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On behalf of Sociedad Colombiana de Cardiolo-
gía y Cirugía Cardiovascular and its official organ, 
Revista Colombiana de Cardiología, we would like 
to recognize Dr. Álvaro Ruiz and Dr. Ángel Gar-
cía, as guest Editors of this Residual Risk Supple-
ment, as well as all the distinguished authors of its 
various chapters, for their great effort in achieving 
this special issue comprised of various topics trea-
ted with excellence and high scientific standards.  
Cardiovascular disease continues to be the main 
cause of death around the world, and Latin Ameri-
ca is not an exception. Today, cardiovascular risk 
measurement is part of an adequate clinical as-
sessment. The different scales take into account 
conditions like age, sex, race, blood pressure, 
smoking, total serum cholesterol, HDL, LDL, dia-
betes mellitus, and the use of certain medications 
like aspirin, statins and antihypertensives. Car-
diovascular risk assessment has helped identify 
individuals with a high or very high long-term risk 
of having a fatal or non-fatal event, who are also 
asymptomatic, which has led to the institution of 
timely patient-centered cardiovascular prevention 
programs based on precision medicine.   

Hyperlipidemia has proven to be a very important 
risk factor for developing cardiovascular disease. 
The epidemiological evidence is based on dozens 
of prospective randomized studies which have 
shown its linear relationship with the risk of infarc-
tion and cardiovascular mortality, and it is clear 
that the more intense the lowering of LDL-c, the 
greater the reduction in cardiovascular risk. Howe-
ver, despite achieving “optimal” levels according 
to the current recommendations, a high and un-
acceptable cardiovascular risk persists, even with 
lower figures, especially in patients in secondary 
prevention. 
This persistent, or residual, cardiovascular risk 
despite optimal treatment is largely due to lipid 
factors other than LDL-c and to inflammatory con-
ditions with a high atherogenic potential. Based on 
these observations, it is important to identify lipid 
factors other than LDL-c which are associated with 
lipid residual risk, not only to correct them but also 
to characterize them in high-risk patients, as oc-
curs, for example, in insulin resistance situations 
such as type 2 diabetes mellitus, obesity or meta-
bolic syndrome. 
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This special issue is aimed at an even better un-
derstanding of these conditions which favor re-
sidual risk and the role of adequate patient as-
sessment, as well as the new pharmacological 
therapies which offer excellent clinical outcomes. 

We would like to express our sincere thanks to all 
the authors who kindly contributed to this issue, for 
all the effort and time they invested. The transmis-
sion of their knowledge will lead to better cardio-
vascular health for our patients.



 S(2) 3

PROLOGUE

Prologue 

Prólogo
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Cardiovascular disease is the main cause of morbi-
dity and mortality in Colombia and the world. From 
a social perspective, it represents a common cau-
se of disability, deteriorates patients’ quality of life, 
and has a significant negative economic impact 
on healthcare systems due to its high treatment 
costs. Despite multiple preventive and therapeutic 
strategies, there is limited control of cardiovascu-
lar risk factors, and screening and early diagnostic 
processes are still insufficient, providing ample re-
asons to expect a progressive increase in the bur-
den of cardiovascular disease over the next few 
years in our country. 
Many efforts to mitigate the risk of cardiovascu-
lar events are aimed at populations with high and 
very high cardiovascular risk, as well as patients in 
secondary prevention who, despite achieving the 
goals established by the clinical practice guideli-
nes in terms of controlling the main cardiovascular 
risk factors, experience cardiovascular events or 
their recurrence. This situation has been the ob-
ject of much scientific research along the lines of 

what is known as “residual risk” which, as will be 
seen throughout the chapters in this supplement, 
requires a transdisciplinary and holistic approach 
in its management, including different therapeutic 
objectives with proven benefits in reducing adver-
se cardiovascular events. 

After years of research, great advances have 
recently been achieved in the treatment of and 
approach to patients with dyslipidemia, with seve-
ral treatments found which different scientific so-
cieties have started to recommend. In light of the 
evidence, these treatments need to be studied to 
understand their pathophysiological mechanisms 
and the available proof for considering them today 
as tools for managing patients with overt cardio-
vascular disease or who are in primary prevention 
with associated cardiovascular risk factors. 

Thus, on behalf of all the authors of this supple-
ment, I extend a special invitation to enjoy the in-
formation contained in each section and employ it 
for the patients’ benefit
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SPECIAL ARTICLE

From residual risk concept to practice: History, development, evolution 
of the concept and current status

Del concepto del riesgo residual a la práctica: Historia, desarrollo, evolución del concepto y 
estado actual

Efraín A. Gómez-López1*, Dora I. Molina2 y Jorge Castillo3

1Coronary Care Unit, Clínica Shaio, Bogotá, Colombia. 2 School of Medicine, Universidad de Caldas, Manizales, Colombia. 3 Department 
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Date of acceptance: 26-07-2023
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Abstract
Residual cardiovascular risk is defined as the risk of cardiovascular events that persists in patients despite 
reaching low-density lipoprotein cholesterol, blood pressure and blood sugar treatment goals, according to 
the current treatment standards. In light of today’s evidence, residual risk changes the perspective beyond the 
current definition toward several aspects like residual thrombotic risk; residual metabolic risk and the role of 
lipoprotein a, triglycerides, remnant cholesterol and HDL; the residual risk of diabetics aside from A1C control; 
and residual inflammatory risk. All of these are treatment goals which affect the outcomes, producing a greater 
reduction of residual cardiovascular risk.

Keywords: Residual cardiovascular risk, residual metabolic risk, residual diabetic risk, residual inflammatory 
risk.

Resumen
El riesgo cardiovascular residual se define como el riesgo de eventos cardiovasculares que persiste en los 
pacientes a pesar de alcanzar los objetivos del tratamiento para el colesterol de lipoproteínas de baja den-
sidad, la presión arterial y la glucemia de acuerdo con los estándares actuales de manejo. A la luz de la 
evidencia actual, el riesgo residual cambia su mirada más allá de su actual definición, hacia varios aspectos, 
como el riesgo trombótico residual, el riesgo metabólico residual y el papel de la lipoprotína a, los triglicéridos, 
los remanentes de colesterol y  HDL, el riesgo residual del diabético aparte del control de la A1C, y el riesgo 
inflamatorio residual. Todos estos son objetivos terapéuticos con impacto en los resultados de una mayor 
disminución del riesgo cardiovascular residual.

Palabras clave: Riesgo cardiovascular residual, riesgo metabólico residual, riesgo diabético residual, 
riesgo inflamatorio residual.

Correspondence: 

* Efraín Gómez-López
E-mail: eagl97@gmail.com
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Background

The current treatment of patients for cardiovas-
cular disease prevention indicates the importance of 
treating several risk factors, seeking to achieve the 
recommended goals for LDL cholesterol (LDL-c), 
blood pressure, and glycemic control. In this regard, 
type 2 diabetes mellitus itself is a major risk factor for 
cardiovascular disease. 

As shown in the STENO-2 study, multifactorial 
intervention was insufficient to prevent the onset or 
progression of microvascular disease in up to 50% of 
patients with type 2 diabetes mellitus. 

There is sufficient scientific evidence to show that 
statins are the cornerstone of dyslipidemia treatment, 
but even so, a significant risk of cardiovascular disea-
se persists despite effective treatment for lowering 
LDL-c. The information from a recent meta-analysis 
which included 90,056 participants (18,686 with dia-
betes) in 14 randomized trials showed that one out of 
seven patients treated with statins experienced car-
diovascular events over the course of five years, and 
that an additional reduction in LDL-c, with maximum 
statin doses, did not eliminate the residual risk1. 

All of this led to the need to review and renew the 
focus of effective interventions which could reduce 
the residual risk of cardiovascular events and micro-
vascular complications in patients with dyslipidemias 
receiving optimal medical treatment in line with the 
current standard care guidelines. The treatment of 
atherogenic dyslipidemia, which is typically found in 
patients with metabolic abnormalities, was far from 
optimal, which led to an initial focus on residual lipid 
risk.  

Thus, the Residual Risk Reduction Initiative (R3I) 
was established to deal with this problem. The first 
proposal was to highlight the evidence of atherogenic 
dyslipidemia’s contribution to residual macrovascu-
lar risk and microvascular complications despite the 
standards of care for dyslipidemia and diabetes at 
that time, and to recommend therapeutic intervention 
to reduce it, supported by the evidence and expert 
consensus. 

Lifestyle modification was the first important step, 
often followed by reinforcing pharmacological treat-
ment, adding other drugs like niacin, fibrates and 
omega-3 to statin treatment, with which some impro-
vement was achieved in all the remaining lipid risk 
factors.

In short, the R3I underscored the need to employ 
healthy lifestyle changes and pharmacotherapeutic 
interventions to deal with the elevated residual car-

diovascular risk in patients with dyslipidemia who 
were being treated according to the standard recom-
mendations at that time2. 

Definition of residual risk according to the 
Residual Risk Reduction Initiative 

Residual cardiovascular risk is defined as the risk 
of cardiovascular events which persists in patients 
despite reaching the treatment goals for low-density 
lipoprotein cholesterol (LDL-c), blood pressure and 
blood sugar, according to the current treatment stan-
dards. 

Development and evolution of the concept
Inflammation

Statins have been known to have pleiotropic effects 
which go beyond LDL-c reduction. Many studies 
have shown the resulting anti-inflammatory effects. 
In the JUPITER study, the administration of 20 mg 
of rosuvastatin per day lowered CRP (ultra-sensitive 
C-reactive protein) (us-CRP) by 37% compared with 
the placebo3. Interestingly, the magnitude of hsCRP 
reduction achieved with rosuvastatin was proportio-
nal to the reduction in cardiovascular risk. Individuals 
who achieved hsCRP levels <2 mg/L demonstrated a 
55% reduction in the primary endpoint compared to 
those with hsCRP levels ≥ 2 mg/L (p = 0.007); howe-
ver, this benefit was not separate from the reduction 
in LDL-c. Likewise, in the Pravastatin or Atorvastatin 
Evaluation and Infection Therapy-Thrombolysis in 
Myocardial Infarction 22 (PROVE-IT TIMI 22) study, 
patients who reached levels of us-CRP < 2 mg/l had 
fewer recurrent cardiovascular events. Nevertheless, 
whether the benefits of statins are related to LDL-c 
reduction, decreased inflammation, or a combination 
of these factors is still a matter of debate4.  

The direct causal role of inflammation in cardio-
vascular disease was not formally proven until the 
Canakinumab Anti-Inflammatory Thrombosis Outco-
me Study (CANTOS) which recruited 10,061 partici-
pants with a history of myocardial infarction (MI), op-
timized LDL-c and us-CRP > 2 mg/l and randomized 
them to optimal medical therapy (OMT) plus placebo 
vs. OMT plus canakinumab, a fully human monoclo-
nal antibody targeting interleukin-1b (IL-1b)5. It is im-
portant to highlight that previous studies showed that 
canakinumab has no effect on LDL-c. For the primary 
endpoint of efficacy for non-fatal MI, non-fatal stroke 
or cardiovascular death, a benefit was found with a 
150 mg dose (HR = 0.85; 95% CI = 0.74-0.98; p = 
0.021) and a 300 mg dose (0.86; 95% CI = 0.75-0.99; 
p = 0.031) of canakinumab compared with placebo.  
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It is important to highlight that decreasing CRP to < 2 
mg/l led to a 25% reduction in major adverse cardio-
vascular events (MACE) and a 31% reduction in car-
diovascular mortality and all-cause mortality, with no 
effect on LDL-c. There was no significant reduction 
in mortality when the CRP levels remained above 2 
mg/l5. 

A recent clinical study evaluating low doses of colchi-
cine after an MI, the Colchicine Cardiovascular Outco-
mes Trial (COLCOT), showed a reduction in the primary 
endpoint comprised of cardiovascular death, cardiac 
arrest, non-fatal MI, stroke or angina leading to revas-
cularization (HR = 0.77; 95% CI = 0.61-0.96; p = 0.02). 
The CRP was only measured in a subgroup of 207 pa-
tients, with a mean placebo-adjusted percent change 
in CRP of -10.1% after six months in those randomized 
to colchicine6. The widespread use of anti-inflammatory 
drugs to prevent cardiovascular events is still not widely 
recommended, especially in those without elevated 
systemic inflammation, although colchicine is ultimately 
a low-cost option for secondary prevention in selected 
patients, according to the previous findings. 

Based on the previous discussion, as well as multiple 
observations of higher rates of atherosclerotic cardio-
vascular disease in patients with chronic inflammatory 
diseases (e.g., rheumatoid arthritis, systemic lupus 
erythematosus, psoriasis, human immunodeficiency vi-
rus, etc.), there is a growing recognition of the importan-
ce of the link between inflammation and cardiovascular 
disease. The study in the town of Tsimane, a pre-indus-
trial community in Bolivia, was a case study on the im-
portance of the role of inflammation in atherosclerotic 
cardiovascular disease. In this population, despite the 
fact that many people had elevated inflammatory mar-
kers (51% of the participants had an us-CRP > 3.0 mg/l), 
the study found that having a lower prevalence of tra-
ditional risk factors led to fewer cardiovascular events7. 
This example emphasizes the importance of traditional 
risk factors in risk evaluation. Among the 2019 Ameri-
can College of Cardiology (ACC)/American Heart Asso-
ciation (AHA) recommendations for primary prevention, 
chronic inflammatory diseases are considered to poten-
tiate risk and may be considered when the quantitative 
risk assessment using traditional risk factors appears to 
underestimate the risk of atherosclerotic cardiovascular 
disease. Thus, the inflammatory pathway becomes an 
important pathway for future studies on the prevention 
of cardiovascular diseases. 

Inflammation and hyperlipidemia contribute jointly 
to atherothrombotic disease. However, when patients 
are treated with intensive statin therapy, the relative 
contributions of inflammation and hyperlipidemia to the 
risk of future cardiovascular events can change, a fact 
which has implications for the choice of adjuvant cardio-

vascular therapy. A study recently published by Ridker 
et al.8 evaluated the relative importance of high-sen-
sitivity CRP and LDL-c as determinants of the risk of 
serious adverse cardiovascular events, cardiovascular 
death and death from all causes among patients recei-
ving statins. The investigators conducted a collabora-
tive analysis of patients at high risk for atherosclerotic 
disease who received statins and participated in the 
PROMINENT, REDUCE-IT or STRENGTH multinatio-
nal trials. The quartiles of increased baseline us-CRP 
and increased baseline LDL-c were evaluated as pre-
dictors of future major adverse cardiovascular events, 
cardiovascular mortality and all-cause mortality. 

The study included 31,245 patients and found that 
the residual inflammatory risk was significantly asso-
ciated with a higher incidence of major adverse cardio-
vascular events, cardiovascular mortality and all-cause 
mortality related to higher us-CRP levels. In contrast, 
the relationship of the residual cholesterol risk was neu-
tral for major adverse cardiovascular events (highest 
LDL-c quartile vs. lowest LDL-c quartile), and small for 
cardiovascular mortality and all-cause mortality (Fig. 1, 
Fig. 2).

The investigators in this analysis of 31,245 patients 
who received statins concluded that the residual in-
flammatory risk evaluated through us-CRP was a 
stronger predictor of the risk of future cardiovascular 
events and death than the residual cholesterol risk 
evaluated through LDL-c. Although the current data 
should not be used to disregard the crucial role of 
adjuvant lipid reduction beyond the use of statins for 
patients with persistent or refractory hypercholeste-
rolemia, they do suggest that it is unlikely that only 
addressing LDL-c will completely reduce atheroscle-
rotic risk and that the inflammatory pathways have 
not yet been completely exploited to lower the rate 
of fatal and non-fatal cardiovascular events. They 
also consider that the combined use of aggressive 
lipid-lowering and anti-inflammatory therapies could 
become the standard of care for atherosclerotic di-
sease in the future8. 

These results show the role of inflammation in re-
sidual risk scenarios. Now, the residual risk horizons 
are broadened to consider not only residual lipid risk, 
but also the role of inflammation within the residual 
risk components, introducing the concept of residual 
inflammatory risk.

Thrombosis
Anticoagulation

In patients with established cardiovascular disea-
se, antiplatelet agents are an essential component of 
optimal medical therapy. Despite the appropriate use 
of antiplatelets, the risk of atherothrombosis and sub-
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sequent cardiovascular events usually persists with 
the use of aspirin. For example, in the Antithrombotic 
Trialists’ Collaboration Study which included 16 ran-
domized clinical trials on secondary prevention, with 
17,000 patients, while aspirin reduced the risk of se-
rious vascular events, this primary endpoint still oc-
curred in 6.7% of the patients, compared with 8.2% in 
the placebo group9. Therefore, interest was aroused 
in identifying patients who could benefit from intensi-
fication of the antithrombotic or anticoagulant thera-

py. Two clinical studies have proven the usefulness 
of adding low-dose anticoagulation to the antiplatelet 
treatment. In the Anti-Xa Therapy to Lower Cardio-
vascular Events in Addition to Standard Therapy in 
Subjects with Acute Coronary Syndrome- Throm-
bolysis in Myocardial Infarction Trial 51 (ATLAS ACS 
2-TIMI 51), the addition of low-dose rivaroxaban 
(2.5 or 5 mg twice a day) to antiplatelet therapy af-
ter a recent cardiovascular event (with 93% of the 
patients on dual antiplatelet therapy) decreased the 

Figure 1. Residual inflammatory risk evaluated through us-CRP and residual lipid risk evaluated through LDL-c, as 
predictors of future cardiovascular events and death8. 
*p < 0.0001. †p < 0.01. ‡p < 0.05. The information from the combined study cohort shows: A: major cardiovascular 
events. B: cardiovascular mortality. C: all-cause mortality. 
CRP: C-reactive protein. LDL-c:  low-density lipoprotein cholesterol.

Figure 2. Combined analysis of us-CRP and LDL-c as predictors of future cardiovascular events and death8.
*p < 0.0001. †p < 0.01. 
The information from the combined study cohort shows: A: major cardiovascular events. B: cardiovascular mortality. 
C: all-cause mortality.
The data are shown in four groups according to baseline LDL-c and us-CRP. 
CRP: C-reactive protein. LDL-c: low-density lipoprotein cholesterol
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relative risk by 16% for major adverse cardiovascular 
events10; however, this benefit was tempered by an 
increase in major bleeds (2.1 vs. 0.6%; p < 0.001) 
and intracranial hemorrhage. Another study, Cardio-
vascular Outcomes for People Using Anticoagulation 
Strategies (COMPASS), also showed that a low dose 
of rivaroxaban plus aspirin vs. aspirin alone led to a 
24% reduction in the primary endpoint and a 22% re-
duction in the net clinical benefit evaluation criterion 
(composed of the primary endpoint, fatal hemorrha-
ge and symptomatic hemorrhage in a critical organ 
or area)11. It is important to note that in a subgroup 
analysis, the magnitude of the benefit was even more 
pronounced in those with peripheral artery disease, a 
population with a higher atherosclerotic burden which 
usually affects several vascular beds and, therefore, 
has a higher risk of thrombotic events. Given these 
findings, low doses of rivaroxaban appear to be a 
promising pathway toward further reducing the resi-
dual thrombotic risk. 

Dual antiplatelet therapy (DAPT) with aspirin and 
a P2Y12 inhibitor is a pillar of treatment up to one 
year after percutaneous coronary intervention (PCI). 
However, the benefit of extending DAPT beyond 
12 months has been less clear. The Prevention of 
Cardiovascular Events in Patients with Prior Heart 
Attack Using Ticagrelor Compared to Placebo on a 
Background of Aspirin–Thrombolysis In Myocardial 
Infarction 54 (PEGASUS-TIMI 54) study showed that 
adding ticagrelor to aspirin led to a 16% reduction 
in MACE12. Meanwhile, a meta-analysis of six trials 
evaluating the long-term efficacy of DAPT in the se-
tting of stable cardiovascular disease following an 
acute coronary syndrome (ACS) showed similar re-
sults13. Despite this, the benefits of prolonged DAPT 
were tempered by a higher risk of severe (but not 
fatal) bleeding. 

This information, based on these clinical outco-
mes, introduces another important concept: residual 
thrombotic cardiovascular risk. 

Residual metabolic risk
Lipoprotein (a)

Lipoprotein (a) [Lp(a)] is a particle similar to LDL 
bound covalently to apoliprotein (a) [apo (a)], a 
non-functional plasminogen imitator14. Lipoprotein 
(a) plays an active role in vascular atherothrombo-
sis, and its plasma levels are highly hereditary15. In 
the INTERHEART study, an Lp(a) > 50 mg/dl was 
associated with a higher risk of MI (OR = 1.48; 95% 
CI = 1.32-1.67; p < 0.001)16. A JUPITER sub-analysis 
showed that Lp(a) was a strong predictor of residual 
risk in patients who were already on a statin (adjusted 

HR = 1.27; 95% CI = 1.01-1.59; p = 0.04), regardless 
of LDL-c and other risk factors17. However, whether 
Lp(a) should be a treatment goal is still under debate. 
While epidemiology and genetics suggest that Lp(a) 
is a cause of atherosclerotic cardiovascular disease 
and calcified aortic stenosis18, randomized controlled 
trials have not been performed to answer this ques-
tion. 

In the FOURIER study, evolocumab lowered Lp(a) 
levels by a median of 26.9%, which was moderate-
ly correlated with the change in LDL-c (r = 0.37)19. 
In patients with a baseline Lp(a) above the median, 
evolocumab was associated with a 23% reduction in 
the risk of death from coronary heart disease, MI or 
urgent revascularization (compared with placebo), 
while there was only a 7% reduction in those with 
an Lp(a) below the median (p for interaction = 0.07). 
It is important to note that, in a post-hoc analysis of 
the Phase III ODYSSEY trials, the reductions in Lp(a) 
were not significantly associated with reductions in 
MACE, regardless of the LDL-c, except in the hi-
ghest baseline Lp(a) values (> 105 nmol/L), where 
the Lp(a) reductions with alirocumab led to significant 
risk reductions beyond the reduction in LDL-c20. 

Triglycerides and remnant cholesterol
Triglycerides and triglyceride-rich lipoproteins 

have also been identified as important contributors 
to residual risk. Triglycerides are derived from the 
diet (chylomicrons and their remnants) and the liver 
(VLDL and its remnants) and circulate in the blood. 
Lipoprotein lipase (LPL) covers the luminal surface 
of the capillaries and hydrolyzes the core triglyceri-
des to free fatty acids (FFAs) and glycerol. As FFAs 
are released, the triglyceride particles are physically 
remodeled (becoming smaller as they lose TG and 
surface phospholipids) and chemically remodeled 
(becoming relatively cholesterol-enriched). These 
partially lipolyzed triglycerides are known as remnant 
particles21. Remnant cholesterol, calculated as total 
cholesterol minus HDL-c, has a concurrent associa-
tion with cardiovascular disease and mortality22. 

High-density cholesterol (HDL-c)
One of the most surprisingly concordant relations-

hips in cardiovascular epidemiology is the associa-
tion between low levels of high-density lipoprotein 
cholesterol (HDL-c) and atherosclerotic cardiovascu-
lar disease. In the Framingham cohort, there was a 
gradual risk reduction for each 1 mg/dl increase in 
HDL-c concentration. At this point, it was expected 
that HDL-c levels would redirect cardiovascular risk; 
however, although the controlled randomized trials 
with niacin and cholesteryl ester transfer protein in-
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hibitors were effective in raising HDL-c, they did not 
lead to a reduction in major adverse cardiovascular 
events. Very high HDL-c levels have been found to 
be associated with poorer outcomes in large general 
population studies in Canada and Denmark23,24. Evol-
ving understanding has suggested that the functional 
measurement of HDL may be more clinically useful 
than its concentration. As a proof of principle, a func-
tional HDL measurement, cholesterol efflux capacity, 
showed the ability to predict prevalent and incident 
coronary artery disease25. In the Dallas Heart Study, 
in 2,924 patients with no known atherosclerotic car-
diovascular disease, there was a 67% reduction in 
the cardiovascular risk of those in the highest quar-
tile of cholesterol efflux capacity, compared with the 
lowest quartile (HR = 0.33; 95% CI = 0.19-0.55). It 
is important to note that cholesterol efflux capacity 
was weakly correlated with the HDL-c level (Spear-
man’s correlation coefficient of 0.07; p < 0.05). Cu-
rrently, low HDL-c (and perhaps very high levels) 
are useful for identifying patients at risk for adverse 
events, although no pharmacological treatment tar-
geting HDL-c has proven to be effective in reducing 
cardiovascular risk. There are ongoing studies today 
with apolipoprotein A-1 infusions to test if increasing 
or improving HDL function can reduce residual risk, 
where previous efforts to increase HDL-c concentra-
tion have failed26. 

This information, based on these clinical results, 
adds another important concept: residual metabolic 
cardiovascular risk. 

Diabetes 
For years, none of the medications used to treat 

diabetes proved able to reduce cardiovascular events 
or mortality. The advent of glucagon-like peptide-1 
receptor agonists (GLP-1-RA) and sodium-glucose 
co-transporter-2 (SGLT2) inhibitors hailed a new era 
in diabetes care. In 2015, the Empagliflozine, Cardio-
vascular Outcomes, and Mortality in Type 2 Diabetes 
(EMPAREG OUTCOMES) trial marked the beginning 
of a paradigm shift in the treatment of diabetes and 
cardiovascular diseases. Since then, a series of trials 
have shown improvement in cardiovascular outco-
mes with these two drug classes. An important con-
sideration is that the benefits found with these me-
dications occurred in a cohort in which most of the 
patients were on optimal or almost optimal medical 
therapy, according to the guidelines. For example, in 
EMPAREG OUTCOMES, 81% of the patients were 
taking angiotensin converting enzyme (ACE) inhibi-
tors or angiotensin receptor blockers (ARBs), 77% 
were taking statins, and 82% were taking aspirin. 

Despite this, the primary composite outcome (car-
diovascular death, non-fatal MI or non-fatal stroke) 
occurred in 12.1% of the placebo group, with 5.9% 
of the deaths during the three-year follow up due to 
cardiovascular causes. Although empagliflozine was 
acclaimed as a big success for relative risk reduction, 
with 14% for the primary endpoint and a surprising 
38% for cardiovascular death, these reductions were 
associated with a significant proportion (10.5%) of 
participants who suffered major adverse cardiovas-
cular events, as almost 4% died from cardiovascular 
causes. Although these trials indicate a significant 
advance in the care of patients with diabetes, they 
also serve to highlight the substantial residual risk 
which exists despite adherence to standard optimal 
medical therapy. However, we cannot assert that 
only SGLT2 inhibitors and GLP-1-RAs can modify 
cardiovascular risk in diabetic patients, as this would 
disregard metabolic control and cardiovascular risk 
studies such as UKPDS, one of many in which the 
“legacy effect”27 of glycemic control has been re-
cognized. Two concepts support this effect; first, the 
importance of early diagnosis, and second, optimal 
early intervention. In patients who initially achieved 
adequate HbA1c control compared with the control 
group, despite A1c homogenization after study closu-
re, long-term follow-up showed a lower mortality and 
incidence of myocardial infarction in those with good 
initial metabolic control.  

Figure 3 shows that the earlier A1c control (red) 
is achieved, the lower the burden of disease compa-
red with those who achieved control five years later 
(blue).

Likewise, Figure 4 shows that the earlier the diag-
nosis, the greater the relative risk reduction in total 
mortality and myocardial infarction.

Furthermore, in the Kaiser Permanente cohort 
follow-up28, the length of exposure to an elevated 
A1c was a potentiating factor for macrovascular risk. 
Thus, an A1c of more than 9% in the first year in-
creased the risk by 48%, but the same A1c sustained 
over time increased the risk by more than 100% after 
seven years (HR = 2.113) (Fig. 5).

It should be clarified that, from a pathophysiolo-
gical perspective, insulin resistance is a determining 
factor in the genesis of cardiovascular risk in patients 
with impaired glucose tolerance, and, since both pre-
diabetic and diabetic patients share the same insulin 
resistance (differing only in their ability to produce 
insulin), prediabetic patients have an 89% higher 
cardiovascular risk, in terms of HbA1c, compared to 
normal patients29. 
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Figure 4. Time elapsed since diagnosis and risk of death and myocardial infarction27.
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Figure 3. Timing of glycosylated hemoglobin A1c control and death from infarction27.
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A 10-year follow-up study of the randomized, 
controlled, multicenter DIAbetes and diffuse coro-
nary NArrowing (DIANA) study, which included 302 
patients, compared the efficacy of the lifestyle inter-
vention and pharmacological intervention (voglibose/
nateglinide) over one year of follow up to determi-
ne its effect in reducing postprandial hyperglycemia 
in early-stage type 2 diabetics (glucose intolerance 
or recently diagnosed T2DM). In this study, MACEs 
(all-cause mortality, non-fatal MI or unplanned coro-
nary revascularization) were compared in the three 
assigned treatments (lifestyle intervention/voglibose/

nateglinide) and in patients with and without improve-
ment in postprandial hyperglycemia (reversal of im-
paired glucose tolerance, normal glucose tolerance, 
or reversal of diabetes mellitus to impaired glucose 
tolerance/normal glucose tolerance on an oral glu-
cose tolerance test with a 75 g glucose load). Over 
the 10-year follow-up period after the end of this cli-
nical trial, neither voglibose nor nateglinide reduced 
MACE; likewise, improved postprandial hyperglyce-
mia was not associated with a reduction in MACE. 
However, in subjects with impaired glucose tolerance 
(n = 143), this glycemic management significantly re-
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Figure 5. Period of exposure to elevated HbA1c and hazard ratio28.
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duced the onset of MACE (HR = 0.44; 95% CI: 0.23-
0.86; p = 0.01); especially unplanned coronary re-
vascularization. In conclusion, in this follow-up study, 
early improvement in postprandial hyperglycemia 
significantly reduced MACE and unplanned coronary 
revascularization in patients with impaired glucose 
tolerance during the 10-year study follow-up30. 

The importance of this study lies in the fact that 
improvement in impaired glucose tolerance, prior to 
the onset of diabetes mellitus, has an important im-
pact on the reduction of future cardiovascular events 
(Fig. 6).  

In a meta-analysis of more than 18,000 patients 
with diabetes, treated with statins, for every 1 mmol/l 
(39 mg/dl) reduction in LDL-c produced by statin 
treatment, there was a proportional 9% reduction 
in mortality and 13% reduction in vascular mortali-

ty, regardless of the prior history of cardiovascular 
disease31. Therefore, at least one moderate-intensi-
ty statin would be indicated for all diabetic patients 
between 40 and 75 years old, while a high-intensity 
statin would be indicated for those with established 
atherosclerotic cardiovascular disease or high car-
diovascular risk.  

Similarly, ACE inhibitors/ARBs have shown a con-
sequent reduction in cardiovascular events in hyper-
tensive patients with diabetes, especially those with 
diabetic nephropathy, and, as such, would be indica-
ted in this population. In addition, there is an updated 
recommendation from the American Diabetes Asso-
ciation for using EPA in patients with diabetes and 
cardiovascular disease or with risk factors who are 
on statins and have controlled LDL-c but elevated tri-
glycerides (135-499 mg/dl), based on evidence from 
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Figure 6. Improved glycemic status and MACE in patients with impaired glucose tolerance and recently diagnosed 
diabetes mellitus30.
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the REDUCE-IT study32. As new therapies emerge 
to gradually minimize the risk in this population, it is 
essential to ensure adherence to proven preventive 
therapies. 

Despite advances in further improving major car-
diovascular events apart from glucose, patients with 
diabetes continue to have a significant residual risk, 
making diabetes a higher-risk condition (residual dia-
betic risk), despite standard optimal medical therapy. 

The large ongoing clinical study COLCOT-T2D 
(NCT05633810) will attempt to extend the concept of 
residual inflammatory risk in primary prevention and 
test whether inflammation reduction with low doses 
of colchicine is associated with improved cardiovas-
cular outcomes in 10,000 patients with T2DM who 
are already on intensive therapy to reduce LDL-c ac-
cording to the guidelines. 

Identifying and treating residual cardiovascular 
risk is essential for optimizing patient outcomes, es-
pecially in those with a risk of recurrent events despi-
te optimal treatment of the traditional risk factors. All 
of the pathways mentioned for the so-called residual 
risk should be considered in personalizing the risk 
prediction and treatment to be instated for each pa-
tient. In this regard, then, it is important to recognize 
the emergent risk and adopt new treatments aimed 
at these factors (for example, EPA, SGLT2 inhibitors/
GLP-1-RA, low-dose rivaroxaban, etc.).  

Current state of the concept of  
residual risk

The current concept of residual risk adds other 
factors which have been associated with the risk of 
major cardiovascular events despite optimal therapy, 
initially in the LDL-c lipid target. Therefore, a contem-
porary perspective of these residual risk pathways 
would involve residual inflammatory risk, residual 
thrombotic risk, and residual metabolic risk including 
Lp(a), triglycerides and diabetes mellitus. Most of 
these have critical biomarkers and clinical trial evi-
dence showing a benefit from their treatment as part 
of secondary prevention, in addition to the use of be-
neficial drugs for reducing cardiovascular risk beyond 
glycemic control, like SGLT2 inhibitors and GLP-1-
RAs33 (Fig. 7) .

Additional considerations to the standard thera-
pies based on the evidence of cardiovascular risk 
factors 

This contemporary overview of residual risk fac-
tors will help keep them in mind when evaluating pa-
tients’ risk in secondary prevention, whose current 
intervention or in future studies will contribute to re-
ducing major cardiovascular events. 

Based on the above, the current European guideli-
nes for cardiovascular prevention in clinical practice34 
mention that patients with established atherosclerotic 
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cardiovascular disease (ACVD) have, on average, 
a very high risk of recurrent cardiovascular disease 
events if their risk factors are not treated. Conse-
quently, the European guidelines’ flowchart for Stage 
1* cardiovascular prevention in clinical practice34 re-
commend smoking cessation, adopting a healthy li-
festyle and treating risk factors in all patients. Further 
intensification of risk factor treatment to lower treat-
ment goals (Stage 2) is beneficial for most patients 
and should be considered, taking into account the 
10-year risk of cardiovascular diseases, comorbidi-
ties, lifetime risk and the benefit of treatment, fragility 
and patient preference, in a shared decision-making 
process. After initial treatment of the risk factors and 

achieving the treatment goals for those risk factors, 
the individual residual risk of cardiovascular disease 
recurrence varies widely and should be considered35 

(Fig. 8). In this article, there is a very substantial va-
riation in the estimated 10-year risk of recurrent vas-
cular events in patients with vascular disease. If all 
the modifiable risk factors were at the targets recom-
mended by the guidelines, half of the patients would 
have a 10-year risk of less than 10%. These data 
suggest that even with optimal treatment, many pa-
tients with vascular disease will continue to have a > 
20% and even a > 30% 10-year risk, clearly showing 
an area of unmet medical needs. It is evident that 
patients with recent acute coronary syndrome or pro-

Figure 7. Contemporary residual risk pathways in secondary prevention. 
Modified from: Lawler PR, Bhatt DL, Godoy LC, Lüscher TF, Bonow RO, Verma S, et al. Targeting cardiovascular 
inflammation: next steps in clinical translation. Eur Heart J. 2021;42:113-31.
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gressive vascular disease, and patients with diabetes 
mellitus and vascular disease have an exceptionally 
high risk of recurrent cardiovascular disease events. 
For other patients with established cardiovascular 
disease, the residual risk could be less evident and 
estimated based on clinical criteria like age, changes 
in risk factor levels and risk modifiers, or by calcula-
ting the residual risk for cardiovascular disease using 
a calculator. 

The risk of recurrent cardiovascular disease will be 
mainly influenced by the classical risk factors, the site 

Figure 8. Flowchart of cardiovascular risk and the treatment of risk factors in patients with established atherosclerotic 
cardiovascular disease. 
Modified from: Visseren FLJ, Mach F, Smulders YM, Carballo D, Koskinas KC, Bäck M, et al; ESC National Cardiac 
Societies; ESC Scientific Document Group. 2021 ESC Guidelines on cardiovascular disease prevention in clinical 
practice. Eur Heart J. 2021;42(34):3227-337.
*For patients with recent ACS, these prevention goals are part of CR (Class I/A).
**In patients 70 years old or older, a high 10-year risk may be associated with a lower absolute lifetime benefit of the 
treatment, due to their limited life expectancy. 
***The lifetime benefit of the treatment is expressed as additional CVD-free life years due to a given intervention or 
treatment. intensification.
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of vascular disease and kidney function. Risk stratifi-
cation tools for secondary prevention include the Se-
condary Manifestations of Arterial Disease (SMART) 
risk score (available on the ESC CVD Risk applica-
tion) for estimating the residual 10-year cardiovas-
cular disease risk in patients with stable established 
atherosclerotic cardiovascular disease defined as 
coronary disease, peripheral vascular disease or 
cerebrovascular disease36, and the European Action 
on Secondary and Primary Prevention by Interven-
tion to Reduce Events (EUROASPIRE) risk model, 
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which estimates the two-year risk of recurrent car-
diovascular disease in patients with stable coronary 
disease37. Occasionally, the risk of recurrent cardio-
vascular disease is very high despite maximum (tole-
rated) conventional treatment. In these cases, novel 
but less established preventive treatments like dual 
antithrombotic therapy, icosapent ethyl or anti-in-
flammatory treatment with colchicine could be con-
sidered. 

Conclusions
Based on the definition of residual cardiovascular 

risk as the persistent risk of cardiovascular events 
in patients despite reaching the LDL-c, blood pres-
sure and glycemic treatment goals according to the 
current management guidelines endorsed by the gui-
delines, new risk factors involved in what is known as 
residual risk have been detected which have been 
changing and developing the concept over time as 
well as the research into factors related to residual 
risk of cardiovascular disease. This evolution of the 
concept to a definition involving residual lipid risk and 
its current status together with residual inflammatory 
risk, residual metabolic risk (triglycerides and choles-
terol remnants, Lp(a), and diabetes), has led to chan-
ges in the recommendations currently suggested by 
the cardiovascular prevention guidelines in clinical 
practice34.   
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Abstract
Triglycerides are associated with cardiovascular risk largely mediated by their final product of catabolism, 
the cholesterol-rich remnant, which may come from the liver or the intestine. There is a direct association 
between fasting and postprandial triglycerides and cardiovascular risk. ApoB is associated with the number of 
particles and the amount of RC, which explains its determining role in CVD. Non-HDL cholesterol represents 
atherogenic lipoproteins, with correlation and concordance with apoB; both are cardiovascular risk markers. 
Lipoprotein (a) is a cardiovascular risk factor not only because of the cholesterol and apoB it contributes, but 
also because of its proinflammatory and prothrombotic activity. Viewing these factors holistically, it is impor-
tant to note that it is primarily a reduction in apoB, remnant cholesterol and non-HDL cholesterol that reduces 
cardiovascular events. A 10% weight loss improves TG levels without reducing apoB or cardiovascular risk. 
Of the classic lipid-lowering agents, high-dose statins and ethyl eicosapentanoate reduce cardiovascular risk 
through apoB, RC, and non-HDL reduction. To date, we do not have lipid-lowering agents aimed at reducing 
Lp(a), which is only slightly reduced by PCSK9 inhibitors and markedly reduced by LDL apheresis. These 
residual risk markers serve not only to stratify cardiovascular risk but also to establish follow-up goals.

Keywords: Residual risk. Lipid-lowering therapy. ApoB. Non-HDL cholesterol. LpA. Cholesterol remnants.

Resumen
Los triglicéridos se asocian a mayor riesgo cardiovascular, en gran parte mediado por su producto final de 
catabolismo, el remanente rico en colesterol; este último puede ser de origen hepático o intestinal. Hay una 
asociación directa entre triglicéridos en ayunas y posprandial con el riesgo cardiovascular. La apoB se asocia 
con el número de partículas y el número de RC, lo que explica el rol determinante en la enfermedad cardio-
vascular. El colesterol no-HDL representa las lipoproteínas aterogénicas y tiene correlación y concordancia 
con la apoB; ambos representan dos marcadores de riesgo c ardiovascular. La lipoproteína a constituye un 
factor de riesgo cardiovascular no solo por el aporte de colesterol y de apoB que representa su composición, 
sino también por su acción proinflamatoria y protrombótica. En la mirada holística de estos factores es im-
portante destacar que principalmente la disminución de apoB, remanentes de colesterol y colesterol no-HDL 
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Introduction

The pathophysiology of triglycerides and 
apoB in cardiovascular disease 

According to epidemiological studies, fasting and 
postprandial triglyceride (TG) levels are associated 
with cardiovascular disease (CVD)1. The relations-
hip between elevated TG levels and decreased hi-
gh-density lipoprotein (HDL) has historically explai-
ned the increased risk of CVD. However, studies of 
genetic variants determined that the association be-
tween TG levels and CVD was independent of low 
HDL cholesterol levels2. 

Hyperinsulinism associated with insulin resistan-
ce, a characteristic of metabolic syndrome and type 
2 diabetes mellitus, is characterized by hyperproduc-
tion of apoprotein (apo)B 100 and apoB4 8, which 
is related to decreased catabolism of triglyceride-rich 
lipoproteins (TRLs), expressed through decrea-
sed lipoprotein lipase (LPL) activity3. In this context 
of more production and less catabolism, remnant 
cholesterol (RC) is formed in the liver and intestine. 
Remnant cholesterol is characterized by being sma-
ller and containing a greater amount of free and es-
terified cholesterol and less apoC. Thirty-two percent 
of daily cholesterol is known to be derived from RC4. 
A recent study on primary prevention, taking a cut-off 
point of LDL > 130 mg/dl and RC > 24 mg/dl, showed 
that elevations in these two parameters almost dou-
bled CVR, similar to what occurred in patients who 
only had RC > 24 mg/dl, with LDL levels < 130 mg/dl. 
Thus, the conclusion is that the greatest determinant 
of CVR is RC5. 

Apoprotein B (apoB) differs from other apolipopro-
teins in that it cannot be exchanged for other lipopro-
teins, and therefore remains bound to the particle to 
which it is secreted. Since each lipoprotein contains a 
copy of apoB, its concentration is a substitute marker 
for the number of RC, LDL and Lp(a) particles6. The 
concentration of apoB particles in the arterial lumen 
is the main determinant of the number of apoB par-
ticles which will be trapped within the arterial wall. 
The proportion of apoB particles trapped within the 

arterial wall is also influenced by the size of the apoB 
particles and the glycosaminoglycan structure in the 
subendothelial space7. The uptake of apoB particles 
deposits atherogenic cholesterol within the arterial 
wall. The concentration of apoB represents the athe-
rogenic risk of the TRL remnants and low-density li-
poproteins (LDL). 

Materials and method
Informal consensus methods were employed ba-

sed on the scientific evidence and the clinical jud-
gement and experience of a group of experts from 
different medical specialties. A literature search was 
performed to find observational studies, clinical trials 
and systematic reviews or meta-analyses evaluating 
therapy with TGs, apoB non-HDL cholesterol and 
Lp(a), published through December 8, 2022, in the 
PubMed/Medline, EMBASE, SciELO, Google Scho-
lar and Cochrane Clinical Trials electronic databases. 

Content
A holistic approach to cardiovascular risk 

Hepatic steatosis is defined as having more than 
5% fat in the hepatocytes according to histological 
analysis and imaging, together with dyslipidemia, 
obesity and type 2 diabetes mellitus8. Imaging studies 
have shown a correlation between the intrahepatic 
TG content and very low-density lipoprotein (VLDL) 
synthesis.  Very low-density lipoprotein secretion is 
biphasic in relation to the progression from steatosis 
to steatohepatitis and fibrosis; as inflammation and 
fibrosis advance, there is less VLDL secretion9. A 
weight loss of just 10% has been proven to lower the 
intrahepatic TG content; likewise, nutrition interven-
tions restricting carbohydrates have shown a reduc-
tion in TG levels and liver fat after six months10. Se-
veral clinical trials have shown that both aerobic and 
resistance exercise reduce liver fat. Optimized peri-
pheral insulin resistance reduces the excessive re-
lease of free fatty acids and glucose for TG synthesis 
in the liver. Physical activity increases the oxidation of 
fatty acids in the liver and decreases their synthesis, 
preventing mitochondrial and hepatocellular damage 

reduce los eventos cardiovasculares. El descenso del peso en un 10% mejora los niveles de TG sin reducir 
la apoB ni el riesgo cardiovascular. De los hipolipemiantes clásicos, las estatinas y el icosapento de etilo a 
dosis altas, reducen el riesgo cardiovascular a través de la disminución de apoB, remanentes de colesterol y 
colesterol no-HDL. Al día de hoy no se tienen hipolipemiantes dirigidos a reducir la LpA; solo la disminuyen 
ligeramente los inhibidores de la PCSK9 y, de forma marcada, la técnica de LDL aféresis.

Estos marcadores de riesgo residual sirven no solo para estratificar el riesgo cardiovascular sino también 
para establecer metas de seguimiento.

Palabras clave: Riesgo residual. Terapia hipolipemiante. ApoB. Colesterol-no-HDL. LpA. Remanentes 
de colesterol.
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through a reduction in the release of damage-asso-
ciated molecular patterns. Thus, physical exercise is 
a proven therapeutic strategy for improving fatty liver 
disease and plasma TG levels11. Bariatric surgery im-
proves atherogenic dyslipidemia by 70%, characte-
rized by lowered TGs and increased HDL-C. One of 
the factors found to affect the lipid profile is apoC-III 
reduction and its redistribution between the TRL frac-
tion and the HDL fraction, remembering that one of 
the main functions of apoC-III is to inhibit lipoprotein 
lipase (LPL), the enzyme responsible for TRL catabo-
lism. This change in direction of apoC-III toward HDL 
is likely related to decreased insulin resistance12. 

Regarding the family of antidiabetic medications, 
according to kinetic studies, pioglitazone has lowe-
red apoC-III levels, thus favoring TRL catabolism13; in 
the IRIS study on secondary prevention, pioglitazone 
reduced cardiovascular events by 24%14. Furthermo-
re, liraglutide reduced cardiovascular events by 22% 
in the LEADER study15. In kinetic studies, after six 
months of treatment, liraglutide has proven to lower 
apoB48 production and increase chylomicron cata-
bolism16; in the liver, it decreased production and in-
creased catabolism of apoB 100 through increased 
expression of the LDL receptor, secondary to a re-
duction in its regulating protein, known as PCSK917. 

As for the lipid-lowering drugs, within the family of 
fibrates, a recent study like PROMINENT, with pe-
mafibrate, has shown a 60% TG reduction, with mo-
derate apoC-III and non-HDL cholesterol reduction 
and no changes in apoB. This lack of apoB reduction 
would explain why this study was stopped for futility18. 
In the REDUCE-IT study on secondary prevention, 
the patients have received 4 g/day of a concentrated 
form of omega-3, icosapent ethyl, which has proven 
to reduce cardiovascular events by 25%, partly due 
to a reduction in RC and apoB of 32% and 5 to 6%, 
respectively19. 

Treatment goals
The goals for fasting and postprandial TG should 

be less than 150 mg/dl and 175 mg/dl, respectively. 
For RC, targets of less than 30 mg/dl are recommen-
ded. On the other hand, apoB levels depend on the 
cardiovascular risk; thus, for patients with very high 
cardiovascular risk, the apoB targets are less than 
70 mg/dl20. 

Is LDL-C the only treatment goal? 
As has been mentioned, apoB is the constitutive 

lipoprotein of lipid particles and is strongly associa-
ted with atherosclerotic disease. Therefore, measu-
ring the total apoB amount is a very close estimate 
of a specific person’s atherogenic burden. The lipid 
profile classically includes total-C, LDL-C, HDL-C, 
triglycerides and some calculated fractions of these 

values, like non-HDL-C and RC. Non-HDL-C results 
from subtracting HDL-C from total-C (non-HDL-C = 
total-C – HDL-C). ApoB – known as apoB 100 – is 
part of LDL-C and the non-HDL-C fractions, like very 
low-density lipoprotein cholesterol (VLDL-C) and in-
termediate-density cholesterol (IDL-c), while apoB 48 
is a constitutive part of chylomicrons (Fig. 1). From a 
conceptual perspective, if the lipoproteins composed 
of apoB can be estimated, theoretically and conco-
mitantly, the risk of atherosclerotic cardiovascular 
disease would be more precisely estimated. Conse-
quently, non-HDL-C could be a substitute marker in 
cardiovascular risk. Some data support this, in which 
the attributable risk burden is higher with non-HDL-C 
and apoB levels, but not with LDL-C levels21; further-
more, non-HDL-C was a better predictor of the seve-
rity of coronary arteriosclerosis22. 

The epidemiological relationship between LDL-C 
and atherosclerotic disease has been convincingly 
proven. This relationship is so direct that the treat-
ment guidelines, without exception, state it as the 
main therapeutic goal in the treatment of lipid disor-
ders23,24. However, there are clinical circumstances in 
which it is possible that LDL-C may not reflect the 
true cardiovascular risk of a particular patient. Thus, 
it has been reported that, although patients have rea-
ched the LDL-C goals, cardiovascular events persist 
in those who have already experienced a clinical 
event. These events are encompassed within what 
is known as residual risk (RR). Lipid and non-lipid 
factors affect RR. The non-LDL-C particle-dependent 
RR is the one with a lipid source of RR25.

Therefore, cardiovascular risk apart from LDL-C 
must be identified individually for each patient. Thus, 
the quantification of lipid fractions, like the measu-
rement of total-C, HDL-C, non-HDL-C, triglycerides, 
direct measurement of apoB 100 and Lp(a) is espe-
cially useful for revealing the persistence of lipid RR. 

There is, therefore, reason to consider that the 
therapeutic goal in some patients with lipid disorders 
is not just LDL-C, as lipid RR orients the clinician to 
seek other therapeutic goals like non-HDL-C and RC, 
which aim at quantifying non-LDL-C linked atheroge-
nic apoB and are also involved in recurrent cardio-
vascular events. 

The LDL-C and non-HDL-C levels are correlated, 
but are discordant in some individuals, which indica-
tes that some have high LDL-C and low non-HDL-C 
and others, on the contrary, have low LDL-c and high 
non-HDL-C. Under these conditions, non-HDL-c le-
vels have proven to be better predictors of cardiovas-
cular clinical events than LDL-C. Thus, the current 
guidelines consider non-HDL-C to be a secondary 
treatment goal, but if the patient has reached the tar-
get LDL-C, non-HDL-C becomes a primary goal to-
gether with LDL-C. To remember the non-HDL-c tar-
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gets practically and generally, we must keep in mind 
that their value is 30 mg/dl higher than the LDL-C 
targets; therefore, for example, in a patient with high 
cardiovascular risk, the LDL-C target is 70 mg/dl and 
the non-HDL-C target is 100 mg/dl, while for a patient 
with moderate risk, the LDL-C target is 100 mg/dl and 
the non-HDL-C target is 130 mg/dl26 (Table 1). 

The holistic way of approaching lipid cardiovas-
cular risk consists of estimating all the lipoproteins 
and calculating non-HDL-C and RC which, apart 
from LDL-C, provides information on the total apoB 
burden which must be addressed, and which is res-
ponsible for RR. Normally, patients have more than 
one abnormality in their lipid or lipoprotein levels, but 
the disorders can be encompassed within increased 
LDL-C, non-HDL-C, TGs and Lp(a), and reduced 
HDL-C. 

The role of Lp(a) in residual risk
Lipoprotein (a) is composed of a particle similar 

to low-density lipoproteins, in which apoB 100 is co-
valently bound by a single disulfide bond to apo(a), 
which is the distinctive component of Lp(a). There is 
an inverse correlation between the size of the iso-
form and the plasma concentration of Lp(a); sma-

ller isoforms contribute to a greater production and 
concentration of apo(a) than larger isoforms. This 
relationship occurs because small apo(a) leads to a 
greater rate of production and secretion by the liver 
and, therefore, to a greater concentration of Lp(a)27. 

Lipoprotein (a) can be measured both in serum as 
well as plasma, and there is no difference between 
fasting or non-fasting samples. Lipoprotein (a) has a 
similar size and density to LDL, and therefore consti-
tutes an “interference” in LDL-C measurement by any 
method, such as estimation by calculation, analytic 
measurement and even the reference method: beta 
quantification using ultracentrifugation. This causes 
a significant LDL-C overestimation error when Lp(a) 
is high, as Lp(a) contributes cholesterol to the LDL-C 
measurement. The correction which is usually used 
to subtract the Lp(a)-c contribution from LDL-C and 
estimate the true LDL-C value is not recommended 
because the 30% proportion of Lp(a) mass used as an 
estimator of Lp(a)-c varies widely, and the calculation 
also involves converting from nmol/l to mg/dl, which 
is imprecise28. Recently, a promising and validated 
test has been designed to measure Lp(a)-c, in which 
the contribution of Lp(a)-C to LDL-C is, on average, 
17 mg/dl in individuals with elevated Lp(a), a figure 

Figure 1. Method for calculating non-HDL-C. The apoB 100 lipoprotein is part of LDL-C, IDL-c and VLDL-C, and apoB 
48 lipoprotein is part of the chylomicrons. Non-HDL-C reflects the total burden of atherogenic apoB.

Chylomicrons
VLDLIDL

Apo B 100
Apo B48 Apo A1

HDL-CTCNon-HDL-C -=

HDLLDL
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which is clinically relevant29. An immunochemistry test 
minimizing the effect of size isoforms, calibrated using 
WHO/IFCCLM reference material and reported as 
nmol/l, is recommended for measuring Lp(a). 

Elevated Lp(a) is recognized as a potentiator of 
cardiovascular risk24, and its measurement is useful 
for optimizing risk classification. Knowing the Lp(a) 
level in individuals with very high Lp(a) allowed risk 
reclassification to a higher category in approximately 
one third of those in primary prevention and in more 
than half the patients in secondary prevention. Sin-
ce Lp(a) levels are generally genetically determined, 
they are usually stable throughout life. Measuring 
Lp(a) once in a lifetime should be enough for most in-
dividuals, unless a secondary cause arises to modify 
its level or if some therapeutic measure to decrease it 
is being monitored. Likewise, we suggest measuring 
Lp(a) in patients with aortic valve stenosis, as Lp(a) 
has proven to exacerbate the pathogenesis of this 
valve disease. It should also be measured in patients 
with severe hypercholesterolemia (LDL-C > 190 mg/
dl) with suspected or confirmed familial hypercholes-
terolemia, since the coexistence of these conditions 
and elevated Lp(a) dims the prognosis and severity of 
CVD30. In the same vein, Lp(a) measurement should 
also focus on subjects with other dyslipidemias, like 
combined familial hyperlipidemia or dysbetalipopro-
teinemia. In addition, Lp(a) measurement should be 
considered in patients being treated with statins who 
maintain an “apparent” elevated LDL-C, that is, they 

do not respond to treatment, as this can be attribu-
ted to elevated Lp(a), which contributes cholesterol 
to the LDL-c measurement. The Lp(a) concentration 
should be used as a tool to help make the clinical 
decision of ordering statin treatment in patients 40 to 
75 years old with intermediate risk24. 

The various scientific societies have suggested 
different Lp(a) values which are associated with hi-
gher cardiovascular risk. The European Atheroscle-
rosis Society (EAS) and Heart UK suggest that the 
Lp(a) risk is significant at levels of 50 mg/dl (100-125 
nmol/l), which correspond to the 80th percentile of 
the European population, both in patients with CVD 
as well as those with diabetes mellitus or the general 
population31. However, this threshold level overlooks 
the risk seen in populations in primary prevention 
with levels between 25 and 50 mg/dl. The Canadian 
Cardiovascular Society suggests a cut-off point of 
more than 30 mg/dl, while the 2018 American Heart 
Association/American College of Cardiology guideli-
nes define an Lp(a) level of 50 mg/dl as a risk poten-
tiating factor32. 

The proposed mechanism through which Lp(a) 
participates in the genesis of atherosclerosis varies 
and includes the cholesterol content (similar to the 
LDL particle) and mediation in inflammatory respon-
ses mediated by their oxidized phospholipid content. 
Based on the structural similarity between apo(a) and 
plasminogen, prothrombotic phenomena could also 
be involved32. 

		  Treatment goals

          Risk	                                Risk factors/10-year risk	 LDL-c  	 Non-HDL-c 	 Apo B
       category		  (mg/dl)	 (mg/dl)	 (mg/dl)

	 - Progressive ACVD which includes unstable angina in individuals 
	   after reaching an LDL-c of < 70 mg/dl
Extreme risk	 - Established clinical cardiovascular disease in individuals with	 < 55	 < 80	 < 70
	   Stage 3 or 4 DM, CKD or HeFH
	 - History of premature ACVD (< 55 men, < 65 women)

Very high risk	 - Current or recent hospitalization for ACS; coronary, carotid or
	   peripheral vascular disease; 10-year risk > 20%	 < 70	 < 100	 < 80
	 - DM or Stage 3 or 4 CKD with one or more risk factors
	 - HeFH

High risk	 - ≥ 2 risk factors and a 10-year risk of 10% -20%	 < 100	 < 130	 < 90
	 - DM or CKD in Stage 3 or 4 with no other risk factors	

Moderate risk	 < 2 risk factors and less than 10% 10-year risk	 < 100	 < 130	 < 90

Low risk	 0 risk factors	 < 130	 < 160	 NR

Table 1. Ten-year cardiovascular risk catetories with the lipoprotein goals and targets to be reached according to the 
AACE/ACE CPG.
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In summary, data from genetic and clinical obser-
vation studies show an association between elevated 
Lp(a) levels and the risk of developing atherosclerotic 
CVD. 

Conclusions
Moderate hypertriglyceridemia is associated with 

more CVR, which is largely explained by increased 
remnant cholesterol and apoB. Nutritional and lifes-
tyle interventions associated with moderate weight 
loss, together with decreased insulin resistance, are 
associated with lowered RC and apoB. Antidiabetic 
drugs which act on insulin sensitivity, like pioglitazo-
ne and liraglutide, lower CVR because they reduce 
remnant cholesterol and apoB. As far as the new li-
pid-lowering drugs, high-dose icosapent ethyl is hi-
ghlighted, as it decreases CVR by reducing RC and 
apoB.
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Abstract
Mitigating residual risk is one of the primary objectives of cardiovascular medicine, achieved through a holistic 
and transdisciplinary approach to managing cardiovascular risk factors. It involves the use of increasingly potent 
therapies that can positively impact clinical outcomes while ensuring patient safety. Consequently, the use of 
PCSK9-inhibiting medications has become a straightforward and highly recommended strategy in clinical practice 
guidelines for lipid management and lipid-related risk factor intervention. These medications have effectively been 
proven to reduce recurrent cardiovascular events and have a legacy effect on lipid levels, and are considered safe 
in achieving extremely low LDL-c levels.

Keywords: Residual cardiovascular risk. Hypercholesterolemia. Proprotein convertase subtilisin/kexin 9. Evolo-
cumab. Alirocumab. Inclisiran.

Resumen
Mitigar el riesgo residual hace parte de los objetivos de la medicina cardiovascular a través del abordaje holís-
tico y transdisciplinario de los factores de riesgo cardiovascular; requiere el empleo de terapias cada vez más 
potentes que logren impactar los desenlaces clínicos relevantes, sin comprometer la seguridad de los pacientes, 
por lo que el uso de medicamentos que inhiben la PCSK9 se ha convertido en una estrategia sencilla, altamente 
recomendada en guías de práctica clínica para la intervención de factores de riesgo lipídicos y ha demostrado 
reducir eventos cardiovasculares recurrentes, el efecto legado en lípidos y la seguridad de niveles extremada-
mente bajos de lipoproteínas de baja densidad. 

Palabras clave: Riesgo residual cardiovascular. Hipercolesterolemia. Proproteína convertasa subtilisina/
kexina 9. Evolocumab. Alirocumab. Inclisiran.
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Introduction
Cardiovascular disease is the first cause of mor-

tality worldwide and the main cause of disability in 
working-age adults1,2. There are many risk factors 
for atherosclerotic cardiovascular disease, inclu-
ding arterial hypertension (HTN), diabetes mellitus, 
prediabetes, dyslipidemia, smoking, overweight and 
obesity, together with a prothrombotic state and in-
flammation3,4. 

More than three decades of research have built 
solid evidence regarding primary and secondary pre-
vention which shows conclusively that lowered LDL 
cholesterol (LDL-c) is directly related to a reduction 
in cardiovascular events. A 25 to 40% reduction in 
LDL-c is associated with a 9 to 38% reduction of the 
initial level of cardiovascular risk. Thus, statins have 
been the treatment of choice as they are effective in 
preventing atherosclerotic cardiovascular disease 
and lowering LDL-c5.  

The Cholesterol Treatment Trialists’ (CTT) colla-
borative meta-analysis found that a 1 mmol/L reduc-
tion in LDL-c (approximately 39 mg/dl), decreases 
the risk of vascular events by 22%, regardless of the 
initial cholesterol concentration6. The Prospective 
Studies Collaboration’s meta-analysis, with 61 cohort 
studies including 892,337 patients without cardiovas-
cular disease, confirmed a strong linear association 
between cholesterol levels and the risk of death from 
ischemic heart disease7. The article published by the 
Emerging Risk Factors Collaboration, with data from 
68 prospective studies including 302,430 people wi-
thout cardiovascular disease likewise showed that 
plasma LDL-c concentration had a linear association 
with increased risk of myocardial infarction or death 
from a cardiovascular cause8. 

In a different population, such as patients with 
diabetes mellitus, the CTT published a meta-analy-
sis of 14 studies with statins which included 18,686 
patients, 1,446 with type 1 diabetes mellitus (T1DM) 
and 17,220 with type 2 diabetes (T2DM), and showed 
a 21% reduction in major vascular events and a 13% 
reduction in vascular mortality per 1 mmol/L of LDL-c 
(39 mg/dl), which demonstrates the importance 
of treating all patients with diabetes mellitus and a 
high risk of vascular events9. Specifically, the Colla-
borative Atorvastatin Diabetes Study (CARDS), with 
low-dose atorvastatin, showed that lowering LDL-c in 
patients with T2DM with no history of cardiovascular 
disease decreases the incidence of at least one ma-
jor cardiovascular event in 37% of cases10.   

Despite the overwhelming evidence, lowering 
LDL-c is an interesting therapeutic challenge which 
requires the medical team’s adherence to the clini-
cal practice guidelines, selecting the proper drug and 
potency for reducing LDL-c levels, as well as the pa-

tient’s adherence to and persistence with treatment, 
for which more potent medications with different me-
chanisms of action are often required.  A pesar de la 
evidencia contundente, lograr el descenso del c-LDL 
se convierte en un reto terapéutico interesante, que 
requiere la adherencia a las guías de práctica clínica 
por parte del grupo médico, la selección adecuada 
del fármaco y su potencia en la reducción de los va-
lores de c-LDL, así como, la adherencia y persisten-
cia en la terapia por parte del paciente, para lo cual 
con frecuencia es necesario el uso de medicamentos 
más potentes y con diferentes mecanismos de ac-
ción.

On the other hand, residual risk is defined as the 
risk of atherosclerotic cardiovascular disease which 
persists despite having reached the LDL-c, blood 
pressure and glycemic treatment goals according 
to the care standards recommended by the clinical 
practice guidelines11-13. The concept of residual risk 
was originally related to lipid factors, with LDL-c 
as the main goal. Residual risk rises as the indivi-
dual’s calculated baseline risk rises; thus, in patients 
with clearly documented factors, such as those with 
pre-existing cardiovascular disease, diabetes melli-
tus or metabolic syndrome who have achieved the 
LDL-c goals, there is still a residual risk of developing 
new cardiovascular events12. 

Statin studies show that, despite risk reduction, 
patients develop cardiovascular events even when 
they have achieved a significant risk reduction with 
pharmacological intervention, which has been con-
sidered residual risk5,13-16. According to the IMPRO-
VE-IT study, merely having achieved a reduction in 
LDL-c levels with the combined use of statins and 
ezetimibe implied an absolute risk reduction (ARR) 
of 2% with a number needed to treat (NNT) of 5017.  

Therefore, to decrease residual risk, options 
should be considered aimed at five therapeutic  
goals: lipoproteins, inflammation, glycemic control, 
hypertension and a prothrombotic state4,12,18. The 
lipid-associated residual risk can be explained by 
persistently elevated LDL-c levels in patients with 
very high baseline levels, statin intolerance or ab-
normalities in other lipoproteins, like triglycerides, 
HDL cholesterol or lipoprotein (a) [Lp(a)]19. The le-
vel of cholesterol that persists after treatment with 
lipid-lowering drugs is definitely one of the major 
components of residual risk; that is, that the small, 
dense LDL-c molecules, triglyceride-rich lipoproteins 
and Lp(a) have a different impact on the genesis of 
atherosclerosis20.  

Proprotein convertase subtilisin/kexin 
type 9 (PCSK9)

Proprotein convertase subtilisin/kexin type 9, also 
known as neural apoptosis regulating convertase 1 



Rev Colomb Cardiol. 2023;30(Supl 2)

 S(2) 26

(NARC-1), belongs to the family of enzymes which 
activate and inactivate proteins by proteolytic cleava-
ge, and was first associated with familial hypercholes-
terolemia (FH) through an autosomal dominant mu-
tation by researchers at Montreal Clinical Research 
Institute in Canada in 200321-24. Some years later, 
the structure of PCSK9 was identified, as knowledge 
was gained regarding its biochemical characteristics, 
biological functions and interaction with LDL recep-
tors (LDLRs), which has allowed the development of 
drugs targeting PCSK9 activity23,25. 

Proprotein convertase subtilisin/kexin type 9 is 
made up of a signal peptide, a catalytic region and 
a terminal carboxyl end; it is located on chromoso-
me 1P32 and is mainly expressed in the liver, kidney 
and intestines. It is secreted into the circulation as 
a heterodimer which binds to the repetition domain 
of the LDLR’s epidermal growth factor A (EGF-A) to 
regulate its circulation on hepatocyte surfaces and 
determine the LDL-c concentrations23,26,27. 

It is related to the development of cardiovascular 
disease through different mechanisms like LDLR de-
gradation, which increases circulating LDL-c, binding 
to TLR receptors and mediation in the inflammatory 
response, and binding to the CD36 and SR-B recep-
tors to promote platelet activation and thrombosis27,28. 

Functional PCSK9 studies showed that gain-
of-function gene mutation carriers had decreased 
expression of LDL-c receptors on the hepatocyte 
surface, maintaining high LDL-c levels. In contrast, 
loss-of-function mutations were found to be associa-
ted with very low LDL-c concentrations which, conse-
quently, result in a significantly lowered risk of cardio-
vascular disease throughout life27-29. 

Today, reducing the production or function of 
PCSK9, or both, is the therapeutic goal of several 
medications which decrease LDL-c using pathophy-
siological mechanisms aimed at inhibiting PCSK9 
synthesis, LDLR binding or autocatalytic processing, 
thus arriving at the current clinical use of medications 
like alirocumab and evolocumab, which are monoclo-
nal antibodies against PCSK9, and inclisiran, which 
is a small interfering RNA (siRNA) medication. Small 
molecules that also act on PCSK9 are in more in-
cipient research phases23,29-31. Table 1 describes the 
general characteristics of medications that have an 
effect on PCSK923,32,33. 

Monoclonal antibodies agains proprotein 
convertase subtilisin/kexin type 9 

When PCSK9 binds to the LDLR, the protein-re-
ceptor complex is incorporated into the hepatocyte 
through endocytosis; in the endosome, LDL-c sepa-
rates from the receptor to be degraded, while PCSK9 
does not allow the LDLR to be recycled on the he-

patocyte surface, which reduces LDL-c uptake. The 
inhibition of PCSK9 by monoclonal antibodies interfe-
res with this protein by impeding binding with LDLR, 
which leads to these receptors being recycled to the 
hepatocyte surface, and reducing LDL-c levels by up 
to 60% (Fig. 1)23,29,34. 

Although several monoclonal antibodies have 
been developed for direct PCSK9 inhibition, only 
three have reached Phase 3 studies23. Evolocumab 
and alirocumab are completely humanized mono-
clonal antibodies approved for use by the Food and 
Drug Administration (FDA) and the European Medi-
cines Agency (EMA) since 2015, which have rapidly 
achieved widespread use due to their proven efficacy 
in reducing cholesterol, with a high safety and tole-
rance profile23. Both evolocumab and alirocumab are 
approved by the FDA for reducing the risk of infarc-
tion, unstable angina and cerebrovascular accidents 
in patients with established cardiovascular disease or 
very high cardiovascular risk. They are also approved 
as a complement to diet and other treatments for re-
ducing LDL-c in the treatment of patients with primary 
hyperlipidemia, including heterozygous and homozy-
gous FH; however, only evolocumab is authorized for 
use in adolescents over the age of 1223,29,30,35.  

There is a third medication, bococizumab, a 90% 
humanized monoclonal antibody with a high capacity 
for developing antibodies against itself, which redu-
ces its effectiveness. This problem led to premature 
suspension of the research program after the SPI-
RE-1 and SPIRE-2 studies, due to lack of clinical effi-
cacy and associated adverse effects36. 

The advent of lipid-lowering treatment with PCSK9 
inhibitors as monotherapy or together with statins 
lowered LDL-c concentration by 45-60% in the initial 
studies of the PROFICIO program for evolocumab, 
and ODYSSEY for alirocumab. These studies deter-
mined the impact of the medications on lipid levels 
and the safety of the drugs in different clinical con-
texts, reaching cardiovascular outcome studies, as 
described in Table 219,37. 

Evolocumab
The Further Cardiovascular Outcomes Research 

with PCSK9 Inhibition in Subjects with Elevated Risk 
(FOURIER) multicenter study, which evaluated clini-
cal outcomes with evolocumab, included 27,564 pa-
tients with cardiovascular disease and LDL-c levels 
above 70 mg/dl being treated with statins, who were 
then randomized to intervention vs. placebo for 48 
weeks. They found a 59% reduction in LDL-c, with 
an absolute difference of 53 mg/dl compared to the 
placebo group, with a mean of 2.2 years of follow 
up. In addition, they showed a 15% reduction in the 
risk of major adverse cardiovascular events (MACE), 
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*Alirocumab 75 to 150 mg every 2 weeks. †Alirocumab 300 mg every 2 weeks. ‡Alirocumab 150 mg every 2 weeks. ∫Evolocumab 140 mg 
every 2 weeks or 420 mg every month. ¶Inclisiran 284 mg every 6 months	
Source: prepared by the authors. 

Table 1. Medications with an effect on PCSK9.

 Characteristics		  Alirocumab	 Evolocumab	 Inclisiran

Generalities

Sponsor

Clinical program

Pharmacological category

Dosing

Administration

Pharmaceutical form

Storage

Monotherapy

Added to statins

Statin intolerance

Heterozygous FH

Homozygous FH

Half-life

Bioavailability

Maximum PCSK9 suppression

Biotransformation

Elimination

450 interaction

Liver failure

Kidney failure

Application site reactions

Influenza symptoms

Bronchitis

Nasopharyngitis

Headache

Muscle symptoms

Back pain

Neurocognitive events

New-onset diabetes

Urinary tract infection

Cardiac events

Diarrhea

Neutralizing antibodies

Sanofi/Regeneron

Odyssey

Monoclonal antibody

75 mg every 2 weeks or
150 mg every 2 weeks or
300 mg every month

Subcutaneous

75 mg/ml prefilled pen
150 mg/ml prefilled pen

Refrigerated at 2-8 °C

47%*-59%†

46-51%*-56%†-62%‡

45%* 

58%*-39%‡

35%‡

17-20 days

85%

4-8 hours

Degradaded into small peptides 
and individual amino acids. 

Eliminated through saturable 
binding to PCSK9 and through 
nonsaturable proteolysis.

No

Mild to moderate: no need to adjust 
the dose. Severe: no data

No dose adjustment required

7.2%

5.7%

7.3%

11.3%

0.6-10%

9.4%

5.6-12.6% 

1.0-1.5%

8.7%

4.8%

1.8%

4.7%

0.3%

Sanofi/Regeneron

Odyssey

Monoclonal antibody

75 mg every 2 weeks or
150 mg every 2 weeks or
300 mg every month

Subcutaneous

75 mg/ml prefilled pen
150 mg/ml prefilled pen

Refrigerated at 2-8 °C

55 - 57% ∫

63 - 75% ∫

55 - 56% ∫

60 - 66% ∫

31% ∫

11-17 days

72%

4 hours

Degraded into small peptides and 
individual amino acids

Eliminated through saturable 
binding to PCSK9 and through 
nonsaturable proteolysis.

No

Mild to moderate: no need to 
adjust the dose. Severe: no data

No dose adjustment required

2.1%

5.7%

9.0-9.3%

10.5%

4.0-10%

5.0-12.6%

6.2%

1.6%

5.6-8.1%

-

-

3.0%

0.2%

Novartis

Orion / Victorion

siRNA

284 mg as an initial dose, re-
peated at 3 months and every 
6 months thereafter

Subcutaneous

284 mg/1.5 ml prefilled pen

Does not require refrigeration

-

49 - 52 ¶

-

39% ¶

-

9.5 hours

-

4-6 hours

Degraded by nucleases into 
shorter inactive nucleotides.

Renal 16%

No

Mild to moderate: no need to 
adjust the dose. Severe: no data

No dose adjustment required

3.1%

-

4.3%

11.1-15.2%

18.2%

11.1%

15.2%

-

11.6%

-

-

12.1%

-

LDL-c reduction

Pharmacokinetics and pharmacodynamics

Adverse effects
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Figure 1. Mechanism of action of PCSK9 inhibiting drugs. 
Adaptada de: Nishikido T. Clinical potential of inclisiran for patients with a high risk of atherosclerotic cardiovascular 
disease. Cardiovasc Diabetol. 2023;22(1):20. 

which in this trial were defined as the composite of 
cardiovascular death, myocardial infarction, cerebro-
vascular accident, coronary revascularization or hos-
pitalization for unstable angina (HR = 0.85; 95% CI = 
0.79-0.92)38. Likewise, in pre-specified sub-analyses 
in the FOURIER study, evolocumab reduced the in-
cidence of initial and subsequent events by 18% in 
very high-risk patients (incidence rate ratio 0.82; 95% 
CI = 0.79-0.90), including both first and subsequent 
events39. It also reduced first acute arterial events 
by 19% (HR=  0.81 95% CI = 0.74-0.88), first acute 
coronary events by 17% (HR = 0.83; 95% CI = 0.75-
0.91), first acute cerebrovascular events by 23% (HR 
= 0.77; 95% CI = 0.65-0.92), acute peripheral vascu-
lar events by 42% (HR = 0.58; 95% CI = 0.69-0.85) 
and the total of first events plus the total of acute 
events by 24% (event incidence rate = 0.76; 95% CI 
= 0.69-0.85). Event reduction was greater over time, 
with 16% in the first year, 24% during the rest of the 
study and 45% for recurrent events40,41. 

Alirocumab
The multicenter Evaluation of Cardiovascular Out-

comes After an Acute Coronary Syndrome During 
Treatment With Alirocumab (ODYSSEY OUTCO-
MES) study in 18,924 patients with a history of myo-
cardial infarction or unstable angina in the previous 
12 months, and an average follow up of 2.8 years, 
showed an effective and safe LDL-c reduction to le-
vels of  53 mg/dl in the intervention group compared 
with 101 mg/dl in the placebo group, and an absolute 
reduction of 54.7%. They found a significant risk re-

duction of 15% for MACE, composed of death from 
coronary disease, non-fatal myocardial infarction, 
fatal ischemic stroke or hospitalization for unstable 
angina (HR =0.85; 95% CI = 0.78-0.93). The evalua-
tion of secondary outcomes showed a 14% reduc-
tion in the risk of nonfatal myocardial infarction, 27% 
reduction in strokes and 39% reduction in unstable 
angina42,43.  

Small interfering RNA (siRNA)
Small interfering RNAs (siRNAs) are non-coding 

double-stranded RNA molecules which selectively 
silence genes. Inclisiran is the first medication of its 
class which inhibits hepatic synthesis of PCSK9; it is 
made up of a sequence of 21 to 23 nucleotides which 
is modified by a triantennary N-acetylgalactosamine 
complex (GalNAc) which interacts with asialoglyco-
protein receptors (ASGPRs) in the liver to facilitate 
direct and selective uptake of the drug by the hepa-
tocyte. Inclisiran selectively silences PCSK9 by bin-
ding to the messenger RNA that codes for this protein 
through an RNA-induced silencing complex (RISC) 
which activates RNAase and cleaves the mRNA, 
inhibiting the formation of PCSK9 protein, with con-
sequent increased LDLR recycling and expression 
on the hepatocyte surface and lowered LDL-c levels 
(Fig. 1)23,44,45. 

Inclisiran was approved by the FDA in 2021, indi-
cated for treating adults with clinical atherosclerotic 
cardiovascular disease or with heterozygous FH, as 
complementary treatment to diet and statin manage-
ment in patients who require additional LDL-c reduc-
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Table 2. Clinical programs for evaluating monoclonal antibodies against PCSK9.

	 Population and/or	 Evolocumab	 Alirocumab
	 description	 Program PROFICIO	 Program ODYSSEY

tion35. It is a highly effective medication for reducing 
LDL-c, with the distinctive of having a much longer 
effect than the monoclonal antibodies, which are 
usually self-administered every two to four weeks46. 
After the initial loading dose, inclisiran is administered 
subcutaneously every six months, which favors ad-
herence to treatment and contributes to the efficient 
management of healthcare systems47. The clinical 
research programs for inclisiran are ongoing; initially, 
the ORION program was proposed with the objective 
of producing evidence on the efficacy and safety of 
inclisiran in patients with atherosclerotic cardiovascu-
lar disease or its equivalents, FH, special populations 
and diverse clinical situations48,49 (Table 3); the results 
of the ORION-4 study on major cardiovascular out-
comes are expected to be published in 202448-50. 
The results of Phase 3 studies in patients with high 
cardiovascular risk (ORION-10 and ORION-11) and 
with heterozygous FH (ORION-9) have shown that 
inclisiran can decrease LDL-c by more than 50%, 
and PCSK9 levels by more than 60%48,51,52; these 
results concur with the open follow up of ORION-1 
which showed a 44% reduction in the average LDL-c 
and the 62-77% reduction in PCSK9 over four years 
of follow up in the ORION-3 publication53.  

Impact on the reduction of LDL cholesterol
Various meta-analyses and systematic reviews 

have evaluated the evidence of the use of alirocumab 

and evolocumab vs. placebo or other treatments. 
One of these, which included 39 controlled clinical 
trials with 66,478 patients (35,896 with intervention 
vs. 30,582 controls), found a lower risk of myocardial 
infarction (1.49 vs. 1.93 per 100 patient-years; RR 
= 0.80; 95% CI = 0.74-0.86), ischemic strokes (0.44 
vs. 0.58 per 100 patient-years; RR = 0.78; 95% CI = 
0.67-0.89) and coronary revascularization (2.16 vs. 
2.64 per 100 patient-years; RR = 0.83 95% CI = 0.78-
0.89), with no impact on the rates of cardiovascular 
death or death from all causes and with no increase 
in adverse effects like neurocognitive events, liver 
test abnormalities, or new onset diabetes54. 

In a more recent meta-analysis of 12 clinical stu-
dies including 53,486 patients (27,674 with interven-
tion vs. 25,812 with placebo) with a significant effect 
on MACE and an average NNT of 36, alirocumab 
reduced the risk of MACE, stroke and coronary re-
vascularization with a mean NNT of 37, 319 and 107, 
respectively. The evolocumab results are similar, with 
an NNT of 32 for MACE, 78 for infarction, 267 for 
cerebrovascular disease and 65 for coronary revas-
cularization55. 

A meta-analysis of 34 studies with 270,288 pa-
tients showed a more intense reduction in the LDL-c 
level associated with a greater reduction in cardio-
vascular and all-cause mortality in patients with ele-
vated baseline LDL-c56. Recent publications show 

Monotherapy

Combined therapy
Statins and/or ezetimibe

Homozygous FH

Heterozygous FH

Statin intolerance

Comorbidities

Neurocognitive effects

Effects on plaque

Long-term

Cardiovascular outcomes

MENDEL-MENDEL-2

LAPLACE-LAPLACE-2

TESLA–B-TAUSSIG-DeLAVAL (aféresis)-RAMAN

RUTHERFORD-RUTHERFORD–2-TAUS-
SIG-HAUSER RCT-HAUSER OLE (adolescentes)

GAUSS-GAUSS–2-GAUSS–3-GAUSS–4

BANTING-BERSON (Diabetes)
BEIJERINCK (HIV)

EBBINGHAUS

GLAGOV-GLAGOV OLE-HUYGENS

OSLER-OSLER–2-DESCARTES

FOURIER-FOURIER OLE-VESALIUS–CV

ODYSSEY MONO

ODYSSEY COMBO I-ODYSSEY COMBO 
II-ODYSSEY OPTIONS I-ODYSSEY OPTIONS 
II-ODYSSEY CHOICE I-ODYSSEY APPRISE

ODYSSEY HOFH-ODYSSEY ESCAPE (aféresis)

ODYSSEY FH–I-ODYSSEY FH–II-ODYSSEY 
HIGH FH

ODYSSEY ALTERNATIVE-ODYSSEY CHOICE II

ODYSSEY DM–DYSLIPIDEMIA-ODYSSEY
DM-INSULIN (diabetes)

ODYSSEY J–IVUS-PACMAN-AMI

ODYSSEY LONG TERM-ODYSSEY OLE

ODYSSEY OUTCOMES

Source: prepared by the authors.
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a 22% risk reduction for every 1 mmol/L of LDL-c 
(95% CI = -32%, -13%) compared with patients with 
an average baseline LDL-c under 100 mg/dl, where 
the risk reduction effect is only 8% (95% CI = -22%, 
+9%)19. This concurs with the ODYSSEY OUTCO-
MES data from a non-prespecified analysis which, 
although it does not provide definitive conclusions, 
shows the importance of the level of LDL-c on the 
impact of PCSK9 inhibitors on the ARR. In this study, 
patients with an initial LDL-c > 100 mg/dl had an NNT 
of 29 for preventing an event compared with an NNT 
of 125 in individuals with LDL-c below this level19-43.  

Very low LDL
Over the last few years, there has been fierce de-

bate regarding the optimal cholesterol level and how 
low LDL-c can be57. To answer these questions, some 
biological facts must be addressed, such as that the 
average LDL-c in newborns is 30 mg/dl, individuals 
who have been raised on a low-fat diet maintain their 
LDL-c between 50 and 80 mg/dl, other mammals who 
do not form atherosclerotic plaques usually have low 
levels of cholesterol, and LDL-c levels of 25 mg/dl 
are sufficient for the body’s physiological functions57. 

The current premise for LDL-c management, “the 
lower the better,” is based on recent controlled cli-
nical trials like FOURIER and ODYSSEY OUTCO-
MES, which show a noticeable reduction in major 
cardiovascular events with very low LDL-c levels57-59. 

A pre-specified FOURIER analysis four weeks af-
ter randomization classified the LDL-c value achie-
ved in five strata, determining that 10% achieved 
levels ≤ 20 mg/dl, 31% between 20 and 50 mg/dl, 
13% between 51 and 70 mg/dl, 29% between 70 and 
100 mg/dl and 17% ≥ 100 mg/dl. Over the median 
follow up of 2.2 years, patients treated with evolo-
cumab who had LDL-c levels ≤ 20 mg/dl were found 
to have a 24% relative risk reduction compared to 
only 3% found in patients in the highest stratum with 
LDL-c > 100 mg/dl. The risk reduction extended even 
to LDL-c levels as low as 8 mg/dl. However, one of 
the most important conclusions is that no differences 
were found in the pre-specified safety events for pa-
tients with such low cholesterol thresholds58,60,61. 

A confounding bias was found in the previous 
sub-analysis because the association came after 
randomization, so another FOURIER evaluation 
was published with LDL-c reduction < 40 mg/dl as 
the cut-off point, with comparisons of randomized 
groups and according to the size of the reduction. 
They found that if the LDL-c was less than 93 mg/dl, 
an average of < 40 mg/dl was reached in 0 to 38% 
when the initial LDL-c was 58 mg/dl, with a constant 
benefit regardless of how low the initial LDL-c was, 
which was associated with a reduced risk of MACE62. 

The evidence is consistent, as these findings have 
been confirmed in the open label extension study, 
FOURIER OLE, over a maximum of 8.6 years of fo-

Table 3. Inclisiran clinical programs.

	 Population/description	 Inclisiran

			   Programs ORION-VICTORION

Efficacy and safety	 ORION–1-ORION–10-ORION–11 

Safety	 ORION–6 (Liver) - ORION–7 (Kidney)

Homozygous FH	 ORION–2-ORION–5 - ORION–13 (Adolescents)

Heterozygous FH	 ORION–9-ORION–16 (Adolescents)

Long-term	 ORION–3-ORION–8-VICTORION-PEDS-OLE

Primary prevention	 ORION–17-VICTORION–1PREVENT

Recent acute coronary syndrome	 VICTORION-INCEPTION

Effects on plaque	 VICTORION-PLAQUE

Initial treatment	 VICTORION-INICIATE

Monotherapy	 VICTORION-MONO

Real-life, efficacy, adherence, preference and quality of life	 VICTORION-REAL-VICTORION-DIFERENCE 
	 VICTORION-SPIRIT-VICTORION-IMPLEMENT

Cardiovascular outcomes	 ORION-4-VICTORION–2 PREVENT

Source: prepared by the authors.
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llow-up, which also showed a significant risk reduc-
tion for primary and secondary outcomes without in-
creased adverse effects in patients with LDL-c ≤ 20 
mg/dl63.  

In ODYSSEY OUTCOMES, using the Propensity 
Score Matching (PSM) technique for data analysis, 
patients treated with alirocumab were classified into 
several strata by their LDL-c level four months after 
randomization, as follows: < 25 mg/dl, from 25 to 50 
mg/dl or > 50 mg/dl, for pairing with the subjects on 
placebo. The PSM results showed that patients with 
LDL-c < 25 mg/dl had a 26% risk reduction (0.74; 
95% CI = 0.62-0.89; ARR = 0.92), which was very 
similar to patients with LDL-c between 25 and 50 mg/
dl (0.74; 95% CI = 0.64-0.87; ARR = 1.05); however, 
this effect was not seen in patients with LDL-c values 
> 50 mg/dl, who had a limited risk reduction (0.87; 
95% CI = 0.73-1.04; ARR = 0.62). This analysis did 
not find safety problems either, for PSM-selected 
events in individuals with very low LDL-c, that is < 
15 mg/dl59. 

Clinical outcomes for inclisiran are not yet availa-
ble, but the aggregate of the ORION 9, 10 and 11 
studies reports that 29.5% achieved LDL-c values 
< 25 mg/dl at any time during the assessment, and 
14% did so on day 540 of randomization. Regarding 
safety, only a slight increase in bronchitis episodes 
and application site reactions has been reported52. 

The topic that raises the most questions in clini-
cal practice is the safety of having such low levels of 
cholesterol. Initially, cumulative data from 14 Phase 
2 and 3 studies in the ODYSSEY program with aliro-
cumab were published, including 839 patients with 
fewer than two consecutive LDL-c measurements < 
25 mg/dl and  314 patients with LDL-c < 15 mg/dl 
at one follow up at 104 weeks; the rate of adverse 
events was similar in both groups, including neuro-
logical and neurocognitive events, although a higher 
incidence of cataracts was found in subjects with 
LDL-c < 25 mg/dl, but with no differences with the 
placebo group64. Later,the EBBINGHAUS study was 
published to specifically evaluate cognitive function 
in 1,204 patients on evolocumab at a median follow 
up of 19 months, finding no differences in the cogni-
tive aspect attributable to very low levels of choles-
terol65,66. 

Legacy effect
The follow up of FOURIER patients treated with 

evolocumab in an open label extension study was 
published after a mean of five years, under the name 
“FOURIER OLE,” in which the individuals who had 
been on placebo were changed to the PCSK9 inhi-
bitor, finding a marked reduction in LDL-c levels at 
week 260. Both the group with chronic evolocumab 

use as well as the group that had initially been on pla-
cebo had a 15% reduction in the primary compound 
outcome of cardiovascular death, stroke, unstable 
angina and the need for revascularization.  However, 
the legacy effect was seen in patients who began 
evolocumab early, associated with a cumulative car-
diovascular benefit including cardiovascular death  in 
the subsequent years67. 

The legacy effect mechanism has not been com-
pletely described. However, pleiotropic and metabo-
lic memory mechanisms, gene variants and muta-
tions with loss of function of the PCSK9 coding gene, 
and an effect on telomere length have been propo-
sed, among others68.  Metabolic memory appears 
to confer long-term advantages because exposure 
to low levels of LDL-c is associated with a three ti-
mes greater reduction in the risk of cardiovascular 
disease per unit of reduction in LDL-c compared with 
short-term LDL-c reductions when atherosclerosis al-
ready exists68. 

Effects on other lipoproteins
Recent articles indicate that subjects treated with 

statins who have low LDL-c and elevated non-HDL 
cholesterol and ApoB have a 23% higher risk of dea-
th and 81% greater risk of infarction, and, therefore, 
these are considered to be excellent markers of re-
sidual risk69. Alirocumab has shown positive effects 
on atherogenic lipoproteins in a group of 10 Phase 
3 studies, indicating a 35 to 55% reduction in ApoB 
and a 38 to 54% reduction in non-HDL cholesterol70. 

In ODYSSEY OUTCOMES, patients on alirocu-
mab were stratified according to ApoB levels at four 
months, as follows: ≤ 75 mg/dl, between 75 and 90 
mg/dl or ≥ 90 mg/dl, and a reduction in MACE was 
achieved in all strata, with a greater effect in subjects 
with very high baseline levels. The ApoB level after 
four months of intervention was stratified into ≤ 35 
mg/dl, between 35 and 50 mg/dl or ≥ 50 mg/dl for 
PSM analysis, reporting a reduction in the incidence 
of MACE of 2.41, 3.09 and 4.26 events per 100 pa-
tient-years, respectively. This suggests that lowering 
ApoB levels with the PCSK9 inhibitor to ≤ 35 mg/dl 
contributes to reducing the residual risk attributable 
to lipids71. 

As far as Lp(a), it has been considered to be a 
major risk factor for cardiovascular disease and a 
marker of residual risk. However, there are no speci-
fic pharmacological treatments available to deal with 
this lipoprotein. The available evidence indicates that 
lifestyle modifications do not decrease Lp(a), statins 
may increase it, and PCSK9 inhibitors have a mo-
dest effect, achieving a 20 to 30% reduction. Olpasi-
ran and pelacarsen, treatments aimed at Lp(a), are 
expected to become available in the next few years72. 
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On the other hand, a pre-specified ODYSSEY 
OUTCOMES analysis has shown that, in patients 
with recent acute coronary syndrome on optimal 
treatment with statins and with an LDL-c close to 70 
mg/dl, with baseline Lp(a) levels above the median 
of 13.7 mg/dl, PCSK9 inhibitor treatment provides 
an additional clinical benefit73. A 1 mg/dl reduction 
in Lp(a) levels with alirocumab is associated with an 
HR of 0.994 (95% CI = 0.990-0.999)63. Lipoprotein (a) 
could be useful for identifying patients on the maxi-
mum tolerated dose of statins who could derive grea-
ter benefits from receiving alirocumab63,73. 

Regarding evolocumab, a FOURIER sub-analysis 
found that this drug significantly reduces Lp(a) by 
26.9% at week 48 of treatment. Patients with Lp(a) 
above the median have a 23% lower risk of death 
from coronary disease, infarction or urgent revascu-
larization compared to 7% achieved in subjects with 
Lp(a) equal to or lower than the median74.

Conclusions
In practical terms, it is imperative to use more 

potent medications to achieve LDL-c reductions, es-
pecially in high and very high-risk populations, with 
monotherapy (for those with statin intolerance) or 
combined therapy (together with statins and eze-
timibe), to achieve reductions of more than 50% of 
the initial LDL-c  level (expected with high-potency 
statins), seeking to lower the risk of major cardiovas-
cular events by approximately 15 to 20%, and the 
development of recurrent events. Regardless of the 
form of reduction employed, lowering LDL values has 
a linear relationship with decreasing cardiovascular 
events, and the use of combined therapies including 
PCSK9 inhibition translates into ostensibly lower 
levels of LDL-c in a safe and efficient manner, as 
well as a reduction in other atherogenic lipoproteins 
(Lp(a), non-HDL cholesterol and ApoB).  
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Abstract
Bempedoic acid is an orally administered prodrug that, like statins, reduces cholesterol biosynthesis (by inhibiting 
ATP citrate lyase, a key enzyme in cholesterol synthesis prior to 3-hydroxy-3-methyl-glutaryl CoA reductase). 
Its lipid efficacy has been evaluated in several clinical trials, achieving a 17-28% reduction in LDL-c levels, and 
showing an anti-inflammatory effect. Unlike statins, their use is not associated with myotoxic effects. Recently, 
the cardiovascular benefit of bempedoic acid in patients intolerant to statins has been confirmed in the CLEAR 
OUTCOMES clinical trial. The use of bempedoic acid has been approved as an adjunct to diet and statins, alone 
or in combination with ezetimibe, in patients with hypercholesterolemia, mixed dyslipidemia, or statin intolerance. 
New recommendations also suggest their use as alternative drugs in individuals at high cardiovascular risk or 
with very high LDL-c levels who do not reach lipid targets with other lipid-lowering drugs. Likewise, it could be 
considered as a second- or third-line therapy in patients intolerant to statins.

Keywords: Residual risk. Lipid-lowering therapy. Bempedoic acid.

Resumen
El ácido bempedoico es un profármaco de administración oral que, al igual que las estatinas, reduce la biosín-
tesis del colesterol (inhibe la ATP-citrato liasa, una enzima clave en la síntesis de colesterol previa a la 3-hi-
droxi-3-metil-glutaril CoA reductasa). Su eficacia lipídica ha sido evaluada en varios ensayos clínicos y se ha 
observado una reducción en los niveles de colesterol LDL (c-LDL), de entre el 17 al 28%, además de un efecto 
antiinflamatorio. A diferencia de las estatinas, su uso no se asocia con efectos miotóxicos. Recientemente, el 
beneficio cardiovascular del ácido bempedoico en pacientes intolerantes a las estatinas se ha comprobado en 
el ensayo clínico CLEAR OUTCOMES. El uso de ácido bempedoico ha sido aprobado como complemento de la 
dieta y las estatinas, solo o en combinación con ezetimiba, en pacientes con hipercolesterolemia, dislipidemia 
mixta o intolerancia a las estatinas. Nuevas recomendaciones también sugieren su uso como droga alternativa 
en pacientes de alto riesgo cardiovascular o con un nivel de c-LDL muy elevado que no alcanzan los objetivos 
lipídicos con otros hipolipemiantes. Así mismo, podría considerarse como una terapia de segunda o tercera línea 
en pacientes intolerantes a las estatinas

Palabras clave: Riesgo residual. Terapia hipolipemiante. Ácido bempedoico.
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Introduction
Bempedoic acid (BA) is a prodrug which is rapidly 

converted by very long-chain acyl-CoA-synthetase 
1 in the liver into coenzyme A, which is responsible 
for inhibiting ATP citrate lyase (ACL), a key enzyme 
in cholesterol synthesis prior to 3-hydroxy-3-me-
thyl-glutaryl CoA (HMG CoA) reductase, leading to 
a greater expression of LDL receptors. Conversion 
to the active form only occurs in the liver, as very 
long-chain acyl-CoA-synthetase 1 is undetectable 
in muscle1. 

ACL lies at the intersection of nutrient catabo-
lism and cholesterol and fatty acid biosynthesis, 
thus connecting glucose metabolism with lipogene-
sis. It is also an extra-mitochondrial enzyme which 
catalyzes the cleavage of mitochondrial citrate into 
cytosolic acetyl-CoA and oxaloacetate.  Acetyl-CoA, 
a precursor in the mevalonate pathway for choles-
terol biosynthesis, is the key element for de novo 
cholesterol and fatty acid synthesis1.   

This, in turn, reduces circulating LDL-c both in 
patients on moderate to high-intensity statins as 
well as in statin-intolerant patients on low or very 
low-intensity statins, or who do not take statins2. 

The results of Mendelian randomization analyses 
have shown that inhibiting ACL reduces the inciden-
ce of cardiovascular events proportionally to the 
LDL-c reduction3. 

Bempedoic acid is available in 180 mg doses, 
alone or combined with ezetimibe, for oral adminis-
tration. 

Materials and method
Informal consensus methods were used based 

on the scientific evidence and the judgement and 
clinical experience of a group of experts from di-
fferent medical specialties. A literature search was 
conducted to find observational studies, clinical 
trials and systematic reviews or meta-analyses eva-
luating treatment with BA, published up to April 15, 
2023, in the PubMed/Medline, EMBASE, SciELO, 
Google Scholar and Cochrane Clinical Trials elec-
tronic databases.  

Content
Lipid efficacy

The lipid efficacy of BA has been tested in at 
least six clinical trials within a research program tit-
led “Cholesterol Lowering via Bempedoic Acid, an 
ACL-Inhibiting Regimen (CLEAR)”4. 

In a group of people with cardiovascular disea-
se or familial hypercholesterolemia on moderate 

or high-intensity statins, the CLEAR Wisdom and 
CLEAR Harmony studies evaluated changes in 
LDL-c at 12 weeks, and safety at 52 weeks, with a 
combined total of 3,000 patients5,6. The latter study 
had an open label extension for 1.5 years, CLEAR 
Harmony OLE, with more than 1,452 patients7. 

For patients with cardiovascular disease, fami-
lial hypercholesterolemia or in primary prevention 
with or without statins, at low intensity or low doses, 
or on ezetimibe, the CLEAR Serenity and CLEAR 
Tranquility studies gathered 614 people and evalua-
ted LDL-c changes at 12 weeks and safety at 24 
weeks8,9. The LDL-c changes at 12 weeks are pre-
sented in Table 1.  

In statin-intolerant patients, the reduction was 
around 24%4. Beyond 12 weeks, data are only avai-
lable from the open label extension (CLEAR Har-
mony OLE) in which, after 2.5 years of follow up, 
a sustained LDL-c reduction of -14.2 ± 0.9% was 
found7.

Safety
Bempedoic acid was not associated in any study 

with muscle or liver adverse effects10. The most spe-
cific adverse effect (26% higher in patients with nor-
mal initial levels) is elevated uric acid (UA) due to the 
effects of the drug on the organic anion transporter 
OAT2. The mean UA elevation is 0.8 mg/dl (95% CI = 
0.5-0.9 mg/dl), with a higher rate of gout attacks (OR 
= 3.2; 95% CI = 0.12-8.2) occurring within the first 
four weeks and persisting throughout treatment10.

With a frequency of less than 2%, tendon rupture 
was reported as an adverse effect, including ruptu-
re of the biceps tendon, Achilles tendon and rotator 
cuff tendon. This was more common in those over the 
age of 60, those with previous tendon diseases, tho-
se on steroids or fluoroquinolones and patients with 
chronic kidney disease. Another effect with a small 
difference compared with the placebo (1.7 vs. 1.1%), 
and which was infrequent, was the incidence of atrial 
fibrillation11.

Table 1. Percentage change in LDL-c at 12 weeks vs. 
placebo. 

CLEAR Wisdom	 -17.40%

CLEAR Harmony 	 -18.10%

CLEAR Serenity 	 -21.40%

CLEAR Tranquility	 -28.50%
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Compared with placebo, BA had 2.8 vs. 1.3% of 
cases of slightly elevated levels of transaminases 
and creatine kinase. A few patients have had mildly 
lowered hemoglobin levels in the first weeks which 
have persisted over time and normalize once treat-
ment is stopped10-11. Other adverse effects are des-
cribed in Table 2. 

vascular disease14. For every 10 mg/dl reduction in 
LDL-c associated with ACL, a 17.7% reduction in the 
risk of major cardiovascular events was found (OR = 
0.82; 95% CI = 0.78-0.87), as well as a 19.4% reduc-
tion in the risk of myocardial infarction (OR = 0.81; 
95% CI = 0.76-0.86). 

In addition, a recently published simulation model 
(Markov model) showed that adding BA to ezetimibe, 
compared with ezetimibe as monotherapy, in patients 
with atherosclerotic cardiovascular disease who do 
not reach the LDL-c goal with the maximum statin 
dose, predicts an incremental reduction in major car-
diovascular events15. As the patients’ 10-year risk 
increases, largely driven by the baseline LDL-c, the 
incremental benefits grow in terms of major cardio-
vascular events. 

Without a doubt, the greatest evidence to date of 
BA’s cardiovascular benefit comes from a large cli-
nical trial called CLEAR OUTCOMES (n = 13,970, 
median follow up: 40.6 months)16. This multicenter, 
randomized, double-blind, placebo-controlled trial in-
cluded patients between 18 and 85 years old with a 
high cardiovascular risk (a history of cardiovascular 
disease or in primary prevention with a high cardio-
vascular risk), statin intolerance (two or more statins 
at any dose or one statin at any dose and unwilling 
to try a second statin). It is important to clarify that 
a small proportion of patients received minimal sta-
tin doses (23%) and that the proportion who recei-
ved ezetimibe was conspicuously low (11-12%). The 
primary endpoint was a combination of four events: 
cardiovascular death, non-fatal myocardial infarction, 
non-fatal stroke and coronary revascularization. The 
average baseline level of LDL-c was 139 mg/dl in both 
groups. After six months, LDL-c reduction was grea-
ter with BA than with the placebo (difference: 29.2 
mg/dl, 21.1%). The incidence of the primary endpoint 
was significantly lower in the BA group compared 
with the placebo group (11.7 vs. 13.3%; HR = 0.87; 
95% CI = 0.79-0.96; p = 0.004). This benefit was also 
found when the incidence of fatal or nonfatal myo-
cardial infarction (HR = 0.77; 95% CI = 0.66-0.91) 
and coronary revascularization (HR = 0.81; 95% CI 
= 0.72-0.92) was evaluated. Bempedoic acid had no 
significant effect on stroke, cardiovascular death and 
death from any cause. 

In conclusion, this study showed that a moderate 
LDL-c reduction with BA in statin-intolerant patients 
reduced cardiovascular events. However, the popu-
lation had a high baseline LDL-c compared with other 
studies. Consequently, it would be inappropriate to 
extrapolate these results to a population properly me-
dicated with statins or with a lower LDL-c. This me-
dication does not replace statins. Properly defining 
true “statin intolerance” will help avoid inappropriate 
treatment choices. 

Table 2. Adverse effects higher than 2% vs. placebo.

      Adverse effect	 Bempedoic acid	 Placebo	  	
	 Statin + Others	  %		
	 %

Upper respiratory tract symptoms 	 4.5	  4.0	  

Muscle spasms	  3.6	  2.3

Back pain 	 3.3 	 2.2

Bronchitis	  3.0 	 2.5

Anemia	  2.8	 1.9

Cardiovascular benefit
Before the results of the CLEAR OUTCOMES 

study were available, a meta-analysis including four 
randomized clinical trials (3,483 patients) analyzed 
the effect of BA (180 mg/day) on the primary en-
dpoint of major cardiovascular events (myocardial 
infarction, stroke, cardiovascular mortality, hospitali-
zation for unstable angina or coronary revasculariza-
tion) compared with the placebo12. After an average 
of 35 weeks’ follow up, no statistically significant re-
duction was found in the combined endpoint (RR = 
0.83; 95% CI = 0.57-1.21; p = 0.34; I2 = 14%) with 
the lipid-lowering treatment. However, the authors re-
ported a significant reduction of 59% in non-coronary 
revascularization procedures in the group assigned 
to BA, compared with the placebo (RR = 0.41; 95% 
CI = 0.18-0.96; p = 0.04; I2 = 0%). Likewise, ano-
ther meta-analysis reported that the use of BA was 
associated with a significant reduction in the primary 
combined cardiovascular point (RR = 0.75; 95% CI 
= 0.56-0.99; I2 = 0%), although it only included two 
clinical trials in this evaluation13. Furthermore, this 
study reported neutral results when the cardiovascu-
lar events were evaluated individually. 

On the other hand, a Mendelian randomization 
study showed that the genetic variants which “imita-
te” the effect of BA (lower ACL function) and statins 
(lower HMG CoA function) appear to reduce serum 
LDL-c levels through a similar mechanism of action, 
associated with similar effects on the risk of cardio-



Rev Colomb Cardiol. 2023;30(Supl 2)

 S(2) 38

Recommended use
Bempedoic acid and the combination of a fixed 

dose with ezetimibe were approved by the United 
States Food and Drug Administration (FDA) in 2020 
and are indicated as a complement to diet and statins 
for treating adults with heterozygous familial hyper-
cholesterolemia or established cardiovascular disea-
se who need additional LDL-c reduction17. Likewise, 
the European Medicines Agency (EMA) has recom-
mended approval of BA, alone or combined with eze-
timibe, for treating adults with primary hypercholeste-
rolemia and mixed dyslpididemia18.  

A recent consensus document on the use of 
non-statin treatments produced by the American Co-
llege of Cardiology (ACC) has provided recommen-
dations for the use of BA in routine clinical practice19. 
It establishes that, for patients with established car-
diovascular disease, the use of BA could be consi-
dered when the LDL-c goal is not reached despite 
correct statin treatment, and after evaluating other 
options like ezetimibe or PCSK9 inhibitors. This re-
commendation also applies for patients in primary 
prevention with a very high LDL-c level (> 190 mg/dl).  
On the other hand, the document recommends using 
BA as second-line treatment together with inclisiran 
(after the first-line treatment with ezetimibe or PCSK9 
inhibitors) in statin-intolerant patients with cardiovas-
cular disease or an LDL-c level > 190 mg/dl, or both. 
Finally, the authors recommend considering BA as 
third-line treatment (after the first-line treatment with 
ezetimibe or PCSK9 inhibitors and the second-line 
treatment with resins) in statin-intolerant patients with 
or without diabetes in primary prevention and with a 
moderately elevated LDL-c.

Conclusions
Bempedoic acid is an oral prodrug which, like the 

statins, acts by inhibiting cholesterol biosynthesis. Its 
lipid efficacy has been proven in a large number of 
clinical trials. The approximate reduction in LDL-c le-
vels varies from 17 to 28%, with an anti-inflammatory 
effect also found. It is activated mainly in liver cells, 
and is not seen in muscle cells; consequently, unlike 
statins, its use is not associated with myotoxic effects. 
The cardiovascular benefits of BA, at least in patients 
with high cardiovascular risk and statin intolerance, 
have been proven in a recently published clinical trial. 
This treatment has been approved as a complement 
to diet and statins, alone or combined with ezetimibe, 
in patients with hypercholesterolemia, mixed dyslipi-
demia or statin intolerance. New recommendations 
also suggest its use as an alternative medication in 
individuals with high cardiovascular risk or a very 
high LDL-c level who do not reach the lipid goals with 
other lipid-lowering agents. Likewise, it could be con-

sidered as second or third-line treatment in statin-in-
tolerant patients, when the LDL-c goals established 
by the current guidelines are not reached.
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Abstract
Omega-3 fatty acids are a group of polyunsaturated fatty acids related to the reduction of cardiovascular compli-
cations, apparently due to decreased triglycerides. Most clinical studies have evaluated combined preparations 
of eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) at low doses, without demonstrating a clear 
clinical benefit. A specific type of highly purified EPA called icosapent ethyl was recently evaluated, showing an 
important and significant reduction in cardiovascular outcomes, including cardiovascular mortality. This article 
summarizes the clinical evidence on omega-3 fatty acids and, particularly, the importance of icosapent ethyl and 
its place in current clinical practice guidelines.

Keywords: Omega 3. Triglicéridos. Ácidos grasos. REDUCE-IT.

Resumen
Los ácidos grasos libres omega 3 son un grupo de ácidos grasos poliinsaturados relacionados con reducción 
de complicaciones cardiovasculares, al parecer secundaria a la disminución de los triglicéridos. La mayoría de 
los estudios clínicos han evaluado preparaciones combinadas de ácido eicosapentaenoico (EPA) y ácido doco-
sahexaenoico (DHA) en dosis bajas, sin demostrar un beneficio clínico contundente. Recientemente se evaluó 
un tipo específico de EPA altamente purificado, llamado icosapento de etilo, que ha demostrado una reducción 
significativa de los desenlaces cardiovasculares, incluida la mortalidad de origen cardiovascular. Este artículo 
resume la evidencia clínica con los ácidos grasos Omega 3 y, en particular, la importancia del icosapento de etilo 
y su lugar en las guías de práctica clínica actuales
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Correspondence: 

*Gilberto A. Castillo-Barrios
E-mail: gilberto.castillo@quironsalud.com



GA. Castillo-Barrios, et al: Icosapent ethyl

 S(2) 41

Introduction
In the seventies, Dyerberg et al.1 found a low in-

cidence of ischemic coronary disease in a group of 
Inuit Eskimos in Greenland who ate large quantities 
of seal and whale meat. Compared with the Danish 
population, the Inuit had a lower incidence of myo-
cardial infarction, lower triglyceride levels and longer 
coagulation times2, and therefore the researchers 
proposed that this could be due to a higher fish con-
sumption in these populations, especially consump-
tion of omega-3 fatty acids found in high quantities in 
marine oils3. Similar findings were reported later in 
other populations who also consumed a lot of fish4. 

In 1985, Daan Kromhout’s group wanted to eva-
luate if eating a lot of fish could be related to less 
coronary disease in a group of men in the city of Zu-
tphen, Netherlands. They collected a meticulous food 
and fish consumption diary from 852 men without co-
ronary disease and, after 20 years of follow up, found 
that the greater the fish consumption in 1960, the 
lower the rate of death from coronary heart disease in 
the following 20 years5. This fact aroused interest in 
studying whether omega-3 free fatty acids (found in 
high quantities in fish and other seafood) could have 
a cardiovascular benefit6.

What are omega-3 fatty acids?
Omega-3 free fatty acids are a group of polyun-

saturated fatty acids which are key in human physio-
logy. The three most important ones are alpha lino-
lenic acid (ALA), eicosapentaenoic acid (EPA) and 
docosahexaenoic acid (DHA). Clinical studies have 
mainly been conducted with the last two, mostly in 
commercial forms which combine them in varying 
proportions. Eicosapentaenoic acid and DHA are 
found especially in fish and shellfish and have pro-
ven to be effective in reducing triglyceride levels. On 
the other hand, ALA is an essential fatty acid derived 
from plants, which means that humans are unable 
to produce it7. Since only a small part of ALA can be 
converted into EPA and DHA, the best way to increa-
se the levels of omega-3 free fatty acids in the body 
is through food or commercial preparations. 

Initial omega-3 clinical studies
Observational studies and prospective registries 

associated a higher consumption of fish with a re-
duction in cardiovascular mortality, and therefore the 
scientific community became interested in properly 
evaluating if the omega-3 free fatty acids found in fish 
and seafood were really cardioprotective6. 

The first large study of omega-3 free fatty acids 
was the one by “Gruppo Italiano per lo Studio della 
Sopravviven Ensayo nell’ Infarto miocardico” (GIS-
SI-Prevenzione), in which 11,324 patients who had 

had a myocardial infarction in the previous three 
months were randomized. The patients were assig-
ned to receive omega-3 free fatty acids (1,000 mg 
per day of EPA and DHA), vitamin E, both, or neither. 
After 3.5 years of follow up, the patients who received 
omega-3 had a 10% reduction in the primary outco-
me (death, nonfatal infarctions or nonfatal cerebro-
vascular events)8. It is worth remembering that this 
study recruited patients from 1993 to 1995, which 
explains why fewer than 5% were on lipid-lowering 
treatment with statins at the beginning of the study.  

Almost 10 years later, in order to evaluate the re-
sults of GISSI-P in the context of improved treatment 
for patients with myocardial infarction, the OMEGA 
study was conducted with 3,851 patients in 104 
German centers to evaluate the effects of 1 g/dl of 
omega-3 free fatty acids (EPA + DHA) on the rate of 
sudden cardiac death in acute myocardial infarction 
survivors9. This study showed no differences in the 
rate of sudden death nor in the secondary outcome 
(total mortality, major cerebrovascular events or car-
diovascular events). However, subsequent analyses 
indicated that the OMEGA study did not have suffi-
cient statistical power to show a cardiovascular be-
nefit, as at least 20,000 patients would have had to 
be recruited.  

Other subsequent studies with omega-3 free fatty 
acids were conducted in more diverse populations. 
The ORIGIN study evaluated 1 g/dl of omega-3 
(EPA + DHA) in 12,536 diabetic patients without fin-
ding any cardiovascular benefit10. The SU.FOL.OM3  
study evaluated 2,501 French patients with a history 
of myocardial infarction, unstable angina or a prior 
ischemic stroke who were given 600 mg/dl of ome-
ga 3 vs. placebo, finding no differences between the 
two groups11. Finally, the R&P Trial studied 12,513 
patients with high cardiovascular risk but who had not 
had an acute myocardial infarction; they were ran-
domized to receive 1 g/dl of omega-3 vs. placebo, 
with no significant differences found between the two 
arms12.  

A few years later, and given the uncertainty gene-
rated by the latest results which showed no clinical 
benefit from omega-3 fatty acids, several meta-analy-
ses were published. The one by Maki et al.13, publi-
shed in 2017, showed a possible benefit in mortality, 
while the one by Aung et al.14 in 2018 did not show 
any usefulness of omega-3s. 

Another two subsequent studies evaluating the 
1 g/dl omega-3 dose (EPA + DHA) were ASCEND15 
(diabetic patients without cardiovascular disease) 
and VITAL16 (men > 50 years old or women > 55 
years old with no history of heart attacks, cancer or 
strokes). While there were no differences in the pri-
mary outcome in either of the two studies, the pa-
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tients treated with omega-3 in ASCEND had an 18% 
reduction in deaths from vascular causes, while the 
VITAL patients had a 28% reduction in the rate of 
myocardial infarction.  

The REDUCE-IT era
Most of the studies conducted up to that point had 

two characteristics: the omega-3 free fatty acids used 
were a combination of EPA + DHA, and a low dose 
was used (mostly 1 g/dl). However, a previous study, 
the Japan EPA Lipid Intervention Study (JELIS), eva-
luated 18,645 Japanese patients with hypercholes-
terolemia randomized to receive low-intensity statins 
along with 1.8 g of EPA vs. statins alone (without pla-
cebo)17. Despite later criticisms of the study design, 
patients in the EPA arm had a 19% reduction in the 
rate of coronary events.  

These promising results motivated the design of 
the Reduction of Cardiovascular Events with Icosa-
pent Ethyl-Intervention Trial (REDUCE-IT), which 
employed a stable, highly purified ethyl ester of EPA 
called icosapent ethyl18. This study included 8,179 
patients over the age of 45 with established cardio-
vascular disease (70.7% of the total) or diabetics 
over the age of 50 with an additional risk factor. The 
patients needed to have triglyceride levels between 
150 and 499 mg/dl, an LDL cholesterol between 41 
and 100 mg/dl, and to have received a stable sta-
tin dose over the previous four weeks. The patients 
were randomized to receive 2 g of icosapent ethyl 
every 12 hours vs. placebo (mineral oil). The primary 
outcome (cardiovascular death, nonfatal infarction, 
nonfatal stroke, coronary revascularization or unsta-
ble angina) was significantly reduced by 25% in the 
icosapent ethyl arm (absolute risk reduction of 4.8% 
and number needed to treat of 21 patients); the se-
condary outcome (cardiovascular death, nonfatal in-
farction or nonfatal stroke) also reduced significantly 
by 26% (absolute risk reduction of 3.6%). Except for 
total mortality, the patients who received icosapent 
ethyl had fewer cardiovascular outcomes in the hie-
rarchical analysis, including cardiovascular mortality. 

Later, the results of the Long-Term Outcomes 
Study to Assess Statin Residual Risk with Epanova in 
High Cardiovascular Risk Patients with Hypertriglyce-
ridemia (STRENGTH) were published, evaluating an 
omega-3 (EPA + DHA) preparation against carboxylic 
acid (which does not need to be metabolized in the 
intestine) in 13,078 patients with high cardiovascular 
risk19. The study was stopped early as no differences 
were found in the primary outcome (cardiovascular 
death, nonfatal infarction, nonfatal stroke, coronary 
revascularization or unstable angina requiring hos-
pitalization) with the use of 4 g/d vs. placebo (corn 
oil). These results suggest that the benefit is not only 

determined by a high omega-3 dose, but also by the 
type of fatty acids used, with icosapent ethyl being 
the only one to show clinical benefits thus far. 

To try to demonstrate a possible antiatherosclero-
tic effect of icosapent ethyl, the Effect of Vascepa on 
Improving Coronary Atherosclerosis in People With 
High Triglycerides Taking Statin Therapy (EVAPORA-
TE) study was designed, in which 80 patients with 
atherosclerotic coronary disease (at least one lesion 
with ≥ 20% arterial lumen obstruction) documented 
by tomography or cardiac catheterization were ran-
domized to receive 4 g/d of icosapent ethyl vs. pla-
cebo20. All of the patients were expected to continue 
statin therapy and their diet throughout the study. At 
18 months, the atherosclerotic plaque had been re-
duced by 17% in the icosapent ethyl arm, while in the 
placebo arm it had more than doubled, thus showing 
significant atherosclerotic plaque regression with this 
medication. 
Probable mechanisms of action of icosa-
pent ethyl 

Omega-3 free fatty acids (both EPA and DHA) 
lower triglyceride concentrations in the blood, but 
they probably exert additional atheroprotective pro-
perties at higher doses. In people with elevated tri-
glycerides, high-dose icosapent ethyl treatment has 
proven to lower the arachidonic acid/EPA ratio in the 
blood, high-sensitivity C-reactive protein (CRP), rem-
nant cholesterol, apolipoprotein C-III (ApoC-III) and 
oxidized LDL cholesterol21. 

Clinical and laboratory studies suggest that EPA 
also affects vascular functions related to atheros-
clerosis, like improved endothelium-dependent va-
sodilation, membrane stabilization and reduced in-
flammation and cholesterol “domains” (monohydrate 
cholesterol bilayers which are formed within the cell 
membranes and activate the production of IL-1 and 
IL-18 and free radical release)22. It appears that EPA, 
due to the length of its carbon chain and its double 
bonds, can interlock with the lipid membrane where it 
inhibits the formation of cholesterol domains23. 

In summary, seven physiological variables which 
are modified with the use of omega-3 free fatty acids 
have been identified and could explain their cardio-
vascular benefit24: 

1. Alterations of the lipid components: decreased 
VLDL, plasma triglyceride and oxidized LDL produc-
tion in the liver. 

2. Alterations in coagulation: decreased coagula-
tion and increased fibrinolysis. 

3. Changes in the cell membrane structure: in-
creased membrane fluidity and reduced lipid oxida-
tion and cholesterol crystal formation within the mem-
brane. 
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4. Direct cardiac and vascular modifications: redu-
ced post-infarction myocardial fibrosis, greater stabi-
lization of the cardiomyocyte membrane and decrea-
sed blood pressure and heart rate. 

5. Atherosclerotic plaque modifications: reduced 
macrophages and foam cells, less monocyte adhe-
sion, improved endothelial function and plaque stabi-
lity and decreased platelet aggregation. 

6. Reduced inflammation. 
7. Increased antioxidant effects. 

What do the clinical practice guidelines 
say? 

Traditionally, the guidelines have always consi-
dered hypertriglyceridemia to be a secondary risk 
factor which should only be treated if it continues to 
be high despite the use of statins or if it is severe 
(triglycerides > 500 mg/dl and especially > 1,000 
mg/dl). Secondary causes of elevated triglycerides 
should always be ruled out, like obesity, alcohol con-
sumption, metabolic syndrome, diabetes mellitus, 
hypothyroidism, chronic liver disease, chronic kidney 
disease, nephrotic syndrome and the use of medi-
cations like estrogens, glucocorticoids, cyclosporine, 
tacrolimus, beta blockers or thiazides. The main rea-
son to treat patients with severe hypertriglyceridemia 
with medications is not so much to reduce cardiovas-
cular risk but to prevent pancreatitis. 

The European Guidelines for Dyslipidemia Ma-
nagement25 published in 2019 recommend lifestyle 
changes and the use of statins as the first choice in 
patients with high cardiovascular risk who have tri-
glyceride levels ≥ 200 mg/dl. If, despite the use of 
statins, the triglycerides are persistently at 135 to 
499 mg/dl, the use of icosapent ethyl at 2 g every 
12 hours should be considered, along with a statin 
(recommendation IIa). 

In 2021, the American College of Cardiology pu-
blished the Expert Consensus for the Management 
and Reduction of Cardiovascular Risk in patients 
with persistent hypertriglyceridemia26.  For patients 
with atherosclerotic disease or diabetics over the age 
of 50 with an additional risk factor and triglycerides 
between 150 and 499 mg/dl, this document recom-
mends ruling out secondary causes of hypertrigly-
ceridemia, optimizing the diet, controlling glycemia, 
adopting a healthy lifestyle, and employing statins 
(preferably high-intensity statins). If the triglyceride 
levels continue to range from 150 to 499 mg/dl, ico-
sapent ethyl may be considered. 

Conclusions
Up to this point, icosapent ethyl (a highly purified 

EPA) has been the omega-3 preparation which has 
most conclusively proven to reduce cardiovascular 

complications in patients with established cardio-
vascular disease or type 2 diabetes mellitus with 
additional risk factors. To date, the clinical studies 
which have evaluated only purified EPA formulations 
(JELIS and REDUCE-IT) have shown improvement 
in clinical outcomes, while studies evaluating EPA + 
DHA formulations have failed to show benefits, espe-
cially in the statin era27. The international guidelines 
recommend using 2 g of icosapent ethyl every 12 
hours along with a statin (preferably a high-intensi-
ty statin) in patients with cardiovascular disease or 
high-risk type 2 diabetics with persistent triglyceride 
levels between 150 and 499 mg/dl. The evidence su-
ggests that the cardiovascular benefits are not only 
due to triglyceride reduction, but that there are seve-
ral mechanisms involved, such as anti-inflammatory 
effects, changes in atherosclerotic plaque and cell 
membrane modifications. 
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Abstract
Statins do not always allow the recommended goals to be met. Recent and future options for dyslipidemias 
are reviewed. 

Triglycerides: Pemafibrate affects triglycerides and HDL-C but has not yet shown changes in hard outcomes. 
Ethyl icosapentate reduced events, probably due to an anti-inflammatory effect. 

LDL cholesterol: Inclisiran, a synthetic small interfering RNA (siRNA), reduces LDL-C up to 83%. Confirma-
tion of MACE reduction is lacking. 

PCSK9: MK-0616 is in Phase IIb. Gemcabene inhibits cholesterol and fatty acid synthesis and has anti-in-
flammatory properties. 

ANGPTL3: Evinacumab reduces triglycerides and LDL-C and is already approved for homozygous familial 
hypercholesterolemia. ARO_ANG3 is in Phase II. 

Gene therapy: Two strategies have been successfully used: gene transfer and gene editing. 

Lp(a): Pelacarsen, in Phase II, interferes with Lp(a) production. Olpasiran prevents Lp(a) assembly, with re-
ductions of up to 95%. SLN360 can prevent Lp(a) production by up to 98%.

Keywords: siRNA; ANGPTL3; gene therapy; PCSK9.

Resumen
Las estatinas no siempre permiten  lograr las metas recomendadas. Se revisan opciones recientes y futuras 
para las dislipidemias.

Triglicéridos: el pemafibrato tiene un efecto en triglicéridos y cHDL, pero aún no demuestra cambios en 
desenlaces duros. El icosapento de etilo redujo eventos, probablemente por un efecto antiiflamatorio.

Colesterol LDL: el inclisirán, un ARN pequeño de interferencia sintético (ARNpi), reduce el cLDL hasta en  
83%. Falta confirmación de reducción en MACE.
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Low-density lipoprotein (LDL) cholesterol is the 
protagonist of atherosclerosis, not only due to its pa-
thophysiological role but also as the main therapeutic 
target. Despite very solid evidence in favor of statins, 
these do not achieve the recommended goals in up 
to 67% of the patients who take them, according to 
data from the PINNACLE Registry presented at the 
American Heart Association Congress in 20191. In 
this study, which evaluated 1.9 million patients with 
atherosclerotic cardiovascular disease, 21.1% of the 
patients had not received any lipid-lowering drug and 
84.5% had not reached the LDL-C target of less than 
70 mg/dl. This same study showed that females, Afri-
can Americans and hypertensive patients had less 
chance of reaching the goals.  

It is vitally important to have more potent drugs 
available for cases that require them, ideally with 
different mechanisms of action than statins, and 
that can be combined with them, if necessary. Also, 
drugs that can be used in people with true statin 
intolerance. 

Triglyceride reduction and increased HDL 
cholesterol 

While the initial studies emphasizing triglyceride 
reduction and increased HDL-C showed positive 
effects (the Helsinki Heart Study2, with gemfibrozil, 
had a 34% reduction in the incidence of coronary 
disease, and VA-HIT3, also with gemfibrozil, a 22% 
reduction in the relative risk of the combined outcome 
of non-fatal myocardial infarction or coronary death), 
subsequent studies in which the patients were alre-
ady on statins and other medications (renin-angio-
tensin system modulators or beta blockers, among 
others) showed no net benefit (FIELD4, with fenofi-
brate, which did not reduce the risk of the primary 
outcome of coronary events; ACCORD5, with fenofi-
brate plus simvastatin, versus simvastatin alone, did 
not reduce the risk of fatal cardiovascular events, 
myocardial infarction or non-fatal stroke and others). 
These were collected in Jakob’s systematic review 
and meta-analysis6, which concluded that fibrates re-
duced the risk of cardiovascular and coronary events 
in primary prevention, but that the effect was modest 
(RRR < 1%) and that there was low-quality evidence 

that fibrates had no effect on all-cause mortality or 
non-cardiovascular mortality. 

Pemafibrate
Pemafibrate is a selective PPAR α modulator, 

with a better effect than fibrates on triglycerides and 
HDL-C, which makes it a potential candidate for 
controlling residual risk in patients who have taken 
statins and other medications to control LDL-C. The 
study by Yamashita7, which grouped the results of 
studies in dyslipidemic patients with or without a 
combination with statins found 45.1, 48.5 and 50.0% 
reductions in triglycerides at week 12, depending on 
the dose used, compared with placebo. Furthermore, 
the treatment group had a similar incidence of adver-
se events as the placebo group, even in patients with 
kidney failure, as this drug is eliminated by the liver. 

As in all cases, lipid lowering is an intermediate 
result of a lipid-lowering agent, and its effect should 
be evaluated in hard outcomes. The PROMINENT8 
study evaluated the effect of pemafibrate vs. place-
bo on cardiovascular outcomes in patients with dia-
betes, triglycerides between 200 and 499 mg/dl and 
HDL-C ≤ 40 mg/dl. Two cohorts were evaluated, one 
in primary prevention and the other in secondary pre-
vention. Ninety-six percent of the patients were on 
statins (and more than two-thirds were on high-inten-
sity statins). Compared with placebo, the pemafibra-
te group achieved a 26.2% reduction in triglycerides 
and a 5.1% increase in HDL-C. However, there was 
no reduction in the incidence of the primary outcome 
(composed of non-fatal myocardial infarction, ische-
mic stroke, coronary revascularization or cardiovas-
cular death). The patients who received pemafibrate 
had a higher incidence of renal events and venous 
thromboses, as well as a lower incidence of nonalco-
holic fatty liver. 

Although there was a reduction in remnant choles-
terol (-25.6% compared with the placebo group), the 
levels of non-HDL cholesterol did not change subs-
tantially (-0.2%), there was a modest change in ApoB 
(+4.8%) and the LDL-C levels increased (12.3%). 
The finding of increased ApoB and LDL-C may be 
one of the explanations of the study results, as the 
reduction in proatherogenic particles and non-remo-

PCSK9: el MK-0616 está en fase IIb. El gemcabene inhibe síntesis de colesterol y de ácidos grasos, y es 
antiinflamatorio. 

ANGPTL3: evinacumab reduce triglicéridos y c.LDL; ya ha sido aprobado para hipercolesterolemia familiar 
homocigota. El ARO_ANG3 está en fase II.

Terapia génica: se han utilizado con éxito dos estrategias: la transferencia y la edición de genes. 

Lp(a): Pelacarsén, en fase II, interfiere la producción de Lp(a). Olpasirán evita el ensamblaje de Lp(a), con 
reducciones hasta del 95%. El SLN360 puede evitar la producción de Lp(a) hasta en un 98%.

Palabras clave: ARN pequeño de interferencia; ANGPTL3; terapia génica, PCSK9.
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deling of TG-rich particles is essential to achieving 
an effect on events. The other important explanation 
is the protective effect of statins, which almost all 
patients were taking, and which may have made it 
difficult for pemafibrate to show an additional effect. 
This same reasoning has been proposed to explain 
the poor results of studies like FIELD and ACCORD. 

In addition, the authors of PROMINENT propose 
that pemafibrate may have led to greater efficiency in 
the conversion of LDL remnants by stimulating lipo-
protein lipase activity, which would explain the reduc-
tion in remnants and increase in LDL-C and ApoB, 
and no change in non-HDL cholesterol. Therefore, 
for medications targeting triglycerides to be effective, 
they must be able to increase triglyceride-rich rem-
nant clearance (ApoB reduction is a marker of this 
effect) rather than simply convert the remnants to 
LDL.  

This concept is reinforced by the results of two 
studies, REDUCE-IT9 with icosapent ethyl, which 
showed a significant reduction (-25%) in the primary 
outcome not explainable by the modest reduction in 
triglycerides (-18.3%), and STRENGTH10 with ome-
ga-3 fatty acids, which showed no changes in ApoB 
nor in the incidence of cardiovascular events. The 
possible effect of the use of mineral oil as a placebo 
in the REDUCE-IT study11 still needs to be clarified, 
which could explain the results. 

The potential role of pemafibrate and fibrates in 
atherosclerotic disease control has not been definiti-
vely established either, although their triglyceride re-

duction and HDL-C boosting profile makes them po-
tential candidates for patients with residual risk due 
to high non-HDL cholesterol. 

Inclisiran
The effectiveness and safety of PCSK9 inhibitor 

monoclonal antibodies have been clearly demons-
trated, prompting research into medications with 
PCSK9 as their therapeutic target. Inclisiran is a 
recent medication which inhibits PCSK9 production 
through a different mechanism than that of alirocu-
mab or evolocumab: this is a long-acting synthetic 
small interfering RNA (siRNA) which causes substan-
tial and sustained LDL-C reduction over time (up to 
six months after one or two doses). 

Small interfering RNA binds to the RNA-induced 
silencing complex (RISC)12, which allows it to ex-
cise the messenger RNA which codes for PCSK9 
production, leading to reduced production (Fig. 1). 
The effect is especially useful when the medication 
is combined with statins which upregulate PCSK9 
production13. Studies show that inclisiran causes an 
~74% reduction in circulating PCSK9 (with a 300 mg 
subcutaneous dose), which can be sustained up to 
day 180 (> 50%). With multiple doses, the reduction 
may reach ~83% (500 mg), which also remains abo-
ve 50% at 180 days. This sustained reduction allows 
it to be administered every three or six months. 

Unlike monoclonal antibodies, which affect PCSK9 
regardless of its source (liver, small intestine or kid-
ney), inclisiran is only aimed at hepatic PCSK9 pro-
duction. 

Figure 1. Mechanism of action of inclisiran.
Adaptado de: Cupido A, Kastelein J. Cardiovascular research 2020; 116. 10.1093/cvr/cvaa212.
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Studies in all phases have shown that inclisiran is 
safe, and its adverse events have been mild or mo-
derate14. However, the treatments employing siRNA 
are very new and long-term safety data is still lacking.  

Some studies have suggested an increase in 
blood sugar and HbA1c levels, especially in the first 
months of use, and although it has not been clearly 
shown to increase the risk of diabetes15, there is a su-
ggested mechanism of action: higher glucose levels 
and a greater risk of diabetes mellitus were found in 
mice with loss of PCSK9 function; likewise, genetic 
deletion of PCSK9 was associated with glucose in-
tolerance16.  

The inclisiran effectiveness and safety studies are 
collected in the ORION program. 

A joint analysis of the Phase III ORION studies17 

showed a reduction in PCSK9 levels compared with 
the baseline, a -68.2 to -29.5% reduction in total 
cholesterol, -42.8% in non-HDL cholesterol, -40.2% 
in ApoB and -20.0% in Lp(a). The average percent 
LDL-C reduction was 50.6%. 

This same study, which included patients with 
heterozygous familial hypercholesterolemia, athe-
rosclerotic disease and atherosclerotic disease risk 
equivalent, on maximum statin doses, prespecified 
the exploratory outcomes of major cardiovascular 
events (MACE) like non-allocated cardiovascular 
death, cardiac arrest, non-fatal myocardial infarc-
tion, and fatal and non-fatal stroke. A significant re-
duction in MACE was achieved (OR = 0.74; 95% CI 
= 0.58-0.94), but not in fatal or non-fatal myocardial 
infarction (OR = 0.80; 95% CI = 0.50-1.27) or fatal 
or non-fatal stroke (OR = 0.86; 95% CI = 0.41-1.81). 
These results are promising but must be confirmed 
with longer-lasting studies. 

The network meta-analysis by Wang et al., using 
the available ORION studies18, showed significant 
changes (reduction) in LDL-C, but not in triglycerides 
or HDL-C. The adverse events were nasopharyngitis, 
headache and musculoskeletal pain, with no statisti-
cally significant difference compared to the placebo 
group. 

Inclisiran is a promising option for treating patients 
with atherosclerotic cardiovascular disease, due to 
its effectiveness and safety profile. Data is lacking on 
clinical event effects. 

MK-0616
This is a macrocyclic peptide which inhibits 

PCSK9, with the novelty of being orally administe-
red. It binds to PCSK9 and prevents its interaction 
with LDL receptors, preserving them and achieving 
LDL-C reduction through greater receptor availability. 
A Phase IIb study in patients with hypercholestero-
lemia and atherosclerotic cardiovascular disease (or 
> 5% cardiovascular risk)19 already concluded, and 

a Phase III clinical trial in patients with moderate re-
nal impairment is in the data collection stage20. In the 
first study, with 381 randomly assigned participants, 
all the MK-0616 doses showed statistically significant 
differences (p < 0.001) in the least squares mean 
percent change in LDL-C after up to eight weeks of 
treatment versus placebo: -41.2% (6 mg), -55.7% (12 
mg), -59.1% (18 mg) and -60.9% (30 mg). There was 
no statistical difference in the incidence of adverse 
events compared with the placebo (39.5 to 43.4% 
with the different doses and 44.0% with placebo). 

Gemcabene
This is a novel lipid-lowering drug whose action 

does not depend on LDL receptors, which makes it 
especially useful in patients who do not respond well 
to statins, ezetimibe or PCSK9 inhibitors, as occurs 
in patients with homozygous familial hypercholeste-
rolemia. 

It is a dual modulator of ATP-citrate lyase which 
lowers acetyl-coenzyme A levels and, therefore, 
HMG-CoA levels, leading to a reduction in choleste-
rol and AMP-activated protein kinase synthesis, and 
inhibits both cholesterol and fatty acid synthesis de-
termined by 14C-acetate uptake in the hepatocytes, 
an additional effect of PPAR-alpha activation21. Fur-
thermore, it reduces C-reactive protein, both isolated 
as well as combined with statins22, which demonstra-
tes its anti-inflammatory properties.  

In general, it has sustained effects on LDL-C re-
duction (-30%) when used in patients already on li-
pid-lowering therapy23, which makes it useful as an 
additional therapy in the treatment of familial hyper-
cholesterolemia. The study by Ballantyne et al.24 
showed a reduction in LDL-C (-26.6%), non-HDL 
cholesterol (-23.0 5), ApoB (-22.1%), total choleste-
rol (-17.1%), triglycerdies (+1.5%), HDL-C (+4.4%), 
Lp(a) (+6.0%) and usCRP (-20%). 

Gemcabene is still in Phase II studies and the re-
view of additional data on carcinogenicity, requested 
by the FDA, is still pending.  

ANGPTL3 inhibitors
A new therapeutic tool appeared with the discovery 

that patients with loss of function of the angiopoei-
tin-like protein (ANGPTL3) gene, which is a negative 
regulator of lipoprotein lipase activity, had lowered 
triglycerides, LDL-C and HDL-C, as well as a redu-
ced risk of coronary disease25,26. It was also shown 
that loss-of-function variants in LPL were accompa-
nied by an increased risk of coronary disease27. An 
antisense oligonucleotide targeting ANGPTL3 mRNA 
(vupanorsen)28 has been tested, along with a mono-
clonal antibody.   

In a Phase II study, vupanorsen showed significant 
reductions in triglycerides (36, 53 and 47%, accor-
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ding to the dose) and ANGPTL3 (41, 59 and 56%). 
The highest dose showed a 58% reduction in ApoC-
III, -38% in remnant cholesterol, -19% in total choles-
terol, -18% in non-HDL cholesterol, -24% in HDL-C 
and -9% in ApoB. The results of the TRANSLATE-TI-
MI 70 study, in which the goals of statistically signi-
ficant reduction in non-HDL cholesterol, triglycerides 
and ANGPTL3 were met, found a modest reduction 
in LDL-C levels, increased transaminases and the 
onset of hepatic steatosis, and therefore the clinical 
development program for vupanorsen was stopped29. 

Evinacumab is a human monoclonal antibody 
against ANGPTL3 which, in healthy volunteers, pro-
duced up to 76% triglyceride reduction, with up to 
-23% for LDL-C and -18.4% for HDL-C30. Triglyceride 
reduction is due in part to disinhibition of LPL, with 
the consequent hydrolysis of triglyceride-rich lipopro-
teins31, while the reduction in HDL-C is due to disin-
hibition of endothelial lipase32. The change in LDL-C 
is unclear, but in studies in mice with LDL receptor 
deficiency it was found to be unrelated to the LDL 
receptor, which suggests its potential use in patients 
with homozygous familial hypercholesterolemia. 

In a pilot study of nine patients with homozygous 
familial hypercholesterolemia, evinacumab showed 
a -46.8% LDL-C reduction in those who also un-
derwent apheresis or lipid-lowering treatment, sustai-
ned (-43.4%) over an extension period without aphe-
resis. It was well tolerated and there were no major 
adverse events or significant changes in hepatic or 
muscular enzymes33. 

In the HELPISE HoFH study of 65 patients with 
homozygous familial hypercholesterolemia who were 
on at least three lipid-lowering therapies (94% sta-
tins, 77% high-intensity; 75% ezetimibe; 25% lomi-
tapide; 77% PCSK9 inhibitors and 34% apheresis), 
LDL-C was lowered by 49% consistently with the di-
fferent therapies. This almost 50% reduction leads to 
the expectation of a reduction in the risk of major ad-
verse events (MACE). Evinacumab was effective in 
patients with a deficit of LDL receptors (negative-ne-
gative), as well as in those with residual receptor ac-
tivity34. In secondary outcomes, there were significant 
reductions in both ApoB (-36.9%) and non-HDL cho-
lesterol (-51.7%) and total cholesterol (-48.4%); in 
addition, the adverse events were similar to those of 
the placebo group35. This drug is currently approved 
by the FDA for treating homozygous familial hyper-
cholesterolemia. 

ARO-ANG3
This is a small interfering RNA against ANGPTL3 

which was evaluated in a Phase II study in patients 
with mixed dyslipidemia, and showed a 60% reduc-
tion in triglycerides, a dose-dependent reduction in 
LDL-C up to 32%, as well as a reduction in ApoB 

and remnant cholesterol. An additional benefit was 
documented in the dose-dependent reduction in liver 
fat, measured by magnetic resonance, without tran-
saminase elevation, contrary to what happened with 
vupanorsen36. 

Gene therapy with CRISPR/Cas9 
While it is true that most patients with dyslipide-

mias can be controlled with statins and lifestyle chan-
ges, in special cases (He FH and Ho FH, patients 
with very high cardiovascular risk or those with true 
statin intolerance), drug combinations are required. 
In this context, a frequent problem is lack of adheren-
ce to treatment, which is why the PCSK9 modulating 
therapies have offered relief. 

Due to the liver’s central role in lipid regulation 
(transplantation significantly improves LDL-C levels 
in patients with Ho FH), research has focused on de-
veloping liver-targeted therapies. There have been 
recent advances in gene transfer or editing which 
have already proven useful in various conditions 
such as hemophilia, Wilson’s disease and familial 
hypercholesterolemia37. 

The two main strategies which have been used are 
gene transfer and gene editing. In transfer, copies of 
functional genes are inserted into the cell through vi-
ral vectors, using adenoassociated recombinant vi-
ruses (AAV), which cannot replicate and have a very 
weak ability to integrate into the patient’s DNA38. This 
treatment already has an approved therapy for ma-
naging one form of hereditary retinal dystrophy and 
another for spinal muscular dystrophy in children.  

Gene editing seeks to directly repair DNA genes, 
combining a delivered editing system with the cells’ 
own DNA repair mechanisms. Once achieved, these 
changes persist both in the RNA as well as in the 
proteins produced and cannot be reversed, as they 
become permanent, which demands a very rigorous 
and comprehensive evaluation of their safety39. 

The risks are not minor: there is a possibility of an 
immune response to the viral vectors or their inte-
gration into the genome, as well as the production of 
autoantibodies against the new protein. Furthermore, 
these therapies should be limited to somatic cells due 
to the risk that, if they affect germ cells, the changes 
could be passed on to future generations. 

The Clstered Regularly Interspaced Short Palin-
dromic Repeats (CRISPR/Cas9) system allows the 
receptor organism’s DNA to be edited. It uses an en-
donuclease-associated RNA molecule (Cas9). The 
RNA guides the Cas9 molecular scissors to the exact 
mutation site for them to cut at the site marked by the 
PAM (protospacer). Once the DNA strands are cut, 
cellular repair mechanisms are used and the exoge-
nously added DNA is used by the same cell to repair 
it precisely and specifically (Fig. 2). 
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Typically, these tools are limited to treating mono-
genic diseases, and familial hypercholesterolemia is 
an excellent example, although, perhaps in the futu-
re, several therapeutic targets may be combined to 
make personalized genetic editing cocktails. 

In an interesting proof of concept study40, fibro-
blasts were taken from the skin of patients with ho-
mozygous familial hypercholesterolemia and treated 
with CRISP/Cas9 and a repair template. Eighty-three 
percent of the enriched clones showed correction of 
both alleles and differentiated into hepatocyte-like 
cells. These corrected cells expressed LDL receptors 
and internalized LDL. 

Several entities could be targeted with these the-
rapies, specifically FH related to PCSK9 gene muta-
tions, but also in patients with recessive autosomal 
disorders of the LDL receptor adaptor (LDLRAP1), 
or ABCG8/G5 sitosterolemia, familial chylomicrone-
mia syndrome (APOC2, APOA5, LMF1, LPL, GPI-
HBP1) and LCAT deficiency or abetalipoproteinemia 
(MTTP).

Other options
Several therapeutic options are being studied, ei-

ther in preclinical or initial clinical phases. A few pre-
liminary studies evaluate the effect of a molecule de-
rived from nitric oxide, which could have an effect on 
PCSK9 activity42; other, more advanced studies tar-
get Lp(a), with molecules like pelacarsen, oplasiran, 
SLN360 and LY3819469, based on RNA technology.   

Pelacarsen
In a Phase II dose-finding clinical trial with a pla-

cebo comparator, pelacarsen, an antisense oligonu-
cleotide which interferes with the production of Lp(a), 
caused a dose-dependent reduction in Lp(a) of 35, 
56, 58, 72 and 80%. The Lp(a) levels returned to their 
baseline levels 16 months after stopping the medi-
cation. Reductions were also found in ApoB and oxi-
dized phospholipids (OxPL-apo(a) and OxPL-apoB), 
associated with the proinflammatory effects of Lp(a). 
The most common adverse event was a reaction at 
the injection site43.  

The effects are promising, especially considering 
that these results were obtained in patients with con-
trolled LDL-C, most of whom were on statins and 
20% on PCSK9 inhibitors. 

The Assessing the Impact of Lipoprotein (a) 
Lowering With Pelacarsen on Major Cardiovascular 
Events in Patients With CVD (HORIZON) Lp(a) study 
is an ongoing Phase III clinical trial which began in 
December 2019 and will evaluate the effect on car-
diovascular events in 8,000 patients, over 4.25 years. 
The primary outcomes are time elapsed to the first 
MACE in those with at least 70 mg/dl and at least 90 
mg/dl. The results are expected in 2025.

Olpasiran
This is a small interfering RNA which prevents 

Lp(a) assembly in the hepatocyte, leading to a mar-
ked reduction in circulating Lp(a). In a study of heal-

Figure 2. Genome editing.
Modificado de: Ran FA et al. Nat Protoc 2013; 8(11):2281-230841.
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thy volunteers with elevated Lp(a), different doses of 
olpasiran had significant results in reducing Lp(a), 
between 71 and 96%, with a rapid reduction begin-
ning on day 15 and a maximum effect between days 
43 and 71, with a single dose. The values returned 
to baseline levels 225 days after administration44. 
There were no significant changes in kidney or liver 
function, platelets or laboratory markers, and a mild 
reaction at the injection site was the most common 
adverse event.  

The OCEAN(a)-DOSE study is currently being ca-
rried out, evaluating several dosing strategies. 

The results of the OCEAN(a)-DOSE study were 
recently presented, showing that patients who recei-
ved olpasiran every 12 weeks had a 95% reduction 
in Lp(a) levels at week 36. The frequency of adver-
se events was no different from that of the placebo 
group45. The first patient in a randomized Phase II 
clinical trial, the OCEAN(a) Outcomes Trial, was ran-
domized in December 2022.  

SLN360 
Similar to olpasiran, SLN360 is a small interfe-

ring RNA, specifically targeted at preventing hepatic 
Lp(a) production. In a study of healthy volunteers, but 
with elevated Lp(a) levels, 46 to 98% reductions were 
found depending on the dose, lasting for approxima-
tely 150 days after a single injection, with a rapid on-
set of action within the first two weeks, a maximum 
effect 30 to 60 days after application and a return to 
baseline at 150 days. There were no adverse events 
or changes in laboratory tests, nor in platelet, kidney 
or liver function46.
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