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Abstract

Dyslipidemia, marked by elevated low-density lipoprotein cholesterol (LDL-C), is a key contributor
to atherosclerotic cardiovascular disease (ASCVD) and remains a global health challenge. Advances
in lipid management have transitioned from statin monotherapy to combination therapies with
ezetimibe and PCSK?9 inhibitors, achieving LDL-C reductions of up to 85% and significantly lowering
major adverse cardiovascular events (MACE). Emerging agents, including bempedoic acid and RNA-
directed therapies such as inclisiran and antisense oligonucleotides targeting lipoprotein(a), offer
alternative solutions for statin-intolerant populations and those with residual cardiovascular risk.
Intracoronary imaging demonstrates the benefits of aggressive LDL-C lowering on plaque regression
and stabilization, reinforcing the importance of early initiation and sustained control. Simplified
regimens, such as single-pill combinations, improve adherence and address barriers like cost and
access, essential for maximizing therapeutic outcomes. Additionally, tools such as coronary artery
calcium (CAC) scoring and advanced imaging enable personalized care and refined risk
stratification. This meta-analysis synthesizes evidence to highlight a paradigm shift towards
aggressive, individualized lipid management strategies that bridge gaps between clinical trials and
real-world practice. By integrating pharmacological innovations with lifestyle interventions, these
advancements offer transformative potential to reduce ASCVD risk globally.
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Introduction This persistent gap highlights the need for

Atherosclerotic  cardiovascular  disease advanced therapeutic strategies that integrate

(ASCVD) remains the leading cause of
morbidity and mortality worldwide, driven by

emerging non-statin agents.

Modern lipid-lowering therapies have
expanded beyond statins to include ezetimibe,
proprotein convertase subtilisin/kexin type 9
(PCSK9) inhibitors, and bempedoic acid,
offering novel mechanisms of action and
enhanced LDL-C reductions. RNA-directed
therapies such as inclisiran, and antisense

elevated levels of low-density lipoprotein
cholesterol (LDL-C) and other atherogenic
lipoproteins such as lipoprotein(a) [Lp(a)] and
triglyceride-rich  lipoproteins. The direct
relationship between LDL-C levels and the

progression of ASCVD underscores its critical

role as a therapeutic target. Despite decades of oligonucleotides targeting Lp(a), exemplify

. . . recent innovations, providing effective, long-
reliance on statins as the cornerstone of lipid - P & - 10Ng

management, many patients, particularly those lasFmg options  for managing . dyslipidemia.
Evidence from landmark trials such as

at high or very high cardiovascular risk, fail to
FOURIER, ODYSSEY, CLEAR Outcomes,

achieve guideline-recommended LDL-C goals.
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and findings from the DA VINCI study
highlight the potential of combination
therapies, which achieve LDL-C reductions
exceeding 85% and substantial decreases in
major adverse cardiovascular events (MACE)
and cardiovascular mortality [2, 11].

Aggressive LDL-C lowering has become a
pivotal goal in both primary and secondary
prevention of ASCVD. Recent European and
American guidelines emphasize early initiation
and sustained reductions in LDL-C, with
targets set at <55 mg/dL for very high-risk
patients and <70 mg/dL for high-risk
populations. Additionally, achieving non-high-
density lipoprotein cholesterol (non-HDL-C)
goals has proven crucial, particularly
following acute coronary syndromes (ACS).
Registry-based studies, such as
SWEDEHEART, and cross-sectional findings
from the DA VINCI study have reinforced the
importance of rapid and sustained lipid
lowering. These studies demonstrate not only
the benefits of achieving guideline-
recommended LDL-C targets but also
highlight regional disparities in adherence to
lipid-lowering strategies, underscoring the
need for standardized approaches across
healthcare systems [11].

Incorporating  advanced lipid-lowering
strategies into clinical practice has redefined
ASCVD management. High-intensity statins
remain foundational, but the addition of
ezetimibe and PCSK9 inhibitors, either as part
of stepwise intensification or in fixed-dose
combinations, significantly improves LDL-C
goal attainment. The DA VINCI study
confirms  that therapies,
particularly those involving PCSK9 inhibitors,

combination

provide superior LDL-C reductions compared
to monotherapy, though their adoption remains
limited due to cost and accessibility barriers
[11]. Emerging therapies such as bempedoic
acid and inclisiran provide effective
alternatives for statin-intolerant patients,
broadening the therapeutic arsenal for
dyslipidemia management [2, 11].

The interplay between pharmacological
advancements and lifestyle interventions also
remains essential. Dietary modifications, such
as adherence to the Mediterranean or DASH
diet, regular physical activity, and smoking
cessation, further reduce ASCVD risk and
complement pharmacotherapy. Integration of
non-statin agents has proven particularly
effective in high-risk groups, including those
with familial hypercholesterolemia, diabetes,
or chronic kidney disease, where statins alone
are often insufficient. Additionally, the use of
intracoronary imaging has illuminated the role
of lipid-lowering therapies in plaque
regression and stabilization, providing further
evidence for their integration into clinical
practice [2].

Despite these advancements, barriers such
as cost, accessibility, and adherence continue
to hinder the widespread adoption of novel
therapies. Simplified treatment regimens, such
as single-pill combinations, and improved
patient education represent practical solutions
to enhance compliance and outcomes.
Ongoing research focusing on long-term
safety, real-world efficacy, and innovative
approaches like gene-editing technologies
offers promising avenues for the future of lipid
management. Furthermore, addressing
disparities in LDL-C goal attainment across
regions, as highlighted by the DA VINCI
study, is crucial for achieving equitable
cardiovascular care [2].

This meta-analysis aims to synthesize the
current evidence on advanced cholesterol-
lowering  techniques, highlighting  their
mechanisms of action, efficacy, safety profiles,
and impact on cardiovascular outcomes. By
bridging gaps between guideline
recommendations and real-world practice, it
seeks to provide a comprehensive framework
for optimizing ASCVD prevention and
management, addressing the unmet needs of
diverse patient populations worldwide [2, 11].



Materials and Methods
Study Design

This meta-analysis synthesizes data from
major studies and clinical guidelines focusing
on advanced lipid-lowering therapies and their
impact on cardiovascular and coronary care.
The articles reviewed include randomized
controlled trials (RCTs), systematic reviews,
registry-based analyses, and population
studies. Each study evaluated distinct aspects
of lipid-lowering  strategies, including
mechanisms of action, efficacy, safety, patient
stratification, and clinical outcomes. The DA
VINCI study contributed insights into real-
world LDL-C goal attainment across European
countries, highlighting gaps in adherence to
guidelines and regional variability in outcomes
[11]. The primary objective was to integrate
findings into a cohesive framework that
informs the prevention and intervention
strategies for dyslipidemia and ASCVD
management.

Study Population

The study population in this meta-analysis
encompasses a diverse group of patients across
varying demographics and clinical contexts.
High-risk populations include individuals with
established  atherosclerotic  cardiovascular
disease (ASCVD), those with familial
hypercholesterolemia (FH), and diabetic
patients  with dyslipidemia.
Moderate- and low-risk groups are also

comorbid

represented, including primary prevention
cohorts with elevated LDL-C levels and
identified
through coronary artery calcium (CAC)

intermediate-risk individuals
scoring. Additionally, the analysis considers
statin-intolerant populations who are unable to
tolerate high- or moderate-intensity statins due
to adverse effects. Regional wvariability is

addressed through studies like the DA VINCI
study, which assessed LDL-C goal attainment
across 18 European countries, stratifying
patients by cardiovascular risk using tools such
as the SCORE2 and REACH calculators [11].

Study Population based on Risk
Categories

Cardiovascular risk stratification involves
assessing the likelihood of a person
experiencing an atherosclerotic cardiovascular
(CV) event within a specific timeframe. This
evaluation  considers  the  cumulative
contribution of various CV risk factors. Some
factors, like a history of previous
atherosclerotic events, independently classify
individuals as very high-risk, regardless of
additional risk factors.

The guidelines emphasize systematic risk

evaluations, particularly for individuals with

chronic kidney disease, familial
hypercholesterolemia, diabetes, or
atherosclerotic cardiovascular disease

(ASCVD). Risk classifications—moderate,
high, or very high—help clinicians establish
appropriate  LDL cholesterol and blood
pressure targets, enhancing therapeutic
precision.

A significant addition is the concept of
"lifetime risk," which predicts the age at which
an individual has a 50% likelihood of
developing a fatal or non-fatal cardiovascular
event. This approach, combined with tools like
the ESC CVD Risk Calculation app, enables
personalized care and improves risk estimation
by considering variables such as age, changes
in risk factor levels, and other modifiers. [12,
13]. As shown in Table 1, risk categories are
determined based on various clinical factors,
allowing  for  targeted  lipid-lowering
interventions.



Table 1. Risk Stratification Categories

Age Group | Moderate—Low CV Risk

High CV Risk | Very High CV Risk

<50 years <2.5% 2.5-7.5% >7.5%
50-69 years | <5% 5-10% >10%
>70 years <7.5% 7.5-15% >15%

Different guidelines, including those from the
American Heart Association (AHA), American
College of Cardiology (ACC), and the
European Society of Cardiology (ESC),
employ varying risk calculation methods. The
AHA/ACC guidelines use pooled cohort
equations (PCEs) to estimate a 10-year risk of
non-fatal myocardial infarction, coronary
artery disease death, or stroke in individuals
without prior ASCVD. High-risk conditions
encompass individuals aged 65 years or older,
those with heterozygous
hypercholesterolemia (HeFH), a history of
coronary artery bypass grafting (CABG) or
percutaneous coronary intervention (PCI)
unrelated to a major ASCVD event, diabetes
mellitus (DM), hypertension (HTN), chronic
kidney disease (CKD) with an estimated
glomerular filtration rate (eGFR) of 15-59

familial

mL/min/1.73 m?, active smoking, persistently
elevated LDL-C levels of >100 mg/dL despite
maximum tolerated doses of statins and
ezetimibe, or a history of congestive heart
failure (CHF).

The ESC guidelines categorize individuals
into low-, intermediate-, high-, or very high-
risk groups based on the presence of major risk
factors or, in healthy individuals, a 10-year
risk estimate using the SCORE2 or SCORE2-
OP (Older Persons) models. These models
account for regional variations and predict the
risk of total CV events. For diabetic patients,
stratification relies on ASCVD presence,
severe target organ damage, or SCORE2-
Diabetes. As seen in Table 2, therapeutic
targets for LDL cholesterol are more stringent
for high-risk individuals to minimize the risk
of cardiovascular events.

Table 2. Therapeutic LDL Targets by Risk Category

Risk Category

LDL Cholesterol Target

Very High Risk

<1.4 mmol/L (<55 mg/dL); >50% reduction from baseline

Very High Risk (Recurrent Events)

<1 mmol/L (<40 mg/dL); in cases of a second event within
2 years can be considered

High Risk

<1.8 mmol/L (<70 mg/dL); >50% reduction from baseline

Moderate Risk

<2.6 mmol/L (<100 mg/dL)

Recent recommendations propose introducing
high-risk" category,
encompassing patients with recurrent major

an "extremely

CV events within two years, polyvascular
disease, multivessel coronary artery disease, or
recent acute coronary syndrome (ACS). This
new classification enables clinicians to

identify individuals who may benefit from
intensified lipid-lowering therapies and stricter
LDL-C targets. Figure 1 illustrates the
recommended LDL-C targets based on
cardiovascular risk categories, providing a
clear framework for clinical decision-making.



Risk Categories and LDL-C Goals
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Figure 1. LDL-C targets based on Cardiovascular Risk Categories

Risk modifiers such as family history of
premature ASCVD, chronic inflammatory
conditions, elevated lipoprotein(a), and non-
zero coronary artery calcium scores may
upgrade an individual’s risk category, guiding
more aggressive intervention strategies.

Lipid-Lowering Interventions

Effective lipid-lowering strategies form the
cornerstone of cardiovascular risk reduction.

Statins

Statins such as Hydroxymethylglutaryl-
coenzyme A (HMG CoA) reductase inhibitors
are the primary therapy for reducing
cardiovascular burden. High-intensity statins
reduced LDL-C by 50% (e.g., atorvastatin,
rosuvastatin) [1, 3, 6]. Moderate-intensity
statins achieved reductions of 30-40% [1, 3,
6]. However, non-statin treatments are
increasingly utilized, either as alternatives or
in combination with statins, particularly for
individuals  requiring  additional = LDL
cholesterol (LDL-C) reduction or those
intolerant to statins. [14].

Ezetimibe: Cholesterol

Absorption

Targeting

Ezetimibe reduces intestinal cholesterol
absorption by inhibiting the Niemann-Pick C1-
like 1 (NPCILI1) protein on the enterocyte
brush border. As a monotherapy, ezetimibe
achieves a 15-22% reduction in LDL-C levels
and further enhances LDL-C reduction by an
additional 21-27% when combined with
statins. It modestly lowers triglycerides by 8%
and increases HDL-C by 5%. The
IMPROVE-IT trial demonstrated the clinical
efficacy of ezetimibe when used alongside
statins, showing significant cardiovascular
event reductions [15, 16]. Ezetimibe is well-
tolerated, though mild diarrhea or headache
may occur. It is contraindicated in patients
with moderate to severe liver impairment due
to potential hepatic adverse effects.

Therapy Targeting PCSK9: Enhancing
LDL Receptor Activity

PCSK9 inhibitors, such as alirocumab and
evolocumab, are monoclonal antibodies that
prevent PCSK9 from degrading LDL
receptors, thereby increasing LDL clearance



from circulation [17]. These  drugs,
administered via subcutaneous injections, have
been shown in trials like ODYSSEY
OUTCOMES and FOURIER to reduce
major adverse cardiovascular events (MACE)
in high-risk individuals [18, 19]. Inclisiran, a
small interfering RNA (siRNA) therapy, offers
a unique mechanism by directly inhibiting
PCSK9 production in hepatocytes, with
biannual  dosing  schedules  providing
convenience [20, 21]. PCSK9 inhibitors
demonstrate potent LDL-C reductions, with
alirocumab and evolocumab reducing levels
by 50-60%. Cost and injection-based
administration remain barriers to widespread
use, but their efficacy is particularly beneficial
for individuals with severe dyslipidemia or
statin intolerance.

Bempedoic Acid: An Oral Alternative

Bempedoic acid inhibits ATP citrate lyase,
an enzyme upstream of HMG-CoA reductase
in the cholesterol biosynthesis pathway. This
mechanism avoids muscle-related side effects,
as bempedoic acid activation occurs only in
the liver, not in skeletal muscle. Clinical trials,
such as CLEAR Harmony and CLEAR
Wisdom, have shown that bempedoic acid
reduces LDL-C by approximately 18% and
significantly decreases high-sensitivity C-
reactive protein (hs-CRP) levels. The CLEAR
Outcomes trial demonstrated a 21% reduction
in cardiovascular events among patients
treated with bempedoic acid [22, 23].
Common side effects include hyperuricemia,
nasopharyngitis, and mild tendon disorders,
making it an excellent option for individuals
intolerant to statins.

Fibrates:
Reduction

Targeting Triglyceride

Fibrates activate peroxisome proliferator-
activated receptor-alpha (PPARa), enhancing
lipid metabolism and reducing very low-
density lipoprotein (VLDL) production.
Fenofibrate and gemfibrozil are the primary

agents in this class, with fenofibrate showing
promise in the FIELD trial for reducing
diabetic  retinopathy progression. While
fibrates primarily lower triglycerides, they also
slightly increase HDL-C and reduce LDL-C
[24]. However, their use requires caution in
patients with renal impairment, as fibrates are
renally cleared and may pose a risk of

nephrotoxicity.

Bile Acid Sequestrants: Disrupting
Cholesterol Recycling

Bile acid sequestrants, such as

cholestyramine, colestipol, and colesevelam,
bind bile acids in the intestinal Iumen,
preventing their reabsorption. This forces the
liver to utilize more cholesterol to produce bile
acids, thereby reducing circulating LDL-C
levels [25]. While these agents effectively
lower LDL-C, their use is often limited by
gastrointestinal side effects like bloating and
constipation. Bile acid sequestrants are a
suitable option for younger patients or
pregnant women who cannot take statins or
other systemic therapies.

Evinacumab: A Novel Approach for
Severe Dyslipidemia

Evinacumab is a monoclonal antibody
targeting  angiopoietin-like  protein 3
(ANGPTL3), which plays a key role in lipid
metabolism. Unlike traditional LDL receptor-
targeting therapies, evinacumab reduces LDL-
C levels independently of LDL receptors.
Approved for
hypercholesterolemia (HoFH), evinacumab
has demonstrated significant efficacy in trials
such as the ELIPSE HoFH trial, achieving
LDL-C reductions of over 47% [26]. Its
unique mechanism makes it particularly

homozygous familial

valuable for individuals with severe or
refractory dyslipidemia, though its high cost
and limited availability restrict widespread
use.



Lomitapide and
Specialized Therapies
Hypercholesterolemia

Mipomersen:
for Familial

Lomitapide inhibits microsomal triglyceride
transfer protein (MTP), reducing the assembly
of  apoB-containing  lipoproteins  and
LDL-C

However, its use is associated with hepatic

significantly ~ lowering levels.
steatosis and elevated liver enzymes, requiring
close monitoring. Mipomersen, an antisense
oligonucleotide targeting apoB-100 mRNA,
reduces LDL-C by approximately 37% and is
indicated for homozygous familial
hypercholesterolemia [27]. Both therapies are
reserved for patients with severe dyslipidemia
who fail to achieve target LDL-C levels with
conventional therapies. The Homozygous FH
studies have validated their efficacy but

highlighted their safety challenges.

LDL Apheresis:
Lipoprotein Removal

Extracorporeal

Ezetimibe

Bempedoic Acid

Moderate Intensity Statin
Ezetimibe and Bempedoic Acid
High Intensity Statin

Inclisiran

PCSK9i

High Intensity Statin and Ezetimibe
High Intensity Statin and PCSK9i
High Intensity Statin, Ezetimibe, and PCSK9i
Evinacumab

Lomitapide and Mipomersen

LDL Apheresis (50-60%)

LDL extracorporeal
treatment that selectively removes LDL-C and

apheresis is an

other apoB-containing lipoproteins from the
bloodstream. This procedure achieves acute
reductions in LDL-C by 50—60%, making it a
with
familial hypercholesterolemia unresponsive to

crucial intervention for individuals
pharmacologic therapies [28]. While effective,
LDL apheresis is invasive and requires
specialized equipment and trained personnel.
Adverse events, such as transient hypotension,
bleeding, or venous access complications, are
potential drawbacks. The therapy is primarily
reserved for patients with homozygous
familial hypercholesterolemia or severe LDL-
C elevations that cannot be managed through
other treatments. Figure 2 compares the
efficacy of statins, PCSK9 inhibitors, and
other lipid-lowering agents, highlighting the
effectiveness  of

superior combination

therapies.

85.0%

20

30 20 50 60 70 80
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Figure 2. Effectiveness of Lipid-Lowering Therapies in LDL-C Reduction



Evaluating the Effectiveness of Lipid-
Lowering Therapy

Both European and American guidelines
emphasize the importance of monitoring the
response to lipid-lowering therapies within a
specific  timeframe after initiation or
adjustment. A follow-up assessment is
recommended 4-12 weeks after the start of
treatment to evaluate its effectiveness and
make any necessary modifications. However,
the recommended intervals for subsequent
follow-ups differ between the two guidelines
once the LDL-C target is achieved.

The European guidelines advise follow-up
intervals of 6-12 months, whereas the
American guidelines suggest a more variable
timeframe of 3—12 months. In contrast, the
ESC guidelines recommend shorter intervals
of 46 weeks following an acute coronary

critical early recovery period [13, 14].
Similarly, the writing committee advocates
comparable shorter intervals for individuals at
extreme risk to optimize care and minimize
potential ~ complications.  Once  stable,
subsequent follow-ups every six months are
advised for this high-risk group, with earlier
evaluations recommended when  dose
adjustments are made.

During these follow-ups, a comprehensive
lipid profile should be conducted, including
assessments of non-HDL-C and ApoB, which
serve as secondary treatment targets.
Furthermore,  adherence to  prescribed
medications and recommended lifestyle
changes is vital for maximizing the benefits of
lipid-lowering therapy and reducing the risk of
ASCVD. Figure 3 presents an overview of risk

categories, LDL-C  targets, and the

.. . correspondin management strategies
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Outcome Measures

The primary outcome measures included
several key aspects. The reduction in LDL-C
percentages was a significant focus, with
articles examining the effectiveness of various
therapeutic regimens, including combination
therapies, in achieving guideline-
recommended LDL-C targets. Another critical
measure was the reduction in major adverse
cardiovascular events (MACE), such as
myocardial infarction and cardiovascular
death. Regional variability was also
highlighted, with studies like the DA VINCI
study showcasing differences in LDL-C goal
attainment and healthcare access across
European countries [11]. Additionally, the
long-term safety profiles of novel therapies
were assessed to ensure their viability for
sustained use. Risk stratification was further
enhanced through tools like coronary artery
calcium (CAC) scoring and arterial imaging,
refining patient management strategies.

Results
LDL-C Reduction Across Therapies

The meta-analysis highlights substantial
progress in lipid-lowering strategies, with
combination regimens demonstrating superior
efficacy compared to monotherapies. High-
intensity statins, such as atorvastatin and
rosuvastatin, were shown to reduce LDL-C
levels by approximately 50% [1, 3, 6].
Moderate-intensity statins achieved reductions
in the range of 30-40% [1, 3, 6]. However,
statin monotherapy often proved insufficient
for high-risk populations to meet guideline-
recommended LDL-C targets of <70 mg/dL
for high-risk patients and <55 mg/dL for very-
high-risk patients [2, 7, 11].

Combination therapies offered enhanced
outcomes. Adding ezetimibe to statin therapy
increased LDL-C reduction to approximately
65% [1, 5]. Incorporating PCSK9 inhibitors
into combination regimens yielded even
greater reductions, with LDL-C levels

dropping by 75-85% [2, 4, 8]. Bempedoic
acid, as a monotherapy, achieved an additional
LDL-C reduction of around 18% and
demonstrated  increased efficacy = when
combined with statins or ezetimibe [5, 6, 11].
According to the ESC dyslipidemia
guidelines, risk categories must adhere to the
outlined recommendations. When additional
LDL-C lowering of 20-30% is needed,
particularly in non-acute settings, bempedoic
acid may be added to the regimen. However,
for more substantial LDL-C reductions
required in very high- or extreme-risk cases,
PCSK9-targeted
prioritized. While no large-scale studies

therapies  should be

directly compare PCSK9 inhibitors and
bempedoic acid, both have been extensively
evaluated across diverse risk profiles and
shown to significantly reduce cardiovascular
morbidity and mortality.

In resource-constrained  environments,
bempedoic acid offers a viable option for
optimizing lipid control, although it is not yet
included in standard guidelines. For elderly
patients, those at risk of myopathy, individuals
with CKD, or those with partial statin
intolerance, initiating therapy with a moderate-
intensity statin and ezetimibe is suggested. In
cases of complete statin intolerance, a
combination of ezetimibe and bempedoic acid
may be employed, with the potential addition
of PCSK9-targeted therapies depending on
LDL-C levels achieved.

Novel Agents

Inclisiran, an siRNA-based therapy, has
demonstrated an approximately 50% reduction
in LDL-C levels while requiring fewer annual
doses compared to traditional treatments [9, 2].
Additionally,
targeting  lipoprotein(a) have achieved

antisense  oligonucleotides
reductions of up to 80% in Lp(a) levels,
significantly lowering cardiovascular risk in
patients with elevated Lp(a) levels [9, 10, 2].



LDL-C Goal Achievement

The percentage of patients achieving LDL-
C targets increased with the intensification of
therapy. Monotherapy with statins allowed
only 25% of patients to reach LDL-C levels
below 70 mg/dL [3, 7]. Adding ezetimibe to
statin therapy improved this percentage to 45%
[1, 5]. Further intensification with PCSK9
inhibitors resulted in over 75% of patients
achieving LDL-C targets [2, 8].

Cardiovascular Outcomes

Combination  therapies demonstrated
significant benefits in improving
cardiovascular outcomes. Statin monotherapy
reduced major adverse cardiovascular events
(MACE) by 15-20% [3, 6], while the addition
of ezetimibe to statins enhanced MACE
reduction to 25% [5]. Further intensification
with the combination of statins, ezetimibe, and
PCSK?9 inhibitors achieved reductions of 30—
35% [4, 8, 11]. In terms of mortality, PCSK9
inhibitors decreased cardiovascular mortality
by 35% in high-risk populations [2, 4].
Intracoronary imaging studies also revealed
greater regression and stabilization of
atherosclerotic ~ plaques  with  intensive
therapies. Both PCSK9 inhibitors and

inclisiran significantly contributed to the
reduction of plaque burden [7, 9, 11].

Safety and Tolerability

Statins remain a cornerstone of lipid-
lowering therapy, but their use is occasionally
associated with adverse events such as
myopathy and, in rare cases, rhabdomyolysis
[1, 3]. Approximately 9% of patients
experience statin intolerance, though complete
intolerance is reported in less than 3% of cases
[6]. PCSK9 inhibitors have been well-
tolerated, with only mild injection-site
reactions reported and no significant systemic
side effects observed [2, 8]. Bempedoic acid
has demonstrated minimal muscle-related side
effects and reversible elevations in uric acid
levels, making it a suitable alternative for
statin-intolerant patients [5, 11]. Inclisiran and
antisense therapies also showed favorable
safety profiles, though rare cases of injection-
site reactions and thrombocytopenia were
reported in some clinical trials [9, 10, 11]. As
illustrated in Table 3, different lipid-lowering
regimens lead to varying degrees of
cardiovascular risk reduction, emphasizing the
need for personalized therapy.

Table 3. LDL-C Reduction and Cardiovascular Risk Reduction

Therapy Type LDL-C MACE Mortality
Reduction (%) Reduction (%) | Reduction (%)

Statin Monotherapy 30-50 15-20 20

Statin + Ezetimibe ~65 25 28

Statin + PCSK9 Inhibitors | 75-85 30-35 35

Bempedoic Acid ~18 21 —

Inclisiran ~50 — —

Antisense Therapies ~80 (Lp(a)) Significant Significant
(Lp(a))




The impact of lipid-lowering therapies extends
beyond LDL-C reduction to significantly
lowering major adverse cardiovascular events
(MACE) and cardiovascular mortality. Figure

4 presents a comparative analysis of various
lipid-lowering therapies, demonstrating their
combined effects on LDL-C levels, MACE
reduction, and mortality outcomes.

Combined Reduction Chart by Therapy (Including Inclisiran)

80 [ 3 LDL-C Reduction
[ MACE Reduction
70| 3 Mortality Reduction

60

501

40

Reduction (%)

301

20

10r

0

Figure 4. Combined Reductions in LDL-C, MACE, and Mortality Across Various Lipid-Lowering Therapies.

Discussion
Summary of Findings

The findings from this study underscore the
pivotal role of aggressive cholesterol-lowering
strategies in  managing  atherosclerotic
cardiovascular disease (ASCVD). Statins
remain foundational for LDL-C reduction,
achieving reductions of 30—-50%. However, the
consistent failure to meet guideline-
recommended LDL-C targets in high-risk and
very-high-risk populations necessitates
combination therapies that integrate non-statin
agents like ezetimibe, PCSK9 inhibitors,
bempedoic acid, and inclisiran [1, 2, 3, 11].
These advanced therapies provide additive
benefits, achieving LDL-C reductions of up to
85% and significantly lowering the risk of
major adverse cardiovascular events (MACE)
and cardiovascular mortality [4, 5, 8, 11]. Data
from the DA VINCI study highlights
significant gaps in LDL-C goal attainment,
with fewer than 20% of very-high-risk patients
achieving the recommended LDL-C target,
further emphasizing the need for combination
regimens and novel approaches [11].

Implications for Clinical Practice

Combination therapies, particularly those
incorporating  PCSK9 inhibitors, have
demonstrated superior LDL-C reduction
compared to statin monotherapy [3, 5, 9, 11].
Early and sustained LDL-C lowering
following a myocardial infarction (MI)
significantly reduces mortality and recurrent
events. Additionally, reductions in non-HDL-C
levels provide further prognostic value [10,
11]. Real-world evidence highlights the
effectiveness of stepwise therapy
intensification, with tailored regimens
achieving LDL-C targets in up to 98% of
patients [7, 11].

Novel agents also play an important role in
contemporary lipid management. Inclisiran,
with its biannual dosing schedule, offers a
convenient and effective solution for patients
who struggle with adherence to traditional
therapies [6, 9, 11]. Antisense therapies
targeting  lipoprotein(a) (Lp(a)) address
residual cardiovascular risk by reducing Lp(a)
levels by up to 80% in high-risk cohorts [10,
11]. Bempedoic acid serves as a viable option



for statin-intolerant patients, combining a
favorable safety profile with significant LDL-
C reduction [2, 5, 7, 11].
Adjunctive lifestyle modifications,
including the Mediterranean diet, regular
physical activity, and smoking cessation,
enhance the benefits of pharmacological
therapies [2, 4, 6, 11]. Tools like coronary
artery calcium (CAC) scoring further refine
patient risk stratification, helping to guide
therapy intensification for individuals in
intermediate-risk categories [8, 10, 11].

Addressing Barriers to Implementation

Despite their demonstrated efficacy, the
widespread adoption of advanced therapies is
hindered by barriers such as cost, accessibility,
and therapeutic inertia [3, 7, 11]. Findings
from the DA VINCI study emphasize
disparities in LDL-C goal attainment across
European  countries, reflecting regional
differences in healthcare access and adherence
to guideline-directed therapies [11]. Simplified
regimens, including single-pill combinations,
can improve adherence, while policy-level
interventions are necessary to enhance
affordability and availability of therapies like
PCSKO9 inhibitors and inclisiran [2, 6, 11].

Future Directions

The field of lipid management is on the
cusp of significant advancements driven by
innovation and precision
Biomarker-driven approaches and genetic

medicine.

profiling are expected to play a pivotal role in
tailoring therapies for conditions such as
familial hypercholesterolemia (FH) and other
high-risk populations, optimizing patient
outcomes [8, 9, 11]. Additionally, the
importance of real-world evidence cannot be
overstated. Long-term studies are essential to
validate the efficacy and safety of these
therapies across diverse patient populations
and clinical settings, ensuring their
applicability and reliability [4, 7, 2].

A multidisciplinary approach will also
remain central to achieving comprehensive
cardiovascular risk reduction. The integration
of pharmacological advancements with
lifestyle interventions and patient education
will be critical for sustained success in
managing lipid levels and reducing
cardiovascular risks [3, 5, 11].

Conclusion

The evolution of lipid-lowering strategies
marks a transformative phase in the prevention
and management of  atherosclerotic
cardiovascular  disease = (ASCVD). This
analysis consolidates findings from pivotal
studies to emphasize not only the efficacy of
emerging therapies but also their necessity in
addressing unmet needs within cardiovascular
care. The persistent gap between guideline-
directed LDL-C targets and real-world
outcomes underscores the need for advanced,
patient-centric strategies [1, 2, 11].

Advanced therapies such as ezetimibe,
PCSKO9 inhibitors, bempedoic acid, and RNA-
based agents offer significant potential in
achieving aggressive LDL-C targets. These
treatments address key limitations of statins,
including insufficient LDL-C reduction in
high-risk populations and statin intolerance,
while providing additional benefits such as
lowering lipoprotein(a) [Lp(a)] and
triglyceride-rich lipoproteins [3, 5, 9, 11].
Combination therapies, particularly those
incorporating PCSK9 inhibitors and inclisiran,
have demonstrated exceptional efficacy, with
LDL-C reductions exceeding 85% and
substantial reductions in major adverse
(MACE) and
cardiovascular mortality among high- and

cardiovascular events

very-high-risk patients [2, 4, 8].

Real-world evidence, including findings
from studies like SWEDEHEART and DA
VINCI, highlights the critical role of early and
sustained LDL-C lowering in improving long-
term cardiovascular outcomes. These studies
emphasize the importance of initiating



aggressive lipid-lowering strategies early in
the treatment process to maximize patient
benefit [10, 11].

The adoption of combination regimens
tailored to individual patient risk profiles is
particularly beneficial for those with familial
hypercholesterolemia, diabetes, or recurrent
ASCVD events [2, 5, 11]. Additionally, the
integration of non-statin agents offers a viable
solution for statin-intolerant patients or
individuals who fail to achieve LDL-C targets
with conventional therapies. These approaches
provide clinicians with flexible strategies to
optimize lipid management in diverse patient
populations [7, 8, 11].

The next frontier in lipid management lies
in precision medicine, integrating genetic
profiling and biomarker-driven approaches to
tailor therapies for individual patients.
Advanced imaging and risk stratification tools,
such as coronary artery calcium (CAC)
scoring, further refine treatment decisions and
enable personalized care [4, 8, 2]. A
multidisciplinary approach that combines
pharmacological advancements with lifestyle
interventions, as well as the development of
simplified regimens like single-pill
combinations, remains critical for
comprehensive cardiovascular care [3, 6, 11].

This analysis affirms that advanced
cholesterol-lowering therapies, when applied
strategically, have the potential to significantly
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