
Importancia del abordaje y manejo 
del riesgo (residual) persistente y 

colesterol remanente

Virgilio Martínez Mateo
FEA Cardiologia. Alcázar de San Juan



CONFLICTOS DE INTERES:

Honorarios por charlas médicas: Amarin, AstraZeneca, Servier y Sanofi

Honorarios por consultoría: Sanofi y Almirall

Ayuda del departamento médico de Amarin para elaborar la presentación



Factores de riesgo de la ECVA

.
Yusuf S, et al. Lancet. 2004;364(9438):937-952.

Factores de riesgo modificables Factores de riesgo no modificables

Otros factores de riesgo 

Tabaquismo Hiperlipemia 

Hipertensión 
arterial

Obesidad

Antecedentes familiares Edad Factores genéticos

Dieta Actividad física Consumo de alcoholDM

C

HO
LEST E ROL



Hipertensión art.  (3)Apo B  (4)Tabaquismo  (1)

3.3
(2.8-3.8) 

42.3
(33.2-54.0) 

182.9
(132.6-252.2) 

333.7
(230.2-483.9) 

2.9
(2.6-3.2) 

O
R

(IC
 d

el
 9

9%
)

DM  (2)

2.4
(2.1-2.7) 

1.9
(1.7-2.1) 

13.0
(10.7-15.8) 

68.5
(53.0-88.6) 

512

256

128

64

32

16

8

4

2

1
1 + 2 + 3 Los 4 + Obesidad + Psicosocial Todos los 

factores de 
riesgo

Apo B, apolipoproteína B; IC, intervalo de confianza; DM, diabetes mellitus; IAM, infarto de miocardio; OR, odds ratio.  
Yusuf S, et al. Lancet. 2004;364(9438):937-952.



Dislipemia: Importancia del tipo de Colesterol (LDLc)

Ference B et al Low-density lipoproteins cause atherosclerotic cardiovascular disease. 
A consensus statement from the European Atherosclerosis Society Consensus Panel. 
European Heart Journal 2017; 38: 2459–2472 
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mutation in the PCSK9 gene. Regardless of the underlying genetic de-
fect, FH is characterized by markedly elevated levels of LDL-C and
premature atherosclerosis, particularly coronary artery disease.13,14

In the most common form of FH, a mutation in the LDLR gene
causes decreased LDL receptor function leading to a markedly
increased concentration of circulating LDL particles and the choles-
terol carried by those particles (i.e. LDL-C). Heterozygous FH
(HeFH) affects between 1:200 and 1:300 people worldwide15,16 and
when untreated is characterized by LDL-C levels in the range of 4.5–
12 mmol/L and a marked increase in risk of ASCVD.13 Homozygous
FH (HoFH) is a much rarer condition, with an extreme phenotype
characterized by untreated plasma LDL-C levels often in excess of
13 mmol/L from birth and almost universal development of ASCVD
in childhood or early adolescence.14 Although the phenotypic ex-
pression of FH is variable, the extent of atherosclerosis and the risk
of cardiovascular events in both HeFH and HoFH is proportional to
both the absolute magnitude and the duration of exposure to ele-
vated LDL-C levels.15,17,18

Within any affected family, each child has an equal and random 50%
probability of inheriting a mutation that causes FH. The fact that siblings
who inherit an FH mutation have markedly elevated plasma LDL-C lev-
els and a corresponding dose-dependent markedly elevated lifetime
risk of ASCVD as compared to their unaffected siblings provides
powerful evidence that LDL causes ASCVD.19 This conclusion is sub-
stantially strengthened by the complementary observations that GOF
mutations in PCSK9 result in a markedly elevated LDL-C concentration
and a corresponding markedly elevated risk of ASCVD, while LOF mu-
tations in PCSK9 result in a lower LDL-C concentration and a corres-
ponding markedly lower lifetime risk of ASCVD.20

Evidence from prospective
epidemiologic studies

Several large meta-analyses of prospective observational epidemio-
logic studies using individual participant data have consistently re-
ported a continuous log-linear association between the absolute
magnitude of exposure to plasma LDL-C levels and the risk of
ASCVD.

The Emerging Risk Factors Collaboration (ERFC) reported the re-
sults of a meta-analysis of individual participant data from 302 430
persons without prevalent vascular disease at the time of enrolment
in 68 prospective studies during which 8857 non-fatal MI and 928
coronary heart disease (CHD) deaths accrued over 2.79 million
person-years of follow-up.21 In these studies, plasma LDL-C concen-
tration was log-linearly associated with increased risk of non-fatal MI
or CHD death. Although the authors reported the association be-
tween non-HDL-C concentration and risk of CHD in the primary
analysis, all studies included in this meta-analysis measured total chol-
esterol, high-density lipoprotein cholesterol (HDL-C), and triglycer-
ides and reported the calculated LDL-C concentration as estimated
by the Friedewald equation. The ERFC authors point out that any re-
gression model that includes terms for non-HDL-C, HDL-C, and tri-
glycerides is a simple mathematical rearrangement of a model that
includes terms for calculated LDL-C, HDL-C, and triglycerides.
Therefore, in the ERFC analysis, the effect of LDL-C is exactly equal
to the effect of non-HDL-C on the risk of CHD by definition in the
analysis. The authors confirmed this fact by demonstrating that in a
subsample of 8 studies involving 44 234 individuals, the effect of dir-
ectly measured LDL-C on the risk of CHD was nearly identical to the
effect of non-HDL-C (and calculated LDL-C) per millimole per litre.

Similarly, the Prospective Studies Collaboration reported a meta-
analysis of individual participant data on 892 337 persons without
cardiovascular disease at baseline who had been enrolled in 61 pro-
spective cohort studies during which 33 744 ischaemic heart disease
deaths accrued over nearly 12 million person-years of follow-up. This
meta-analysis reported a strong, graded log-linear association be-
tween total plasma cholesterol and the risk of ischaemic heart disease
mortality.22 Importantly, in a subsample of 153 798 participants for
whom HDL-C measurements were available, the effect of non-HDL-
C on the risk of ischaemic heart disease mortality was nearly identical
to the effect of total cholesterol per millimole per litre.

Together, these meta-analyses of prospective epidemiologic cohort
studies provide coherent and consistent evidence that plasma LDL-C
concentration is strongly and log-linearly associated with a dose-
dependent increase in the risk of incident ASCVD events (Figure 2).

Evidence from Mendelian
randomization studies

Although the association between LDL-C and the risk of ASCVD is
strong, graded, and reproducible in meta-analyses of prospective co-
hort studies, these studies are not randomized and are therefore un-
avoidably vulnerable to confounding, reverse causation, and other
forms of bias. Mendelian randomization studies introduce a random-
ization scheme into an observational study specifically to assess

Figure 1 Relative concentration of apolipoprotein B (ApoB) con-
tained in circulating lipoproteins in normolipidaemic individuals.
ApoB content was calculated in nanomoles per litre using 500 000
as the defined molecular mass [i.e. low-density lipoprotein (LDL)
100 mg/dL or 2000 nmol/L, very low-density lipoprotein (VLDL)
5 mg/dL or 100 nmol/L, intermediate density lipoprotein (IDL) rem-
nants 5 mg/dL or 100 nmol/L and lipoprotein(a) 10 nmol/l*]. *Based
on population median.
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..whether an observed association between an exposure and an out-
come is likely to be causal.23

Numerous variants in multiple genes have been reported to be
associated with lower LDL-C levels.24,25 Each of these variants is in-
herited approximately randomly at the time of conception in a pro-
cess sometimes referred to as Mendelian randomization. Therefore,
inheriting an LDL-C lowering allele in one of these genes is analogous
to being randomly allocated to treatment with an LDL-C-lowering
therapy, while inheriting the other allele is analogous to being ran-
domly allocated to ‘usual care’. If the variant under study is associated

solely with LDL-C and not with other lipid or non-lipid pleiotropic ef-
fects, and if allocation is indeed random, then comparing the risk of
ASCVD among persons with and without such a variant should pro-
vide an unconfounded estimate of the causal effect of lower LDL-C
levels on the risk of ASCVD in a manner analogous to a long-term
randomized trial.26

Mendelian randomization studies have consistently demonstrated
that variants in over 50 genes that are associated with lower LDL-C
levels (but not with other potential predictors or intermediates for
ASCVD) are also associated with a correspondingly lower risk of

Figure 2 Log-linear association per unit change in low-density lipoprotein cholesterol (LDL-C) and the risk of cardiovascular disease as reported
in meta-analyses of Mendelian randomization studies, prospective epidemiologic cohort studies, and randomized trials. The increasingly steeper slope
of the log-linear association with increasing length of follow-up time implies that LDL-C has both a causal and a cumulative effect on the risk of cardio-
vascular disease. The proportional risk reduction (y axis) is calculated as 1-relative risk (as estimated by the odds ratio in Mendelian randomization
studies, or the hazard ration in the prospective epidemiologic studies and randomized trials) on the log scale, then exponentiated and converted to a
percentage. The included meta-analyses were identified from (i) MEDLINE and EMBASE using the search terms meta-analysis, LDL, and ‘cardiovascu-
lar or coronary’; (ii) the reference lists of the identified meta-analyses; (iii) public data from GWAS consortia; and (iv) by discussion with members of
the EAS Consensus Panel. We included the most updated meta-analyses available, giving preference to meta-analyses that used individual participant
data. Trial acronyms: AF/TexCAPS, Air Force/Texas Coronary Atherosclerosis Prevention Study; ALERT, Assessment of LEscol in Renal
Transplantation; ALLHAT-LLT, Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial Lipid Lowering Trial; ALLIANCE,
Aggressive Lipid-Lowering Initiation Abates New Cardiac Events; ASPEN, Atorvastatin Study for Prevention of Coronary Heart Disease Endpoints in
non-insulin-dependent diabetes mellitus; ASCOT LLA, Anglo Scandinavian Cardiac Outcomes Trial Lipid Lowering Arm; AURORA, A Study to
Evaluate the Use of Rosuvastatin in Subjects on Regular Hemodialysis: An Assessment of Survival and Cardiovascular Events; CARE, Cholesterol and
Recurrent Events; CARDS, Collaborative Atorvastatin Diabetes Study; CHGN, Community Health Global Network; 4D Deutsche Diabetes Dialyse
Studies; ERFC, Emerging Risk Factors Collaboration; GISSI, Gruppo Italiano per lo Studio della Sopravvivenza nell’Infarto Miocardico; HOPE, Heart
Outcomes Prevention Evaluation Study; HPS, Heart Protection Study; IDEAL, Incremental Decrease in End Points Through Aggressive Lipid
Lowering; IMPROVE-IT, Examining Outcomes in Subjects With Acute Coronary Syndrome: Vytorin (Ezetimibe/Simvastatin) vs Simvastatin; JUPITER,
Justification for the Use of Statins in Primary Prevention: An Intervention Trial Evaluating Rosuvastatin trial; LIPID,, Long-Term Intervention with
Pravastatin in Ischemic Disease; LIPS, Lescol Intervention Prevention Study; MEGA, Management of Elevated Cholesterol in the Primary Prevention
Group of Adult Japanese; POST-CABG, Post Coronary Artery Bypass Graft; PROSPER, Pravastatin in elderly individuals at risk of vascular disease;
PROVE-IT, Pravastatin or Atorvastatin Evaluation and Infection Therapy; SHARP, Study of Heart and Renal Protection; TNT, Treating to New
Targets; WOSCOPS, West of Scotland Coronary Prevention Study.
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Figure 5 Linear association between achieved low-density lipoprotein cholesterol (LDL-C) level and absolute coronary heart disease (CHD) event
rate or progression of atherosclerosis. Panel A shows absolute cardiovascular event rates in randomized statin trials and Panel B shows progression of
atherosclerosis as measured by intravascular ultrasound. In Panel A, achieved LDL-C in primary prevention trials and secondary prevention trials in stable
CHD patients was related to the end point of CHD events (fatal plus non-fatal myocardial infarction, sudden CHD death) proportioned to 5 years
assuming linear rates with time. Trendlines for primary and secondary prevention associations are virtually superimposable. Key: p, placebo; a, active
treatment arm, except for IDEAL, where s, simvastatin and a, atorvastatin; and HOPE-3, where r, rosuvastatin; and TNT where reference is made to
atorvastatin 10 and 80 mg dose. Trial acronyms: AFCAPS, Air Force Coronary Atherosclerosis Prevention Study; ASCOT, Anglo Scandinavian Cardiac
Outcomes Trial; ASTEROID, A Study To Evaluate the Effect of Rosuvastatin on Intravascular Ultrasound-Derived Coronary Atheroma Burden; CARE,
Cholesterol and Recurrent Events; CAMELOT, Comparison of Amlodipine vs. Enalapril to Limit Occurrence of Thrombosis; HOPE, Heart Outcomes
Prevention Evaluation Study; HPS, Heart Protection Study; IDEAL, Incremental Decrease in End Points Through Aggressive Lipid Lowering;
ILLUSTRATE, Investigation of Lipid Level Management Using Coronary Ultrasound To Assess Reduction of Atherosclerosis by CETP Inhibition and
HDL Elevation; JUPITER, Justification for the Use of Statins in Primary Prevention: An Intervention Trial Evaluating Rosuvastatin trial; LIPID, Long-Term
Intervention with Pravastatin in Ischemic Disease; PRECISE IVUS, Plaque REgression with Cholesterol absorption Inhibitor or Synthesis inhibitor
Evaluated by IntraVascular UltraSound; PROSPER, Pravastatin in elderly individuals at risk of vascular disease; REVERSAL, Reversal of Atherosclerosis
With Aggressive Lipid Lowering; 4S Scandinavian Simvastatin Survival Study; SATURN, Study of Coronary Atheroma by Intravascular Ultrasound: Effect
of Rosuvastatin vs. Atorvastatin; STRADIVARIUS, Strategy To Reduce Atherosclerosis Development InVolving Administration of Rimonabant—the
Intravascular Ultrasound Study; TNT, Treating to New Targets; WOSCOPS, West Of Scotland Coronary Prevention Study.
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RIESGO PERSISTENTE A PESAR DEL CONTROL DEL LDL1-4

c-LDL: colesterol unido a lipoproteínas de baja densidad; CV: cardiovascular; RCV: riesgo cardiovascular.
1. Hong KN, et al. How Low to Go With Glucose, Cholesterol, and Blood Pressure in Primary Prevention of CVD. J Am Coll Cardiol. 2017;70(17):2171-2185. 2. Collins R, et al. Interpretation of the evidence for the efficacy and safety of statin therapy. Lancet. 
2016;388(10059):2532-2561. 3. Boekholdt SM, et al. Very low levels of atherogenic lipoproteins and the risk for cardiovascular events: a meta-analysis of statin trials. J Am Coll Cardiol. 2014;64(5):485-494. 4. Ganda OP, et al. Unmet Need for Adjunctive 
Dyslipidemia Therapy in Hypertriglyceridemia Management. J Am Coll Cardiol. 2018;72(3):330–343.

RCV persistente a pesar
del control del c-LDL4

Reducción del riesgo CV al 
lograr el control del c-LDL 
con estatinas1-4

65%-75%

25%-35%



c-LDL: colesterol unido a lipoproteínas de baja densidad; CV: cardiovascular; HbA1c: hemoglobina glicosilada; hs-CRP: proteína C-reactiva de alta sensibilidad; Lp(a): lipoproteína A; TG: triglicéridos.
1. Lawler PR, et al. Targeting cardiovascular inflammation: next steps in clinical translation. Eur Heart J. 2021;42(1):113-131. 2. Vanuzzo D. The epidemiological concept of residual risk. Intern Emerg Med. 2011;6 (suppl 1):45-51. 3. Dhindsa DS, et al. The Evolving 
Understanding and Approach to Residual Cardiovascular Risk Management. Front Cardiovasc Med. 2020;7:88.                  

Adaptado de Lawler PR, et al. Eur Heart J. 2021.1

FACTORES ASOCIADOS AL RIESGO CV PERSISTE

El riesgo CV residual puede definirse como el riesgo residual de episodios vasculares o progresión de las lesiones vasculares
establecidas que persisten en los pacientes tratados con las terapias estándar actuales basadas en la evidencia.2

La identificación y tratamiento del riesgo CV residual es fundamental para optimizar los resultados clínicos y reducir el riesgo de 
episodios recurrentes.3



Metabolismo Trigliceridos y Colesterol remanente

Burnnet R. JACC 2020; 76: 2736-2739Hoogeveen G. Clinical Chemestry. 2021; 67 (1): 2736-2739



Vekic E. Biomedicines 2023; 11: 2897 Balling M. JACC 2023; 81 (2): 136-152

LDL rico en TG + colesterol remanente + TG elevados: 
mayor oxidación de la placa y más aterosclerosis



Wadtrom M. Eur Heart J 2023; 44: 1432-1445

Medir concentración de TG = colesterol remanente

A tener en cuenta:
• Dieta (especialmente día/noche anterior)

• Control glucémico/déficit-resistencia insulina

• Otras causas secundarias
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¿Cómo tratar el exceso de colesterol remanente?

• EMPEZAR POR:
• Dieta
• Ejercicio/evitar obesidad (grasa periférica)
• Controlar la DM/atenuar resistencia insulinaGinsberg N. European Heart Journal (2021) 00, 1–21 
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that secondary acquired or inherited factors (e.g. insulin resistance)
are needed to increase VLDL and chylomicron secretion or impair
lipolysis, resulting in hyperlipidaemia. An identifying feature is a gross-
ly elevated cholesterol/TG ratio in TRL, due to marked accumulation
of VLDL and chylomicron ‘end-product’ remnants highly enriched in
cholesterol (up to 10 000 molecules per particle)5 (Figure 5). The ele-
vated ASCVD risk in this dyslipidaemia is prima facie evidence for the
role of remnant lipoproteins in atherogenesis, as LDL levels are typic-
ally low.72

Hepatic clearance of VLDL remnants is mediated by either
apoB100 or apoE through receptor-dependent and receptor-
independent pathways;7,17,71,73 25–75% of these particles are
removed directly rather than converted to LDL. Which factors de-
termine the fate of a remnant particle (in the VLDL or IDL density
range) remains incompletely defined, although apoCIII inhibits where-
as apoE and possibly HL facilitate hepatic remnant uptake.74,75 In
mice, apoCIII impacts plasma TG levels and remnant accumulation
when LpL activity is reduced, but not when normal.75 Additional

Figure 4 Overview of apolipoprotein B lipoprotein metabolism. During absorption of fat from the diet, chylomicrons are generated by the entero-
cytes in the small intestine, travel via lymphatics, and appear in the bloodstream. Lipidation of a primordial apolipoprotein (apo) B48-containing par-
ticle (apoB48, a truncated form of apoB100 made solely in the intestine) is mediated by microsomal triglyceride transfer protein using triglyceride
synthesized from absorbed fatty acids. In a similar assembly process, a large triglyceride-rich, apoB100-containing very low-density lipoprotein
(VLDL)1 is made in the liver using a variety of sources for triglyceride synthesis—de novo lipogenesis, fatty acids released from intracellular storage
droplets, free fatty acids taken up from the circulation after their release from adipose tissue, and triglyceride fatty acids present in VLDL chylomicron
remnants. Chylomicrons and VLDL1 (and to an extent VLDL2) compete for the same lipolytic mechanism. Lipoprotein lipase is anchored to the lu-
minal surface of the capillary endothelium in skeletal muscle and adipose tissue by glycophosphatidylinositol-anchored high-density lipoprotein-bind-
ing protein-1. This enzyme hydrolyzes triglyceride in the core of the particle releasing fatty acids into the underlying tissue bed. Lipase maturation
factor 1 is essential for the secretion of functional lipase from adipose tissue and muscle. ApoCII is an activator (essential cofactor) of lipoprotein lip-
ase, whereas apoCIII is an inhibitor of the enzyme and of remnant particle uptake. The angiopoietin-like proteins 3, 4, and 8 (ANGPTL3, 4, 8) have a
tissue-specific role in modifying (inhibiting) lipoprotein lipase action, whereas apoAV increases lipoprotein lipase-mediated lipolysis. Lipolysis of chylo-
microns leads to the formation of remnant particles, which are cleared by the liver via the low-density lipoprotein receptors and, based on mouse
studies, the low-density lipoprotein receptor-related protein 1. Likewise, VLDL1 is delipidated to VLDL2, remnants, and intermediate-density lipopro-
teins, which are either removed by liver receptors or converted to low-density lipoprotein as the final product. Smaller VLDL2 is also made by the
liver and can be delipidated to intermediate-density lipoprotein and low-density lipoprotein (for more detail see refs43–45). It should be noted that lip-
olysis of both chylomicrons and VLDL in adipose tissue and skeletal muscle is neither equally divided nor randomly apportioned but is determined by
insulin mediated regulation of lipoprotein lipase in each tissue, with insulin stimulating lipoprotein lipase in adipose tissue and inhibiting it in skeletal
muscle. In addition, ANGPTL3 and ANGPTL8 inhibit lipoprotein lipase activity in skeletal muscle in the fed state and ANGPTL4 inhibits lipoprotein
lipase activity in white adipose tissue during fasting.45 FFA, free fatty acids; GPIHBP1, glycophosphatidylinositol-anchored high-density lipoprotein-
binding protein-1; IDL, intermediate-density lipoprotein; LDL, low-density lipoprotein; LDLr, low-density lipoprotein receptor; LMF1, lipase matur-
ation factor 1; LRP1, low-density lipoprotein receptor-related protein 1; MTP, microsomal triglyceride transfer protein; VLDL, very low-density
lipoprotein.
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• iPCSK-9:  ↓ VLDL 15-20%

¿Cómo bajar el VLDL?

Nurmohamend N. JACC 2021; 77:1564-75 

First, as reviewed by Rader, there are pitfalls to AAV-mediated gene
therapy including a lack of long term expression and safe viral delivery
vector systems [80]. Other challenges for use of such a system
include: 1) the immunogenicity of the AAV capsid that limits the
amount of viral particles dosed; 2) an inability to repeat and titrate
treatment to achieve optimal levels of lipids and lipoproteins; and 3)
waning durability and clinical efficacy since the AAV transduced gene
exists in hepatocytes as an episome, and gene expression declines as
the hepatocytes undergo division [81].
Second, previous studies reported that the overexpression of ectopic
VLDLR in hepatocytes may be pro-inflammatory; thus increasing ER
stress and the potential for hepatic steatosis [82]. Additionally,
increased VLDLR expression in macrophages was found to promote
adipose tissue inflammation and impaired glucose tolerance in obese
mice [83]. In another study, it has been reported that VLDLR expression
was a factor in adipose tissue inflammation, where this inflammation
was only reduced in obese VLDLR-deficient mice fed a high-fat diet
[84]. VLDLR has also been found to modulate fibrin-dependent leuko-
cyte transmigration and thereby promote inflammation [85,86].
However, several studies have identified mechanisms for reducing the
risk of VLDLR-attributed inflammation and hepatic steatosis. For
example, Fuchs et al. discovered that a lack of adipose triglyceride
lipase protected mice from endoplasmic reticulum (ER) and hepatic
stress in the presence of high TG levels [87]. Zarei et al. observed that
FGF21 may protect against hepatic steatosis by attenuating ER stress-
induced VLDLR upregulation [88]. Recent results with VLDLR knockout
mice have also indicated that VLDLR is not a major factor in fatty liver
formation, particularly during protein restriction [89]. Thus, although
there is a potential risk of hepatic steatosis resulting from excessive TG
uptake in hypertriglyceridemic states [90], it is possible that
compensatory mechanisms, such as increased fatty acid b-oxidation
or reduced hepatic lipogenesis, may act to mitigate hepatic TG
accumulation.

5. NOVEL GENETIC MEDICINE APPROACHES TOWARD
TARGETING VLDLR

Despite the previous hurdles discussed above, gene therapy targeting
hepatic VLDLR expression remains a promising modality to effectively
treat and manage atherogenic lipid disorders. Thus, upcoming genetic
medicine approaches for achieving sustained hepatic expression of
VLDLR may benefit from incorporating the following features:

5.1. Integrative technology to improve durability of treatment effect
For atherogenic lipid disorders, the lack of durable treatment effects
observed with AAV gene therapy in dividing hepatocytes can often be
circumvented by using gene integrating or editing technology. How-
ever, the main potential safety risks with these methods are related to
the site of gene integration. For example, some gene editing methods
with CRISPR/Cas9 involve the introduction of double-stranded breaks
(DSBs). These DSBs cause extensive genomic rearrangements
(chromothripsis) that can drive the rapid acquisition of multiple cancer-
causing mutations simultaneously. Chromothripsis can promote
tumorigenesis in many tissue types, including ones relevant for ther-
apeutic editing [91,92]. Although some gene editing systems that
utilize base editors or prime editors do not introduce DSBs [93e95],
these systems are limited in their degree of DNA editing to small
genomic regions. The immune response induced by Cas9 protein itself
can also be a problem. It is possible that this is due to the presence of
certain peptides in Cas9 that may act as MHC-binding epitopes. It
should be remembered that Cas9 is a protein of bacterial origin and
can have an immunogenic effect in mammals [96].
New generations of gene integration methodology may be able to avoid
these concerns and limitations. For example, a transposon-based
system that allows genetic material to be transferred to a specific
site in a host organism’s chromosome may represent a viable meth-
odology for durable and safe integrating gene therapy [97,98].

Figure 1: Role of hepatic VLDL receptor expression in the clearance of atherogenic particles. Overview of the pathways by which hepatic VLDL receptor expression may
increase plasma clearance of atherogenic VLDL remnant and Lp(a) particles. The VLDL receptor can promote hepatic uptake of VLDL remnants via binding to apoE, and this shunt
pathway can limit further remnant processing, resulting in reduced LDL production. Lp(a) has also been shown to be a ligand for the VLDL receptor, and thus hepatic VLDL receptor
expression would be expected to increase plasma clearance and reduce concentrations of Lp(a) particles. VLDL: very low-density lipoprotein. LDL: low-density lipoprotein. Lp(a):
lipoprotein a. apoC: apolipoprotein C. apoB-100: apolipoprotein B-100. apoE: apolipoprotein E.
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¿Cómo bajar los Trigliceridos?
• Fibratos/ Á. poliinsaturados omega 3 purificados/éster etilico ácido graso 

omega-3 (icosapento de etilo)
• Reducen en torno al 20-50% niveles de Tg y 10-15% del colesterol no-HDL

STRENGTH Trial

N Engl J Med 2022; 387: 1923-1934 JAMA 2020; 324: 2268-2280

Prominent Trial

N Engl J Med  2019; 380: 11-22

REDUCE-IT Trial
Gaba et al 391 

Fig. 1 Significant reductions in the primary composite endpoint (cardiovascular death, nonfatal MI, nonfatal stroke, coronary revascular- 
ization, or unstable angina requiring hospitalization) and the key secondary endpoint (cardiovascular death, nonfatal MI, or nonfatal stroke) 
in REDUCE-IT. Published with permission from Bhatt et al. 18 
cardiovascular causes. There was no significant difference in 
the first occurrence of primary endpoint between the fenofi- 
brate versus placebo groups (2.2% versus 2.4%, HR 0.92, 
95% CI 0.79–1.08, P = 0.32). Annual rates of death from 
all causes were also similar between treatment arms (1.5% 
versus 1.6%, HR 0.91, 95% CI 0.75–1.10, P = 0.33). A 

subsequent systematic meta-analysis of 17 trials evaluating 
niacin’s effect on adverse cardiovascular events revealed a 
similarly lackluster reduction in cardiovascular events. 33 

Why then did IPE, yet another triglyceride lowering med- 
ication, lead to such substantial ischemic event reduction? 
The overarching belief was that perhaps the benefit stemmed 



Efectos beneficiosos de EPA
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1. Mason RP. Curr Atherosclero Rep. 2019;21(1):2; 2. Ganda OP et al. J Am Coll Cardiol. 2018;72(3):330-343; 3. Borow KM et al. Atherosclerosis. 2015;242(1):357-366.

• Producción de óxido nítrico
• Vasodilatación dependiente del endotelio
• Especies reactivas de oxigeno

• Los mecanismos de acción que contribuyen a la reducción 
de los eventos CV con IPE no se conocen completamente, 
pero probablemente son multifactoriales

Función 
endotelial1,2

Efectos 
antiinflamatorios3

• Eicosanoides y citocinas 
proinflamatorios

• Reclutamiento de células inflamatorias

Estabilidad de la 
placa3

• Formación, progresión y ruptura de 
las placas

• Trombosis
• Activación plaquetaria
• Espesor del recubrimiento fibroso



Olshansky B. Cardiovascular Benefits of Icosapent Ethyl in Patients With 
and Without Atrial Fibrillation in REDUCE-IT, Volume: 12, Issue: 5, DOI: 
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MAYOR RIESGO DE FA y SANGRADOS NO GRAVES 

Acontecimientos adversos surgidos durante 
el tratamiento (TEAE)

Icosapento de etilo
%

Placebo
% Valor de P

Fibrilación auricular (FA)1 215 (5.3%) 159 (3.9%) 0.003

Adjudicados positivamente como FA o 
aletero(flutter) auricular (hospitalicación durante
≥24 horas)2

127 (3.1%) 84 (2.1%) 0.0037

Edemas periféricos1 267 (6.5%) 203 (5.0%) 0.002

Neumonía (AAG)2 263 (6.4%) 277 (6.8%) 0.56

Anemia1 191 (4.7%) 236 (5.8%) 0.03

Diarrea1 367 (9.0%) 453 (11.1%) 0.002

AA gastrointestinal1 1350 (33.0%) 1437 (35.1%) 0.04

Adjudicados como insuficiencia cardíaca2 169 (4.1%) 176 (4.3%) n/a

1. Bhatt DL, et al. Article and supplementary appendix. N Engl J Med. 2019;380(1):11-22. 2. Bhatt DL, et al. N Engl J Med. 2019;380(1):11-22d.



INDICACION

Icosapento de etilo está indicado para la reducción del riesgo de eventos CV 
en pacientes adultos tratados con estatinas con alto riesgo CV y TG elevados
(>150 mg/dl [>1,7 mmol/l]) y:

• Diabetes y, como mínimo, otro factor de riesgo CV•ECV establecida o

¿Subgrupos que más se benefician? 



Pacientes que más se benefician 
(subanálisis de REDUCE-IT)
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Fig. 2 Distribution of the first and subsequent primary composite endpoint events (cardiovascular death, nonfatal MI, nonfatal stroke, 
coronary revascularization, or unstable angina requiring hospitalization) in REDUCE-IT. Published with permission from Dr. Bhatt et al. 27 

not only from IPE’s triglyceride-rich lipoprotein reducing ef- 
fects, but also its anti-oxidant and anti-inflammatory proper- 
ties, key components lacking in previously studied triglyc- 
eride reducing agents. A myriad of cellular mechanisms be- 
hind EPA’s anti-inflammatory effects have been identified to 
date ( Fig. 3 ). In endothelial cells, for example, EPA was able 
to reverse endothelial dysfunction, preventing platelet aggre- 
gation and leukocyte adhesion. 29 , 34 Specifically, by compet- 
ing with omega-6 fatty acids for cyclooxygenase enzymes, 
EPA generates thromboxane A3 while decreasing produc- 
tion of thromboxane A2, a potent atherothrombotic agent. 
Moreover, by increasing the production of nitric oxide and 
anti-aggregatory and vasodilatory prostanoids, omega-3 fatty 
acids prevent vasospasm. 11 EPA has also been shown to re- 
verse endothelial dysfunction in isolated vessels and human 
endothelium under conditions of hyperglycemia and dyslipi- 
demia in a manner enhanced with high intensity statins un- 
like other omega-3 fatty acids. 14 , 34 Metabolism of EPA into 
resolvins and protectins, specialized inflammation-resolving 
mediators, is additionally thought to play a role in EPA’s 
beneficial effects as is its stabilization of membranes and 
cholesterol distribution with resultant prevention of lipid ox- 
idation. 11 , 12 , 35 

On a macro level, imaging studies of IPE have shed 
light on its unique ability to decrease the burden of coro- 
nary vulnerable plaque, further explaining its cardiovascu- 
lar benefit. Vulnerable lesions are atherosclerotic plaques 
with unique anatomic and biologic characteristics (i.e., thin 
cap atherofibromas, large necrotic cores, macrophage in- 
filtration, etc.) that increase chances of rupture and coro- 
nary thrombosis. 36 , 37 They have been extensively studied and 
their relationship with adverse ischemic events has been in- 
tensified over the years, particularly as imaging technology 
has improved our ability to identify these lesions. 38 , 39 In the 
EVAPORATE (Effect of Vascepa on Improving Coronary 
Atherosclerosis in People with High Triglycerides Taking 
Statin Therapy) trial, patients treated with and without IPE 
were evaluated by cardiac computed tomography angiogra- 
phy (CTA) for features of vulnerable plaque, among other 
characteristics. Patients treated with IPE had early slowing of 
progression in total plaque and noncalcified plaque volume 
compared with patients treated with placebo. 10 At 18 months, 
IPE treatment resulted in significantly reduced low attenua- 
tion plaque volume (-0.3 + /- 1.5 versus 0.9 + /- 1.7 mm3, 
P = 0.006), a well-established marker of plaque vulnerabil- 
ity. 9 There were also reductions in total plaque, total non- 
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Fig. 4 Significant reductions in first and total events among patients with prior myocardial infarction treated with icosapent ethyl versus 
placebo. Published with permission from Gaba et al. 42 in the Journal of the American College of Cardiology. 
Effects of IPE on revascularization rates - 
REDUCE-IT REVASC 

Along with prior MI, patients with hypertriglyceridemia 
tend to experience higher rates of ischemic events. In 
REDUCE-IT REVASC, the incidence of requiring revascu- 
larization with either PCI or CABG was evaluated among 
patients treated with IPE. There was a 34% reduction in 
first coronary revascularizations among patients treated with 
IPE versus placebo (9.2% versus 13.3%, HR 0.66, 95% CI 
0.58–0.76, P < 0.0001). The benefit was noted soon af- 
ter randomization and reached statistical significance by 11 
months. 17 The need for CABG was impressively reduced by 
39% in REDUCE-IT REVASC, making IPE the first non- 
low-density lipoprotein-lowering treatment to reduce CABG 
rates in a blinded randomized trial. Rates of PCI among pa- 
tients treated with IPE versus placebo were also decreased 
substantially (7.7% versus 10.9%, HR 0.68, 95% CI 0.59–
0.79, P < 0.0001). 44 When segregated by elective, urgent, 
and emergent revascularization, each revascularization sub- 
type demonstrated consistent reductions with IPE relative 
to placebo ( Fig. 5 ). Total revascularization events were also 
lower among individuals in the IPE treatment arm, and the 
relationship persisted regardless of whether events that oc- 
curred within the first 30 to 90 days of therapy were excluded, 
suggesting a truly robust benefit. 

IPE benefit among patients with prior CABG –
REDUCE-IT CABG 

There was a subset of patients in REDUCE-IT that had 
undergone prior surgical coronary revascularization. A total 
of 1837 (22.5%) patients had a history of CABG. Patients 
from REDUCE-IT with prior CABG who were random- 
ized to either IPE or placebo were analyzed in REDUCE- 
IT CABG. Treatment with IPE led to a significant risk re- 
duction of recurrent revascularization. First primary compos- 
ite endpoint events of cardiovascular death, nonfatal stroke, 
nonfatal MI, coronary revascularization or unstable angina 
were reduced by 24% in those treated with IPE compared 
with placebo (HR 0.76, 95% CI 0.63–0.92, P = 0.004). 24 
There was also an absolute risk reduction of 6% for the 
key secondary composite endpoint among those treated with 
IPE versus placebo (14.7% versus 20.7%, HR 0.69, 95% 
CI 0.56–0.87, P = 0.001). 24 Fatal or nonfatal myocardial 
infarction was significantly lower in the IPE cohort (8.2% 
versus 13.3%, HR 0.60, 95% CI 0.45–0.81, P = 0.0005). 
There was a trend towards a reduction in the incidence 
of cardiovascular death ( P = 0.06). In addition to first 
events, patients in REDUCE-IT CABG treated with IPE ex- 
perienced reductions in subsequent ischemic events, over- 
all extending the benefits of IPE to those with prior CABG 
( Fig. 6 ). 
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Fig. 8 Primary composite endpoint among patients with varying degrees of kidney dysfunction, showing significant benefit in all prespecified 
categories. Published with permission from Majithia et al. 23 
© 2021 The Authors. Circulation is published on behalf of the American Heart Association, Inc., by Wolters Kluwer Health, Inc. This is an 
open access article under the terms of the Creative Commons Attribution License, which permits use, distribution, and reproduction in any 
medium, provided that the original work is properly cited. 

Pacientes que más se benefician 
(subanálisis de REDUCE-IT)

ERC (FG < 60 ml.min.1.73 m3)
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statin-treated patients with well-controlled LDL
cholesterol across a wide range of baseline tri-
glycerides, suggesting that the cardiovascular bene-
fits of icosapent ethyl are tied primarily to baseline
risk and non–triglyceride-related effects. Nonethe-
less, while approximately 10% of REDUCE-IT patients
had triglycerides currently considered normal

(<150 mg/dl), almost all REDUCE-IT patients had
triglycerides greater than what might now be
considered an optimal level of <100 mg/dl. Future
REDUCE-IT biomarker studies and data analyses will
explore the potential mechanisms behind the sub-
stantial reductions in cardiovascular risk observed
with icosapent ethyl.

FIGURE 1 Effect of Icosapent Ethyl on First and Total Ischemic Events by Baseline Triglyceride Tertiles

B
TOTAL EVENTS – Primary Composite
Endpoint/Subgroup Icosapent Ethyl Placebo RR (95% CI) P-Value

0.2

n/N (%)

705/4089 (17.2)

233/1378 (16.9)

246/1370 (18.0)

226/1338 (16.9)

Primary Composite Endpoint (ITT)

≥81 to ≤190 mg/dl

Baseline Triglycerides by Tertiles*

>190 to ≤250 mg/dl

>250 to ≤1401 mg/dl

n/N (%)

901/4090 (22.0)

291/1381 (21.1)

283/1326 (21.3)

327/1382 (23.7)

0.75 (0.68–0.83)

0.79 (0.66–0.94)

0.80 (0.68–0.95)

0.68 (0.57–0.80)

A
TIME TO FIRST EVENT – Primary Composite
Endpoint/Subgroup Icosapent Ethyl Placebo HR (95% CI) P-Value

< 0.0001

0.0069

0.0121

< 0.0001

0.6

Icosapent Ethyl
Better

Placebo
Better

*P (interaction) = 0.331.0 1.4 1.8

*P (interaction) = 0.170.2

61.1

56.4

63.2

64.4

Primary Composite Endpoint (ITT)

≥81 to ≤190 mg/dl

Baseline Triglycerides by Tertiles*

>190 to ≤250 mg/dl

>250 to ≤1401 mg/dl

88.8

74.5

86.8

107.4

0.70 (0.62–0.78)

0.74 (0.61–0.90)

0.77 (0.63–0.95)

0.60 (0.50–0.73)

Rate per 1000
Patient Years

Rate per 1000
Patient Years

< 0.0001

0.0025

0.0120

< 0.0001

0.6

Icosapent Ethyl
Better

Placebo
Better

1.0 1.4 1.8

The primary composite endpoint event consists of cardiovascular death, nonfatal myocardial infarction, nonfatal stroke, coronary revascularization, or hospitalization
for unstable angina. First events (A) and subsequent (total) events (B) are depicted across tertiles of baseline triglycerides. CI ¼ confidence interval; HR ¼ hazard ratio;
ITT ¼ intent to treat; RR ¼ rate ratio.
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CONCLUSIONES

• Riesgo persistente y colesterol remanente son tan importantes como 
el LDL en el desarrollo de aterosclerosis 
• Integrarlo como marcador de enfermedad y objetivo de tratamiento
• Para su tratamiento es básico insistir en dieta, ejercicio y mejor 

control posible de la DM
• Icosapento de etilo es el único tratamiento específico para el control 

del colesterol remanente que ha demostrado aumentar la 
supervivencia y su uso es obligado en pacientes con IAM reciente, 
eventos de repetición y/o ERC




