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Abstract
Purpose of Review To examine recently published data from clinical outcome and arteriographic studies that examined the
addition of omega-3 fatty acids, eicosapentaenoic acid (EPA) + docosahexanoic acid (DHA), to standard of care therapy on
cardiovascular disease (CVD) risk.
Recent Findings Several trials that tested purified EPA (JELIS, REDUCE-IT, EVAPORATE) were associated with reduced
CVD risk and regression of low attenuation coronary plaque volume, whereas studies that employed the combination EPA/DHA
(VITAL, OMEMI, STRENGTH) failed to derive clinical benefit.
Summary Trials testing purified EPA consistently demonstrated reduction in atheromatous volume or CVD events beyond
standard of care therapies, whereas the combination of EPA/DHA did not, despite producing similar reductions in triglycerides.
Experimental and in vitro data suggest that compared to DHA, EPA exhibits antioxidant, anti-inflammatory, and membrane
stabilizing properties that enhance vascular function and CVD risk. Consequently, purified EPA appears to be the treatment of
choice for high-risk patients with hypertriglyceridemia.
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Introduction

Atherosclerotic cardiovascular disease (CVD) remains a sig-
nificant cause of morbidity and mortality globally [1]. Yet,
despite optimization of statin therapy, persistent CVD risk
remains problematic for a sizeable proportion of high-risk
populations. As part of a comprehensive preventive medicine
strategy, dietary omega-3 fatty acids have been evaluated in
recent years to determine whether additional CVD reduction
may be attained beyond statins and other standard-of-care
(SOC) therapies.

Eicosapentaenoic acid (EPA) and docosahexaenoic acid
(DHA) are the two primary sources of dietary omega-3 fatty
acids derived frommarine oil. Both EPA and DHA have been
shown to reduce triglyceride levels [2]. In 2019, the U.S. Food
and Drug Administration (FDA) approved icosapent ethyl
(IPE), a highly purified formulation of EPA, for adjunctive
use to statins in patients with hypertriglyceridemia (HTG),
defined as triglycerides greater than or equal to 150 mg per
deciliter, and either established CVD OR diabetes mellitus
with two or more additional CVD risk factors [3].
Previously, IPE had only been approved for triglyceride levels
at or exceeding 500 mg/dL. The change in approval was based
on results from the Reduction of Cardiovascular Events with
Icosapent Ethyl-Intervention Trial (REDUCE-IT), which
demonstrated a 25% reduction in CVD events when IPE
was added to SOC therapies [4••], thereby building upon a
previous trial, the Japan EPA Lipid Intervention Study
(JELIS), that found 1.8 g purified EPA to be associated with
reduced CVD risk [5] (see below).

By contrast, the combination of EPA/DHA has not been
shown to be cardioprotective. As will be described below, this
review elaborates upon 4 recent clinical trials, OMEMI
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(Omega-3 fatty acids in Elderly with Myocardial Infarction),
STRENGTH (STatin Residual Risk Reduction With
EpaNova in HiGh CV Risk PatienTs

With Hypertriglyceridemia), ASCEND (A Study of
Cardiovascular Events in Diabetes), and VITAL (The
Vitamin D and Omega-3 Trial), and the potential reasons as
to why these studies were negative compared to the positive
results obtained in JELIS and REDUCE-IT.

Hypertriglyceridemia and CVD Risk

It is estimated that approximately 25% of adults in the USA have
HTG, defined by levels greater than or equal to 150 mg/dL [6].
Hypertriglyceridemia is an independent CVD risk biomarker,
especially in patients with type 2 diabetes mellitus (T2DM), met-
abolic syndrome, and obesity [6–21]. The mechanisms by which
HTG contributes to CVD include upregulation of
atherothrombotic signaling pathways that advance inflammation,
endothelial dysfunction, and vascular impairment [11–14, 22].

Hypertriglyceridemia is also associated with elevation in
atherogenic cholesterol-enriched remnant particles that depos-
it in the intimal layer of the vascular wall [6].

REDUCE-IT Trial

REDUCE-IT was a multi-center, randomized, double-blind,
placebo-controlled trial consisting of 8179 patients; the medi-
an age at entry was 64 years; women comprised 28.8% of the
study cohort [4••]. Study participants had established CVD or
diabetes mellitus with at least one additional CVD risk factor,
and baseline triglyceride levels ranged between 135 and
499 mg/dL (median 216 mg/dL). Participants were random-
ized to receive a daily dose of 4 g of IPE or placebo (mineral
oil). The primary endpoint was a composite of CVD death,
non-fatal myocardial infarction (MI), coronary revasculariza-
tion, unstable angina, and non-fatal stroke. The secondary
endpoint was a composite of CVD death, non-fatal MI, and
non-fatal stroke. Over a median follow-up period of 4.9 years,
the trial yielded a 25% reduction in the primary composite
endpoint in patients assigned to IPE; for every twenty-one
subjects treated with IPE over the study period, one event
was prevented. In addition, there was a 26% reduction in the
secondary endpoint with one CVD event prevented for every
twenty-eight subjects treated with IPE.

The findings from this trial extended prior findings from
the JELIS trial [5], a randomized, open-label trial conducted in
Japan with 18,645 patients who had elevated total cholesterol
(6.5mmol/L or 250mg/dL or greater). In addition to treatment
with low dose statin (pravastatin or simvastatin), there was a
19% relative risk reduction in major CVD events among those
assigned to 1.8 g of EPA daily over the 5-year study period.

IPE has not only been shown to lower triglyceride levels, but
also exhibits anti-inflammatory, plaque-stabilizing, antioxi-
dant, and membrane stabilizing properties [23–26].
Consequently, IPE is now recommended for use in patients
with clinical criteria akin to the REDUCE-IT trial [27].

OMEMI Trial

The omega-3 fatty acids in Elderly with Myocardial Infarction
(OMEMI) trial was a Scandinavian multi-center, randomized,
double blind, placebo-controlled clinical trial in elderly pa-
tients (aged 70–82 years old) following a recent (i.e., 2–
8 weeks) MI. Patients were randomized to 1.8 g/day of
omega-3 fatty acid (combination of 930 mg EPA and
660 mg DHA) vs placebo (corn oil) in addition to SOC ther-
apy [28•]. A total of 1027 patients were randomized (follow-
up data was available in 1014 patients); mean age was
75 + 3.6 years in a non-HTG cohort (mean triglycerides,
111.4 + 61.9 mg/dL), and nearly 30% were women. Over a
2-year follow-up period, there was no reduction in the primary
endpoint (composite of non-fatal MI, unscheduled revascular-
ization, stroke, all-cause mortality, and hospitalization for
heart failure) in patients treated with the combination of
EPA +DHA therapy as compared to placebo.

Differences between OMEMI and REDUCE-IT included a
lower dose of EPA (930 mg versus 4 g) and use of a combi-
nation EPA-DHA omega-3 fatty acid versus the purified EPA
formulation used in REDUCE-IT. Additionally, OMEMI test-
ed a homogenous (predominantly Caucasian) population with
lower baseline cholesterol and triglyceride levels than
REDUCE-IT and higher fish consumption in both placebo
and treated groups at baseline. Finally, the OMEMI trial was
viewed as insufficiently powered and of too short duration
compared to the more robustly designed REDUCE-IT trial.

STRENGTH Trial

The STRENGTH trial [29••] was a multicenter, double-
blinded, placebo-controlled randomized clinical trial compris-
ing 13,078 patients in 22 countries. Inclusion criteria consisted
of increased CVD risk, HTG, low HDL cholesterol, on statin
therapy, randomized to 4 g daily of a carboxylic formulation
of EPA-DHA or placebo (corn oil). At baseline, mean age was
62.5 years,;35%were women with elevated triglycerides (me-
dian, 240 mg/dL), low HDL-C (median, 36 mg/dL) and treat-
ed LDL-C level (mean, 75 mg/dL). Primary endpoints were a
composite of CV death, non-fatal MI, non-fatal stroke, coro-
nary revascularization, and unstable angina requiring hospi-
talization. Unfortunately, the trial was prematurely terminated
after interim analysis demonstrated futility. Specifically, the
primary endpoint was observed in 12% of patients treatedwith
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EPA-DHA versus 12.2% in the placebo group (hazard ratio,
0.99 [95% CI, 0.90–1.09]; p = 0.84). As in REDUCE-IT,
there was a small increased risk in atrial fibrillation. Post hoc
analysis was negative for an association between EPA or
DHA concentration (plasma or red blood cells) and subse-
quent CVD events.

Like OMEMI, a primary difference between STRENGTH
and REDUCE-IT was the use of a combination EPA-DHA
formulation rather than purified EPA. Not surprisingly, the
administered content of EPA was lower in STRENGTH than
REDUCE-IT, and this corresponded to lower circulating
levels of EPA (89.6 vs 144 micrograms/mL).

ASCEND and VITAL

ASCEND [30] was a randomized, placebo-controlled trial of
15,480 participants with diabetes mellitus but without evi-
dence of atherosclerotic CVD that compared 1 g/day omega-
3 fatty acid combination (EPA/DHA) versus olive oil capsule
placebo in prevention of first serious CVD event (i.e., myo-
cardial infarction, stroke/transient ischemic attack, or vascular
death) over a mean follow-up period of 7.4 years. Secondary
outcomes included major adverse cardiovascular event or re-
vascularization, all-cause mortality, non-fatal myocardial in-
farction, and arrhythmias. Inclusion criteria was any patient
40 years or older with diabetes and no known cardiovascular
disease. Average participant age was 63 years, and approxi-
mately 37% were female. This study did not demonstrate a
benefit in daily omega-3 fatty acid supplementation in preven-
tion of major cardiovascular events in diabetic patients with-
out known CVD.

The Vitamin D and Omega-3 Trial (VITAL) [31] was a 5-
year, randomized, placebo-controlled, 2 × 2 factorial trial of
25,871 participants investigating whether daily vitamin D3
(2000IU/day) or the omega-3 fatty acid combination, EPA/
DHA (1 g/day), would reduce incident CVD (or cancer
events) in middle-aged men (aged 50 or older) and women
(aged 55 or older). Upon study entry, participants had no
history of pre-existing CVD disease; approximately 14%
had T2DM. Fifty-one percent of the participants were female,
and 20% were African American. This study, like ASCEND,
also did not demonstrate benefit in incident CVD events.

However, there were reductions in total MI (HR: 0.72
[95% CI, 0.59–0.90]) with the greatest benefit observed in
African Americans (HR: 0.23 [95% CI, 0.11–0.47]).
Additionally, reductions were observed in percutaneous cor-
onary intervention (HR: 0.78 [95% CI, 0.63–0.95]) and fatal
MI (HR: 0.50 [95% CI, 0.26–0.97]) among those assigned to
omega-3 fatty acids with participants having the lowest fish
intake at baseline exhibiting the most CVD benefit.

EPA vs DHA

EPA and DHA are both polyunsaturated omega-3 fatty acids
(PUFAs). While both marine derived fatty acids reduce tri-
glyceride levels to a similar magnitude, they differ in their
effects on membrane structure and stabilization, lipid oxida-
tion, inflammatory biomarkers, endothelial function, and tis-
sue distribution. This may help to explain why the two EPA-
only trials (JELIS and REDUCE-IT) exhibited cardiovascular
benefit, whereas trials containing DHA did not [32•].

While both EPA and DHA incorporate into the phospho-
lipid membrane bilayers, EPA exhibits antioxidant cell mem-
brane stabilizing properties. In contrast, DHA has a membrane
disordering effect and may promote cholesterol crystalline
domain formation [25]. High-dose, purified EPA (2–4 g/d)
reduces the ratio of circulating arachidonic acid to EPA, apo-
lipoprotein C-III (ApoC-III), oxidized LDL, high sensitivity
CRP, and cholesterol enriched remnant particles [4••, 23, 32•,
33–37]. EPA also enhances vascular function26 [32•, 38–44],
and has greater antioxidant activity than DHA [32•, 45]. The
latter biological effects may in part be due to EPA’s hydrocar-
bon length and double bonds, which allow it to scavenge
reactive oxidative species by stabilizing unpaired electrons
via EPA’s conjugated double bonds (i.e., conjugative reso-
nance stabilization) [23, 32•]. The capacity of DHA to act as
an antioxidant is reduced because the longer hydrocarbon
length of DHA (22 versus 20 carbons) is associated with con-
formational changes and reduction in free radical stabilizing
properties compared to EPA [25, 26, 32•, 46] .

Studies have shown that low serum EPA levels and not
DHA levels were predictive of all-cause and CVD mortality
in patients with acute MI after 16 months follow-up or in-
hospital mortality [24, 47]. The recently published
EVAPORATE trial (Effect of Vascepa on Improving
Coronary Atherosclerosis in People with High Triglycerides
taking Statin Therapy) was a randomized, double-blind,
placebo-controlled trial that akin to REDUCE-IT evaluated
4 g IPE daily versus placebo (mineral oil) in patients with
coronary atherosclerosis [48]. The objective was to evaluate
changes in plaque characteristics by measuring low attenua-
tion plaque volume using computed tomography angiogra-
phy. Compared to placebo, significant regression of low at-
tenuation plaque volume was observed following 18 months
of treatment. These findings are consistent with
REDUCE-IT and support IPE as effective therapy in
high-risk patients with HTG.

Conclusions and Future Directions

As elaborated upon above, clinical trials that have tested pu-
rified EPA (e.g., JELIS, REDUCE-IT, CHERRY [38],
EVAPORATE) have consistently demonstrated reduction in
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atheromatous volume or CVD events beyond statin and other
SOC therapies, whereas the combination of EPA/DHA have
not been shown to yield clinical benefit (see Fig. 1). Some
have suggested that the pharmaceutical grade of mineral oil
used as placebo in REDUCE-IT (and in EVAPORATE) may
have exaggerated clinical differences between the groups due
to mild elevations in LDL-C observed with mineral oil. This
has been hypothesized to be due to relative inhibition of statin
absorption. However, no differences in CVD outcomes were
observed in mineral oil-treated patients in REDUCE-IT, irre-
spective of whether on treatment LDL-C levels rose. Rather,
mineral oil placebo is believed to exhibit “cardio-neutral” prop-
erties as demonstrated by Lakshmanan et al. in EVAPORATE
where coronary artery plaque progression (total and non-
calcified) volumes were not significantly different between
mineral oil and non-mineral oil placebo groups [49].

Finally, in view of the modest amount of mineral oil used in
REDUCE-IT (1 teaspoon/day) compared to the considerably
larger doses used medicinally to treat constipation (1–3 table-
spoons/day), a recent review found mineral oil to exert mini-
mal systemic effects, and therefore, could not account for the
clinical benefits observed [50•]. Moreover, in studies where
mineral oil was not used (e.g., JELIS), significant improve-
ment in CVD events were still observed with highly purified
EPA. By contrast, it has also been suggested that the corn oil
placebo used in STRENGTH and OMEMI may have benefi-
cial effects. As a representative PUFA, atherogenic lipopro-
tein particles are reduced when compared to monounsaturated
fatty acids (MIFAs) such as extra virgin olive oil [51, 52].
Nonetheless, because corn oil was not universally used as
the placebo comparator in all of the failed EPA/DHA trials,
it is unlikely that placebo in of itself was the primary basis for
the negative results obtained. Taken together, purified EPA
rather than EPA/DHA has been shown to be cardioprotective
in multiple, independently conducted clinical trials. Thus,

based upon the aforementioned differences between EPA
and DHA vis-à-vis membrane stabilization, inflammatory
and oxidative stress potential, and endothelial function, EPA
but not DHA appears to be cardioprotective. As such, purified
EPA formulations (e.g., IPE) are a treatment of choice for
patients with HTG and other CVD co-morbidities.
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