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Abstract: Representatives from the National Lipid Association (NLA) participated in the development
of the 2018 American Heart Association/American College of Cardiology/Multisociety Guideline on
the Management of Blood Cholesterol, which reaffirmed that lifestyle changes and statin treatment
are therapeutic cornerstones for atherosclerotic cardiovascular disease (ASCVD) risk reduction. It
also updated prior recommendations to incorporate newer data demonstrating ASCVD risk reduction
with ezetimibe and proprotein convertase subtilisin kexin type 9 inhibitors as adjuncts to statin therapy
for patients at high and very-high ASCVD risk. The 2018 Guideline was finalized shortly before full
results were available from a randomized, placebo-controlled cardiovascular outcomes trial [Reduction
of Cardiovascular Events with Icosapent Ethyl–Intervention Trial (REDUCE-IT)] that examined the
effects of icosapent ethyl (IPE) 4 g/d on major adverse cardiovascular events in selected high- or
very high-risk, statin-treated patients with elevated triglycerides. The primary outcome variable of first
major adverse cardiovascular event (cardiovascular death, myocardial infarction, stroke, coronary
revascularization and hospitalization for unstable angina) was reduced by 25% (95% confidence inter-
val 17%–32%, P , .001). REDUCE-IT served as the primary basis for the NLA’s review of evidence
for the use of IPE for ASCVD risk reduction. Based on this review, the NLA position is that for patients
aged $45 years with clinical ASCVD, or aged $50 years with diabetes mellitus requiring medication
plus $1 additional risk factor, with fasting triglycerides 135 to 499 mg/dL on high-intensity or maxi-
mally tolerated statin therapy (6ezetimibe), treatment with IPE is recommended for ASCVD risk
reduction (evidence rating: class I; evidence level: B-R).
� 2019 National Lipid Association. All rights reserved.
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Introduction

Results from observational studies have suggested lower
risks for adverse cardiovascular outcomes associated with
higher intakes, or higher biomarker levels of, long-chain
omega-3 fatty acids, particularly eicosapentaenoic acid
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(EPA) and docosahexaenoic acid (DHA).1–4 However, re-
sults from randomized, controlled trials (RCTs) of
omega-3 fatty acid interventions have shown mixed results,
with some suggesting cardiovascular outcomes benefits,5,6

while others failed to support beneficial effects.7,8

Interpretation of results from the previously available
RCTs was complicated by several design limitations, chief
among these being the low dosages used in most trials
(median 840 mg/d of EPA 1 DHA as ethyl esters),9 which
is substantially lower than those doses recommended by the
Food and Drug Administration (FDA) for prescription
omega-3 products that lower triglycerides (TGs). For
example, the daily dosage of omega-3 ethyl esters available
as Lovaza and generic products is 3.36 g of EPA 1 DHA,
that of icosapent ethyl (IPE or EPA ethyl esters, available as
Vascepa) is 3.84 g, and that of omega-3 carboxylic acids,
approved as Epanova, is 3.40 g of EPA 1 DHA. Benefits
in RCTs were observed more consistently in non–pla-
cebo-controlled trials,5,6 and less frequently in placebo-
controlled studies.7,8 Moreover, as of mid-2018, none of
the larger RCTs of omega-3 fatty acids that assessed car-
diovascular outcomes had specifically selected a sample
with elevated TGs. There are several well-documented ef-
fects of long-chain omega-3 fatty acids to modify athero-
sclerotic cardiovascular disease (ASCVD) risk factors,
including lowering the plasma TG concentration, in a
dose-dependent manner.10

One RCT, the Japan EPA Lipid Intervention Study (JELIS),
used a higher dosage (1.8 g/d) of EPA given as ethyl esters than
had been used in most prior studies.5 The trial randomly as-
signed a group of 18,465 Japanese primary and secondary pre-
vention patients with hypercholesterolemia to receive
EPA 1 statin therapy, or statin therapy alone (no placebo).
The results showed a 19% relative risk reduction in the primary
outcome of major fatal and nonfatal coronary events: hazard
ratio (HR): 0.81 (95% confidence interval [CI] 0.69–0.95,
P 5 .011). Of note, there was a modest effect of EPA on the
plasma TG concentration, with 5% more lowering of the TG
level in the EPA arm (9% in the EPA group compared with
4% in the control group). There was a larger reduction in the
primary outcome with EPA in the subset of primary prevention
subjects with elevated TGs ($150 mg/dL) and low high-
density lipoprotein cholesterol (HDL-C; ,40 mg/dL), HR
0.47 (95% CI 0.23–0.98).11 Greater ASCVD risk reduction
among subjects with the phenotype of elevated TGs plus low
HDL-C has been reported previously from subgroup analyses
of other agents that lower the plasma TG concentration, such
as fibrates.12–14 Furthermore, an analysis of the relationship be-
tween on-treatment plasma EPA concentration and incidence
of coronary events suggested a dose-response relationship.11

Although subgroup and exploratory analyses should be
interpreted with caution, the results from JELIS are
consistent with the hypotheses that use of lower dosages
of omega-3 fatty acids and selection of groups without the
high TG and low HDL-C phenotype may have been factors
in the failure of some prior trials to provide evidence of
benefit.9 It should also be noted that most prior large-scale
omega-3 RCTs used a mix of EPA and DHA (as well as
other minor omega-3 fatty acids), whereas JELIS used a
formulation of EPA ethyl esters that is essentially free of
other omega-3 fatty acids.

In late 2018, results from the Reduction of Cardiovas-
cular Events with EPA-Intervention Trial (REDUCE-IT)
were published.15 This trial was designed in a manner that
avoided many of the limitations of prior RCTs by (1)
enrolling a study sample at high or very-high ASCVD
risk with elevated TGs while on statin therapy; (2) using
a comparatively high dosage of omega-3 fatty acids
(3.84 g/d of EPA in the form of IPE); and (3) using a
double-blind, placebo-controlled design. REDUCE-IT
served as the primary basis for the National Lipid Associa-
tion’s (NLA’s) review of evidence for the use of IPE for
ASCVD risk reduction. The rationale for the NLA’s recom-
mendation is outlined in this Scientific Statement.
2018 American Heart Association/American
College of Cardiology/Multisociety
Guidelines for treatment of high-risk and
very-high-risk patients

Representatives from the NLA participated in the
development of the 2018 American Heart Association
(AHA)/American College of Cardiology (ACC)/Multisoci-
ety Guideline on the management of blood cholesterol,
which reaffirmed that lifestyle changes and statin treatment
are the therapeutic cornerstones for ASCVD risk reduc-
tion.16 The 2018 Guideline also updated prior recommen-
dations to incorporate the newer data demonstrating
ASCVD risk reduction with ezetimibe and proprotein con-
vertase subtilisin kexin type 9 (PCSK9) inhibitors as ad-
juncts to statin therapy for patients at high and very-high
ASCVD risk. Very-high-risk individuals were characterized
as having a history of two major ASCVD events or one ma-
jor ASCVD event and two or more high-risk conditions.
Major ASCVD events and high-risk conditions are defined
in Figure 1. High-risk ASCVD is defined as clinical
ASCVD in patients who do not meet the criteria for very-
high-risk categorization. Based on RCT data, patients
with uncomplicated ASCVD are estimated to have a 20%
to 29% 10-year risk of ASCVD events.17 Those with
very-high risk have an estimated 10-year risk $30%, and
some patients, such as those with clinical ASCVD and
either ischemic stroke, peripheral arterial disease, or recur-
rent cardiovascular events, have a 10-year risk exceeding
40%.17
Hypertriglyceridemia, TG-lowering
therapies, and ASCVD risk

Epidemiological18–20 and Mendelian randomization
studies21 have demonstrated that fasting or nonfasting TG
elevation is associated with increased ASCVD risk. This



Figure 1 2018 American Heart Association/American College of Cardiology/Multisociety Guideline on Management of Cholesterol:
Classification of very high risk atherosclerotic cardiovascular disease (ASCVD)*. *Note: the definitions of high and very high risk for
atherosclerotic cardiovascular disease (ASCVD) outlined in the 2018 American Heart Association (AHA)/American College of Cardiology
(ACC)/Multisociety Guideline differ from those used to qualify for entry into the Reduction of Cardiovascular Events with Icosapent Ethyl
Intervention Trial (REDUCE-IT). However, a large majority of subjects in REDUCE-IT had 10-year ASCVD event risk$20%, as indicated
by a 14.8% incidence of the key secondary end point (cardiovascular death, nonfatal myocardial infarction, or nonfatal stroke) in the pla-
cebo group during median follow-up of 4.9 years, which projects to .30% 10-year risk.
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heightened risk is associated with increased circulating
concentrations of cholesterol carried by partially delipi-
dated TG-rich lipoprotein particles,22,23 and the often coex-
istent proinflammatory, prothrombotic, and oxidative
milieu23–25 associated with insulin resistance.26 The 2018
AHA/ACC/Multisociety Guideline identifies moderate hy-
pertriglyceridemia (TG $ 175 mg/dL) as a ‘‘risk-enhancing
factor’’ to be considered in the clinician-patient risk discus-
sion, the presence of which favors the initiation or intensi-
fication of statin therapy, but does not otherwise make
specific recommendations about using TG-lowering drugs
to improve cardiovascular outcomes.16

NLA’s Recommendations for the Patient-Centered Man-
agement of Dyslipidemia, published in 2015, outlined the
central role of elevated concentrations of cholesterol car-
ried by atherogenic lipoprotein particles (ie, non–HDL-C)
as a root cause of atherosclerosis and that reduction in the
circulating levels of these lipoproteins would lower
ASCVD risk in proportion to the extent that atherogenic
cholesterol is reduced.27,28 Non–HDL-C comprises choles-
terol carried by all apolipoprotein B (apo B)–containing li-
poproteins, including low-density lipoprotein (LDL),
intermediate-density lipoprotein, lipoprotein (a), very-low-
density lipoprotein (VLDL), chylomicrons, and chylomi-
cron remnant particles. Throughout this article, the term
VLDL-C will be used to denote cholesterol carried by all
apo B–containing particles with density lower than LDL,
which includes true VLDL-C, as well as chylomicrons
and chylomicron remnant particles. Other terms have
been used in the literature for this fraction, including
remnant cholesterol and TG-rich lipoprotein cholesterol.
Elevation in plasma TG is typically accompanied by an
elevation in VLDL-C, although the relationship becomes
nonlinear at higher levels of TG, particularly above
400 mg/dL, because severe TG elevation is associated
with a higher molar ratio of TG to cholesterol in VLDL
and other TG-rich lipoprotein particles.29 Nevertheless,
changes in plasma TG concentration induced by pharma-
ceutical agents such as omega-3 fatty acids, fibrates, niacin,
and statins generally correlate strongly with changes in the
VLDL-C concentration.30

Because of the central role in TG catabolism played by
lipoprotein lipase (LPL), identification of mutations in
apolipoproteins that alter the activity of this enzyme has
been an important focus of studies on the impact of TG and
VLDL-C levels on ASCVD risk. apo C3, which resides on
the surface of TG-rich lipoproteins, inhibits LPL-mediated
lipolysis of these lipoproteins and raises circulating TG
levels. Exome sequencing studies of individuals of Euro-
pean or African American descent who have mutations in
the gene encoding apo C3 demonstrated that heterozygous
carriers of one of four loss-of-function mutations of APOC3
had circulating TG concentrations that were 39% lower and
coronary heart disease (CHD) risk that was 40% lower than
noncarriers.31 Mutations in the APOA5, ANGPTL3, and
ANGPTL4 genes, as well in the LPL gene itself, also result
in the altered expression of proteins that affect LPL func-
tion, and add further support to the concept that elevated
concentrations of TG and TG-rich lipoproteins contribute
to ASCVD risk.32–37

A series of Mendelian randomization analyses has
demonstrated that TG-lowering LPL variants and LDL-C-
lowering LDL receptor (LDLR) variants were associated
with similar reductions in risk of CHD per unit difference
in LDL-C and VLDL-C, which is estimated with the Frie-
dewald equation as the TG concentration in mg/dL divided
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by five when the TG level is not markedly elevated.38 LDL-
C and VLDL-C (or TG) each lose statistical significance af-
ter adjustment for apo B concentration. Thus, genetically
mediated differences in both components of non–HDL-C
(LDL-C and VLDL-C) are independently associated with
ASCVD risk to a similar degree per mg/dL difference.
Furthermore, this relationship may be mediated through
the concentration of circulating lipoprotein particles with
atherogenic potential because each particle of LDL and
VLDL contains a single molecule of apo B.

Several investigations have identified hypertriglyceride-
mia as a marker of increased residual ASCVD risk in statin-
treated patients.39–41 RCTs of TG-lowering treatments,
including niacin42,43 and some fibrates,44 in which trial
enrollment was not based on the presence of hypertriglycer-
idemia, did not achieve their primary end points of CHD or
ASCVD risk reduction. However, among trials that
included subgroup analyses for subjects with elevated base-
line TG, particularly if accompanied by low HDL-C,
pooled estimates suggest ASCVD risk reduction.12–14,45

For example, in a meta-analysis of 10 RCTs of TG-
lowering therapies, including fibrates, niacin and EPA ethyl
esters, for which subgroup analyses were reported for sub-
jects with TG elevation and/or TG elevation plus low HDL-
C, the pooled estimate for relative risk reduction was 12%
(95% CI: 5%–18%) overall, 18% (95% CI: 9%–27%) for
subgroups with elevated TG, and 29% (95% CI: 19%–
37%) for subgroups with elevated TG plus low HDL-C.12
Effects of long-chain omega-3 fatty acid
interventions on ASCVD risk

A 2017 Science Advisory from the AHA stated that
available evidence did not support the use of low-dose
omega-3 fatty acid supplementation (approximately 850–
1000 mg of EPA and DHA/d) to reduce ASCVD risk for
individuals in the general population, including those with
prediabetes or diabetes, who are not at high risk of
ASCVD. However, it stated that low-dose omega-3 fatty
acid supplementation was reasonable for secondary pre-
vention of CHD in those with a recent CHD event and for
heart failure patients with reduced ejection fraction.46 This
recommendation was based on a meta-analysis that showed
modest risk reduction (RR) for CHD death (RR 0.91, 95%
CI: 0.85–0.98) in secondary prevention4 and a reduction in
total mortality (RR: 0.91, 95% CI: 0.83–0.99) in heart fail-
ure patients with reduced ejection fraction.47

Results from a subsequent meta-analysis of 10 trials,
using aggregated study-level data involving 77,917 in-
dividuals, 66% with a prior history of CHD, 28% with a
prior stroke, and 37% with prior diabetes treated with daily
dosages of EPA from 226 to 1800 mg and DHA from 0 to
1700 mg, suggested no significant effects on the risks of
CHD, stroke, coronary, or noncoronary revascularization or
major vascular events.48 However, the results were consis-
tent with a possible benefit for CHD death that was of
marginal statistical significance (RR: 0.93, 95% CI: 0.85–
1.00, P 5 .05) but similar in magnitude to previously re-
ported findings.4,49

Since the publication of that meta-analysis, results from
three large-scale RCTs of omega-3 fatty acid interventions
have been published: A Study of Cardiovascular Events in
Diabetes,50 the Vitamin D and Omega-3 Trial,51 and
REDUCE-IT15 When the results from the 2 trials (A Study
of Cardiovascular Events in Diabetes and Vitamin D and
Omega-3 Trial) using lower dosage interventions (840 mg/
d EPA 1 DHA as ethyl esters) in primary prevention popula-
tions were added to those of the meta-analysis discussed pre-
viously,48 a benefit of low-dosage omega-3 therapy for
lowering risk of CHD death was further supported: 1405
events in 59,684 subjects for the omega-3 interventions
compared with 1529 events in 59,560 subjects for the control
conditions (RR: 0.92, 95% CI: 0.86–0.99, P5 .014).52 Signif-
icantly lower risks were also observed for myocardial infarc-
tion, total CHD, CVD death, and total CVD with pooled
relative risk reduction estimates ranging from 5 to 8%.
REDUCE-IT: RCT of high-dose IPE on
cardiovascular outcomes in statin-treated
subjects with elevated TG

REDUCE-IT was a multicenter, randomized, double-
blind, placebo-controlled trial of 8179 statin-treated sub-
jects with established ASCVD, or with diabetes and at least
one other risk factor. REDUCE-ITwas undertaken to assess
whether the addition of this highly purified and stable
formulation of EPA ethyl esters (ie, IPE) could safely
provide net ASCVD risk reduction benefit in patients
already receiving evidence-based statin therapy who
continued to have persistently elevated fasting TG.15 Study
subjects were men and women with established clinical
ASCVD $45 years of age (secondary prevention cohort,
70.7% of those enrolled) or with type 2 diabetes mellitus
$50 years of age requiring medication for their diabetes,
with at least one additional risk factor (primary prevention
cohort, 29.3% of those enrolled). All subjects were on a sta-
ble regimen of statin 6 ezetimibe for at least 4 weeks
before qualification, with fasting TG levels of 135 to
499 mg and a median baseline concentration of 216 mg/
dL. They were required to have LDL-C 41 to 100 mg/dL
and had a median baseline concentration of 75 mg/dL.
Approximately 93% of subjects were receiving moderate-
or high-intensity statin therapy, 6% were receiving ezeti-
mibe, and none were receiving a PCSK9 inhibitor. The pa-
tients were randomized to receive 2 g of IPE twice daily
with food, or a mineral oil placebo. The primary end point
was a composite of cardiovascular death, nonfatal myocar-
dial infarction, nonfatal stroke, coronary revascularization,
or unstable angina, and the key secondary end point was a
composite of cardiovascular death, nonfatal myocardial
infarction, or nonfatal stroke. The median follow-up was
4.9 years.
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During the trial, there were one-year placebo-corrected
reductions in TG of 19.7% (P , .001), non–HDL-C of
13.1% (P , .0001), LDL-C of 6.6% (P , .001), and
HDL-C of 6.3% (P , .001) and at 2 years, an apo B reduc-
tion of 9.7% and a median reduction in high-sensitivity C-
reactive protein (hs-CRP) of 39.9% (Table 1). Serum EPA
levels increased from a baseline of 26.1 mg/mL to
144 mg/mL, a median increase of 358%.

A primary end-point event occurred in 17.2% of the
patients in the IPE group, vs 22.0% of the patients in the
placebo group (HR, 0.75; 95% CI, 0.68–0.83; P , .001),
representing a relative risk reduction of 24.8%, an absolute
risk reduction of 4.8%, and a number needed to treat to pre-
vent one event of 21 (95% CI: 15–33), P , .001 (Fig. 2). A
key secondary end point was reported in 11.2% of those
taking IPE vs 14.8% of those in the placebo group (HR,
0.74; 95% CI, 0.65–0.83; P , .001), representing a relative
risk reduction of 26.5%, an absolute risk reduction of 3.6%,
and a number needed to treat of 28 (95% CI: 20–47;
P 5 .001). All prespecified individual end points showed
a lower hazard in the IPE group except for total mortality.

Treatment emergent adverse events occurred at similar
rates in the IPE and placebo groups. There was a trend
toward more bleeding-related disorders in the IPE group
(2.7% vs 2.1%), but this did not reach statistical signifi-
cance (P 5 .06). Notably, there was no significant excess of
bleeding episodes in the central nervous system (0.3% vs
0.2%, P 5 .42) or gastrointestinal tract (1.5% vs 1.1%,
P 5 .15), and there were no fatal bleeding episodes. Also
of potential clinical importance, there was more peripheral
edema (6.5% vs 5.0%, P 5 .002), constipation (5.4% vs
3.6%, P , .001), atrial fibrillation (5.3% vs 3.9%,
P 5 .003), and atrial fibrillation requiring hospitalization
(3.1% vs 2.1%, P 5 .004) with IPE than placebo.

A prespecified analysis of ASCVD outcomes in
REDUCE-IT examined differences in the incidence of total
primary end-point events, including second and third or
higher events. IPE reduced total primary events (61 vs 89
per 1000 patient years for IPE vs placebo, respectively; rate
Table 1 REDUCE-IT: effects of icosapent ethyl and placebo on biom

Biomarker

IPE, median (n 5 4089) PBO, median

Baseline Year 1* Baseline

TG (mg/dL) 216.5 175.0 216.0
Non-HDL-C (mg/dL) 118.0 113.0 118.5
LDL-C (mg/dL) 74.0 77.0 76.0
HDL-C (mg/dL) 40.0 39.0 40.0
apo B (mg/dL) 82.0 80.0 83.0
hs-CRP (mg/L) 2.2 1.8 2.1
EPA (mg/mL) 26.1 144.0 26.1

%D, percent change; apo, apolipoprotein; BL, baseline; EPA, eicosapenta

sensitivity C-reactive protein; LDL-C, low-density lipoprotein cholesterol; PBO,

with Icosapent Ethyl—Intervention Trial.
*apo B and hs-CRP were measured at year 2; all other biomarker measurem
ratio: 0.70, 95% CI: 0.62–0.78, P , .001). The totals for
each of the components of the primary composite end point
and the total key secondary end-point events were favor-
ably affected (32 vs 44 per 1000 patient years for IPE vs
placebo, respectively; rate ratio: 0.72, 95% CI: 0.63–0.82,
P , .001).53

Effects of IPE were consistent across numerous prespe-
cified and exploratory subgroups, with little indication of
heterogeneity. Notably, the primary outcome did not differ
significantly by baseline or on-treatment categories of TG
concentration. There was significant heterogeneity by age
category, with larger risk reduction in those aged ,65 years
compared with those aged $65 years (35% vs 13% relative
risk reduction, P for heterogeneity 5 .004). There was also
significantly larger relative risk reduction among subjects
with high TG ($200 mg/dL) and low HDL-C (#35 mg/
dL) compared with those who did not display this pheno-
type (38% vs 21%, P for heterogeneity 5 .04). Subgroup
analyses should be interpreted with caution. However, it
is of interest that this pattern has been observed previously
in JELIS and studies of other agents that mainly lower TG-
rich lipoprotein levels.11–14
Possible mechanisms to explain the ASCVD
risk reduction in REDUCE-IT

A variety of lipid and nonlipid factors may contribute to
the observed benefit of IPE on ASCVD event risk. It is
likely that part of the benefit is attributable to a reduction in
TG-rich lipoproteins and associated variables such as the
circulating TG and VLDL-C concentrations. Multiple
mechanisms may account for the effect of IPE to reduce
the plasma concentrations of TG and TG-rich lipoproteins,
including reduced hepatic secretion of VLDL and reduced
TG-enrichment of those lipoproteins secreted; inhibition of
diacylglycerol acyl transferase, the major TG-synthesizing
enzyme in the liver; inhibition in the activity of phospha-
tidic acid phosphatase, an enzyme that controls the cellular
arkers15

(n 5 4090)

PBO-corrected, median %D %D P-valueYear 1*

221.0 219.7 ,.0001
130.0 213.1 ,.0001
84.0 26.6 ,.0001
42.0 26.3 ,.0001
89.0 29.7 ,.0001
2.8 239.9 ,.0001
23.3 1358.8 ,.0001

enoic acid; HDL-C, high-density lipoprotein cholesterol; hs-CRP, high-

placebo; TG, triglycerides; REDUCE-IT, Reduction of Cardiovascular Events

ents were at year 1.



Figure 2 Hazard ratios and 95% confidence intervals for cardio-
vascular end points1 from prespecified hierarchical testing of ico-
sapent ethyl vs placebo in REDUCE-IT.15 1Primary
endpoint 5 CV death, MI, stroke, coronary revascularization
and unstable angina; Key secondary end point 5 CV death, MI,
and stroke. *P , .05; †P , .01; ‡P , .001. CI, confidence inter-
val; CV, cardiovascular; MI, myocardial infarction; REDUCE-IT,
Reduction of Cardiovascular Events with Icosapent Ethyl—Inter-
vention Trial.
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levels of diacylglycerol; reduced activity of the transcrip-
tion of the gene for sterol element regulatory element
binding protein 1c; and increased intracellular degradation
of apo B.10

Changes in non–HDL-C reflect the net result of changes
in both of its major components, LDL-C and VLDL-C.27 In
clinical trials of statin therapy, which predominantly lowers
LDL-C, and fibrate therapy, which predominantly lowers
VLDL-C (and TG) concentration, the difference between
treatments in non–HDL-C is a strong predictor of cardio-
vascular outcome benefits. In a recent meta-regression
analysis,54 each 1 mmol/L (39 mg/dL) reduction in non–
HDL-C concentration was associated with a relative risk
reduction for major adverse cardiovascular events of 20%
(95% CI: 18%–23%, n 5 19 trials) for statin therapy and
21% (95% CI: 12%–29%, n 5 8 trials) for fibrate therapy.

In REDUCE-IT, the placebo-corrected reduction in non–
HDL-C level at year 1 was 15.5 mg/dL (0.37 mmol/L).15

Based on the relationships observed in statin and fibrate tri-
als, the expected relative risk reduction from non–HDL-C
lowering would thus be ~8.8%, which is well below the
21.8% relative risk reduction observed. (Note that the rela-
tive risk reduction based on cumulative incidence in
REDUCE-IT was slightly smaller than the HR risk reduc-
tion [based on incidence rates] of 24.8%.)

Therefore, it is reasonable to hypothesize that the risk
reduction may be attributable, in part, to mechanisms other
than effects on plasma lipids and lipoproteins. During
REDUCE-IT, there was a 39.9% median placebo-corrected
reduction (0.9 mg/L) in hs-CRP (P , .001), consistent with
an anti-inflammatory effect.15 Prior studies have also shown
other potentially beneficial effects of long-chain omega-3
fatty acids, including reduced platelet activation, lower
heart rate and blood pressure, antifibrotic and antioxidative
effects, cardiac membrane stabilization, and increased red
blood cell membrane fluidity.55–58 Additional potential
mechanisms for the favorable effects of long-chain
omega-3 fatty acids, and EPA in particular, have been re-
viewed elsewhere in more detail.55–58

Plasma EPA may be a marker that correlates with other
physiologic processes that contribute to risk reduction. This
hypothesis is supported by analyses from the JELIS trial, in
which differences between groups in TG (~5%) and non–
HDL-C (~1%) levels were minimal, but EPA treatment was
associated with a 19% relative risk reduction in the primary
outcome of major adverse coronary events.5 An analysis
was completed of the event risk according to on-
treatment level of EPA in all participants, which suggested
a dose-response relationship. Those with plasma EPA
$150 mg/mL (61% of those in the EPA group) had 20%
(95% CI 1% to 36%) lower event risk than those in the
reference group with EPA,87 mg/mL. Smaller and nonsig-
nificantly lower risks (2%–5%) were observed for those in
the intermediate EPA categories of 87 to 99 and 100 to
149 mg/mL.59 Average consumption of fish rich in
omega-3 fatty acids in Japan is higher than that in the
United States60,61 The mean baseline level of EPA of the
Japanese subjects in JELIS, ~95 mg/mL, is markedly higher
than the median value of 26 mg/mL among subjects in
REDUCE-IT15,59 The median on-treatment plasma EPA
concentration at 1 year in REDUCE-IT was slightly less
than the mean on-treatment level of 170 mg/mL observed
in subjects receiving EPA ethyl esters in JELIS.15,59 The
median difference between groups for on-treatment level
of EPA in REDUCE-IT (114.9 mg/mL) was larger than
that for JELIS (mean difference ~67 mg/mL). Additional
research will be needed to determine whether plasma
EPA, the ratio of EPA to arachidonic acid, or other
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biomarkers of omega-3 status such as plasma phospholipid
or erythrocyte membrane levels will prove useful as treat-
ment goals.

Recommendations from other organizations

Based on the results of REDUCE-IT, an update to the
2019 American Diabetes Association Standards of Medical
Care was published by the American Diabetes Associa-
tion’s Professional Practice Committee in March 2019.
Their recommendation is that the addition of IPE ‘‘be
considered for patients with diabetes mellitus and athero-
sclerotic cardiovascular disease or other cardiac risk factors
on a statin with controlled LDL-C, but with elevated tri-
glycerides (135–499 mg/dL) to reduce cardiovascular
risk.’’62 Similar endorsement was provided in the 2019 Eu-
ropean Society of Cardiology/European Atherosclerosis
Society Guidelines for the Management of Dyslipidemia,
which stated that the use of IPE in a dose of 2 g twice daily
should be considered in combination with a statin in high-
risk (or above) patients with TG levels 135 to 499 mg/dL,
despite statin treatment.63

NLA recommendation on use of IPE for
ASCVD risk reduction

Based on the considerations mentioned previously, for
patients 45 years of age or older with clinical ASCVD, or
50 years or older with diabetes mellitus requiring medica-
tion and $1 additional risk factor (Additional risk factors
include the following, based on the entry criteria in
REDUCE-IT: age (men $55, women $65 years of age),
cigarette smoker or stopped smoking within 3 months,
hypertension (treated or untreated), HDL-C #40 mg/dL for
men or #50 mg/dL for women, hs-CRP .3.0 mg/L, renal
dysfunction with creatinine clearance .30 and , 60 mL/
min, retinopathy, microalbuminuria or macroalbuminuria,
ankle-brachial index ,0.9 without symptoms of intermit-
tent claudication.), with fasting TG 135 to 499 mg/dL on
high-intensity or maximally tolerated statin, with or
Table 2 NLA recommendation on use of icosapent ethyl for ASCVD

NLA recommendation on use of icosapent ethyl for ASCVD risk reduct

For patients aged 45 y or older with clinical ASCVD, or 50 y or older
medication and $1 additional risk factor,* with fasting TG 135–49
maximally tolerated statin, with or without ezetimibe, treatment wi
for ASCVD risk reduction.

ASCVD, atherosclerotic cardiovascular disease; COR, class of the recomm

sensitivity C-reactive protein; LOE, levels of the evidence; REDUCE-IT, Reductio

triglycerides.

The recommendation was graded by the class of the recommendation and
*Additional risk factors include the following, based on the entry criteria in

stopped smoking within 3 mo, hypertension (treated or untreated), HDL-C #

dysfunction with creatinine clearance .30 and , 60 mL/min, retinopathy, mi

symptoms of intermittent claudication.
without ezetimibe, treatment with IPE is recommended
for ASCVD risk reduction; evidence rating: class I, level B-
R (Table 2).
Strength of recommendation and evidence
grading for IPE therapy for ASCVD risk
reduction

The Class (strength of recommendation) and level
(quality) of evidence as described in the 2016 ACC/AHA
Clinical Practice Guideline Recommendation Classification
System is shown in Figure 3.64,65 The conclusion, based
primarily on the results of REDUCE-IT as a single large,
high-quality, RCT, is that the use of 4 g/d of IPE for
ASCVD risk reduction in hypertriglyceridemic adults
with ASCVD and/or diabetes mellitus on high-intensity
or maximally tolerated statin therapy, is considered a class
I B-R recommendation. Although the results of JELIS also
showed ASCVD risk reduction benefit with the use of
1.8 g/d of EPA ethyl esters, its lack of placebo control
and use of exclusively low-intensity statins would not alone
support a class 1A recommendation for the use of IPE.
However, the results from JELIS were considered support-
ive of those from REDUCE-IT and did influence some ele-
ments of the recommendation.

Although the results of REDUCE-IT would appear to
justify its classification as I B-R recommendation for use,
there is not universal agreement that the presented evidence
supports this viewpoint. Some have suggested that the
favorable results of a single trial of a new drug, using a
different mechanism of action than that which has already
been established, might be driven by the play of chance, or
unique elements of the study design or conduct. Concern has
been raised in REDUCE-IT about the use of a mineral oil
placebo, which has been associated with adverse effects on
some cardiometabolic risk factors, possibly through partial
interference with statin absorption.15 An 8 mg/dL rise in
LDL-C (5 mg/dL more than with IPE) over the course of
the study was noted in the placebo arm from 76 mg/dL to
risk reduction

ion COR LOE

with diabetes mellitus requiring
9 mg/dL on high-intensity or
th icosapent ethyl is recommended

I B-R

endation; HDL-C, high-density lipoprotein cholesterol; hs-CRP, high-

n of Cardiovascular Events with Icosapent Ethyl—Intervention Trial; TG,

by the levels of the evidence supporting the recommendation.

REDUCE-IT: age (men $55 y, women $65 y of age), cigarette smoker or

40 mg/dL for men or #50 mg/dL for women, hs-CRP .3.0 mg/L, renal

croalbuminuria or macroalbuminuria, ankle-brachial index ,0.9 without



Figure 3 2016 American College of Cardiology/American Heart Association Clinical Practice Guideline Classification System: Strength
of Recommendation and Evidence Grading System.64,65 ACC, American College of Cardiology; AHA, American Heart Association; RCT,
randomized controlled trial.
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Figure 4 NLA recommendations on adjunctive therapies for
ASCVD risk reduction in high- or very-high-risk statin-treated pa-
tients. ACS, acute coronary syndrome; ASCVD, atherosclerotic
cardiovascular disease; FOURIER, Further Cardiovascular Out-
comes Research with PCSK9 Inhibition in Subjects with Elevated
Risk (with Evolocumab); IMPROVE-IT, Improved Reductions of
Outcomes: Vytorin Efficacy International Trial; NLA, National
LipidAssociation; ODYSSEY-Outcomes, Evaluation of Cardiovas-
cular Outcomes After an Acute Coronary Syndrome During Treat-
ment With Alirocumab; PCSK9, proprotein convertase subtilisin
kexin type 9; RCT, randomized controlled trial; REDUCE-IT,
Reduction of Cardiovascular Events with Icosapent Ethyl–
Intervention Trial; TG, triglyceride.
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84 mg/dL, and an increase in hs-CRP from 2.1 to 2.8 mg/L
was also noted. These considerations impact the question
of whether the observed benefit was entirely due to the study
drug, or may have been partially contributed to by harm from
the mineral oil control.66 These remain important questions.
However, as described in an editorial that accompanied the
REDUCE-IT paper, based on the modest changes from base-
line with the mineral oil placebo in lipids and other risk
markers, such as hs-CRP, it appears unlikely that adverse ef-
fects of the placebo control can explain more than a small
fraction of the observed benefit.67 Furthermore, it is impor-
tant to note that the 19% relative risk reduction in major
adverse coronary events in JELIS was with a lower dosage
(1.8 g/d EPA) in a trial without a placebo control. For com-
parison, in REDUCE-IT, relative risk reductions of 31% to
35% were observed in fatal or nonfatal myocardial infarc-
tion, hospitalization for unstable angina, and urgent or emer-
gency revascularization.

When considering approval for a new indication, the
U.S. FDA may waive the requirement for a second
confirmatory study when the effectiveness can be extrap-
olated from other types of data (eg, use in a new population
or different dose or regimen) or when a single, well-done
multicenter trial is completed with a substantial improve-
ment in a patient-centered outcome. Whether the highly
favorable results of REDUCE-IT meet those criteria to win
an FDA approval for the indication of ASCVD risk
reduction remains to be seen at the time of this writing.
However, based on the strength of the findings, the study
design, the favorable directionality of JELIS as a confir-
matory study, and the safety and favorable side effect
profile of IPE, the NLA supports the use of this agent in
statin-treated patients with ASCVD and/or diabetes melli-
tus and TG elevation (135–499 mg/dL). IPE is, therefore, a
third class of evidence-based therapy, joining ezetimibe and
PCSK9 inhibitors, for use as an adjunct to statins for
ASCVD risk reduction (Fig. 4).

It should be noted that the subjects randomized to IPE or
placebo in REDUCE-IT all had LDL-C in the range of 41 to
100 mg/dL while on stable-dose, moderate- or high-
intensity statin therapy. The NLA recommendation is that
high- and very-high-risk patients receive high-intensity
statin therapy or maximally tolerated statin therapy for
management of LDL-C. IPE should be considered for those
with TG elevation despite statin therapy, with or without
ezetimibe. The review panel did not feel that it was
necessary to restrict IPE to those with LDL-C in the range
of 41 to 100 mg/dL because the subjects in JELIS showed
19% major adverse coronary event risk reduction in the
EPA arm while taking low-intensity statin therapy with a
mean on-trial level of LDL-C .130 mg/dL. Ezetimibe and/
or PCSK9 inhibitor therapy may be considered for patients
in need of additional LDL-C lowering. Limited evidence is
available regarding the use of IPE in conjunction with these
therapies because only ~6% of REDUCE-IT patients were
taking ezetimibe and none were treated with a concomitant
PCSK9 inhibitor.
Key future studies

As the roles of various mechanisms by which IPE reduces
ASCVD risk are not fully understood, results of pending
mechanistic investigations from theREDUCE-IT data set and
other ASCVD outcomes trials will help further clarify
important questions. At present, it is unknown whether high
dosage (3–4 g/d) EPA and DHA combination therapy will
produce similar results to those of high dosage (3–4 g/d) IPE.
An additional important issue is whether the use of the
selective peroxisome proliferator activated receptor alpha
modulator, pemafibrate,68 a drug in development, which
significantly lowers TG and VLDL-C, inhibits apo C3 activ-
ity, and attenuates postprandial hyperlipidemia, will also pro-
duce ASCVD risk reduction benefits in hypertriglyceridemic
subjects on statin therapy. Ongoing trials in progress for
agents that mainly alter plasma TG and TG-rich lipoproteins
thatmight shed light on themechanisms of IPE andother ther-
apies include the Outcomes Study to Assess Statin Residual
Risk Reduction with Epanova in High CV Risk Patients
with Hypertriglyceridemia (STRENGTH; NCT02104817),
Effect of Vascepa on Improving Coronary Atherosclerosis
in People with High Triglycerides Taking Statin Therapy
(EVAPORATE; NCT02926027), Efficacy Study Regarding
the Beneficial Effects of Omega-3 Fatty Acids on Cardiome-
tabolic Health (RESPECT-EPA; NCT02042272), Omega-3
Fatty Acids in Elderly Patients with AcuteMyocardial Infarc-
tion (OMEMI; NCT01841944), and Pemafibrate to Reduce
Cardiovascular Outcomes by Reducing Triglycerides in Pa-
tientswithDiabetes (PROMINENT;NCT03071692).Key as-
pects of the study designs of STRENGTH69 and
PROMINENT70 are summarized in Table 3.



Table 3 Key ASCVD outcome trials in progress in patients with hypertriglyceridemia69,70

Study and drug Objective
Study design and
duration

Patient
characteristics

Primary end
point(s)

Secondary end
points

Secondary end
points

Estimated study
completion date

STRENGTH
Omega-3 carboxylic
acids
(NCT02104817)

To determine whether
omega-3 carboxylic
acids 4 g/d vs corn
oil placebo reduces
the incidence of CV
events in high-risk
statin-treated
patients with
hypertriglyceridemia
and low HDL-C

Randomized, double-
blind, placebo-
controlled, 5-y
follow-up

N 5 13,086,
multinational. Men
and women aged
$18 y at high-risk
for CVD. Statin
treated for .4 wk
and have LDL-C
,100 or LDL-C
$100 mg/dL on
maximally tolerated
statin. Baseline
TG $ 180 to
,500 mg/dL.

HDL-C,42 mg/dL men
or ,47 women.

$50% secondary
prevention

Time to first
occurrence of CV
death, nonfatal MI,
nonfatal stroke,
emergent/elective
coronary
revascularization, or
hospitalization for
unstable angina.

1. The composite
measure of CV
events that include
the first occurrence
of CV death,
nonfatal MI and
nonfatal stroke

2. The composite
measure of coronary
events that include
the first occurrence
of cardiac
death. (cont.)

3. The first occurrence
of individual
components of MACE

4. Time to CV death

October 2020

PROMINENT
Pemafibrate
(NCT03071692)

To determine whether
pemafibrate 0.2 mg
twice daily vs
placebo reduces the
incidence of CV
events in patients
with type 2 diabetes

Randomized, double-
blind, placebo-
controlled 4-y
follow-up

N 5 10,000,
multinational. Men
and women with
type 2 diabetes, age
$50 y if male or $
55 y if female
(primary prevention
cohort) or age
$18 y and
established ASCVD
(secondary
prevention cohort).

TG 200–499 mg/dL and
HDL-C #40 mg/dL.

On moderate- or high-
intensity statin with
LDL-C #70 mg/dL,
or #100 mg/dL if
statin intolerant.

Number of patients
with first occurrence
of nonfatal MI,
nonfatal ischemic
stroke,
hospitalization for
unstable angina
requiring unplanned
coronary
revascularization, or
CV death.

1. Time to first
occurrence of any
component of the 3-
component
composite end point
of nonfatal MI,
nonfatal stroke, or
CV death

2. Time to first
occurrence of any
component of the
primary end point or
hospitalization for
HF

3. Time to first
occurrence of any
component of the
primary end point or
all-cause mortality

5. Time to first
occurrence of any
new or worsening
PAD

6. Lipid end points,
visit 1 to 4 mo visit,
total cholesterol,
TG, HDL-C, non–
HDL-C (calculated),
VLDL-C (calculated),
apoA1, apoC3, and
apoE

7. Nonfasting remnant
cholesterol end
point (week 0 to
month 6)

May 2022
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Conclusions

The results of REDUCE-IT provide evidence to support
ASCVD risk reduction with use of IPE as an adjunct to
statin therapy in patients with high or very-high ASCVD
risk who have TG elevation. IPE has now joined ezetimibe
and PCSK9 inhibitors as evidence-based therapies that can
be recommended as adjuncts to statin therapy. The results
of pending studies examining the mechanisms to explain
the observed benefits of IPE and to elucidate the roles of
other therapeutic options for patients with TG elevation are
expected to provide important additional insights into the
management of ASCVD risk in these patients.
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