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BACKGROUND: Bempedoic acid (BA) inhibits ATP- citrate lyase in the cholesterol synthesis pathway and lowers low- density lipo-
protein cholesterol (LDL- C). As with other lipid- lowering therapies, interindividual variation in response to BA was observed in 
clinical trials. We characterized LDL- C response to BA using guideline- defined statin intensity categories and identified clinical 
factors associated with enhanced LDL- C lowering with BA.

METHODS AND RESULTS: This post hoc analysis used pooled data from 4 phase 3 studies. Patients were randomized 2:1 to 
once- daily BA 180 mg (n=2321) or placebo (n=1167) for 12 to 52 weeks and grouped based on percent change in LDL- C from 
baseline to week 12 according to guideline- established statin intensity categories. Factors associated with ≥30% reduction 
in LDL- C were identified using logistic regression analyses. From baseline to week 12, BA lowered LDL- C levels comparable 
to a moderate-  or high- intensity statin (≥30%) in 28.9% of patients; this degree of LDL- C lowering was observed in 50.9% of 
patients not receiving background statin therapy. In a multivariable analysis, the absence of statins, female sex, a history of 
diabetes, ezetimibe use, and higher high- sensitivity C- reactive protein level were associated with increased rates of achieving 
≥30% LDL- C reduction with BA (P<0.01 for each).

CONCLUSIONS: A large percentage of patients receiving BA achieved LDL- C reductions comparable to a moderate-  or high- 
intensity statin. Factors including statin absence, female sex, diabetes history, ezetimibe use, and a higher high- sensitivity 
C- reactive protein level may be useful to identify patients who may have a greater LDL- C reduction with BA.

REGISTRATION: URL: https://www.clini caltr ials.gov; Unique identifiers: NCT02666664, NCT02991118, NCT02988115, 
NCT03001076.
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Interindividual variation in low- density lipoprotein cho-
lesterol (LDL- C) reductions with lipid- lowering thera-
pies (LLTs) has been reported.1,2 Extrinsic factors, such 

as nonadherence to LLTs, changes in concurrent ther-
apies, and inaccurate measurement of baseline LDL- C 
levels, and intrinsic factors, including age, sex, race or 
ethnicity, body weight, abdominal obesity, smoking sta-
tus, variations in gastrointestinal absorption, baseline 
lipid or high-sensitivity C-reactive protein (hsCRP) levels, 

genetics, and drug– drug interactions all may contribute 
to the variation in response to LLTs.

Bempedoic acid is a prodrug metabolized in the liver 
by very- long- chain acyl- CoA synthetase 1 (ACSVL1) to 
form the pharmacologically active bempedoyl- CoA 
metabolite, which inhibits hepatic cholesterol synthe-
sis and leads to upregulation of hepatic low- density li-
poprotein receptors, increases low- density lipoprotein 
uptake and clearance, and lowers plasma LDL- C levels. 
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Bempedoic acid (Nexletol®; Esperion Therapeutics, 
Ann Arbor, MI) and a fixed- dose combination of be-
mpedoic acid plus ezetimibe (Nexlizet®; Esperion 
Therapeutics) are approved in the United States as 
adjuncts to diet and maximally tolerated statin ther-
apy for patients with atherosclerotic cardiovascular 
disease and/or heterozygous familial hypercholesterol-
emia who require additional LDL- C lowering. In Europe, 
bempedoic acid (Nilemdo®; Daiichi Sankyo Europe, 
Munich, Germany) and bempedoic acid plus ezetimibe 
fixed- dose combination (Nustendi®; Daiichi Sankyo 
Europe) are approved with similar labels and additional 
indications including use alone or in combination with 
other LLTs in patients who are unable to take a statin.

In phase 3 studies, bempedoic acid lowered LDL- C 
levels compared with placebo by a mean of 18% among 
patients concurrently receiving a moderate-  to high- 
intensity statin and 25% among patients who were 
receiving low- dose or no statin.3 Guidelines on the man-
agement of blood cholesterol describe statin intensity 
based on the percentage of typical lowering of LDL- C 
with a reduction in LDL- C of at least 30% being compa-
rable to a moderate-  or high- intensity statin.4 We sought 
to characterize LDL- C response to bempedoic acid 
using these statin intensity categories and identify fac-
tors associated with enhanced LDL- C lowering with be-
mpedoic acid using pooled data from phase 3 studies.

METHODS
At this time, the data, analytical methods, and study 
materials will not be made available to other research-
ers for the purposes of reproducing the results or rep-
licating the procedures.

Study Design
This was a post hoc analysis using pooled data 
from 4 phase 3, randomized, double- blind, placebo- 
controlled studies of bempedoic acid. In all 4 studies, 
patients at high cardiovascular risk were randomized 
2:1 to receive once- daily bempedoic acid 180 mg or 
placebo for 12 to 52 weeks. Details on these studies 
have been described previously. Briefly, patients in the 
CLEAR (Cholesterol Lowering via Bempedoic Acid, 
an ACL- Inhibiting Regimen) Harmony (NCT02666664) 
and CLEAR Wisdom (NCT02991118) studies were 
receiving maximally tolerated statins (which could in-
clude no statin); other LLTs were also allowed. Patients 
in the CLEAR Serenity (NCT02988115) and CLEAR 
Tranquility (NCT03001076) studies had a history of 
statin- associated side effects and were receiving 
stable low- dose statins or no statin at all. Patients in 
CLEAR Serenity and CLEAR Tranquility were permit-
ted to receive other nonstatin LLTs; all patients in the 

CLEAR Tranquility study were receiving ezetimibe. All 
4 studies were conducted in accordance with ethical 
principles established by the Declaration of Helsinki 
and Good Clinical Practices guidelines. All protocols 
were approved by independent ethics committees at 
each study site. All study participants provided written 
informed consent.

Patients
Patients were 18 years of age or older and despite sta-
ble LLT required additional lowering of LDL- C levels. 
Patients in the CLEAR Harmony and CLEAR Wisdom 
studies were required to have established atheroscle-
rotic cardiovascular disease or heterozygous familial 
hypercholesterolemia. Patients in the CLEAR Serenity 
and CLEAR Tranquility studies received LLT as pri-
mary prevention because of multiple cardiovascular 
risk factors or as secondary prevention. Patients with 
LDL- C values at baseline and week 12 were included 
in this analysis. All patients provided informed written 
consent.

Assessment of Response
Patients were sorted based on their percent change 
in LDL- C from baseline to week 12 (primary end point 
for all 4 studies) using statin intensity categories es-
tablished by the American College of Cardiology 
and American Heart Association: ≥50% LDL- C lower-
ing (high- intensity statin), 30% to 49% LDL- C lowering 
(moderate- intensity statin), and <30% LDL- C lowering 
(low- intensity statin).4 Data are reported as the percent-
age of patients who achieved at least a 30% reduction 
in LDL- C (comparable to a moderate-  to high- intensity 
statin) or at least 50% reduction in LDL- C (comparable 
to a high- intensity statin).

Statistical Analysis
Data are presented as number and percentage for 
categorical variables and mean±SD or median (quar-
tile [Q]1, Q3) for continuous variables. Simple logistic 
regression modeling of LDL- C response (30% or more 
reduction compared with baseline) using each baseline 
variable such as age, sex, race, body mass index (BMI), 
estimated glomerular filtration rate, cardiovascular risk, 
history of diabetes, history of hypertension, LDL- C lev-
els, log of hsCRP levels, statin use, and ezetimibe use 
was performed. Odds ratio estimates and 95% Wald 
confidence and χ2 P values were calculated. A mul-
tivariable logistic regression analysis adjusting for co-
variates was also performed. A stepwise process was 
used to select the variables. All covariates significant 
from univariable models were originally included, and 
the final model was achieved after covariates were re-
moved if not significant within the model.
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RESULTS
Patients
A total of 3488 patients were included in this analy-
sis; 2321 patients were treated with bempedoic acid 
and 1167 received placebo (Table  S1). Baseline de-
mographics and characteristics were similar across 
treatment groups. Overall, the mean (SD) age was 
65.5 years with 15.7% older than 75 years. Thirty- four 
percent of the patients were women. The mean (SD) 
BMI was 29.8 kg/m2 (5.0 kg/m2), with 85.1% of the 
patients being overweight or obese (BMI ≥25 kg/m2). 
Twenty- eight percent of the patients had diabetes, 
and 78% had hypertension. Median (Q1, Q3) base-
line hsCRP levels were 1.64 mg/L (0.820, 3.560 mg/L). 
Use of statin, ezetimibe, or other LLTs at baseline was 
similar across treatment groups. Eighty- one percent of 
the patients were receiving statin therapy at baseline, 
with 75.8% receiving moderate-  to high- intensity sta-
tin and 5.0% receiving low-  or very- low- intensity statin; 
19.2% of the patients were not receiving statin therapy. 
Ezetimibe use at baseline was reported for 14.9% of 
patients.

Reduction in LDL- C Levels
At baseline, mean (SD) LDL- C levels were 114.2 mg/dL 
(36.7 mg/dL) for patients in the bempedoic acid group 
and 113.0 mg/dL (36.6 mg/dL) for patients in the pla-
cebo group. The mean (SD) percent change in LDL- C 
at week 12 was −17.98% (21.32%) for patients treated 
with bempedoic acid and +1.79% (22.65%) for patients 
receiving placebo. Interindividual variation in response 
was observed in both treatment groups (Figure S1). The 
median (Q1, Q3) percent change in LDL- C at week 12 
was −19.66% (−32.03%, −5.51%) for patients treated 
with bempedoic acid compared with −0.67% (−9.63%, 
10.19%) for patients receiving placebo. From baseline 
to week 12, bempedoic acid lowered LDL- C levels 
comparable to that of a moderate-  or high- intensity 
statin (ie, at least 30%) in 28.9% of patients compared 
with 4.4% of patients receiving placebo. LDL- C levels 
were lowered comparable to a high- intensity statin (at 
least 50%) in 4.7% of patients treated with bempedoic 
acid and 1.1% of patients receiving placebo.

The degree of LDL- C lowering with bempedoic acid 
was affected by the presence or absence of back-
ground statin therapy. The median (Q1, Q3) percent 
change in LDL- C at week 12 with bempedoic acid was 
−17.93% (−29.75%, −4.53%) for patients receiving a 
statin and −30.40% (−40.22%, −16.54%) for patients 
not receiving a statin (Figure S2). In comparison, the 
median (Q1, Q3) percent change in LDL- C at week 12 
with placebo was −0.85% (−9.77%, 10.53%) among 
patients receiving a statin and −0.17% (−8.63%, 9.09%) 
among patients not receiving a statin. With bempedoic 

acid treatment, a reduction in LDL- C of at least 30% 
was achieved by 50.9% of patients not receiving a 
statin (Figure 1). An additional reduction in LDL- C of at 
least 30% was achieved by 24.6% patients receiving 
background statin therapy. A higher proportion of pa-
tients treated with bempedoic acid achieved at least 
a 50% reduction in LDL- C in the absence of a statin 
than in the presence of a statin (9.5% versus 3.7%). 
Less than 5% of patients receiving placebo achieved at 
least a 30% reduction in LDL- C in either the presence 
or absence of a statin.

Factors Associated With at Least a 30% 
Reduction in LDL- C Levels
Based on a univariable logistic regression model, char-
acteristics associated with achieving at least a 30% re-
duction in LDL- C included younger age, female sex, 
history of diabetes, higher baseline LDL- C, absence 
of a baseline statin, presence of baseline ezetimibe, 
higher baseline BMI, and higher baseline hsCRP levels 
(Table). When adjusting for covariates, female sex, a 
history of diabetes, absence of a baseline statin use, 
presence of baseline ezetimibe use, and higher hsCRP 
levels were associated with achieving at least a 30% 
reduction in LDL- C (Figure 2). For the final model, the 
C statistic (area under receiver operating characteristic 
curve) is 0.642 (95% CI, 0.617– 0.668), and the Hosmer- 
Lemeshow test statistic is 3.128 (χ2) (P=0.926).

DISCUSSION
Although most patients experience marked reductions 
in LDL- C with statin treatment, some will not be able 
to achieve treatment goals with statins alone. Among 
patients registered in the VOYAGER (indiVidual patient 
data meta-analysis Of statin therapY in At risk Groups: 
Effects of Rosuvastatin, atorvastatin, and simvastatin) 
database (a large database of patients [>32 000] who 
received atorvastatin, rosuvastatin, or simvastatin dur-
ing 1 of 37 clinical trials), response to a statin varied 
from no response to up to an 80% reduction in LDL- C.2 
Similarly, results from a meta- analysis of 8 randomized 
controlled trials investigating simvastatin, lovastatin, 
pravastatin, atorvastatin, and rosuvastatin provided a 
wide range of LDL- C reductions from no response to 
up to a 90% reduction in LDL- C.1 As with statins, we 
observed variability of response with bempedoic acid, 
with 28.9% of patients in the entire study population 
assigned to bempedoic acid achieving at least a 30% 
reduction in LDL- C; variability was also seen in the pla-
cebo group (4.4% achieved a 30% reduction in LDL- C).

Many patients cannot tolerate high- intensity statins 
because of muscle- related adverse reactions and are 
taking lower statin doses or alternative LLTs as options 
to lower LDL- C levels. In a real- world setting where 
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83% of patients were receiving low-  or moderate- dose 
statins,5 the proportion of patients who achieved at 
least a 30% reduction in LDL- C was 41.6%.5 In our 
analysis, bempedoic acid allowed 50.9% of patients 
unable to take any statin to achieve at least a 30% 
reduction in LDL- C. Results from both univariable and 
multivariable analysis showed that the absence of 
statin use was associated with greater probability of 
achieving LDL- C lowering with bempedoic acid similar 
to that in which a moderate-  or high- intensity statin 
was used. Bempedoic acid inhibits hepatic choles-
terol synthesis upstream of statins. As monotherapy, 
bempedoic acid is not vying with statins to inhibit cho-
lesterol synthesis, thus providing more opportunity to 
lower LDL- C with bempedoic acid alone than in com-
bination with a background statin. Bempedoic acid 
and a proprotein convertase subtilisin/kexin type 9 
inhibitor are options for patients who require additional 
lowering of LDL- C.6

Guidelines suggest the addition of ezetimibe to statin 
therapy to assist patients in reaching LDL- C treatment 
goals.4 Variability of LDL- C lowering with ezetimibe ei-
ther alone or in combination with statins is reported, 
with some indication that variability with a statin is lower 
with concomitant ezetimibe use.7 Furthermore, greater 
reductions in LDL- C with ezetimibe when given in com-
bination with a statin is reported among obese individ-
uals.8 Patients already receiving ezetimibe were more 
likely to achieve at least a 30% reduction in LDL- C when 
bempedoic acid was added to their regimen. Adherence 
to treatment tends to decrease with an increase in the 

number of medications. The fixed- dose combination of 
bempedoic acid plus ezetimibe may be particularly useful 
in optimizing patient LDL- C lowering, especially among 
patients taking other medications for comorbidities.

Results from multivariable analysis suggest that en-
hanced (≥30%) LDL- C lowering with bempedoic acid 
is more likely for women versus men, patients with di-
abetes versus patients without diabetes, and patients 
with higher versus patients with lower hsCRP levels. 
After middle age, women have a higher total athero-
genic lipoprotein burden compared with men,9 are 
more likely than men to experience statin intolerance, 
and less likely than men to be treated with any statin or 
guideline- recommended statin intensity.10 Dyslipidemia 
is often uncontrolled in patients with diabetes,11 and 
patients with diabetes are at higher risk of having a 
cardiovascular event.12 Patients with higher hsCRP lev-
els are also at a higher risk of having a cardiovascular 
event.13 Therefore, bempedoic acid may be of partic-
ular benefit for patients who are often undertreated 
or unable to tolerate statins and who are at high- risk 
for cardiovascular disease, including women, patients 
with diabetes, and patients with elevated hsCRP levels.

Although based on pooled data from 4 random-
ized placebo- controlled studies, this was a post hoc 
analysis. Other limitations include the smaller (19%) 
proportion of patients not receiving a statin compared 
with patients receiving background statin therapy. No 
change or an increase in LDL- C was observed in 18% 
of patients receiving bempedoic acid. No response or 
hyporesponse has been reported with statins and other 

Figure 1. Proportion of patients achieving at least a 30% or at least a 50% reduction in LDL- C 
with bempedoic acid or placebo.
LDL- C indicates low- density lipoprotein cholesterol.
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LLTs, which has often contributed to a lack of adher-
ence to the study drug.14,15 Pharmacokinetics data are 
not available to determine adherence to either bempe-
doic acid or statin in either treatment arm. Most of the 
patients in this analysis were White and non- Hispanic, 
which might limit generalizability of the results. Finally, 
although one might predict greater potential reductions 
in atherosclerotic cardiovascular disease among those 
with the most robust LDL- C lowering, bempedoic acid 
has other effects that may influence atherosclerotic 
risk including hsCRP lowering. Therefore, the clinical 
implications of these findings await the results of the 
ongoing CLEAR Outcomes trial (n=14 014), which is ex-
amining the effects of bempedoic acid on LDL- C levels 
and cardiovascular outcomes in patients with statin 
intolerance, has enrolled 6755 (48.2%) women and 
5998 (42.8%) patients with diabetes. For all the patients 
enrolled in the CLEAR Outcomes trial, the mean (SD) 
baseline BMI is 29.9 kg/m2 (5.2 kg/m2), and the median 
(Q1, Q3) hsCRP level is 2.3 mg/L (1.2, 4.5 mg/L).

Based on our analysis, about 25% of patients re-
ceiving background statin therapy and are initiating 
bempedoic acid should be expected to achieve at 
least an additional 30% reduction in LDL- C levels. 

Approximately 50% of patients unable to take any 
statin should be expected to achieve LDL- C lowering 
comparable to that of a moderate-  or high- intensity 
statin. Our findings may also help clinicians identify 
the clinical features of patients, including those having 
a history of statin intolerance, female sex, having dia-
betes, and having higher baseline hsCRP levels, that 
suggest these patients are more likely to achieve en-
hanced LDL- C lowering with bempedoic acid.
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Figure 2. Multivariable analysis of baseline variables on 
achieving at least a 30% reduction in low- density lipoprotein 
cholesterol among patients treated with bempedoic acid.
CI indicates confidence interval; hsCRP, high- sensitivity C- reactive 
protein; and OR, odds ratio.
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Table S1. Baseline Demographics and Disease Characteristics. 

Characteristic 

Bempedoic Acid 

(n=2321) 

Placebo 

(n=1167) 

Mean age, y ± SD 65.3 ± 9.2 66.0 ± 8.9 

Male, % (n) 66.2 (1537) 65.6 (766) 

Race, % (n) 

White 

Black or African American 

Asian 

Native Hawaiian or Other Pacific Islander 

American Indian or Alaska Native 

Multiple 

Other 

 

94.5 (2194) 

3.7 (87) 

1.1 (25) 

0.2 (5) 

0.1 (3) 

0.1 (3) 

0.2 (4) 

 

94.5 (1103) 

3.8 (44) 

0.9 (11) 

0.2 (2) 

0.2 (2) 

0.3 (3) 

0.2 (2) 

Ethnicity   

      Hispanic or Latino, % (n) 5.0 (115) 4.5 (53) 

      Not Hispanic or Latino, % (n) 95.0 (2206) 95.5 (1114) 

ASCVD, % (n) 85.8 (1992) 86.9 (1014) 

History of diabetes, % (n) 28.0 (649) 27.9 (326) 

History of hypertension, % (n) 77.5 (1798) 79.1 (923) 

BMI, kg/m2, mean ± SD 29.8 ± 5.1 29.8 ± 5.0 

Total cholesterol, mg/dL, mean ± SD 193.6 ± 43.8 192.2 ± 43.8 

Non-HDL-C, mg/dL, mean ± SD 143.4 ± 42.1 141.8 ± 41.9 

LDL-C, mg/dL, mean ± SD 114.2 ±36.7 113.0 ± 36.6 

Triglycerides, mg/dL, median (Q1, Q3) 150.8 ± 74.6 148.7 ±72.0 

Apo B, mg/dL, mean ± (SD) 102.0 ± 31.0 100.7 ± 31.4 

hsCRP, mg/L, median (Q1, Q3) 1.62 (0.81, 3.54) 1.68 (0.86, 3.62) 

Background statin intensity, % (n) 

High 

Moderate 

Low 

None 

 

42.6 (989) 

32.9 (763) 

5.1 (119) 

19.4 (450) 

 

42.7 (498) 

33.8 (394) 

4.9 (57) 

18.7 (218) 

Background ezetimibe, % (n) 15.1 (351) 14.6 (170) 

Apo B indicates apoprotein B; ASCVD, atherosclerotic cardiovascular disease; BMI, body mass index; hsCRP, high-

sensitivity C-reactive protein; LDL-C, low-density lipoprotein cholesterol; non-HDL-C, non–high-density lipoprotein 

cholesterol. 

  



Figure S1. Box and whisker plot of percent change in LDL-C at week 12.  
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The symbols and small error bars represent the mean (SD). The median is represented by the 

horizontal line within the box, with the lower portion of the box indicating quartile 1 and the 

upper portion of the box indicating quartile 3.  



Figure S2. Box and whisker plot of percent change in LDL-C at week 12 by background 

statin use.  

 

The symbols and small error bars represent the mean (SD). The median is represented by the 

horizontal line within the box, with the lower portion of the box indicating quartile 1 and the 

upper portion of the box indicating quartile 3. 
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