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IMPORTANCE The effects of bempedoic acid on cardiovascular outcomes in statin-intolerant
patients without a prior cardiovascular event (primary prevention) have not been fully described.

OBJECTIVE To determine the effects of bempedoic acid on cardiovascular outcomes in
primary prevention patients.

DESIGN, SETTING, AND PARTICIPANTS This masked, randomized clinical trial enrolled 13 970
statin-intolerant patients (enrollment December 2016 to August 2019 at 1250 centers
in 32 countries), including 4206 primary prevention patients.

INTERVENTIONS Participants were randomized to oral bempedoic acid, 180 mg daily
(n = 2100), or matching placebo (n = 2106).

MAIN OUTCOME MEASURES The primary efficacy measure was the time from randomization to
the first occurrence of any component of a composite of cardiovascular death, nonfatal
myocardial infarction (MI), nonfatal stroke, or coronary revascularization.

RESULTS Mean participant age was 68 years, 59% were female, and 66% had diabetes.
From a mean baseline of 142.5 mg/dL, compared with placebo, bempedoic acid reduced
low-density lipoprotein cholesterol levels by 30.2 mg/dL (21.3%) and high-sensitivity C-reactive
protein levels by 0.56 mg/L (21.5%), from a median baseline of 2.4 mg/L. Follow-up for a median
of 39.9 months was associated with a significant risk reduction for the primary end point (111
events [5.3%] vs 161 events [7.6%]; adjusted hazard ratio [HR], 0.70 [95% CI, 0.55-0.89];
P = .002) and key secondary end points, including the composite of cardiovascular death,
MI, or stroke (83 events [4.0%] vs 134 events [6.4%]; HR, 0.64 [95% CI, 0.48-0.84]; P < .001);
MI (29 events [1.4%] vs 47 events [2.2%]; HR, 0.61 [95% CI, 0.39-0.98]); cardiovascular death
(37 events [1.8%] vs 65 events [3.1%]; HR, 0.61 [95% CI, 0.41-0.92]); and all-cause mortality (75
events [3.6%] vs 109 events [5.2%]; HR, 0.73 [95% CI, 0.54-0.98]). There was no significant
effect on stroke or coronary revascularization. Adverse effects with bempedoic acid included a
higher incidence of gout (2.6% vs 2.0%), cholelithiasis (2.5% vs 1.1%), and increases in serum
creatinine, uric acid, and hepatic enzyme levels.

CONCLUSIONS In a subgroup of high-risk primary prevention patients, bempedoic acid
treatment was associated with reduced major cardiovascular events.
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S tatins reduce atherogenic lipoproteins and are recom-
mended by current guidelines for administration to pa-
tients at high risk for a first major adverse cardiovascu-

lar event (primary prevention).1 However, the current
recommendations are predominantly derived from clinical trials
conducted several decades ago during the initial development
of statins to reduce low-density lipoprotein cholesterol (LDL-C)
levels.2,3 Most contemporary cardiovascular outcome trials of
lipid-lowering therapies have enrolled only participants with a
prior cardiovascular event. Recent data are limited on the ef-
fects of statins or other adjunctive treatments in patients with-
out a history of a cardiovascular event, leading some authors
to question whether the benefits of cholesterol lowering ex-
ceed the harms in these patients.4-7 Currently, lipid-lowering
therapies are underutilized in high-risk primary prevention pa-
tients, particularly women and patients from racial and ethnic
minority populations.8-10 More than half of eligible patients do
not currently receive lipid-lowering therapies.9

The CLEAR Outcomes (Cholesterol Lowering via Bempe-
doic Acid, an ACL-Inhibiting Regimen) trial reported cardio-
vascular outcomes in a mixed population of primary and sec-
ondary prevention patients unable or unwilling to take
guideline-recommended doses of statins.11 Among the 13 970
patients enrolled in the trial, 4206 (30%) had characteristics
associated with a high risk of adverse cardiovascular out-
comes but without a prior event. The current article reports a
prespecified subgroup analysis of the effects of bempedoic acid
on major adverse cardiovascular outcomes in this primary pre-
vention population.

Methods
Trial Organization and Oversight
The rationale, design, and methods of the trial have been
reported.11,12 The trial was conducted at 1250 sites in 32 coun-
tries. The trial was designed by the Cleveland Clinic Coordi-
nating Center for Clinical Research (C5Research) and an aca-
demic executive committee in collaboration with the sponsor,
Esperion Therapeutics Inc. The protocol was approved by eth-
ics committees at participating sites, and all patients pro-
vided written informed consent before enrollment (the study
protocol and statistical analysis plan are available in Supple-
ment 1). A contract research organization collected the data,
which were transferred to C5Research at completion of the trial;
C5Research statisticians conducted the analyses for this ar-
ticle. An independent data monitoring committee monitored
the trial.

Trial Population
Primary prevention patients aged 18 to 85 years with an LDL-C
level 100 mg/dL (2.59 mmol/L) or greater and with clinical fea-
tures placing them at high risk for a first cardiovascular event
were eligible. Criteria for high cardiovascular risk included risk
scores described in eFigure 1 in Supplement 2,13,14 a coronary
artery calcium score greater than 400 Agatston units, or pres-
ence of either type 1 or 2 diabetes in women older than 65 years
or men older than 60 years.

Investigators were responsible for assessing the patient
for statin intolerance. Patients had to report statin intoler-
ance due to an adverse effect that started or increased during
statin therapy and resolved or improved after statin therapy
was discontinued. Entry criteria required inability to tolerate
2 or more statins at any dose or 1 statin and unwillingness
to attempt a second statin or advised by a physician not to
attempt taking a second statin. Both the patient and site
investigator were required to provide written confirmation
that the patient was statin intolerant and aware of the ben-
efits of statins to reduce the risk of cardiovascular events,
including death, and acknowledge that many patients unable
to tolerate a statin can tolerate a different statin or dose.
Patients could be enrolled if they tolerated a very low average
daily statin dose, defined as rosuvastatin less than 5 mg, ator-
vastatin less than 10 mg, simvastatin less than 10 mg, lova-
statin less than 20 mg, pravastatin less than 40 mg, fluvasta-
tin less than 40 mg, or pitavastatin less than 2 mg. Other
background lipid-lowering therapies were permitted, includ-
ing ezetimibe, niacin, bile acid resins, fibrates, and/or propro-
tein convertase subtilisin/kexin type 9 inhibitors. The study
design and primary publications provide the full inclusion
and exclusion criteria.11,12

Study Procedures
Eligible patients entered a 4-week run-in period during which
they were treated with single-masked placebo. If patients were
intolerant to placebo treatment or if adherence was less than
80% by tablet count, they were not eligible for randomiza-
tion. Patients who successfully completed the run-in period
were randomly assigned in a 1:1 ratio to receive a 180-mg oral
dose of bempedoic acid or matching placebo, administered
daily. During the trial, LDL-C and high-sensitivity C-reactive
protein (hsCRP) results were masked. Beginning 6 months af-
ter randomization, the central laboratory notified the inves-
tigator, who remained masked to treatment assignment, if the
patient’s LDL-C level was 25% or more higher than baseline.
Repeat testing was performed after the patient was coun-
seled about diet and encouraged to take all medications as pre-
scribed. The patient returned for a repeat fasting blood lipid
profile to confirm whether the LDL-C value exceeded the
threshold criteria. If confirmed, the patient’s treatment regi-
men for LDL-C lowering could be adjusted, per standard of care

Key Points
Question In statin-intolerant primary prevention patients at high
cardiovascular risk, does bempedoic acid reduce major adverse
cardiovascular events?

Findings In this randomized trial of 13 970 patients, 4206
participants were enrolled with high cardiovascular risk but
without a prior cardiovascular event. In this subgroup, bempedoic
acid treatment, 180 mg daily, was associated with a significant
reduction in major cardiovascular events (hazard ratio, 0.70).

Meaning These findings suggest that treatment with bempedoic
acid in primary prevention patients has the potential to reduce
major adverse cardiovascular events.
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and local practice. The flow of patients through the trial is
shown in Figure 1.

Study End Points
The primary end point was the time to first occurrence of
a composite of death from cardiovascular causes, nonfatal
myocardial infarction (MI), nonfatal stroke, or coronary re-
vascularization (4-component major adverse cardiovascular
events [MACE]). Key secondary end points included (1) time
to the first occurrence of a composite of cardiovascular death,
nonfatal stroke, or nonfatal MI (3-component MACE); (2) fa-
tal or nonfatal MI; (3) coronary revascularization; (4) fatal or
nonfatal stroke; (5) cardiovascular death; and (6) all-cause mor-
tality. Additional adjudicated time-to-event end points in-
cluded hospitalization for unstable angina and a 5-compo-
nent composite that included cardiovascular death, nonfatal
MI, nonfatal stroke, coronary revascularization, and hospital-
ization for unstable angina. End points were adjudicated by
C5Research clinical end points committee personnel masked
to treatment assignments.

Statistical Analysis
The efficacy end points were analyzed using a Cox propor-
tional hazards model with treatment as a factor to generate the
hazard ratio (HR) and 95% confidence interval. P values were
obtained from a log-rank test (2-sided). Significance testing was
performed using 2-sided tests (α = .05). All efficacy outcomes
were adjusted for baseline characteristics including geo-
graphic region, age, sex, race and ethnicity (assessed to deter-
mine if the response to treatment differed among individuals
based on their racial or ethnic background), LDL-C level,
body mass index, hsCRP level, estimated glomerular filtration
rate, use of any lipid-modifying therapy at baseline, and
glycemic status (diabetes, prediabetes, normoglycemia). A time-
dependent covariate with treatment was created to assess for
proportionality. The P value was not statistically significant;
therefore, the assumption of proportional hazards was deter-
mined to be met. Change and percent change in lipids were cal-
culated using least-square means adjusted for baseline. Hodges-
Lehmann estimate of location shift was used to summarize
changes in hsCRP and triglyceride levels. Baseline data for 2 pa-
tients with missing body mass index data were imputed for ef-
ficacy models using the average measurement of the overall co-
hort. The statistical analysis plan prespecified subgroup analyses
for 4-component MACE and 3-component MACE. Therefore,
P values are provided only for these end points. Efficacy analy-
ses included all randomized patients based on the intent-to-
treat principle. Outcomes were not adjusted for multiplicity.
Adverse event summaries were based on the safety popula-
tion that included all patients who underwent randomization
and received at least 1 dose of study drug.

Results
Study Population
Between December 2016 and August 2019, 22 084 patients
were screened and 14 016 were randomized, with 13 970

included in the full analysis after exclusion of 46 participants
from a site determined to have created fraudulent patients.
Within the full analysis set, 4206 patients (30%) met primary
prevention criteria, 2100 randomized to the bempedoic acid
treatment group and 2106 to the placebo group. For the
pooled treatment groups, mean age was 67.9 (SD, 6.8) years,
59.0% of patients were female, 66.1% had diabetes, and
19.3% were taking a statin and 8.0% ezetimibe. Mean LDL-C
level was 142.5 mg/dL, mean high-density lipoprotein choles-
terol, 51.0 mg/dL; median triglycerides, 161.8 mg/dL (to con-
vert cholesterol values to mmol, multiply by 0.0259); and
median hsCRP, 2.4 mg/L. These baseline characteristics were
similar in both treatment groups (Table 1). High-risk primary
prevention patients were followed up for a median of 39.9
months. Complete assessment for the primary end point was
available for 94.7% and vital status for 99.5% of these
patients. Efficacy end points at sites in Ukraine were cen-
sored after the start of the conflict on February 24, 2022. The
flow of patients through the trial is shown in Figure 1.

Figure 1. Flow of Patients Through the Trial (Primary Prevention)

13 970 Patients randomized
4206 Primary prevention
9764 Secondary prevention

2100 Primary prevention
patients assigned to receive
bempedoic acid
2100 Received bempedoic

acid as assigned

2100 Included in final efficacy analysis

Vital status at study completion
2008 Alive

81 Died
11 Unknown

1534 Completed treatment

566 Did not complete treatment
265 Patient decision
215 Adverse event

14 Lost to follow-up
11 Physician decision

1 Protocol deviation
60 Othera

40 Died during treatment phase

2004 Completed study
1929 Completed end-of-

study visit
75 Died during study

96 Did not complete study
64 Withdrew consent

4 Lost to follow-up
1 Administrative decision
1 Physician decision
0 Sponsor decision

26 Otherb

2106 Primary prevention patients
assigned to receive placebo
2105 Received placebo

as assigned
1 Did not receive placebo

2106 Included in final efficacy analysis

Vital status at study completion
1977 Alive

119 Died
10 Unknown

1436 Completed treatment

669 Did not complete treatment
352 Patient decision
218 Adverse event

22 Lost to follow-up
22 Physician decision

0 Protocol deviation
55 Othera

66 Died during treatment phase

1979 Completed study
1870 Completed end-of-

study visit
109 Died during study

127 Did not complete study
80 Withdrew consent

5 Lost to follow-up
2 Physician decision
2 Sponsor decision
0 Administrative decision

38 Otherb

a Premature termination of treatment (the war in Ukraine [45/115 patients]).
b Premature withdrawal from the trial (patient could not be contacted, but final

vital status known; therefore, not counted as lost to follow-up [37/64]).
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Effects on LDL-C and hsCRP Levels
The effects of trial regimens on lipid parameters after 6 months
of treatment and hsCRP level after 12 months of treatment are
reported in Table 2. From a baseline mean LDL-C level of
142.2 mg/dL, least-square mean reduction in the bempedoic
acid group compared with placebo after 6 months of treat-
ment was 30.2 mg/dL (95% CI, –32.1 to –28.3), a least-square
mean difference of 21.3%. With administration of additional
lipid-modifying therapies to 12.4% of patients in the placebo

group and 6.7% in the bempedoic acid group (eTable 1 in
Supplement 2), the time-averaged difference in LDL-C level in
the primary prevention subgroup over the course of the trial
was 23.2 mg/dL (eFigure 2 in Supplement 2). From a median
baseline value of 2.4 mg/L, after 12 months of treatment, using
Hodges-Lehman estimate of location shift, bempedoic acid re-
duced hsCRP level by 0.34 mg/L (95% CI, −0.42 to −0.29) com-
pared with a reduction of 0.01 mg/L (95% CI, −0.04 to 0.09)
for placebo, a difference of 0.56 mg/L (21.5%).

Table 1. Demographic and Baseline Characteristics of Patients

Characteristic
Bempedoic acid
(n = 2100)

Placebo
(n = 2106)

Age, mean (SD), y 67.9 (6.9) 68.0 (6.8)

Sex, No. (%)

Female 1234 (58.8) 1247 (59.2)

Male 866 (41.2) 859 (40.8)

Race, No. (%)a

American/Mexican Indian or Alaska Native 49 (2.3) 49 (2.3)

Black or African American 66 (3.1) 67 (3.2)

Native Hawaiian or Pacific Islander 8 (0.4) 6 (0.3)

White 1936 (92.2) 1913 (90.8)

Other 0 1

Ethnicity, No. (%)a

Hispanic or Latino 399 (19.0) 378 (17.9)

Not Hispanic or Latino 1701 (81.0) 1728 (82.1)

Body mass index, mean (SD)b 30.2 (5.3) 30.4 (5.4)

>35, No. (%) 350 (16.7) 367 (17.4)

Systolic blood pressure, mean (SD), mm Hg 135.6 (13.8) 136.0 (13.6)

>140 mm Hg, No. (%) 729 (34.7) 750 (35.6)

Lipids, mean (SD), mg/dL

LDL-C 142.2 (34.5) 142.7 (35.9)

HDL-C 51.1 (13.5) 50.9 (13.7)

Non–HDL-C 177.4 (38.7) 178.2 (41.2)

Total cholesterol 228.5 (40.2) 229.1 (42.3)

Triglycerides, median (IQR), mg/dL 162.0 (120.5-216.5) 161.5 (123.5-215.5)

hsCRP, median (IQR), mg/L 2.4 (1.2-4.5) 2.4 (1.2-4.6)

Baseline eGFR, mean (SD), mL/min/1.73 m2 73.8 (17.3) 73.2 (17.8)

Cardiovascular risks, No. (%)

Diabetesc 1369 (65.2) 1412 (67.0)

Inadequately controlled diabetesd 569 (27.1) 593 (28.2)

Hypertension 1853 (88.2) 1854 (88.0)

Chronic kidney disease 146 (7.0) 155 (7.4)

Criteria for increased risk, No. (%)

Reynolds Risk Score >30% or SCORE Risk Score >7.5% over 10 ye 868 (41.3) 922 (43.8)

Coronary artery calcium score >400 AU 86 (4.1) 55 (2.6)

Patients with self-reported type 1 or 2 diabetes,
aged >65 (women) or >60 y (men), No. (%)

1150 (54.8) 1187 (56.4)

Region, No. (%)

Eastern Europe 1114 (53.0) 1117 (53.0)

North America 446 (21.2) 439 (20.8)

Latin America 280 (13.3) 257 (12.2)

Western Europe 168 (8.0) 180 (8.5)

Otherf 92 (4.3) 113 (5.4)

Baseline statin use, No. (%)g 394 (18.8) 417 (19.8)

Baseline ezetimibe use, No. (%) 184 (8.8) 151 (7.2)

Abbreviations: eGFR, estimated
glomerular filtration rate;
LDL-C, low-density lipoprotein
cholesterol; hsCRP, high-sensitivity
C-reactive protein;
HDL-C, high-density lipoprotein
cholesterol; SCORE, Systematic
Coronary Risk Evaluation;
AU, Agatston units.

SI conversion factors: To convert
LDL-C, HDL-C, and total cholesterol
values to mmol/L, multiply by
0.02586; triglyceride values to
mmol/L, multiply by 0.01129.
a Race and ethnicity were

self-reported. Participants could
select more than 1 category,
including “Other.” Race and ethnicity
were assessed to determine if the
response to treatment differed
among individuals based on their
racial or ethnic background.

b Calculated as weight in kilograms
divided by square of height in meters.

c At baseline, medical history of type 1
or 2 diabetes, prior
glucose-lowering medication,
hemoglobin A1c level 6.5%
(48 mmol/mol) or greater, or 2 or
more measurements of fasting
glucose 126 mg/dL (7.0 mmol/L)
or greater.

d Patients with type 1 or 2 diabetes and
a hemoglobin A1c level 7.0%
(53 mmol/mol) or greater at baseline.

e The REYNOLDS and SCORE risk
calculators are described in
eFigure 1 in Supplement 2.

f Includes Australia, India,
New Zealand, South Africa,
and Turkey.

g Patients could be enrolled if they
were taking doses of a statin less
than the lowest approved dose.
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Clinical End Points
The primary 4-component composite end point occurred in
111 patients (5.3%) in the bempedoic acid group and 161
patients (7.6%) in the placebo group (HR, 0.70 [95% CI, 0.55-
0.89]; P = .002) (Table 3 and Figure 2A). The number needed
to treat (NNT) to prevent 1 primary composite outcome was
43 patients. Bempedoic acid was associated with a significant
reduction in the risk of the secondary 3-component compos-
ite end point of time to cardiovascular death, nonfatal MI, or
stroke, which occurred in 83 patients (4.0%) in the bempe-
doic acid group and 134 patients (6.4%) in the placebo group
(HR, 0.64 [95% CI, 0.48-0.84]; P < .001) (Table 3 and
Figure 2B). For the other secondary end points, fatal or non-
fatal MI occurred in 29 patients (1.4%) in the bempedoic acid
group and 47 patients (2.2%) in the placebo group (adjusted
HR, 0.61 [95% CI, 0.39-0.98]) (Table 3 and Figure 2C). Fatal or
nonfatal stroke occurred in 27 patients (1.3%) in the bempe-
doic acid group and 37 patients (1.8%) in the placebo group
(adjusted HR, 0.76 [95% CI, 0.46-1.26]) (Table 3 and
Figure 2D). Cardiovascular death occurred in 37 patients
(1.8%) in the bempedoic acid group and 65 patients (3.1%) in
the placebo group (adjusted HR, 0.61 [95% CI, 0.41-0.92])
(Table 3 and Figure 2E). All-cause mortality occurred in 75
patients (3.6%) in the bempedoic acid group and 109 patients
(5.2%) in the placebo group (adjusted HR, 0.73 [95% CI, 0.54-
0.98]) (Table 3 and Figure 2F).

The first occurrence of the 5-component composite of
death from cardiovascular causes, MI, stroke, coronary
revascularization, or hospitalization for unstable angina
occurred in 112 patients (5.3%) in the bempedoic acid group
and 164 patients (7.8%) in the placebo group (HR, 0.69 [95%
CI, 0.54-0.88]) (Table 3; eFigure 3 in Supplement 2). Coro-
nary revascularization occurred in 50 patients (2.4%) in the
bempedoic acid group and 68 patients (3.2%) in the placebo
group (HR, 0.71 [95% CI 0.49-1.03]) (Table 3; eFigure 4 in
Supplement 2). Hospitalization for unstable angina occurred
in 10 patients (0.5%) in the bempedoic acid group and 17
patients (0.8%) in the placebo group (HR, 0.58 [95% CI,
0.26-1.27]) (Table 3; eFigure 5 in Supplement 2). Unadjusted
analyses of the primary and secondary end points showed
results similar to those from the adjusted analyses (eTable 2
in Supplement 2).

Adverse Effects
Adverse events are reported in Table 4. There were no between-
group differences in serious adverse events or adverse events
leading to drug discontinuation. However, investigator-
reported prespecified adverse events included more fre-
quent elevations in hepatic enzyme levels (4.5% vs 2.6%) and
more frequent kidney adverse events (10.3% vs 8.1%) in the
bempedoic acid group compared with the placebo group.
Myalgias were reported in 4.2% of bempedoic acid–treated
patients compared with 5.9% of placebo-treated patients.
A higher incidence of hyperuricemia (12.1% vs 6.3%), gout
(2.6% vs 2.0%), and cholelithiasis (2.5% vs 1.1%) occurred in
the bempedoic acid group. Rates of new-onset diabetes and
the change in hemoglobin A1c levels in patients with diabetes
at baseline were similar in both randomized groups.Ta
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Discussion

In patients with elevated cardiovascular risk but without a
prior clinical event, this prespecified subgroup analysis
showed that administration of bempedoic acid in patients
unable or unwilling to take guideline recommended doses of
a statin was associated with a significant reduction in the pri-
mary end point, 4-component MACE (2.3% absolute risk
reduction). The NNT to prevent 1 primary event was 43
patients. This primary prevention cohort was a prespecified
subgroup that represented 30% of the total enrolled within a
larger trial that included a mixed population of primary and
secondary prevention patients.11 Treatment was also associ-
ated with significant benefits for several key secondary end
points, including the prespecified 3-component MACE (2.4%
absolute risk reduction); an NNT of 42 patients to prevent 1
event; and significant reductions in MI, cardiovascular death,
and all-cause mortality. Stroke and coronary revasculariza-
tion were not significantly reduced. Although prespecified,
this study reports on outcomes in a subgroup within a larger
clinical trial; therefore, the results should be interpreted as
hypothesis-generating rather than definitive evidence of ben-
efits. Adverse events included a higher incidence of gout,
elevated hepatic enzyme levels, and increased serum creati-
nine levels.

After 6 months of treatment, bempedoic acid, compared
with placebo, reduced levels of LDL-C by 30.2 mg/dL (21.3%)
and hsCRP by 0.56 mg/L (21.5%). Although the time-
averaged difference in LDL-C over the duration of the trial
was moderate (23.2 mg/dL [16.3%]), there were substantial

reductions in major adverse cardiovascular outcomes and
cardiovascular and all-cause mortality. These findings
emphasize the potential value of lipid-modulating therapy in
patients who have had no prior cardiovascular event but who
have a high risk for a first event, a population that is currently
undertreated.8-10,15-18 Because diabetes was an enrollment
criterion for increased cardiovascular risk, approximately
two-thirds of the participants had previously diagnosed dia-
betes. The current findings support the guideline recommen-
dation that primary prevention patients with diabetes should
be treated with statins to lower cholesterol levels.

Only 1 major clinical trial during the last decade has
reported on the effects of lipid-lowering treatment in patients
without a prior cardiovascular event. The Heart Outcomes
Prevention Evaluation 3 (HOPE-3), published in 2016,
showed that low-dose statin therapy reduced the composite
cardiovascular outcome by 24% but had no significant effect
on mortality.19 The 2 classic trials of primary prevention
patients published in the 1990s showed a reduction in mor-
bidity but not mortality.2,3 The Justification for the Use of
Statins in Prevention: an Intervention Trial Evaluating Rosuv-
astatin (JUPITER) study published 15 years ago showed a 44%
reduction in the primary composite outcome and a 20%
reduction in all-cause mortality with statin therapy in pri-
mary prevention patients with an hsCRP level greater than
2.0 mg/L.20 Although the current study was not designed to
assess factors mediating the results, both LDL-C and hsCRP
levels were significantly reduced. Reduction in LDL-C has
been strongly associated with improved cardiovascular out-
comes, and 3 recent trials have demonstrated favorable
effects with anti-inflammatory therapies.21-24

Table 3. Time to Event Efficacy End Points for the Bempedoic Acid Treatment Group Compared With Placebo Group

Outcome

No. of patients (%)

HR (95% CI)a P valueb
Bempedoic acid
(n = 2100)

Placebo
(n = 2106)

Person-years of follow-upc 6898 6807

Primary efficacy end point (4-component MACE)d 111 (5.3) 161 (7.6) 0.70 (0.55-0.89) .002

Secondary efficacy end points

3-component MACEe 83 (4.0) 134 (6.4) 0.64 (0.48-0.84) <.001

5-component MACEf 112 (5.3) 164 (7.8) 0.69 (0.54-0.88)

End point components

All-cause mortality 75 (3.6) 109 (5.2) 0.73 (0.54-0.98)

Cardiovascular death 37 (1.8) 65 (3.1) 0.61 (0.41-0.92)

Fatal and nonfatal MI 29 (1.4) 47 (2.2) 0.61 (0.39-0.98)

Fatal and nonfatal stroke 27(1.3) 37 (1.8) 0.76 (0.46-1.26)

Coronary revascularization 50 (2.4) 68 (3.2) 0.71 (0.49-1.03)

Hospitalization for unstable angina 10 (0.5) 17 (0.8) 0.58 (0.26-1.27)

Abbreviations: HR, hazard ratio; MACE, major adverse cardiovascular events;
MI, myocardial infarction.
a Hazard ratios adjusted for baseline characteristics including geographic region,

age, sex, race, ethnicity, baseline low-density lipoprotein cholesterol level,
body mass index, high-sensitivity C-reactive protein level, estimated
glomerular filtration rate, use of any lipid-modifying therapy at baseline, and
diabetes status (diabetes, prediabetes, normoglycemia).

b From the log-rank test.
c Person-years of follow-up for the primary end point (4-component MACE).

d The primary efficacy end point (4-component MACE) is the time to first
occurrence of an adjudicated event for a composite that includes death from
cardiovascular causes, nonfatal MI, nonfatal stroke, or coronary
revascularization.

e Time to first occurrence of the composite end point of death from
cardiovascular causes, nonfatal MI, or nonfatal stroke (3-component MACE).

f Time to first occurrence of death from cardiovascular causes, nonfatal MI,
nonfatal stroke, coronary revascularization, or hospitalization for unstable
angina (5-component MACE).
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Figure 2. Time to First Incidence of Primary End Point, Key Secondary End Point, and End Point Components
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Four-component major adverse cardiovascular events (MACE) indicates
a composite of death from cardiovascular causes, nonfatal myocardial
infarction, nonfatal stroke, or coronary revascularization; 3-component MACE,

a composite of death from cardiovascular causes, nonfatal myocardial
infarction, or nonfatal stroke. P values were calculated using the log-rank test.
The median follow-up time was 39.9 months. HR indicates hazard ratio.
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Primary prevention patients are currently undertreated with
lipid-modulating therapies.4-7 In a registry of nearly 50 000 US
patients with LDL-C levels greater than 190 mg/dL but without
cardiovascular disease, only 58.5% were taking a statin.15 An-
other study of US patients eligible for treatment based on cur-
rent guidelines reported that 53% of patients treated in cardi-
ology practices were not taking a statin.16 In a Danish study of
more than 90 000 patients, 81% of primary prevention pa-
tients with a 10-year risk greater than 10% for a cardiovascular
event were not treated to LDL-C goals according to the European
guidelines.17 In a registry that studied reasons why eligible pa-
tients were not taking a statin, 59% reported never being of-
fered treatment, 10% declined a statin, and 31% discontinued
therapy.18 Statin use in primary prevention patients was par-

ticularly low in minority groups in a recent national survey.10

Current guidelines do not specifically address the use of non-
statin treatments in high-risk primary prevention patients.

The Cholesterol Treatment Trialists Collaboration (CTTC)
meta-analysis reported on outcomes for statin treatment in
patients without vascular disease.24 The CTTC analysis
showed a 22% reduction in major coronary events for each
38.7-mg/dL (1-mmol/L) decrease in LDL-C level and a 15%
reduction in vascular death. In the current study, a time-
averaged reduction of 23.2 mg/dL (0.60 mmol/L) was associ-
ated with larger reductions in cardiovascular morbidity and
mortality than predicted by the CTTC analysis. The CTTC
analysis reported that the benefits of lowering LDL-C level
were consistent across a wide spectrum of baseline risk

Table 4. Investigator-Reported Adverse Events and Safety Laboratory Findings (Safety Population)a

No. (%)
Bempedoic acid
(n = 2104)

Placebo
(n = 2101)

Serious treatment-emergent adverse event 418 (19.9) 438 (20.8)

Adverse event leading to drug discontinuation 209 (9.9) 209 (9.9)

Any treatment-emergent adverse event 1785 (84.8) 1744 (83.0)

Worsening hyperglycemiab 297/1372 (21.6) 294/1408 (20.9)

Muscular disorders 269 (12.8) 291 (13.9)

Hyperuricemia 254 (12.1) 133 (6.3)

Kidney impairment 216 (10.3) 170 (8.1)

New-onset diabetes

Patients with prediabetes at baselinec 45/538 (8.4) 46/548 (8.4)

Patients without diabetes at baseline 47/732 (6.4) 48/693 (6.9)

Myalgias 88 (4.2) 124 (5.9)

Hypoglycemia 104 (4.9) 81 (3.9)

Elevated hepatic enzymes 94 (4.5) 55 (2.6)

Malignancies 84 (4.0) 86 (4.1)

Atrial fibrillation 53 (2.5) 52 (2.5)

Gout 55 (2.6) 41 (2.0)

Cholelithiasis 53 (2.5) 24 (1.1)

Tendinopathies 37 (1.8) 34 (1.6)

Discontinuation of treatment due to myalgia 29 (1.4) 35 (1.7)

Adjudicated tendon rupture 29 (1.4) 18 (0.9)

Neurocognitive disorders 9 (0.4) 19 (0.9)

Laboratory results after 6 mo, mg/dL

Change from baseline in uric acid level,
mean (SD)

0.80 (1.1) −0.01 (1.0)

Uric acid >8.5 mg/dL, No. (%) 215/1996 (10.8) 82/1993 (4.1)

Change from baseline in creatinine levels,
mean (SD)

0.05 (0.19) 0.02 (0.14)

Creatinine >1.5 mg/dL, No. (%) 65/1996 (3.3) 52/1993 (2.6)

Laboratory results after 12 mo

Change from baseline in HbA1c, (%)d 0.03 (0.79) 0.06 (0.77)

in patients without diabetes at baseline 0.02 (0.26) 0.06 (0.31)

in patients with diabetes at baseline 0.03 (0.96) 0.06 (0.91)

Enzyme abnormalities at any visit, No. (%)

Creatine kinase levels >10× ULN

Single occurrence 5 (0.2) 2 (0.1)

Repeated and confirmed 0 0

Alanine aminotransferase level >3× ULNe 44 (2.1) 40 (1.9)

Aspartate aminotransferase level >3× ULNe 72 (3.5) 27 (1.3)

Abbreviations: HbA1c, hemoglobin A1c;
ULN, upper limit of normal.
a All reported adverse events other

than the laboratory findings
represent the investigator’s
judgment. Specific guidance was
not provided.

b In patients with diabetes at
baseline.

c Patients with prediabetes at
baseline were defined as: No past
medical history of diabetes and with
hemoglobin A1c level of 5.7% or
greater and less than 6.5% or 1 or
more measurement of fasting
glucose 100 mg/dL (5.6 mmol/L) or
greater, but not more than 1 value of
fasting glucose 126 mg/dL
(7.0 mmol/L) or greater. Patients
with normoglycemia at baseline did
not meet criteria for prediabetes.

d Not a prespecified safety measure.
e Repeated and confirmed.
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varying from less than 5% to 30% or greater. However, a
more recent modeling study challenged these findings, sug-
gesting that benefits would exceed harms only for patients at
higher risk levels, particularly women.6 In the current study,
women comprised nearly 60% of the population.

Limitations
This study has several limitations. First, this is a secondary
analysis of a subpopulation in a larger randomized trial. Such
analyses can result in false-positive findings due to the test-
ing of multiple subgroups and may represent the play of chance.
However, the consistency of event reduction for the primary
end point, secondary end points, and components of end points
strengthens the likelihood that these results are reliable. Sec-
ond, because the sample size represented a fraction of the total
enrolled population, the number of events was smaller, re-
sulting in wider confidence intervals. Third, the inclusion of
patients who reported inability to tolerate statins resulted in

a high mean baseline LDL-C level. The effects of cholesterol
lowering on cardiovascular events in populations with lower
pretreatment LDL-C levels was not studied. Fourth, the trial
selected patients using specific criteria for a high level of risk
of a first cardiac event. Whether outcomes would be similar
in patients identified using other criteria for an increased risk
remains uncertain.

Conclusion
In primary prevention patients unable to tolerate recom-
mended doses of statins, bempedoic acid was associated with
a significant reduction in the primary composite end point,
time to death from cardiovascular causes, nonfatal MI, non-
fatal stroke, or coronary revascularization. Treatment was also
associated with significant reductions in MI, cardiovascular
death, and all-cause mortality.
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