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Abstract 

Although statins are generally well tolerated, statin intolerance is reported in 5-30% of patients 

and contributes to reduced statin adherence and persistence, as well as higher risk for adverse 

cardiovascular outcomes.  This Scientific Statement from the National Lipid Association was 

developed to provide an updated definition of statin intolerance and to inform clinicians and 

researchers about its identification and management.  Statin intolerance is defined as one or more 

adverse effects associated with statin therapy which resolves or improves with dose reduction or 

discontinuation and can be classified as a complete inability to tolerate any dose of a statin or 

partial intolerance with inability to tolerate the dose necessary to achieve the patient-specific 

therapeutic objective.  To classify a patient as having statin intolerance, a minimum of two 

statins should have been attempted, including at least one at the lowest approved daily dosage.  

This Statement acknowledges the importance of identifying modifiable risk factors for statin 

intolerance and recognizes the possibility of a “nocebo” effect (patient expectation of harm 

resulting in perceived side effects).  To identify a tolerable statin regimen it is recommended that 

clinicians consider using several different strategies (e.g., different statin, dose, and/or dosing 

frequency).  Non-statin therapy may be required for patients who cannot reach therapeutic 

objectives with lifestyle and maximal tolerated statin therapy.  If so, therapies with outcomes 

data from randomized trials showing reduced cardiovascular events are favored.  In high and 

very high risk patients who are statin intolerant, clinicians should consider initiating non-statin 
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therapy while additional attempts are made to identify a tolerable statin in order to limit the time 

of exposure to elevated levels of atherogenic lipoproteins. 

Keywords 

Statin intolerance, statin, adherence, persistence, nocebo; non-statin, non-statin therapy, 

atherogenic lipoproteins 

Introduction 

Atherosclerotic cardiovascular disease (ASCVD) is a leading cause of morbidity and mortality in 

the United States and around the world.  Robust evidence demonstrates that statin therapy 

produces substantial reductions in circulating levels of atherogenic lipoproteins, as indicated by 

effects on low-density lipoprotein cholesterol (LDL-C), non-high-density lipoprotein cholesterol 

(non-HDL-C) and apolipoprotein (Apo) B.  Several types of evidence support the view that 

reducing concentrations of atherogenic lipoproteins lowers risk for clinical ASCVD events and 

statin therapy is the treatment modality for which the strongest evidence base exists.
1-3

  Results 

from randomized controlled trials (RCTs) of non-statin therapies, and from Mendelian 

randomization studies have provided additional evidence to support the use of non-statin 

modalities for reducing ASCVD risk, if sufficient lowering of atherogenic lipoproteins cannot be 

achieved with lifestyle plus maximal tolerated statin therapy.
1, 2, 4-6

 

 

Although statins are generally well tolerated, statin intolerance (or perceived intolerance) is 

common in clinical practice and is frequently cited as a reason for discontinuation or 

modification of statin therapy.
7, 8

  This has important clinical implications since lack of 

persistence and poor adherence to statin therapy have been associated with higher risk for 

adverse cardiovascular outcomes.
9-12

  Identification of intolerance may help to facilitate the 

discussions and interventions necessary to limit disruptions in therapy, and/or alert the clinician 

to the need for non-statin treatment to achieve therapeutic objectives.  In 2014, the National 
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Lipid Association (NLA) was the first major organization to propose a working definition of 

statin intolerance.
13

  Since then, multiple organizations have proposed their own definitions of 

statin intolerance and some are summarized in Table 1.
7, 13-15

 

 

The purpose of this NLA Scientific Statement is to provide an updated statin intolerance 

definition, with accompanying rationale, to inform clinicians and researchers in the 

identification, management, and investigation of the syndrome of statin intolerance.  This 

statement encompasses perspectives from multiple disciplines, including pharmacy, medicine, 

nursing, and epidemiology, consistent with the NLA’s commitment to a team-based approach for 

clinical ASCVD risk management, and support for public health and healthcare system 

initiatives to promote optimal cardiometabolic health. 

 

Question 1: What is the new National Lipid Association definition of statin intolerance? 

Statin intolerance is defined as one or more adverse effects associated with statin therapy, which 

resolves or improves with dose reduction or discontinuation, and can be classified as complete 

inability to tolerate any dose of a statin or partial intolerance, with inability to tolerate the dose 

necessary to achieve the patient-specific therapeutic objective.  To classify a patient as having 

statin intolerance, a minimum of two statins should have been attempted, including at least one 

at the lowest approved daily dosage. 

 

Statin intolerance is a clinical syndrome that encompasses various symptoms and signs 

pertaining to multiple organ systems.  The most frequently reported complaints with statin 

therapy are skeletal muscle-related symptoms (myalgias) that can be reported variously by 
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patients as muscle soreness, aches, cramps, fatigue, and/or weakness.  In most cases, statin-

associated muscle symptoms occur without creatine kinase (CK) elevation.
7
  Less commonly, 

statin therapy has been associated with myopathy (defined as “unexplained muscle pain or 

weakness, accompanied by creatine kinase [CK] concentration >10 times the upper limit of 

normal”),
8
 occurring in ~1/10,000 patients per year.

7
  A rare muscle related side effect is 

rhabdomyolysis (which is characterized by “CK typically >40 times the upper limit of normal, 

which can cause myoglobinuria and acute renal failure”),
8
 occurring in ~1/100,000 patients per 

year of treatment.
7
  It is potentially life-threatening but is generally reversible when detected 

early.  Other signs or symptoms that have been associated with statin therapy include 

transaminase elevation, worsening glycemia, and, in rare cases, confusion and memory loss.
8
 

 

The new NLA definition differs from the other definitions in Table 2 in that it classifies clinical 

intolerance as complete or partial and refers to the patient’s inability to tolerate a sufficient dose 

of statin to achieve therapeutic objectives.  Patients unable to tolerate any statin dose or regimen 

are classified as completely intolerant.  Patients able to tolerate a lower statin dose, different 

statin, or an unconventional dosing regimen (e.g., every other day or twice weekly) are classified 

as partially intolerant if the tolerated dose and regimen are insufficient to achieve desired levels 

of atherogenic lipoproteins or the desired intensity of statin therapy, e.g., the therapeutic 

objective.  The therapeutic objective is a shared decision between provider and patient that 

should consider individual ASCVD risk, the potential costs, risks, and benefits of proposed 

therapies, as well as patient preferences.  The consensus was that to classify a patient as having 

statin intolerance, at least two statins should be attempted, one of which should be the lowest 

approved daily dosage. 
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When a statin is prescribed and/or when an intolerance is identified, it is important to evaluate 

for modifiable risk factors.  These may predispose a patient to experience an intolerance, and 

correction of the risk factor may mitigate adverse effects.  A list of commonly encountered 

modifiable risk factors is included in Table 3. 

 

Controversy exists regarding the causality of the associations between statin therapy and adverse 

experiences that produce intolerance.  Results from placebo-controlled studies suggest that the 

incidence of muscle-related complaints with statin therapy may be at least partly attributable to 

the “nocebo” effect, in which the expectation of harm results in perceived side effects that may 

be unrelated to the pharmacological effects of the drug.
16

  In this document, the terminology that 

adverse experiences are “associated with statin therapy” is used to acknowledge that causality is 

sometimes uncertain. 

 

In the evaluation of a patient with statin-associated adverse effects, a retrial to confirm the 

symptom(s) after an appropriate washout can be helpful.  However, even when a reported 

adverse experience is not causally related to the reported symptom(s), the result can still be 

failure to achieve therapeutic objectives if it contributes to poor adherence, or lack of persistence, 

with statin therapy.
9-11

 

 

The consensus is that the body of evidence supporting the efficacy of statin therapy to reduce 

ASCVD risk is compelling, and therefore it is recommended that multiple strategies should be 

attempted to achieve statin tolerance whenever feasible.  However, not all strategies must be 
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exhausted prior to initiating non-statin therapies, since reducing exposure to atherogenic 

lipoproteins as quickly as possible is essential for reducing risk for adverse cardiovascular events 

in high- and very-high-risk patients.
1, 2, 17, 18

  Furthermore, once a patient starts one or more non-

statin lipid lowering medications, the effort to identify a tolerable statin treatment regimen 

should not be abandoned.  Results from randomized trials and clinical experience have shown 

that most patients with reported statin intolerance can tolerate some degree of statin therapy.
7, 19-

21
  Finding an acceptable regimen may require modification of the agent, dosage, and/or dosing 

regimen. 

 

The recommendations from this NLA Scientific Statement regarding the NLA’s new definition 

of statin intolerance are presented in Table 4. 

 

Key Points: 

- Statin intolerance is a clinical syndrome that can manifest on a continuum.  Some patients 

experience partial intolerance while others are completely intolerant. 

- Modifiable risk factors may contribute to statin intolerance symptoms and addressing the 

risk factor may improve statin tolerance in some instances. 

- Multiple strategies should be employed, where feasible, in an attempt to identify a 

tolerable statin regimen which may involve changes in agent and/or dose and/or dosing 

regimen, because complete statin intolerance is uncommon (<5% of patients). 

- In high-risk or very-high-risk patients, clinicians need not necessarily employ various 

unconventional dosing strategies before initiating non-statin therapy to limit the time of 

exposure to elevated levels of atherogenic lipoproteins.  Likewise, it is equally important 
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that they do not abandon attempts to identify a tolerable statin regimen after a non-statin 

therapy is initiated. 

 

Question #2:  What is the prevalence of statin intolerance? 

Statin-associated muscle symptoms are an important contributor to statin non-adherence and 

discontinuation.  The Statin Adverse Treatment Experience (STATE) survey assessed statin 

usage and reasons for discontinuation in 1500 patients with high cholesterol who had taken a 

statin within the past two years and experienced at least one statin-associated symptom within 

the prior six months.
22

  Of the survey participants, a total of 332 individuals (22.1%) reported 

having discontinued statin therapy; the main reasons given for discontinuation were due to being 

bothered by, or intolerant of, side effects.  Those who had discontinued statin therapy also 

reported experiencing more severe symptoms, which were predominantly musculoskeletal in 

nature, than those who continued to take a statin.  The STATE survey was designed to assess 

patient experiences with statin therapy and did not account for whether the symptoms that led to 

discontinuation were truly related to the pharmacologic effects of statin therapy or only 

perceived to be so.  Also, data from the STATE survey cannot be used to estimate the prevalence 

of statin intolerance in clinical practice but do support the view that the presence of statin-

associated adverse effects can hinder persistence with statin therapy. 

 

The Understanding Statin Use in America and Gaps in Education (USAGE) survey assessed the 

attitudes, beliefs, practices, and behavior of current and former statin users.
23, 24

  This survey 

evaluated 10,138 respondents who were current (n=8918) or former (n=1220) statin users.  

Muscle-related side effects were reported by 60% of former statin users and 35% of current 
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statin users.  Side effects were cited as the reason for stopping statin therapy among 62% of 

former users (756 of the 1220 patients).  If these results are extrapolated to the entire USAGE 

participant population, discontinuation due to statin-associated side effects was 7.5% (756 of 

10,138).  This survey provides important information about the prevalence of statin intolerance 

in a large sample, but the cross-sectional design, and recruitment of a convenience sample of 

individuals who had participated in other online panels raise questions about how representative 

this sample is of the population encountered in clinical practice.
23

 

 

The Effects of Statins on Muscle Performance (STOMP) study was designed to specifically 

assess the musculoskeletal side effects of statin therapy (Table 5).
25

  In this randomized, double-

blind, placebo-controlled study, 420 healthy, statin-naïve patients were randomized to 

atorvastatin 80 mg once daily vs. placebo for 6 months.  Participants were selected across three 

clinical sites and completed a baseline muscle symptom questionnaire, laboratory testing, and 

baseline exercise strength testing.  Participants who were treated with lipid-lowering medications 

at the time of recruitment, or previously, were excluded, as were those on medications known to 

affect skeletal muscle function or alter statin metabolism.  Additionally, those with laboratory 

abnormalities such as an elevation in serum CK level >10 times the upper limit of normal, or 

alanine aminotransferase level >3 times the upper limit of normal on two occasions were 

excluded.  Participants were monitored using telephone contact and visits for laboratory testing, 

strength and handgrip testing, knee endurance testing, and assessment of maximal oxygen 

consumption. 
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Treatment with atorvastatin did not affect muscle strength or exercise performance during the 

study.  Twenty-three atorvastatin (11.3% of the analysis sample) and 14 placebo subjects (6.5% 

of the analysis sample) reported new, unexplained muscle pain.  The definition of myalgia was 

predefined and required resolution of muscle symptoms shortly after stopping study medication 

and reappearance on restarting the medication.  Nineteen atorvastatin (9.4% of the analysis 

sample) and 10 placebo subjects (4.6% of the analysis sample) met the study definition for 

myalgia (p=0.05).  The authors note that the incidence of 9.4% is similar to that reported in a 

survey of 7924 French patients taking high dosage statin therapy of 10.5%, as was the time to 

onset of ~1 month (35 ±31 days in STOMP).
26

  The findings from STOMP illustrate the 

importance of a blinded placebo group for attributing causality because unexplained muscle 

symptoms are relatively common in the absence of statin therapy. 

 

The prevalence of statin-associated muscle symptoms varies widely across registry and 

observational datasets.
7, 22, 23, 26

  Reported statin intolerance is less prevalent in RCTs than in 

observational studies.  The Lipid and Blood Pressure Meta-Analysis Group and the International 

Lipid Expert Panel (ILEP) conducted a meta-analysis of 176 studies (4,143,517 patients) to 

estimate the prevalence of statin intolerance.
27

  Three definitions of statin intolerance from the 

NLA, European Atherosclerosis Society (EAS), and ILEP were utilized; these most closely align 

with the NLA’s new definition of complete statin intolerance.
7, 13, 14

  The prevalence (or 

cumulative incidence) of statin intolerance was 4.9% (95% confidence interval [CI] 4.0%-6.0%) 

in the 112 RCTs included.  However, the prevalence (or cumulative incidence) was 17% (95% 

CI 14%-19%) in the 64 observational cohort studies included. 
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The primary objectives of the RCTs included in this meta-analysis were generally to assess 

clinical outcomes other than adverse effects and tolerability.  Self-selection of those who 

volunteer for clinical trials of statin therapy, coupled with design elements such as exclusion of 

patients with prior statin intolerance or co-morbid conditions that may predispose to statin 

intolerance and run-in phases on statin therapy for some trials, suggest that results from clinical 

trials may produce an underestimation of the true incidence of statin intolerance in the 

population.  Therefore, estimates of prevalence from observational cohort data may more 

accurately reflect the real-world clinical experience.  Meta-regression analysis identified 10 risk 

factors that were significantly associated with statin intolerance: statin dose, diabetes mellitus, 

obesity, hypothyroidism, chronic liver disease, chronic kidney disease, excessive use of alcohol, 

strenuous exercise, use of antiarrhythmic medications, and use of calcium channel blocker 

medications.
27

  These ten risk factors should be interpreted with caution because they were often 

collected with limited detail.  For example, the quantity and frequency of alcohol use and the 

frequency, intensity, and duration of exercise were often not fully described. 

 

Results from other clinical trials suggest that some degree of statin intolerance may have 

relatively high prevalence in those with ASCVD.  In two large, randomized, placebo-controlled 

cardiovascular outcome trials, each evaluating the addition of a proprotein convertase subtilisin 

kexin type 9 (PCSK9) monoclonal antibody to statin therapy in patients with documented 

ASCVD, 30.7% and 11.2% of patients were unable to be titrated to high-intensity statin therapy 

in the Further Cardiovascular Outcomes Research with PCSK9 Inhibition in Subjects with 

Elevated Risk (FOURIER) (n=27,564) and ODYSSEY Outcomes studies (n=18,924), 

respectively.
28, 29

  Although insufficient information is available to estimate the prevalence of 
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statin intolerance according to the new NLA definition, it is likely that a large proportion of these 

patients would be categorized as having at least partial statin intolerance since high-intensity 

statin therapy is recommended for high- and very high-risk patients.
1
 

 

The ODYSSEY ALTERNATIVE trial included patients with self-reported prior statin 

intolerance, defined as the inability to tolerate two or more statins, including one at the lowest 

approved daily starting dose (Table 5).
21

  After a placebo run-in period, 314 patients were 

randomized to alirocumab, ezetimibe 10 mg/d, or atorvastatin 20 mg/d.  Of the 63 patients 

randomized to atorvastatin, 14 (22.2%) discontinued therapy due to statin-associated muscle 

symptoms, indicating that almost 80% of patients with reported statin intolerance could tolerate 

this regimen of atorvastatin therapy. 

 

The Goal Achievement After Utilizing an Anti-PCSK9 Antibody in Statin Intolerant Subjects 

(GAUSS)-3 trial (n=491) was a randomized clinical trial that included patients with a history of 

statin intolerance (Table 5).
30

  The definitions of statin intolerance were the inability to tolerate 

atorvastatin at 10 mg and any other statin at any dose, or an inability to tolerate three or more 

statins, with one at the lowest average daily starting dose and two other statins at any dose.  The 

study included two phases.  The first phase had a crossover design in which patients were 

randomized to atorvastatin 20 mg daily or placebo for two 10-week periods, separated by a 2-

week washout.  Patients who experienced muscle-related adverse effects while taking 

atorvastatin, but not placebo, were eligible for the second phase in which patients were 

randomized to receive evolocumab or ezetimibe.  Of those that completed both the placebo and 

atorvastatin conditions during the first phase of the study (n=472), 44.3% experienced intolerable 
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muscle symptoms with atorvastatin but not placebo, compared to 27.5% that experienced 

intolerable muscle symptoms with placebo but not atorvastatin.  An additional 28.2% of patients 

experienced no symptoms on either atorvastatin or placebo (18.0%) or experienced symptoms on 

both atorvastatin and placebo (10.2%).  Since the frequency of symptoms on atorvastatin was 

higher than that with placebo, these results support the existence of symptoms that are 

attributable to the pharmacologic effects of statin therapy.  However, since less than half of this 

sample with a history of statin intolerance reported symptoms while taking atorvastatin, but not 

while taking placebo, the results also support the view that the nocebo effect is also a substantial 

contributor to reported statin intolerance. 

 

Results from two n-of-1 studies, Self-Assessment Method for Statin Side-effects or Nocebo 

(SAMSON) and Statin Web-based Investigation of Side Effects (StatinWISE), suggest that up to 

90% of the reported statin intolerance among statin users may be attributed to the nocebo 

effect.
31, 32

  In SAMSON, 60 patients who had previously discontinued statin therapy within two 

weeks of initiation were enrolled in a double-blind, three-condition n-of-1 trial to assess whether 

symptoms were elicited by a statin vs. placebo.  Each patient received four bottles of atorvastatin 

20 mg, four bottles of placebo, and four empty bottles, and were instructed to use each bottle for 

a one-month period according to a random sequence.  Symptoms were reported daily during this 

period.  The primary endpoint was the ratio of symptom intensity induced by taking the placebo 

compared to the symptom intensity induced by taking a statin.  No difference was noted in mean 

symptom intensity in patients taking the placebo vs. statin during the study.  Furthermore, in 

patients who had discontinued statin therapy due to side effects, 90% of the symptom burden (the 

nocebo ratio) that was elicited by statins was also elicited by the placebo. 
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StatinWISE was an n-of-1 trial in 200 participants who had recently stopped, or were 

considering stopping, statin therapy because of muscle symptoms.  Participants were randomized 

to a series of six double-blind treatments of either placebo or atorvastatin 20 mg daily.  Among 

the 151 participants who provided muscle symptom scores, there were no significant differences 

in statin-associated muscle symptoms between statin therapy and placebo.  Discontinuation due 

to intolerable muscle symptoms was 9% during the atorvastatin periods and 7% during the 

placebo periods. 

 

When taking the above evidence into account, it appears that the incidence of statin intolerance 

(partial or complete) ranges between approximately 5% and 30%, and likely varies according to 

the characteristics of the population studied.  Statin-associated side effects, whether related to the 

pharmacologic effects of statin therapy or not, have an impact on patient quality of life and day-

to-day functioning, and should not be dismissed.  The focus of therapy should be on achieving 

the patient-specific therapeutic objective, while also maximizing quality of life and minimizing 

side effects.  The recommendations from this NLA Scientific Statement regarding the incidence 

and prevalence of statin intolerance in clinical practice are presented in Table 4. 

 

Key points: 

- Some degree of statin intolerance is reported in as many as 5% to 30% of patients, 

although incidence and prevalence vary by population studied and setting. 

- It is reasonable to attribute some proportion of statin-associated symptoms to the nocebo 

effect; however, this does not make such symptoms less clinically relevant. 
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- ASCVD risk related to elevated levels of atherogenic lipoproteins should be addressed in 

patients with statin-associated adverse effects, regardless of causality (i.e., pharmacologic 

or nocebo effects).  

 

Question #3:  What is the evidence for use of non-statin therapies to lower atherogenic 

lipoproteins as a means of reducing adverse cardiovascular event risk? 

Results from prospective cohort studies, Mendelian randomization studies, and randomized 

intervention trials have consistently demonstrated a log-linear relationship between the 

magnitude of exposure of the vasculature to an elevated circulating level of atherogenic 

lipoprotein particles and adverse cardiovascular event risk.
2, 33, 34

  The strength of this 

relationship increases with greater duration of exposure.
2, 35

  Adverse cardiovascular event risk is 

lowered by reduction of the plasma atherogenic lipoprotein level, and this benefit is 

proportionate to both the degree of reduction and the length of time that a lower level is 

maintained.
2, 36, 37

  The benefit of atherogenic lipoprotein reduction appears to be independent of 

the mechanism through which the reduction is induced, provided that there are no deleterious 

off-target effects of the intervention employed.
2, 28, 29, 36-39

 

 

LDL-C is the most frequently used surrogate for atherogenic lipoprotein concentration, although 

non-HDL-C and Apo B have been found to be stronger and more consistent indicators of 

ASCVD risk.
1, 40

  Non-HDL-C reflects the concentration of cholesterol carried by all Apo B-

containing lipoprotein particles, while Apo B concentration is a direct measure of the burden of 

atherogenic lipoproteins, because each non-HDL lipoprotein particle contains a single molecule 

of Apo B.  The levels of both major components of non-HDL-C (LDL-C and very low-density 
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lipoprotein cholesterol [VLDL-C]) show similar relationships to adverse cardiovascular event 

risk.
2, 41

  However, adjustment for the Apo B concentration reduces the associations of both 

LDL-C and VLDL-C to non-significance, consistent with the view that lowering the 

concentration of all Apo B-containing lipoproteins should be the main focus of therapeutic 

strategies.
2, 42, 43

 

 

The main modalities available in the US for lowering atherogenic lipoprotein concentration 

include: 

1.  Lifestyle therapies  

2.  Statins 

3.  Ezetimibe (cholesterol absorption inhibitor) 

4.  PCSK9 inhibitors (monoclonal antibody and small interfering RNA [siRNA]) 

5.  Bile acid sequestrants 

6.  Bempedoic acid (ATP citrate lyase inhibitor) 

7.  Fibrates 

8.  Icosapent ethyl 

 

Clinical effects and safety of interventions for modification of lipoprotein and lipoprotein lipid 

concentrations has been reviewed in detail elsewhere.
1, 44

  Lifestyle modification, including a 

healthy dietary pattern, dietary adjuncts, regular activity, weight loss if overweight or obese, and 

smoking cessation, and statin therapy are considered cornerstones in the management of 

dyslipidemia for adverse cardiovascular event risk reduction.
1, 3

  The former because of low risk 

and expense, as well as the ability to institute changes early in life that are maintained for 
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decades, and the latter because it is the class of medications for which the most evidence is 

available from RCTs to demonstrate reduced adverse cardiovascular event risk.
1
 

 

For patients with statin intolerance, non-statin pharmacologic therapies are often needed as an 

adjunct to statin therapy, or as an alternative to statin therapy, to achieve therapeutic objectives.  

Clinicians should be aware that most patients with statin intolerance are able to tolerate some 

statin therapy.
7, 19, 20

  Finding a regimen that is acceptable to the patient may require switching 

agents, dosages, or use of alternative regimens such dosing on alternate days.
13, 45, 46

  However, 

some patients will demonstrate an inability to tolerate, or unwillingness to use, any statin.  

Below, the evidence for the effects of non-statin pharmacotherapies is briefly reviewed (Table 

6). 

 

Ezetimibe.  Ezetimibe is the only currently available cholesterol absorption inhibitor in the US.  

When employed as monotherapy (10 mg/d), it generally reduces LDL-C by 15-20% and 

produces additional LDL-C lowering of 20-25% when added to statin therapy.  The efficacy of 

ezetimibe for reducing ASCVD risk has been evaluated in several trials, most often in 

combination with statin therapy.
38, 39, 47, 48

  The results of these trials indicate reductions in 

adverse cardiovascular event risk consistent with expectations based on the degree of additional 

LDL-C reduction.
36

  The largest of these trials, the Improved Reduction of Outcomes: Vytorin 

Efficacy International Trial (IMPROVE-IT) evaluated ezetimibe 10 mg/d added to simvastatin 

40 mg/d vs. placebo plus simvastatin 40 mg/d in 18,144 patients who had been hospitalized with 

an acute coronary syndrome within the preceding 10 days and had LDL-C levels of 50-100 

mg/dL (on lipid therapy) or 50-125 mg/dL (not taking lipid therapy).  When added to statin, 
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ezetimibe reduced the event rate for the primary endpoint at 7 years by ~6% (hazard ratio 0.936, 

95% CI 0.89-0.99, p=0.016).
39

 

 

A trial in Japan (Ezetimibe Lipid-Lowering Trial on Prevention of Atherosclerotic 

Cardiovascular Disease in 75 or Older [EWTOPIA 75]) assessed the efficacy of ezetimibe 

without statin therapy for lowering ASCVD event risk in patients who were at least 75 years of 

age at baseline with no history of coronary artery disease.
48

  All patients received dietary 

counseling and were randomized to receive usual care alone or usual care plus 10 mg/d of 

ezetimibe.  The sample included 3796 patients with median follow-up of 4.1 years.  Ezetimibe 

reduced the incidence of the primary composite outcome by 34% (hazard ratio 0.66, 95% CI 

0.50-0.86, p=0.002). 

 

PCSK9 inhibitors.  Three agents that target PCSK9 are available in the US, two monoclonal 

antibodies (evolocumab and alirocumab) and one siRNA agent (inclisiran).  Each lowers LDL-C 

by 50-60% when added to statin therapy.
28, 29, 49

  These agents also lower lipoprotein (a) by 20-

25%.
50

  Cardiovascular outcomes trial data are available for the two monoclonal antibodies and a 

cardiovascular outcomes trial is underway for the siRNA agent.
28, 29, 51

  The trials with the 

monoclonal antibodies were conducted in patients with established ASCVD on background 

statin therapy and both showed 15% reductions (p<0.001) in composite major adverse 

cardiovascular events outcomes over relatively short median follow-up periods of 2.2 to 2.8 

years.  No data on the effects of PCSK9i monotherapy on cardiovascular outcomes are available 

as of this writing. 
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Bile acid sequestrants.  Bile acid sequestrants available in the US include cholestyramine, 

colestipol, and colesevelam.  At the maximal daily dosages, these reduce LDL-C by ~13-25%, 

although this may also be accompanied by increases of ~5-20% in triglycerides (TG), 

particularly in patients with hypertriglyceridemia at baseline.
1
  As a result, the reduction in non-

HDL-C is typically less than that for LDL-C, most often in the range of 8-15%.  Notably, 

colesevelam also lowers fasting glucose and glycated hemoglobin, and thus has an additional 

approved indication for management of glycemia in type 2 diabetes mellitus.
52

 

 

Minimal data are available from cardiovascular outcomes trials of bile acid sequestrant therapies.  

The main trial supporting efficacy is the Lipid Research Clinics Coronary Primary Prevention 

Trial (LRC-CPPT), the initial results of which were published in 1984, prior to the availability of 

statin therapy.
53

  In this trial, 3806 men with primary hypercholesterolemia were randomized to 

placebo or cholestyramine (24 g/d).  After mean follow-up of 7.4 years, the cholestyramine 

group showed a 19% reduction in the primary outcome of definite fatal coronary heart disease or 

non-fatal myocardial infarction. 

 

Bempedoic acid.  Bempedoic acid (180 mg/d) is an ATP citrate lyase inhibitor that is available as 

a single agent and in combination with ezetimibe.  Its effects on LDL-C are additive to those of 

statins and ezetimibe, with LDL-C lowering ranging from 13-25% in phase 3 randomized 

trials.
54, 55

  The combination of bempedoic acid (180 mg/d) and ezetimibe (10 mg/d) lowers 

LDL-C by ~38%, with results consistent across subgroups, including those with and without 

statin therapy.
55

  Because bempedoic acid is a pro-drug that is converted to its active form in the 
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liver and is not in its active form in skeletal muscle, reduced risk of muscle symptoms is 

expected with its use.
56

 

 

No results are available at present from cardiovascular outcomes trials of bempedoic acid, 

although such a trial is underway in subjects at high- and very-high risk for ASCVD who have 

documented statin intolerance and LDL-C ≥100 mg/dL.
57

  Subjects have been randomized in a 

1:1 ratio to placebo or bempedoic acid 180 mg/d.  Enrollment has been completed (N=14,014) 

and the trial will continue until 1620 participants have experienced the primary endpoint of a 

major adverse cardiovascular event.  Results are expected in 2023. 

 

Fibrates.  Agents in the fibrate class of peroxisome proliferator activated receptor (PPAR)-alpha 

modulators available in the US include fenofibric acid, fenofibrate, and gemfibrozil.  The effects 

of fibrates on the lipid profile vary markedly by phenotype.  In patients with isolated 

hypercholesterolemia, the LDL-C level may be reduced by up to 20%.  For those with mixed 

dyslipidemia (elevated TG and LDL-C), the LDL-C level is generally reduced modestly (5-

15%), with a larger effect on the TG concentration (25-35% reduction).  For patients with more 

severe hypertriglyceridemia (≥300 mg/dL), the TG level may be reduced by as much as 45-55%, 

while the LDL-C concentration in such patients may rise.  Typically, the net effect of fibrate 

therapy is to lower non-HDL-C, although the contributions of LDL-C and VLDL-C reductions 

vary by phenotype. 

 

The effects of fibrate therapy on ASCVD risk have been assessed in several large-scale RCTs 

which have produced mixed results.
58-63

  Two trials of monotherapy with gemfibrozil were 
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completed: the Helsinki Heart Study (HHS), a primary prevention trial, and the Veterans Affairs-

HDL Intervention Trial [VA-HIT], a secondary prevention trial.  Both showed benefits for 

reducing coronary heart disease events compared with placebo.  However, in two trials with 

fenofibrate (Fenofibrate Intervention and Event Lowering in Diabetes [FIELD] and Action to 

Control Cardiovascular Risk in Diabetes [ACCORD] Lipid), in which patients with type 2 

diabetes mellitus were studied, no significant overall benefit for composite endpoints of major 

adverse coronary or cardiovascular events were observed. 

 

Results from meta-analyses of subgroups suggested a potential benefit of fibrate therapies in 

those with elevated TG, particularly when accompanied by reduced HDL-C.
64-67

  However, such 

analyses are primarily useful for hypothesis generation and require prospective verification. 

 

A new selective PPAR-alpha modulator (pemafibrate) was studied in the Pemafibrate to Reduce 

Cardiovascular Outcomes by Reducing Triglycerides in Patients with Diabetes (PROMINENT) 

trial.
68

  This trial was evaluating the efficacy of pemafibrate in high-risk patients with type 2 

diabetes mellitus plus high TG and low HDL-C levels but was stopped after a planned interim 

analysis when it was concluded that the primary endpoint (composite of nonfatal myocardial 

infarction, nonfatal ischemic stroke, coronary revascularization and cardiovascular death) was 

unlikely to be met.  Further details are not available at the time of this writing. 

 

Icosapent ethyl. Two formulations of prescription omega-3 fatty acids are currently available in 

the United States:  omega-3-acid ethyl esters (eicosapentaenoic + docosahexaenoic acid ethyl 

esters) and icosapent ethyl (IPE), which is an eicosapentaenoic acid-only ethyl ester.  Both are 
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used to treat severe hypertriglyceridemia (TG 500 mg/dL), but only icosapent ethyl has an 

approved indication for secondary prevention of ASCVD.  The Reduction of Cardiovascular 

Events with Icosapent Ethyl-Intervention Trial (REDUCE-IT) evaluated 8179 patients with 

established ASCVD, or with diabetes and other risk factors, who had been receiving statin 

therapy and had a fasting TG level of 135-499 mg/dL and LDL-C of 41-100 mg/dL.
69

  Patients 

received 4 g/d IPE or placebo.  After one year of treatment, TG were reduced by 19.7% with IPE 

vs. placebo and LDL-C was increased significantly less with IPE than placebo (6.6% less, 3.1% 

with IPE vs. 10.2% with placebo).  The risk of the primary major adverse cardiovascular 

composite outcome during median follow-up of 4.9 years was significantly reduced with IPE 

(hazard ratio 0.75, 95% CI 0.68-0.83, p<0.001).  While icosapent ethyl lowers atherogenic 

lipoproteins (10-13% differences in non-HDL-C and Apo B), it appears likely that other 

mechanisms contributed to its observed effects in REDUCE-IT to lower adverse cardiovascular 

event risk.
70

 

 

Nicotinic acid.  Nicotinic acid and other forms of niacin are sometimes used as lipid-altering 

agents to reduce elevated LDL-C, non-HDL-C, Apo B and TG levels in patients with primary 

hyperlipidemia and mixed dyslipidemia.  Nicotinic acid can effectively reduce LDL-C by 5-

25%, and triglycerides by 20-50% and also raise HDL-C by 15-35% and reduce lipoprotein (a) 

by 25-40%.
71-73

  Two large, randomized trials, one with extended-release niacin and one with 

niacin plus laropiprant, failed to demonstrate benefits on adverse cardiovascular events when 

added to statin therapy.
74, 75

  Compared to placebo, niacin ± laropiprant use was associated with 

increased frequencies of adverse effects.  Accordingly, nicotinic acid is not considered one of the 
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main modalities for modification of atherogenic lipoproteins, although its use may be appropriate 

in some circumstances, generally under the direction of a Clinical Lipid Specialist.
13, 76

 

 

The recommendations from this NLA Scientific Statement regarding the use of non-statin 

therapies are presented in Table 4. 

 

Key Points 

- An acceptable statin treatment regimen can be identified for most patients with statin 

intolerance which may require a different dose, statin, or dosing schedule. 

- Non-statin therapy may be required for patients who cannot reach therapeutic objectives 

with lifestyle and maximal tolerated statin therapy.  Clinicians should favor non-statin 

therapies with data from outcomes trials showing a reduction in adverse cardiovascular 

events. 

- The evidence base for non-statin interventions for dyslipidemia management to lower 

adverse cardiovascular event risk is not as well-developed as that for statin therapy but 

has been growing in recent years and is bolstered by results from observational data, 

particularly Mendelian randomization studies.  Taken together, these results support the 

view that adverse cardiovascular event risk is lowered by reduction of the plasma 

atherogenic lipoprotein level, and this benefit is proportionate to both the degree of 

reduction and the length of time that a lower level is maintained. 

- Ongoing and planned RCTs are expected to provide additional information regarding the 

risks and potential benefits of non-statin therapies for reducing adverse cardiovascular 

event risk. 
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Table 1: Definitions of statin intolerance from select organizations 

 

Society Definition 

NLA Expert Panel 

on Statin 

Intolerance 2014
13

 

 

A clinical syndrome characterized by the inability to tolerate at least two 

statins: one statin at the lowest starting daily dose and another statin at any 

daily dose, due to either objectionable symptoms (real or perceived) or 

abnormal lab determinations, which are temporally related to statin 

treatment and reversible upon statin discontinuation, but reproducible by 

rechallenge with other known determinants being excluded (such as 

hypothyroidism, interacting drugs, concurrent illnesses, significant changes 

in physical activity or exercise and underlying muscle disease). 

Specifically, the lowest starting statin daily dose is defined as rosuvastatin 

5 mg, atorvastatin 10 mg, simvastatin 10 mg, lovastatin 20 mg, pravastatin 

40 mg, fluvastatin 40 mg and pitavastatin 2 mg. 

Unified Definition 

from an 

International Lipid 

Expert Panel
14

  

 

1. The inability to tolerate at least two different statins - one statin at the 

lowest starting average daily dose and the other statin at any dose, 

2. Intolerance associated with confirmed intolerable statin-related adverse 

effect(s) or significant biomarker abnormalities. 

3. Symptom or biomarker changes resolution or significant improvement 

upon dose decrease or discontinuation, 

4. Symptoms or biomarker changes not attributable to established 

predispositions such as drug-drug interactions and recognized conditions 

increasing the risk of statin intolerance. 

Canadian 

Consensus 

Working Group
15

 

 

A clinical syndrome, not caused by drug interactions or risk factors for 

untreated intolerance and characterized by significant symptoms and/or 

biomarker abnormalities that prevent the long-term use and adherence to 

statins documented by challenges/dechallenge/re-challenge where 

appropriate using at least two statins, including atorvastatin and 

rosuvastatin, and that leads to failure of maintenance of therapeutic goals 

as defined by national guidelines 

Statin-associated 

muscle symptoms: 

impact on statin 

therapy-European 

Atherosclerosis 

Society Consensus 

Panel Statement on 

Assessment, 

Aetiology and 

Management
7
 

 

Assessment of the probability of SAMS being due to a statin take account 

of the nature of the muscle symptoms, the elevation in CK levels and their 

temporal association with statin initiation, discontinuation, and re-

challenge.  

Note that this is a clinical definition, which may not be appropriate for 

regulatory purposes. 

Abbreviations: CK, creatine kinase; NLA, National Lipid Association; SAMS, statin-associated 

muscle symptoms 
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Table 2:  Clinical definition of statin intolerance 

 

Definition Characteristics 

Statin intolerance is defined as one or more adverse effects associated with statin therapy, which 

resolves or improves with dose reduction or discontinuation, and can be classified as complete 

inability to tolerate any dose of a statin, or partial intolerance, with inability to tolerate the dose 

necessary to achieve the patient-specific therapeutic objective.  To classify a patient as having 

statin intolerance, a minimum of two statins should have been attempted, including at least one at 

the lowest approved daily dosage. 

Complete Inability to tolerate any dose or regimen of a statin 

Partial Ability to tolerate a lower dose of statin than is required to achieve the desired 

therapeutic objective 
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Table 3. Modifiable factors associated with statin intolerance
27, 77, 78

 

 

 Hypothyroidism 

 Other therapies with potential drug to drug interactions (e.g., gemfibrozil, protease 

inhibitors, amiodarone, calcium channel blockers, azole antifungals, macrolides, 

immunosuppressants, colchicine) 

 Alcohol use 

 Strenuous exercise 

 Vitamin D deficiency 

 Obesity 

 Diabetes 
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Table 4: Statin Intolerance – NLA Definition and Recommendations for ASCVD Risk 

Management  

 

Recommendation Class of 

Recommendation 

(Strength) 

Level of 

Evidence 

Statin intolerance is defined as one or more adverse effects associated with statin therapy, which 

resolves or improves with dose reduction or discontinuation, and can be classified as complete 

inability to tolerate any dose of a statin, or partial intolerance, with inability to tolerate the dose 

necessary to achieve the patient-specific therapeutic objective.  To classify a patient as having 

statin intolerance, a minimum of two statins should have been attempted, including at least one 

at the lowest approved daily dosage. 

For patients demonstrating non-adherence, or lack of 

persistence with statin therapy, statin intolerance should be 

evaluated as a potential contributing factor. 

I B-R 

For patients with suspected statin intolerance, clinicians 

should attempt multiple strategies to identify a tolerable 

statin regimen (e.g., lower dose, switching statins, non-daily 

dosing), because complete statin intolerance is uncommon 

(<5% of patients). 

I B-R 

When non-statin therapies are used, those with data from 

randomized trials showing reduced cardiovascular event risk 

should be favored. 

I A 

For patients with known or suspected statin intolerance who 

are at high- or very-high ASCVD risk, non-statin therapy 

should be considered while additional attempts are made to 

identify a tolerable statin regimen to avoid excessive delay in 

lowering atherogenic lipoproteins. 

IIa B-R 

For patients with statin intolerance, it is reasonable to 

consider the nocebo effect as a possible cause; however, this 

does not make such symptoms less clinically relevant and 

ASCVD risk related to elevated atherogenic lipoproteins 

should be addressed. 

IIa A 

For patients with complete or partial statin intolerance, it is 

reasonable to consider non-statin therapy to assist in lowering 

atherogenic lipoproteins. 

IIa A 

 

Abbreviation: ASCVD, atherosclerotic cardiovascular disease
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Table 5: Prevalence or incidence of muscle-related side effects in clinical trials  

 

Study name Population Study Design Key Findings 

STOMP
25

 

 

Healthy, statin-naïve subjects  Randomized double-blind 

parallel trial 

 

Subjects randomized to 

atorvastatin 80 mg/d or 

placebo for 6 months 

n=420 subjects randomized 

 

Unexplained new muscle pain: reported by 

23/203 (11.3%) atorvastatin and 14/217 

6.5%) placebo subjects 

 

Myalgia: 19/203 (9.4%) atorvastatin 

subjects and 10/217 (4.6%) placebo 

subjects (p=0.05) 

 

GAUSS-3
30

 

 

Patients with elevated LDL-C 

who were unable to tolerate an 

effective dose of a statin 

because of muscle-related 

adverse effects 

-Inability to tolerate atorvastatin 

10 mg and any other statin at 

any dose or, alternatively, 3 

more statins, with 1 at the 

lowest average daily starting 

dose and 2 other statins at any 

dose because of muscle-related 

adverse effects 

 

Phase A: double-blind, 

placebo-controlled 

crossover to rechallenge 

patients with atorvastatin 

20 mg/d 

 

Phase B: patients who 

experienced intolerable 

muscle symptoms during 

the first period entered a 

double-blind randomization 

to ezetimibe or evolocumab 

in a double-dummy design 

 

n=472 subjects completed both conditions 

during Phase A 

 

Intolerable muscle symptoms reported in: 

44.3% with atorvastatin but not placebo, 

27.5% with placebo but not atorvastatin, 

18.0% with neither treatment, and 10.2% 

with both treatments  

 

Active study drug was stopped for muscle 

symptoms in 6.8% of ezetimibe-treated 

patients and 0.7% of evolocumab-treated 

patients 

 

ODYSSEY 

ALTERNATIVE
21

 

 

Patients with primary 

hypercholesterolemia at 

moderate or high cardiovascular 

risk and with statin intolerance 

defined as the inability to 

tolerate 2 or more statins 

Randomized, double-blind, 

double-dummy, active-

controlled, parallel group 

study 

Patients with no skeletal-

muscled related AE on 

n=314 subjects randomized 

 

Myalgia most common AE in all groups 

 

Of the 63 randomized to atorvastatin, 14% 

discontinued treatment due to statin-
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because of unexplained skeletal 

muscle-related symptoms, other 

than those due to strain or 

trauma that began or increased 

during statin treatment and 

resolved with statin 

discontinuation.  One of the 2 

statins had to have been 

discontinued while at or below 

the lowest approved daily 

starting dose 

 

placebo were randomized 

to alirocumab, ezetimibe or 

atorvastatin 10 mg/d (statin 

rechallenge arm) for 24 

weeks 

associated muscle symptoms 

 

Skeletal muscle-related events were less 

frequent with alirocumab vs. atorvastatin 

(HR 0.61, 95% CI 0.38-0.88, p=0.042) 

 

Rate of study treatment discontinuation due 

to skeletal muscle-related AEs was not 

different for alirocumab vs. atorvastatin or 

vs. ezetimibe 

 

SAMSON
31

 

 

Patients who had abandoned 

statins clinically with no 

intention of restarting, because 

of intolerable symptoms of any 

type arising within 2 weeks of 

starting 

Multiple-crossover, 3-

condition n-of-1, double-

blind, placebo controlled 

trial 

 

Subjects received 12 one-

month bottles of 

medication (4 atorvastatin 

20 mg, 4 placebo, and 4 

empty) that they took in 

random order 

 

n=60 subjects randomized 

 

No difference in mean symptom intensity 

in patients taking placebo vs. statin during 

the study: mean symptom score of 8.0 

during no-tablet months, 16.3 in statin 

months, and 15.4 in placebo months 

 

Nocebo ratio was 0.90 

 

StatinWISE
32

 

 

Patients who were considering 

stopping their statin 

(complained of symptoms 

during consultation) or had 

stopped taking a statin in the last 

3 years because of muscle 

symptoms 

Series of randomized, 

double-blind, placebo-

controlled n-of-1 trials 

 

Patients were randomized 

to a series of 6 treatment 

periods of either placebo or 

atorvastatin 20 mg/d 

 

n=200 subjects randomized 

 

n=151 subjects provided muscle symptom 

scores for at least 1 statin period and 1 

placebo period 

 

No difference in mean muscle symptom 

scores between statin periods (1.68) and 

placebo periods (1.85) 
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Abbreviations: AE, adverse event; CI, confidence interval; GAUSS, Goal Achievement After Utilizing an Anti-PCSK9 Antibody in 

Statin Intolerant Subjects; HR, hazard ratio; LDL-C, low-density lipoprotein cholesterol; SAMSON, Self-assessment Method for 

Statin Side-effects; StatinWISE, Statin Web-based Investigation of Side Effects; STOMP, Effects of Statins on Muscle Performance  
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Table 6: Key studies in the evidence base for non-statin therapies available in the US that lower atherogenic lipoproteins for reducing 

adverse cardiovascular event risk 

 

Class/Agent RCT Population 

Studied 

Treatment 

Arms 

Median 

Duration, 

y 

LDL-C, 

Diff. 

Between 

Groups, 

mg/dL
*
 

TG, 

Diff. 

Between 

Groups, 

mg/dL
*
 

CV Event 

RRR, 

HR (95% 

CI)
†
 

CV 

Event 

ARR, 

% 

Cholesterol 

Absorption 

Inhibitor 

        

Ezetimibe IMPROVE-IT
39

 

 

N=18,144 

subjects 

hospitalized 

with ACS within 

10 days prior to 

enrollment and 

LDL-C 50-100 

mg/dL
**

 

Simvastatin 40 

mg/d plus 

ezetimibe 10 

mg/d vs. 

simvastatin 40 

mg/d plus 

placebo 

6 -16.7 -14.0 0.94 

(0.89-0.99) 

2.0 

Ezetimibe SHARP
38

 

 

N=9438 subjects 

with CKD on 

dialysis with no 

known history 

of MI or 

coronary 

revascularization 

 

Simvastatin 20 

mg/d plus 

ezetimibe 10 

mg/d vs. 

placebo
‡
 

4.9 -43.0 NA 0.83 

(0.74-0.94) 

2.1 

Ezetimibe EWTOPIA 75
48

 

 

N=3796 subjects 

75 y with 

elevated LDL-C 

without history 

of CAD 

Ezetimibe 10 

mg/d vs. usual 

care (dietary 

counseling) 

4.1 -19.0 -4.0 0.66 

(0.50-0.86) 

2.6 

PCSK9 

Inhibitor 
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Alirocumab ODYSSEY 

Outcomes
29

 

 

N=18,924 

subjects with 

ACS in prior 1-

12 months with 

LDL-C 70 

mg/dL, non-

HDL-C 100 

mg/dL or Apo B 

80 mg/dL 

Alirocumab 

(dose-adjusted 

to target LDL-

C 25-50 

mg/dL) vs 

placebo on 

background 

high-intensity 

statin 

2.8 -48.0 NA 0.85 

(078-0.93) 

1.6 

Evolocumab FOURIER
28

 

 

N=27,564 

subjects with 

ASCVD and 

LDL-C 70 

mg/dL 

Evolocumab 

(140 mg every 

2 weeks or 420 

mg/month) vs. 

placebo on 

background 

optimized 

lipid-lowering 

therapy
¶
 

2.2 -56.0 -15.5 0.85 

(0.79-0.92) 

1.5 

Fibrate         

Fenofibrate FIELD
62

 

 

N=9795 subjects 

50-75 y of age 

with T2D and 

not taking statin 

at study entry 

Fenofibrate 

200 mg/d vs. 

placebo 

5 -14.7 -51.3 0.89 

(0.75-1.05) 

1.0 

Fenofibrate ACCORD 

Lipid
63

 

 

N=5518 subjects 

with T2D and 

HbA1c 7.5%, 

with LDL-C 60-

180 mg/dL, 

HDL-C <50 

mg/dL and TG 

<750 mg/dL
§
 

Fenofibrate vs. 

placebo on 

background 

simvastatin 

4.7 +2.1 -26 0.92 

(0.79-1.08) 

0.2 

Gemfibrozil HHS
58

 

 

N=4081 subjects 

with non-HDL-

C 200 mg/dL 

without 

Gemfibrozil 

1200 mg/d vs. 

placebo 

5 -21.8 -62.5 0.66 

(0.47, 0.92) 

1.4 
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symptomatic 

CHD 

Gemfibrozil VA-HIT
59

 

 

N=2531 subjects 

with CHD, with 

HDL-C 40 

mg/dL and 

LDL-C 140 

mg/dL 

Gemfibrozil 

1200 mg/d vs. 

placebo 

5.1   0.0 -52.0 0.78 

(0.65-0.93) 

4.4 

Prescription 

omega-3 fatty 

acids 

        

Icosapent Ethyl REDUCE-IT
69

 

 

N=8179 subjects 

with CVD or 

diabetes + other 

risk factors, with 

TG 135-499 

mg/dL and 

LDL-C 41-100 

mg/dL 

Icosapent ethyl 

4 g/d vs. 

placebo on 

background 

statin 

4.9 -5.0 -44.5 0.75 

(0.68, 0.83) 

4.8 

Bile Acid 

Sequestrant 

        

Cholestyramine LRC-CPPT
53

 

 

N=3806 male 

subjects, 35-59 y 

of age with 

total-C 265 

mg/dL and 

LDL-C 190 

mg/dL 

Cholestyramine 

vs. placebo 

7.4 -40.2 +7.1 0.81 

(0.68, 0.97) 

1.7 

ATP Citrate 

Lyase Inhibitor 

        

Bempedoic Acid CLEAR 

OUTCOMES
57

 

 

N=14,014 

subjects with all 

of the following: 

ASCVD or at 

high risk of 

ASCVD, 

Bempedoic 

acid 180 mg/d 

vs. placebo on 

background 

guideline-

directed 

3.5 

(planned) 

NA NA NA NA 
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documented 

statin 

intolerance, and 

LDL-C 100 

mg/dL 

medical 

therapy 

Small 

Interfering RNA 

Targeting 

PCSK9 

        

Inclisiran ORION 4
51

 

 

N=15,000 

subjects 55 y 

of age with pre-

existing ASCVD  

Inclisiran 

sodium 300 mg 

vs. placebo 

5 

(planned) 

NA NA NA NA 

Fibrate/Selective 

PPAR-alpha 

Modulator 

        

Pemafibrate PROMINENT
68

 

 

N=10,000 

subjects with 

T2D, TG 200-

499 mg/dL and 

HDL-C 40 

mg/dL  

Pemafibrate 0.4 

mg/d vs. 

placebo on 

background 

statin therapy 

or met LDL-C 

criteria
¥
 

3.75 

(planned)
#
 

NA NA NA NA 

#
In April 2022 PROMINENT was stopped because of low likelihood of demonstrating benefit for the primary outcome, additional results are 

pending 

Abbreviations: ACCORD, Action to Control Cardiovascular Risk in Diabetes; ACS, acute coronary syndrome; Apo, apolipoprotein; 

ARR, absolute risk reduction; ASCVD, atherosclerotic cardiovascular disease; CAD, coronary artery disease; CHD, coronary heart 

disease; CI, confidence interval; CKD, chronic kidney disease; CLEAR, Cholesterol Lowering via Bempedoic Acid, an ACL-

Inhibiting Regimen; CV, cardiovascular; Diff., difference; EWTOPIA 75, Ezetimibe Lipid-Lowering Trial on Prevention of 

Atherosclerotic Cardiovascular Disease in 75 or Older; FIELD, Fenofibrate Intervention and Event Lowering in Diabetes; FOURIER, 

Further Cardiovascular Outcomes Research with PCSK9 Inhibition in Subjects with Elevated Risk; HbA1c, glycated hemoglobin; 

HDL-C, high-density lipoprotein cholesterol; HHS, Helsinki Heart Study; HR, hazard ratio; IMPROVE-IT, Improved Reduction of 

Outcomes: Vytorin Efficacy International Trial; LDL-C, low-density lipoprotein cholesterol; LRC-CPPT, Lipid Research Clinics 

Coronary Primary Prevention Trial; NA, not available; MI, myocardial infarction; PCSK9, proprotein convertase subtilisin kexin type 

9; PPAR, peroxisome proliferator-activated receptor; PROMINENT, Pemafibrate to Reduce Cardiovascular Outcomes by Reducing 
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Triglycerides in Diabetic Patients; RCT, randomized controlled trial; RRR, relative risk reduction; REDUCE-IT, Reduction of 

Cardiovascular Events with Icosapent Ethyl-Intervention Trial; SHARP, Study of Heart and Renal Protection; T2D, type 2 diabetes; 

total-C, total cholesterol; VA-HIT, Veterans Affairs HDL Intervention Trial; TG, triglycerides; w, weeks y, year(s) 

 
*
Difference in the change between on-treatment group and placebo group. 

 
†
Results are for the primary outcome variable as defined in each trial: IMPROVE-IT, composite of cardiovascular death, nonfatal 

myocardial infarction, unstable angina requiring hospitalization, coronary revascularization, or nonfatal stroke; SHARP: first major 

atherosclerotic event (non-fatal myocardial infarction or coronary death, non-hemorrhagic stroke, or any arterial revascularization 

procedure); ODYSSEY Outcomes, composite of death from coronary heart disease, nonfatal myocardial infarction, fatal or nonfatal 

ischemic stroke, or unstable angina requiring hospitalization; FOURIER, composite of cardiovascular death, myocardial infarction, 

stroke, hospitalization for unstable angina, or coronary revascularization; ACCORD Lipid, first occurrence of nonfatal myocardial 

infarction, nonfatal stroke, or death from cardiovascular causes; LRC-CPPT, combination of definite coronary heart disease death 

and/or definite nonfatal myocardial infarction; EWTOPIA 75, composite of sudden cardiac death, myocardial infarction, coronary 

revascularization or stroke; HHS, total cardiac endpoints (fatal nonfatal myocardial infarction and cardiac death); VA-HIT, nonfatal 

myocardial infarction or death from coronary causes; FIELD, coronary events (coronary heart disease death or non-fatal myocardial 

infarction); REDUCE-IT, composite of cardiovascular death, nonfatal myocardial infarction, nonfatal stroke, coronary 

revascularization, or unstable angina 

 
**

The LDL-C range listed was for patients taking lipid-lowering therapy; for patients not receiving lipid-lowering therapy the LDL-C 

entry criterion was 50-125 mg/dL.  

 
‡
Patients were initially randomized 3 ways between simvastatin 20 mg/d plus ezetimibe 10 mg/d, simvastatin 20 mg/d, and placebo; 

those initially allocated to simvastatin alone were re-randomized to simvastatin 20 mg/d plus ezetimibe 10 mg/d vs. placebo after 1 

year. 

 
¶
Optimized regimen of lipid-lowering therapy was defined as preferably a high-intensity statin but must have been at least atorvastatin 

at a dose of 20 mg/d or its equivalent, with or without ezetimibe. 
 

§The HDL-C criterion was <55 mg/dL for women and blacks; the TG level listed was for patients not receiving lipid therapy, for those 

receiving lipid therapy the TG criterion was <400 mg/dL. 
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¥Subjects were either on moderate to high-intensity statin therapy or had LDL-C 70 mg/dL within prior 12 months. Statin intolerant 

patients were also eligible if had LDL-C 100 mg/dL. 

                  


