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Abstract

Aim Bempedoic acid has shown noteworthy progress in the prevention and management of atherosclerotic cardiovascular
disease (ASCVD) in recent years. However, there has been a lack of high-quality evidence regarding the risk reduction of
clinical events with bempedoic acid. Therefore, the aim of this article is to conduct a comprehensive evaluation of the impact
of bempedoic acid on the incidence of cardiovascular events.

Methods A systematic review and meta-analysis of randomized controlled trials pertaining to bempedoic acid was carried
out. We conducted a systematic search across the Pubmed, Embase, and Cochrane Central Register of Controlled Trials
databases to identify relevant studies published from inception to 23 April 2023. A total of four trials comparing the clinical
benefit achieved with bempedoic acid versus placebo were included.

Results Our analysis comprised four trials that encompassed a total of 17,323 patients. In comparison to the placebo,
bempedoic acid showed a significant reduction in the risk of major adverse cardiovascular events (MACE) [relative risk
(RR), 0.86, 95% confidence interval (CI) 0.87-0.94]. Additionally, bempedoic acid substantially lowered the occurrence of
fatal or nonfatal myocardial infarction (RR 0.76, 95% CI 0.66-0.89), hospitalization for unstable angina (RR 0.70, 95% CI
0.55-0.89), and coronary revascularization (RR 0.82, 95% CI 0.73-0.92). There was also a similar reduction in MACE in
patients on the maximally tolerated statin therapy.

Conclusion Bempedoic acid may reduce the risk of cardiovascular events regardless of whether the patient is taking stains
or not.

Registration: PROSPERO registration number CRD42023422932.
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1 Introduction

Cardiovascular disease continues to be the leading cause
of mortality globally [1, 2]. Atherosclerosis is the most
common process leading to coronary heart disease, periph-
eral vascular disease, and stroke. Statins have been shown
to be efficacious in reducing serum cholesterol levels and
mitigating cardiovascular risk, and are considered the fun-
damental pharmacological component of modern preven-
tion and management of atherosclerotic vascular disease
(ASCVD). Accordingly, the 2018 Guideline on the Man-
agement of Blood Cholesterol suggests that all patients
with diagnosed ASCVD and those at high risk for ASCVD
should receive treatment with high-intensity statins [3].

However, the adverse effects of statins, particularly
statin-associated muscular symptoms, limit their adequate
use [4, 5]. On the one hand, statins adverse reactions result
in patients being unable to use statins or limit the ability to
receive guideline-recommended doses [6, 7]. On the other
hand, statins adverse reactions significantly reduce patient
adherence, with studies indicating long-term adherence to
statins of < 25% after 5 years [8].

In the future, inflammation reduction and intensive lipid
lowering should be considered a complementary approach
for patients with ASCVD who are already taking statins.
In contrast, new therapeutic approaches may be needed for
patients who are unwilling or unable to use statins.

Bempedoic acid is a new therapeutic option for statin-
intolerant patients and patients requiring additional low-
density lipoprotein-cholesterol (LDL-C) lowering. When
used alone or in combination with ezetimibe, bempedoic
acid can achieve atherosclerosis treatment through a dual
pathway of cholesterol and high-sensitivity C-reactive
protein (CRP) lowering [9-12]. Many previous clinical
trials on bempedoic acid have focused on its lipid-lower-
ing effects, although data on major adverse cardiovascular
events have been reported in safety evaluations. However,
there have been no comprehensive and definitive conclu-
sions regarding cardiovascular event risk reduction. The
efficacy of bempedoic acid in reducing the incidence of
cardiovascular events in statin-intolerant patients was
demonstrated only upon the release of the CLEAR Out-
comes trial findings [13].

Therefore, the objective of this meta-analysis was to
evaluate the influence of bempedoic acid on cardiovascular
outcomes and its safety.

2 Methods

The study was conducted and the results reported follow-
ing the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement [14]. This

A\ Adis

meta-analysis was registered at PROSPERO on 30 April
2023 (CRD42023422932).

2.1 Data Sources and Search Strategies

Our study involved a comprehensive search of three online
databases: PubMed, EMBASE, and the Cochrane Central
Register of Controlled Trials. The search was conducted to
retrieve relevant data from the inception of these databases
up until 23 April 2023. The articles searched were mainly
randomized controlled trials (RCTs) on lipid reduction,
cardiovascular risk reduction, and the safety of bempedoic
acid. Detailed information on the specific implementation
of the search strategy is presented in the Supplementary
Information (Table 1).

2.2 Eligibility Criteria

Trials meeting the following criteria were included: (1)
population: patients with cardiovascular disease or at high
risk for cardiovascular disease; (2) intervention: 180 mg
bempedoic acid; (3) placebo control; (4) outcome: at least
one and more cardiovascular events were reported for each
trial’s primary trial endpoint or adverse event, including
the five-component major adverse cardiovascular events
(MACE), nonfatal or fatal myocardial infarction, hospitali-
zation for unstable angina, or coronary revascularization;
(5) randomized controlled trial (RCT) design of the study.
Exclusion criteria: (1) phase 1 and 2 clinical trials; (2)
trials that did not report any clinical efficacy outcomes,
i.e., did not report the five-component MACE, nonfatal
or fatal myocardial infarction, hospitalization for unsta-
ble angina, or coronary revascularization; (3) duplicate
publications; (4) editorials, reviews, meta-analyses, case
reports, and so on; and (5) nonrandomized studies.

2.3 Study Selection and Data Extraction

Two authors conducted a systematic search and indepen-
dently evaluated the eligibility of all electronic search
results based on their titles and abstracts. After agreeing
that the citations satisfied eligibility criteria, they screened
the complete text of trials that were deemed potentially
relevant. In cases of disagreement, consensus was reached
through discussion, or if required, a third-party investiga-
tor was consulted to make a ruling.

The study characteristics that were extracted for each trial
included the authors, year of publication, duration of follow-
up, study design, sample size, baseline characteristics of the
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study population, and outcomes of interest. This extraction
process was conducted independently by two reviewers.

2.4 Efficacy and Safety Results

The primary efficacy outcomes of interest for this meta-anal-
ysis were the five-component MACE (defined as cardiovas-
cular death, nonfatal stroke, nonfatal myocardial infarction,
coronary revascularization, and hospitalization for unstable
angina), coronary revascularization, fatal or nonfatal myo-
cardial infarction, and hospitalization for unstable angina;
secondary outcomes included death from cardiovascular
causes, death from any cause, fatal or nonfatal stroke. Sec-
ondly, the efficacy of bempedoic acid on lipid levels and
inflammatory indicators was also analyzed, mainly the per-
centage changes in LDL-C and high-sensitivity CRP indi-
cators. Finally, safety analyses were performed on pooled
data from all four clinical trials, including primarily muscle-
related adverse events, new or worsening diabetes, gout, and
liver enzyme levels. The main muscle-related adverse events
were myalgia, muscle weakness, muscle spasm, and pain in
the extremity.

2.5 Subgroup Analysis

To analyze the impact of statin background therapy on trial
outcomes, we performed a subgroup analysis. Specifically,
the four RCT studies were divided into two subgroups (i.e.,
no or low-dose statin therapy subgroup and maximally toler-
ated statins subgroup) and analyzed for primary outcomes,
secondary outcomes, and safety events.

2.6 Assessment of Risk of Bias

To reflect the overall risk of bias of the studies, we assessed
the four eligible RCTs using the Cochrane Risk of Bias
Assessment Tool [15]. We evaluated five domains for each
study. The evaluation of each domain resulted in categoriza-
tion as low risk, some concerns, or high risk of bias.

2.7 Statistical Analysis

The statistical analysis of all data was conducted using
R (4.2.1). Summary data for dichotomous variables were
relative risk (RR) and 95% confidence intervals (Cis). For
continuous variables, we used mean and standard deviation
(SD) to perform the analysis. Cochran’s Q test was used to
analyze treatment effect heterogeneity across trials. Random
or fixed-effects models were used to calculate summary sta-
tistics depending on the specific analysis. The sensitivity
analysis in this paper was done by excluding each study at a
time. The assessment of publication bias was not conducted

due to the limited number of studies included, which was
only four.

3 Results
3.1 Literature Search

The retrieval of 323 records was accomplished through
the three electronic databases. We excluded the 82 dupli-
cate records. Subsequently, articles that failed to satisfy
the established criteria for inclusion and exclusion were
excluded. The process of selecting studies is shown in Fig. 1.
Ultimately, four studies were considered eligible for this
meta-analysis.

3.2 Study Characteristics

Table 1 presents the study characteristics of the included
RCTs. Overall, 17,323 participants were enrolled in the four
trials. Follow-up ranged from 24 weeks for CLEAR Serenity
to 40.6 months for CLEAR Outcomes. All four trials were
placebo controlled, and the dosage of bempedoic acid was
180 mg/day. The populations included were all patients at
high risk for hypercholesterolemia or ASCVD. The CLEAR
Outcomes trial had the longest duration and the largest num-
ber of participants of the four trials.

Table 2 lists the baseline demographics and clinical char-
acteristics. Patients in the CLEAR Wisdom and CLEAR
Harmony trials had higher statin use and were more likely
to be male than those in the CLEAR Outcomes and CLEAR
Serenity trials. At baseline, patients in the statin-intolerance
trial had significantly higher mean LDL-C levels than in
the other two trials. In addition, CLEAR Outcomes had a
greater proportion of diabetic patients (1.5 times more than
the other three trials).

The risk of bias for eligible randomized controlled trials
are shown in the Supplementary Information (Fig. 1). These
four RCTs were at low risk of bias.

3.3 Cardiovascular Events

We performed subgroup analyses of these four randomized
controlled trials according to statin use. The CLEAR Out-
comes study (22.9% and 22.5% statin use in the bempedoic
acid (BA) group versus placebo group, respectively) and
the CLEAR Serenity study (2.92% and 2.78% statin use
in the BA group versus placebo group, respectively) were
studies of patients who used no or low-dose use of statins,
where patients were statin intolerant. The CLEAR Harmony
study (99.8% and 100% statin use in BA and placebo groups,
respectively) and the CLEAR Wisdom study (90% and
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Fig. 1 Flow chart of literature

search and study selection

PRISMA Flow Diagram for Study Selection.
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88.8% statin use in BA and placebo groups, respectively)
were categorized as the maximal dose of statins.

The results of the study indicated that bempedoic acid
reduced the incidence of MACE events in those on low-dose
statin use (RR 0.87, 95% CI 0.80-0.95) (Fig. 2). For patients
on the maximally tolerated statin, the addition of bempedoic
acid also reduced the risk of MACE (Fig. 2). The results did
not suggest heterogeneity in the trial.

Analysis of cardiovascular events showed that bempe-
doic acid significantly reduced fatal or nonfatal myocardial
infarction (RR 0.76, 95% CI 0.66-0.89; p < 0.01), coronary
revascularization (RR 0.82. 95% CI 0.73-0.92; p < 0.01),
and hospitalization for unstable angina (RR 0.70, 95% CI
0.55-0.89; p < 0.01) (Fig. 3).

The results of the subgroup analyses indicated that
the clinical cardiovascular benefits of using bempedoic
acid were mainly seen in patients using no or low-dose
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statins at baseline. This means that bempedoic acid mono-
therapy reduced the risk of fatal or nonfatal myocardial
infarction (RR 0.78, 95% CI 0.67-0.92), coronary revas-
cularization (RR 0.83, 95% CI 0.73-0.94), and hospitali-
zation for unstable angina (RR 0.69, 95% CI 0.53-0.89)
(Fig. 3). However, for those on the highest dose of statins
at baseline, bempedoic acid did not reduce the risk of
fatal or nonfatal myocardial infarction (RR 0.56, 95% CI
0.32-1.00), coronary revascularization (RR 0.0.74, 95%
CI 0.50-1.10), or hospitalization for unstable angina (RR
0.79,95% CI1 0.42-1.51) (Fig. 3).

In the present meta-analysis, bempedoic acid had no
significant therapeutic effect on death from cardiovascular
causes, death from any cause, and fatal or nonfatal stroke
(Fig. 4).

Neither bempedoic acid alone nor in combination with
statins reduced the incidence of death from cardiovascular
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Study or Bempedoic acid Placebo Risk Ratio Risk Ratio
Subgroup Events Total Events Total Weight MH, Random, 95% CI MH, Random, 95% CI
CLEAR Outcomes,2023 831 6992 952 6978 91.3% 0.87 [0.80; 0.95] :
CLEAR Harmony,2019 68 1487 42 742 4.9% 0.81[0.56; 1.17] - -
CLEAR Wisdom,2019 44 522 32 257 3.7% 0.68 [0.44; 1.04] e e |
2009 999 8.7% 0.75 [0.56; 0.99] -
Total (95% CI) 9001 7977 100.0% 0.86 [0.79; 0.93] ‘
Heterogeneity: Tau” = 0; Chi’ = 1.38, df = 2 (P = 0.50); I = 0% ! ! ! ! vl
0.1 0.2 0.5 1 2 56

Test for overall effect: Z = -3.56 (P < 0.01)
Test for subgroup differences Chi=1 01,df=1(P=0.31)

Favours[Bempedoic acid] Favours[Placebo]

Fig.2 Subgroup analysis in MACE according to different enrolled patients. MACE, major adverse cardiovascular events; CI, confidence inter-

val; M—H, Mantel-Haenszel

causes, death from any cause, or fatal or nonfatal stroke
(Supplementary Information Fig. 2).

3.4 Percent Change in LDL-C and High-sensitivity
CRP

Overall, bempedoic acid significantly decreased LDL-C
(Mean Difference (MD) — 19.41%; 95% CI — 20.46 to
— 18.35%) and high-sensitivity CRP (MD — 22.55%; 95%
CI — 29.39 to — 15.71%). Subgroup analysis showed that the
use of bempedoic acid significantly lowered LDL-C (MD
—19.55%; 95% CI — 20.92 to — 18.18%) and high-sensi-
tivity CRP (MD — 24.81%; 95% CI — 27.25 to — 22.36%)
levels in the statin-intolerant population (Fig. 5). In patients
with hypercholesterolemia or ASCVD on maximally toler-
ated statin, bempedoic acid resulted in a significant reduction
of LDL-C (MD — 17.83%; 95% CI — 22.73 to — 12.92%)
and high-sensitivity CRP (MD — 18.19%; 95% CI — 32.47
to — 3.92%) levels (Fig. 5).

3.5 Safety Outcomes

This study showed that bempedoic acid reduced the risk of
myalgia in patients with no or low-dose statins (RR 0.83,
95% CI 0.73-0.94) (Fig. 6A). Furthermore, bempedoic acid
reduced the risk of new-onset or worsening of diabetes mel-
litus in patients on the maximum tolerated dose of statins
(RR 0.72, 95% CI 0.52-0.99) (Fig. 6B).

Bempedoic acid increased the risk of a number of adverse
events. For patients receiving maximal doses of statin, bem-
pedoic acid increased the incidence of pain in the extremity
(RR 1.79, 95% CI 1.05-3.04) (Fig. 7A). Bempedoic acid
increased the risk of muscle spasms (RR 1.18, 95% CI
1.01-1.39) (Fig. 7B). Regardless of statin use, bempedoic

acid was associated with a risk of gout (RR 1.57, 95% CI
1.28-1.93) (Fig. 7C). In patients receiving no or low-dose
statins, bempedoic acid decreased elevated hepatic enzyme
levels (RR 1.85, 95% CI 1.28-2.68) (Fig. 7D).

Bempedoic acid alone or in combination with statins did
not reduce the incidence of muscular weakness, neurocogni-
tive disorders, or creatine kinase level adverse events (Sup-
plementary Information Fig. 3).

3.6 Sensitivity Analysis

We performed sensitivity analyses of the main clinical
efficacy and safety outcomes using the “leave-one-out”
approach to measure the robustness and reliability of the
results. The results of all sensitivity analyses are shown in
Figs. 4-6 of the Supplementary Information.

4 Discussion

Four randomized controlled trials of previous studies of
bempedoic acid that reported cardiovascular outcomes,
including the most recent CLEAR Outcomes study, are
included. The primary aim of this meta-analysis was to
evaluate the efficacy of bempedoic acid for cardiovascular
outcomes in patients with cardiovascular disease or at high
risk for cardiovascular disease. Secondly, bempedoic acid
safety was also analyzed.

Based on the results of this meta-analysis, bempedoic
acid significantly reduced the incidence of MACE, hospi-
talization for unstable angina, coronary revascularization,
and fatal or nonfatal myocardial infarction events com-
pared with placebo. More importantly, bempedoic acid
also reduced the incidence of MACE events in patients on
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Fig.3 Subgroup analysis of

the effect of bempedoic acid on
cardiovascular events according
to different enrolled patients.
(A) Fatal or nonfatal myocardial
infarction, (B) coronary revas-
cularization, and (C) hospitali-
zation for unstable angina

(A) Fatal or nonfatal myocardial infarction

Study or Bempedoic acid Placebo Risk Ratio Risk Ratio
Subgroup Events Total Events Total Weight MH, Fixed, 95% ClI MH, Fixed, 95% CI
i
CLEAR Outcomes, 2023 261 6992 334 6978 91.7% 0.78 [0.67; 0.91] '-'
CLEAR Serenity,2019 1 234 0 11 02%  1.43[0.06; 34.74] T
7226 7089 91.9% 0.78 [0.67; 0.92] ?
i
i
CLEAR Harmony,2019 19 1487 13 742 4.8% 0.73[0.36; 1.47] —J—_
CLEAR Wisdom,2019 6 522 257 33%  0.33[0.12; 0.91] ———————
2009 999 8.1% 0.56 [0.32; 1.00] —=aainn—
1
i
Total (95% Cl) 9235 8088  100.0% 0.76 [0.66; 0.89] <
Heterogeneity: Tau® = 0; Chi’ = 2.85, df = 3 (P = 0.41); = 0% f : ! : -
Test for overall effect: Z = -3.47 (P < 0.01) 0.1 0.2 0.5 1 2 56
Test for subgroup differences: Chi’ = 1.16, df = 1 (P = 0.28) Favours[Bempedoic acid] Favours[Placebo]
(B) Coronary revascularization
Study or Bempedoic acid Placebo Risk Ratio Risk Ratio
Subgroup Events Total Events Total Weight MH, Fixed, 95% Cl MH, Fixed, 95% CI
i
CLEAR Outcomes,2023 435 6992 529 6978 90.9% 0.82[0.73; 0.93] .
CLEAR Serenity,2019 7 234 0 M 01% 7.13[0.41;123.77] T
7226 7089  91.0%  0.83[0.73; 0.94] +
i
i
CLEAR Harmony,2019 38 1487 24 742 55% 0.79[0.48; 1.31] o
CLEAR Wisdom,2019 20 522 15 257 35%  0.66[0.34; 1.26] —_—
2009 999 9.0%  0.74[0.50; 1.10] s
I
i
Total (95% Cl) 9235 8088  100.0%  0.82[0.73; 0.92] >
Heterogeneity: Tau’ < 0.0001; Chi’ = 2.67, df = 3 (P = 0.45); F = 0% ! ! ! ! A
0.1 0.2 0.5 1 2 56

Test for overall effect: Z=-3.32 (P < 0.01)
Test for subgroup differences: Chi’ =0.29, df =1 (P=0.59)

(C) Hospitalization for unstable angina

Favours[Bempedoic acid] Favours[Placebo]

Study or Bempedoic acid Placebo Risk Ratio Risk Ratio
Subgroup Events Total Events Total Weight MH, Fixed, 95% CI MH, Fixed, 95% CI
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the highest tolerated dose of statin. In addition, the combi-
nation of bempedoic acid and statin has potential benefits
in reducing the incidence of hospitalization for unstable
angina, coronary revascularization, and fatal or nonfatal
myocardial infarction. However, bempedoic acid did not
significantly improve the risk of mortality and fatal or non-
fatal stroke. Furthermore, bempedoic acid has been asso-
ciated with a number of emerging adverse effects along
with improved clinical benefits. Compared with placebo,
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bempedoic acid increased the risk of gout and elevated
hepatic enzyme levels. Simultaneously, bempedoic acid
enhanced the incidence of pain in the extremities and mus-
cle spasms in patients on high-dose statins.

In contrast to statins, bempedoic acid is a prodrug that
undergoes activation in the presence of very-long-chain acyl-
CoA synthetase 1 (ASCVL1), and the activated active sub-
stance acts upstream of HMG-CoA reductase [16—18]. Since
the liver is rich in ASCVLI, the elevated hepatic-enzyme



Bempedoic Acid can Reduce Cardiovascular Events in Combination with Statins

703

(A) Death from cardiovascular causes

Bempedoic acid Placebo
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Study Events Total Events Total Weight MH, Fixed, 95% CI MH, Fixed, 95% CI
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(C) Fatal or nonfatal stroke
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Fig.4 Forest plots of the efficacy of bempedoic acid versus placebo in terms of cardiovascular outcomes. (A) Death from cardiovascular causes,

(B) death from any cause, and (C) fatal or nonfatal stroke

level is significantly increased. However, muscle tissue does
not express ASCVL1, so bempedoic acid may be superior
to statins in avoiding myalgia. Our results also confirm that
bempedoic acid reduces the risk of myalgia. Hyperuricemia
is the most important risk factor in the development of gout
[19, 20].

Bempedoic acid inhibits organic anion transporter protein
2, which may be responsible for its ability to increase uric
acid levels [21]. After stopping the drug, the uric acid level
will gradually return to the pre-drug level [22]. Because
the onset of gout is mainly found in the joints of the lower
extremities, it manifests as redness, swelling, and heat pain
in the corresponding joints [23]. Therefore, gout and pain in

the extremity caused by bempedoic acid can theoretically be
avoided by controlling hyperuricemia. Compared with the
myalgia associated with statin therapy, gout and pain in the
extremities associated with bempedoic acid therapy can be
effectively avoided. Previous studies have demonstrated that
bempedoic acid inhibits ATP-citrate lyase (ACL) and acti-
vates the AMPK signaling pathway in the liver, which may
explain the potential benefit of bempedoic acid in reducing
new-onset or worsening of diabetes mellitus [24-26].
Recently, it was noted that high-sensitivity CRP was sig-
nificantly more predictive of future cardiovascular events
in patients treated with statins than serum LDL-C levels
[27]. Therefore, to further reduce the risk of cardiovascular
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(A) Percent change in LDL-C
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(B) Percent change in high-sensitivity CRP
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Fig.5 Subgroup analysis of the effect of bempedoic acid on per-
cent change in LDL-C and high-sensitivity CRP according to differ-
ent enrolled patients. (A) Percent change in LDL-C and (B) percent

events, drugs that inhibit inflammation may need to be
considered in the selection of adjunctive agents other than
statins. A variety of anti-inflammatory drugs, including
colchicine, tocilizumab, and ziltivekimab, have been or
are being actively studied in current atherosclerosis trials.
Among them, the CANTOS, COLCOT, and LoDoCo?2 tri-
als have shown that targeted anti-inflammatory therapy with
either canakinumab or colchicine significantly reduces the
incidence of cardiovascular events in patients treated with
statins in the absence of any LDL-C reduction [28-30]. Our
findings indicated that bempedoic acid was able to provide
better cardiovascular clinical benefits to patients. This may
be due to the fact that the addition of bempedoic acid to sta-
tin use significantly reduced high-sensitivity CRP, in addi-
tion to further reducing LDL-C [16, 31, 32]. In addition to
statins, ezetimibe, and PCSK9, bempedoic acid can achieve
good results in lowering both LDL-C and high-sensitivity
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change in high-sensitivity CRP. LDL-C, low-density lipoprotein-cho-
lesterol; CRP, C-reactive protein

CRP levels [13, 31, 33-35]. However, based on previous
studies, we cannot conclude that bempedoic acid is superior
to other lipid-lowering agents. Therefore, direct comparative
trials are needed in the future to determine whether bempe-
doic acid is superior to other lipid-lowering agents.

In conclusion, bempedoic acid is a good choice for statin-
intolerant patients in reducing the risk of MACE, fatal or
nonfatal myocardial infarction, coronary revascularization,
and hospitalization for unstable angina. In addition, bem-
pedoic acid significantly reduces myalgia and has potential
benefit in new-onset or worsening of diabetes mellitus.

This study is a relatively comprehensive pooled analy-
sis of the clinical benefits of bempedoic acid in combina-
tion with statins or as monotherapy on cardiovascular out-
come events. Our study has several innovative points. We
summarized the side effects added with bempedoic acid
treatment. Second, we grouped the trials included in the
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(A) Myalgia
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(B) New-onset or worsening of diabetes mellitus
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Fig.6 Subgroup analysis of bempedoic acid on myalgia and new-onset or worsening of diabetes mellitus according to different enrolled patients:

(A) Myalgia and (B) new-onset or worsening of diabetes mellitus

study according to statin use, which somewhat reduced
the interference from statin treatment. Also, the differ-
ent clinical benefits of maximum tolerated dose statin
users when treated with statin alone and in combination
with bempedoic acid were understood. This enriches our
findings and, to some extent, the credibility of the arti-
cle. Finally, our analyses of the cardiovascular benefits
of bempedoic acid and its effect on high-sensitivity CRP
highlight the role of bempedoic acid in reducing cardio-
vascular risk.

However, there are some shortcomings in this study.
First, there were varying degrees of variability in the

baseline characteristics of patients in the included rand-
omized controlled trials. Second, the number of patients
included in the CLEAR Outcomes trial was too large
compared with other trials, which led to it always being
able to take up a large weight in the study analysis. Our
safety analysis did not include the incidence of cholelithi-
asis. Finally, there were varying degrees of variation in
follow-up across trials, and a small proportion of eligible
trials were not included in our study because of imperfect
clinical events.
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Fig.7 Subgroup analysis of
bempedoic acid on adverse
events according to different
enrolled patients. (A) Pain

in the extremity, (B) muscle
spasms, (C) gout, and (D)
elevated hepatic enzyme levels
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(A) Pain in the extremity
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5 Conclusions

Bempedoic acid has a significant clinical benefit in reduc-
ing cardiovascular events. However, the adverse effects of
bempedoic acid on muscle spasms, liver function, and the
incidence of gout also require vigilance. It is hoped that
more high-quality studies will be conducted in the future
to further refine the clinical benefit of bempedoic acid for
statin-tolerant patients regarding cardiovascular events.
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