygous familial hypercholesterolemia. N Engl J Med 2020; 
382(16):1520–1530. doi:10.1056/NEJMoa1913805

25. Ray KK, Wright RS, Kallend D, et al. Two phase 3 trials of inclisir-
an in patients with elevated LDL cholesterol. N Engl J Med 2020; 
382(16):1507–1519. doi:10.1056/NEJMoa1912387

26. Ray KK, Troquay RPT, Visseren FLJ, et al. Long-term effi cacy and 
safety of inclisiran in patients with high cardiovascular risk and ele-
vated LDL cholesterol (ORION-3): results from the 4-year open-label 
extension of the ORION-1 trial. Lancet Diabetes Endocrinol 2023; 
11(2):109–119. doi:10.1016/S2213-8587(22)00353-9  

27. National Heart, Lung, and Blood Institute Lipid Research Clinics Pro-
gram. The Lipid Research Clinics Coronary Primary Prevention trial 
results. I. Reduction in incidence of coronary heart disease. JAMA 
1984; 251(3):351–364. doi:10.1001/jama.1984.03340270029025 

28. Bempedoic acid and cardiovascular outcomes. Drug Ther Bull 2023 
Oct 13. doi:10.1136/dtb.2023.000054. Online ahead of print

29. Rubino J, MacDougall DE, Sterling LR, Hanselman JC, Nicholls SJ. 
Combination of bempedoic acid, ezetimibe, and atorvastatin in 
patients with hypercholesterolemia: a randomized clinical trial. 
Atherosclerosis 2021; 320:122–128.
doi:10.1016/j.atherosclerosis.2020.12.023

30. Cicero AFG, Fogacci F, Zambon A. Red yeast rice for hypercholester-
olemia: JACC focus seminar. J Am Coll Cardiol 2021; 77(5):620–628. 
doi:10.1016/j.jacc.2020.11.056

31. Makhmudova U, Schulze PC, Lütjohann D, Weingärtner O. Phy-
tosterols and cardiovascular disease. Curr Atheroscler Rep 2021; 
23(11):68. doi:10.1007/s11883-021-00964-x

32. Laffi n LJ, Bruemmer D, Garcia M, et al. Comparative effects of 
low-dose rosuvastatin, placebo, and dietary supplements on lipids 
and infl ammatory biomarkers. J Am Coll Cardiol 2023; 81(1):1–12. 
doi:10.1016/j.jacc.2022.10.013

33. Miller M, Stone NJ, Ballantyne C, et al. Triglycerides and cardio-
vascular disease: a scientifi c statement from the American Heart 
Association. Circulation 2011; 123(20):2292–2333.
doi:10.1161/CIR.0b013e3182160726

34. D’Andrea E, Hey SP, Ramirez CL, Kesselheim AS. Assessment of 
the role of niacin in managing cardiovascular disease outcomes: 
a systematic review and meta-analysis. JAMA Netw Open 2019; 
2(4):e192224. doi:10.1001/jamanetworkopen.2019.2224

35. Benn M, Watts GF, Tybjærg-Hansen A, Nordestgaard BG. Mutations 
causative of familial hypercholesterolaemia: screening of 98,098 
individuals from the Copenhagen General Population Study esti-
mated a prevalence of 1 in 217. Eur Heart J 2016; 37(17):1384–1394. 
doi:10.1093/eurheartj/ehw028 

36. Jeraj N, Huang S-HS, Kennedy BA, Hegele RA. Treatment of homo-
zygous familial hypercholesterolemia with evinacumab. CJC Open 
2021; 4(3):347–349. doi:10.1016/j.cjco.2021.11.009 

37. Navar AM, Mulder HM, Wojdyla DM, Peterson ED. Have the 
major cardiovascular outcomes trials impacted payer approval 
rates for PCSK9 inhibitors? Circ Cardiovasc Qual Outcomes 2020; 
13(1):e006019. doi:10.1161/CIRCOUTCOMES.119.006019

38. Ballantyne CM, Banka P, Mendez G, et al. Phase 2b randomized 
trial of the oral PCSK9 inhibitor MK-0616. J Am Coll Cardiol 2023; 
81(16):1553–1564. doi:10.1016/j.jacc.2023.02.018

39. Hofherr A, Nilsson CA, Rekic D. Abstract 9747: Safety, pharmaco-
kinetics and pharmacodynamics of multiple ascending doses of 
AZD8233, targeting PCSK9, in patients with dyslipidemia. Circula-
tion 2021; 144:A9747. https://www.ahajournals.org/doi/10.1161/
circ.144.suppl_1.9747. Accessed December 13, 2023.

40. Akoumianakis I, Zvintzou E, Kypreos K, Filippatos TD. ANGPTL3 and 
apolipoprotein C-III as novel lipid-lowering targets. Curr Atheroscler 
Rep 2021; 23(5):20. doi:10.1007/s11883-021-00914-7

41. Nurmohamed NS, Ditmarsch M, Kastelein JJP. Cholesteryl ester 
transfer protein inhibitors: from high-density lipoprotein cholester-
ol to low-density lipoprotein cholesterol lowering agents? Cardio-
vasc Res 2022; 118(14):2919–2931. doi:10.1093/cvr/cvab350

Address: Leslie S. Cho, MD, Section Head, Preventive Cardiology and 
Cardiac Rehabilitation, Department of Cardiovascular Medicine, JB-1, 
Cleveland Clinic, 9500 Euclid Avenue, Cleveland, OH 44195; chol@ccf.org

 on April 27, 2024. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/

