
Journal of Cardiovascular Diseases

Use of Bempedoic Acid in an Out-Patient Setting: 
an Assessment of Efficacy Heterogeneity.

*Corresponding Author: Sudarshan Ramachandran, Department of Clinical Biochemistry, University Hospitals Birmingham NHS Foundation Trust, Good 
Hope Hospital, Rectory Road, Sutton Coldfield, West Midlands B75 7RR, United Kingdom. Tel: +44-121-424 7246, Fax: +44-121-311 1800, 
Email: sud.ramachandran@uhb.nhs.uk, Orcid: https://orcid.org/0000-0003-2299-4133.
Received: 18-October-2025, Manuscript No. JOCD-5198 ; Editor Assigned: 21-October-2025 ; Reviewed: 03-November-2025, QC No. JOCD-5198 ; 
Published: 13-November-2025, DOI: 10.52338/jocd.2025.5198.
Citation: Sudarshan Ramachandran. Use of bempedoic acid in an out-patient setting: an assessment of efficacy heterogeneity. Journal of Cardiovascular 
Diseases. 2025 November; 14(1). doi: 10.52338/jocd.2025.5198.
Copyright © 2025 Sudarshan Ramachandran. This is an open access article distributed under the Creative Commons Attribution License, which permits 
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

ISSN 2831-3437

Research Article

Amro Maarouf1, Manjit K Shergill1, Alan F Jones1, John Marriott2, Sudarshan Ramachandran1.

1 Department of Clinical Biochemistry, University Hospitals Birmingham NHS Foundation Trust, West Midlands, United Kingdom.
2 Institute of Clinical Sciences, University of Birmingham, Birmingham, United Kingdom.

Running title: Assessment of bempedoic acid efficacy heterogeneity.

www.directivepublications.org

Abstract

Objectives: We describe decreases in total cholesterol (TC), non-high density lipoprotein-cholesterol (non-HDL-C) and low density lipoprotein-
cholesterol (LDL-C) following bempedoic acid treatment in an out-patient setting and compare the results to those observed in phase 3 efficacy 
trials. 
Design: We analysed a cohort of 113 patients not achieving LDL-C targets commenced on bempedoic acid after previous treatment with statins 
and ezetimibe using an intention-to-treat approach. 
Methods: We compared pre and post bempedoic acid treatment lipids (3-months) in the total cohort using paired t-tests. Baseline patient 
characteristics associated with LDL-C decrease was established via linear/multiple regression analyses. 
Results: Following bempedoic acid treatment absolute reduction (mean ± SD) in TC, non-HDL-C, and LDL-C values were 1.1 ± 1.0mmol/L, 
1.0 ± 1.0mmol/L, and 1.0 ± 0.9mmol/L, respectively, whilst percentage reductions (mean ± SD) were 16.4 ± 14.1%, 18.8 ± 17.2%, and 23.2 ± 
20.5%, respectively. Significant decreases in lipids were observed in every subgroup studied. The LDL-C decrease following bempedoic acid 
was independently greater in ex-smokers, individuals on ezetimibe at baseline, and those with higher baseline LDL-C values. 
Conclusions: Our results show that the LDL-C decrease seen with bempedoic acid was comparable to that observed in the phase 3 (CLEAR) 
efficacy trials. However, efficacy heterogeneity was observed in some of the subgroups studied such as patients on ezetimibe monotherapy or 
with higher LDL-C at baseline, the latter in accordance with the Wilder principle. The use of effect scores for identified patient subgroups might 
predict treatment response, enabling optimisation of lipid lowering efficacy.
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INTRODUCTION  

The World Health Organisation in 2021 estimated that 
atherogenic cardiovascular disease (CVD) annually accounted 
for around 17.9 million deaths [1]. Many prospective studies 
have shown dyslipidaemia to be a predictive factor of CVD 
[2]. Low density lipoprotein-cholesterol (LDL-C) lowering has 
been an important aspect of CVD risk reduction strategy 
since the pivotal Scandinavian Simvastatin Survival Study 
in 1994 [3], this based on the lipid hypothesis [2,4]. The 
Cholesterol Treatment Trialist’ (CTT) collaboration analysed 
5 trials including 39,612 patients which compared greater 
vs lesser efficacious statins and, 21 trials including 129,526 
patients which compared statins vs placebo [5]. When the 
results of all 26 randomised controlled trials (RCT) were 

pooled, a 1.0 mmol/L LDL-C reduction was associated with 
a 22% relative risk reduction (RRR) of CVD (Rate Ratio (RR) = 
0·78, 95% Confidence Interval (CI) = (0.76, 0.80); p<0·0001) [5]. 
Additionally non-statin lipid lowering agents such as ezetimibe 
and Proprotein Convertase Subtilisin/Kexin Type-9 (PCSK9) 
inhibitors [2] have been shown to lower CVD in accordance 
with the findings of the CTT collaboration [5].
The Dyslipidaemia/Metabolic clinics run by the University 
Hospitals Birmingham NHS Foundation Trust have used the 
LDL-C targets set by the European Society of Cardiology and 
European Atherosclerosis Society since 2019 [6]. The current 
treatment pathway used in our clinics to reduce LDL-C include 
statins, ezetimibe, bempedoic acid (prescribed since October 
2020), PSCK9 inhibitors (prescribed since 2016) and inclisiran 
(prescribed since 2022). Bempedoic acid inhibits adenosine 
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triphosphate (ATP) citrate lyase, an enzyme found upstream 
of HMG-CoA reductase, resulting in reduced availability of 
Acetyl-CoA for hepatic synthesis of cholesterol [7]. Moreover, 
bempedoic acid is a prodrug requiring hepatic activation by 
very long chain-chain acyl-CoA synthetase 1 (ACSVL1) and 
since this enzyme is not found in skeletal muscle, bempedoic 
acid is less likely to cause myotoxicity, potentially offering 
an alternative therapeutic strategy in patients not reaching 
the assigned LDL-cholesterol targets because of statin 
discontinuation or dose reduction [7-10]. The Cholesterol 
Lowering via Bempedoic acid, an ACL-Inhibiting Regimen 
(CLEAR) study programme comprising 4 RCTs (CLEAR Serenity, 
CLEAR Tranquillity, CLEAR Wisdom and CLEAR Harmony) 
evaluated lipid lowering efficacy and safety of bempedoic 
acid [9,11-13]. The mean LDL-C decreases in the treatment 
(bempedoic acid) arms after 12-weeks ranged between 15% 
and 24% (CLEAR Serenity - 24%, baseline LDL-C = 4.1mmol/L, 
CLEAR Tranquillity - 24%, baseline LDL-C = 3.3mmol/L, 15%, 
CLEAR Wisdom - baseline LDL-C = 3.1mmol/L, and CLEAR 
Harmony - 17%, baseline LDL-C = 2.7mmol/L) [10]. The CLEAR 
Outcomes RCT including 13,970 (6992 - bempedoic acid, 6978 
– placebo) patients at high CVD risk with a median follow-up 
of 40.6 months, showed bempedoic acid being associated 
with significantly (hazard ratio = 0.87, 95% CI = (0.79, 0.96), 
p=0.004) lower major adverse cardiovascular events; a 
composite of death from CVD, non-fatal myocardial infarction 
and non-fatal stroke or coronary revascularisation [14]. 
Bempedoic acid was made available to the Dyslipidemia/
Metabolic clinics at Good Hope and Birmingham Heartlands 
Hospitals (part of University Hospitals Birmingham NHS 
Foundation Trust) between 01.10.2020 and 28.04.2021, 
prior to the National Institute for Health and Care Excellence 
(NICE) technology appraisal guidance (TAG) being published 
[15] via a pre-reimbursement access scheme. The aim of 
this audit was to evaluate the efficacy of bempedoic acid in 
the total cohort and selected subgroups, comparing against 
the efficacy observed in the CLEAR RCTs [9,11-14] as well as 
establish predictors of LDL-C change that may account for 
efficacy heterogeneity.

MATERIALS AND METHODS

This study is part of an ongoing lipid clinic audit programme 
carried out by the Department of Clinical Biochemistry at Good 
Hope and Birmingham Heartlands Hospitals (University of 
Birmingham NHS Foundation Trust) to evaluate the efficacy of 
lipid lowering agents. Previously, audits on fibrates, statins, and 
ezetimibe and PCSK9 inhibitor therapy had been completed 
and published [16-21]. More recently, our group were part 
of a UK wide multicenter audit that assessed treatment 
efficacy of bempedoic acid [22]. Approval for the current 
audit was received from University Hospitals Birmingham 

NHS Foundation Trust (Ref: CARMS-17932). A list of all 113 
patients started on bempedoic acid between 01.10.2020 and 
28.04.2021 had been maintained and clinical and lipid profile 
data were obtained from the hospital electronic patient 
records. The mean age ± standard deviation (SD) of the 113 
patients started on bempedoic acid was 62.5 ± 10.6 years. All 
patients commenced on bempedoic acid had not achieved 
their LDL-C targets based on the guidelines adopted by the 
clinics [6]. Statin intolerance was evident in 100 (88.5%) of the 
patients. The cohort characteristics regarding sex, ethnicity, 
diabetes/smoking/CVD status, details of ongoing lipid 
lowering therapy and baseline LDL-C are shown in Table 1. All 
patients attended the consultant led specialist Dyslipidemia/
Metabolic Clinics (a minimum of 4 clinics/week) carried out 
at Good Hope Hospital (consultant: SR) and Birmingham 
Heartlands Hospital (consultant: AFJ) taking referrals from 
primary care mainly in the West Midlands, Staffordshire, and 
Warwickshire (counties in the Midlands of the UK) as well as 
secondary care (Cardiology, Stroke and Vascular Medicine). It 
was usual practice to initially establish LDL-C targets based 
on evidence and guidelines and then decide on the treatment 
pathway [6]. The clinics would usually consider statins 
initially, considering pharmacokinetic characteristics of the 
drug. Atorvastatin would usually be first line with rosuvastatin 
substituted in intolerant patients. If both statins led to clinical 
adverse effects, simvastatin, pravastatin and fluvastatin were 
considered. Ezetimibe was initiated as second line in patients 
not achieving LDL-C targets. Following statins and ezetimibe, 
other lipid lowering agents such as PCSK9 inhibitors 
(depending on funding requirements being met) [20,21] or 
bempedoic acid would be commenced. Fibrates were used 
mainly in patients with hypertriglyceridemia [16-19]. Statin 
and ezetimibe (both these agents would have been usually 
tried prior to the initiation of bempedoic acid) intolerance 
was high as shown in Table 1; only 25 (22.1%) patients were 
on a statin/ezetimibe combination when bempedoic acid was 
initiated. This could have been due to bempedoic acid being 
commenced only in patients not achieving LDL-C targets, 
thus our cohort would arguably demonstrate high statin and 
ezetimibe intolerance. 
Within the audit period, 41 (36.3%) of the patients 
discontinued bempedoic acid and a lipid profile check/clinic 
appointment was arranged as soon as possible. In the 72 
(63.7%) individuals continuing bempedoic acid, lipid profiles 
at or close to 12-weeks post-bempedoic acid initiation were 
conducted just prior to the follow-up appointment. The 
median (inter quartile range) follow-up was 3.3 (2.3 - 5.1) 
months. No other changes to lipid lowering therapy took 
place during the audit period. Total cholesterol (TC), HDL-C 
and triglycerides (TG) measurements were carried out on the 
Abbott Alinity c system using the supplied kit reagents. LDL-C 
was calculated via the Friedwald algorithm [23], as was the 
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case in the CLEAR RCTs [9,11,13].  Analytical performance of 
the Abbott Alinity c system has previously been extensively 
evaluated and reported [24,25].

Statistical analysis
Baseline TC, non-HDL-C and LDL-C were normally distributed 
(skewness kurtosis test, p>0.05), hence paired and unpaired 
t-tests were used to compare intra- and intergroup changes in 
TC, non-HDL-C and LDL-C following bempedoic acid in the total 
cohort and subgroups stratified by baseline characteristics. 
Statistical analyses were performed on the entire cohort and 
not just on the individuals who continued with the treatment. 
No differences (p>0.05, using logistic regression) in baseline 
characteristics were observed between individuals continuing 
or stopping bempedoic acid regarding sex, ethnicity, diabetes/
smoking/CVD status, ongoing lipid lowering therapy and 
LDL-C. 
1. Comparison of pre and post bempedoic acid lipid values: 
Paired t-tests were used to determine if changes  in TC, non-
HDL-C and LDL-C were significant in the total cohort and 
subgroups stratified by sex, ethnicity, diabetes/smoking/CVD 
status, ongoing lipid lowering therapy, and baseline LDL-C 
levels stratified by the median value of 3.65mmol/L. 
2. Factors associated with LDL-C changes following 
bempedoic acid treatment: Linear regression analysis 

was performed to establish factors that predicted LDL-C 
decrease, and all the significant independent variables were 
included in a single multivariate regression model. For non-
continuous independent variables, a single characteristic of 
the variable was chosen as the reference category and the 
other characteristics of that variable were compared to the 
reference category (factorisation) regarding associations with 
the selected dependent variable.  Stata version 14 (College 
Station, TX) was used for all the statistical analysis.

RESULTS

Bempedoic acid treatment led to a significant decrease 
(paired t-test) in TC, non-HDL-C and LDL-C in the total cohort 
and the various subgroups as shown in Table 1. The principal 
analyses were conducted on an intention-to-treat basis, 
hence the efficacy values seen in Table 1 could be considered 
conservative as indicated by the decreases in TC, non-HDL-C 
and LDL-C (mean ± SD) being significantly lower (TC = 0.8 ± 
0.8, n=39, non-HDL-C = 0.7 ± 0.8, n=38, LDL-C = 0.7 ± 0.9, n=37) 
in the individuals discontinuing bempedoic acid compared to 
their counterparts (TC = 1.3 ± 1.0, n=71, non-HDL-C = 1.2 ± 1.0, 
n=70, LDL-C = 1.2 ± 0.8, n=68) who continued the medication; 
unpaired t-test: p<0.0034, 0.0099, and 0.0034 for changes in 
TC, non-HDL-C, and LDL-C, respectively.
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Table 1. Changes in TC, non-HDL-C and LDL-C following bempedoic acid in the total cohort and patients stratified by baseline 
characteristics.

Patient 

groups
Pre-bempedoic acid (mean ± SD) 

 

Post-bempedoic acid (mean ± SD) Decrease in lipids (mean ± SD), (n), p (paired t-test)

TC 

(mmol/L)

Non-HDL-C 

(mmol/L)

LDL-C 

(mmol/L)

TC (mmol/L) Non-HDL-C 

(mmol/L)

LDL-C 

(mmol/L)

TC (mmol/L) Non-HDL-C 

(mmol/L)

LDL-C 

(mmol/L)

Total cohort 6.2 ± 1.5 

(n=113)

4.8 ± 1.5 

(n=111)

3.9 ± 1.3 

(n=111)

5.1 ± 1.1 

(n=110)

3.8 ± 1.1 

(n=110)

2.9 ± 1.6 

(n=106)

1.1 ± 1.0 (n=110), 

p<0.0001

1.0 ± 1.0 

(n=108), 

p<0.0001

1.0 ± 0.9 

(n=105),

p<0.0001

Stratification by baseline discrete variables

Sex

Males

Females

 

5.9 ± 1.6 

(n=35)

6.3 ± 1.5 

(n=78)

 

4.8 ± 1.6 

(n=33)

4.9 ± 1,5 

(n=78)

 

3.7 ± 1.3 

(n=33)

3.9 ± 1.3 

(n=78)

 

4.8 ± 1.1 

(n=33)

5.2 ± 1.1 

(n=77)

 

3.8 ± 1.1 

(n=33)

3.9 ± 1.2 

(n=77)

 

2.7 ± 0.9 

(n=31)

3.0 ± 1.1 

(n=75)

 

1.2 ± 0.9 (n=33), 

p<0.0001

1.1 ± 1.0 (n=77), 

p<0.0001

 

1.1 ± 0.8 (n=31), 

p<0.0001

1.0 ± 1.0 (n=77), 

p<0.0001

 

1.0 ± 0.8 (n=30), 

p<0.0001

1.0 ± 0.9 (n=75), 

p<0.0001

Ethnicity

White caucasian

Non-white 

caucasian

 

6.2 ± 1.5 

(n=86)

6.2 ± 1.7 

(n=27)

 

4.9 ± 1.4 

(n=85)

4.8 ± 1.8 

(n=26)

 

3.9 ± 1.3 

(n=85)

3.9 ± 1.5

 (n=26)

 

5.1 ± 1.1

 (n=83)

5.2 ± 1.2 

(n=27)

 

3.7 ± 1.1 

(n=83)

4.1 ± 1.4 

(n=27)

 

2.8 ± 1.0 

(n=80)

3.2 ± 1.2 

(n=26)

 

1.2 ± 1.0 (n=83), 

p<0.0001

1.0 ± 0.9 (n=27), 

p<0.0001

 

1.1 ± 1.0 (n=82), 

p<0.0001

0.8 ± 0.8 (n=26), 

p<0.0001

 

1.1 ± 0.9 (n=80), 

p<0.0001

0.7 ± 0.7 (n=25), 

p=0.0001

Diabetes status

T2DM

No T2DM

 

6.0 ± 1.9 

(n=19)

6.3 ± 1.4 

(n=94)

 

4.6 ± 1.8 

(n=19)

4.9 ± 1.4

(n=92)

 

3.7 ± 1.6 

(n=19)

3.9 ± 1.3 

(n=92)

 

4.8 ± 1.5

 (n=18)

5.2 ± 1.0 

(n=92)

 

3.6 ± 1.4

(n=18)

3.9 ± 1.1 

(n=92)

 

2.7 ± 1.3 

(n=18)

2.9 ± 1.0 

(n=88)

 

1.2 ± 1.1 (n=18), 

p=0.0004

1.1 ± 1.0 (n=92), 

p<0.0001

 

1.0 ± 1.0 (n=18),

 p=0.0005

1.0 ± 0.9 (n=90),

 p<0.0001

 

1.0 ± 0.9 (n=18),

 p=0.0002

1.0 ± 0.9 (n=87), 

p<0.0001
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Smoking status

Non-smokers

Ex-smokers

Current-smokers

 

6.2 ± 1.5 

(n=80)

5.8 ± 1.7 

(n=16)

6.8 ± 1.3 

(n=17)

 

4.8 ± 1.5 

(n=79)

4.5 ± 1.6 

(n=16)

5.4 ± 1.3

(n=16)

 

3.9 ± 1.3 

(n=79)

3.5 ± 1.3 

(n=16)

4.3 ± 1.1 

(n=16)

 

5.2 ± 1.0 

(n=77)

4.6 ± 1.1 

(n=16)

5.2 ± 1.2

(n=17)

 

3.9 ± 1.2 

(n=77)

3.7 ± 1.0 

(n=16)

4.0 ± 1.2

(n=17)

 

3.0 ± 1.1 

(n=73)

2.3 ± 0.8 

(n=16)

3.0 ± 1.0

(n=17)

 

1.0 ± 1.0 (n=77), 

p<0.0001

1.2 ± 1.0 (n=16), 

p=0.0003

1.6 ± 1.0 (n=17), 

p<0.0001

 

0.9 ± 1.0 (n=76),

p<0.0001

1.1 ± 0.9 (n=16), 

p=0.0002

1.5 ± 0.9 (n=16), 

p<0.0001

 

0.9 ± 0.9 (n=73), 

p<0.0001

1.2 ± 1.0 (n=16), 

p=0.0003

1.4 ± 0.7 (n=16), 

p<0.0001

CVD status

Primary 

prevention

Secondary 

prevention

 

6.5 ± 1.4

(n=93)

4.8 ± 1.0

(n=20)

 

5.1 ± 1.5 

(n=91)

3.7 ± 1.0 

(n=20)

 

4.1 ± 1.3 

(n=91)

2.8 ± 0.9 

(n=20)

 

5.3 ± 1.0 

(n=90)

4.1 ± 0.9 

(n=20)

 

4.0 ± 1.1 

(n=90)

3.0 ± 0.9 

(n=20)

 

3.0 ± 1.0 

(n=86)

2.1 ± 0.9 

(n=20)

 

1.2 ± 1.0 (n=90), 

p<0.0001

0.7 ± 0.9 (n=20), 

p=0.0013

 

1.1 ± 1.0 (n=88), 

p<0.0001

0.7 ± 0.8 (n=20),

p=0.0030

 

1.1 ± 0.9 (n=85), 

p<0.0001

0.7 ± 0.8 (n=20), 

p=0.0010

Ongoing lipid

lowering  agents

None

Ezetimibe

Statins and 

Ezetimibe

Statins

 

7.0 ± 1.4

(n=37)

6.3 ± 1.1 

(n=24)

5.3 ± 1.4 

(n=25)

6.0 ± 1.7 

(n=27)

 

5.6 ± 1.4

(n=36)

4.8 ± 1.1 

(n=24)

4.0 ± 1.4 

(n=24)

4.6 ± 1.6 

(n=27)

 

4.5 ± 1.3 

(n=36)

3.8 ± 1.1 

(n=23)

3.2 ± 1.1

(n=25)

3.7 ± 1.4 

(n=27)

 

5.7 ± 1.1 

(n=37)

4.8 ± 0.9 

(n=22)

4.6 ± 0.8 

(n=25)

4.9 ± 1.2 

(n=26)

 

4.5 ± 1.1 

(n=37)

3.5 ± 0.9 

(n=22)

3.3 ± 0.8 

(n=25)

3.7 ± 1.2 

(n=26)

 

3.4 ± 1.1 

(n=37)

2.4 ± 9.8 

(n=19)

2.6 ± 0.8 

(n=25)

2.8 ± 1.1

(n=25)

 

1.2 ± 1.0 (n=37), 

p<0.0001

1.5 ± 1.0 (n=22), 

p<0.0001

0.7 ± 0.9 (n=25), 

p=0.0014

1.1 ± 1.1 (n=26), 

p<0.0001

 

1.1 ± 1.0 (n=36), 

p<0.0001

1.3 ± 0.9 (n=22), 

p<0.0001

0.6 ± 1.0 (n=24), 

p=0.0036

1.0 ± 0.9 (n=26), 

p<0.0001

 

1.1 ± 0.9 (n=36), 

p<0.0001

1.4 ± 0.9 (n=19), 

p<0.0001

0.6 ± 0.8 (n=25),

p=0.0017

0.9 ± 0.7 (n=25), 

p<0.0001

Stratification by median LDL-C (3.65mmol/L)

LDL-C < 

3.65mmol/L

LDL-C ≥ 

3.65mmol/L

5.0 ± 0.9 

(n=56)

7.4 ± 1.1 

(n=55)

3.7 ± 0.8 

(n=55)

6.0 ± 1.1 

(n=55)

2.8 ± 0.4 

(n=56)

4.9 ± 0.9 

(n=55)

4.4 ± 0.8 

(n=54)

5.7 ± 1.0 

(n=54)

3.2 ± 0.8 

(n=54)

4.5 ± 1.0 

(n=54)

2.3 ± 0.8 

(n=53)

3.5 ± 0.9 

(n=52)

0.6 ± 0.7 (n=54), 

p<0.0001

1.7 ± 1.0 (n=54), 

p<0.0001

0.5 ± 0.7 (n=53), 

p<0.0001

1.5 ± 0.9 (n=54), 

p<0.0001

0.5 ± 0.6 (n=52), 

p<0.0001

1.5 ± 0.8 (n=53), 

p<0.0001
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Table 2 shows subgroups based on baseline characteristics 
that predicted bempedoic acid efficacy (change in LDL-C) 
using separate linear regression models; ex-smokers 
(compared to non-smokers) – Model 5, statin monotherapy 
(compared to those on ezetimibe monotherapy) Model 7, and 
lower levels of LDL-C that were significantly associated with 
decreased LDL-C lowering – Models 8 & 9. The LDL-C decrease 
was greater (coefficient (c) = 0.46, 95% CI = (0.0222, 0.89), 
p=0.040) in individuals on ezetimibe monotherapy compared 
to the remaining participants (no lipid lowering therapy, statin 
monotherapy and statin and ezetimibe treated) combined as 
the reference group. In view of the above findings, we did 
not study efficacy in the patient cohort stratified by single, 
dual, or triple therapies. When the patients were stratified 
by the median baseline LDL-C value of 3.65mmol/L, patients 
with LDL-C ≥3.65mmol/L were associated with a significantly 
greater LDL-C decrease than individuals with LDL-C 
<3.65mmol/L (reference) – Model 9.

Multiple regression analysis (Model 10) with LDL-C decrease 
as the dependent variable was then performed with baseline 
LDL-C, smoking status and lipid lowering therapy at baseline 
included as independent variables, i,e. factors that reached 
statistical significance in Models 1-8. LDL-C stratified by the 
median were omitted and LDL-C was used as a continuous 
variable. Higher baseline LDL-C, ex-smokers and ezetimibe 
monotherapy independently showed significantly greater 
LDL-C reduction following bempedoic acid treatment – Model 
10. Months of follow-up was not associated with LDL-C change 
(c=0.037, 95% CI = (-0.051, 0.13), p=0.40). We could not carry 
out meaningful statistics in patients with higher than median 
LDL-C and ezetimibe monotherapy at baseline in view of 
modest patient numbers (9 patients); LDL-C decrease (mean 
± SD): 1.9 ± 0.8mmol/L.
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Table 2: Baseline factors associated with LDL-C decrease in patients treated with bempedoic acid; individual factors analysed 
via linear regression models (1-9) followed by a multiple regression model (10) including all significant factors from the earlier 
models.
Independent Variable Dependent variable (outcome): decrease in LDL-C (mmol/L)

(at baseline) Model c (95% CI), p R-squared

Age (years) Model 1 -0.0042 (-0.021, 0.012), p=0.61 0.00

Males

Females

Model 2 0.073 (-0.31, 0.45), p=0.70

reference

0.00

Non-white caucasians

White caucasians

Model 3 -0.25 (-0.77, 0.27), p=0.34

reference

0.01

T2DM

No T2DM

Model 4 -0.0096 (-0.46, 0.44), p=0.97

reference

0.00

Current smokers

Ex-smokers

Non-smokers

Model 5 0.32 (-0.16, 0.79), p=0.19

0.52 (0.048, 1.00), p=0.031

reference

0.05

Secondary prevention

Primary prevention

Model 6 -0.39 (-0.82, 0.042), p=0.079

reference

0.30

No lipid lowering agents

Statin monotherapy

Statins and ezetimibe

Ezetimibe monotherapy

Model 7 -0.23 (-0.71, 0.25(, p=0.34

-0.79 (-1.30, -0.27), p=0.003

-0.46 (-0.97, 0.054), p=0.079

reference

0.10

LDL-C (mmol/L) Model 8 0.42 (0.32, 0.52), p<0.001 0.41

LDL-C ≥ 3.65mmol/L

LDL-C < 3.65mmol/L

Model 9 0.99 (0.71, 1.27), p<0.001

reference

0.32

Multiple regression model including significant independent variable from Models 1 - 9.

LDL-C (mmol/L)

Current smokers

Ex-smokers

Non-smokers

No lipid lowering agents

Statin monotherapy

Statins and ezetimibe

Ezetimibe monotherapy

Model 10

0.43 (0.33, 0.54), p<0.001

0.27 (-0.083, 0.63), p=0.13

0.48 (0.12, 0.83), p=0.009

reference

-0.51 (-0.88, -0.14), p=0.007

-0.46 (-0.86, -0.068), p=0.022

-0.43 (-0.82, -0.042), p=0.030

reference

0.50

	
Models 8 and 9 (Table 2) indicated that pre-treatment LDL-C values were associated with LDL-C decrease following bempedoic 
acid initiation; higher baseline LDL-C concentrations were related to greater LDL-C decreases. This is evident in Figure 1 
where LDL-C (x-axis) was plotted against the decrease in LDL-C (y-axis) following bempedoic acid treatment. We then wished 
to determine whether these effects were due to a fixed percentage decrease in LDL-C following bempedoic acid therapy 
(this could also show the above pattern). Importantly, baseline LDL-C was also significantly associated with percentage 
changes in LDL-C (c=4.92, 95% CI = (2.11, 7.74), p=0.001). Baseline LDL-C was also associated with a change in LDL-C when 
the patients were stratified by the median LDL-C of 3.65mmol/L (Figure 2 and footnote). This was followed by further study 
of the association (Table 3) between baseline LDL-C (independent variable) and change in LDL-C (dependent variable) using 
linear regression models. Table 3 shows that change in LDL-C was also evident for all of the subgroups stratified by the other 
baseline characteristics, apart from current smokers (p=0.057, n=16). Interestingly, baseline LDL-C was significantly associated 
with bempedoic acid related LDL-C decrease in, both patients who tolerated the drug (c=0.47, 95% CI = (0.36, 0.58), p<0.001, 
n=68) and those who discontinued it (c=0.35, 95% CI = 0.19, 0.52), p<0.001, n=37).
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Figure 1. A plot of the association between baseline LDL-C and the decrease in LDL-C following bempedoic acid.

Footnote: The trend-line is based on the regression analysis seen in Model 8 (Table 2)

Figure 2. A plot of the association between baseline LDL-C and the decrease in LDL-C following bempedoic acid in patients 
stratified by the median baseline LDL-C (3.65mmol/L).

Footnote: Regression analyses (dependent variable: decrease in LDL-C (mmol/L), independent 
variable: baseline LDL-C (mmol/L)
LDL-C < 3.65mmol/L: c=0.29, 95% CI = (0.0045, 0.57), p=0.047, n=53
LDL-C ≥ 3.65mmol/L: c=0.37, 95% CI = (0.14, 0.59), p=0.002, n=52
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Table 3. Associations between baseline LDL-C and decrease in LDL-C carried out via linear regression in the various patient 
subgroups stratified by baseline characteristics.

Linear regression models (LDL-C vs decrease in LDL-C) in subgroups

(at baseline) c (95% CI), p n

Males
Females

0.46 (0.32, 0.60), p<0.001
0.40 (0.28, 0.53), p<0.001

30
75

Non-white caucasians
White caucasians

0.30 (0.13, 0.46), p=0.001
0.47 (0.35, 0.58), p<0.001

25
80

T2DM
No T2DM

0.31 (0.068, 0.56), p=0.016
0.45 (0.34, 0.56), p<0.001

18
87

Current smokers
Ex-smokers
Non-smokers

0.32 (-0.011, 0.65), p=0.057
0.61 (0.36, 0.85), p<0.001
0.40 (0.29, 0.51), p<0.001

16
16
73

Secondary prevention
Primary prevention

0.39 (0.020, 0.76), p=0.040
0.45 (0.34, 0.56), p<0.001

20
85

No lipid lowering agents
Statin monotherapy
Statins and ezetimibe
Ezetimibe monotherapy

0.40 (0.19, 0.61), p<0.001
0.32 (0.17, 0.48), p<0.001
0.52 (0.30, 0.74), p<0.001
0.57 (0.28, 0.86), p=0.001

36
25
25
19
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DISCUSSION

This was a real-world study of 113 out-patients treated with 
bempedoic acid prior to the NICE TAG in April 2021. 

Comparison of outcomes with previous RCTs
Following bempedoic acid treatment, absolute reduction 
(mean ± SD) in TC, non-HDL-C, and LDL-C values were 1.1 ± 
1.0mmol/L, 1.0 ± 1.0mmol/L, and 1.0 ± 0.9mmol/L, respectively, 
whilst percentage reductions (mean ± SD) were 16.4 ± 14.1%, 
18.8 ± 17.2%, and 23.2 ± 20.5%, respectively. The mean LDL-C 
reduction in the present study was similar to the mean 
decreases observed in the CLEAR Tranquility (24%) and CLEAR 
Serenity (24%) treatment arms and higher than in the CLEAR 
Wisdom (15%) and CLEAR Harmony (17%) treatment arms 
[10]. This could be due to baseline characteristics (including 
baseline LDL-C values and co-therapies) as seen in Table 2 
leading to efficacy heterogeneity. Our findings, if validated, 
suggest that an understanding of cohort characteristics is 
essential to interpret differences in study outcomes. 
Significant decreases in the lipid values were observed in 
every subgroup that we studied (Table 1). LDL-C reduction 
is currently the cornerstone of lipid lowering regarding CVD 
prevention [2,4,6]. The results from the CTT collaboration 
suggests a RRR in CVD of 22% per 1mmol/L decrease in LDL-C 
[4,5]. The lipid hypothesis is based on agents such as resins, 
statins, ezetimibe, PCSK9 inhibitors and bempedoic acid use 
being associated with lowering of CVD [2,14]. Absolute risk 
reduction (ARR) is a function of absolute risk (AR) and RRR, 
hence we can hypothesize that bempedoic acid treatment in 
our patients tolerating the drug (mean ± SD = 1.2 ± 0.8mmol/L) 
would have yielded a significant ARR in CVD, especially in 
patients with high AR [4].

The LDL-C decrease following bempedoic acid was 
independently greater in certain subgroups; ex-smokers, 
individuals on ezetimibe at baseline, and those with higher 
baseline LDL-C values. We can offer no explanation for 
the increased bempedoic acid efficacy in ex-smokers. 
Smoking cessation, whilst increasing HDL-C levels does not 
appear to change LDL-C values [26.27].  The LDL-C lowering 
efficacy of bempedoic appeared greater in patients on 
ezetimibe monotherapy compared to individuals not on lipid 
lowering agents, statin monotherapy and statin/ezetimibe 
combination (Table 2). We speculate that this could be due 
to ezetimibe up-regulating cholesterol synthesis [28]. Sudhop 
et al. demonstrated that cholesterol synthesis significantly 
increased by 89% in patients on ezetimibe [28]. Since 
bempedoic acid acts to decrease cholesterol synthesis by 
inhibiting ATP citrate lyase [7], it is feasible that the LDL-C 
lowering efficacy of the drug could perhaps be greater in 
individuals with an increased rate of cholesterol synthesis. 
The rate of synthesis would be reduced when statins are 
added to ezetimibe, hence the LDL-C lowering efficacy of 
bempedoic acid would perhaps be attenuated in patients also 
on statin and ezetimibe [29]. 

Impact of the Wilder Effect (principle of initial value)
Baseline LDL-C values were associated with both an absolute 
and percentage change in LDL-C following bempedoic acid 
treatment (higher baseline LDL-C led to greater decrease in 
LDL-C). The association between baseline LDL-C and change 
in LDL-C is in accordance with the Wilder principle which 
suggests that the response to an intervention is dependent 
on the baseline values [31]. It was also observed in most of 
the subgroups (Table 3). Previous audits from our centre 
have also demonstrated this phenomenon [16,18,19]. This 
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observation has clinical significance as high LDL-C levels are 
associated with greater AR of CVD and a more pronounced 
LDL-C reduction would lead to increased RRR [4]. Thus, ARR 
is perhaps even greater in patients with high baseline LDL-C 
values. As percentage decrease in LDL-C was also associated 
with baseline LDL-C, it is likely that it is a real effect and not 
a statistical abberation, although potential mechanisms have 
not been elucidated.

Strengths and weaknesses
There are a range of strengths and weaknesses in the present 
study. It was a real-world single arm longitudinal study with 
a small sample size with relatively short follow-up. This study 
contributed 113 patients to a national audit including 221 
patients commenced on bempedoic acid which assessed the 
attainment of lipid targets [22]. The mean efficacy results 
from the multi-center audit were identical to that observed 
in our audit; TC: -1.1mmol/L, Non-HDL-C: -1.0mmol/L and 
LDL-C: -1.0mmol/L.  However, these results would have been 
influenced by our efficacy as our study group (113 patients) 
comprised nearly half (51.1%) of the multi-center audit cohort 
of 221 patients.  
In this analysis we studied efficacy patterns prior to the 
NICE TAG being issued (which introduced extra selection 
criteria such as statin intolerance as a pre-requisite) as 
this would have introduced selection bias [15]. Thus, all 
patients started on bempedoic acid were included with 
no sample size calculation based on previously reported 
efficacy. The take up rate over a near 7-month period may 
be considered slow for a new pharmaceutical agent; the 
coronavirus lockdowns in the UK could have had an impact 
(https://www.instituteforgovernment.org.uk/sites/default/
files/timeline-lockdown-web.pdf). The CLEAR Outcomes trial 
was also conducted during the COVID-19 pandemic and the 
excess mortality observed during this period, attributed 
to cardiovascular death, may have blunted the effect of 
bempedoic acid on primary cardiovascular endpoints [30].   
However, in our study, the intention was to compare the 
lipid lowering results with published efficacy outcomes at 3 
months. Regression towards the mean is possible, although 
the observed Wilder phenomenon may counter this [31]. 
The patient numbers were modest, as we wished to evaluate 
efficacy in patients not achieving LDL-C targets prior to the 
NICE technology assessment being published, as that could 
have reshaped the cohort characteristics. The small cohort 
affected the depth of subgroup analyses and study of 
interactions. We would have liked to study efficacy in patients 
with higher baseline LDL-C and ezetimibe monotherapy, but 
patient numbers were modest. Thus, it is essential to conduct 
a further study with a larger cohort and longer follow-up to 
verify the efficacy heterogeneity observed. 

CONCLUSIONS

In summary, our findings demonstrated that mean reduction in 
LDL-C observed 12 weeks following bempedoic acid initiation 
was comparable to the reductions reported in the CLEAR 
Serenity and CLEAR Tranquility studies [9,11]. Novel findings 
emerging from this study include; i) Baseline characteristics 
predict likelihood of bempedoic acid efficacy, with those taking 
ezetimibe monotherapy observed to have greater reduction 
in LDL-C. This would underscore the therapeutic value of 
combination therapy with ezetimibe and bempedoic acid. 
ii) Higher pre-treatment LDL-C was associated with greater 
reduction in LDL-C in accordance with the Wilder principle; a 
phenomenon whereby the initial value determines, to a large 
extent, the magnitude of treatment response [31].  These 
findings need validation through further trials of larger cohort 
size, but the importance of heterogeneity of treatment effects 
is summed up in a recent publication by Wang et al [32]. They 
propose the use of model-derived predictions, so-called 
effect scores, relating to various patient subgroups to predict 
the likely treatment response [32]. It would be interesting if 
this approach was adopted to optimize lipid lowering efficacy 
of all the therapeutic agents prescribed, thus resulting in 
maximal CVD prevention. 
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