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Abstract

Background: Hepatic cholesterol synthesis inhibition is a cornerstone of atherosclerotic
cardiovascular disease (ASCVD) prevention. Despite intensive lipid-lowering therapy, many very-
high-risk patients with chronic coronary syndrome (CCS) fail to achieve recommended LDL-C
targets. Bempedoic acid (BA), a liver-activated ATP citrate lyase (ACLY) inhibitor, suppresses
cholesterol biosynthesis upstream of HMG-CoA reductase and may have metabolic and renal effects.
Methods: We conducted a prospective, single-centre, real-world study including consecutive CCS
patients with LDL-C 255 mg/dL despite stable intensive lipid-lowering therapy (high-intensity statin
plus ezetimibe or PCSK9 inhibitor plus ezetimibe in statin-intolerant patients). BA 180 mg/day was
added to background therapy. Lipid parameters, uric acid, and renal function were assessed at
baseline and >8 weeks. Multivariable regression analyses identified predictors of LDL-C reduction
and target attainment. Results: Among 118 patients with complete follow-up (mean age 62.4 + 10.0
years; 79.2% male), BA reduced LDL-C by 22.8% (-16.36 mg/dL; p <0.001), enabling 48.3% to achieve
LDL-C <55 mg/dL. Total and non-HDL cholesterol decreased significantly, whereas triglycerides and
fasting glucose remained unchanged. HDL-C showed a modest reduction. Uric acid increased by 0.96
mg/dL without gout events, and renal function changes were small and clinically non-relevant.
Higher historical untreated LDL-C and diabetes mellitus independently predicted greater LDL-C
reduction; higher historical LDL-C and baseline uric acid predicted LDL-C goal attainment.
Conclusions: ACLY inhibition with BA provides clinically meaningful LDL-C reduction in
intensively treated CCS patients, revealing a cardiometabolic phenotype with proportional lipid
responsiveness and modest urate changes. BA represents an effective translational strategy linking
hepatic cholesterol metabolism to clinical lipid optimization in very-high-risk patients.

Keywords: Bempedoic acid; ATP citrate lyase; LDL cholesterol; Coronary Artery Disease;
Hyperlipidemias; Low-Density Lipoprotein Cholesterol

1. Introduction

Atherosclerotic cardiovascular disease (ASCVD) remains the leading cause of morbidity and
mortality worldwide, despite advances in lipid-lowering therapies. Low-density lipoprotein
cholesterol (LDL-C) is a causal driver of atherogenesis, and both genetic and pharmacological studies
consistently demonstrate a log-linear relationship between cumulative LDL-C exposure and
cardiovascular risk [1-4]. Consequently, sustained LDL-C reduction is central to secondary
prevention in patients with coronary artery disease.
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Hepatic cholesterol homeostasis is tightly regulated through synthesis, intestinal absorption,
and LDL receptor (LDLR)-mediated clearance. Statins inhibit HMG-CoA reductase, ezetimibe blocks
cholesterol uptake via NPCIL1, and PCSK9 inhibitors enhance LDLR recycling. Despite these
interventions, many very-high-risk patients fail to reach LDL-C targets in routine practice [5-8].

The 2025 ESC/EAS guidelines recommend LDL-C <55 mg/dL with 250% reduction from baseline
in very-high-risk CCS patients [5]. Achieving these goals often requires sequential, mechanistically
complementary strategies.

Bempedoic acid (BA) is an oral prodrug selectively activated in the liver, inhibiting ATP citrate
lyase (ACLY), a key enzyme linking carbohydrate metabolism to cholesterol and fatty acid synthesis
by generating cytosolic acetyl-CoA upstream of HMG-CoA reductase [9-11]. ACLY inhibition
reduces hepatic cholesterol synthesis, upregulates LDLR expression, and lowers circulating LDL-C
with minimal skeletal muscle exposure. Additionally, ACLY inhibition influences metabolic
pathways beyond cholesterol synthesis, including urate handling via renal organic anion transporters
[12].

Randomized trials in the CLEAR program have shown BA provides additional LDL-C reduction
and reduces cardiovascular events in statin-intolerant patients [9,12-15]. However, real-world data
examining metabolic and safety profiles of BA in patients receiving intensive lipid-lowering therapy
are limited [16,17].

This study aimed to evaluate the clinical, metabolic, and renal effects of ACLY inhibition with
BA in a real-world CCS cohort not achieving LDL-C targets, with emphasis on predictors of lipid
response and phenotypic variability. Circulating lipid and metabolic phenotypes were interpreted as
functional readouts of hepatic ACLY inhibition.

2. Results

2.1. Study Population

A total of 125 consecutive CCS patients were enrolled. Seven patients were excluded due to
discontinuation or incomplete follow-up, leaving 118 patients for analysis (Figure 1). Mean age was
62.4 +10.1 years, and 79.2% were male. Patients were on intensive therapy: high-intensity statin plus
ezetimibe (n=112) or PCSK9 inhibitor plus ezetimibe (n=6). Baseline characteristics are summarized
in Table 1.

2.2. Effects on Lipid Profile

Addition of BA reduced LDL-C from 71.90 + 18.03 mg/dL to 55.54 + 14.23 mg/dL (absolute
reduction 16.36 mg/dL, —22.75%, p < 0.001; Table 2, Figure 2). Total cholesterol and non-HDL-C
decreased by 13.8% and 18.8%, respectively. Triglycerides and fasting glucose remained stable. HDL-
C decreased slightly (-4.6%).

At follow-up, 48.3% achieved LDL-C <55 mg/dL. Considering historical untreated LDL-C,
cumulative LDL-C reduction with sequential intensification reached 67.5%.

2.3. Interindividual Variability

No significant differences in LDL-C response between rosuvastatin- and atorvastatin-based
regimens. PCSK9 inhibitor recipients had numerically larger reductions, but sample size was small.
Approximately 13-14% of patients showed minimal or no LDL-C reduction, indicating heterogeneity
in ACLY responsiveness.

2.4. Metabolic and Renal Effects

BA increased serum uric acid (+0.96 mg/dL, p < 0.001) without gout flares. Serum creatinine
increased modestly; eGFR decreased ~6%, reversible and clinically non-relevant, consistent with
tubular functional effects.
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2.5. Predictors of LDL-C Reduction

Multivariable linear regression: higher historical untreated LDL-C ( = -0.515; p = 0.001) and
diabetes mellitus (B = 13.8 mg/dL; p = 0.024) independently predicted greater LDL-C reduction.

2.6. Predictors of LDL-C Target Attainment

Binary logistic regression identified higher historical LDL-C (p = 0.026) and baseline uric acid (p
=(.026) as independent predictors of achieving LDL-C <55 mg/dL.

3. Discussion

Circulating lipid fractions and uric acid served as integrative markers of ACLY inhibition.

This real-world study demonstrates ACLY inhibition with BA provides substantial additional
LDL-C reduction in CCS patients on intensive therapy. The 22.8% relative reduction aligns with
pharmacodynamics and highlights the importance of upstream cholesterol synthesis inhibition. The
modest HDL-C reduction is clinically negligible.

3.1. ACLY Inhibition as a Metabolic Lever

ACLY links glucose-derived citrate to cholesterol and fatty acid synthesis. Inhibiting ACLY
reduces hepatic acetyl-CoA, attenuates cholesterol synthesis, and enhances LDLR-mediated

clearance. Our findings support proportional LDL-C reduction across sequential therapies, consistent
with log-linear LDL-C risk models [1-4].

3.2. Uric Acid as a Cardiometabolic Marker

Baseline uric acid association with LDL-C goal attainment may indicate a cardiometabolic
phenotype responsive to combined cholesterol synthesis and absorption blockade. Genetic variability
in ACLY or citrate flux may underlie interindividual differences.

3.3. Interindividual Variability

Heterogeneity in LDL-C response underscores the need to study genetic, metabolic, and
pharmacokinetic determinants of ACLY responsiveness [18-22].
3.4. Clinical Implications

BA can bridge conventional dual therapy and injectable agents, particularly in patients with high
historical LDL-C exposure [23-27].
3.5. Strengths and Limitations

Observational, single-centre design without control limits causal inference. Sample size was
moderate; subgroup analyses, especially for PCSK9 inhibitors, were limited. No direct molecular or
genetic biomarkers were assessed. Follow-up duration was short, and long-term cardiovascular
outcomes were not evaluated. Strengths include prospective design, consecutive patient inclusion,
and systematic safety assessment, enhancing translational relevance.

4. Materials and Methods

4.1. Study Design and Population

Prospective, single-centre, observational study at Hospital Universitario San Pedro de Alcantara
(Caceres, Spain). 125 consecutive CCS patients 218 years with LDL-C 255 mg/dL despite 28 weeks of
stable intensive therapy (high-intensity statin plus ezetimibe, or PCSK9 inhibitor plus ezetimibe in
statin-intolerant patients) were included. Exclusions: age <18, pregnancy/breastfeeding, BA
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hypersensitivity, severe renal impairment (eGFR <30), chronic liver disease, active malignancy.
Approved by CEIM; written informed consent obtained.

BA 180 mg/day added to background therapy. Baseline data: cardiovascular risk factors,
comorbidities, prior interventions, anthropometrics, labs (total cholesterol, LDL-C, HDL-C,
triglycerides, creatinine, eGFR, uric acid, fasting glucose). Follow-up labs 28 weeks after BA initiation;
median 28 weeks (IQR 23—-47). Adverse events and discontinuations recorded. LDL-C targets per 2025
ESC/EAS: <55 mg/dL for very-high-risk patients [5].

4.2. Definition of Lipid Variables

e  Historical untreated LDL-C: first LDL-C measurement without therapy.

e Pre-BA LDL-C: measurement immediately prior to BA initiation after >8 weeks of stable
therapy.

e  LDL-C calculation: Friedewald formula if TG <150 mg/dL; standardized direct enzymatic assay
if TG 2150 mg/dL.

4.3. Study Endpoints

Primary: absolute and relative LDL-C change; proportion achieving LDL-C <55 mg/dL.
Secondary: changes in total cholesterol, non-HDL-C, HDL-C, TG, uric acid, creatinine, eGFR;
tolerability; treatment discontinuation; predictors of LDL-C reduction and target attainment.

4.4. Statistical Analysis

Continuous variables as mean + SD or median [IQR]; normality assessed by Kolmogorov-
Smirnov. Paired t-test/Wilcoxon for baseline vs. follow-up; categorical variables as
counts/percentages, compared by x? or Fisher's exact. Independent subgroups: unpaired t-
test/Mann—-Whitney U. Two-sided p<0.05 significant.

4.5. Regression Models

Multiple linear regression: independent predictors of absolute LDL-C reduction; variables with
p<0.10 in univariable analyses included; multicollinearity assessed via VIF.

Binary logistic regression: factors associated with achieving LDL-C <55 mg/dL (forward
stepwise); model calibration via Hosmer-Lemeshow, discrimination via ROC AUC.

Analyses performed with SPSS v29 (IBM, Armonk, NY, USA).

5. Conclusions

In CCS patients not achieving LDL-C targets despite intensive therapy, ACLY inhibition with
BA provides meaningful LDL-C reduction with acceptable metabolic and renal safety, supporting
BA as a translational approach to hepatic cholesterol targeting and personalized lipid-lowering
strategies.
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