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PREFACE

Chair, ACC Solution Set Oversight Committee

The American College of Cardiology (ACC) has a long
history of developing documents (eg, decision pathways,

1. INTRODUCTION

health policy statements, appropriate use criteria) to
provide members with guidance on both clinical and

In 2013, the ACC and American Heart Association (AHA)

nonclinical topics relevant to cardiovascular care. In most

published the Guideline on the Treatment of Blood

circumstances, these documents have been created to

Cholesterol to Reduce Atherosclerotic Cardiovascular Risk

complement clinical practice guidelines and to inform

in Adults (denoted as the 2013 ACC/AHA cholesterol

clinicians about areas where evidence is new and evolving

guideline in this document)2 along with a companion

or where sufﬁcient data is more limited. Despite this,

Guideline on the Assessment of Cardiovascular Risk in

numerous gaps persist, highlighting the need for more

asymptomatic individuals. 3

streamlined and efﬁcient processes to implement best
practices in patient care.

To reﬂect newer information on the use of ezetimibe
therapy as an adjunct to statin therapy in higher-risk pa-

Central to the ACC’s strategic plan is the generation of

tients, the ACC published the 2016 ACC Expert Consensus

actionable knowledge—a concept that places emphasis on

Decision Pathway on the Role of Non-statin Therapies for

making clinical information easier to consume, share,

LDL-Cholesterol Lowering in the Management of Athero-

integrate, and update. To this end, the ACC has shifted

sclerotic Cardiovascular Disease Risk (denoted as the 2016

from developing isolated documents to creating inte-

ACC nonstatin ECDP in this document).4 In 2017, cardio-

grated “solution sets.” These are groups of closely related

vascular outcomes data from the FOURIER (Further Car-

activities, policy, mobile applications, decision-support

diovascular Outcomes Research with PCSK9 Inhibition in

tools, and other resources necessary to transform care

Subjects with Elevated Risk) trial demonstrated that in-

and/or improve heart health. Solution sets address key

hibition of proprotein convertase subtilisin/kexin type 9

questions facing care teams and attempt to provide

(PCSK9) with evolocumab on a background of statin

practical guidance to be applied at the point of care. They

therapy was efﬁcacious in patients with stable athero-

use both established and emerging methods to dissemi-

sclerotic cardiovascular disease (ASCVD) and additional

nate information for cardiovascular conditions and their

high-risk features. 5 The 2017 Focused Update of the 2016

related management. The success of solution sets rests

ACC Expert Consensus Decision Pathway on the Role of

ﬁrmly on their ability to have a measurable impact on the

Non-statin Therapies for LDL-Cholesterol Lowering in the

delivery of care. Because solution sets reﬂect current ev-

Management of Atherosclerotic Cardiovascular Disease

idence and ongoing gaps in care, the associated tools will

Risk (denoted as the 2017 ACC nonstatin ECDP in this

be reﬁned over time to match changing evidence and

document) was published to provide more evidence-

member needs.

based guidance for incorporation of PCSK9 monoclonal

Expert Consensus Decision Pathways (ECDPs) repre-

antibodies (mAbs) into clinical practice. 6 The ODYSSEY

sent a key component of solution sets. Standard

Outcomes (Evaluation of Cardiovascular Outcomes After

methodology for developing an ECDP is as follows: for a

an Acute Coronary Syndrome During Treatment With

high-value topic that has been selected by the Science and

Alirocumab) trial, demonstrating the beneﬁts of PCSK9

Quality Committee and prioritized by the Solution Set

inhibition with alirocumab on a background of statin

Oversight Committee, a group of clinical experts is

therapy in patients with acute coronary syndrome (ACS),

assembled to develop content that addresses key ques-

was not published until 2018. However, due to U.S. Food

tions facing our members.1 This content is used to inform

and Drug Administration (FDA) approval of alirocumab

the development of various tools that accelerate real-time

for low-density lipoprotein cholesterol (LDL-C) lowering,

3
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Criteria for Deﬁning Patients at Very High Risk* of Future
ASCVD Events

TABLE 1

n

Consistent with expert guidance provided in the 2017
ACC nonstatin ECDP,

6

the 2018 AHA/ACC/multisociety

cholesterol guideline recommends use of an LDL-C

Major ASCVD Events

threshold of $70 mg/dL (1.8 mmol/L) to consider the

Recent ACS (within the past 12 months)

addition of nonstatin therapy to maximally tolerated

History of MI (other than recent ACS event listed above)

statin therapy in patients with ASCVD.7

History of ischemic stroke

n

Symptomatic PAD (history of claudication with ABI <0.85 or previous revascularization or
amputation)

Ezetimibe is recommended as the initial nonstatin
therapy in patients with clinical ASCVD who are
receiving maximally tolerated statin therapy and have

High-Risk Conditions

an LDL-C level $70 mg/dL.7

Age $65 years

n

Heterozygous familial hypercholesterolemia

In patients with clinical ASCVD who are judged to be at
very high risk and are being considered for PCSK9 mAb

History of prior coronary artery bypass surgery or percutaneous coronary intervention
outside of the major ASCVD event(s)

therapy, maximally tolerated LDL-C–lowering therapy
should include maximally tolerated statin therapy and

Diabetes

ezetimibe.7

Hypertension

n

CKD (eGFR 15-59 mL/min/1.73 m2)

The 2018 AHA/ACC/multisociety cholesterol guideline
includes the following value statement: “At mid-2018

Current smoking

list prices, PCSK9 mAbs have a low cost value

Persistently elevated LDL-C (LDL-C $100 mg/dL [$2.6 mmol/L]) despite maximally
tolerated statin therapy and ezetimibe

(>$150,000 per quality-adjusted life year [QALY])
compared with good cost value (<$50,000 per QALY).” 7

History of congestive HF
n

In patients with primary severe hypercholesterolemia

*Very high risk includes a history of multiple major ASCVD events or 1 major ASCVD event and
multiple high-risk conditions. Reprinted with permission from Grundy et al.7

LDL-C $190 mg/dL, recommendations are provided for

ABI ¼ ankle-brachial index; ACS ¼ acute coronary syndrome; ASCVD ¼ atherosclerotic cardiovascular disease; CKD ¼ chronic kidney disease; eGFR ¼ estimated glomerular ﬁltration rate; HF ¼
heart failure; LDL-C ¼ low-density lipoprotein cholesterol; MI ¼ myocardial infarction; PAD ¼
peripheral artery disease

the addition of ezetimibe, PCSK9 mAbs, or bile acid
sequestrants (BAS) (see Section 5.2). 7
n

In primary prevention patients at borderline or intermediate risk of ASCVD by the Pooled Cohort Equation
(PCE), the clinician-patient risk discussion should

recommendations were provided for both PCSK9 mAbs in

include risk-enhancing factors that may confer a higher

the 2017 ACC nonstatin ECDP.

risk state and may support a decision to initiate or

The 2018 AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/

intensify statin therapy (see Table 2). Risk-enhancing

AGS/APhA/ASPC/NLA/PCNA Guideline on the Management

of

Blood

Cholesterol

AHA/ACC/multisociety

(denoted

cholesterol

as

guideline

the
in

factors are useful for further personalizing the initial

2018

risk estimate based on patient-speciﬁc factors that are

this

not considered in the PCE and may carry greater life-

document) continued to endorse the net clinical bene-

time risk. Several risk-enhancing factors may also be

ﬁts of statin therapy in the 4 main patient management

speciﬁc targets of therapy beyond the risk factors in the

groups, the importance of the appropriate intensity of
statin therapy, achieving expected percent reductions
in LDL-C, and the role of the clinician-patient discussion and shared decision-making. However, there were
a number of key modiﬁcations or reﬁnements of recommendations from the 2013 ACC/AHA cholesterol
guideline:
n

PCE.7
n

In adults without diabetes and with LDL-C levels $70 to
189 mg/dL at a 10-year ASCVD risk of 7.5% to <20%, if
the decision about statin therapy is uncertain, it is
recommended to consider measuring coronary artery
calciﬁcation.7
n

If the coronary artery calcium (CAC) score is 0 AU, it

Patients with ASCVD were categorized into 1 of 2

is reasonable to withhold statin therapy and reassess

groups: not at very high risk or at very high risk. Very

in 5 to 10 years, as long as higher-risk conditions are

high-risk patients have a history of multiple major

absent (diabetes, family history of premature coronary heart disease, cigarette smoking);

ASCVD events or 1 major ASCVD event and multiple
high-risk conditions (see Table 1). Based on evidence

n

If the CAC score is 1 to 99 AU and less than the 75th

from IMPROVE-IT (IMProved Reduction of Outcomes:

percentile for the age/sex/race group, it is reason-

Vytorin Efﬁcacy International Trial), FOURIER, and

able to initiate statin therapy for patients $55 years
of age;

ODYSSEY Outcomes, this very high-risk group of patients has demonstrated cardiovascular beneﬁts from

n

If the CAC score is 100 AU or higher or in the 75th

the addition of ezetimibe, evolocumab, and alir-

percentile or higher for the age/sex/race group, it is

ocumab.5-9

reasonable to initiate statin therapy.
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Risk-Enhancing Factors for Clinician–Patient Risk
Discussion

ASCVD risk. This effort relies extensively on the evidence
base established by the 2013 ACC/AHA and 2018 AHA/
ACC/multisociety cholesterol guidelines and attempts to

Risk-Enhancing Factors

provide further recommendations for clinicians and pa-

n

Family history of premature ASCVD (men aged <55 years; women
aged <65 years)

n

Primary hypercholesterolemia (LDL-C 160-189 mg/dL [4.1-4.8 mmol/L);
non–HDL-C 190-219 mg/dL [4.9-5.6 mmol/L]*

n

Metabolic syndrome (increased waist circumference, elevated triglycerides [$150 mg/dL], elevated blood pressure, elevated glucose, and
low HDL-C [<40 mg/dL in men; <50 mg/dL in women] are factors; tally
of 3 makes the diagnosis

evidence. The goal was to provide practical guidance for

n

Chronic kidney disease (eGFR 15-59 mL/min/1.73 m 2 with or without
albuminuria; not treated with dialysis or kidney transplantation)

such time as the next round of guidelines can formally

n

Chronic inﬂammatory conditions such as psoriasis, RA, or HIV/AIDS

outcomes trials of newer agents for ASCVD risk reduction

n

History of premature menopause (before age 40 years) and history of
pregnancy-associated conditions that increase later ASCVD risk, such as
preeclampsia

are completed. Speciﬁcally, the ACC convened this

n

High-risk races/ethnicities (eg, South-Asian ancestry)

n

Lipids/biomarkers: Associated with increased ASCVD risk
n Persistently* elevated, primary hypertriglyceridemia ($175 mg/dL)
n If measured:
1. Elevated high-sensitivity C-reactive protein ($2.0 mg/L)
2. Elevated Lp(a): A relative indication for its measurement is
family history of premature ASCVD. An Lp(a) $50 mg/dL or $125
nmol/L constitutes a risk-enhancing factor, especially at higher
levels of Lp(a).
3. Elevated apoB ‡130 mg/dL: A relative indication for its measurement would be triglycerides $200 mg/dL. A level
$130 mg/dL corresponds to LDL-C $160 mg/dL and constitutes
a risk-enhancing factor
4. ABI <0.9

*Optimally, 3 determinations. Reprinted with permission from Grundy et al.7
ABI ¼ ankle-brachial index; AIDS ¼ acquired immunodeﬁciency syndrome; apoB ¼
apolipoprotein B; ASCVD ¼ atherosclerotic cardiovascular disease; eGFR ¼ estimated
glomerular ﬁltration rate; HDL-C ¼ high-density lipoprotein cholesterol; HIV ¼ human
immunodeﬁciency virus; LDL-C ¼ low-density lipoprotein cholesterol; Lp(a) ¼ lipoprotein (a); RA ¼ rheumatoid arthritis.

tients regarding use of newer nonstatin therapies. It
should be noted that this process did not involve formal
systematic reviews, grading of evidence, or synthesis of
clinicians and patients in situations not covered by the
2018 AHA/ACC/multisociety cholesterol guideline until
review recent scientiﬁc evidence and cardiovascular

writing committee to answer the following questions
regarding the use of nonstatin therapies:
1. In what patient populations should newer nonstatin
therapies be considered?
2. In what situations should newer nonstatin therapies be
considered; that is, when is the amount of LDL-C
lowering (percent LDL-C reduction or LDL-C range
achieved on therapy) less than anticipated, less than
desired, or inadequate, and which treatment options
should be considered in patients who are truly statin
intolerant?
3. If newer nonstatin therapies are to be added, which
therapies should be considered and in what order to
maximize patient beneﬁt and preference?

1.1.1. Newer Nonstatin Therapies
The 2018 AHA/ACC/multisociety cholesterol guideline

Bempedoic acid is a small molecule that inhibits ATP-

recommendations signiﬁcantly reﬁne personalization of

citrate lyase, an enzyme in the cholesterol synthesis

risk assessment in primary prevention, more accurately

pathway that is upstream of the rate-limiting enzyme

characterize the risk of recurrent ASCVD events in sec-

HMG CoA reductase. 10 This results in up-regulation of the

ondary prevention, and carefully guide clinicians in

LDL receptor with improved clearance of LDL and

matching the intensity of LDL-C–lowering therapies, both

reduction in blood LDL-C levels. Bempedoic acid is

statin and nonstatin therapies, to the patient’s level of

administered orally as a prodrug and is activated by very-

risk.

long-chain acyl-CoA synthetase-1, an enzyme present in

Since publication of the 2018 AHA/ACC/multisociety

liver cells, but not muscle cells. This has been considered

cholesterol guideline, 3 additional nonstatin therapies—

a possible advantage in patients with statin-associated

bempedoic

inclisiran—have

muscle symptoms. The CLEAR Tranquility (Evaluation of

received FDA approval for management of hypercholes-

the Efﬁcacy and Safety of Bempedoic Acid [ETC-1002] as

terolemia. While awaiting ongoing cardiovascular out-

Add-on to Ezetimibe Therapy in Patients With Elevated

acid,

evinacumab,

and

comes trials and subsequent revision of evidence-based

LDL-C) and CLEAR Serenity (Evaluation of the Efﬁcacy

guidelines, the ACC recognized that clinicians, patients,

and Safety of Bempedoic Acid in Patients With Hyperlip-

and payers may seek more speciﬁc recommendations on

idemia and Statin Intolerant) trials have demonstrated

when to use newer nonstatin therapies if the response to

that monotherapy with bempedoic acid 180 mg daily in

statin therapy, ezetimibe, and/or PCSK9 mAbs is deemed

patients with statin-associated muscle symptoms on no

inadequate.

statin therapy reduced LDL-C levels by approximately
24.5% compared with placebo.11-13 In patients with

1.1. Rationale for Expert Consensus Decision Pathway

ASCVD,

In 2021, the ACC convened this writing committee to

(HeFH), or multiple cardiovascular risk factors, bempe-

address current gaps in care for LDL-C lowering to reduce

doic acid added to statin therapy resulted in an additional

heterozygous

familial

hypercholesterolemia

5

6
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15% to 17.8% reduction in LDL-C.13-15 Bempedoic acid 180

of the LDL receptor. Evinacumab is a fully human mAb

mg is also available in a combination preparation with

that is an inhibitor of ANGPTL3. In view of the LDL

ezetimibe 10 mg. When this combination agent was

receptor-independent reduction of LDL-C, evinacumab

administered to patients with ASCVD, HeFH, or multiple

was initially evaluated in patients with homozygous fa-

ASCVD risk factors on statin therapy, there was an addi-

milial hypercholesterolemia (HoFH), who may have ab-

tional 38% reduction in LDL-C. 16 Bempedoic acid and the

sent or defective LDL receptors.20 The ELIPSE HoFH

ﬁxed-dose

FDA

(Evinacumab Lipid Studies in Patients with Homozygous

approved in 2020 and are indicated as an adjunct to diet

combination

with

ezetimibe

were

Familial Hypercholesterolemia) trial was a double-blind,

and maximally tolerated statin therapy for the treatment

placebo-controlled, phase 3 trial in which 65 patients

of adults with HeFH or ASCVD who require additional

with HoFH on stable lipid-lowering therapy with LDL-C

lowering of LDL-C.17 Slight increases in tendon rupture

$70 mg/dL were randomly assigned in a 2:1 ratio to

(0.5% vs. 0%), gout (1.5% vs. 0.4%), benign prostatic hy-

receive an intravenous (IV) infusion of evinacumab (at a

perplasia (1.3% vs. 0.1%), atrial ﬁbrillation (1.7% vs. 1.1%),

dose of 15 mg per kg of body weight) every 4 weeks or

and elevation of creatine kinase levels (1.0% vs. 0.6%)

placebo. The primary outcome was the percent change

have been observed in smaller trials to date, but the

from baseline in LDL-C at week 24. The mean baseline

clinical signiﬁcance may be clariﬁed in larger ongoing

LDL-C level in the 2 groups was 255 mg/dL, despite

trials. At the time of this ECDP, the multinational car-

maximum doses of background lipid-lowering therapy.

diovascular outcomes trial of bempedoic acid, CLEAR

There was a 47.1% relative reduction from baseline in

Outcomes (Evaluation of Major Cardiovascular Events in

LDL-C in patients treated with evinacumab, as compared

Patients With, or at High Risk for, Cardiovascular Disease

with an increase of 1.9% in the placebo group. The

Who Are Statin Intolerant Treated With Bempedoic Acid

between-group least-squares mean difference was –49.0

[ETC-1002] or Placebo), is in progress with expected

percentage points (95% conﬁdence interval [CI]: –65.0 to

completion in late 2022.18 In this trial, 14,014 individuals

–33.1 percentage points; P < 0.001); the between-group

aged 18-85 years with ASCVD or at high risk for ASCVD

least-squares mean absolute difference in the LDL-C was

and with statin intolerance and LDL-C $100 mg/dL have

–132.1 mg/dL (95% CI: –175.3 to –88.9 mg/dL; P < 0.001).

been randomized to bempedoic acid or placebo. The pri-

LDL-C was lower in the evinacumab group than in the

mary endpoint is the composite of cardiovascular death,

placebo group in patients with 2 null variants (–43.4%

nonfatal myocardial infarction (MI), nonfatal stroke, or

vs þ16.2%) as well as in those with non-null variants

coronary revascularization. Bempedoic acid is commer-

(–49.1% vs –3.8%). Adverse events were similar in the 2

cially available as a branded product, and cost and prior

groups. No patients discontinued either evinacumab or

authorization may represent challenges in its imple-

placebo due to an adverse event, and there were no

mentation. However, it is important to recognize that

deaths. Antidrug antibodies did not develop during the

many patients may not pay the full retail price, and a

treatment period in any of the patients.20 In 2021, evina-

patient assistance program and discount copay card are

cumab received FDA approval and is indicated as an

available for eligible patients. The availability of a com-

adjunct to other LDL-C–lowering therapies for the treat-

bination preparation of ezetimibe and bempedoic acid

ment of adult and pediatric patients, aged 12 years and

may be useful for patients who require additional LDL-C

older, with HoFH. 21 It is administered at a dose of 15 mg/

lowering and/or patients with adherence issues with

kg by IV infusion over approximately 1 hour once monthly

multidrug regimens.

(every 4 weeks). Although the safety and effectiveness of

Angiopoietin-like protein 3 (ANGPTL3) is a liver-

LDL-C lowering by evinacumab have been demonstrated

expressed, secreted protein and inhibitor of lipoprotein

in patients with other causes of hypercholesterolemia,

lipase and endothelial lipase, 2 of the main enzymes

including those with HeFH, current FDA approval in-

involved in lipoprotein metabolism. It plays a key role in

cludes only HoFH.22 The effects of evinacumab on

lipid metabolism by increasing the levels of triglycerides

cardiovascular morbidity and mortality have not been

and other lipids. Loss-of-function variants in ANGPTL3

studied. The cost of the drug itself may be covered

have been associated with very low levels of both LDL-C

under 3 options: 1) physician purchase through major

and triglycerides from birth and a 41% lower risk of cor-

medical beneﬁts (site of care buys evinacumab and

onary artery disease, despite the presence of low levels of

bills the patient’s health plan under medical beneﬁts);

high-density lipoprotein cholesterol (HDL-C).19 Both

2) specialty pharmacy through major medical beneﬁts

ANGPLT3 loss-of-function variants and ANGPTL3 phar-

(beneﬁts are assigned to a network specialty pharmacy,

macologic inhibition reduce LDL-C levels independently

which bills for the cost of evinacumab); or 3) specialty
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pharmacy through prescription drug beneﬁt (evinacumab

recommended

is covered under the pharmacy beneﬁt and the specialty

with maximally tolerated statin therapy, is 284 mg

pharmacy bills for the cost of the drug). There are

administered as a single subcutaneous injection initially,

also costs associated with administration of the infusion

again at 3 months, and then every 6 months thereafter.

that are billed through medical beneﬁts. The need

The effect of inclisiran on cardiovascular morbidity

for and cost of monthly IV infusion by a health care pro-

and mortality has not been determined. However, 2

vider may be barriers for individuals with HoFH. How-

cardiovascular outcomes trials, ORION-4 (A Randomized

ever, it is important to recognize that infusion support

Trial Assessing the Effects of Inclisiran on Clinical

programs or patient assistance options are available for

Outcomes Among People With Cardiovascular Disease)

eligible patients. Evinacumab is also being investigated

and VICTORION-2P (A Randomized, Double-blind, Pla-

for

cebo-controlled, Multicenter Trial, Assessing the Impact

treatment

of

patients

with

high

and

severe

hypertriglyceridemia. 23

dosage

of

inclisiran, in

combination

of Inclisiran on Major Adverse Cardiovascular Events in

Inclisiran is a long-acting, synthetic small interfering

Participants With Established Cardiovascular Disease), are

ribonucleic acid that selectively and catalytically silences

currently in progress. ORION-4 is being conducted at 180

the translation of PCSK9 messenger ribonucleic acid

clinical sites in the United Kingdom and the United States.

through binding to the ribonucleic acid-induced silencing

Approximately 15,000 participants aged 55 years or older

complex and inhibits hepatic translation of the PCSK9

with pre-existing ASCVD and LDL-C $100 mg/dL on

protein, thereby up-regulating LDL receptor density on

maximally tolerated statin therapy will be randomized to

hepatocytes. Thus, inclisiran inhibits production of

inclisiran sodium 300 mg or placebo (given by subcu-

PCSK9 at an intracellular level, unlike PCSK9 mAbs, which

taneous injection on the day of randomization, at 3

extracellularly bind to the protein once produced. It is

months, and then every 6 months) in a 1:1 ratio for a

important to note that PCSK9 mAbs were previously

planned median duration of about 5 years. The primary

referred to as PCSK9 inhibitors or PCSK9i. In view of the

endpoint is a composite of coronary heart disease death,

development of inclisiran, which also inhibits PCSK9,

nonfatal MI, fatal or nonfatal ischemic stroke, or urgent

terminology in this document is PCSK9 mAbs for evolo-

coronary revascularization procedure.27 VICTORION-2P is

cumab and alirocumab. As the ﬁrst and only small inter-

being conducted in approximately 15,000 participants in

fering ribonucleic acid targeting PCSK9, inclisiran is

the United States, Canada, and Europe. Participants

currently referred to by drug name.

aged $40 years have established ASCVD, are on high-

In a pooled patient-level analysis of 3,660 patients in

intensity statin therapy (with or without ezetimibe), and

phase 3 trials of inclisiran (ORION-9 [Trial to Evaluate the

have LDL-C $70 mg/dL. The primary endpoint is major

Effect of Inclisiran Treatment on Low Density Lipoprotein

adverse cardiac events, including CV death, nonfatal MI,

Cholesterol in Subjects With Heterozygous Familial Hy-

and nonfatal ischemic stroke.

percholesterolemia and Atherosclerotic Cardiovascular

There are no head-to-head comparisons of the PCSK9

Disease], ORION-10 [Inclisiran for Participants With

mAbs and inclisiran, although when comparing similarly

Atherosclerotic Cardiovascular Disease and Elevated Low-

designed trials, the LDL-C–lowering response to inclisiran

density Lipoprotein Cholesterol], and ORION-11 [Incli-

appears to be approximately 10% less than that seen with

siran for Subjects With ASCVD or ASCVD-Risk Equivalents

the PCSK9 mAbs. The twice-yearly administration by

and Elevated Low-density Lipoprotein Cholesterol]), the

subcutaneous injection after the initial 2 doses at baseline

drug demonstrated a mean placebo-corrected change in

and 3 months is a potentially attractive aspect of this

LDL-C at day 510 of 50.7% (95% CI: 52.9% to 48.4%;

therapy, particularly in patients with adherence concerns.

P < 0.0001). The corresponding time-adjusted mean

It should be noted that health plan coverage may vary for

change in LDL-C was 50.5% (95% CI: 52.1% to 48.9%;

inclisiran, as it must be administered by a clinician and is

P < 0.0001). Injection site reactions were more frequent

billed under medical beneﬁt rather than pharmacy beneﬁt

with inclisiran than with placebo (5.0% vs 0.7%) but were

coverage. Current cost of therapy with inclisiran in the

predominantly mild, and none was severe or persistent.

initial year of therapy is higher than annual costs of the

Safety was otherwise similar in both groups. 24,25 Inclisiran

PCSK9 mAbs, but the cost difference is less in subsequent

was FDA approved in December 2021 and is indicated

years. However, it is important to recognize that many

as an adjunct to diet and maximally tolerated statin

patients may not pay full price, and a patient assistance

therapy for the treatment of adults with HeFH or

program and copay support are available for eligible

ASCVD who require additional lowering of LDL-C.26 The

patients.
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2. METHODS

transparency, a comprehensive list of disclosure information for the writing group, including relationships not

2.1. Background

pertinent to this document, is available in a Supplemental

In 2013, the ACC launched “LDL: Address the Risk” as a

Appendix. Writing committee members are discouraged

multistakeholder quality initiative designed to improve

from acquiring relevant RWI throughout the writing

patient outcomes by driving awareness of gaps in

process.

lipid management and the importance of managing

The writing committee began its deliberations by

LDL-related risk. On September 16, 2015, the second LDL:

endorsing the construct of the 4 patient management

Address the Risk Think Tank was convened to bring

groups identiﬁed by the 2018 AHA/ACC/multisociety

together expert clinicians along with a broad set of

cholesterol guideline (see Figure 1). 2 The writing com-

stakeholders

health

mittee then considered the potential for net ASCVD risk-

plans, pharmacy beneﬁt managers, drug manufacturers,

reduction beneﬁt of the use or addition of nonstatin

electronic health record vendors, and health systems

therapies in each of the 4 groups. Within each of these

to discuss the newest developments in management of

groups, higher-risk subgroups were considered sepa-

dyslipidemia and to consider implications for the care

rately, given the potential for differences in the approach

of high-risk patients with dyslipidemia. Participants in

to combination therapy in each of these unique groups.

from

patient

advocacy groups,

this LDL: Address the Risk Think Tank identiﬁed the

Lifestyle intervention: In agreement with the 2013

need for expert consensus guidance regarding the incor-

ACC/AHA and 2018 AHA/ACC/multisociety cholesterol

poration of nonstatin therapies (ezetimibe and PCSK9

guidelines, for all patient groups, the current consensus

mAbs) into treatment strategies for higher-risk patients as

emphasizes that lifestyle modiﬁcations (ie, adherence to a

a critical gap in clinical care. The 2017 ACC nonstatin

heart-healthy diet, regular exercise habits, avoidance of

ECDP was subsequently published and helped to inform

tobacco products, and maintenance of a healthy weight)

the 2018 AHA/ACC/multisociety cholesterol guideline. 6,7

remain critical components of ASCVD risk reduction, both

With the rapid development and commercial availability

before and in concert with the use of cholesterol-lowering

and changes in pricing and access to newer nonstatin

drug therapies. Dietary adjuncts for lowering atherogenic

agents (bempedoic acid, evinacumab, and inclisiran),

cholesterol may also be considered for patients with

the ACC convened this writing committee for the 2022

dyslipidemia, including phytosterols and viscous soluble

ACC Expert Consensus Decision Pathway on the Role of

dietary ﬁbers.28 In addition, referral to a registered die-

Nonstatin Therapies for LDL-Cholesterol Lowering in the

titian (RD)/registered dietitian nutritionist (RDN) may be

Management of Atherosclerotic Cardiovascular Disease

considered to improve understanding of heart-healthy

Risk to provide guidance for implementation of these

dietary principles and individualize nutrition recom-

newer nonstatin therapies.

mendations. Adherence to lifestyle modiﬁcations should
be regularly assessed at the time of initiation or modiﬁ-

2.2. Process

cation of statin therapy and during monitoring of ongoing

The ACC and the Solution Set Oversight Committee

therapy. As this ECDP speciﬁcally addresses consider-

recognize the importance of avoiding real or perceived

ations for the incorporation of nonstatin therapies in

relationships with industry (RWI) or other entities that

selected high-risk patient populations, it is critical that

may affect clinical policy. The ACC maintains a database

the clinician assess and reinforce adherence to intensive

that tracks all relevant relationships for ACC members and

lifestyle changes before the initiation of these additional

persons who participate in ACC activities, including those

agents. The reader is referred to the 2021 Dietary Guid-

involved in the development of ECDPs. ECDPs follow ACC

ance to Improve Cardiovascular Health: A Scientiﬁc

RWI policy in determining what constitutes a relevant

Statement from the American Heart Association and the

relationship, with additional vetting by the Solution Set

2019 ACC/AHA Guideline on the Primary Prevention of

Oversight Committee.

Cardiovascular Disease: Executive Summary: A Report of

ECDP writing groups must be chaired or cochaired by
an individual with no relevant RWI. Although vice chairs

the ACC/AHA Task Force on Clinical Practice Guidelines
for comprehensive recommendations.29,30

and writing group members may have relevant RWI, they

Monitoring of response to LDL-C–lowering therapies:

must constitute less than 50% of the writing group.

In agreement with the 2013 ACC/AHA and 2018 AHA/ACC/

Relevant disclosures for the writing group and compre-

multisociety guidelines, the writing committee recom-

hensive disclosures for external peer reviewers can be

mends the use of an initial fasting lipid panel (total

found in Appendixes 1 and 2. To ensure complete

cholesterol, triglycerides, HDL-C, and LDL-C), followed by
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a second lipid panel 4 to 12 weeks following initiation of

available scientiﬁc evidence for net ASCVD risk-reduction

statin therapy, to determine a patient’s adherence and

beneﬁt, safety and tolerability, potential for drug-drug

response to statin therapy. Thereafter, assessments

interactions, efﬁcacy of additional LDL-C lowering, cost,

should be performed every 3 to 12 months as clinically

convenience and medication storage, pill burden, fre-

indicated. Adherence to both medication and lifestyle

quency and route of administration, potential to jeopar-

regimens is required for maximal ASCVD risk reduction.

dize

When any modiﬁcation is made to LDL-C–lowering ther-

importantly, patient preferences. Before initiation of

apy, including intensiﬁcation of lifestyle intervention,

combination therapy, and in assessment of the value of

increase in statin therapy intensity, or the addition of

dose adjustment or addition of further drug therapies, it is

nonstatin therapies, the writing committee recommends

imperative for clinicians and patients to engage in a dis-

adherence

to

evidence-based

therapies,

and,

the use of a fasting lipid panel 4 to 12 weeks after treat-

cussion that addresses the potential for net beneﬁt,

ment modiﬁcation to determine a patient’s adherence and

including absolute ASCVD risk-reduction beneﬁts and

response to therapy. Thereafter, assessments should be

potential harms, prescribing considerations, and patient

performed every 3 to 12 months as clinically indicated.

preferences for treatment (see Table 4). Of note, BAS may

Approaches to statin-associated side effects: Because

be considered as an optional alternative agent for those

the overwhelming body of evidence for ASCVD risk

with ezetimibe intolerance and with triglycerides <300

reduction with lipid-lowering therapies is from statin

mg/dL or due to patient preferences, but there is no evi-

randomized controlled trials (RCTs), evidence-based

dence for a net cardiovascular risk reduction beneﬁt of

statin therapy of appropriate intensity is recommended

BAS in addition to statin therapy. BAS are, therefore,

as ﬁrst-line therapy in all 4 patient management groups.

noted generally as an option in the footnotes of the

However, following initiation of statin therapy, some in-

algorithms.

dividuals may experience unacceptable adverse effects

The writing committee undertook an iterative process

when taking the recommended intensity of statin ther-

to identify higher-risk patient subgroups among each of

apy, the most commonly reported being muscle-related

the patient management groups that should be consid-

symptoms.31 The incidence of statin intolerance is rela-

ered for additional LDL-C–lowering therapies, the appro-

tively low in large RCTs, and evidence from the SAMSON

priate strategies that should be considered for each group,

(Self-Assessment

Or

and the order in which those strategies should be

Nocebo) and ASCOT-LLA (Anglo-Scandinavian Cardiac

considered. In some cases, criteria for higher-risk sub-

Method

for

Statin

Side-effects

Outcomes) trials demonstrates that the majority of

groups were previously identiﬁed in the 2018 ACC/AHA/

symptoms may be related to a “nocebo” effect.32,33 In

multisociety cholesterol guideline, such as the “at very

view of the challenges of managing patients with

high risk” subgroup in patients with existing ASCVD, and

perceived statin-associated side effects (SASEs), the

the “risk-enhancing factors” identiﬁed for primary pre-

availability of a number of nonstatin therapies, cost

vention. In other cases (eg, for patients with diabetes,

concerns, consideration of frequency and routes of

familial hypercholesterolemia [FH] phenotype, or with

administration, patient preferences, and variations in

measured CAC scores) high-risk features were chosen by

approved indications for newer therapies, the writing

consensus of the ECDP writing committee, based on the

committee felt that expert guidance on the use of non-

review of available evidence. In addition, the writing

statin therapies in such patients is needed. An algorithm

committee considered the current evidence base for each

for management of patients with SASEs in each of the

nonstatin therapy, with a preference for those therapies

patient management groups is provided in this update

that have an evidence base that includes demonstrated

(see Section 5.6).

reduction in ASCVD events in well-designed and well-

Nonstatin therapies: Currently available strategies and

conducted RCTs, rather than evidence derived solely

therapies that are considered in this ECDP for the man-

from observational studies or studies using intermediate

agement of LDL-C–related ASCVD risk are described in

surrogate endpoints, such as LDL-C lowering. The writing

Table 3.

committee ﬁrst considered a base case of a patient

As outlined in Table 3, and reﬂected in the algorithms

without signiﬁcant comorbidities within each of the 4

shown later, there are important considerations in the

patient management beneﬁt groups. The appropriate

choice of nonstatin therapies that may make a treatment

strategies and the order of consideration were ﬁrst

modality

populations

determined for these patients. Once the writing commit-

(eg, pregnant women, elderly patients, patients with

tee reached consensus on this scenario, members under-

diabetes). These considerations include the extent of

took an iterative process of discussion and consideration

preferable

in

speciﬁc

patient
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Strategies and Nonstatin Agents Considered for Management of LDL-Related ASCVD Risk

Strategy/Agent

Comments

Referral to another clinician
Consider referring any patient with ASCVD and/or baseline LDL-C $190 mg/dL, baseline LDL-C $190 mg/dL, or
intolerance to at least 2 (preferably 3) statin therapies with 1 attempt at the lowest FDA-approved dose and a trial of
an alternative statin therapy regimen (eg, every-other-day dosing)
n Referral is recommended for patients with ASCVD and baseline LDL-C $190 mg/dL who did not achieve Y LDL-C
$50% and LDL-C <70 mg/dL (or non–HDL-C <100 mg/dL) on maximally tolerated statin therapy in combination with
nonstatin therapy
n May also consider referring other patients unable to achieve adequate LDL-C reduction
n Considerations in referring: Lipid specialists may be available for virtual visits for patients in some rural or remote
locations

Referral to lipid specialist

n

Referral to RD/RDN

n

Consider referring any patient with ASCVD and/or baseline LDL-C $190 mg/dL, or baseline LDL-C $190 mg/dL
Referral is recommended for patients with ASCVD and baseline LDL-C $190 mg/dL who did not achieve Y LDL-C
$50% and LDL-C <70 mg/dL (or non–HDL-C <100 mg/dL) on maximally tolerated statin therapy in combination with
nonstatin therapy
n May also consider referring other patients unable to achieve adequate LDL-C reduction
n

Nonstatin agents that may be used to manage LDL-related ASCVD risk
Ezetimibe34

n
n

n
n
n
n

n
n
n
n

n

PCSK9 mAb (alirocumab,36
evolocumab37)

Mechanism of action: Inhibits NPC1L1 protein; reduces cholesterol absorption in small intestine.
FDA-approved indication(s): As adjunct to diet to: 1) Y TC, LDL-C, ApoB, non–HDL-C in patients with primary
hyperlipidemia, either alone or in combination with statin therapy; 2) Y TC, LDL-C, ApoB, non–HDL-C in patients with
mixed hyperlipidemia in combination with fenoﬁbrate; 3) Y TC, LDL-C with HoFH, in combination with atorvastatin or
simvastatin; and 4) Y sitosterol and campesterol in patients with homozygous sitosterolemia (phytosterolemia)
Dose: 10 mg orally daily, with or without food. Take either $2 h before or $4 h after BAS, if used in combination
Mean % reduction in LDL-C (per PI): Monotherapy—18%; combination therapy with statin therapy (incremental
reduction)—25%
Contraindication: History of hypersensitivity to this medication.
Warnings/precautions:
1. Not recommended in patients with moderate/severe hepatic impairment.
2. Persistent elevations in hepatic transaminases may occur with concomitant statin therapy. Monitor hepatic
transaminases before and during treatment based on monitoring recommendations for statin therapy.
3. Cases of myopathy and rhabdomyolysis have been reported when ezetimibe was used alone or in combination with
statin therapy.
Adverse effects: Monotherapy—upper respiratory tract infection, diarrhea, arthralgia, sinusitis, pain in extremities. In
combination with statin—nasopharyngitis, myalgia, upper respiratory tract infection, arthralgia, diarrhea
Use during pregnancy/lactation: No safety data in humans; avoid use
Drug–drug interactions: Cyclosporine, ﬁbrates, BAS
CV outcomes trials: IMPROVE-IT 8 (The addition of ezetimibe to moderate-intensity statin therapy in patients with
recent ACS resulted in incremental lowering of LDL-C and reduced the primary composite endpoint of CV death,
nonfatal MI, UA requiring rehospitalization, coronary revascularization [$30 days after randomization], or nonfatal
stroke. The median follow-up was 6 years); SHARP 35 (Simvastatin plus ezetimibe reduced LDL-C and reduced the
primary endpoint of ﬁrst major ASCVD event [nonfatal MI or CHD death, nonhemorrhagic stroke, or any arterial
revascularization procedure] compared with placebo in patients with CKD over a median follow-up of 4.9 years)
Other prescribing considerations: Generally well tolerated. Generic available

n

Mechanism of action: Human mAb to PCSK9. Binds to PCSK9 and increases the number of LDL receptors available to
clear circulating LDL-C
n FDA-approved indication(s):
Alirocumab and evolocumab: 1) Y LDL-C in adults with primary hyperlipidemia (including HeFH) as adjunct to diet, either
alone or in combination with other lipid-lowering therapies
Alirocumab: 1) Y risk of MI, stroke, and unstable angina requiring hospitalization in adults with ASCVD; 2) Y LDL-C in
adults with HoFH as adjunct to other LDL-C–lowering therapies
Evolocumab: 1) Y risk of MI, stroke, and coronary revascularization in adults with ASCVD; 2) Y LDL-C in pediatric patients
(aged $10 years) with HeFH as adjunct to diet and other LDL-C–lowering therapies; 3) Y LDL-C in adults and pediatric
patients (aged $10 years) with HoFH as adjunct to diet and other LDL-C–lowering therapies
n Dose and route of administration:
Alirocumab: Administer SC in the thigh, abdomen, or upper arm. In adults with ASCVD or primary hyperlipidemia: initiate
75 mg SC every 2 weeks. If more LDL-C reduction needed, may [ dose to 150 mg every 2 weeks. Alternative starting
dose is 300 mg SC every 4 weeks. For the 300-mg dose, administer 2 (150-mg) injections consecutively at 2 different
injection sites. In adults with HeFH undergoing LDL apheresis or adults with HoFH, administer 150 mg SC every
2 weeks

Evolocumab: Administer SC in the thigh, abdomen, or upper arm. In adults with ASCVD, adults with primary hypercholesterolemia, including with established clinical ASCVD or HeFH, or in pediatric patients (aged $10 years) with
HeFH, administer 140 mg SC every 2 weeks or 420 mg SC once monthly in abdomen, thigh, or upper arm. In adults or
pediatric patients (aged $10 years) with HoFH, administer 420 mg SC once monthly; if more LDL-C reduction is
needed after 12 weeks, may [ dose to 420 mg every 2 weeks. In adults or pediatric patients (age $10 years) with
HoFH on LDL apheresis, may initiate 420 mg SC every 2 weeks to correspond with apheresis schedule; evolocumab
should be given after apheresis is complete. To administer 420-mg dose, either use the preﬁlled single-dose on-body
infuser or give 3 (140-mg) injections consecutively within 30 min.
Continued on the next page
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Continued

Strategy/Agent

Comments
n

Mean % LDL-C reduction (per PI):
Alirocumab: when added to maximally tolerated statin therapy, alirocumab 75 mg and 150 mg SC every 2 weeks Y LDL-C
by an additional 45% and 58%, respectively, when added to maximally tolerated statin therapy.
Evolocumab: 140 mg every 2 weeks and 420 mg SC every 4 weeks, Y LDL-C by an additional 64% and 58%, respectively.
n

Contraindication: History of hypersensitivity to the medication.
Warnings/precautions: Hypersensitivity reactions occurred during clinical trials. If a serious hypersensitivity reaction
occurs, discontinue therapy; treat according to standard of care; monitor until signs and symptoms resolve.
n Adverse effects:
Alirocumab: In patients with primary hyperlipidemia: nasopharyngitis, injection site reactions, inﬂuenza; in patients with
ASCVD: noncardiac chest pain, nasopharyngitis, myalgia. No evidence of increase in cognitive adverse effects
observed in ODYSSEY Outcomes or CANTAB. 9,38
n

Evolocumab: In patients with primary hyperlipidemia: nasopharyngitis, upper respiratory tract infection, inﬂuenza, back
pain, and injection site reactions; in patients with ASCVD: diabetes, nasopharyngitis, upper respiratory tract infection.
No evidence of an increase in cognitive adverse effects observed in FOURIER or EBBINGHAUS. 5,39
n

Use during pregnancy/lactation: No safety data in humans; avoid use.
Drug-drug interactions: No clinically signiﬁcant drug-drug interactions identiﬁed for alirocumab or evolocumab
n CV outcomes trials:
Alirocumab: ODYSSEY Outcomes9 in 18,600 post-ACS (4-52 weeks) patients on evidence-based statin therapy;
Demonstrated that addition of alirocumab reduced the primary endpoint of CHD death, MI, ischemic stroke, or
hospitalization for UA.
n

Evolocumab: FOURIER5 in 27,564 patients with prior MI, stroke, or PAD on atorvastatin $20 mg or equivalent;
Demonstrated that addition of evolocumab reduced the primary endpoint of CV death, MI, stroke, revascularization,
or hospitalization for unstable angina.
n

Other prescribing considerations: Robust LDL-C reduction, cost, SC administration at home, may require prior
authorization.
Evolocumab: Advise latex-sensitive patients that the needle covers on the products contain latex.
Bempedoic acid40

n

n
n
n
n
n

n
n

n
n
n

Bempedoic acid and
ezetimibe41

n
n
n
n
n
n
n

Mechanism of action: ACL inhibitor; inhibits cholesterol synthesis in the liver; increases LDL receptor density.
Bempedoic acid and its active metabolite require coenzyme A activation by ACSVL1, which is expressed primarily in
the liver.
FDA-approved indication(s): Y LDL-C in adults with ASCVD or HeFH as adjunct to diet and maximally tolerated statin
therapy.
Dose: 180 mg orally once daily, with or without food.
Mean % reduction in LDL-C (per PI): Combination therapy with statin therapy (placebo-corrected incremental
reduction)—17%-18%.
Contraindication: none
Warnings/precautions: 1) May [ serum uric acid. Advise patients to contact their clinician if symptoms of hyperuricemia occur. Assess serum uric acid when clinically indicated. Monitor patients for signs and symptoms of hyperuricemia, and initiate treatment with urate-lowering drugs, as appropriate. Assess uric acid level before initiation
and if signs and symptoms of hyperuricemia occur. 2) Discontinue immediately if the patient experiences rupture of a
tendon. Consider discontinuing if the patient experiences joint pain, swelling, or inﬂammation. Advise patients to rest
at the ﬁrst sign of tendinitis or tendon rupture and to contact their health care provider if tendinitis or tendon rupture
symptoms occur. Consider alternative therapy in patients with a history of tendon disorders or tendon rupture. 17
Adverse effects: Upper respiratory tract infection, muscle spasms, hyperuricemia, back pain, abdominal pain or
discomfort, bronchitis, pain in extremity, anemia, elevated liver enzymes.
Use during pregnancy/lactation: Discontinue when pregnancy is recognized unless the beneﬁts of therapy outweigh
the potential risks to the fetus. There are no available data on use in pregnant women to evaluate for a drugassociated risk of major birth defects, miscarriage, or adverse maternal or fetal outcomes.17
Drug–drug interactions: Avoid concomitant simvastatin >20 mg daily or pravastatin >40 mg daily.
CV outcomes trials: CV outcomes trials not completed. CLEAR Outcomes trial completion expected later in 2022.
Other prescribing considerations: cost; pill burden; requires prior authorization
Refer to section on ezetimibe for information speciﬁc to this agent.
Mechanism of action: See the mechanisms of action for bempedoic acid and ezetimibe included in this table.
FDA-approved indication(s): Y LDL-C in adults with ASCVD or HeFH as adjunct to diet and maximally tolerated statin
therapy.
Dose: 1 tablet (180 mg bempedoic acid/10 mg ezetimibe) orally, once daily, with or without food. Swallow whole.
Take either $2 hours before or $4 hours after BAS, if used in combination.
Mean % reduction in LDL-C (per PI): Combination therapy with statin therapy (placebo-corrected incremental
reduction)—38%.
Contraindication: History of hypersensitivity to ezetimibe.
Warnings/precautions:
1. May [ serum uric acid. Advise patients to contact their clinician if symptoms of hyperuricemia occur. Assess serum
uric acid when clinically indicated. Monitor patients for signs and symptoms of hyperuricemia, and initiate
treatment with urate-lowering drugs as appropriate. Assess uric acid level before initiation and if signs and
symptoms of hyperuricemia occur.
2. Discontinue immediately if the patient experiences tendon rupture. Consider discontinuing if the patient experiences joint pain, swelling, or inﬂammation. Advise patients to rest at the ﬁrst sign of tendinitis or tendon rupture
and to contact their health care provider if tendinitis or tendon rupture symptoms occur. Consider alternative
therapy in patients with a history of tendon disorders or tendon rupture. 17
Continued on the next page
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Adverse effects: Upper respiratory tract infection, muscle spasms, hyperuricemia, back pain, abdominal pain or
discomfort, bronchitis, pain in extremities, anemia, elevated liver enzymes, diarrhea, arthralgia, sinusitis, fatigue,
inﬂuenza. Consider alternative therapy if history of tendon disorder or rupture; discontinue immediately if tendon
rupture occurs.
Use during pregnancy/lactation: Discontinue when pregnancy is recognized unless the beneﬁts of therapy outweigh
the potential risks to the fetus. There are no available data on use in pregnant women to evaluate for a drugassociated risk of major birth defects, miscarriage, or adverse maternal or fetal outcomes. 42
Drug–drug interactions: Cyclosporine; ﬁbrates. Avoid concomitant simvastatin >20 mg daily or pravastatin >40 mg
daily.
CV outcomes trials: CV outcomes trials for bempedoic acid not completed. Completion of CLEAR Outcomes trial
expected later in 2022. CV outcomes trial will not be required for ﬁxed-dose combination of ezetimibe and
bempedoic acid.
Prescribing considerations: Y LDL-C within the range of moderate-intensity statin therapy; cost; requires prior
authorization
Mechanism of action: siRNA targeting PCSK9; inhibits PCSK9 production in liver, thereby prolonging activity of LDL
receptors.
FDA-approved indication(s): Y LDL-C in adults with ASCVD or HeFH as adjunct to diet and maximally tolerated statin
therapy.
Dose: Administer 284 mg SC on day 1, day 90, and then every 6 months by a clinician.
Mean % reduction in LDL-C (per PI): 48%-52%
Contraindications (per PI): None
Warnings/precautions (per PI): None
Adverse effects: Injection site reaction, arthralgia, urinary tract infection, diarrhea, bronchitis, pain in extremities,
dyspnea
Use during pregnancy/lactation: No safety data in humans; avoid use.
Drug–drug interactions (per PI): None
CV outcomes trials: CV outcomes trials not yet completed. ORION-4 currently in progress with estimated completion
in 2026. VICTORION-2P currently in progress with estimated completion in 2027.
Other prescribing considerations: robust LDL-C reduction, cost, requires SC administration by a clinician, requires
prior authorization.

n

Mechanism of action: Nonabsorbed, lipid-lowering polymer that binds bile acids in the intestine and impedes their
reabsorption. As the bile acid pool Y, the hepatic enzyme cholesterol 7-a-hydroxylase is up-regulated, which [
conversion of cholesterol to bile acids. This causes [ demand for cholesterol in the liver cells, resulting in the dual
effect of increasing transcription and activity of the cholesterol biosynthetic enzyme HMG-CoA reductase and [
numbers of hepatic LDL receptors. These compensatory effects result in [ clearance of LDL particles from the blood,
in turn resulting in Y serum LDL-C levels. Serum TG levels may [ or remain unchanged.
n FDA-approved indication(s):
Colesevelam: As an adjunct to diet and exercise to 1) Y LDL-C in adults with primary hyperlipidemia; 2) [ glycemic
control in adults with type 2 diabetes; 3) Y LDL-C in boys and post-menarchal girls (aged 10-17 years) with HeFH who
are unable to reach LDL-C targets after an adequate trial of diet therapy and lifestyle modiﬁcations. Cholestyramine,
colestipol: Y LDL-C with primary hyperlipidemia, as adjunct to diet
n Dose and route of administration:
Colesevelam: Tablets: 6 tablets orally once daily or 3 tablets orally twice daily; take tablets with a meal and liquid.
Suspension: one 3.75-g packet orally daily, or one 1.875-g packet orally twice daily; mix powder with 8 ounces of
water, fruit juice, or soft drink; take with meal.

3.75 g is equivalent to 6 tablets. 1.875 g is equivalent to 3 tablets;
Cholestyramine: 8-16 g/day orally, divided into 2 doses;
Colestipol: 2-16 g/day orally, given once or in divided doses
n Mean % LDL reduction (per PI):
Colesevelam: Monotherapy—15% (6 tablets daily); in combination with low- to moderate-intensity statin therapy—
additional 10%-16% reduction in LDL-C (data from simvastatin 10 mg, atorvastatin 10 mg). Cholestyramine:
Monotherapy—10.4% vs placebo.

Colestipol: not provided in PI. In dose-ranging RCT with monotherapy, doses of 5, 10, and 15 g resulted in 16.3%, 22.8%,
and 27.2% reductions in LDL-C, respectively 46
n Contraindications (per PI):
Colesevelam: TG >500 mg/dL; history of hypertriglyceridemia-induced pancreatitis; bowel obstruction.

Cholestyramine: History of serious hypersensitivity to this medication.
Colestipol: Complete biliary obstruction, history of serious hypersensitivity to this medication.
n

Warnings/precautions: May [ TG and cause acute pancreatitis, monitor TG, discontinue if signs and symptoms of
acute pancreatitis occur; may cause GI obstruction, avoid with gastroparesis, other GI motility disorders, and history
of major GI tract surgery with risk for bowel obstruction; may cause vitamin K or fat-soluble vitamin deﬁciencies, oral
vitamins should be given $4 hours before this medication; may decrease absorption of other medications, other
medications should be given $4 hours before this medication. Some products contain phenylalanine, which may be
harmful to patients with phenylketonuria.
Continued on the next page
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Adverse effects: Constipation, dyspepsia, and nausea.
Use during pregnancy/lactation: Considered safe to use
n Drug-drug interactions: In general, BAS may decrease absorption of other medications; it is a good practice for all
other medications to be given $4 hours before BAS. Concomitant use of BAS is known to decrease absorption of
cyclosporin, oral contraceptives containing ethinyl estradiol and norethindrone, olmesartan, phenytoin, sulfonylureas, thyroid replacement therapy, warfarin; give these medications $4 hours before BAS. For patients on warfarin,
monitor INR frequently during BAS initiation and then periodically. Cholestyramine may increase exposure to metformin; monitor glycemic control.
n CV outcomes trials: In LRC-CPPT, 3,806 asymptomatic middle-aged men with primary hypercholesterolemia were
randomized to cholestyramine resin vs placebo for an average of 7.4 years. The cholestyramine group experienced a
19% reduction in risk (P < 0.05) of the primary endpoint—deﬁnite CHD death and/or deﬁnite nonfatal MI. The effects
of colesevelam and colestipol on cardiovascular morbidity and mortality have not been determined
n Considerations in prescribing: Pill burden; inconvenience in preparation of oral suspension preparations; drug interactions, GI side effects; exacerbation of hypertriglyceridemia; orally administered, colesevelam lowers HbA1c 0.5%
in diabetes; CV outcomes data not available for all products
n

Agents that may be used to treat HoFH under care of a lipid specialist
Evinacumab21

n
n
n
n
n
n

n
n
n
n
n

Lomitapide47

n

n
n

n
n

n
n

Mechanism of action: Human monoclonal antibody that binds to and inhibits ANGPTL3. Promotes VLDL processing
and clearance upstream of LDL formation
FDA-approved indication(s): Y LDL-C in adults and pediatric patients (aged $12 years) with HoFH as adjunct to other
LDL-C–lowering therapies
Dose and route of administration: 15 mg/kg administered by healthcare professional as IV infusion once monthly
(every 4 weeks). See PI for preparation and administration instructions.
Mean % reduction in LDL-C (per PI): Combination therapy with other lipid-lowering therapies (incremental
reduction)—49%.
Contraindication: History of serious hypersensitivity to this medication.
Warnings/precautions:
1. Hypersensitivity reactions occurred during clinical trials. If a serious hypersensitivity reaction occurs, discontinue
therapy; treat according to standard of care; monitor until signs and symptoms resolve.
2. May cause fetal toxicity; inform patients who may become pregnant of risk to fetus; obtain a pregnancy test before
initiating therapy in patients who may become pregnant; advise patients who may become pregnant to use
contraception during treatment and for $5 months following the last dose. Discontinue this medication if patient
becomes pregnant. Clinicians should report pregnancies that occur while taking this medication (1-833-385-3392).
Adverse effects: nasopharyngitis, inﬂuenza-like illness, dizziness, rhinorrhea, nausea.
Use during pregnancy/lactation: Avoid use.
Drug–drug interactions: No clinically signiﬁcant drug-drug interactions have been identiﬁed
CV outcomes trials: The effect of evinacumab on CV morbidity and mortality has not been determined
Other prescribing considerations: See prescribing information for complete preparation and administration instructions. Robust LDL-C reduction; cost, IV administration, requires prior authorization
Mechanism of action: Directly binds and inhibits microsomal triglyceride transfer protein, which resides in the lumen
of the endoplasmic reticulum, thereby preventing the assembly of apoB-containing lipoproteins in enterocytes and
hepatocytes. This inhibits synthesis of chylomicrons and VLDL and leads to Y LDL-C
FDA-approved indications: Y LDL-C, TC, apoB, and non–HDL-C in patients with HoFH, as adjunct to a low-fat diet and
other lipid-lowering treatments (including LDL apheresis, where available)
Dose and route of administration: Initiate 5 mg orally once daily. Titrate dose based on acceptable
safety/tolerability: increase to 10 mg daily after at least 2 weeks and then, at a minimum of 4-week intervals,
to 20 mg, 40 mg, up to the maximum recommended dose of 60 mg daily
Mean % LDL reduction (per PI): Mean and median percent changes in LDL-C from baseline when added to baseline
lipid-lowering therapy were 40% and 50%, respectively
Black box warnings:
1. May cause elevations in liver transaminases; measure ALT, AST, alkaline phosphatase, total bilirubin before
initiating this medication; during treatment, adjust dose if ALT or AST $3 times the upper limit of normal; discontinue this medication for clinically signiﬁcant liver toxicity.
2. Increases hepatic fat (hepatic steatosis) with or without concomitant increases in transaminases. Hepatic steatosis
associated with lomitapide may be a risk factor for progressive liver disease, including steatohepatitis and
cirrhosis. Because of the risk of hepatotoxicity, lomitapide is only available through the REMS program
Contraindications: 1) Pregnancy; 2) concomitant use with strong/moderate CYP3A4 inhibitors; 3) moderate/severe
hepatic impairment or active liver disease including unexplained persistent abnormal liver function tests.
Warnings/precautions: 1) May cause fetal toxicity; inform patients who may become pregnant of risk to fetus; obtain
a pregnancy test before initiating therapy in patients who may become pregnant; advise patients who may become
pregnant to use contraception during treatment and for $2 weeks following the last dose. Discontinue this
medication if patient becomes pregnant. Clinicians should report pregnancies that occur while taking this medication
(1-877-902-4099).
Continued on the next page
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n

n

LDL apheresis

n

n
n
n

n
n
n

Adverse effects: Diarrhea, nausea, vomiting, dyspepsia, and abdominal pain.
Use during pregnancy/lactation: Avoid use.
Drug–drug interactions:
1. CYP3A4 inhibitors increase exposure to lomitapide. Strong/moderate CYP3A4 inhibitors are contraindicated with
lomitapide. Avoid grapefruit juice.
2. Do not exceed 30 mg daily of lomitapide when used concomitantly with weak CYP3A4 inhibitors, including
atorvastatin and oral contraceptives.
3. Increases plasma concentration of warfarin; monitor INR regularly, especially with lomitapide dose adjustment.
4. Increased systemic exposure to simvastatin and lovastatin exposure with lomitapide. Limit statin dose when
coadministered due to myopathy risk.
5. Consider dose reduction of P-glycoprotein substrates because of possible increased absorption with lomitapide.
6. Separate lomitapide dosing with BAS by at least 4 hours.
CV outcomes trials: The effect of lomitapide on CV morbidity and mortality has not been determined
Considerations in prescribing: Cost, oral administration, requires strict adherence to low-fat diet and gradual dose
escalation to reduce GI side effects, requires daily doses of speciﬁc vitamins (Vitamin E 400 IU, linoleic acid
$200 mg, alpha-linolenic acid $210 mg, eicosapentaenoic acid $110 mg, docosahexaenoic acid $80 mg); requires
monitoring of transaminase levels, long-term consequences of hepatic steatosis unknown, prescriber training, REMS
program
Mechanism of action: Selectively removes apo B-containing lipoproteins, producing an acute reduction in LDL-C.
FDA approved indication: Patients with FH unresponsive to pharmacologic and dietary management who are either
functional homozygotes with an LDL-C >500 mg/dL, functional heterozygotes with no known CV disease but an
LDL-C >300 mg/dL, or functional heterozygotes with known cardiovascular disease and LDL-C >200 mg/dL
Dose and route of administration: Extracorporeal technique performed weekly or biweekly
Mean % LDL-C reduction: With weekly or biweekly treatment, average LDL-C can Y to w50–60% of the original
levels. LDL-C increases after each apheresis session but does not return to the original level
Adverse effects: Problems with venous access; transient hypotension, fatigue; bleeding; hypocalcemia; iron deﬁciency due to regular phlebotomy for diagnostic purposes; heparin allergy; and bradykinin syndrome (especially with
ACEi)
Drug–drug interactions: ACEi should not be used with dextran sulfate method owing to risk of bradykinin syndrome
CV outcomes trials: Limited due to ethical considerations in RCTs of very high-risk patients with HoFH, but it is
reasonable to assume reductions in CV disease events are proportional to the degree of LDL-C lowering
Considerations in prescribing: Cost, extracorporeal technique, inconvenient, locations not readily available in some
regions, time-consuming, robust reduction in LDL-C

[ ¼ increase; Y ¼ decrease; ACEi ¼ angiotensin-converting enzyme inhibitor; ACL ¼ adenosine triphosphate-citrate lyase; ACS ¼ acute coronary syndrome; ACSVl1 ¼ acyl-CoA
synthetase-1; ALT ¼ alanine transaminase; apoB ¼ apolipoprotein B-100; ASCVD ¼ atherosclerotic cardiovascular disease; ANGPTL3 ¼ Angiopoietin-like 3; AST ¼ aspartate
aminotransferase; BAS ¼ bile acid sequestrant; CANTAB ¼ Cambridge Neuropsychological Test Automated Battery; CHD ¼ coronary heart disease; CKD ¼ chronic kidney disease;
CLEAR Outcomes ¼ Evaluation of Major Cardiovascular Events in Patients With, or at High Risk for, Cardiovascular Disease Who Are Statin Intolerant With Bempedoic Acid [ETC-1002]
or Placebo; CV ¼ cardiovascular; CYP3A4 ¼ Cytochrome P450 3A4; EBBINGHAUS ¼ Evaluating PCSK9 Binding antiBody Inﬂuence oN coGnitive HeAlth in High cardiovascUlar Risk
Subjects; FDA ¼ Food and Drug Administration; FH ¼ familial hypercholesterolemia; FOURIER ¼ Further Cardiovascular Outcomes Research With PCSK9 Inhibition in Subjects
With Elevated Risk; GI ¼ gastrointestinal; HbA1c ¼ glycosylated hemoglobin; HDL-C ¼ high-density lipoprotein cholesterol; HeFH ¼ heterozygous familial hypercholesterolemia;
HoFH ¼ homozygous familial hypercholesterolemia; IMPROVE-IT ¼ IMProved Reduction of Outcomes: Vytorin Efﬁcacy International Trial; IV ¼ intravenous; LDL-C ¼ low-density
lipoprotein cholesterol; LRC-CPPT ¼ Lipid Research Clinics Coronary Primary Prevention Trial; mAb ¼ monoclonal antibody; MI ¼ myocardial infarction; NPC1L1 ¼ Niemann-Pick C1
like 1; ODYSSEY ¼ Evaluation of Cardiovascular Outcomes After an Acute Coronary Syndrome During Treatment With Alirocumab; ORION-4 ¼ A Randomized Trial Assessing the Effects
of Inclisiran on Clinical Outcomes Among People With Cardiovascular Disease; PAD ¼ peripheral arterial disease; PCSK9 ¼ proprotein convertase subtilisin/kexin type 9; PI ¼ prescribing
information; RD/RDN ¼ registered dietician/registered dietician nutritionist; REMS ¼ Risk Evaluation and Mitigation Strategy; SC ¼ subcutaneous; SHARP ¼ Study of Heart and Renal
Protection; siRNA ¼ synthetic small interfering ribonucleic acid; TC ¼ total cholesterol; TG ¼ triglycerides; UA ¼ unstable angina; VICTORION-2P ¼ A Randomized, Double-blind,
Placebo-controlled, Multicenter Trial, Assessing the Impact of Inclisiran on Major Adverse Cardiovascular Events in Participants With Established Cardiovascular Disease;
VLDL ¼ very low-density lipoprotein
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Factors to Consider in the Clinician–Patient Discussion

Potential for additional ASCVD risk reduction from
addition of nonstatin therapy to evidence-based
statin therapy to lower LDL-C

n

n
n
n
n
n

Percentage LDL-C reduction achieved with evidence-based statin therapy (if <50% and not on
maximally tolerated statin, should increase statin therapy ﬁrst and reinforce lifestyle modiﬁcations)
and whether patient is above LDL-C threshold for consideration of nonstatin therapies
For patients with ASCVD, patient’s status as very high risk or not very high risk on evidence-based
statin therapy (see Table 1)*
For patients without ASCVD or baseline LDL-C $190 mg/dL, patient’s baseline predicted 10-year
ASCVD risk prestatin and presence of risk-enhancing factors (see Table 2)†
Available scientiﬁc evidence of ASCVD risk reduction (and magnitude of beneﬁt) when nonstatin
therapy is added to evidence-based statin therapy‡
Additional desired % LDL-C lowering beyond that achieved on evidence-based statin therapy§
Mean percentage LDL-C lowering expected with proposed nonstatin therapy when added to
evidence-based statin therapyk

Potential for clinically signiﬁcant adverse events or
drug–drug interactions from addition of nonstatin
therapy to evidence-based statin therapy for
lowering LDL-C

n

See Table 3

Cost considerations

n

Potential out-of-pocket cost of therapy to the patient (eg, insurance plan coverage, pharmacy or
medical beneﬁt, copayment, availability of assistance programs).

Patient preferences and considerations

n

Patient’s perception of beneﬁt from addition of nonstatin therapy
Convenience of nonstatin therapy (eg, route, setting [home or medical ofﬁce], and frequency of
administration, pill burden, storage)
n Potential of nonstatin therapy to jeopardize adherence to other evidence-based therapies
n Cost of nonstatin therapy
n Anticipated life expectancy, comorbidities, and impact of therapy on quality of life
n

*For example, in the Treating to New Targets trial, patients with CHD who received 10 mg of atorvastatin daily had a 5-year event rate of 10.9%, and those who received 80 mg of
atorvastatin daily had a 5-year event rate of 8.7%. These numbers (and similar rates from other trials) may inform the number-needed-to-treat. Additional consideration of
comorbidities and other poorly controlled or well-controlled risk factors will increase or decrease risk accordingly. See Table 1 for criteria for deﬁning patients at very high risk.
†Use the Pooled Cohort Equations to estimate 10-y ASCVD risk. See Table 1 for criteria for deﬁning patients at very high risk.
‡Such evidence exists for ezetimibe from the IMPROVE-IT study, with a 6% relative/2% absolute risk reduction in a composite ASCVD endpoint over 7 years when added to a moderateintensity statin. Evidence from FOURIER and ODYSSEY Outcomes demonstrate 2% absolute/15% relative ASCVD risk reduction. Data are lacking for addition of BAS to statins,
bempedoic acid, inclisiran, and evinacumab. Niacin preparations have been associated with no beneﬁt and potential for signiﬁcant harms when added to statin therapy.
§For example, patients on maximally tolerated statin therapy with LDL-C $130 mg/dL may receive more beneﬁt from the addition of a nonstatin therapy than those with on-statin
LDL-C of 80 mg/dL.
kFor example, when added to statins, ezetimibe may lower LDL-C an additional 20%-25% on average; PCSK9 inhibitors may lower LDL-C an additional 60% on average. For each 40mg/dL reduction in LDL-C using safe and evidence-based therapies, there appears to be an approximate 20% relative risk reduction in ASCVD. This number, combined with the baseline
absolute risk, may inform the number-needed-to-treat.
ASCVD ¼ atherosclerotic cardiovascular disease; LDL-C ¼ low-density lipoprotein cholesterol.

3. ASSUMPTIONS AND DEFINITIONS

d. Adults aged 40-75 years without clinical ASCVD or
diabetes, with LDL-C 70 to 189 mg/dL and an esti-

To limit inconsistencies in interpretation, speciﬁc as-

mated 10-year risk for ASCVD $7.5%, on statin

sumptions and deﬁnitions were adopted by the writing

therapy for primary prevention.

committee in the development of this document.

Patients not in 1 of these 4 patient management

1. The writing committee endorses the evidence-based
approaches
enumerated

to
in

ASCVD
the

cholesterol guideline.

risk

2018

reduction

in

adults

AHA/ACC/multisociety

7

groups who may be at elevated risk for ASCVD events
(patients with heart failure, patients on maintenance
hemodialysis,

women

considering

pregnancy

or

already pregnant, and patients with previous organ

2. The algorithms herein begin with the assumption that

transplantation) are considered in a separate section

the patient is in 1 of the 4 evidence-based patient

and should receive individualized care in the context of

management groups identiﬁed in the 2018 AHA/ACC/

shared decision-making between the clinician and pa-

multisociety cholesterol guideline:

tient (see Section 5.7).

a. Adults aged $20 years with clinical ASCVD on
statin therapy for secondary prevention;

3. These algorithms assume that the patient is currently
taking the maximally tolerated dose of statin therapy

b. Adults aged $20 years with LDL-C $190 mg/dL (not

or has attempted to take statin therapy as a result of

due to secondary modiﬁable causes) on statin

shared decision-making and that the clinician and

therapy for primary prevention;

patient are trying to determine whether additional

c. Adults aged 40-75 years without ASCVD, but with

therapy is needed to further reduce ASCVD risk. If a

diabetes and LDL-C <190 mg/dL, on statin therapy

patient has a less-than-anticipated LDL-C response to

for primary prevention; and

the statin dose, additional clinical approaches are
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warranted in all scenarios. First, the clinician and

levels within a given range. Therefore, assuming

patient should address statin adherence by assessing

adherence to therapy, patients with LDL-C levels

the number of missed statin doses per month and

above that range may not achieve maximal beneﬁt

evaluating any barriers to adherence. The writing

and might be considered for additional therapy. The

committee emphasizes that if an adherent patient has

writing committee therefore judged that it was

not been tried on a high-intensity statin, the dose

appropriate to continue to provide levels of LDL-C or

should be increased to a high-intensity dose. Patients

“thresholds,” in terms of both percentage LDL-C

who are unable to tolerate even moderate-intensity

reduction from baseline and absolute on-treatment

statin therapy should be evaluated for statin intoler-

LDL-C measurement, which, if not achieved by

ance and considered for referral to a lipid specialist.

adherent patients, would serve as factors to consider

The clinician and patient should attempt to intensify

in

lifestyle modiﬁcations and may consider the incor-

Throughout this guidance, absolute LDL-C levels are

poration of soluble dietary ﬁber and phytosterols as

considered as “thresholds” for considering the addi-

part of this approach. Other major ASCVD risk factors,

tion of nonstatin therapies, and not LDC-C goals. The

decision-making

regarding

further

therapy.

including tobacco use, diabetes, elevated blood pres-

writing committee emphasizes that these are not ﬁrm

sure, and obesity, should be addressed as needed and

triggers for adding medication but are factors that

controlled as well. These steps are referred to as

may be considered within the broader context of an

“routine clinical assessment and interventions” in later

individual patient’s clinical situation.
6. The writing committee recognizes that there are

discussion.
4. These algorithms were crafted based on the principle

different means for measuring LDL-C, including direct

of potential net ASCVD risk reduction beneﬁt, mean-

measurement,

ing that the potential beneﬁts of additional nonstatin

equation, and newer methods.49 The writing com-

calculation

using

the

Friedewald

therapy should outweigh any potential for harm.

mittee endorses use of the Friedewald equation, given

Other considerations include the extent of available

that the majority of RCTs used this method and that it

scientiﬁc evidence for safety and tolerability, poten-

is the most widely available means in clinical practice.

tial for drug-drug interactions, efﬁcacy of additional

However, the writing committee acknowledges that

LDL-C lowering, cost, convenience and medication

there can be signiﬁcant discrepancies in levels of

storage, pill burden, frequency and route of adminis-

directly measured versus calculated LDL-C within the

to

same sample, especially at lower LDL-C levels.50,51

evidence-based therapies, and importantly, patient

Newer methods should be considered by health sys-

preferences. Before initiation of combination therapy

tems and laboratories whenever possible. The use of

or with further adjustment or consideration of addi-

the Martin-Hopkins method provides a more accurate

tional drug therapy, it is imperative for clinicians and

assessment

patients to engage in a discussion that addresses the

low levels of LDL-C or with hypertriglyceridemia.51-53

potential for net beneﬁt, including absolute ASCVD

A new method for calculating LDL-C proposed by in-

risk reduction beneﬁts and potential harms, pre-

vestigators at the National Heart, Lung, and Blood

scribing considerations, and patient preferences for

Institute may also be more precise, but additional

treatment (see Table 4).

validation is needed. 52 The algorithms include use of

tration,

potential

to

jeopardize

adherence

of

LDL-C

in

individuals

with

very

5. Critical to the decision-making process for use of

non–HDL-C thresholds as an additional alternative for

additional nonstatin therapies in select high-risk pa-

decision-making. If a statin therapy dose is adjusted

tients is the deﬁnition of “thresholds” for consider-

or nonstatin therapy is added or adjusted, the writing

ation of net ASCVD risk reduction beneﬁt. The writing

committee emphasizes the importance of monitoring

committee endorsed the evidence-based ﬁndings

the LDL-C response within 4 to 12 weeks to avoid

from the 2013 ACC/AHA and 2018 AHA/ACC/multi-

therapeutic inertia and maximize LDL-C lowering as

society cholesterol guidelines regarding the use of

quickly as possible.

appropriate intensity statin therapy and the indicators

7. Non–HDL-C represents the combination of LDL-C and

of efﬁcacy (eg, $50% LDL-C reduction for high-

very low-density lipoprotein cholesterol (VLDL-C) and

intensity statin therapy doses and 30% to 49%

represents all potentially atherogenic particles. The

reduction for moderate-intensity doses). In addition,

main protein embedded in LDL and VLDL is apolipo-

the writing committee acknowledged that patients in

protein B (apoB) and, like non–HDL-C, apoB is a

the RCTs demonstrating efﬁcacy and safety of LDL-C–

stronger indicator of atherogenicity than LDL-C

lowering therapy tended to achieve absolute LDL-C

alone. 7 Several investigators have identiﬁed a strong
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between

apoB

and

ASCVD

and

a

10. Each algorithm discussed later provides a suggested

high correlation between apoB and non–HDL-C.

clinical workﬂow for consideration of additional

Non–HDL-C is simply calculated from the routine lipid

therapies. The associated text in this document and

panel as total cholesterol minus HDL-C and provides

the footnotes in the ﬁgures provide important

an inexpensive assessment of all atherogenic lipo-

context, and additional considerations and should be

proteins. Therefore, recommendations for non–HDL-C
thresholds are included with LDL-C thresholds in this
expert consensus guidance.

read carefully by users.
11. Several of the algorithms provide an iterative and hierarchical approach to the consideration or selection

8. The 2018 AHA/ACC/multisociety cholesterol guideline

of nonstatin therapies. These are denoted by recycling

indicates that calcium scoring may be considered in

arrows in the ﬁgures (to indicate iterative assess-

select patients at borderline or intermediate risk

ment), numbering of the order in which options

($5.0% to <20%) for whom the risk decision regarding

should be considered, and stepwise visual presenta-

statin therapy is uncertain.7 Despite a strong body of

tion. Nonstatin therapies were placed at different

evidence demonstrating the clear association between

levels in the order of consideration based on the

coronary calcium and risk of ASCVD events, there is

writing committee’s consensus views on the avail-

currently limited evidence for cardiovascular out-

ability and strength of high-quality trial evidence for

comes beneﬁts of a strategy for implementation of

event reduction, the degree of LDL-C lowering that is

statin and nonstatin therapies based on calcium

desired, the potential cost of therapy, and the ease of

scoring. Therefore, the writing committee has pro-

administration.

vided guidance for management strategies in patients

12. At the present time, a PCSK9 mAb is preferred as the

with evidence of subclinical atherosclerosis on imag-

initial PCSK9 inhibitor of choice in view of its

ing studies.

demonstrated safety, efﬁcacy, and beneﬁts for car-

Subclinical atherosclerosis is deﬁned in this document as

diovascular outcomes in the FOURIER and ODYSSEY

signiﬁcant atherosclerotic plaque observed in an

Outcomes trials.5,9 The ORION-4 and VICTORION-2P

asymptomatic patient on any of the following diag-

cardiovascular outcomes trials with inclisiran are

nostic studies: coronary artery calciﬁcation noted on

currently underway, and their completion is antici-

computed tomography (CT) studies, including calcium

pated in 2026 and 2027, respectively.55,56 In view of

scoring, cardiac CT coronary angiography, chest CT for

the twice-yearly dosing regimen, inclisiran may be

ruling out pulmonary embolism, chest CT for lung

considered in patients with demonstrated poor

cancer screening, or diagnostic chest CT; carotid plaque

adherence to PCSK9 mAbs. Patients with adverse ef-

noted on carotid ultrasound or angiography; or

fects from both PSCK9 mAbs or those who may be

abnormal ankle-brachial index or plaque noted on pe-

unable to self-inject may also be considered for ther-

ripheral arterial angiography.

apy with inclisiran. There is currently no evidence or

9. At the time of publication of the 2018 AHA/ACC/mul-

mechanistic plausibility for additional efﬁcacy in

tisociety cholesterol guideline, the annual retail cost

LDL-C lowering or cardiovascular outcomes beneﬁt

of each of the PCSK9 mAbs was approximately

for combination therapy with a PSCK9 mAb and

$14,000. The guideline authors therefore included a

inclisiran when added to maximally tolerated statin

value statement that, “PCSK9 inhibitors have a low

therapy with or without ezetimibe; therefore, if

cost value (>$150,000 per quality-adjusted life year

inclisiran is to be used, it should be used in place of a

[QALY]) compared to good cost value (<$50,000 per

PCSK9 mAb.

7

QALY).” Since that time, the cost of the PCSK9 mAbs
has been substantially reduced, although concerns

4. PATHWAY SUMMARY GRAPHIC

regarding the cost-effectiveness of these agents
remain, and prescription volumes have remained

Figure 1 displays the patient populations addressed by the

relatively stable. 54 The guidance in this ECDP does not

writing committee, factors to consider at each clinical

provide a speciﬁc cost value statement for nonstatin

stage, and potential interventions to consider. The solid

therapies, but relies upon the clinician-patient dis-

arrows represent recommended steps, whereas the

cussion and shared decision-making to consider the

dashed arrows indicate optional interventions that may

additional LDL-C lowering desired, costs, patient

be considered. Readers should refer to the individual al-

preferences, frequency and route of administration,

gorithms for the detailed clinical workﬂow for each

and convenience.

patient scenario.
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F I G U R E 1 Summary Graphic: Patient Populations Addressed and Factors and Interventions to Consider

*PCSK9 mAb includes alirocumab and evolocumab. ASCVD ¼ atherosclerotic cardiovascular disease; HDL-C ¼ high-density lipoprotein cholesterol;
HoFH ¼ homozygous familial hypercholesterolemia; LDL-C ¼ low-density lipoprotein cholesterol; PCSK9 mAb ¼ proprotein convertase subtilisin/kexin type 9
monoclonal antibodies.
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As per the 2013 ACC/AHA and 2018 AHA/ACC/multi-

PATIENT GROUPS WHO MAY BE CONSIDERED

society cholesterol guidelines, few people aged >75 years

FOR ADDITIONAL THERAPY

were enrolled in the statin therapy RCTs, but available
evidence supports the continuation of statin therapy

The writing committee created algorithms for each of the

beyond the age of 75 years in persons who are already

patient groups, which are described below. For ease of

taking and tolerating these agents. A larger amount of

clinical use, these are also summarized visually in

data supports the use of moderate-intensity statin ther-

Figures 2 to 5.

apy for secondary prevention in individuals with clinical
ASCVD aged >75 years. Whereas data are limited, it is

5.1. Adults With Clinical ASCVD on Statin Therapy for
Secondary Prevention (Figures 2A to 2D)

reasonable to consider initiation of high-intensity statin
therapy for secondary prevention in individuals aged >75

Patients with clinical ASCVD are deﬁned from the RCT

years, but such a decision should be based on expected

inclusion criteria as those with ACS or history of MI, stable

beneﬁt and competing comorbidities.7

or unstable angina, coronary or other arterial revascularization, stroke, or transient ischemic attack or peripheral
artery disease (PAD) presumed to be of atherosclerotic

5.1.1. Adults With Clinical ASCVD at Very High Risk on Statin
Therapy for Secondary Prevention (Figure 2A)

origin. The writing committee identiﬁed several sub-

Patients in this group have a history of multiple major

groups of patients with clinical ASCVD, including those at

ASCVD events or 1 major ASCVD event and multiple high-

very high risk, those not at very high risk, and those with

risk conditions (see Table 1). Adults with clinical ASCVD at

baseline LDL-C $190 mg/dL. Each of these subgroups is

very high risk should be treated ﬁrst at the maximally

addressed in a separate algorithm, as discussed later.

tolerated statin intensity. If patients have achieved $50%

As noted previously, according to the 2018 AHA/ACC/

reduction in LDL-C from baseline and LDL-C <55 mg/dL

multisociety cholesterol guideline, patients with ASCVD

(or non–HDL-C <85 mg/dL), it is reasonable to continue

are categorized into 1 of 2 groups: those not at very high

statin therapy and monitor adherence to medications,

risk or those at very high risk. Very high-risk patients have

lifestyle modiﬁcations, and ongoing LDL-C response to

a history of multiple major ASCVD events or 1 major

therapy.

ASCVD event and multiple high-risk conditions (see

In view of the favorable net clinical beneﬁt of the

Table 1). Based on evidence from IMPROVE-IT, FOURIER,

addition of nonstatin therapies in patients with clinical

and ODYSSEY Outcomes, this very high-risk group of pa-

ASCVD at very high risk on high-intensity statin therapy

tients has demonstrated cardiovascular outcomes bene-

and lifestyle management and the very low levels of

ﬁts from the addition of ezetimibe, alirocumab, or

LDL-C achieved in RCTs of nonstatin therapies, a lower

evolocumab.

LDL-C threshold of LDL-C $55 mg/dL (or non–HDL-C

High-intensity statin therapy should be initiated in

$85 mg/dL) is recommended by the writing committee.

adults aged #75 years with clinical ASCVD who are not

There is evidence from clinical trials that individuals who

receiving statin therapy or the intensity should be

achieve LDL-C <55 mg/dL experience lower event rates

increased in those receiving a low- or moderate-intensity

than those with higher LDL-C. Preference should be given

statin, unless they have a history of intolerance to high-

to therapies with demonstrated cardiovascular outcomes

intensity statin therapy or have other characteristics

beneﬁts. Prospective and observational trials demon-

that may inﬂuence drug or dose selection or safety (eg,

strate a direct and signiﬁcant relationship between LDL-C

potential for statin-drug interactions, hepatic or renal

level and atherosclerosis progression and ASCVD event

dysfunction, frailty, or ethnicity-speciﬁc statin-associated

risk, and absolute LDL-C reduction is directly associated

risks [eg, potential need for lower dosing in persons of

with ASCVD risk reduction. 5,8,9,60,61 There appears to be

East-Asian heritage], among other factors). In individuals

no LDL-C level below which beneﬁt ceases. Current evi-

with clinical ASCVD who would otherwise receive high-

dence indicates that lifelong very low LDL-C levels in the

intensity statin therapy, when either high-intensity

range

statin therapy is contraindicated or when characteristics

betalipoproteinemia or PCSK9 loss-of-function mutations

predisposing to statin-associated adverse effects are pre-

and in shorter-term lipid-lowering clinical trials are

sent, moderate-intensity statin therapy should be used as

associated with a lower incidence of ASCVD without

the second option, if tolerated. As noted, if moderate-

adverse

intensity statin therapy is used, the objective is to ach-

the JUPITER (Justiﬁcation for the Use of Statins in

ieve a 30% to 49% reduction in LDL-C and, for high-

Primary Prevention: An Intervention Trial Evaluating

intensity statin therapy, $50% LDL-C reduction.

Rosuvastatin) trial on statin monotherapy at increased

of

15-30

effects.62

mg/dL

Primary

in

patients

prevention

with

hypo-

patients

in
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cardiovascular risk achieved a median LDL-C of 55 mg/dL

IT identiﬁed 9 clinical variables (heart failure, hyperten-

with a reduction in cardiovascular events compared with

sion, age >75 years, diabetes, stroke, coronary artery

placebo.63

bypass graft, PAD, eGFR <60 mL/min/1.732, and smoking)

If a patient has a less-than-anticipated response

that may help predict patients with the greatest likelihood

(<50% reduction in LDL-C or LDL-C $55 mg/dL or non–

of beneﬁt from the addition of ezetimibe to statin therapy

HDL-C $85 mg/dL) with maximally tolerated statin ther-

following ACS.64 The writing committee also noted that

apy,

there may be interindividual variability in response to

routine

clinical

assessment

and

interventions

are warranted (see Section 3.3). If the patient still

ezetimibe,

has <50% reduction in LDL-C or LDL-C $55 mg/dL (or

reduction in LDL-C. 65

with

some

patients

experiencing

>20%

non–HDL-C $85 mg/dL), the patient and clinician should

A PCSK9 mAb may be preferred as the initial nonstatin

have a discussion focused on shared decision-making

agent in patients with clinical ASCVD at very high risk

regarding the addition of a nonstatin therapy to maxi-

who require >25% additional lowering of LDL-C or based

mally tolerated statin therapy. The clinician-patient dis-

on clinician-patient decision-making. Potential consider-

cussion is described in Table 4. If a decision is made to

ations with the use of alirocumab or evolocumab

pursue no additional medication at this point, it is

compared with ezetimibe include greater LDL-C lowering,

reasonable to continue current therapy and continue to

administration by subcutaneous injection, the every

monitor adherence to medications and lifestyle modiﬁ-

14-day or monthly dosing schedule, potential storage re-

cations and ongoing LDL-C response to therapy.

quirements (eg, refrigeration), and costs. The price of

If a decision is made to proceed with the addition of

PCSK9 mAbs has decreased substantially since FDA

nonstatin therapy to maximally tolerated statin therapy,

approval in 2015, and the annual cost of therapy is

based on the results of IMPROVE-IT, FOURIER, and

approaching the predicted cost-effectiveness threshold of

ODYSSEY Outcomes demonstrating improved cardiovas-

approximately $4,500 per year. 66 The decreased costs,

cular outcomes and excellent safety proﬁles, the addition

evidence for cardiovascular disease risk reduction, and

of either ezetimibe or a PCSK9 mAb as the initial non-

tolerability of PCSK9 mAbs has improved the willingness-

statin therapy should be considered for this very high-risk

to-pay threshold of insurers, thus increasing access to

patient group (see Figure 2A).5,8,9 Considerations that may

these agents and making them feasible as an initial non-

favor the initial choice of ezetimibe include patients who

statin agent in patients with clinical ASCVD who are at

require <25% additional lowering of LDL-C, patients with

very high risk. 67,68

recent ACS <3 months, cost considerations, ease of use,

The writing committee also notes that in some patients

and patient preferences. A post hoc analysis of IMPROVE-

with clinical ASCVD at very high risk who require greater

F I G U R E 2 A Continued

*See Table 1 for criteria for deﬁning patients at very high risk. †In very high-risk patients who require greater lowering of LDL-C at the time of an ASCVD
event, initiation of combination therapy with high-intensity or maximally tolerated statin therapy and ezetimibe or maximally tolerated statin therapy with/
without ezetimibe and PCSK9 mAbs may be considered.9,57-59 ‡The writing committee emphasizes that these are not ﬁrm triggers for adding medication but
factors that may be considered within the broader context of an individual patient’s clinical situation. §If adults with clinical ASCVD at very high risk on a statin
therapy for secondary prevention require >25% additional lowering of LDL-C, a PCSK9 inhibitor may be preferred as the initial nonstatin therapy. It is
reasonable to engage in a clinician–patient discussion with consideration of net risk reduction beneﬁts of a PCSK9 inhibitor, cost, administration by subcutaneous injection, an every 14-day or monthly dosing schedule, and storage requirements (refrigeration). Consider only if on maximally tolerated statin
therapy with persistent <50% LDL-C reduction or LDL-C $55 mg/dL (or non–HDL-C $85 mg/dL). Strongly consider if the patient is unable to tolerate even
low-intensity statin therapy or alternative statin therapy dosing regimens (every other day, twice weekly, or weekly) and persistent <50% LDL-C reduction
(or LDL-C $55 mg/dL or non–HDL-C $85 mg/dL). kClinicians should preferentially prescribe drugs that have been shown in randomized controlled trials to
provide ASCVD risk-reduction beneﬁts that outweigh the potential for adverse effects and drug–drug interactions and to consider patient preferences. ¶No
outcome studies exist for bempedoic acid or inclisiran. #PCSK9 mAb is preferred as the initial PCSK9 inhibitor of choice in view of demonstrated safety,
efﬁcacy, and cardiovascular outcomes beneﬁts in FOURIER and ODYSSEY Outcomes. Inclisiran may be considered in patients with demonstrated poor
adherence to PCSK9 mAbs, adverse effects from both PSCK9 mAbs, or those who may be unable to self-inject. There is currently no evidence for additional
efﬁcacy in LDL-C lowering or cardiovascular outcomes beneﬁt for combination therapy with a PSCK9 mAb and inclisiran when added to maximally tolerated
statin therapy with/without ezetimibe or bempedoic acid; therefore, if inclisiran is to be used, it should be used in place of a PCSK9 mAb. **Fasting
triglycerides $150 mg/dL following a minimum of 4-12 weeks of lifestyle intervention, a stable dose of maximally tolerated statin therapy when indicated, as
well as evaluation and management of secondary causes of hypertriglyceridemia. ††Refer to the 2021 ACC expert consensus decision pathway on the
management of ASCVD risk reduction in patients with persistent hypertriglyceridemia: a report of the American College of Cardiology Solution Set Oversight
Committee. J Am Coll Cardiol. 2021;78(9):960-993.
ASCVD ¼ atherosclerotic cardiovascular disease; ECDP ¼ Expert Consensus Decision Pathway; HDL-C ¼ high-density lipoprotein cholesterol; LDL-C ¼ lowdensity lipoprotein cholesterol; PCSK9 mAb ¼ proprotein convertase subtilisin/kexin type 9 monoclonal antibody; RD/RDN ¼ registered dietitian/registered
dietitian nutritionist; SASEs ¼ statin-associated side effects.
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LDL-C reduction than any additional therapy alone can

in patients who have a history of gout or tendon

expect to achieve, it may be reasonable to consider the

rupture.14

simultaneous addition of 2 agents to reduce the risk of

At the current time, a PCSK9 mAb is preferred as the

recurrent events more rapidly. Options may include

initial PCSK9 inhibitor of choice in view of its demon-

either combination therapy with high-intensity or maxi-

strated safety, efﬁcacy, and cardiovascular outcomes

mally tolerated statin therapy and ezetimibe or maximally

beneﬁts in FOURIER and ODYSSEY Outcomes.5,9 The

tolerated statin therapy with or without ezetimibe and a

ORION-4 and VICTORION-2P cardiovascular outcomes

PCSK9 mAb.9,57-59

trials with inclisiran are currently in progress and are

If patients with clinical ASCVD at very high risk require

anticipated to be completed in 2026 and 2027, respec-

achieved

tively. However, in view of the twice-yearly dosing

<50% reduction in LDL-C and LDL-C $55 mg/dL or non–

regimen, inclisiran may be considered in patients with

HDL-C $85 mg/dL) after the addition of a single nonstatin

demonstrated poor adherence to PCSK9 mAbs. Patients

agent (ezetimibe or PCSK9 mAb) to maximally tolerated

with adverse effects from both PSCK9 mAbs or those who

statin therapy, the addition of a second evidence-based

may be unable to self-inject may also be considered for

nonstatin agent (eg, ezetimibe plus PCSK9 mAb) should

therapy with inclisiran. There is currently no evidence or

additional

LDL-C

lowering

(patient

has

be considered.

mechanistic plausibility for additional efﬁcacy in LDL-C

If additional LDL-C lowering is warranted (patient has

lowering or cardiovascular outcomes beneﬁt for combi-

achieved <50% reduction in LDL-C or LDL-C $55 mg/dL or

nation therapy with a PSCK9 mAb and inclisiran when

non–HDL-C $85 mg/dL) despite maximally tolerated

added to maximally tolerated statin therapy with or

statin therapy, ezetimibe, and a PCSK9 mAb, the addition

without ezetimibe or bempedoic acid; therefore, if incli-

of bempedoic acid may be considered. Clinicians may also

siran is to be used, it should be used in place of a PCSK9

consider the use of inclisiran in place of a PCSK9 mAb.

mAb. If a patient with clinical ASCVD at very high risk

Although there are currently no outcome studies for

has a continued <50% reduction in LDL-C or LDL-C

bempedoic acid, this agent may be beneﬁcial for further

$55 mg/dL (or non–HDL-C $85 mg/dL) on maximally

LDL-C reduction or if evidence-based agents are contra-

tolerated statin therapy with or without ezetimibe or

indicated or not tolerated. Considerations that may favor

other adjunctive nonstatin therapies, referral should be

the addition of bempedoic acid include the need for

made to a lipid specialist and a RD/RDN.

further LDL-C reduction (with a mean expected reduction

Percent LDL-C and absolute LDL-C and non–HDL-C re-

of approximately 17%), documented statin intolerance,

ductions should be the primary treatment considerations

and ease of use for patients who prefer to avoid injectable

for patients with clinical ASCVD at very high risk. How-

medications. Bempedoic acid should be used with caution

ever,

patients

with

persistent

hypertriglyceridemia

F I G U R E 2 B Continued

* See Table 1 for criteria for deﬁning patients at very high risk. †The writing committee emphasizes that these are not ﬁrm triggers for adding medication, but
factors that may be considered within the broader context of an individual patient’s clinical situation. ‡Clinicians should preferentially prescribe drugs that
have been shown in randomized controlled trials to provide ASCVD risk-reduction beneﬁts that outweigh the potential for adverse effects and drug–drug
interactions and consider patient preferences. §Consider only if on maximally tolerated statin therapy and either ezetimibe or bile acid sequestrants, with
persistent <50% LDL-C reduction or LDL-C $70 mg/dL (or non–HDL-C $100 mg/dL). Strongly consider if patient is unable to tolerate even low-intensity
statin therapy or alternative statin therapy dosing regimens (every other day, twice weekly, or weekly) and attempts to lower LDL-C with ezetimibe or a bile
acid sequestrant result in persistent <50% LDL-C reduction or LDL-C $70 mg/dL (or non–HDL-C $100 mg/dL). It is reasonable to engage in a clinicianpatient discussion with consideration of net risk reduction beneﬁts of a PCSK9 inhibitor, cost, administration by subcutaneous injection, every 14-day or
monthly dosing schedule, and storage requirements (refrigeration). kStrongly consider a PCSK9 inhibitor if the patient is unable to tolerate even lowintensity statin therapy or alternative statin therapy dosing regimens (every other day, twice weekly, or weekly) and attempts to lower LDL-C with ezetimibe
or a bile acid sequestrant result in persistent <50% LDL-C reduction or LDL-C $70 mg/dL (or non–HDL-C $100 mg/dL). ¶No outcome studies exist for
bempedoic acid or inclisiran. #A PCSK9 mAb is preferred as the initial PCSK9 inhibitor of choice in view of their demonstrated safety, efﬁcacy, and cardiovascular outcomes beneﬁts in FOURIER and ODYSSEY Outcomes. Inclisiran may be considered in patients with demonstrated poor adherence to PCSK9
mAbs, adverse effects from both PSCK9 mAbs, or those who may be unable to self-inject. There is currently no evidence for additional efﬁcacy in LDL-C
lowering or cardiovascular outcomes beneﬁt for combination therapy with a PSCK9 mAb and inclisiran when added to maximally tolerated statin therapy
with/without ezetimibe or bempedoic acid; therefore, if inclisiran is to be used, it should be in place of a PCSK9 mAb. **Fasting triglycerides $150 mg/dL
following a minimum of 4-12 weeks of lifestyle intervention, a stable dose of maximally tolerated statin therapy when indicated, as well as evaluation and
management of secondary causes of hypertriglyceridemia. ††Refer to 2021 ACC expert consensus decision pathway on the management of ASCVD risk
reduction in patients with persistent hypertriglyceridemia: a report of the American College of Cardiology Solution Set Oversight Committee. J Am Coll
Cardiol. 2021;78(9):960-993.
ASCVD ¼ atherosclerotic cardiovascular disease; ECDP ¼ Expert Consensus Decision Pathway; HDL-C ¼ high-density lipoprotein cholesterol; LDL-C ¼ lowdensity lipoprotein cholesterol; PCSK9 mAb ¼ proprotein convertase subtilisin/kexin type 9 monoclonal antibody; RD/RDN ¼ registered dietitian/registered
dietitian nutritionist; SASE ¼ statin-associated side effect

23

24

Lloyd-Jones et al
2022 ECDP on Role of Nonstatin Therapies for LDL-C Lowering

JACC VOL.

-, NO. -, 2022
-, 2022:-–-

F I G U R E 2 C Adults With Clinical ASCVD and Baseline LDL-C $190 mg/dL Not Due to Secondary Causes Without Clinical or Genetic Diagnosis of Familial

Hypercholesterolemia, on Statin Therapy for Secondary Prevention

Continued on the next page

JACC VOL.

-, NO. -, 2022

Lloyd-Jones et al

-, 2022:-–-

2022 ECDP on Role of Nonstatin Therapies for LDL-C Lowering

despite adherence to lifestyle modiﬁcations and medica-

reductions in LDL-C should be discussed with the patient

tions should be treated according to the 2021 ACC ECDP

if LDL-C remains $70 mg/dL. If patients with ASCVD

on

who are not at very high risk have a $50% reduction in

management

of

hypertriglyceridemia.

Hyper-

triglyceridemia is associated with increased cardiovascu-

LDL-C from baseline and achieve LDL-C <70 mg/dL

lar risk and pancreatitis (especially in patients with

(or non–HDL-C <100 mg/dL), it is reasonable to continue

triglyceride levels $500 mg/dL). Therefore, treatment of

statin therapy and continue to monitor adherence to

persistent hypertriglyceridemia beyond statin and non-

medications and lifestyle modiﬁcations and ongoing

statin LDL-lowering therapies may be warranted in pa-

LDL-C response to therapy.

tients with clinical ASCVD at very high risk. 48

If a patient has a less-than-anticipated response (<50%
reduction in LDL-C or LDL-C $70 mg/dL or non–HDL-C

5.1.2. Adults With Clinical ASCVD, Not at Very High Risk, on

$100

mg/dL),

routine

clinical

assessment

and

in-

Statin Therapy for Secondary Prevention (Figure 2B)

terventions are warranted (see Section 3.3). If the patient

Patients in this group have clinical ASCVD and do not

still has inadequate lowering of LDL-C, the patient and

meet the criteria for very high risk of a future ASCVD

clinician should enter a discussion focused on shared

event (see Table 1). For this group of patients, the writing

decision-making regarding the addition of a nonstatin

committee considered a desirable response to therapy as

medication to the current regimen (see Table 4). If a de-

having achieved $50% reduction in LDL-C from baseline

cision is made to pursue no additional medication at this

and LDL-C <70 mg/dL (or non–HDL-C <100 mg/dL). This

point, it is reasonable to continue current therapy and

deﬁnition was based on strong evidence showing that

continue to monitor adherence to medications and life-

patients with clinical ASCVD have improved outcomes

style modiﬁcations and ongoing LDL-C response to

with higher-intensity statin therapy and signiﬁcant re-

therapy.

ductions in LDC-C.8,69,70 Percent reduction of LDL-C

Although there is a gap in RCT evidence demonstrating

($50%) has been shown to add predictive value to statin

outcomes beneﬁts of using ezetimibe plus statin therapy

therapy beneﬁt better than achieved LDL-C levels

in clinical ASCVD patients who are not at very high risk,

(<70 mg/dL).71 Meta-analysis in this patient population

the writing committee supports consideration of adding

has shown a 22% proportional risk reduction for major

ezetimibe 10 mg daily as the initial nonstatin agent, given

vascular events for each 38-mg/dL (1-mmol/L) reduction

the beneﬁts on ASCVD outcomes and demonstrated safety

in LDL-C, and this is true even if baseline LDL is

of ezetimibe in patients with ACS treated with ezetimibe

<77 mg/dL (2 mmol/L).60 Therefore, after achieving

plus simvastatin versus simvastatin monotherapy (see

a $50% reduction in LDL-C from baseline, further

Table 3).28 Considerations that may favor the addition of

F I G U R E 2 C Continued

*For example, hypothyroidism, nephrosis, extreme dietary patterns (eg, anorexia nervosa). †The writing committee emphasizes that these are not ﬁrm
triggers for adding medication, but factors that may be considered within the broader context of an individual patient’s clinical situation. ‡May consider
lomitapide or LDL apheresis in appropriate patients. §If patients with clinical ASCVD and LDL-C $190 mg/dL require >25% additional lowering of LDL-C, a
PCSK9 mAb may be preferred as the initial nonstatin agent. It is reasonable to engage in a clinician–patient discussion with consideration of net risk reduction
beneﬁts of a PCSK9 inhibitor, cost, administration by subcutaneous injection, every 14-day or monthly dosing schedule, and storage requirements (eg,
refrigeration). Consider only if on maximally tolerated statin therapy with persistent <50% LDL-C reduction and LDL-C $70 mg/dL (or non–HDL-C $100
mg/dL). Strongly consider PCSK9 mAb if the patient is unable to tolerate even low-intensity statin therapy or alternative statin therapy dosing regimens
(every other day, twice weekly, or weekly) and attempts to lower LDL-C with ezetimibe or a bile acid sequestrant result in persistent <50% LDL-C reduction
or LDL-C $70 mg/dL (or non–HDL-C $100 mg/dL). kClinicians should preferentially prescribe drugs that have been shown in randomized controlled trials to
provide ASCVD risk-reduction beneﬁts that outweigh the potential for adverse effects and drug-drug interactions and consider patient preferences. ¶No
outcome studies exist for bempedoic acid or inclisiran. #A PCSK9 mAb is preferred as the initial PCSK9 inhibitor of choice in view of their demonstrated
safety, efﬁcacy, and cardiovascular outcomes beneﬁts in FOURIER and ODYSSEY Outcomes. Inclisiran may be considered in patients with demonstrated poor
adherence to PCSK9 mAbs, adverse effects from both PSCK9 mAbs, or those who may be unable to self-inject. There is currently no evidence for additional
efﬁcacy in LDL-C lowering or cardiovascular outcomes beneﬁt for combination therapy with a PSCK9 mAb and inclisiran when added to maximally tolerated
statin therapy with/without ezetimibe or bempedoic acid; therefore, if inclisiran is to be used, it should be in place of a PCSK9 mAb. **Limited data are
available for apheresis. Patients with clinical ASCVD and persistent elevation of LDL-C >200 mg/dL without a clinical or genetic diagnosis of familial hypercholesterolemia, may be candidates for LDL apheresis under the care of a lipid specialist. ††Fasting triglycerides $150 mg/dL following a minimum of 4-12
weeks of lifestyle intervention, a stable dose of maximally tolerated statin therapy when indicated, as well as evaluation and management of secondary
causes of hypertriglyceridemia. ‡‡Refer to 2021 ACC expert consensus decision pathway on the management of ASCVD risk reduction in patients with
persistent hypertriglyceridemia: a report of the American College of Cardiology Solution Set Oversight Committee. J Am Coll Cardiol. 2021;78(9):960-993.
ASCVD ¼ atherosclerotic cardiovascular disease; ECDP ¼ Expert Consensus Decision Pathway; FH ¼ familial hypercholesterolemia; HDL-C ¼ high-density
lipoprotein cholesterol; HoFH ¼ homozygous familial hypercholesterolemia; LDL-C ¼ low-density lipoprotein cholesterol; PCSK9 mAb ¼ proprotein convertase subtilisin/kexin 9 monoclonal antibody; RD/RDN ¼ registered dietitian/registered dietitian nutritionist; SASE ¼ statin-associated side effect
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ezetimibe include patients who require <25% additional

statins or combination lipid-lowering therapy may have

lowering of LDL-C, patients with recent ACS <3 months,

slightly less capacity to further up-regulate LDL-receptor

cost considerations with availability of generic ezetimibe

activity with PCSK9 inhibition or may require higher

and future cost savings, ease of use as oral agent with low

doses of the PCSK9 mAb. 72 If a PCSK9 mAb is prescribed,

pill burden, and patient preferences. A recent post hoc

clinicians should continue maximally tolerated statin

analysis of IMPROVE-IT identiﬁed 9 clinical variables

therapy and monitor for adherence to medications and

(congestive heart failure, hypertension, age >75 years,

lifestyle modiﬁcations, side effects, and ongoing LDL-C

diabetes, stroke, coronary artery bypass graft, PAD,

response to therapy.

eGFR <60 ml/min/1.73 m2 , and smoking) that may help

The writing committee also notes that in some patients

predict patients with the greatest likelihood of beneﬁt

with clinical ASCVD, not at very high risk, who require

from the addition of ezetimibe to statin therapy following

greater LDL-C reduction than any additional agent alone

ACS. 64 The writing committee also noted that there may

can be expected to achieve, it may be reasonable to

be interindividual variability in the response to ezeti-

consider the simultaneous addition of 2 agents to more

mibe, with some patients experiencing >25% reduction in

rapidly reduce the risk of recurrent events. Options may

LDL-C.65 If the goals of therapy deﬁned in the clinician–

include either combination therapy with high-intensity or

patient discussion have been achieved with the addition

maximally tolerated statin therapy and ezetimibe or

of ezetimibe, it is reasonable to continue the statin-

maximally tolerated statin therapy with or without eze-

ezetimibe combination therapy and continue to monitor

timibe and PCSK9 mAb.

adherence to medications and lifestyle modiﬁcations and
ongoing LDL-C response to therapy.

If additional LDL-C lowering is desired after the addition of ezetimibe and/or a PCSK9 mAb (<50% reduction in

If patients who are on maximally tolerated statin-

LDL-C or LDL-C $70 mg/dL or non–HDL-C $100 mg/dL), it

ezetimibe or nonstatin combination therapy in the

is reasonable to engage in a clinician-patient discussion

setting of documented statin intolerance achieve a

with consideration of the net beneﬁt of bempedoic acid.

less-than-anticipated response with <50% reduction in

This medication may be especially useful in patients with

LDL-C or LDL-C $70 mg/dL (or non–HDL-C $100 mg/dL),

statin-associated myalgias. At the time of writing this

it is reasonable to engage in a clinician-patient discussion

EDCP, the CLEAR Outcomes trial with bempedoic acid was

with consideration of the net beneﬁt of adding a PCSK9

not yet completed, so preference should be given to

mAb (in addition to or in place of ezetimibe) as a second

ezetimibe and PCSK9 mAbs as ﬁrst- and second-line

step to achieve further LDL-C reduction. However, pa-

nonstatin agents. Considerations that may favor the

tients who have already been treated with high-dose

addition of bempedoic acid include further desired LDL-C

F I G U R E 2 D Continued

*See Table 1 for criteria for deﬁning patients at very high risk. †For example, hypothyroidism, nephrosis, extreme dietary patterns (eg, anorexia nervosa).
‡The writing committee emphasizes that these are not ﬁrm triggers for adding medication, but factors that may be considered within the broader context of
an individual patient’s clinical situation. §May consider lomitapide or LDL apheresis in appropriate patients. kIf patients with clinical ASCVD and LDL-C $190
mg/dL require >25% additional lowering of LDL-C, a PCSK9 mAb may be preferred as the initial nonstatin agent. It is reasonable to engage in a clinicianpatient discussion with consideration of net risk reduction beneﬁts of a PCSK9 inhibitor, cost, administration by subcutaneous injection, every 14-day or
monthly dosing schedule, and storage requirements (eg, refrigeration). Consider only if on maximally tolerated statin therapy with persistent <50% LDL-C
reduction and LDL-C $70 mg/dL (or non–HDL-C $100 mg/dL). Strongly consider PCSK9 mAb if patient is unable to tolerate even low-intensity statin
therapy or alternative statin therapy dosing regimens (every other day, twice weekly, or weekly) and attempts to lower LDL-C with ezetimibe or bile acid
sequestrant result in persistent <50% LDL-C reduction or LDL-C $70 mg/dL (or non–HDL-C $100 mg/dL). ¶Clinicians should preferentially prescribe drugs
that have been shown in randomized controlled trials to provide ASCVD risk-reduction beneﬁts that outweigh the potential for adverse effects and drug-drug
interactions and consider patient preferences. #No outcome studies exist for bempedoic acid or inclisiran. **A PCSK9 mAb is preferred as the initial PCSK9
inhibitor of choice in view of their demonstrated safety, efﬁcacy, and cardiovascular outcomes beneﬁts in FOURIER and ODYSSEY Outcomes. Inclisiran may be
considered in patients with demonstrated poor adherence to PCSK9 mAbs, adverse effects from both PSCK9 mAbs, or those who may be unable to selfinject. There is currently no evidence for additional efﬁcacy in LDL-C lowering or cardiovascular outcomes beneﬁt for combination therapy with a PSCK9 mAb
and inclisiran when added to maximally tolerated statin therapy with/without ezetimibe or bempedoic acid; therefore, if inclisiran is to be used, it should be in
place of a PCSK9 mAb. ††No outcomes studies exist for evinacumab and lomitapide, and limited data are available for apheresis. ‡‡Fasting triglycerides $150
mg/dL following a minimum of 4-12 weeks of lifestyle intervention, a stable dose of maximally tolerated statin therapy when indicated, as well as evaluation
and management of secondary causes of hypertriglyceridemia. §§Refer to 2021 ACC expert consensus decision pathway on the management of ASCVD risk
reduction in patients with persistent hypertriglyceridemia: a report of the American College of Cardiology Solution Set Oversight Committee. J Am Coll
Cardiol. 2021;78(9):960-993.
ASCVD ¼ atherosclerotic cardiovascular disease; ECDP ¼ Expert Consensus Decision Pathway; FH ¼ familial hypercholesterolemia; HDL-C ¼ high-density
lipoprotein cholesterol; HoFH ¼ homozygous familial hypercholesterolemia; LDL-C ¼ low-density lipoprotein cholesterol; PCSK9 mAb ¼ proprotein convertase subtilisin/kexin 9 monoclonal antibody; RD/RDN ¼ registered dietitian/registered dietitian nutritionist; SASE ¼ statin-associated side effect

27

28

Lloyd-Jones et al

-, NO. -, 2022

JACC VOL.

-, 2022:-–-

2022 ECDP on Role of Nonstatin Therapies for LDL-C Lowering

reduction (with a mean expected reduction of approxi-

algorithms for patients with clinical ASCVD. For patients

mately 17%), documented statin intolerance, intolerance

with clinical ASCVD and baseline LDL-C $190 mg/dL

of other nonstatin medications, and ease of use for pa-

likely due to polygenic hypercholesterolemia and without

tients who prefer to avoid injectable medications. Bem-

a clinical diagnosis or genetic conﬁrmation of FH (see

pedoic acid should be used with caution for patients who

Table 5), clinicians should follow the algorithm outlined
in Figure 2C. If patients have $50% reduction in LDL-C

have a history of gout or tendon rupture.
At the current time, a PCSK9 mAb is preferred as the

from baseline and LDL-C <70 mg/dL (or non–HDL-C

initial PCSK9 inhibitor of choice in view of its demon-

<100 mg/dL), it is reasonable to continue statin therapy

strated safety, efﬁcacy, and cardiovascular outcomes

and monitor adherence to medication and lifestyle

beneﬁts in FOURIER and ODYSSEY Outcomes. 5,9 The

modiﬁcations and ongoing LDL-C response to therapy.

ORION-4 and VICTORION-2P cardiovascular outcomes

In patients who have a less-than-anticipated response

trials with inclisiran are currently in progress and are

on maximally tolerated statin therapy, with <50%

anticipated to be completed in 2026 and 2027, respec-

reduction in LDL-C or LDL-C $70 mg/dL (or non–

tively. However, in view of the twice-yearly dosing

HDL-C $100 mg/dL), routine clinical assessment and in-

regimen, inclisiran may be considered in patients with

terventions are warranted (see Section 3.3). The writing

demonstrated poor adherence to PCSK9 mAbs. Patients

committee also emphasizes that all such patients should

with adverse effects from both PSCK9 mAbs or those who

be considered for referral to a lipid specialist and RD/RDN,

may be unable to self-inject may also be considered for

especially if they have documented HeFH or HoFH. If the

therapy with inclisiran. There is currently no evidence or

patient has now achieved the anticipated response to

mechanistic plausibility for additional efﬁcacy in LDL-C

therapy ($50% reduction in LDL-C and LDL-C <70 mg/dL

lowering or cardiovascular outcomes beneﬁt for combi-

or non–HDL-C <100 mg/dL), it is reasonable to continue

nation therapy with a PSCK9 mAb and inclisiran when

current therapy and to continue monitoring adherence to

added to maximally tolerated statin therapy with or

medications and lifestyle modiﬁcations and the ongoing

without ezetimibe or bempedoic acid; therefore, if incli-

LDL-C response to therapy.

siran is to be used, it should be in place of a PCSK9 mAb. If

If after these interventions, the patient still has <50%

a patient has a continued <50% reduction in LDL-C or

reduction in LDL-C or LDL-C $70 mg/dL (or non–HDL-C

LDL-C $70 mg/dL (or non–HDL-C $100 mg/dL) on maxi-

$100 mg/dL), the addition of a nonstatin medication to

mally tolerated statin therapy with or without ezetimibe

the current regimen should be considered (see Table 3). If

and/or bempedoic acid, and prescription of inclisiran is

a decision is made to proceed with the addition of non-

being considered, referral should be made to a lipid

statin therapy to maximally tolerated statin therapy,

specialist. When the goals of therapy in the clinician-

based on the results of IMPROVE-IT, FOURIER, and OD-

patient discussion have been achieved, it is reasonable

YSSEY Outcomes demonstrating improved cardiovascular

to continue to monitor adherence to lifestyle modiﬁca-

outcomes and excellent safety proﬁles, the addition of

tions, medication, and LDL-C response to therapy.

either ezetimibe or a PCSK9 mAb as the initial nonstatin

Percent LDL-C and absolute LDL-C and non–HDL-C reductions should be the primary treatment outcomes for

agent should be considered (see Table 3).9
Although there is a gap in RCT evidence demonstrating

patients with clinical ASCVD who are not at very high risk.

outcomes

However, patients with persistent hypertriglyceridemia

therapy in clinical ASCVD patients with baseline LDL-C

despite

beneﬁts

of

using

ezetimibe

plus

statin

and

$190 mg/dL, the writing committee supports that ezeti-

medications should be treated according to the 2021

mibe 10 mg daily may be considered as the initial non-

ACC ECDP on management of hypertriglyceridemia.

statin agent for these patients when additional LDL-C

Hypertriglyceridemia is associated with increased car-

lowering is desired. Considerations that may favor the

diovascular risk and pancreatitis (especially in patients

initial

with triglyceride levels $500 mg/dL). Therefore, treat-

require <25% additional lowering of LDL-C, cost consid-

ment of persistent hypertriglyceridemia beyond statin

erations with recent availability of generic ezetimibe, ease

and nonstatin LDL-C–lowering therapies may be war-

of use as oral agent with low pill burden, and patient

ranted in patients with clinical ASCVD who are not at very

preferences. The writing committee also noted that there

high risk.

is interindividual variability in the response to ezetimibe,

adherence

to

lifestyle

modiﬁcations

choice

of

ezetimibe

include

patients

who

with some patients experiencing >25% reduction in
5.1.3. Adults With Clinical ASCVD and Baseline LDL-C
$190 mg/dL Not Due to Secondary Causes, on Statin
Therapy for Secondary Prevention (Figures 2C and 2D)

LDL-C. 64
If

patients

with

clinical

ASCVD

and

baseline

LDL-C $190 mg/dL require >25% additional lowering of

The approach to management of patients with clinical

LDL-C or have additional very high-risk factors, as deﬁned

ASCVD and baseline LDL-C $190 mg/dL is similar to the

previously (Section 5.1.1 and Figure 2A), a PCSK9 mAb
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TABLE 5
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FH Diagnostic Categories

ICD-10 Category

Clinical Criteria

With Genetic Testing Performed

Heterozygous FH

LDL-C $160 mg/dL (4 mmol/L) for children and $190 mg/dL
(5 mmol/L) for adults and with 1 ﬁrst-degree relative similarly
affected or with premature CAD or with positive genetic testing
for an LDL-C–raising gene defect (LDL receptor, apoB, or PCSK9)

Presence of 1 abnormal LDL-C–raising gene defect (LDL
receptor, apoB, or PCSK9)
Diagnosed as heterozygous FH if LDL-C–raising defect
positive and LDL-C <160 mg/dL (4 mmol/L)
Occasionally, heterozygotes will have LDL-C >400 mg/dL
(10 mmol/L); they should be treated similarly to
homozygotes
Presence of both abnormal LDL-C–raising gene defects (LDL
receptor, apoB, or PCSK9) and LDL-C–lowering gene
variant(s) with LDL-C <160 mg/dL (4 mmol/L)

Homozygous FH

LDL-C $400 mg/dL (10 mmol/L) and 1 or both parents having
clinically diagnosed FH, positive genetic testing for an
LDL-C–raising gene defect (LDL receptor, apoB, or PCSK9)
or autosomal-recessive FH
If LDL-C >560 mg/dL (14 mmol/L) or LDL-C >400 mg/dL
(10 mmol/L) with aortic valve disease or xanthomata at
<20 years of age, homozygous FH highly likely

Presence of 2 identical (true homozygous FH) or nonidentical
(compound heterozygous FH) abnormal LDL–raising gene
defects (LDL receptor, apoB, or PCSK9); includes the rare
autosomal-recessive type
Occasionally, homozygotes will have LDL-C <400 mg/dL
(10 mmol/L)

Family history of FH

LDL-C level not a criterion; presence of a ﬁrst-degree
relative with conﬁrmed FH

Genetic testing not performed

Reprinted with permission from Gidding et al.78
apoB ¼ apolipoprotein B; CAD ¼ coronary artery disease; FH ¼ familial hypercholesterolemia; ICD-10 ¼ International Classiﬁcation of Disease-10th Revision; LDL ¼ low-density
lipoprotein; LDL-C ¼ low-density lipoprotein cholesterol; PCSK9 ¼ proprotein convertase subtilisin/kexin type 9.

may be preferred as the initial nonstatin agent. It is

At the current time, a PCSK9 mAb is preferred as the

reasonable to engage in a clinician-patient discussion

initial PCSK9 inhibitor of choice in view of its demon-

with consideration of net risk reduction beneﬁts of a

strated safety, efﬁcacy, and cardiovascular outcomes

PCSK9 mAb, as well as cost, administration by subcu-

beneﬁts in FOURIER and ODYSSEY Outcomes.5,9 The

taneous injection, the every 14-day or monthly dosing

ORION-4 and VICTORION-2P cardiovascular outcomes

schedule, and, potentially, storage requirements (eg,

trials with inclisiran are currently in progress and are

refrigeration).

anticipated to be completed in 2026 and 2027, respec-

The writing committee also notes that in some patients

tively.55 However, in view of the twice-yearly dosing

with clinical ASCVD and LDL-C $190 mg/dL who require

regimen, inclisiran may be considered in patients with

greater LDL-C reduction than any additional agent alone

demonstrated poor adherence to PCSK9 mAbs. Patients

can expect to achieve, it may be reasonable to consider

with adverse effects from both PSCK9 mAbs or those who

the simultaneous addition of 2 agents to more rapidly

may be unable to self-inject may also be considered for

reduce the risk of recurrent events. Options may include

therapy with inclisiran. There is currently no evidence or

either combination therapy with high-intensity or maxi-

mechanistic plausibility for additional efﬁcacy in LDL-C

mally tolerated statin and ezetimibe or maximally toler-

lowering or cardiovascular outcomes beneﬁt for combi-

ated statin with or without ezetimibe and a PCSK9 mAb.

nation therapy with a PSCK9 mAb and inclisiran when

If additional LDL-C lowering is desired (<50% reduc-

added to maximally tolerated statin with or without

tion in LDL-C or LDL-C $70 mg/dL or non–HDL-C $100

ezetimibe or bempedoic acid; therefore, if inclisiran is to

mg/dL) after the addition of ezetimibe and/or a PCSK9

be used, it should be in place of a PCSK9 mAb. If a patient

mAb, it is reasonable to engage in a clinician-patient

has a continued <50% reduction in LDL-C or LDL-C $70

discussion with consideration of the net beneﬁt of bem-

mg/dL (or non–HDL-C $100 mg/dL) on maximally toler-

pedoic acid. This medication may be especially useful in

ated statin with or without ezetimibe and/or bempedoic

patients with statin-associated myalgias. At the time of

acid, and the patient is considered for prescription of

writing this ECDP, the CLEAR Outcomes trial with bem-

inclisiran, referral should be made to a lipid specialist.

pedoic acid was not completed, so preference should be

When the goals of therapy in the clinician-patient dis-

given to ezetimibe and PCSK9 mAbs as ﬁrst- and second-

cussion have been achieved, it is reasonable to continue

line nonstatin agents. Considerations that may favor the

to monitor adherence to lifestyle modiﬁcations, medica-

addition of bempedoic acid include further desired LDL-C

tion, and LDL-C response to therapy.

reduction (with a mean expected reduction of approxi-

If combination statin and nonstatin therapy with

mately 17%), documented statin intolerance, intolerance

ezetimibe, PCSK9 mAb, bempedoic acid, or inclisiran

of other nonstatin medications, and ease of use for pa-

has been attempted and the patient still has <50%

tients who prefer to avoid injectable medications. Bem-

reduction in LDL-C or LDL-C $70 mg/dL (or non–

pedoic acid should be used in caution with patients who

HDL-C $100 mg/dL), the writing committee recommends

have a history of gout or tendon rupture.

referral to a lipid specialist and RD/RDN. Patients with
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clinical ASCVD and persistent elevation of LDL-C $200

warranted

mg/dL without a clinical or genetic diagnosis of FH may

LDL-C $190 mg/dL.

in

patients

with

clinical

ASCVD

and

be candidates for LDL apheresis under the care of a lipid
5.2. Adults Without Clinical ASCVD and With Baseline

specialist.
Patients with clinical ASCVD and baseline LDL-C $190
mg/dL and a clinical diagnosis or genetic conﬁrmation of
FH (see Table 5) may be at very high risk, and intensiﬁ-

LDL-C ‡190 mg/dL Not Due to Secondary Causes,
on Statin Therapy for Primary Prevention (Figure 3)
Patients with baseline elevation of LDL-C $190 mg/dL not

cation of therapy and the addition of nonstatin therapies

due to secondary modiﬁable causes are at very high risk of

should be considered if there is <50% reduction in LDL-C

ﬁrst and recurrent ASCVD events because of their lifetime

or LDL-C $55 mg/dL on maximally tolerated statin ther-

exposure to markedly elevated LDL-C levels; therefore,

apy, as outlined in Figure 2D. Specialized therapies, such

10-year ASCVD risk assessment is not necessary in this

as evinacumab or lomitapide, may be needed to control

population. Rather, the suggested algorithm in Figure 3

LDL-C in patients with HoFH who have an inadequate

should be followed. ASCVD risk is accelerated in the

response to statins with or without ezetimibe and PCSK9

presence of other ASCVD risk factors. 73,74 Most patients

inhibitors (see Table 3).

20

LDL apheresis may be indicated

with LDL $190 mg/dL have polygenic hypercholesterole-

in patients with clinical ASCVD and HeFH or HoFH who

mia. However, these individuals are more likely to have

have an inadequate response to statins with or without

HeFH or HoFH, genetic disorders associated with severe

ezetimibe and PCSK9 inhibitors. In the opinion of the

hypercholesterolemia, and a family history of severe hy-

writing committee, these therapies are best administered

percholesterolemia and premature ASCVD (see Table 5).

under the care of a lipid specialist.

Pooled

data

from

6

large

U.S.

epidemiological

Percent LDL-C and absolute LDL-C and non–HDL-C

studies of individuals at index ages 20 to 79 years

reductions should be the primary treatment targets

demonstrated an increased risk of ASCVD events for those

for patients with clinical ASCVD and baseline LDL-C

with LDL-C $190 mg/dL compared with those with LDL-C

$190 mg/dL. However, patients with persistent hypertriglyceridemia despite adherence to lifestyle modiﬁca-

<130 mg/dL (hazard ratios [HRs]: 5.0 for coronary heart
disease and 4.1 for ASCVD). 75 A U.S. and European gene-

tions and medications should be treated according to the

sequencing study of 26,025 individuals with LDL-C $190

2021 ACC ECDP on Management of Hypertriglyceridemia.

mg/dL showed an almost 4-fold increase in the odds for

Hypertriglyceridemia is associated with increased car-

coronary artery disease events in those with deﬁned

diovascular risk and pancreatitis (especially in patients

deleterious mutations of LDLR, apolipoprotein B, or

with triglyceride levels $500 mg/dL). Therefore, treat-

PCSK9 compared with those with LDL-C $190 mg/dL in

ment of persistent hypertriglyceridemia beyond statin

the absence of those mutations.76 Early treatment is

therapy and nonstatin LDL-C–lowering therapies may be

highly beneﬁcial. Long-term drug therapy in patients with

F I G U R E 3 Continued

*For example, hypothyroidism, nephrosis, extreme dietary patterns (eg, anorexia nervosa). †The writing committee emphasizes that these are not ﬁrm triggers for
adding medication, but factors that may be considered within the broader context of an individual patient’s clinical situation. ‡May consider evinacumab, lomitapide, or
LDL apheresis in appropriate patients. §If patients without clinical ASCVD and with LDL-C $190 mg/dL require >25% additional lowering of LDL-C, a PCSK9 mAb may
be preferred as the initial nonstatin agent. It is reasonable to engage in a clinician-patient discussion with consideration of net risk reduction beneﬁts of a PCSK9
inhibitor, cost, administration by subcutaneous injection, every 14-day or monthly dosing schedule, and storage requirements (refrigeration). Consider only if on
maximally tolerated statin therapy with persistent <50% LDL-C reduction or LDL-C $70 mg/dL (or non–HDL-C $100 mg/dL). Strongly consider if fully statinintolerant and attempts to lower LDL-C with ezetimibe or BAS result in persistent <50% LDL-C reduction or LDL-C $70 mg/dL (or non–HDL-C $100 mg/dL).
kClinicians should preferentially prescribe drugs that have been shown in RCTs to provide ASCVD risk-reduction beneﬁts that outweigh the potential for adverse effects
and drug–drug interactions and consider patient preferences. ¶No outcome studies exist for bempedoic acid or inclisiran. #PCSK9 mAb is preferred as the initial PCSK9
inhibitor of choice in view of their demonstrated safety, efﬁcacy, and cardiovascular outcomes beneﬁts in FOURIER and ODYSSEY Outcomes. Inclisiran may be
considered in patients with demonstrated poor adherence to PCSK9 mAbs, adverse effects from both PSCK9 mAbs, or those who may be unable to self-inject. There is
currently no evidence for additional efﬁcacy in LDL-C lowering or cardiovascular outcomes beneﬁt for combination therapy with a PSCK9 mAb and inclisiran when
added to maximally tolerated statin therapy with/without ezetimibe or bempedoic acid; therefore, if inclisiran is to be used, it should be in place of a PCSK9 mAb. **No
outcome studies exist for evinacumab and lomitapide, and limited data are available for LDL apheresis ††Fasting triglycerides $150 mg/dL following a minimum of 4-12
weeks of lifestyle intervention, a stable dose of maximally tolerated statin therapy when indicated, as well as evaluation and management of secondary causes of
hypertriglyceridemia. ‡‡Refer to 2021 ACC expert consensus decision pathway on the management of ASCVD risk reduction in patients with persistent hypertriglyceridemia: a report of the American College of Cardiology Solution Set Oversight Committee. J Am Coll Cardiol. 2021;78(9):960-993.
ACS ¼ acute coronary syndrome; ASCVD ¼ atherosclerotic cardiovascular disease; BAS ¼ bile acid sequestrant; ECDP ¼ Expert Consensus Decision Pathway;
HDL-C ¼ high-density lipoprotein cholesterol; HoFH ¼ homozygous familial hypercholesterolemia; LDL-C ¼ low-density lipoprotein cholesterol;
PCSK9 mAB ¼ proprotein convertase subtilisin/kexin 9 monoclonal antibody; RCT ¼ randomized controlled trial; RD/RDN ¼ registered dietitian/registered dietitian
nutritionist; SASE ¼ statin-associated side effect.
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severe hypercholesterolemia can substantially reduce the

evidence of signiﬁcant subclinical atherosclerosis (see

risk of ASCVD and requires lifelong treatment with regular

Section 5.5), failure to achieve $50% reduction in LDL-C

follow-up. Referral to a lipid specialist should be consid-

and LDL-C <70 mg/dl may prompt consideration of

ered for patients with LDL-C $190 mg/dL and is deﬁnitely

intensiﬁcation of therapy following patient-clinician

recommended for children, adolescents, women during

discussion.

pregnancy, and patients with HoFH or severe HeFH. 73,74

Patients with baseline LDL-C $190 mg/dL and addi-

Because hypercholesterolemia in these high-risk in-

tional high-risk features should be treated ﬁrst with

dividuals

family

maximally tolerated statin therapy. If patients have

screening is especially important in this group to identify

a $50% reduction in LDL-C from baseline and LDL-C <100

additional family members who would beneﬁt from

mg/dL (or non–HDL-C <130 mg/dL), it is reasonable to

assessment and early treatment. Cascade screening, a

continue statin therapy and monitor adherence to medi-

is

often

genetically

determined,

process of systematic assessment of close biological rel-

cation and lifestyle modiﬁcations and ongoing LDL-C

atives, should be performed in all people with HeFH or

response to therapy. In patients who have a less-than-

HoFH to identify others with the disease who would

anticipated response on maximally tolerated statin ther-

beneﬁt from treatment. 77

apy with <50% reduction in LDL-C or LDL-C $100 mg/dL

Depending on the gene mutation, expression, and

(or non–HDL-C $130 mg/dL), routine clinical assessment

pattern of inheritance (ie, homozygous or heterozygous),

and interventions are warranted (see Section 3.3). The

patients with LDL-C $190 mg/dL may have variable re-

writing committee also emphasizes that all such patients

sponses to pharmacologic therapies. Therefore, the

should be considered for referral to a lipid specialist and

response to lifestyle modiﬁcations and maximally toler-

RD/RDN, especially if the patient has documented HoFH.

ated statin therapy should be monitored, reversible

If after these interventions, the patient still has <50%

ASCVD risk factors must be treated, and more intensive

reduction in LDL-C or LDL-C $100 mg/dL (or non–HDL-C

combination therapy may be indicated. A low-saturated-

$130 mg/dL), the patient and clinician should enter a

fat, low-cholesterol diet should be encouraged in all pa-

discussion focused on shared decision-making regarding

tients with severe hypercholesterolemia, and patients

the addition of a nonstatin medication to the current

should be referred to an RDN; however, even with

regimen (see Table 3). Consideration may be given to

strict adherence, diet has limited impact on the severity

either ezetimibe or a PCSK9 mAb in combination with

of

maximally tolerated statin therapy in these very high-risk

hypercholesterolemia

in

this

high-risk

patient

population.78

patients, as both have outcomes data from clinical trials
when added to statin therapy, although there is a gap in
the evidence demonstrating outcomes beneﬁt when

5.2.1. Adults With LDL-C $190 mg/dL With or Without

combined with high-intensity statin therapy in primary

Concomitant ASCVD Risk Factors (Figure 3)

prevention. Considerations that may favor ezetimibe as

Although all patients with baseline LDL-C $190 mg/dL are

the initial nonstatin agent include <25% additional

at high risk for ﬁrst and recurrent ASCVD events because

lowering of LDL-C desired, cost considerations with

of their lifetime exposure, the presence of concomitant

availability of a generic preparation, ease of use as oral

risk factors for ASCVD (including a family history of

agent with low pill burden, and patient preferences. The

premature ASCVD events, tobacco use, diabetes, hyper-

writing committee also noted that there is interindividual

tension, chronic kidney disease [CKD], evidence of sub-

variability in response to ezetimibe, with some patients

clinical atherosclerosis, elevated lipoprotein [a] [Lp(a)], or

experiencing >25% reduction in LDL-C. Considerations

elevated high-sensitivity C-reactive protein) further in-

that may favor a PCSK9 mAb as the initial nonstatin agent

creases ASCVD risk signiﬁcantly. Management of these

include >25% additional LDL-C lowering desired, the

patients should address and attempt to control all other

presence of additional ASCVD risk factors or conditions

causal ASCVD risk factors to the extent possible.

(see previous discussion), and patient preferences.

Individualization of therapy may be appropriate for

If high-risk patients with baseline LDL-C $190 mg/dL

some patients with baseline LDL-C $190 mg/dL on statin

require additional LDL-C lowering (<50% reduction in

therapy for primary prevention based on clinical judg-

LDL-C or LDL-C $100 mg/dL [or non–HDL-C $130 mg/dL])

ment. The writing committee notes that for patients with

after the addition of a single nonstatin agent (ie, ezeti-

baseline LDL-C $190 mg/dL and without other high-risk

mibe) to maximally tolerated statin therapy, it is reason-

features or comorbidities, achievement of $50% reduc-

able to consider the addition of a second nonstatin agent

tion in LDL-C and LDL-C <130 mg/dL may be a reasonable

(ie, ezetimibe plus a PCSK9 mAb).

therapeutic outcome that does not require further inten-

The writing committee also notes that in some patients

siﬁcation of therapy. However, for patients with baseline

with LDL-C $190 mg/dL and additional risk factors who

LDL-C $190 mg/dL and multiple high-risk features or

require greater LDL-C reduction than any additional agent
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alone can be expected to achieve, it may be reasonable to

maximally tolerated statin therapy with or without eze-

consider the simultaneous addition of 2 agents simulta-

timibe and/or bempedoic acid, and the patient is consid-

neously to more rapidly reduce the risk of events. Options

ered for prescription of inclisiran, referral should be made

may include either combination therapy with high-

to a lipid specialist. When the goals of therapy in the

intensity or maximally tolerated statin therapy and eze-

clinician-patient discussion have been achieved, it is

timibe or maximally tolerated statin therapy with or

reasonable to continue to monitor adherence to lifestyle,

without ezetimibe and a PCSK9 mAb.

medication, and LDL-C response to therapy.

If additional LDL-C lowering is desired (<50% reduc-

If combination statin and nonstatin therapy with

tion in LDL-C or LDL-C $100 mg/dL [or non–HDL-C $130

ezetimibe, PCSK9 mAb, bempedoic acid, or inclisiran

mg/dL]) after the addition of ezetimibe and/or a PCSK9

has been attempted and the patient still has <50%

mAb, it is reasonable to engage in a clinician-patient

reduction in LDL-C or LDL-C $100 mg/dL (or non–

discussion with consideration of the net beneﬁt of bem-

HDL-C $130 mg/dL), the writing committee recommends

pedoic acid. Bempedoic acid has been approved for the

referral to a lipid specialist and RD/RDN.

treatment of FH by the FDA based upon its demonstrated

Specialized therapies, such as evinacumab, lomitapide,

efﬁcacy in lowering LDL-C but does not yet have out-

or LDL apheresis, may be needed to control LDL-C in pa-

comes data. This medication may be especially useful in

tients with ASCVD and baseline LDL-C $190 mg/dL and/or

patients with statin-associated myalgias. At the time of

phenotypic HoFH who have an inadequate response to

writing this ECDP, the CLEAR Outcomes trial with bem-

statins with or without ezetimibe and PCSK9 inhibitors

pedoic acid was not yet completed, so preference should

(see Table 3).20 In the opinion of the writing committee,

be given to ezetimibe and PCSK9 mAbs as ﬁrst- and

these therapies are best administered under the care of a

second-line nonstatin agents. Considerations that may

lipid specialist.

favor the addition of bempedoic acid include further

When the goals of therapy in the clinician-patient dis-

desired LDL-C reduction (with a mean expected reduction

cussion have been achieved, it is reasonable to continue

of approximately 17%), documented statin intolerance,

to monitor adherence to lifestyle modiﬁcations, medica-

intolerance of other nonstatin medications, and ease of

tion, and LDL-C response to therapy.

use for patients who prefer to avoid injectable medica-

Percent LDL-C and absolute LDL-C and non–HDL-C

tions. Bempedoic acid should be used with caution in

reductions should be the primary treatment for patients

patients who have a history of gout or tendon rupture.

with baseline LDL-C $190 mg/dL. However, patients

At the current time, a PCSK9 mAb is preferred as the

with persistent hypertriglyceridemia despite adherence

initial PCSK9 inhibitor of choice in view of its demon-

to lifestyle modiﬁcations and medications should be

strated safety, efﬁcacy, and cardiovascular outcomes

treated according to the 2021 ACC ECDP on manage-

beneﬁts in FOURIER and ODYSSEY Outcomes. 5,9 The

ment of hypertriglyceridemia. Hypertriglyceridemia is

ORION-4 and VICTORION-2P cardiovascular outcomes

associated with increased cardiovascular risk and pan-

trials with inclisiran are currently in progress and are

creatitis (especially in patients with triglyceride levels

anticipated to be completed in 2026 and 2027, respec-

$500 mg/dL). Therefore, treatment of persistent hyper-

tively. 55 However, in view of the twice-yearly dosing

triglyceridemia

regimen, inclisiran may be considered in patients with

lowering therapies may be warranted in patients with

demonstrated poor adherence to PCSK9 mAbs. Patients

severe hypercholesterolemia.

beyond

statin

and

nonstatin

LDL-

with adverse effects from both PSCK9 mAbs or those who
may be unable to self-inject may also be considered for

5.2.2. LDL-C $190 mg/dL and Pregnancy

therapy with inclisiran. There is currently no evidence or

Special consideration for lipid management is needed in

mechanistic plausibility for additional efﬁcacy in LDL-C

all premenopausal women with baseline pregestational

lowering or cardiovascular outcomes beneﬁt for combi-

LDL-C $190 mg/dL during pregnancy with or without

nation therapy with a PSCK9 mAb and inclisiran when

documented FH (see Section 5.7). Although statins are

added to maximally tolerated statin therapy with or

recommended for use in women who are using effective

without ezetimibe or bempedoic acid; therefore, if incli-

contraception and are not nursing, or who are post-

siran is to be used, it should be in place of a PCSK9 mAb.

menopausal, as discussed in Section 5.7.3, the FDA has

Inclisiran has been approved for the treatment of FH by

suggested changes in package labeling to remove the

the FDA based upon its demonstrated efﬁcacy in lowering

wording that completely contraindicates their use in

LDL-C but does not yet have outcomes data. It may also

high-risk individuals who are pregnant.

be considered as an option in the process of shared
decision-making regarding nonstatin therapies. If a

5.2.3. Familial Hypercholesterolemia in Children and Adolescents

patient has a continued <50% reduction in LDL-C and

Management of FH in children and adolescents is beyond

LDL-C $100 mg/dL (or non–HDL-C $130 mg/dL) on

the scope of this paper and has been reviewed in detail
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F I G U R E 4 Adults With Diabetes and Without ASCVD and Baseline LDL-C <190 mg/dL on Statin Therapy for Primary Prevention
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elsewhere. Evolocumab has recently been approved by

$130 mg/dL), consideration of intensiﬁcation of therapy

the FDA for children aged 10 years and older. The reader is

is indicated. Due to the frequency of elevated non–HDL-C

referred to Wiegman et al 77 and Goldberg et al 74 for

despite lower levels of LDL-C in patients with diabetes,

excellent guidance on this important topic.

non–HDL-C thresholds are important to consider in this
high-risk patient population.

5.3. Adults With Diabetes and Without ASCVD and Baseline

As a ﬁrst step, routine clinical assessment and in-

LDL-C <190 mg/dL on Statin Therapy for Primary

terventions are warranted (see Section 3.3). If the patient

Prevention (Figure 4)

has now achieved the anticipated response to therapy,

Because primary prevention trials in large cohorts of in-

with a 30% to 49% reduction in LDL-C and LDL-C <100

dividuals with diabetes demonstrate that moderate-

mg/dL (or non–HDL-C <130 mg/dL), it is reasonable to

intensity statin therapy provides signiﬁcant cardiovas-

continue current therapy and continue to monitor

cular outcomes beneﬁt, the 2018 AHA/ACC/multisociety

adherence to medications and lifestyle modiﬁcations and

cholesterol guideline recommends that all adults aged 40-

ongoing LDL-C response to therapy.

75 years with diabetes beneﬁt from at least a moderate-

If, after these interventions, the patient still has <30%

intensity statin. Higher-risk subgroups of patients with

to 49% reduction in LDL-C or LDL-C $100 mg/dL (or non–

diabetes (older patients, patients with additional ASCVD

HDL-C $130 mg/dL), the patient and clinician may

risk factors, albuminuria, retinopathy, long duration of

consider increasing the statin dose to a high-intensity

diabetes, reduced eGFR <60 ml/min/1.73 m2, neuropathy,

statin. If the patient has now achieved the anticipated

ankle brachial index <0.9) are potential candidates for

response to therapy, it is reasonable to continue current

high-intensity statin therapy. Thus, all patients aged 40-

therapy and continue to monitor adherence to medica-

75 years with diabetes should undergo assessment of 10-

tions and lifestyle modiﬁcations and ongoing LDL-C

year ASCVD risk and comprehensive risk factor evalua-

response to therapy.
If escalation to high-intensity statin therapy results

tion. Patients with diabetes have increased morbidity and
mortality associated with a ﬁrst cardiovascular event,

in

making intensive prevention efforts even more critical.

$100 mg/dL (or non–HDL-C $130 mg/dL), the clinician

inadequate

percent

LDL-C

reduction

or

LDL-C

and patient should enter a discussion focused on shared
5.3.1. Adults Aged 40-75 Years With Diabetes and Without

decision-making regarding the addition of a nonstatin

Clinical ASCVD and Baseline LDL-C <190 mg/dL,

medication to the current regimen (see Table 5). If a de-

on Statin Therapy for Primary Prevention (Figure 4)

cision is made to pursue no additional medication at this

For the small proportion of patients aged 40-75 years with

point, it is reasonable to continue current therapy and

diabetes who have 10-year predicted ASCVD risk <7.5%

continue to monitor adherence to medications and life-

and no additional high-risk features, a high level of evi-

style modiﬁcations and ongoing LDL-C response to

dence supports the use of moderate-intensity statin

therapy.

therapy (anticipated LDL-C reduction 30%-49%). 79 In
addition

to

adherence

to

appropriate

lifestyle

in-

If escalation to high-intensity statin therapy results
in

inadequate

percent

LDL-C

reduction

or

LDL-C

terventions, the use of soluble dietary ﬁber and phytos-

$100 mg/dL (or non–HDL-C $130 mg/dL), ezetimibe 10

terols may also be considered.

mg daily may be considered as the initial nonstatin agent

If patients with diabetes and 10-year ASCVD risk <7.5%

for most patients when additional LDL-C lowering is

achieve inadequate lowering of LDL-C or non–HDL-C

desired. Although there is a gap in RCT evidence

despite adherence to lifestyle recommendations and

demonstrating outcomes beneﬁts of using ezetimibe plus

moderate-intensity statin therapy and have <30% to 49%

statin in primary prevention with diabetes, the writing

reduction in LDL-C or LDL-C $100 mg/dL (or non–HDL-C

committee supports ezetimibe as the preferred initial

F I G U R E 4 Continued

*Diabetes-speciﬁc high-risk features include long duration ($10 years for type 2 diabetes or $20 years for type 1 diabetes, albuminuria $30 mcg of albumin/
mg creatinine, eGFR <60 mL/min/1.73 m2, retinopathy, neuropathy, ankle-brachial index <0.9. †The writing committee emphasizes that these are not ﬁrm
triggers for adding medication, but factors that may be considered within the broader context of an individual patient’s clinical situation. ‡May consider a bile
acid sequestrant as optional alternative agent if ezetimibe-intolerant and triglycerides <300 mg/dL. §Fasting triglycerides $150 mg/dL following a minimum
of 4-12 weeks of lifestyle intervention, a stable dose of maximally tolerated statin therapy when indicated, as well as evaluation and management of
secondary causes of hypertriglyceridemia. kRefer to 2021 ACC expert consensus decision pathway on the management of ASCVD risk reduction in patients
with persistent hypertriglyceridemia: a report of the American College of Cardiology Solution Set Oversight Committee. J Am Coll Cardiol. 2021;78(9):960993.
ASCVD ¼ atherosclerotic cardiovascular disease; ECDP ¼ Expert Consensus Decision Pathway; HDL-C ¼ high-density lipoprotein cholesterol;
LDL-C ¼ low-density lipoprotein cholesterol; RD/RDN ¼ registered dietician/registered dietician nutritionist; SASE ¼ statin-associated side effect
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nonstatin therapy due to its demonstrated safety, toler-

treatment of persistent hypertriglyceridemia beyond

ability, convenience, and single-tablet daily dose. BAS

statin and nonstatin LDL-lowering therapies may be

may have a modest hypoglycemic effect that may be of

warranted in patients with diabetes.

beneﬁt in some patients with diabetes if fasting triglycerides are <300 mg/dL. BAS may also be considered if

5.3.2. Adults Aged 20-39 Years With CV Risk Factors and/or

patients have an inadequate response to ezetimibe or if

Diabetes-Speciﬁc Risk Enhancers or Adults Aged

patients are ezetimibe intolerant.

>75 Years (Figure 4)

For the greater proportion of patients aged 40-75 years

Younger patients with diabetes without ASCVD but with

with diabetes who have elevated 10-year ASCVD risk and

ASCVD risk factors typically have low 10-year predicted

high-risk features or diabetes-speciﬁc risk enhancers, a

risks for ASCVD but high lifetime predicted risks. Risk

high level of evidence supports the use of high-intensity

increases with time and may reach intermediate-risk

statin therapy (anticipated LDL-C reduction $50%). If a

levels by 30-39 years of age, especially in individuals

patient achieves inadequate lowering of LDL-C or non–

with longstanding type 2 diabetes and in those with type 1

HDL-C despite adherence to lifestyle recommendations

diabetes of >20 years duration. Consideration of lifetime

and high-intensity statin therapy, as a ﬁrst step, routine

risk estimates may be useful in counseling patients to

clinical assessment and interventions are warranted (see

motivate lifestyle changes or adherence to therapy. The

Section 3.3). If the patient has now achieved the antici-

2018 AHA/ACC/multisociety guideline recommends that

pated response to therapy, with $50% reduction in LDL-C

for adults aged 20-39 years with long duration of diabetes,

and LDL-C <100 mg/dL (or non–HDL-C <130 mg/dL), it is

albuminuria, eGFR <60 ml/min/1.73 m 2, retinopathy,

reasonable to continue current therapy and continue to

neuropathy, or ankle brachial index <0.9, it may be

monitor adherence to medications and lifestyle modiﬁ-

reasonable to initiate statin therapy.

cations and ongoing LDL-C response to therapy.

ASCVD risk increases with age in patients with dia-

If high-intensity statin therapy results in inadequate

betes, with a 10-year fatal CVD risk of 70% in men and

lowering of LDL-C, with <50% reduction in LDL-C or

40% in women aged >75 years.7 Although there is limited

LDL-C $100 mg/dL (or non–HDL-C $130 mg/dL), the

RCT evidence of beneﬁts of statin therapy in adults aged

clinician and patient should enter a discussion focused

>75 years with diabetes, a meta-analysis of the JUPITER

on shared decision-making regarding the addition of a

(Justiﬁcation for the Use of Statins in Prevention: an

nonstatin medication to the current regimen (see Table 5).

Intervention Trial Evaluating Rosuvastatin) and HOPE-3

If a decision is made to pursue no additional medication

(Heart Outcomes Prevention Evaluation) trials demon-

at this point, it is reasonable to continue current therapy

strated similar beneﬁts in ASCVD reduction among those

and continue to monitor adherence to medications and

aged >70 years vs <70 years.80 Approximately 21% of

lifestyle modiﬁcations and ongoing LDL-C response to

included patients were aged >75 years and had diabetes.

therapy.

The 2018 AHA/ACC/multisociety cholesterol guideline

In the absence of ASCVD or baseline LDL-C $190 mg/dL

recommends that it is reasonable to continue moderate-

not due to secondary causes, the PCSK9 mAbs, bempedoic

or high-intensity statin therapy in patients with diabetes

acid, or inclisiran do not currently have an established,

after the age of 75 years if therapy is well-tolerated. The

evidence-based role for primary prevention of ASCVD in

beneﬁt of initiation of statin therapy in individuals aged

patients with diabetes. Considerations may be given to

>75 years with recent or newly diagnosed diabetes is not

use of these medications in patients with diabetes if they

well known. It may, therefore, be reasonable to have a

are demonstrated to have signiﬁcant subclinical athero-

clinician-patient discussion in which the potential bene-

sclerosis (see Section 5.5 and Figure 6). When the goals of

ﬁts and risks of initiating statin therapy in this age group

therapy in the clinician-patient discussion have been

are reviewed. The decision to initiate nonstatin therapy in

achieved, it is reasonable to continue to monitor adher-

individuals aged >75 years should be individualized

ence to lifestyle modiﬁcations, medication, and LDL-C

based on considerations of expected longevity, frailty,

response to therapy.

polypharmacy, susceptibility to adverse effects of treat-

Percent LDL-C and absolute LDL-C and non–HDL-C re-

ment, and goals of care.7

ductions should be the primary treatment for patients
with diabetes. However, patients with persistent hypertriglyceridemia, despite adherence to lifestyle modiﬁca-

5.4. Adults Without Clinical ASCVD or Diabetes
(LDL 70-189 mg/dL) (Figure 5)

tions and medications, should be treated according to the

Patients aged <40 years without ASCVD but with ASCVD

2021 ACC ECDP on management of hypertriglyceridemia.

risk factors should not be considered for 10-year risk

Hypertriglyceridemia is associated with increased car-

assessment using current tools due to lack of validation in

diovascular risk and pancreatitis (especially in patients

this age range. These patients typically have low short-

with

triglyceride

levels

$500

mg/dL).

Therefore,

term risks for ASCVD (because of their young age) but
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F I G U R E 5 Adults Without Clinical ASCVD or Diabetes (LDL 70-189 mg/dL)

Adapted from Grundy et al.7 *Fasting triglycerides $150 mg/dL following a minimum of 4-12 weeks of lifestyle intervention, a stable dose of maximally
tolerated statin therapy when indicated, as well as evaluation and management of secondary causes of hypertriglyceridemia †Refer to 2021 ACC expert
consensus decision pathway on the management of ASCVD risk reduction in patients with persistent hypertriglyceridemia: a report of the American College
of Cardiology Solution Set Oversight Committee. J Am Coll Cardiol. 2021;78(9):960-993.
ASCVD ¼ atherosclerotic cardiovascular disease; CAC ¼ coronary artery calcium; ECDP ¼ Expert Consensus Decision Pathway; LDL-C ¼ low-density
lipoprotein cholesterol
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high lifetime predicted risks. In such patients, estimation

As noted in the 2018 AHA/ACC/multisociety cholesterol

of lifetime risks for ASCVD and communication of these

guideline, some primary prevention patients at higher

risks to encourage a heart-healthy lifestyle may help

risk may not wish to take a statin or may not tolerate the

reduce long-term ASCVD risk. Adults aged <40 years with

recommended intensity of statin therapy.7 In such pa-

LDL-C values $160 mg/dL and/or a family history of pre-

tients, it may be reasonable to use LDL-C–lowering drugs

mature cardiovascular disease may beneﬁt from statin

that have been proven safe and effective in RCTs, either

consideration. In patients with a family history of pre-

as monotherapy or combined with a statin. Although

mature ASCVD, measurement of Lp(a) may help identify

limited evidence is available in primary prevention pa-

patients who may beneﬁt from early statin initiation due

tients, consideration may be given to use of ezetimibe.

to the high heritability of Lp(a) and its well-known asso-

BAS may be considered as an optional alternative agent

ciation with higher ASCVD risk. 81 For patients aged >32

for

years, CAC scoring has been shown to help identify those

triglycerides <300 mg/dL or due to patient preferences,

with a traditional risk factor burden or a family history of

but there is no evidence for a net cardiovascular risk

those

with

ezetimibe

intolerance

and

with

premature cardiovascular disease. These patients may be

reduction beneﬁt of BAS in addition to statins. These

at higher long-term absolute risk for cardiovascular dis-

therapies should be considered in the context of a risk

ease and therefore may be more likely to experience po-

discussion that reviews the potential for beneﬁt along

tential beneﬁt from statin initiation in early adult life (see

with tolerability and safety issues. Given the marginal

Section 5.5.).82

additional beneﬁt that would be anticipated for this

In the 2018 AHA/ACC/multisociety cholesterol guide-

lower-risk group, the expert consensus writing committee

line, patients aged 40-75 years without clinical ASCVD or

does not recommend routine use of nonstatin therapy for

diabetes, who have LDL-C 70-189 mg/dL and an estimated

primary prevention patients with ASCVD risk <20%.

10-year ASCVD risk of 5% to <7.5% were judged to be at

For primary prevention patients aged 40 to 75 years at

borderline risk and may have net beneﬁt from moderate-

high (>20%) 10-year estimated ASCVD risk, consideration

intensity statin therapy.7 In this group, in the context of

of high-intensity statin therapy to achieve $50% reduc-

shared

risk-

tion in LDL-C and LDL-C <70 mg/dL (or non–HDL-C <100

enhancing factors (see Table 2), initiation of moderate-

mg/dL) is recommended. The writing committee recom-

intensity statin therapy may be considered.

mends this greater percent reduction in LDL-C and lower

decision-making

and

consideration

of

Patients with an estimated 10-year ASCVD risk of 7.5%

LDL-C threshold because high-risk primary prevention

to <20% were considered to be at intermediate risk and

groups have ASCVD event rates that are equivalent to or

found to have net beneﬁt from statin therapy.7 Based on a

exceed those observed in many secondary prevention

high level of evidence, the guideline recommends that

groups. Furthermore, primary prevention trials have

such patients be considered for treatment with a

demonstrated the beneﬁt and safety of treating higher-

moderate-intensity statin.

risk primary prevention patients to lower LDL-C levels.

Patients at borderline or intermediate risk (5% to <20%

If a patient on a high-intensity statin has inadequate

estimated 10-year ASCVD risk) who are started on a

lowering of LDL-C, with <50% reduction in LDL-C or

moderate-intensity statin are recommended to achieve

LDL-C $70 mg/dL (or non–HDL-C $100 mg/dL), routine

a 30% to 49% reduction in LDL-C from baseline and

clinical assessment and interventions are warranted

LDL-C <100 mg/dL. These levels of LDL-C reduction

(see Section 3.3). If the patient has now achieved the

have been well-tolerated and demonstrated efﬁcacy in

anticipated response to therapy, it is reasonable to

multiple primary prevention trials.83

continue current therapy and continue to monitor

If a patient on a moderate-intensity statin has inadequate lowering of LDL-C, with <30% reduction in LDL-C

adherence to medications and lifestyle modiﬁcations and
ongoing LDL-C response to therapy.

or LDL-C$100 mg/dL (or non–HDL-C $130 mg/dL),

In high-risk primary prevention patients, if $50%

routine clinical assessment and interventions are war-

LDL-C reduction or LDL-C $70 mg/dL (non–HDL-C

ranted (see Section 3.3). If the patient has now achieved

$100 mg/dL) is not achieved, the addition of ezetimibe

the anticipated response to therapy, it is reasonable to

may be considered. If ezetimibe is prescribed, clinicians

continue current therapy and continue to monitor

should continue the maximally tolerated statin and

adherence to medications and lifestyle modiﬁcations and

continue to monitor for adherence to medications and

ongoing LDL-C response to therapy.

lifestyle modiﬁcations, side effects, and ongoing LDL-C

If a patient at moderate or intermediate ASCVD risk on

response to therapy.

a moderate-intensity statin does not achieve a 30%

The writing committee does not routinely recommend

to 49% LDL-C reduction or LDL-C $100 mg/dL (or non–

PCSK9 mAbs in this patient population, given limited ef-

HDL-C $130 mg/dL), the writing committee recommends

ﬁcacy data and low cost-effectiveness in primary pre-

consideration of escalation to a high-intensity statin.

vention

patients

on

statin

therapy.

However,

see
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Section 5.5 for further guidance on implementation of

Data from MESA (Multi-Ethnic Study of Atheroscle-

nonstatin therapies in primary prevention patients with

rosis) identiﬁed individuals with a CAC score >100 AU

extensive

or $75th percentile for the patient’s age, sex, and race as

subclinical

atherosclerosis

detected

on

imaging.

having a Kaplan-Meier cumulative 10-year incidence of

In primary prevention patients aged >75 years, the

hard ASCVD events of >7.5%, 85 a ﬁnding that supports the

patient-clinician discussion should consider the limited

initiation of moderate- or high-intensity statin therapy. 86

adequate RCT data to inform these decisions. The writing

Because ASCVD risk increases in a linear fashion in

committee recommends consideration of ASCVD risk in

proportion to an adult’s CAC score, there is no absolute

the context of patient goals, competing risks for non-

score that is universally recognized as either “high “or

cardiovascular disease death, patient frailty, susceptibil-

“very high” risk. However, a CAC score of >300 AU (as in

ity to adverse effects, and polypharmacy to derive

MESA), >400 AU (as in the Heinz Nixdorf Recall Study), or

individual-level recommendations for statin initiation in

greater than the 75th percentile for their age/sex/race

this highly heterogenous group.

group is associated with a clear upward recalibration of

When the goals of therapy in the clinician-patient dis-

risk for patients with baseline borderline or intermediate

cussion have been achieved, it is reasonable to continue

predicted risk. Thus, initiation or titration to high-

to monitor adherence to lifestyle modiﬁcations, medica-

intensity statin therapy may be considered. For such

tion, and LDL-C response to therapy. If there is persistent

high-risk patients who are on maximally tolerated statin

hypertriglyceridemia (fasting triglycerides $150 mg/dL),

therapy with a <50% LDL-C reduction from baseline or

clinicians should refer to the 2021 ACC ECDP on man-

LDL-C $70 mg/dL, the addition of ezetimibe may be

agement of hypertriglyceridemia for further evaluation

considered.

and management.48

For those with CAC scores $1,000 AU, data from both
the CAC Consortium87 and MESA 88 demonstrated very

5.5. Incorporation of Subclinical Atherosclerosis Imaging Into

high annual clinical ASCVD event rates in individuals not

Risk Assessment and Treatment for Adults Without Clinical

on baseline statin therapy (3.3 per 100 person-years).

ASCVD or Diabetes or LDL-C ‡ 190 mg/dL (Figure 6)

Based on the high ASCVD risk in such individuals, if

For adults aged 40-75 years with a 10-year estimated

maximally tolerated statin and ezetimibe therapy results

ASCVD risk of 7.5% to <20% and without diabetes or

in inadequate lowering of LDL-C, with <50% LDL-C

ASCVD and LDL-C 70-189 mg/dL, particularly in the

reduction or LDL-C $70 mg/dL, the addition of a PCSK9

presence of risk-enhancing factors, the 2018 AHA/ACC/

mAb may be considered. The writing committee has not

multisociety cholesterol guideline recommends initiation

provided a recommendation on the use of bempedoic acid

of moderate- or high-intensity statin therapy. For those at

or inclisiran due to the absence of cardiovascular out-

5% to <7.5% 10-year ASCVD risk with additional risk en-

comes trials for these agents.

hancers, initiation of moderate-intensity statin therapy

The incidental ﬁnding of CAC on nongated computed

may be reasonable. If, during the clinician-patient dis-

tomographic

cussion, there remains uncertainty about the need to

tion. 89,90 The Society of Cardiothoracic Computed To-

initiate a statin, CAC scoring, which improves risk

mography

discrimination and reclassiﬁcation in such patients, is

Guidelines provide a Class I recommendation for at least

reasonable to inform this decision.7 CAC scoring is not

qualitative interpretation of CAC (mild, moderate, heavy/

recommended routinely in patients with predicted 10-

severe) on all CT scans of the chest. The presence of

year ASCVD risk <5% because of low yield, nor is it rec-

moderate or severe calciﬁcation generally correlates with

ommended in high-risk patients with risk >20% because

a CAC score >100 AU, a guideline-based indication for

of the lack of meaningful downward risk reclassiﬁcation,

statin beneﬁt.89 In many instances, nongated CT scans

even if the CAC score is 0 AU.

can be reinterpreted to quantify the CAC score for assis-

For those with a 10-year predicted risk of 5% to <20%

imaging

and

the

enhances
Society

of

ASCVD

risk

Thoracic

predic-

Radiology

tance in decision-making.

and CAC scores of 0 AU, in the absence of diabetes,

When the baseline CAC score is zero before initiation of

LDL-C $190 mg/dL, a family history of premature coro-

statin therapy, some investigators favor remeasurement

nary heart disease, or active cigarette smoking, it is

of CAC after 5 to 10 years.7 However, serial CAC mea-

reasonable to defer statin therapy with a plan for CAC

surement in patients already treated with statin therapy

reassessment in 3-5 years.84

has attenuated utility.91 Although statins are associated

For those with a CAC score of 1-99 AU and <75th

with slower progression of overall coronary atheroscle-

percentile for their age, sex, and race, moderate-intensity

rosis volume and reduction of high-risk plaque features,

statin therapy is reasonable. Titration to high-intensity

they increase plaque density and thus increase the CAC

statin

score. Increases in Agatston CAC scores caused by statins

therapy

may

be

considered

if

the

patient

achieves <30% LDL-C reduction or LDL-C $100 mg/dL.

are generally modest, and very elevated CAC scores
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F I G U R E 6 Incorporation of Subclinical Atherosclerosis Imaging Into Risk Assessment and Treatment for Adults Without Clinical ASCVD or Diabetes or

LDL-C $190 mg/dL

*Fasting triglycerides $150 mg/dL following a minimum of 4-12 weeks of lifestyle intervention, a stable dose of maximally tolerated statin therapy when
indicated, as well as evaluation and management of secondary causes of hypertriglyceridemia. †Refer to the 2021 ACC expert consensus decision pathway on
the management of ASCVD risk reduction in patients with persistent hypertriglyceridemia: a report of the American College of Cardiology Solution Set
Oversight Committee. J Am Coll Cardiol. 2021;78(9):960-993.
ASCVD ¼ atherosclerotic cardiovascular disease; AU ¼ Agatston unit; CAC ¼ coronary artery calcium; CHD ¼ coronary heart disease; ECDP ¼ Expert
Consensus Decision Pathway; LDL-C ¼ low-density lipoprotein cholesterol; PCSK9 mAb ¼ proprotein convertase subtilisin/kexin 9 monoclonal antibody
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(eg, >400 or >1,000) should still be interpreted as indic-

unacceptable muscle-related symptoms that resolve with

ative of extensive atherosclerosis and prompt aggressive

discontinuation of therapy and recur with rechallenge on

preventive therapies.

at least 2 (and preferably 3) statins, preferably ones that

When the goals of therapy in the clinician-patient dis-

are metabolized by different pathways and have different

cussion have been achieved, it is reasonable to continue

lipophilicity/hydrophilicity, and one of which is pre-

to monitor adherence to lifestyle modiﬁcations, medica-

scribed at the lowest approved dose. The predominantly

tion, and LDL-C response to therapy. If there is persistent

hydrophilic statins are rosuvastatin and pravastatin,

hypertriglyceridemia (fasting triglycerides $150 mg/dL),

whereas the lipophilic statins include simvastatin, ﬂu-

clinicians should refer to the 2021 ACC ECDP on man-

vastatin,

agement of hypertriglyceridemia for further evaluation

Although not studied in RCTs nor FDA approved, alter-

and management.

native statin regimens may include alternate-day dosing

pitavastatin,

lovastatin,

and

atorvastatin.

with a long half-life statin (atorvastatin or rosuvastatin),
5.6. Adults With Possible Statin-Associated Side Effects

de-escalation dosing (reducing 40-mg daily dosing to

(Figure 7)

alternating between a 40- and a 20-mg statin every other

A systematic approach to evaluation of SASEs is critically

day), or a lower daily dose (from 40 mg daily to 20 mg

important to encourage adherence to evidence-based

daily). The majority of patients who experience SASEs are

statin treatment. The most-encountered SASE in clinical

able to tolerate statin rechallenge with an alternative

practice is statin-associated muscle symptoms, which

statin or dose reduction with the same statin.

may occur in 5% to 20% of patients.7,92 For patients with

Nonstatin therapies are not considered to be an alter-

SASEs who meet evidence-based guideline criteria for

native to evidence-based statin therapy unless SASEs

statin therapy, avoiding complete discontinuation of

have been systematically and rigorously evaluated and

statin

the

documented. In patients with clinical ASCVD and possible

SAMSON (Self-Assessment Method for Statin Side-effects

SASEs who have failed at least 2 (and preferably 3) statins,

Or Nocebo) trial of patients who discontinued a statin

including a trial of 1 attempt at the lowest approved dose

due to SASEs, 90% of the adverse symptom effects

or using alternative statin dosing, or who still have not

experienced with drug therapy can be attributed to what

achieved adequate reduction in LDL-C or non–HDL-C on

is seen with a blinded placebo. These results suggest that

maximally tolerated statin therapy, a trial of ezetimibe or

treatment

is

strongly

recommended.

In

the act of taking a pill may be triggering the anticipated

a PCSK9 mAb may be considered as ﬁrst-line nonstatin

side-effect (the “nocebo” effect). Clinicians should strive

therapy (see Figure 7), depending on the patient’s clinical

to ﬁnd the highest tolerated statin dose that is as close to

scenario. Second-line therapy options that may be

the guideline recommendation as possible and work with

considered are bempedoic acid and inclisiran. Inclisiran

patients to help understand the nature and severity of

may be considered in patients with poor adherence to

symptoms.

PCSK9 mAbs, patients with adverse effects from both

Although statin-associated muscle symptoms may

PSCK9 mAbs, or those who may be unable to self-inject.

occur while on statin therapy, true complete statin

There is currently no evidence or mechanistic plausibil-

intolerance is uncommon.93,94 A careful history can help

ity for additional efﬁcacy in LDL-C lowering or cardio-

to determine whether symptoms are consistent with

vascular outcomes beneﬁt for combination therapy with a

statin-related effects, which tend to be symmetric myal-

PSCK9 mAb and inclisiran when added to maximally

gias or weakness in large proximal muscle groups. Other

tolerated statin therapy with or without ezetimibe or

causes of muscle symptoms must be ruled out (eg, hy-

bempedoic acid; therefore, if inclisiran is to be used, it

pothyroidism, vitamin D deﬁciency, recent exercise) and

should be in place of a PCSK9 mAb. If a patient with

drug–drug interactions that can increase systemic statin

ASCVD or baseline LDL-C $190 mg/dL has not achieved

exposure must be considered. Some patients, such as

adequate lowering of LDL-C on maximally tolerated statin

women, individuals of Asian descent, and the elderly,

therapy with or without ezetimibe, and the patient is

may be at increased risk for statin-associated muscle

considered for prescription of inclisiran, referral should

symptoms. However, these patients may be able to

be made to a lipid specialist.

tolerate a lower statin intensity, an alternative statin, or
alternative dosing strategies.

In patients with LDL-C $190 mg/dL, with or without
clinical ASCVD, who have failed at least 2 (and preferably

The approach to SASEs should include discontinuation

3) statins, including a trial of 1 attempt at the lowest

of statin therapy until resolution of symptoms and sub-

approved daily dose or using alternative statin dosing, or

sequent rechallenge to verify recurrence of muscle-

who still have not achieved adequate reduction in LDL-C

related symptoms.93 Although there is no universally

or non–HDL-C on maximally tolerated statin therapy, a

accepted deﬁnition of statin intolerance, most experts

trial of either ezetimibe or a PCSK9 mAb may be consid-

recommend that patients are documented to have

ered as ﬁrst-line nonstatin therapy (see Figure 7). Second-
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line therapy options that may be considered are bempe-

weakness and elevated creatine kinase. 95 The presence

doic acid and inclisiran. Inclisiran may be considered in

of anti–hydroxy-methyl-glutaryl coenzyme A reductase

patients with demonstrated poor adherence to PCSK9

autoantibodies and/or necrotizing myopathy on biopsy

mAbs or with adverse effects from both PSCK9 mAbs or

are used to diagnose statin-associated autoimmune

those who may be unable to self-inject PCSK9 mAbs.

myopathy.96 Patients diagnosed with statin-associated

There is currently no evidence or mechanistic plausibility

autoimmune myopathy usually97 require chronic immu-

for additional efﬁcacy in LDL-C lowering or cardiovascu-

nosuppressive therapy and should not be re-exposed to

lar outcomes beneﬁt for combination therapy with a

statins. Treatment for these patients may include PCSK9

PSCK9 mAb and inclisiran when added to maximally

inhibitors or ezetimibe (see Figure 7).96

tolerated statin therapy with or without ezetimibe or

Statin-induced rhabdomyolysis is an extremely rare

bempedoic acid; therefore, if inclisiran is to be used, it

condition (1.6 per 100,000 patient-years) that causes

should be used in place of a PCSK9 mAb. If a patient with

myonecrosis, in which muscle breakdown is responsible

LDL-C $190 mg/dL has not achieved adequate lowering of

for a massive release of creatine kinase and myoglobin,

LDL-C on maximally tolerated statin therapy with or

with resulting myoglobinuria and acute renal failure. 98,99

without ezetimibe, and the patient is considered for pre-

A comprehensive review and meta-analysis of risk factors

scription of inclisiran, referral should be made to a lipid

associated with statin-induced myopathy and/or rhabdo-

specialist. Third-line therapy options may be considered,

myolysis included age, sex, diabetes, renal impairment,

including lomitapide, evinacumab, or LDL apheresis in

cardiovascular disease, certain interacting drugs (eg,

patients with HoFH, but such patients should be managed

gemﬁbrozil), and mutations of the SLCO1B1 gene, which

under the care of a lipid specialist.

encodes a liver-speciﬁc transporter protein. 100 In patients

For patients without clinical ASCVD or HeFH or HoFH

who have a clear indication for statin therapy but expe-

who have possible SASEs and other indications for LDL-C–

rience severe statin-associated muscle symptoms or

lowering therapies, the ﬁrst-line nonstatin therapy should

rhabdomyolysis, nonstatin therapies should be consid-

be ezetimibe (see Figure 7).

ered (see Figure 7).

It should be noted that use of CAC assessment may be
particularly useful in primary prevention patients with

5.7. Special Populations

SASEs. A ﬁnding of a CAC score of 0 AU in a patient with

Patients with symptomatic heart failure, those on main-

documented SASEs at borderline or intermediate risk

tenance hemodialysis for end-stage renal disease, and

could reinforce a decision to defer lipid-lowering therapy

those with planned or current pregnancy require indi-

(provided the patient does not have diabetes, heavy cur-

vidualized care.

rent smoking, or a strong family history). Conversely, a
ﬁnding of a CAC score of $100 AU or $75th percentile

5.7.1. Patients With Symptomatic Heart Failure

should reinforce efforts to ﬁnd evidence-based LDL-C–

Existing data regarding the use of statins in patients with

lowering strategies to reduce the ASCVD risk in such a

symptomatic heart failure are equivocal because such

patient.

patients have been largely excluded from RCTs. The

The 2018 ACC/AHA/multisociety guidelines do not

CORONA (Controlled Rosuvastatin Multinational Trial in

recommend routine measurement of creatine kinase and

Heart Failure) and GISSI-HF (Gruppo Italiano per lo

transaminase levels as they have not been demonstrated

Studio della Sopravvivenza nell’Infarto Miocardico Heart

to be useful. Rarely, patients treated with statins will

Failure) trials directly addressed the use of statins in

present after a few months with proximal muscle

patients with symptomatic heart failure and reduced left

F I G U R E 7 Continued

*May consider BAS as optional alternative agent if ezetimibe-intolerant and triglycerides <300 mg/dL. †Depending on the amount of LDL-C lowering that is desired,
clinicians may consider CAC scoring in these patients before alternative therapies, and if the CAC score is 0, may consider deferring lipid-lowering therapy. ‡No
outcome studies exist for bempedoic acid or inclisiran. §A PCSK9 mAb is preferred as the initial PCSK9 inhibitor of choice in view of their demonstrated safety, efﬁcacy,
and cardiovascular outcomes beneﬁts in FOURIER and ODYSSEY Outcomes. Inclisiran may be considered in patients with demonstrated poor adherence to PCSK9
mAbs, adverse effects from both PSCK9 mAbs, or those who may be unable to self-inject. There is currently no evidence for additional efﬁcacy in LDL-C lowering or
cardiovascular outcomes beneﬁt for combination therapy with a PSCK9 mAb and inclisiran when added to maximally tolerated statin therapy with/without ezetimibe
or bempedoic acid; therefore, if inclisiran is to be used, it should be in place of a PCSK9 mAb. kDue to its demonstrated efﬁcacy and relative safety as monotherapy and
in combination with ezetimibe, in the opinion of the writing committee, bempedoic acid may be considered as third-line therapy in high-risk primary prevention
patients intolerant of statin therapy.
ASCVD ¼ atherosclerotic cardiovascular disease; FDA ¼ Food and Drug Administration; HoFH ¼ homozygous familial hypercholesterolemia; LDL-C ¼ low-density
lipoprotein cholesterol; PCSK9 mAb ¼ proprotein convertase subtilisin/kexin type 9 monoclonal antibody; SASE ¼ statin-associated side effect
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ventricular ejection fraction.101,102 Neither the CORONA

5.7.2. Patients on Maintenance Hemodialysis

nor the GISSI-HF trial demonstrated signiﬁcant re-

The 2018 AHA/ACC/multisociety cholesterol guideline

ductions in primary endpoints or major secondary end-

includes patients with CKD not on dialysis as a higher-risk

points. However, both trials used low-dose rosuvastatin

subset of patients with ASCVD who may merit consider-

(10 mg daily) and did not provide evidence regarding

ation for more intensive LDL-C lowering with the use of a

potential beneﬁts of higher-dose statin therapy in this

nonstatin medication, such as ezetimibe (see Figure 2A).

setting. Both trials were notable for the very high all-

Similarly, patients with CKD not on dialysis and without

cause mortality rates experienced by study participants

ASCVD, on statin therapy for primary prevention, are

regardless of randomization status, suggesting very high

considered to be at higher risk than the general popula-

competing risks. A subsequent individual-level pooled

tion (see Figures 4 and 5) and have beneﬁt from statin

data meta-analysis of these trials, which also accounted

therapy.104

for the competing risks of mortality, demonstrated a sig-

However, the issues surrounding the use of statins and

niﬁcant 19% reduction in MI rates among patients with

nonstatin therapies in patients on maintenance dialysis

ischemic etiology of heart failure, 103 prompting a change

are less clear and parallel those for patients with symp-

in recommendations for these patients in the 2018 AHA/

tomatic heart failure. The SHARP (Study of Heart and

ACC/multispecialty guidelines. Thus, the writing com-

Renal Protection) trial,104 which randomized patients

mittee judges that it is reasonable to consider the use of

with CKD (3,023 on dialysis) 35; the AURORA trial (A Study

statins in patients with symptomatic heart failure due to

to Evaluate the Use of Rosuvastatin in Subjects on Regular

ischemic etiology who have reasonable expectation of

Hemodialysis: An Assessment of Survival and Cardiovas-

surviving long enough to achieve beneﬁt from the statin

cular Events)105; and the 4D (Die Deutsche Diabetes Di-

therapy (ie, 3-5 years or more).

alyse Studie) trial 106 found no signiﬁcant beneﬁt for

A post hoc analysis of IMPROVE-IT identiﬁed 9 clinical

patients on maintenance hemodialysis in any vascular

variables, including heart failure, that may help predict

outcomes in the context of their extremely high all-cause

patients with the greatest likelihood of beneﬁt from the

mortality rates. For patients who plan to undergo renal

addition of ezetimibe to statin therapy following ACS. 8

transplantation or may have longer expected survival,

Thus, for patients with ASCVD and a history of heart

decisions should be individualized.

failure who achieve inadequate lowering of LDL-C on

Thus, the approach to patients with ASCVD on main-

maximally tolerated statin therapy, the addition of eze-

tenance dialysis, particularly hemodialysis, should be

timibe may be reasonable.

individualized. Decisions about the use of statins and

In a post hoc analysis of patients with ACS, treatment

other nonstatin agents in these patients is a matter of

with the PCSK9 mAb alirocumab failed to show a reduc-

clinical judgment after consideration of the potential net

tion in major adverse cardiac events in patients with heart

clinical beneﬁt in the context of the patient’s projected

failure and was associated with an increase in nonfatal

longevity and other comorbidities. For patients who are

MI. Based on the results of this hypothesis-generating

judged to have a potential net beneﬁt from statin therapy

study, the approach to patients with ASCVD and New

and possibly from the addition of nonstatin therapies, the

York Heart Association functional class II-III heart failure

algorithms in Figure 2B may apply, except for the use of a

due to ischemic heart disease should generally follow the

PCSK9 mAb, for which no recommendation can be made

algorithm for patients with ASCVD at very high-risk on

at this time. Both trials studying the clinical outcomes of

statin therapy for secondary prevention, with the excep-

PCSK9 mAbs, evolocumab (FOURIER) 5 and alirocumab

tion that no recommendation can be made for the use of a

(ODYESSY Outcomes),9 excluded patients with severe

PCSK9 mAb at this time (see Figure 2A).

CKD. However, in a subgroup analysis of FOURIER, rela-

Patients with New York Heart Association functional

tive risk reduction for the primary endpoint was similar

class II, III, or IV heart failure or whose last known left

for preserved renal function (HR: 0.82; 95% CI: 0.71-0.94),

ventricular ejection fraction was <30% have been

stage 2 CKD (HR: 0.85; 95% CI: 0.77- 0.94), and stage $3

excluded from studies with inclisiran 25; thus, information

CKD (HR: 0.89; 95% CI: 0.76-1.05); P int ¼ 0.77.107 LDL-C

about clinical outcomes with this agent are lacking for

lowering and the relative clinical efﬁcacy and safety of

patients with heart failure. Similarly, the CLEAR Out-

evolocumab vs placebo were consistent across CKD

comes trial of bempedoic acid in patients with ASCVD also

groups. Absolute reduction in the composite of CV death,

excludes patients with severe heart failure.

MI, or stroke with evolocumab was numerically greater

Decisions about the use of other nonstatin agents in

with more advanced CKD.

these patients is a matter of clinical judgment after

Inclisiran has been studied in phase 1 and 2 trials,

consideration of the potential net clinical beneﬁt in the

revealing similar pharmacodynamic effects and safety

context of the patient’s projected longevity and other

proﬁles for patients with normal and impaired renal

comorbidities.
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function.108 However, no phase 3 clinical outcome data

statin use.113 The safety of pravastatin has been under

for inclisiran are available in patients with CKD.

study for the prevention of pre-eclampsia in high-risk
pregnant women.114 Statins are known to have pleio-

5.7.3. Patients Considering Pregnancy (or Already Pregnant)

tropic effects that may diminish inﬂammation and

Treatment of hypercholesterolemia to reduce ASCVD risk

oxidative stress, increase angiogenesis, inhibit the coag-

is particularly challenging for at-risk women during the

ulation cascade, and protect the endothelium. 115 Human

reproductive years. It is generally recommended that

clinical trials are currently in progress to determine

women on statin therapy use effective contraception and

whether a hydrophilic statin may be used to prevent pre-

that statin therapy should be discontinued during

eclampsia in high-risk women.

conception, pregnancy, and lactation.109 However, in July

Ezetimibe should be used during pregnancy only if the

2021, the FDA requested revisions to the information

potential beneﬁt justiﬁes the risk to the fetus.34 There are

regarding use of statins in pregnancy, removing the

no adequate and well-controlled studies of ezetimibe in

contraindication against use in all pregnant patients.

pregnant women.

Because the beneﬁts of statins may include prevention of

According to current prescribing information, bempe-

serious or potentially fatal events in a small group of very

doic acid should be discontinued when pregnancy is

high-risk pregnant patients, contraindicating these drugs

recognized unless the beneﬁts of therapy outweigh the

in all pregnant women may not be appropriate. Thus,

potential risks to the fetus. 17 There are no available data on

healthcare professionals and patients may make individ-

bempedoic acid use in pregnant women to evaluate for a

ual decisions about beneﬁt and risk, especially for those

drug-associated risk of major birth defects, miscarriage, or

at very high risk of heart attack or stroke. This includes

adverse maternal or fetal outcomes. There is no informa-

patients with homozygous familial hypercholesterolemia

tion regarding the presence of bempedoic acid in human or

and those who have clinical ASCVD.

animal milk, the effects of the drug on the breastfed infant,

Premenopausal women without ASCVD with a baseline

or the effects of the drug on milk production.

LDL-C $190 mg/dL often have underlying genetic lipid

Based on data from animal reproduction studies, evi-

disorders, particularly HeFH. Women who are currently

nacumab may cause fetal harm when administered to

on lipid-lowering drugs for primary prevention of ASCVD

pregnant patients. Available human data are insufﬁcient

should be advised to discontinue pharmacologic therapy,

to evaluate for drug-associated risk of major birth defects,

with the exception of BAS if needed, generally at least 1

miscarriage, or adverse maternal or fetal outcomes. Ac-

month and preferably 3 months before attempted

cording to the prescribing information, evinacumab is a

conception or immediately if the patient is already preg-

human immunoglobulin G4 monoclonal antibody, and

nant.110 Of note, pregnant patients who are managed with

human immunoglobulin is known to cross the placental

BAS should be monitored for vitamin K deﬁciency. Lipid-

barrier; therefore, evinacumab has the potential to be

lowering therapy may be resumed after completion of

transmitted from the mother to the developing fetus. A

breastfeeding.109

pregnancy test is recommended before starting treatment

Patients on lipid-lowering therapy in the setting of

with evinacumab. An effective method of birth control

diabetes or elevated 10-year ASCVD risk who desire to

should be used during treatment and for at least 5 months

become pregnant or are already pregnant should have

after the last dose of evinacumab. There are no data on

lipid therapy discontinued, be monitored for signiﬁcant

the presence of evinacumab in human or animal milk, its

elevations in LDL-C and triglycerides during pregnancy

effects on the breastfed infant, or its effects on milk

(recognizing that a progressive rise in both LDL-C and

production.

triglycerides is physiologic during pregnancy), and be
counseled on lifestyle modiﬁcations.111,112

It is recommended that inclisiran be discontinued
when pregnancy is recognized.26 Alternatively, consider

Patients who have been prescribed lipid-lowering

the ongoing therapeutic needs of the individual patient.

therapy for established clinical ASCVD who are identi-

According to the prescribing information, inclisiran may

ﬁed as very high risk, including multiple risk factors and/

cause fetal harm when administered to pregnant patients

or HoFH, are advised to speak to their healthcare profes-

based on its mechanism of action. There are no available

sional to consider ongoing therapeutic needs (including

data on the use of inclisiran in pregnant patients to

statin therapy) during pregnancy. These patients also

evaluate for a drug-associated risk of major birth defects,

should be counseled on intensive lifestyle modiﬁcations,

miscarriage, or adverse maternal or fetal outcomes. There

and referral to a lipid specialist and RD/RDN is strongly

is no information on the presence of inclisiran in human

recommended.

milk, its effects on the breastfed infant, or its effects on

Although there were concerns for fetal harm associated

milk production.

with statins, recent large observational studies have not

Lomitapide is not recommended in patients with HoFH

demonstrated evidence of harm to mother or fetus with

during pregnancy due to concerns for fetal harm. There

45

46

Lloyd-Jones et al

JACC VOL.

-, NO. -, 2022
-, 2022:-–-

2022 ECDP on Role of Nonstatin Therapies for LDL-C Lowering

are no available safety and efﬁcacy data for the use of

lowering; however, their use has not been well studied,

PCSK9 mAbs in pregnancy. The writing committee sug-

if at all, in this patient population. Potential drug in-

gests consideration of LDL apheresis in pregnant patients

teractions with the immunosuppressant medications

with HoFH and patients with severe HeFH and LDL-C

should be considered when selecting any lipid-lowering

$300 mg/dL despite lifestyle therapy. In patients with

therapy in patients who have received solid organ trans-

FH, ASCVD, and pregnancy, LDL apheresis may be

plants. The mechanisms for the interactions with these

considered when LDL-C $190 mg/dL.

medications are often multifaceted, involving modulation
of cytochrome P450 enzymes and transporter systems for

5.7.4. Race/Ethnicity-based Limitations

drug metabolism and elimination. Certain combinations

The 2018 AHA/ACC/multisociety cholesterol guideline

of medications will need to be avoided, some will require

states that it is reasonable for clinicians to consider race

dosing adjustments, and some will require careful moni-

and ethnic features that can inﬂuence ASCVD risk and to

toring. For more comprehensive guidance, the reader is

adjust the intensity of statin therapy accordingly. 7

referred to a recent review article on the management of

Whereas race and ethnicity are social constructs, pa-

dyslipidemia in solid organ transplant recipients and a

tients with genetic backgrounds deriving from some an-

recent summary of statin-drug interactions and recom-

cestries may have differential risks for SASEs. Higher

mendations for statin therapy dose limitations in patients

rosuvastatin plasma levels have been reported in people

on

of Japanese, Chinese, Malay, and Asian-Indian heritage

immunosuppressant therapies. 120,121

common

cardiovascular

medications,

including

compared with White (typically European ancestry) individuals. ASCVD risk reduction was demonstrated in a

5.7.6. Other Special Populations

large Japanese open-label primary prevention trial of low-

Detailed recommendations for other special populations

intensity pravastatin (10-20 mg daily) vs placebo.116 The

of patients with speciﬁc comorbidities or conditions are

REAL-CAD (High-Dose Versus Low-Dose Pitavastatin in

beyond the scope of this document, and few if any data

Japanese Patients With Stable Coronary Artery Disease)

exist to guide such recommendations. In such situations,

trial provided the ﬁrst evidence that compared with low-

the writing committee, therefore, urges the need for

dose statin therapy, high-dose statin therapy has CV

thoughtful clinician-patient discussion of the potential

outcomes beneﬁts in an Asian population. 117 In this pro-

beneﬁts and harms of statin and nonstatin therapies and

spective, multicenter, randomized, open-label, blinded

patient preferences in the context of the individual pa-

endpoint study, 13,054 Japanese patients were assigned

tient’s clinical situation.

to high-dose (4 mg/day) compared with low-dose (1 mg/
day) pitavastatin. High-dose pitavastatin signiﬁcantly

6. CONCLUSIONS

reduced cardiovascular events in in these patients with
stable coronary artery disease. The 2018 AHA/ACC/mul-

Since the publication of the 2018 AHA/ACC/multisociety

tisociety cholesterol guideline reported no differences in

cholesterol guidelines, several newer nonstatin agents

sensitivity to statin dosing in Hispanic/Latino-Americans

have

and Black persons/African Americans as compared with

received FDA approval, and are commercially available

non-Hispanic

published

for management of at-risk patients. Additional data on

studies report similar LDL-C–lowering efﬁcacy of ezeti-

higher-risk groups and outcomes in real-world samples

White

Americans.

Although

demonstrated

LDL-C–lowering

efﬁcacy,

have

mibe,7 alirocumab, 118 and evolocumab,119 regardless of

have also allowed for reﬁnement of prior recommenda-

race/ethnicity, minority under-representation is evident

tions. There are large, ongoing randomized controlled

in these studies. Thus, the generalizability of the recom-

cardiovascular outcomes trials in progress for bempedoic

mendations provided in this document for the use of all

acid and inclisiran. This has resulted in gaps in expert

statin add-on therapies for individuals from ethnic mi-

guidance regarding the role of available nonstatin thera-

norities remains somewhat uncertain.

pies. This ECDP addresses current gaps in care for LDL-C
lowering to reduce ASCVD risk and provides recommen-

5.7.5. Patients With Previous Organ Transplantation

dations that build on the evidence base established by the

Managing dyslipidemias in patients with a history of solid

2013 ACC/AHA and 2018 AHA/ACC/multisociety choles-

organ transplantation can be particularly challenging.

terol guidelines. The algorithms endorse the 4 evidence-

Many of the immunosuppressant medications given to

based patient management groups identiﬁed in the

this patient population are associated with dyslipidemia

guidelines and assume that the patient is currently taking

(eg, an increase in total cholesterol, LDL-C, VLDL-C, tri-

or has attempted to take a statin, given that this is the

glycerides, and HDL-C). Statins are ﬁrst-line therapy for

most effective initial therapy. Recommendations attempt

LDL-C management in these patients. The nonstatins

to provide practical guidance for clinicians and patients

discussed in this ECDP may provide additional LDL-C

regarding the use of nonstatin therapies to further reduce
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APPENDIX 3. ABBREVIATIONS
ACC ¼ American College of Cardiology

HoFH ¼ homozygous familial hypercholesterolemia

ACS ¼ acute coronary syndromes

LDL ¼ low-density lipoprotein

AHA ¼ American Heart Association

LDL-C ¼ low-density lipoprotein cholesterol

ANGPTL3 ¼ angiopoietin-like protein 3

Lp(a) ¼ lipoprotein a

ASCVD ¼ atherosclerotic cardiovascular disease

mAb ¼ monoclonal antibody

AU ¼ Agatston units

MI ¼ myocardial infarction

BAS ¼ bile acid sequestrant

PCSK9 ¼ proprotein convertase subtilisin/kexin type 9

CAC ¼ coronary artery calcium

PAD ¼ peripheral artery disease

CKD ¼ chroic kidney disease

PCE ¼ Pooled Cohort Equation

ECDP ¼ Expert Consensus Decision Pathway

RCT ¼ randomized controlled trial

FDA ¼ Food and Drug Administration

RD/RDN ¼ registered dietitian/registered dietitian

FH ¼ familial hypercholesterolemia

nutritionist

HDL-C ¼ high-density lipoprotein cholesterol

RWI ¼ relationships with industry

HeFH ¼ heterozygous familial hypercholesterolemia

SASE ¼ statin-associated side effect
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