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None of the clinical trials of omega-3 fatty acids using combinations of eicosapentaenoic acid (EPA) and doco-
sahexaenoic acid (DHA) were able to show any effect on cardiovascular outcomes, despite reductions in tri-
glyceride levels. In contrast, the Reduction of Cardiovascular Events With Icosapent Ethyl-Intervention Trial
(REDUCE-IT), which employed high-dose (4 g) purified EPA, demonstrated a 25% reduction in atherosclerotic
cardiovascular disease-related events compared with placebo (hazard ratio 0.75; 95% confidence interval
0.68-0.83; P < 0.001). Moreover, REDUCE-IT is the first clinical trial using a lipid-lowering agent as adjuvant
therapy to a statin to show a significant reduction in cardiovascular mortality. Significant reductions in stroke,
need for revascularization, and myocardial infarction were also observed. The pharmacology of EPA is distinct
from that of DHA, with a differential effect on membrane structure, lipoprotein oxidation, and the production of
downstream metabolites that promote the resolution of inflammation. Attained plasma levels of EPA may be an
important determinant of efficacy, with a substudy of REDUCE-IT suggesting that the threshold for clinical
benefit of EPA is approximately 100 pg/mL, a level achieved in only a minority of patients in other studies. No
similar clinical trials of DHA monotherapy have been conducted, so no such threshold has been established. The
results of the REDUCE-IT and the Japan EPA Lipid Intervention Study (JELIS) together affirm the efficacy of EPA
therapy for cardiovascular disease risk reduction in certain patient populations.

1. Introduction

Atherosclerotic cardiovascular disease (ASCVD) is the leading cause
of death worldwide, and resulted in approximately 1.7 million deaths in
the European Union (EU) in 2016 [1]. Although high levels of low-
density lipoprotein cholesterol (LDL-C) are recognized as one of the
most readily modifiable risk factors for ASCVD, hypertriglyceridemia is
also associated with increased risk independent of LDL-C [2-4]. Statins
are central to the management of cardiovascular (CV) disease through
lowering of LDL-C levels, but have a relatively modest impact on tri-
glyceride (TG) levels in patients with TG levels <250 mg/dL [5]. Recent
longitudinal studies have re-emphasized the need for effective TG
lowering, with many patients having residual CV risk despite control of
LDL-C levels with statins [6]. However, TG-lowering therapies such as
niacin and fibrates have also failed to show any meaningful reduction in
the risk of ASCVD events when added to statins [7,8].

Epidemiologic studies have suggested that populations with even a

low to moderate intake of omega-3 fatty acids from fish in their diet have
an unexpectedly low rate of CV disease and mortality [9,10]. As a result,
the potential for omega-3 fatty acids to reduce CV risk has long been of
interest [11], and a number of omega-3 fatty acid products have been
approved and are available (Table 1) [12-15]. However, mixed omega-3
fatty acid products are not indicated to reduce CV events, with many
high-profile trials of mixed omega-3 fatty acid products (docosahexae-
noic acid [DHA] + eicosapentaenoic acid [EPA]) failing to show a
reduction in ASCVD [16]. In the recent REDUCE-IT trial (Reduction of
Cardiovascular Events With Icosapent Ethyl-Intervention Trial), a
highly purified formulation of EPA demonstrated a significant risk
reduction of ASCVD events in statin-treated patients >45 years of age
with established CV disease, or > 50 years of age with diabetes mellitus
and at least one additional risk factor [17], leading to regulatory ap-
provals for CV event risk reduction [12,14].
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Table 1
Prescription omega-3 fatty acids.
Formulation Product EPA/DHA Dose Indication
composition
Icosapent Vascepa® 1-g capsules 2x1-g To reduce the risk of
ethyl (US) [14] containing capsules CV events in adult
(ethyl 998 mg twice statin-treated patients
ester of icosapent daily with with elevated TG
EPA) ethyl or (>150 mg/dL) and
following established CV
a meal disease, or diabetes
and at least two other
CV risk factors
To reduce the risk of
CV events in adult
statin-treated patients
at high CV risk with
Vazkepa elevated TG (>150
(EU) [12] mg/dL) and
established CV
disease, or diabetes
and at least one other
CV risk factor
To reduce TG levels in
Lovaza 4 capsules adult patients with
(US)‘ daily severe (>500 mg/dL)
[15]° hypertriglyceridemia
1-g capsules in adjunct to diet
. Treatment of
containing endogenous
>900 mg . . .
Omega-3- PUFA hypertriglyceridemia
ethyl . . as a supplement to diet
esters including when dietary
Omacor EPA 460 mg 2-4
(EU) and DHA capsules Tneastfr(.is alone are
[13]¢ 380 mg daily insufficient to produce

an adequate response:
as monotherapy or in
combination with
statins when control of
TG is insufficient

CV, cardiovascular; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid;
EU, European Union; PUFA, polyunsaturated fatty acid; TG, triglycerides; US,
United States.

# Generic versions of Vascepa are available in the US; these generic versions
are approved for treatment of severe hypertriglyceridemia (>500 mg/dL) only.

b Generic versions of Lovaza are available in the US.

¢ Generic versions of Omacor are available in the EU.

2. Early evidence for omega-3 fatty acids and cv risk

It is well established that prescription omega-3 fatty acids can reduce
TG levels by ~20% to 30% in patients with TG levels 200 to 499 mg/dL
and by >30% in patients with TG levels >500 mg/dL [18]. However,
early CV outcomes trials failed to show a consistent benefit in CV risk
reduction. A likely reason for this is that the dose of omega-3 fatty acids
studied was too low. In a recent meta-analysis of 13 trials of omega-3
fatty acids (11 trials of DHA + EPA and 2 trials of EPA monotherapy),
including some of the more recent trials reviewed below, the median
dose of omega-3 fatty acids was 1000 mg (median EPA, 500 mg; median
DHA, 380 mg) [19]. The same meta-analysis found that 1 g/day DHA,
taken from combination DHA + EPA products, was associated with a
nonsignificant 4% (95% confidence interval [CI] 0.89-1.03; P = 0.27)
reduction in major CV events. A statistically significant 7% (95% con-
fidence interval [CI] 0.91-0.95; P < 0.001) reduction in major CV events
was observed for a 1 g/day dose of EPA, but more than half of studies did
not employ a dose that high [19]. Given the apparent lack of benefit of
combination DHA + EPA products in preventing CV disease and death,
in 2019 the European Medicines Agency took steps that led to the
removal of their indications for secondary prevention of CV disease
[20].

Although most of the trials in the meta-analysis failed to demonstrate
any CV benefit, the presumed health benefits of EPA and DHA, including
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supporting the health of the skin, eyes, and CV and central nervous
systems, as well as reduced inflammation have led to a proliferation of
fish oil dietary supplements. Because the regulation of dietary supple-
ments is less stringent than that required for pharmaceutical products,
such as prescription and over-the-counter medications [21], the quality
and EPA content of these products can be quite variable. Contaminants
such as saturated fats and oxidized lipids, including peroxides and sec-
ondary oxidation products, may counter the purported beneficial effects
of omega-3 fatty acids by exerting atherogenic and proinflammatory
effects within the arterial wall [22,23].

There continues to be great interest in the use of omega-3 fatty acids
for reducing CV risk, including prescription medications and dietary
supplements. Here we review recent clinical trial data that shed new
light on the best approach for use of omega-3 fatty acids to reduce
ASCVD, and offer potential explanations as to why early trials failed,
while more recent ones have finally shown promise.

3. Contemporary omega-3 fatty acid outcomes trials

Contemporary CV outcomes trials using omega-3 fatty acids are
summarized in Table 2 [17,24-27]. Findings from ASCEND (A Study of
Cardiovascular Events in Diabetes) and VITAL (Vitamin D and Omega-3
Trial), which used low-dose (<1 g) formulations, were consistent with
earlier studies [26,27]. ASCEND was conducted in patients with diabetes
mellitus, while VITAL was a primary prevention study. Neither trial
prospectively included patients with established CV disease or dyslipi-
demia, and only 75.2% and 34.9% were taking a statin, respectively.
Both ASCEND and VITAL failed to show any reduction in CV endpoints
(Table 2).

The OMEMI (Omega-3 Fatty acids in Elderly with Myocardial
Infarction) and STRENGTH (Statin Residual Risk Reduction With Epa-
nova in High CV Risk Patients With Hypertriglyceridemia) trials inves-
tigated higher doses of mixed EPA + DHA formulations (1.8 g/day and 4
g/day, respectively), while REDUCE-IT employed a higher dose of pure
EPA (icosapent ethyl 4 g/day) [17,24,25]. Results from RESPECT-EPA
(Randomized Trial for Evaluation in Secondary Prevention Efficacy of
Combination Therapy-Statin and Eicosapentaenoic Acid), which is
investigating EPA 1.8 g/day in 3900 statin-treated patients with stable
coronary artery disease, are expected in 2022 [28]. Of note, all CV
outcomes trials conducted to date have investigated EPA alone or EPA +
DHA formulations; there have been no studies of purified DHA, so it is
not possible to effectively evaluate its role in prevention of CV disease.

3.1. OMEMI

OMEMI was a multicenter, placebo-controlled, double-blind trial
conducted in Norway [25]. A total of 1027 patients, aged between 70
and 82 years with baseline TG approximately 110 mg/dL, and who had
been admitted for acute myocardial infarction (MI) were randomized to
EPA + DHA 1.8 g/day or placebo; almost all patients were taking a statin
at baseline. In the EPA + DHA group, 108 patients (21.0%) experienced
a composite primary endpoint consisting of nonfatal MI, unscheduled
revascularization, stroke, or all-cause death compared with 102 patients
(19.8%) in the placebo group (hazard ratio [HR] 1.07; 95% confidence
interval [CI] 0.82-1.40; P = 0.62). There was also no difference between
groups for the various components of the primary endpoint. Elderly
patients with a recent acute MI who were treated with EPA + DHA 1.8 g/
day, therefore, did not have a lower incidence of major adverse CV
events or death than those treated with placebo.

3.2. STRENGTH

The double-blind, randomized, multicenter STRENGTH trial ran-
domized 13,078 statin-treated patients at high CV risk to receive EPA +
DHA 4 g/day or placebo [24]. High CV risk was defined as either the
presence of established ASCVD or type 1 or 2 diabetes (age > 40 years
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Table 2
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Overview of contemporary cardiovascular outcomes trials with omega-3 fatty acids.a, b, c, d

REDUCE-IT [17]

STRENGTH [24]

OMEMI [25]

ASCEND [26]

VITAL [27]

Intervention

Total number of
patients
Entry criteria

Patients with
established CVD,
%

Concomitant
statin, %

2 g icosapent ethyl twice
daily vs 2 g twice daily
mineral oil placebo

8179

e TG 150-499 mg/dL

e LDL-C 41-100 mg/dL

e >45 years of age with
established CV disease

OR

>50 years of age with

diabetes mellitus and >1

additional CV disease risk

factor

e Stable statin

70.7

100

Median baseline metabolic parameters

TG, mg/dL
LDL-C, mg/dL
Median follow-up
Primary endpoint

Primary endpoint
result, HR (95%
Cch

216

75

4.9 years

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

0.75 (0.68-0.83; P < 0.001)

Components of the primary endpoint, HR (95% CI)

All-cause mortality

CV death

MI

Nonfatal MI

Stroke

Nonfatal stroke

Transient ischemic
attack

Coronary
revascularization

Hospitalization for
unstable angina

Hospitalization for
heart failure

Secondary
endpoint

Secondary
endpoint result,
HR (95% CI)

Median placebo-corrected percent change in metabolic

TG, mg/dL
LDL-C, mg/dL

0.80 (0.66-0.98)

0.70 (0.59-0.82)

0.71 (0.54-0.94)
0.66 (0.58-0.76)

0.68 (0.53-0.87)

Composite of CV death,
nonfatal MI, or nonfatal
stroke

0.74 (0.65-0.83; P < 0.001)

—20.1
—6.6

4 g/day omega-3 carboxylic acids
or 4 g/day corn oil placebo

13,078

TG 180-499 mg/dL

LDL-C <100 mg/dL or on
maximally tolerated statin
HDL-C <42 mg/dL for men and
<47 mg/dL for women

Adult patients with established
ASCVD

OR

Type 1 or 2 diabetes (>40 years
of age for men and >50 years of
age for women) with >1
additional CV risk factor

OR

High-risk primary prevention
patients (>50 years of age for
men and >60 years of age for
women) with >1 additional CV
risk factor

e Stable statin
55.9

240

75

42 months

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

0.99 (0.90-1.09; P=0.84)

1.09 (0.90-1.31; P =0.37)

0.97 (0.81-1.17; P=0.77)

1.14 (0.90-1.45; P = 0.28)

0.94 (0.83-1.08; P =0.41)

0.84 (0.63-1.12; P=0.23)

Composite of CV death, nonfatal
MI, nonfatal stroke, coronary
revascularization, or
hospitalization for unstable
angina in patients with
established CV disease at baseline
0.94 (0.84-1.05; P=0.27)

parameters after 1 year
-18
+3

1.8 g/day (930 mg
EPA + 660 mg DHA) vs
1.8 g/day corn oil placebo

1027

e Patients hospitalized
due to acute MI, 70-82
years of age

100

111.4°

76.1%

24 months

First major CV event,
consisting of nonfatal MI,
unscheduled
revascularization, stroke,
or all-cause death®

1.07 (0.82-1.40; P = 0.62)

1.01 (0.54-1.88; P =0.98)

1.14 (0.72-1.80; P = 0.57)
1.37 (0.65-2.88; P =0.41)

0.66 (0.34-1.30; P =0.23)

1.19 (0.62-2.26; P = 0.61)

New-onset atrial
fibrillation

1.84 (0.98-3.44;

P =0.056)

—13.2%
—0.7%

1 g/day (460 mg
EPA + 380 mg DHA) or 1 g/
day olive oil placebo

15,480
Diabetes mellitus without

evidence of CV disease
e >40 years of age

7.4 years

First serious vascular event
(composite of nonfatal MI or
stroke, transient ischemic
attack, or vascular death
excluding intracranial
hemorrhage)

0.97 (0.87-1.08; P=0.55)°

0.81 (0.67—0.99)¢

0.93 (0.76—-1.14)

1.01 (0.84-1.22)
1.03 (0.84-1.26)

Serious vascular event or
revascularization

1.00 (0.91-1.09)

1 g/day (460 mg
EPA + 380 mg DHA)
or 1 g/day olive oil
placebo

25,871

e Men >50 years of
age and women >55
years of age

5.3 years

Major CV events
(composite of MI,
stroke, and death from
any CV cause)

0.92 (0.80—-1.06)

0.96 (0.76—1.21)
0.72 (0.59-0.90)
1.04 (0.83-1.31)

Major CV events plus
coronary
revascularization

0.93 (0.82—-1.04)

ASCEND, A Study of Cardiovascular Events in Diabetes; ASCVD, atherosclerotic cardiovascular disease; CI, confidence interval; CV, cardiovascular; CVD, cardio-
vascular disease; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; HDL-C, high-density lipoprotein cholesterol; HR, hazard ratio; LDL-C, low-density lipo-
protein cholesterol; MI, myocardial infarction; OMEMI, Omega-3 Fatty acids in Elderly with Myocardial Infarction; qd, daily; REDUCE-IT, Reduction of Cardiovascular
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Events With Icosapent Ethyl-Intervention Trial; STRENGTH, Statin Residual Risk Reduction With Epanova in High CV Risk Patients With Hypertriglyceridemia; TG,

triglyceride; VITAL, Vitamin D and Omega-3 Trial.
4 Mean.

b Hospitalization for heart failure was added to the definition of major cardiovascular events.

¢ Rate ratio.
4 Vascular death.

for men and age > 50 for women) with at least one additional risk factor
(chronic smoking, hypertension, high sensitivity C-reactive protein
[hsCRP] >2 mg/L, or moderately high albuminuria). The trial also
included high-risk primary prevention patients (age > 50 years for men
and age > 60 for women) with at least one additional risk factor
(including a family history of premature coronary artery disease,
chronic smoking, hsCRP >2 mg/L, impaired kidney function, or coro-
nary calcium score > 300 Agatston units). Median baseline TG level was
240 mg/dL. After 54 months of follow-up, there was no difference in the
primary composite endpoint of CV death, nonfatal MI, nonfatal stroke,
coronary revascularization, and hospitalization for unstable angina;
overall, 785 patients (12.0%) treated with EPA + DHA and 795 (12.2%)
treated with corn oil placebo experienced the primary endpoint (HR
0.99; 95% CI 0.90-1.09; P = 0.84). Therefore, the mixed EPA + DHA
formulation had no statistically significant effect on the incidence of
major CV events in patients at increased CV risk compared with placebo.
Furthermore, patients treated with the mixed EPA + DHA compound
had an increased rate of investigator-reported atrial fibrillation
compared with those treated with corn oil placebo (2.2% vs 1.3%; HR
1.69; 95% CI 1.29-2.21; P < 0.001).

3.3. JELIS

Thus far, our discussion of clinical trials involving omega-3 fatty
acids has largely focused on mixed formulations of EPA plus DHA, which
predominantly failed to demonstrate benefit in CV outcomes.
Conversely, JELIS (Japan EPA Lipid Intervention Study) emerged as the
first prospective randomized clinical trial of a highly purified, EPA-only
omega-3 fatty acid to show significant reduction in risk of CV events
[29]. The open-label trial included 18,645 Japanese patients with mean
TG levels of 1.7 mmol/L who were randomized to receive 1800 mg EPA
plus statin or statin alone. The primary endpoint was occurrence of any
major coronary event, including sudden cardiac death, fatal and
nonfatal MI, and other nonfatal events including unstable angina pec-
toris, angioplasty, stenting, or coronary artery bypass grafting [30]. The
5-year cumulative rate of major coronary events was 2.8% in the EPA-
plus-statin group versus 3.5% in the statin-only group, translating to a
19% (95% CI 0.69-0.95; P = 0.011) reduction in CV events, including a
24% (95% CI 0.62-0.95; P = 0.014) reduction in unstable angina and a
19% (95% CI 0.68-0.96; P = 0.015) reduction in nonfatal coronary
events. Overall, reduction in CV events was not significant in the pri-
mary prevention group; however, there was a significant 19% (95% CI
0.66-1.00; P = 0.048) reduction in CV events in the secondary pre-
vention group [30].

It is important to note several unique aspects of JELIS, which sub-
sequently helped to inform the design of REDUCE-IT. First, the dose of
EPA was relatively low [31], and was administered to patients whose
dietary intake of EPA is comparatively higher than in those in other
countries. In addition, JELIS was an open-label design without a placebo
group. Furthermore, the trial used a low-intensity statin. Finally, the
trial was conducted in a single country, which limits generalizability to a
wider patient population [30].

3.4. REDUCE-IT

REDUCE-IT was a randomized, double-blind, placebo-controlled
trial in 8179 statin-treated patients >45 years of age with established CV
disease or > 50 years of age with diabetes mellitus and at least one
additional risk factor [17]. This study built on the earlier JELIS study

that established the potential role of a higher 4 g dose of EPA [30].
Enrolled patients had a fasting LDL-C level of 41-100 mg/dL and the
initial fasting TG level inclusion range was 150-499 mg/dL, while the
protocol allowed for a 10% lower TG level from the target lower limit to
account for intraindividual variability of TG levels, which permitted
patients to be enrolled if they had a TG level of at least 135 mg/dL. The
first protocol amendment changed the lower limit of the acceptable TG
level from 150 mg/dL to 200 mg/dL, with no allowance for variability.
Median baseline TG level was 216 mg/dL and median baseline LDL-C
level was 75 mg/dL. After a median 4.9 years of follow-up, pharma-
ceutical-grade, stable EPA (icosapent ethyl) at 4 g/day reduced ASCVD
events by 25% compared with placebo (HR 0.75; 95% CI 0.68-0.83; P <
0.001) and reduced total (first and recurrent) events by 30% (HR 0.70;
95% CI 0.62-0.78; P < 0.0001) [32]. In addition, icosapent ethyl was
associated with reductions in a number of components of the composite
primary endpoint, including death due to CV causes (20% reduction;
95% CI 0.66-0.98; P = 0.03), nonfatal MI (30% reduction; 95% CI
0.59-0.82), and nonfatal stroke (29% reduction; 95% CI 0.54-0.94).

In contrast to ASCEND, patients with diabetes in REDUCE-IT derived
significant clinical benefit from icosapent ethyl, with the risk of first and
total occurrence of the primary composite endpoint decreased by 23%
(95% CI 0.68-0.87; P < 0.001) and 24% (95% CI 0.66-0.88; P < 0.001),
respectively, compared with placebo [33]. This result is particularly
important because patients with diabetes in the placebo arm had a 1.5-
fold greater rate of the primary endpoint than those without diabetes.
Patients with established CV disease also had a significant clinical
benefit with icosapent ethyl. For those with established CV disease and
diabetes, there was a 30% (95% CI 0.59-0.84; P < 0.001) and 28% (95%
CI 0.62-0.84; P < 0.001) reduction in the risk of first and total primary
events, respectively. Among patients with established CV disease
without diabetes, the risk of first composite primary endpoint was
reduced by 41% (95% CI 0.49-0.70; P < 0.001), and the risk of total
endpoints by 27% (95% CI 0.62-0.85; P < 0.001). Patients with diabetes
and/or established CV disease should therefore be considered good
candidates for treatment with icosapent ethyl 4 g/day. Further subgroup
analyses have been published; a REDUCE-IT analysis in patients with a
history of coronary artery bypass grafting (n = 1837) found that icosa-
pent ethyl was associated with a significant reduction in the primary
endpoint (HR 0.76; 95% CI 0.63-0.92; P = 0.004) and key secondary
endpoint (HR 0.69; 95% CI 0.56-0.87; P = 0.001) [34]. Among patients
in REDUCE-IT with prior MI, a similar relative reduction was found for
the primary endpoint (HR 0.74; 95% CI 0.65-0.85; P < 0.001) as well as
the key secondary endpoint (HR 0.71; 95% CI 0.61-0.84; P < 0.001)
[35]. An analysis comparing the treatment effect of icosapent ethyl
across the range of kidney function encountered in REDUCE-IT found
benefit on the primary endpoint and key secondary endpoint in all
estimated glomerular filtration rate (eGFR) groups (eGFR <60 mL/min/
1.73m?, 60 to <90 mL/min/1.73m?, >90 mL/min/1.73m?), with pa-
tients in the <60 mL/min/1.73m? group having the largest risk reduc-
tion in the primary (HR 0.71; 95% CI 0.59-0.85; P = 0.0002) and
secondary endpoint (HR 0.71; 95% CI 0.57-0.88; P = 0.001) [36].

The use of a mineral oil placebo in REDUCE-IT has generated con-
troversy, with some commentators suggesting that mineral oil may
reduce absorption of certain drugs and raise levels of atherogenic lipo-
proteins and inflammatory markers such as hsCRP [16,37]. However, a
comprehensive review of 281 papers, including 80 in which mineral oil
was used as a placebo, concluded that mineral oil is biologically inert,
except when taken in high doses as a lubricant laxative [38]. Critically,
mineral oil was found to have no systemic effects. In trials reporting
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changes in blood lipids and inflammatory markers, changes were mixed
and inconsistent, ranging from —16% to +18.5% for TGs and — 6.1% to
+9.2% for LDL-C when taken orally. Concerns about the effect of min-
eral oil on drug absorption are theoretical, with no clinically important
drug-drug interactions with statins reported, particularly if the statin
and mineral oil are administered separately. An analysis of REDUCE-IT
data comparing the primary and key secondary endpoint in subgroups
based on lipophilic versus lipophobic statin category found no difference
in terms of benefit from icosapent ethyl between groups as evidenced by
similar event rates and treatment with statin-type group interaction P
values of 0.67 for the primary endpoint and 0.74 for the key secondary
endpoint [39]. Findings in mice showed that coadministration of min-
eral oil (10 or 30 pL) with a single dose of atorvastatin (5 or 10 mg/kg)
was associated with a reduction in statin plasma exposure (AUCy., ratio
0.81-0.87), whereas repeated dosing of atorvastatin 10 mg/kg with 30
pL of mineral oil resulted in increased statin exposure (AUCy.., ratio
1.5); the lack of consistent effects suggest mineral oil does not affect the
absorption of atorvastatin [40]. Independent regulatory reviews and
approvals by the US Food and Drug Administration (FDA), European
Medicines Agency, Medicines Healthcare Products Regulatory Agency,
and Health Canada support that any effect of mineral oil placebo on the
outcomes in REDUCE-IT were clinically insignificant [38,41,42].

Based on the results of REDUCE-IT, icosapent ethyl has been
approved in the US to reduce the risk of CV events in adult statin-treated
patients at high CV risk with elevated TG levels (>150 mg/dL) and
established CV disease or diabetes and at least two other CV risk factors
[14]. In the EU, icosapent ethyl has been approved to reduce the risk of
CV events in adult statin-treated patients at high CV risk with elevated
TG levels (>150 mg/dL) and established CV disease or diabetes and at
least one other CV risk factor [12,43]. Icosapent ethyl has also been
adopted globally in major medical society guidelines as a recommended
treatment for patients with persistent CV risk despite statin treatment,
including the American Diabetes Association (ADA), the National Lipid
Association (NLA), the European Society of Cardiology (ESC)/European
Association for the Study of Diabetes, and the ESC/European Athero-
sclerosis Society [44-48].

An exploration of the difference in outcomes between REDUCE-IT
and other CV outcomes trials is warranted. There were some differ-
ences in baseline TG levels and the observed reductions in TG levels
across trials. Baseline TG levels were low in OMEMI (111 mg/dL) but
were higher in STRENGTH (239 mg/dL) than in REDUCE-IT (216 mg/
dL); the percent reduction in TG levels was similar in REDUCE-IT and
STRENGTH. Furthermore, REDUCE-IT investigators demonstrated that
the difference in clinical benefit likely cannot be attributed to reductions
in TG levels alone [49,50]. The biggest apparent difference among these
trials that may help to explain the positive result observed in REDUCE-IT
is that a highly purified ethyl ester of EPA (icosapent ethyl) was used as
opposed to the mixed EPA + DHA formulations of different structural
forms in OMEMI and STRENGTH. The high dose of pure EPA resulted in
a substantial increase in blood EPA levels, which correlated with the CV
benefits seen in REDUCE-IT [49]. Additionally, potential antiplatelet/
antithrombotic effects may also play a potential beneficial mechanistic
role for CV risk reduction as noted by a nonsignificant trend in increased
bleeding events that was not seen in STRENGTH or OMEMI [51].

4. Pharmacology of omega-3 fatty acids

Both EPA and DHA (and mixed EPA + DHA combinations) have been
shown to reduce circulating TG levels, explaining why many trials have
focused on mixed combinations [52,53]. However, the two omega-3
fatty acids have different pharmacologic effects (Figs. 1 and 2),
including effects on other circulating lipoproteins, formation of choles-
terol domains, cell membrane structure, and as precursors for bioactive
compounds involved in platelet function and inflammation [54,55]. EPA
is associated with reduced circulating very-low-density lipoprotein
cholesterol (VLDL-C) and TGs, as well as apolipoprotein (apo) B, apo-
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CIII, and remnant-like particle cholesterol [53]. EPA may also inhibit
phosphatidic acid phosphatase/phosphohydrolase and diacylglycerol
transferase to reduce TG synthesis [56], increase clearance of TG-rich
lipoproteins via lipoprotein lipase activity, and reduce expression of
platelet endothelial cell adhesion molecule-1 on endothelial cells
[57,58]. Furthermore EPA, but not DHA, induces expression of heme
oxygenase-1 and increases nitric oxide levels in endothelial cells under
inflammatory conditions; this may help to preserve vascular endothelial
cell function [59]. Endothelial nitric oxide synthase coupling efficiency,
as measured by the nitric oxide to peroxynitrite ratio, was greater in
endothelial cells pretreated with EPA than in cells pretreated with DHA,
further supporting a preferential benefit of EPA on endothelial function
[601].

EPA has a minimal or neutral effect on LDL-C; DHA, by contrast is
associated with increases in LDL-C levels. For example, in a study
comparing treatment with purified EPA versus DHA, DHA was associ-
ated with a significant 8% increase in serum LDL-C levels, while there
was a nonsignificant decrease of 3.5% with EPA; both omega-3 fatty
acids reduced TG levels by approximately 20% [61].

Omega-3 fatty acids have a role in maintaining membrane fluidity
and preventing development of atherosclerotic plaque, with both EPA
and DHA being incorporated into the cholesterol domain of cell mem-
branes (Fig. 1) [54]. However, EPA and DHA have different effects on
membrane structure [54,62]. When omega-3 fatty acids are in low
supply, membrane structure can facilitate formation of extracellular
cholesterol crystals, which are associated with atherogenesis and plaque
rupture. EPA preserves membrane structure and promotes normal dis-
tribution of cholesterol, inhibits lipid oxidation and cholesterol crystal
formation, and influences signal transduction pathways related to
inflammation and vasodilation. Compared to DHA, EPA has a more
stable extended molecular structure that allows it to scavenge reactive
oxygen species, hence promoting membrane stability [54]. In fact, EPA
inhibits oxidation of apo-B—containing lipoprotein particles of different
sizes, an effect that has been attributed to quenching of reactive oxygen
species in the lipid membrane [63]. DHA, on the other hand, increases
membrane fluidity and promotes lipid domain changes, has reduced
antioxidant activity due to lipid-disordering effects, and is concentrated
in brain and retinal membranes [54,62]. Interestingly, when EPA and
DHA are combined, the resulting effects on membrane structure are
attenuated compared to their separate actions, providing a potential
mechanistic explanation for contrasting results between EPA-only and
EPA + DHA clinical trials [64].

Another key difference between EPA and DHA is in how they are
metabolized by cyclooxygenase and lipoxygenase and other down-
stream enzymes to produce anti-inflammatory and antithrombotic
compounds (Fig. 2) [55,65]. Metabolism of EPA leads to production of 3-
series prostaglandins, thromboxane A3, 5-series leukotrienes, and E-se-
ries resolvins RvE1 and RvE2. DHA by contrast is converted to D-series
resolvins, protectins, and maresins. EPA competes with arachidonic acid
(AA) for cyclooxygenase and lipoxygenase, leading to production of less
inflammatory and less prothrombotic bioactive lipid metabolites,
whereas AA results in the predominantly proinflammatory 2-series
prostaglandins, thromboxane A2, and 4-series leukotrienes [66]. As a
result, increased serum EPA, resulting in a higher EPA:AA ratio, shifts
the balance toward a less inflammatory milieu; a higher EPA:AA ratio is
associated with lower CV disease risk [66]. The downstream effects of
this less inflammatory state have been demonstrated in mouse models.
Administration of EPA resulted in attenuated chronic post-MI cardiac
modeling related to modulation of proinflammatory M1 macrophage
activity [67]. Compared with the EPA:AA ratio, the DHA:AA ratio has a
much weaker association with CV disease risk [66]. Increasing the EPA:
AA ratio has anti-aggregatory effects through increased production of
antithrombotic thromboxane A3 and prostacyclin I3 versus the pro-
thrombotic thromboxane A2 and prostacyclin 12 [68,69]. The produc-
tion of resolvin RvVE1 may also reduce platelet activation and thrombosis
[68,70].
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Fig. 1. Molecular membrane interactions of omega-3 fatty acids. Schematic illustration of the proposed location and contrasting effects of EPA and DHA on
membrane structure. The insertion of EPA and DHA affects distinct regions of the membrane lipid bilayer due to differences in their hydrocarbon length and number
of double bonds. The longer hydrocarbon length of DHA leads to more rapid isomerization and conformational changes that result in increased membrane fluidity
and promotion of cholesterol domains. EPA has a more stable and extended structure that contributes to membrane stability as well as inhibition of lipid oxidation
and cholesterol domain formation. DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid. Reprinted with permission from Mason RP, Libby P, Bhatt DL. Emerging
mechanisms of cardiovascular protection for the omega-3 fatty acid eicosapentaenoic acid. Arterioscler Thromb Vasc Biol 2020;40(5):1135-1147; www.ahajournals.

org/journal/atvb [54].
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Fig. 2. Specialized pro-resolving mediator biosynthetic pathways [65]. (A) Biosynthesis of the D series resolvins, protectins, and maresins from docosahexaenoic acid
(DHA) and the E series resolvins from eicosapentaenoic acid (EPA). (B) Biosynthesis of lipoxins and aspirin-triggered (AT)-lipoxins from arachidonic acid (AA), the T
series resolvins AT-RvDs and AT-PD1 from DHA, and the resolvin, protectin, and maresin conjugates in tissue regeneration (RCTRs, PCTRs, MCTRs) from their epoxy
precursors. 15-LOX, 15-lipoxygenase; 5-LOX, 5-lipoxygenase; 12-LOX, 12-lipoxygenase; COX2-ASA, aspirin-acetylated cyclooxygenase-2; P450, cytochrome P450;
RvD1, resolvin D1; RvD2, resolvin D2; RvD3, resolvin D3; RvD4, resolvin D4; PD1/NPD1, protectin D1/neuroprotectin D1; MaR1, maresin 1; RvE1, resolvin E1;
RVE2, resolvin E2; RVE3, resolvin E3; LXAy, lipoxin A4; LXBy, lipoxin B4; AT-LXA,, aspirin-triggered lipoxin A4. Reprinted with permission from Panigrahy D, Gilligan
MM, Serhan CN, Kashfi K. Resolution of inflammation: An organizing principle in biology and medicine. Pharmacol Ther 2021;227:107879. Copyright 2021, with

permission from Elsevier.

EPA demonstrated consistent antiatherosclerotic effects in imaging
studies; in combination with a statin, EPA has been associated with a
decrease in features associated with vulnerable plaque [71]. Recent
evidence for a role for icosapent ethyl comes from the randomized,
double-blind, placebo-controlled EVAPORATE study (Effect of Vascepa
on Progression of Coronary Atherosclerosis in Persons With Elevated
Triglycerides [200-499] on Statin Therapy) [72]. Patients with coro-
nary atherosclerosis involving at least one angiographic stenosis with
>20% narrowing and on stable statin therapy with LDL-C levels 40-115
mg/dL and TG levels 135-499 mg/dL underwent multidetector
computed tomography during 18 months of follow-up. After 18 months,
there were significant decreases versus placebo in low-attenuation pla-
que (P = 0.006), total noncalcified plaque (P = 0.0005), and total plaque
(P = 0.0002) in icosapent ethyl-treated patients. In the CHERRY trial
(Combination Therapy of Eicosapentaenoic Acid and Pitavastatin for
Coronary Plaque Regression Evaluated by Integrated Backscatter Intra-
vascular Ultrasonography), addition of EPA 1800 mg/day to pit-
avastatin 4 mg/day led to significant reductions in normalized total
atheroma volume over ~8 months in patients with stable angina pectoris
and acute coronary syndrome. Moreover, reductions were significantly
greater than in patients receiving pitavastatin alone [73], providing
further evidence that observed effects from EPA are not driven by
changes due to a placebo. By contrast, there was no significant differ-
ence in the volume of noncalcified plaque—the most sensitive measure
of plaque volume—after a longer follow-up of 30 months in the ran-
domized, controlled, parallel-design HEARTS trial (Slowing Heart Dis-
ease with Lifestyle and Omega-3 Fatty Acids) of EPA + DHA (1.86 g and
1.5 g, respectively) versus control (no EPA + DHA) in 285 subjects with
coronary artery disease and > 50% stenosis in at least one coronary
artery at cardiac catheterization, prior MI or percutaneous coronary
intervention (both >6 months previously), coronary bypass surgery
(>12 months previously), abnormal exercise treadmill test or reversible
ischemia on nuclear imaging, and/or pharmacologic stress or stress
echocardiography with subsequent revascularization [74]. Although
this study was negative overall, a substudy of HEARTS further demon-
strated the importance of EPA [75]. Higher plasma levels of EPA and
DHA were associated with an increased ratio of resolvin E1 plus 18-hy-
droxy-EPA (both derived from EPA) to leukotriene B4 and significant

plaque regression. Similar to the HEARTS trial, the AQUAMARINE study
assessed the effect of 2 g of mixed EPA/DHA, 4 g of mixed EPA/DHA, or
no treatment for 12 months in addition to statin treatment in 84 patients
with coronary artery disease and found no difference in plaque-to-
myocardial ratio changes among the groups [76].

5. EPA plasma levels

These differences in the pharmacology of EPA and DHA may there-
fore help to explain differences in clinical outcomes between patients
taking EPA versus EPA+DHA. JELIS provided the first data in a car-
diovascular outcomes trial with EPA that the on-treatment EPA plasma
level was related to the risk of a major coronary event [29]. Compared to
an EPA level of <150 pg/mL, patients with plasma EPA >150 pg/mL had
an 18% reduction in major coronary events (95% CI 0.68-0.98; P =
0.032). In REDUCE-IT, the crucial relationship between higher levels of
on-treatment EPA and reduced CV disease events rate were again seen.
The on-treatment EPA levels in patients taking icosapent ethyl corre-
lated strongly with the primary endpoint, the key secondary endpoint,
CV death, MI, stroke, coronary revascularization, unstable angina,
sudden cardiac death, new heart failure, and all-cause mortality [49].
Time-varying covariate analyses revealed that changes in other bio-
markers such as TGs, LDL-C, and high-density lipoprotein cholesterol
levels had only a limited impact on the primary and secondary endpoint.
In fact, on-treatment EPA levels accounted for essentially all of the 25%
(95% CI 0.68-0.83; P < 0.001) relative risk reduction in the primary
endpoint and 26% (95% CI 0.65-0.83; P < 0.001) relative risk reduction
in the secondary endpoint. Furthermore, dose-response analyses showed
that the higher the on-treatment serum EPA level, the greater the ASCVD
event risk reduction; therefore, some ASCVD events may require higher
EPA thresholds to observe beneficial effects. Further evidence comes
from a comparison of achieved EPA levels between REDUCE-IT and
STRENGTH. In REDUCE-IT, median EPA levels increased by almost
400% to 144 pg/mL after 1 year of treatment with icosapent ethyl
compared with a 269% increase to only 90 pg/mL in STRENGTH (DHA
levels increased by 40%) [24,49].
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6. Conclusions

Dyslipidemia management has evolved to utilize a range of drugs
beyond statins that target LDL-C. These include proprotein convertase
subtilisin/kexin type 9 (PCSK9) inhibitors, ezetimibe, and bempedoic
acid, which also target LDL-C, and omega-3 fatty acids, niacin, and
fibrates, which target TGs [18,46]. As reviewed here, there is now clear,
strong evidence-based data to support use of EPA 4 g/day for reduction
of CV disease risk beyond its effect on TGs alone, and it has now been
included in a number of national and international guidelines [44-46].
Based on REDUCE-IT, EPA is currently the only lipid-modifying agent
available that has been shown to reduce CV mortality over and above
statin therapy in high-risk patients.

It is important to note that there is an apparent need to differentiate
omega-3 fatty acids and drug formulations and their roles in conferring
CV benefit. EPA and DHA have distinct biochemical properties and exert
different pharmacologic effects, so it cannot be assumed that both will
have the same effects on CV outcomes. Although products containing
mixed EPA + DHA and EPA alone have been approved to reduce TGs in
patients with hypertriglyceridemia, only EPA-alone formulations have
demonstrated clinical benefit in reducing major CV disease events and
death when added to contemporary medical therapy, including statins.
The ongoing RESPECT-EPA trial, which is assessing the effect of 1.8 g
EPA per day versus no EPA on CV outcomes in 3900 patients with
established ASCVD and on statin therapy will provide further insight
into EPA-only treatment [77,78]. While EPA may have pleiotropic
pharmacologic effects, it is not clear which of these are clinically rele-
vant. A current limitation is the lack of available data on use of DHA
monotherapy, including at higher doses. Future research should eval-
uate the impact of DHA alone in patients with CV disease. Further
evaluation of the importance of plasma EPA levels both as a tool for
measuring adherence as well as efficacy is also warranted. This would
include further establishing a threshold above which maximum clinical
benefit can be achieved.
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