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The ultimate goal of lipid-lowering therapy is to reduce the risk of
atherosclerotic cardiovascular disease (ASCVD). Current choles-
terol guidelines1 recommend comprehensive assessment of all
ASCVD risk factors and a focus on lifestyle counseling. Several pa-
tient groups also derive clear benefit from cholesterol-lowering
drug therapy to reduce risk. Statins are first-line agents: initiation
is recommended for all patients treated for secondary prevention,
patients with familial hypercholesterolemia, and essentially all

adults aged 40 to 75 years with
diabetes. Consideration of statin
initiation is recommended in pa-
tients treated for primary pre-
vention with estimated 10-year
ASCVD risk of 7.5% or more, or

certain patients with estimated risk less than 7.5% and risk-
enhancing factors (eg, chronic kidney disease, low-density lipopro-
tein cholesterol [LDL-C] level >160 mg/dL, family history of prema-
ture CVD, or a chronic inflammatory condition). In patients with
familial hypercholesterolemia who cannot achieve LDL-C lower
than 100 mg/dL, or patients treated for secondary prevention who
cannot achieve LDL-C lower than 70 mg/dL, drugs like ezetimibe or
proprotein convertase subtilisin/kexin type 9 (PCSK-9) inhibitors can
be considered to reduce risk further.1

In the last 10 years there has been significant innovation in
lipid-lowering pharmacology. Thus, clinicians must become famil-
iar with a rapidly growing list of pharmaceutical options, mecha-
nisms of action, indications for use, interactions, and contraindi-
cations. This JAMA Insights article discusses widely used drugs
(statins, ezetimibe), and novel therapies, including PSCK-9 inhibi-
tors, bempedoic acid, icosapent ethyl, and inclisiran (eTable in the
Supplement).

Statins
The most commonly used drug class for LDL-C lowering has been
statins, owing to their widespread availability, low cost (average
price for generic statins, $9-$18/mo, with minimal out-of-pocket
costs), demonstrated efficacy, and excellent safety profile. Statins
inhibit HMG-CoA reductase, a key enzyme in cholesterol synthesis,
and reduce intrahepatic cholesterol levels, causing upregulation of
hepatic LDL receptors (LDL-R) and enhancing clearance of athero-
genic lipid particles from the blood. Increasing the expression of
hepatic LDL-R is a common mechanism for most of the drugs dis-
cussed herein and is a hallmark of therapies that have proven effec-
tive in reducing ASCVD events (eTable in the Supplement).2

Depending on potency and dose, statin therapy leads to 20% to
60% reductions in LDL-C in most patients. A consistent relative
ASCVD risk reduction of 20% to 25% per 39-mg/dL (1-mmol/L)
reduction in LDL-C has been demonstrated across most patient
subgroups, with low rates of rhabdomyolysis (1/10 000 per year)
and incident diabetes (1-3/10 000 person-years).3 Approximately
5% to 10% of patients experience statin-associated myalgias or
other skeletal muscle adverse effects, a dose-limiting sequela that

can be managed easily in most cases.1 Some patients do not
achieve adequate LDL-C reduction with maximally tolerated doses
of statin, so additional or alternative medications are sometimes
needed to optimize lipid profiles.

Ezetimibe
Ezetimibe reduces intestinal absorption of cholesterol, which causes
an increase in hepatic LDL-R and an average 10% to 20% reduction
in serum LDL-C levels. Given the complementary mechanism of ac-
tion, ezetimibe is often a reasonable first adjunctive medication to
statin therapy. In conjunction with a moderate-intensity statin, ezeti-
mibe lowered ASCVD risk by 2% in patients treated for secondary
prevention over 7 years of follow-up.4 It is unknown whether ezeti-
mibe monotherapy results in ASCVD risk reduction, but it is well tol-
erated in most patients. Ezetimibe is available as a generic and thus
may be a cost-effective adjunctive therapy in some patients (aver-
age price, $8-$30/mo, with generally low out-of-pocket costs).

PCSK-9 Inhibitors
PCSK-9 is a protein that marks LDL-R for degradation. Inhibiting
PCSK-9 causes an increase in LDL-R density and a subsequent de-
crease in serum cholesterol levels. Currently available PCSK-9 in-
hibitors are human monoclonal antibodies, administered in inject-
able form every 2 to 4 weeks. PCSK-9 inhibitor therapy reduces LDL-C
by 50% to 60% when administered as monotherapy or when added
to baseline statin therapy. In outcomes trials, PCSK-9 inhibitors were
associated with a 15% relative risk reduction (1.5% to 1.6% abso-
lute risk reduction at 4 years) when added to statin therapy in higher-
risk patients with LDL-C values above 70 mg/dL.5 PCSK-9 inhibi-
tors are well tolerated, with the only common adverse events being
injection site erythema (≈5% of participants) and malaise for a day
or two following an injection. Cost can be a limiting factor (average
price, $457-$523/mo, with highly variable out-of-pocket costs for pa-
tients), and access has been limited by payers.

Bempedoic Acid
Bempedoic acid is a recently approved, orally administered com-
pound that inhibits the same cholesterol biosynthetic pathway as
statins, leading to an upregulation in LDL-R density. Bempedoic acid
lowers LDL-C by about 20% and it has a low incidence of myalgias.6,7

Thus, bempedoic acid appears to be a good alternative or adjunc-
tive medication in patients who cannot tolerate adequate statin
doses or who do not achieve optimal LDL-C lowering with statins.
However, there are as of yet no ASCVD outcomes studies with this
drug. The current average price is approximately $360/mo, with very
limited coverage availability from most payers.

Icosapent Ethyl
Icosapent ethyl is a highly purified from of eicosapentaenoic acid
(EPA), which is a synthetic derivative of EPA, one of the predomi-
nant omega-3 fatty acids found in fish oil. The mechanism of action
of icosapent ethyl in reducing ASCVD risk is unclear. When added
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to statin therapy in patients treated for secondary or high-risk pri-
mary prevention with triglycerides between 135 and 500 mg/dL,
icosapent ethyl at a dose of 2 g orally, twice daily, reduced relative
ASCVD risk by 25% (4.8% absolute risk reduction over 4.8 years of
follow-up).8 Its effects on ASCVD risk do not appear to be ex-
plained through observed changes in lipid fractions, suggesting that
alternative mechanisms may explain its cardioprotective effects. Ma-
jor adverse effects were infrequent, with a slightly higher risk for atrial
fibrillation (1.4% absolute risk). Current average price is $83 to
$277/mo, with highly variable out-of-pocket costs for patients.9

The effects of icosapent ethyl do not appear to be generaliz-
able to all fish oil preparations because other trials of fish oil and EPA/
DHA formulations have not demonstrated ASCVD risk reductions
when added to statin therapy. This may be due to either differ-
ences in the chemical composition of icosapent ethyl, or more likely
differences in the higher effective dose of icosapent ethyl (4 g/d)
when compared with fish oil or other DHA/EPA preparation regi-
mens, which provide approximately 2 g/d of EPA.

Inclisiran
Inclisiran is an antisense oligonucleotide, a category of pharmaceu-
ticals that target specific messenger RNA sequences to disrupt trans-
lation and production of specific proteins. Inclisiran targets only in-
trahepatic PCSK-9 RNA. This drug is not yet available for clinical use,

but it is currently under consideration for US Food and Drug Admin-
istration approval. Clinical trials reveal durable 30% to 60% reduc-
tions in LDL-C with 1 to 3 injections administered over a 3-month pe-
riod, followed by dosing once every 6 months.10 Large ASCVD
outcome and safety trials (for example, the ORION-4 study:
NCT03705234) are ongoing, and adverse events are rare to date.
The infrequency of dosing (every 6 months, once loaded) makes in-
clisiran an intriguing potential lipid-management strategy that could
improve medication adherence and lead to more durable LDL-C low-
ering compared with daily oral medications.

Conclusions
In summary, novel therapies that optimize lipid metabolism are being
developed rapidly, with new options for reducing ASCVD risk across
a wide spectrum of patients. Limited outcomes data and high costs
reduce the enthusiasm for widespread uptake of some of these novel
therapies. Lifestyle modification and statin therapy should remain
the cornerstone of lipid-focused ASCVD prevention. However, when
lifestyle and statins are not enough to achieve adequate ASCVD risk
reduction, novel medications should be considered. Additional out-
comes data and guideline recommendations that consider effi-
cacy, safety, cost-effectiveness, and patient acceptability are forth-
coming. In the meantime, clinicians would do well to familiarize
themselves with the uses of these novel therapies.
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