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Omega-3 fatty acids have emerged as a new option for controlling the residual risk for cardiovascular disease
(CVD) in the statin era after a clinical trial (REDUCE-IT) reported positive results with icosapent ethyl (IPE) in
patients receiving maximally tolerated statin therapy. However, another trial which used high dose eicosa-
pentaenoic acid (EPA) + docosahexaenoic acid (DHA) combination (STRENGTH) has failed. Together, these
results raise clinically important questions. Are effects of omega-3 fatty acids neutral or beneficial in patients on
statin therapy, or perhaps even harmful? The current contradictory results could be attributed to different types
of omega-3 fatty acids (only EPA or combination of EPA + DHA), doses (higher vs. lower dose) of omega-3 fatty
acids or different comparators (corn oil or mineral oil), as well as the underlying severity of the CVD risk or use of
statins.

Together with these issues, we will discuss different biological and clinical effects of various types of omega-3
fatty acids and then interpret different results of past and current clinical studies and propose practical sug-
gestions, which could be applied in patient management.

1. Introduction

Omega-3 fatty acids have emerged as another option for reducing the
atherosclerotic cardiovascular disease (ASCVD) burden. This opportu-
nity comes from positive results of the recent randomized controlled
clinical trial using icosapent ethyl (IPE, highly purified eicosapentaenoic
acid [EPA] ethyl ester) vs. placebo (Reduction of Cardiovascular Events
with Icosapent Ethyl-Intervention Trial [REDUCE-IT]) [1]. In this clin-
ical trial, patients with underlying cardiovascular disease or diabetes
with additional risk factors gained benefit of IPE on top of statin therapy
[1]. However, other recent trials, which tested low or high dose omega-3
fatty acids (EPA + docosahexaenoic acid [DHA]) including STRENGTH
(A Long-Term Outcomes Study to Assess STatin Residual Risk Reduction
With EpaNova in HiGh Cardiovascular Risk PatienTs With Hyper-
triglyceridemia) trial that used 4 g omega-3 carboxylic acids (EPA-
NOVA), failed [2-5].

This discrepancy casts clinically important questions. Who is eligible
and which omega-3 fatty acids and what dose will be beneficial to high-
risk patients on statin therapy? There have been numerous studies

showing the effects of omega-3 fatty acids on lipoprotein metabolism,
cell membrane stabilization, plaque composition/progression/develop-
ment, and anti-platelet/anti-oxidative/anti-inflammatory mechanisms
of atherosclerosis [6-8]. However, it has been quite difficult to under-
stand the results of clinical studies because of a number of reasons: the
low vs. high doses of omega-3 fatty acids, EPA vs. combination of EPA +
DHA, target populations including those with/without statin therapy
and on various statin doses and very recently, placebos such as corn or
mineral oil. Therefore, we will discuss different biological and clinical
effects of various types of omega-3 fatty acids and how to interpret
disparate results of clinical studies to provide insights related to clinical
care.

2. Biological effects of omega-3 fatty acids
2.1. Effects on lipoprotein metabolism

Omega-3 fatty acids are known to lower plasma triglyceride levels by
reducing very low-density lipoprotein production, augmenting very
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Fig. 1. In experimental studies with endothelial cells in culture, numerous
molecules initiate transcription of genes that encode protein mediators of
inflammation.
Omega-3 fatty acids may modulate this process by inhibiting the activation of
nuclear transcription factors. rHDL = reconstituted HDL. Modified from Koh
et al. [26,27].

low-density lipoprotein clearance and in some studies by stimulating
lipoprotein lipase activity [7]. Highly purified EPA 2-4 g/d reduced
remnant-like particle cholesterol, apolipoprotein C-III, and oxidized
low-density lipoprotein (LDL) levels in patients with hyper-
triglyceridemia. EPA reduced triglyceride levels without raising LDL-C
levels at 2-4 g/d, compared with DHA, which has potential to raise
LDL-C levels modestly when used at similar doses in patients with
hypertriglyceridemia [8,9]. Accordingly, some studies suggested the
potential of EPA + DHA on LDL-C elevation [10-12], despite contra-
dictory results that at lower triglyceride levels, the combination of EPA
and DHA failed to raise LDL-C [13]. The mechanism in patients treated
with EPA may relate to reduced production and faster clearance of
triglyceride-rich lipoproteins in concert with more rapid clearance of
LDL particles and slower production of very low-density lipoprotein
particles [14]. To some extent, these differences relate to how levels of
LDL-C are determined.

EPA and DHA combination did reduce apolipoprotein C-III levels as
observed with EPA [13] and some head-to-head comparison trials
demonstrated that DHA could reduce the apolipoprotein C-III levels like
EPA [15]. A decrease in apolipoprotein C-III would lower triglycerides
levels through several mechanisms, including reduced inhibition of li-
poprotein lipase. In addition, EPA, or a combination of EPA + DHA,
modestly reduced non-HDL-C and apolipoprotein B [14].

High dose DHA could also increase LDL particle size and LDL-C level
and this explains the increase in LDL-C [16].

Some placebo-controlled randomized clinical trials showed that
HDL-C increased in the DHA group [17-19], however, both in the EPA
and DHA group, there was an increase in ratio of HDL-C to apolipo-
protein A1 [17]. Other articles argue that HDL-C is not increased by EPA
nor DHA [20,21]. Thus together, the impact of omega-3 fatty acids on
HDL composition and metabolism still needs to be elucidated.

Apolipoprotein B has been decreased by EPA but not by DHA [17]. Of
interest, both EPA and DHA have been shown to increase the fasting
glucose level, presumably a modest effect because no changes in HbA;C,
fasting insulin and C-peptide level were observed in patients with dia-
betes [21].

2.2. Effects on vasomotor function
Several studies reported that omega-3 fatty acids improved flow-

mediated dilation [22,23]. EPA induces Ca2+-independent activation
and translocation of endothelial nitric oxide synthase to the cytosol,
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which results in endothelium-dependent vasorelaxation [24].

This function also enhanced endothelial function in combination
with a statin, an effect not seen with DHA [25]. However, we observed
that EPA + DHA administered over 2 months to hypertriglyceridemic
patients who were not on statins improved flow-mediated dilation [23].

2.3. Effects on inflammation

The increased flux of free fatty acids associated with insulin resis-
tance, obesity, metabolic syndrome, and diabetes caused endothelial
dysfunction in part by activating innate immune inflammatory path-
ways upstream of NF-kB. Activation of NF-kB also increases synthesis
and release of proinflammatory cytokines, which activate inflammatory
cells and enhance their attachment to the vessel wall (Fig. 1) [26,27].
Several mechanisms have been postulated. Although DHA decreased
cytokine-induced expression of endothelial leukocyte adhesion mole-
cules and secretion of interleukin (IL)-6 and IL-8 into the medium in
cultured endothelial cells [28], EPA reduced high-sensitivity C-reactive
protein (hsCRP) in patients with hypertriglyceridemia compared to DHA
[29]. In contrast, the combination of EPA + DHA did not reduce hsCRP
levels in patients with hypertriglyceridemia [22]. However, some re-
searchers have shown that the efficacy of lowering hsCRP was similar
between EPA and DHA [30,31].

A recent study revealed that purified EPA generates EPA-rich high-
density lipoprotein (HDL) [32]. This reconstituted HDL (rHDL) contains
EPA-phosphatidylcholine, a subspecies that had anti-atherogenic prop-
erties and reduced expression of cytokine-stimulated vascular cell
adhesion molecule-1. In addition, rHDL increased cholesterol efflux and
production of EPA-derived metabolites, anti-inflammatory resolving E3
and its intermediate metabolites 18-hydroxyeicosapentaenoic acid and
particles with a variety of anti-inflammatory properties.

Interestingly, one head-to-head comparison in a small sized placebo-
controlled trial showed that DHA was more effective than EPA in
reducing inflammatory marker like interleukin-18 (IL-18) [18].

2.4. Effects on oxidation

Omega-3 fatty acids were reported to reduce oxidative stress [33].
Omega-3 fatty acids increase serum total antioxidant capacity, gluta-
thione peroxidase activity and decrease malondialdehyde [34]. Oxida-
tive stress estimated by urinary F2-isoprostanes measurement was
reduced with both EPA and DHA as compared to olive oil [35].

EPA inhibits oxidation of apolipoprotein B-containing particles (like
LDL, VLDL, small dense LDL) unlike DHA [36]. HDL isolated from
EPA-only treated individuals exhibited enhanced cholesterol efflux from
monocytes and augmented antioxidant and anti-inflammatory actions
[37]. In addition, EPA partitions into the outer monolayer of the HDL
particle and exhibits greater antioxidant function than DHA-loaded HDL
[38].

2.5. Effects on thrombosis

Omega-3 fatty acids also affect thrombotic mechanisms including
platelet aggregation. One mechanism may relate to the observation that
EPA and DHA generate the cardioprotective and antithrombotic me-
tabolites thromboxane A3 and prostacyclin. For platelet aggregation,
males may benefit more from EPA supplementation while females are
more responsive to DHA. This may suggest that interactions between sex
hormones and omega-3 fatty acids exist to differentially reduce platelet
aggregation in healthy individuals [39].

It should be noted, however, that DHA (highly purified) may be more
anti-thrombotic than EPA [40].

High dose omega-3 fatty acids may lead to beneficial effects in pa-
tients without coronary ischemia such as more zealous lowering of tri-
glycerides, improved vasomotor function, inflammation, and platelet
function/hemostasis [41,42].
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Fig. 2. Placebo and omega-3 fatty acids (n-3 FA)
did not change plasma adiponectin levels and in-
sulin sensitivity (determined by QUICKI) relative to

30 baseline measurements.
P<0.05 P<0.05 Fenofibrate significantly increased plasma adipo-
1 . nectin levels (p < 0.001 by Wilcoxon Signed Rank
P<0.05 test) and insulin sensitivity (p = 0.003 by paired t-
20 ~ [ 5 - PI<00§ test) when compared with baseline. Moreover, these
- effects of fenofibrate were significant when
P=0.002 P=0.015 compared with either placebo or omega-3 fatty
by ANOVA by ANOVA acids (p=0.002 for adiponectin by ANOVA on Ranks
10 A on Ranks and p = 0.015 for QUICKI by ANOVA). Standard

error of the mean is identified by the bars. Reprin-
ted with permission from Koh et al. [6].
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2.6. Effects on membrane fluidity, cholesterol domain, and crystal
formation

Excessive cholesterol accumulation in the membranes of vascular
smooth muscle cells and macrophages can promote the formation of
distinct lipid domains within the cell membrane consisting of bilayers of
cholesterol monohydrate. Such cholesterol domains may facilitate the
formation of extracellular cholesterol crystals, a hallmark of athero-
sclerotic plaques [14].

EPA has a hydrocarbon length and number of double bonds that
foster preferential intercalation into the alkyl chain core of the mem-
brane bilayer, where it inhibits cholesterol domain formation [43]. By
contrast, DHA has a longer hydrocarbon length and thus promotes
conformational changes in the membrane [44,45], while EPA preserves
a more ordered membrane structure [45,46]. Therefore, these confor-
mational differences cause DHA to change the normal distribution of
cholesterol and even promote membrane cholesterol domains as
compared to EPA. Thus, EPA and DHA could impose a different impact
on the cell membrane [46-48].

2.7. Effects on adiponectin and insulin resistance

Adiponectin is an adipose-derived secretory factor that couples
regulation of insulin sensitivity with energy metabolism and augments
both metabolic and vascular actions of insulin [49,50].

Dietary fish oil and omega-3 fatty acids increase total adiponectin
levels [51,52]. However, omega-3 fatty acids or fish consumption has
been associated with modestly higher incidence of type 2 diabetes [53,
54] and large scale meta-analysis demonstrated that use of omega-3
fatty acids did not prevent nor treat patients with diabetes [55]. Of in-
terest, EPA decreased adiponectin gene expression and protein secretion
and reduced peroxisome proliferator-activated receptor-gamma mRNA
levels in primary cultured rat adipocytes [56]. In contrast, one
head-to-head comparison found that the DHA increased adiponectin
more than EPA [9]. However, DHA did not change fasting or post-
prandial insulin and glucose concentrations and insulin sensitivity in
hypertriglyceridemic men [57]. We demonstrated EPA + DHA treat-
ment did not change plasma adiponectin levels and insulin sensitivity in
patients with hypertriglyceridemia in contrast to fibrate therapy (Fig. 2)
[6,23,58].

3. Randomized clinical trials

We will review and discuss the clinical study according to the type of
formula, IPE, or EPA only or EPA + DHA used in clinical trials.
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3.1. IPE or EPA alone studies

Reduction of Cardiovascular Events with Icosapent Ethyl-
—Intervention Trial (REDUCE-IT) shed new light on omega-3 fatty acids
and their benefit to patients with or at high risk for ASCVD [1]. The
omega-3 fatty acids used in the active group was icosapent ethyl, a
highly purified EPA which was different from omega-3 fatty acids used
in previous studies (Table 1) and similar to EPA administered in the
Japan Eicosapentaenoic acid Lipid Intervention Study (JELIS) study that
also demonstrated a positive outcome [59].

In REDUCE-IT, among the 8179 participants with high CV risk of
whom 71% had established cardiovascular disease, 29% comprised a
primary prevention cohort, and 58% had type 2 diabetes mellitus (dia-
betes): the baseline LDL-C levels were well-controlled with statins
(median value, 75.0 mg/dL), while triglyceride levels were moderately
elevated (median value, 216.0 mg/dL). With a median follow-up of 4.9
years, the primary endpoint was reduced in patients in the IPE group at
17.2% compared with 22.0% in the placebo group (hazard ratio, 0.75;
95% CI 0.68-0.83). Notably in subgroup analysis, the benefit was
observed irrespective of initial and attained levels of triglyceride or LDL-
C and irrespective of statin use. The targeted level of triglyceride to be
achieved, i.e., 150 mg/dL, failed to impact the primary or key secondary
efficacy endpoint. However, if patients had both baseline triglyceride
levels >200 mg/dL and HDL-C <35 mg/dL (~20% of all patients), the
benefit of IPE was slightly more favorable with a hazard ratio of 0.62
than the other group, hazard ratio of 0.79 (p = 0.04 for interaction). The
investigator of REDUCE-IT trial performed post-hoc analysis on the as-
sociation with attained EPA serum level and clinical outcomes. They
found IPE treatment increased the EPA level from 26.1 to 135.2 pg/mL
(from baseline to daily average value over 5 years, 3.6-fold increase),
whereas the placebo group level did not change (from 26.1 to 27.7 pg/
mL) (Bhatt D. EPA levels and cardiovascular outcomes in the Reduction
of Cardiovascular Events with Icosapent Ethyl Intervention Trial. Pre-
sented on: March 30, 2020. ACC 2020).

The other positive omega-3 fatty acids trial was JELIS [59]. In this
study, 18,645 patients with or without coronary artery disease, defined
as previous myocardial infarction, coronary interventions, or confirmed
angina pectoris, were recruited. Underlying risk factors were smoking in
20%, diabetes in 16% and hypertension in 35%, respectively. Patients
were randomly assigned to receive either EPA 1800 mg/d with statin or
statin only. At mean follow-up of 4.6 years, they observed the primary
endpoint in 2.8% patients in the EPA group and 3.5% in controls (hazard
ratio, 0.81; 95% CI 0.69-0.95).

The omega-3 fatty acids used in both trials was only EPA or IPE albeit
at different doses (1.8 g/d in JELIS vs. 4 g/d in REDUCE-IT). In the JELIS
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Table 1

Comparison of major omega-3 fatty acids clinical trials.
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Study name

VITAL

ASCEND

ORIGIN

STRENGTH

REDUCE-IT

JELIS

Year, journal
Patients
number, N
Study
characteristics
Study drug/
omega-3 fatty
acids formula
and daily dose
Patients
inclusion

Follow-up
period (years)

Primary
outcome
measures

Active drug
group event
rate (%, n/N)
vs. placebo
group event
rate
(%, n/N)

HR, 95% CI, p
for primary
endpoints

Secondary
outcome
measures or
major
subgroup
analysis

Major secondary
outcome
measure and
results; rate,
(HR, CD

2019, NEJM [4]
25,871

Primary prevention

EPA + DHA, 840 mg;
460 mg of EPA +380
mg/d of DHA

Healthy, no cancer,
no CVD, men>50,
women>55

5.3

Major cardiovascular
events (a composite
of myocardial
infarction, stroke, or
death from
cardiovascular
causes)

2.98% (386/12,933)
Vs.
3.24% (419/12,938)

0.92; 0.80-1.06; p =
0.24

Individual
components of the
composite
cardiovascular end
point, the composite
end point plus
coronary
revascularization

Total ML

1.12% (145/12,933)
vs. 1.55% (200/
12,938); (HR 0.72,
95% CI, 0.59 to 0.90)
death from MI; 0.1%
vs. 0.2% (HR, 0.50;
95% CI, 0.26 to 0.97)
PCI; 1.25% vs. 1.61%

2018, NEJM [3]
15,480

Primary prevention

840 mg of marine n—3
fatty acids,

460 mg of EPA +380
mg/d of DHA

Men and women>40
both. Diabetes but
without evidence of CVD

7.4

First serious vascular
event (nonfatal
myocardial infarction or
stroke, transient
ischemic attack, or
vascular death,
excluding confirmed
intracranial
hemorrhage)

8.9% (689/15,480) vs.
9.2% (712/15,480)

0.97; 0.87-1.08; p =
0.55

First serious vascular
event or any arterial
revascularization

Serious vascular events
or revascularization:
11.4% vs. 11.5% (rate
ratio, 1.00; 95% CI, 0.91
to 1.09).

Exploratory analysis:
vascular death; 2.5% vs.
3.1% (RR 0.82, CI
0.68-0.98)

2012, NEJM [2]
12,536

Primary prevention

Ethyl esters of n-3
fatty acids, 900 mg/
d (90% or more ethyl
esters)

At high risk for
cardiovascular events
and with impaired
fasting glucose,
impaired glucose
tolerance, or diabetes

6.2

Death from
cardiovascular causes

9.1% (574/12,536) vs.
9.3% (581/12,536)

0.98; 0.87-1.10; p =
0.72

Composite outcome of
death from
cardiovascular causes,
nonfatal MI, or
nonfatal stroke; death
from any cause; death
from arrhythmia

Major vascular events;
16.5% (1034) vs.
16.3% (1017) (HR,
1.01; 95% CI,
0.93-1.10; p = 0.81);
death from any cause
15.1% (951) vs. 15.4%
(964) (HR 0.98; 95%
CI, 0.89 to 1.07; p =

18

2020, JAMA [5]
13,078

Primary + Secondary
prevention

EPA + DHA (omega-3
carboxylic acid), 4 g/d

(1) Established CVD, (2)
type 1 or 2 diabetes with
>40 (men) and >50
(women) with >1 risk
factor of chronic
smoking, hypertension,
hs-CRP level >2 mg/L, or
moderately increased
albuminuria, (3) primary
prevention patients >50
(men) or >60 (women)
with >1 risk factor of
family history of
premature CVD, chronic
smoking, hs-CRP level
>2 mg/L, impaired
kidney function, or
coronary calcium score
>300 Agatston units

3.5

Composite of CV death,
nonfatal MI, nonfatal
stroke, coronary
revascularization,
hospitalization for
unstable angina

12.0% (785/6539) vs.
12.2% (795/6539)

0.99; 0.90-1.09.p = 0.84

(1) Composite of CV
death, nonfatal MI,
nonfatal stroke, PCI,
hospitalization for
unstable angina in
patients with established
CVD,

(2) composite of CV
death, nonfatal MI, and
nonfatal stroke,

(3) composite of cardiac
death, nonfatal MI, PCI,
and hospitalization for
unstable,

(4) CV death,

(5) all-cause death

CV death, MI, or stroke
occurred with 8.3%
(541/6539) treated with
omega-3 CA vs. 7.9%
(517/6539) treated with
corn oil (HR, 1.05, 95%
CI, 0.93-1.19; p = 0.40).
Cardiac death, MI, PCI, or
hospitalization for

2019, NEJM [1]
8179

Primary + Secondary
prevention
Icosapent-ethyl, 4 g/
d

Diabetes or
established CVD, on
statin with high TG

4.9

Composite of CV
death, MI,
revascularization,
unstable angina

17.2% (705/4089) vs.
22.0% (901/4090)

0.75; 0.68-0.83, p <
0.001

Composite of
cardiovascular death,
nonfatal MI, or
nonfatal stroke in a
time-to-event
analysis

11.2% vs.14.8%; HR
0.74 (95% CI 0.65 to
0.83, p < 0.001)

2007, Lancet [59]
18,645

Primary + Secondary
prevention
EPA, 1.8 g/d

Men aged 40-75 years
and postmenopausal
women aged up to 75
years, with or without
coronary artery disease
(previous MI, PCI or
confirmed angina
pectoris), MI history
5%, angina 15-16%,
CABG, PTCA 5%

4.6

Composite of sudden
cardiac death, fatal and
non-fatal MI, and other
non-fatal events
including unstable
angina pectoris,
angioplasty, stenting, or
CABG

2-8% (262/18,645) vs.
3-5%, (324/18,645)

0.81, 0.69-0.95,p =
0.011

All-cause mortality,
stroke, peripheral
artery disease, and
cancer.

Primary prevention arm
and secondary
prevention arm

All-cause mortality;
2.8%vs. 3.1% (HR 1.09,
95% CI 0.92-1.28,p =
0.333).

Secondary prevention
subgroup: 8-7% (158)
in EPA group vs 10.7%
(197) in control group;
p = 0.048)

(continued on next page)
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Study name VITAL ASCEND ORIGIN

STRENGTH REDUCE-IT JELIS

(HR 0.78; 95% CI,
0.63 to 0.95);

total coronary heart
disease 2.4% vs.2.9%
(HR, 0.83; 95% CI,
0.71 to 0.97)

0.63); death from
arrhythmia, 4.6%
(288) vs. 4.1% (259)
(HR, 1.10, 95% CI,
0.93 to 1.30; p = 0.26)

unstable angina,
occurred in 8.5% of cases
(556/6539) treated with
omega-3 CA and 9.4%
(616/5539) of patients
treated with corn oil (HR,
0.91; 95% CI, 0.81-1.02;
p = 0.09).

(HR 0.81, 95% CI
0.66-1.00, p = 0.048).
Primary prevention:
(1.4%) v5.1.7% (127)
(HR 0.82, CI 0.63-1.06,
p = 0.132)

*NEJM, New England Journal of Medicine; JAMA, Journal of American Medical Association; MI, myocardial infarction; hs-CRP, high-sensitivity C-reactive protein;
PCI, percutaneous coronary intervention; HR, hazard ratio; CI, confidence interval; CV, cardiovascular; CABG, coronary arterial bypass graft; PTCA, percutaneous

transluminal coronary angioplasty; EPA, eicosapentaenoic acid.

study, 74% of patients were categorized as primary prevention and 26%
as secondary prevention. Meanwhile, in REDUCE-IT, most of the pa-
tients (70.7%) were secondary prevention and 29.3% primary preven-
tion. Even though most of the patients were primary prevention in
JELIS, the study result was positive favoring EPA and IPE. This may be
attributed to the unique EPA and IPE effects and to the size of the study
population. Relevant here is that the size of JELIS population was like
that from the VITAL study, which examined the impact of vitamin D and
omega-3 fatty acids using EPA + DHA, wherein similar event rates were
experienced in placebo groups, 3.24% in VITAL and 3.5% in JELIS.
Recent randomized placebo-controlled clinical trial, Effect of Vascepa
on Improving Coronary Atherosclerosis in People With High Tri-
glycerides Taking Statin Therapy (EVAPORATE) to assess the athero-
sclerotic plaque characteristics change with IPE as compared to mineral
oil control evaluated by coronary computed tomographic angiography
(CT angiogram) provided some insight into the mechanism of benefit
with IPE [60]. Patient with one or more angiographic stenosis> 20% on
baseline statin were randomized to either IPE 4 g/d or placebo (mineral
oil) for 18 months, and CT angiogram was performed to detect the
change in low-attenuated plaque (LAP) volume, a strong predictor of
future CVD. This trial demonstrated LAP volume was reduced by 17% in
the IPE treatment group. Other plaques like fibro-fatty and fibrous were
also decreased in the IPE group. By contrast, the placebo group showed
progression. This effect on atherosclerotic plaque composition could, in
part, explain the beneficial effect of IPE in REDUCE-IT study.

3.2. EPA plus DHA combination study

Recent clinical trials using EPA + DHA combination failed to
demonstrate an effect in reducing CVD events. The VITAL study was one
of them [4]. This was the largest randomized, placebo-controlled trial
which tested the efficacy of EPA + DHA and vitamin D using a 2 by 2
factorial design. A major cardiovascular event occurred 2.98% in the
EPA + DHA group and 3.24% in the placebo group (hazard ratio, 0.92;
95% CI 0.80-1.06) during a median 5.3-year follow-up. Despite the
overall negative results for the primary outcome, among key secondary
end points, total myocardial infarction (MI) risk and death from MI were
substantially lower in the EPA + DHA group. The rate of performing
percutaneous coronary intervention was also lower in the EPA + DHA
group (hazard ratio, 0.78; 95% CI 0.63-0.95) as well as total coronary
heart disease rate (hazard ratio, 0.83; 95% CI 0.71-0.97).

Another trial which failed to achieve the primary outcome was
ASCEND, “A Study of Cardiovascular Events in Diabetes [3]. In VITAL
and ASCEND, 460 mg of EPA and 380 mg of DHA were used. The
ASCEND study was carried out as a primary prevention trial that
included 15,480 patients with diabetes but without a history of CVD [3].
The outcome was negative (hazard ratio, 0.97; 95% CI 0.87-1.08) at 7.4
years of follow-up. Because all the patients had diabetes, the event rate
in placebo was higher than those in VITAL, 9.2% vs. 3.25%, respectively
(Table 1). However, the event rate in EPA + DHA group was not
different from the placebo group. However, there was some benefit in an
exploratory analysis of vascular death, 2.5% vs. 3.1% (rate ratio 0.82;
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95% CI 0.67-0.99) over a longer follow-up duration of 7.4 years.

Another primary prevention outcome trial was Outcome Reduction
with an Initial Glargine Intervention (ORIGIN) [2]. This trial enrolled
12,536 subjects at high risk with (or at risk for) diabetes without a CVD
history. Participants were randomly allocated to either a 1 g EPA + DHA
capsule or placebo daily. The primary outcome was cardiovascular
death. During a median follow-up of 6.2 years, the incidence of the
primary outcome was not different between patients receiving EPA +
DHA and those receiving placebo, 9.1% vs. 9.3% (hazard ratio, 0.98;
95% CI 0.87-1.10). The patient population and underlying cardiovas-
cular risk were like the participants in ASCEND. Indeed, the event rate of
primary endpoint defined as cardiovascular death was around 9% in
ORIGIN, which was like the total death rate in ASCEND, ~10%
(Table 1). The failure to achieve the benefit in these two trials may have
been formula and/or dose related.

The patients in VITAL and ASCEND were generally healthy and
baseline risk was at most diabetes (ASCEND) with no evident ASCVD. In
ORIGIN, the patients were at high risk of CVD. The relative risk reduc-
tion rate with EPA or IPE was similar between JELIS and REDUCE-IT
studies, 19% in JELIS and 25% in REDUCE-IT despite absolute num-
ber differences: 2.8% vs. 3.5% in JELIS (active vs. control) and 17.2% vs.
22.0% (active vs. control) in REDUCE-IT study. Rather, in JELIS, the
absolute event rate was close to that of VITAL with the absolute event
rate being 2.98% and 3.24%, respectively (active group vs. placebo
group), yet JELIS was comprised of 75% patients who had no prior
history of CVD and VITAL was entirely designed for primary prevention.
These major omega-3 fatty acids trials are summarized in Table 1.

The Alpha Omega trial investigated the effects of 400 mg of EPA +
DHA or alpha-linolenic acid (ALA) in patients with previous MI on the
rate of major cardiovascular events, which comprised fatal and nonfatal
cardiovascular events and cardiac interventions. This study failed to
show a reduction of cardiovascular endpoints in patients with EPA +
DHA or ALA compared to placebo [61]. Like the Alpha Omega trial,
another trial investigating the efficacy of supplementation with B vita-
mins or 600 mg of EPA + DHA as a secondary prevention of CVD
strategy also failed [62].

These negative results may have been unsuccessful for several rea-
sons: being underpowered; low doses of omega-3 fatty acids; EPA + DHA
combination; or concomitant use of other guideline-adjusted therapy. In
addition, recent meta-analyses, which included only randomized
placebo-controlled trials, showed that omega-3 fatty acids did not
reduce the risk of overall CVD events [63]. This is contradictory to
previous positive results from other meta-analyses [64,65].

A Long-Term Outcomes Study to Assess STatin Residual Risk
Reduction With EpaNova in HiGh Cardiovascular Risk PatienTs With
Hypertriglyceridemia (STRENGTH) study was a randomized double-
blind, placebo-controlled trial to test 4 g/d omega-3 carboxylic acid
(EPANOVA) daily administration as an add-on to statin in high risk
patients with triglycerides levels between 200 and 500 mg/dL and low
HDL-C levels < 42 mg/dL (men) or < 47 mg/dL (women) [5,66]. The
proportion of established atherosclerotic CVD patients was 56%. The
comparator was corn oil. Included patients were those with CVD,
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diabetes with CVD risk factors and elderly who were at high risk for
CVD. The study design was quite like the REDUCE-IT study. Unexpect-
edly, in January 2020, this study was terminated earlier due to futility
following recommendation of the independent data-monitoring com-
mittee [5].

The study results were published recently; among the 13,078 treated
patients, the primary endpoint of composite of CV death, MI, stroke,
coronary revascularization, or unstable angina requiring hospitalization
occurred in 12.0% (785/6539) treated with omega-3 fatty acids and
12.2% (795/6539) treated with corn oil with HR, 0.99 (95% CI,
0.90-1.09, p = 0.84) [5]. Secondary and tertiary endpoints were also not
different except for atrial fibrillation occurrence (also true for
REDUCE-IT), more common in omega-3 fatty acids group as compared
to corn oil group. (2.2% vs. 1.3%, HR 1.69 [95% CI, 1.29-2.21, p <
0.001]). Plasma EPA level in EPA + DHA users group increased from
21.0 to 89.6 pg/mL at 12-month follow-up (2.7-fold increase) as
compared to no change in placebo group (from 21.3 to 19.0 pg/mL).

4. Plausible explanation for different outcomes using only EPA
or IPE and EPA + DHA combination

Convincing clinical outcomes data have been lacking from prior
randomized trials of various omega-3 preparations, which mostly
included combination EPA + DHA, when added to a high-intensity statin
[67]. The conflicting outcomes among studies may relate to the amount
or dosage of EPA or IPE (low vs. high), baseline levels of EPA/DHA,
levels achieved during the trials, and distinct effects of EPA vs. DHA on
lipoproteins, inflammation, oxidation, insulin sensitivity,
pro-thrombotic effects, membrane stability and cholesterol metabolism
including intraarterial crystal formation as addressed earlier. Several
studies, including primary and secondary prevention trials and
meta-analyses of omega-3 fatty acids, have so far yielded inconsistent
results on ASCVD outcomes.

One explanation for this apparent heterogeneity of treatment effect
of omega-3 fatty acids preparations, which may also apply to many di-
etary fish oil supplements that are in widespread use is given below.

First, the low dose such as those present in dietary fish oil supple-
ments are likely insufficient to lower triglycerides effectively. However,
this speculation may be incorrect because in the REDUCE-IT study, the
triglyceride-lowering effect failed to explain the benefit and in
STRENGTH using a high dose combination failed to achieve the primary
outcome despite triglycerides lowering. Also, it is important to differ-
entiate prescription omega-3 fatty acids from dietary fish oil supple-
ments. These supplements contain multiple long chain oils and oxidized
omega-3 fatty acids that may render the preparations ineffective [14,
68].

The STRENGTH trial enrolled patients with similar or even lower
CVD risks than in REDUCE-IT (established ASCVD patients were 56% vs.
71%). The differences in STRENGTH compared to REDUCE-IT were (1)
omega-3 fatty acids, DHA + EPA vs. IPE only (2) comparator, corn oil vs.
mineral oil and (3) level of baseline risk.

As for the formula, the DHA could mitigate or negate the efficacy of
EPA in DHA + EPA or EPA serum was not high enough to exert a
favorable efficacy in DHA + EPA 4 g group, because naturally the ab-
solute dose of EPA in EPA + DHA formula may be lower than 4 g of pure
EPA (IPE). This could be postulated by the attained EPA serum level
(135.2 pg/mL vs. 89.6 pg/mL) and change from baseline (3.6 vs. 2.7-
fold), which was higher in REDUCE-IT than in STRENGTH trial,
respectively.

The authors of STRENGTH argue that the positive results of IPE from
REDUCE-IT trial could be attributed to an adverse effect of mineral oil, i.
e., raising levels of LDL-C and differences in hsCRP resulting in poor
clinical outcome. However, as mentioned earlier, IPE (4 g) showed
plaque regression and stabilization in EVAPORATE compared to base-
line plaque status [60]. In other words, this benefit was proven with the
comparator, mineral oil.
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Other plausible mechanisms also support the IPE 4 g/d in clinical
trials. When we closely look at the STRENGTH and REDUCE-IT data, the
established CVD patients were 56% in STRENGTH and 71% in REDUCE-
IT, so the clinical event rate was higher in REDUCE-IT trial (17-20%) as
compared to those from STRENGTH (12%). Thus, we may assume that
the IPE could exert benefit in higher risk patients who were on statins.
Nonetheless, the definite answer could be obtained after a similar ran-
domized clinical trial is performed comparing IPE only 4 g vs. corn oil
comparator, a trial that appears unlikely.

Distinct effects of EPA and DHA have been observed mostly in
experimental and clinical studies with small numbers of participants.
There have been no randomized trials on CVD outcomes that compare
EPA and DHA directly. Nonetheless, JELIS and REDUCE-IT trials
consistently reported positive results of EPA or IPE and by contrast,
major trials such as ORIGIN, VITAL, ASCEND and now STRENGTH
failed. Thus, distinct biological and clinical effects of EPA and DHA may
result in different outcomes. EPA does not raise LDL-C [9], reduces
hsCRP [11], enhances endothelial function [14], inhibits oxidation of
apolipoprotein B particles [21], and enhances membrane stability and
cholesterol metabolism in the plaque including crystal formation [28]
unlike DHA.

EPA incorporated into phospholipid at the sn2 position helps pre-
serve membrane structure and function and inhibits lipid oxidation and
cholesterol crystal formation. It can also influence signal transduction
pathways related to inflammation and vasodilation [14,45]. Very recent
animal studies demonstrated that EPA administration can be incorpo-
rated into thin cap plaque rather than thick cap plaque, which might be
related to plaque stability and lower myocardial infarct occurrence [69].
Additional evidence has shown that plaque was stabilized with EPA
1800 mg/day on top of rosuvastatin 10 mg/day in non-obstructive
neo-atherosclerotic plaques [70].

A recent sub-study of REDUCE-IT asked whether the higher serum
level of EPA was associated with reduced CVD outcomes. After adjusting
for EPA levels, the risk reduction was minimal (HR 1.03; 95% CI
0.91-1.16). They argued that the EPA serum level could account for a
large portion of the benefit of IPE (American college of Cardiology
annual scientific meeting 2020. (https://www.acc.org/latest-in-card
iology/articles/2020/03/24/16/41/mon-1045-eicosapentaenoic-a
cid-levels-in-reduce-it-acc-2020) (Bhatt D. EPA levels and cardiovascu-
lar outcomes in the Reduction of Cardiovascular Events With Icosapent
Ethyl Intervention Trial. Presented on: March 30, 2020. ACC 2020.).

This report suggests that the main contribution for risk reduction is
EPA rather than the combination with DHA. If this is correct, patients
who are deficient in omega-3 fatty acids could have benefit [71].
However, there is a disputing observation because high tertile serum
level of EPA failed to reduce in the STRENGTH study.

Another issue to be considered is the formulation of omega-3 fatty
acids preparations used. Use of non-purified mixtures of omega-3 fatty
acids instead of prescription products could lead to the study failure
because of relatively small amount of EPA.

Another issue to be considered is co-administration of statins. As
many clinicians and researchers acknowledge, in the era of statin use, it
is more difficult to prove the benefit of additional lipid-modifying drugs.
Omega-3 fatty acids and other triglyceride-lowering drugs like fibrates
or niacin were no exceptions [72-74]. Many clinical trials using those
drugs have failed because these drugs fell short of sufficient power to
exert their efficacy when statins are co-administered. Also, lowering
triglycerides levels might have no effect on ASCVD.

Another issue is the comparator in REDUCE-IT study. Unlike previ-
ous trials, the REDUCE-IT study used mineral oil, which resulted in in-
crease of LDL-C and hsCRP levels, compared to corn oil being neutral
and thus, the benefit of IPE could be exaggerated. Concerns were also
raised about whether mineral oil may have prevented absorption of
statins, an effect that may have influenced the outcome. Of course, the
differences of patient’s characteristics (CVD and diabetes in REDUCE-IT
trial vs. primary prevention in ASCEND and VITAL trials) may have
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predicted and resulted in different outcomes. We compared these in
Table 1.

Finally, regarding safety and adverse events, a larger percentage of
patients in IPE group in the REDUCE-IT and EPA + DHA in STRENTH
study than in the placebo group were hospitalized for atrial fibrillation
or flutter (3.1% vs. 2.1%, p = 0.004), while serious bleeding events
occurred in 2.7% of the patients in IPE group and in 2.1% in the placebo
group (p = 0.06). The significance of these observations is uncertain, and
further analyses are ongoing, however, the increased risk of bleeding,
which is likely an effect on platelet aggregation, may be one important
mechanism by which CVD risk is reduced by IPE.

5. Clinical implication and future perspective

Recent American and European guidelines have stated that pre-
scription of omega-3 fatty acids (EPA + DHA or EPA-only) at a dose of 4
g/d (>3 g/d total EPA + DHA) is an effective and safe option for
reducing triglycerides as monotherapy or as an adjunct to other lipid-
lowering agents [75,76].

Previous clinical studies reported modest reductions in the rates of
CVD events, however, recent randomized double-blind, placebo-
controlled trials using EPA + DHA have failed. By contrast, others that
used only EPA or IPE consistently demonstrated reductions. Further-
more, the STRENGTH trial was terminated early due to futility. Based on
the study populations at high risk on statin treatment, high dose and
only EPA seems to be effective in hypertriglyceridemic patients with
diabetes, metabolic syndrome, or obesity who require other treatments
to control residual risk beyond statins. Among patients with ASCVD,
hypertriglyceridemia is common, and is associated with higher ASCVD
risk across a range of triglycerides levels [77].

Nowadays, triglycerides per se or other components of triglycerides-
rich lipoproteins containing apolipoprotein B molecule are also impor-
tant risk factors. It is possible that as many as one in four patients with

Patients with cardiovascular risk or established cardiovascular disease

Statin
Anti-platelet agents
Anti-hypertensive drugs
Anti-diabetic drugs

if indicated

Patients with diabetes, metabolic syndrome, or obesity

showing hypertriglyceridemia

Add EPA or IPE to prevent cardiovascular events

N\

IPE 4 g per day for
Western people

EPA 1.8 g per day for
East Asians

Fig. 3. Algorithm for omega-3 fatty acids in the treatment of patients with
established atherosclerotic cardiovascular disease (ASCVD) or at high risk for
ASCVD.

EPA = eicosapentaenoic acid, IPE = icosapent ethyl.
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ASCVD may be candidates for omega-3 fatty acids. However, several
aspects including the placebo issue should be resolved before convincing
benefits are promoted. If then, we may recommend that the dose of EPA
1.8 g/d for East Asians such as Korean, Japanese and Chinese and IPE 4
g/d for Western people may be appropriate because a plasma EPA level
(170 pg/mL in a Japanese population) is similar to that attained in a
previous 12-week lipid study, in which a total daily dose of 4 g of IPE
was used in a Western population (183 pg/mL) [78,79].

In conclusion, in hypertriglyceridemic patients with diabetes,
metabolic syndrome, or obesity on statin treatment, EPA 1.8 g/d for East
Asians such as Korean, Japanese, and Chinese and IPE 4 g/d for Western
people could be a promising strategy to overcome residual risk in the
statins era, if several aspects, including placebo issue, could be resolved
(Fig. 3).
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