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Hypertriglyceridemia is associated with an increased risk
of atherosclerotic cardiovascular disease (ASCVD), indepen-
dent of low-density lipoprotein cholesterol (LDL-C) con-
trol.1 Standard treatment strategies have included lifestyle

modification, weight and dia-
betes management, and statin
therapy. Previous triglyceride-
lowering trials with niacin,
fibrates, and mixed omega-3
fatty acids have not demon-

strated consistent risk reduction of ASCVD.1,2 However, strong
evidence has recently emerged for the role of eicosapentae-
noic acid (EPA), an omega-3 fatty acid, in its highly purified ethyl
ester derivative, icosapent ethyl (IPE), in addition to statin treat-
ment, for ASCVD risk reduction.1,2

Omega-3 fatty acids can have a broad range of effects on
inflammation, oxidation, stability of phospholipid mem-
branes, and the composition and volume of atherosclerotic
plaque.3 These effects may differ between EPA and docosa-
hexaenoic acid (DHA), another omega-3 fatty acid. EPA has
stable extended conformation in cell membranes while DHA
integrates in a disordered manner in vitro.2,4

The Japan EPA Lipid Intervention Study (JELIS), a ran-
domized trial involving 18 645 Japanese patients, found a 19%
relative risk reduction in ASCVD events among those treated
with moderate-dose EPA (1.8 g/d) added to statin therapy com-
pared with statin therapy alone, with absolute rates of ASCVD
events of 2.8% vs 3.5%, respectively (hazard ratio [HR], 0.81
[95% CI, 0.69-0.95]; P = .01).5 However, the trial was open-
label and the apparent benefit was driven by less objective com-
ponents of the composite end point, namely unstable angina
and revascularization. Furthermore, the participants had high
dietary fish consumption and background statin therapy was
low in intensity.5

The Reduction of Cardiovascular Events with Icosapent
Ethyl–Intervention Trial (REDUCE-IT) trial found that among
8179 patients already receiving statin therapy, 4 g/d of IPE com-
pared with placebo led to a relative reduction in composite out-
come of subsequent nonfatal myocardial infarction (MI), stroke,
cardiovascular death, coronary revascularization, or hospital-
izations for unstable angina by 25% for first events (absolute rates
of ASCVD events of 17.2% vs 22%, respectively; HR, 0.75 [95%
CI, 0.68-0.83]; P < .001) and 30% for key secondary events of
cardiovascular death, nonfatal MI, and nonfatal stroke (abso-
lute rates of ASCVD events of 11.2% vs 14.8%, respectively; HR,
0.74 [95% CI, 0.65-0.83]; P < .001) over the median 4.9 years
of follow-up.6 Rates of serious adverse bleeding events and atrial
fibrillation (AF) were higher in the IPE group.6

The risk reduction observed in REDUCE-IT prompted
further research into protective mechanistic changes of EPA on
atherosclerotic coronary plaque.7 The Effect of Vascepa
on Improving Coronary Atherosclerosis in People With High Tri-
glycerides Taking Statin Therapy (EVAPORATE) trial, which in-
cluded 80 patients aged 30 through 85 years with known coro-
nary atherosclerosis and taking stable statin therapy, found that
4 g/d of IPE in addition to maximally tolerated statin therapy
led to a relative reduction of 17% (−0.3 ± 1.5 mm3 in treatment
group vs 0.9 ± 1.7 mm3 in the statin-only group, P = .006) in low-
attenuation plaque at 18 months in patients treated with IPE,
compared with placebo.7 Both trials used the same omega-3 fatty
acid, EPA, and the same placebo, mineral oil.7

In a study in JAMA, Nicholls et al8 present the results of
the Long-Term Outcomes Study to Assess Statin Residual
Risk with Epanova in High Cardiovascular Risk Patients
with Hypertriglyceridemia (STRENGTH), investigating the
effects of a carboxylic acid formulation of EPA and DHA
(omega-3 CA) with enhanced bioavailability on ASCVD out-
comes in patients with atherogenic dyslipidemia and at high
cardiovascular risk.8 In this double-blind, multicenter clini-
cal trial, 13 708 patients were randomized to receive 4 g/d of
omega-3 CA vs corn oil comparator. The primary efficacy
measure was a composite of CV death, nonfatal MI, nonfatal
stroke, coronary revascularization, or unstable angina
requiring hospitalization.

The STRENGTH trial was prematurely halted due to the low
probability of demonstrating a clinical benefit of omega-3 CA
over placebo. Participants had a median triglycerides level of
240 mg/dL at baseline and 70% of participants had diabetes.
Patients in the omega-3 CA group had a greater reduction in
triglycerides levels than those in the corn oil group (–19% vs
–0.9%; P < .001) with modest changes in LDL-C, HDL-C, and
non–HDL-C. Median baseline high-sensitivity C-reactive pro-
tein levels were 2.1 mg/L and significantly decreased with
omega-3 CA use compared with corn oil (–20.0% vs –6.3%;
P < .001). The primary end point occurred in 12.0% of the pa-
tients in the omega-3 CA group vs 12.2% in the corn oil group.
Omega-3 CA was less well tolerated than corn oil, as evi-
denced by a greater intestinal adverse profile (24.7% vs 14.7%)
leading to higher discontinuation (10.8% vs 8.0%) and dose re-
duction (12.0% vs 6.1%). Consistent with REDUCE-IT, higher
rates of AF were observed with use of omega-3 CA than pla-
cebo (2.2% vs 1.3%; P < .001).

Why did the STRENGTH study find no effect of omega-3
CA yet REDUCE-IT found a positive effect of IPE? Compari-
sons between trials must be done with caution, but differ-
ences in the intervention and control warrant consideration.
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As compared with REDUCE-IT, which tested a specific IPE
formulation of EPA, STRENGTH evaluated a mixed EPA-DHA
product. STRENGTH, which used a more potent dose than
prior mixed EPA-DHA trials, provides the strongest evidence
to date that a mixed omega-3 CA (EPA and DHA) approach to
ASCVD prevention does not reduce ASCVD events. In prior
trials, ASCVD outcomes were also similarly unaffected by
combined omega-3 fatty acid therapy.9-11 Adding STRENGTH
to the list of null trials with a mixed omega-3 fatty acid is a
reminder that the widespread use of over-the-counter mixed
omega-3 products lacks evidence for clinical utility.

Blood EPA levels were tightly linked with ASCVD out-
comes in the REDUCE-IT trial, whereas they were not in the
STRENGTH study. It is unclear why this discordance exists. EPA
levels were higher in REDUCE-IT (400% change vs 270% in
STRENGTH). Nevertheless, the increase in EPA in STRENGTH
appeared sufficient to improve ASCVD outcomes based on
REDUCE-IT, but in STRENGTH even those in the top tertile of
increase in EPA levels showed no signal of benefit.

It is possible that the specific formulation of EPA makes a
difference in the way that EPA distributes and imparts down-
stream tissue effects. Such differences may not be ad-
equately captured by measuring general plasma or serum con-
centrations of EPA. The findings also suggest the possibility
of differences between EPA and DHA, prompting the ques-
tion if DHA could have offset benefits of EPA? Although it seems
unlikely that the more modest increase in DHA offset the much
larger increase in EPA, there are no ASCVD outcome trials of
DHA monotherapy to have confidence in its effect. There was
a trend toward increased bleeding in REDUCE-IT, which was
not observed in STRENGTH.

The choice of placebo is another consideration in under-
standing REDUCE-IT vs STRENGTH. There were concerns that
the mineral oil placebo in REDUCE-IT might have affected the
outcomes. For instance, high-sensitivity C-reactive protein in-
creased from a median of 2.1 to 2.8 mg/L6 in the mineral oil group
as compared with a decrease of 2.2 to 1.8 mg/L in the treat-
ment group, an effect that was not seen with corn oil in
STRENGTH. However, a Food and Drug Administration advi-
sory committee concluded that these increased levels likely had
little effect on the end points.12 Nevertheless, further data on
inflammatory markers in people taking mineral oil could help
clarify if the increase in high-sensitivity C-reactive protein with
mineral oil is spurious or meaningful. In addition, there was an
increase in LDL-C levels in the mineral oil control group in the
REDUCE-IT trial. However, the change as measured by the
Martin/Hopkins LDL-C equation was only modest (≈10 mg/dL),
far below the approximately 40-mg/dL difference in LDL-C that

would generally be considered to translate to a 22% difference
in major cardiovascular outcomes.

IPE was an important breakthrough in the management
of additional risk among patients already receiving statin
therapy, with effects seeming to occur largely independently
of the reduction in triglycerides. The JELIS, REDUCE-IT, and
EVAPORATE studies provided further supportive informa-
tion in favor of the benefits of IPE. Nevertheless, the mixed evi-
dence with omega-3 fatty acid therapy is in contrast to LDL-
C–lowering drugs for which numerous trials have shown the
clear benefit in ASCVD prevention. Furthermore, the degree
of risk reduction in REDUCE-IT may not have been as high if
LDL-C–lowering therapy had been more aggressive to achieve
levels well below 70 mg/dL. In REDUCE-IT, using the Martin/
Hopkins equation, LDL-C decreased from 86 mg/dL at base-
line to 84 mg/dL at the last visit for IPE as compared to an in-
crease from 87 mg/dL at baseline to 92 mg/dL at the last visit
in the mineral oil group. Thus, future clinical practice guide-
lines, which need to consistently examine the totality of evi-
dence, may not give a class I endorsement (which means that
there is strong evidence that a treatment has clear benefit) for
IPE without additional trials. Future trials could assess the ef-
ficacy of IPE vs a placebo other than mineral oil to address the
concerns regarding mineral oil. Alternatively, comparative ef-
fectiveness trials of IPE vs other new prevention therapies such
as proprotein convertase subtilisin/kexin type 9 (PCSK9) ser-
ine protease inhibitors could be considered.

The STRENGTH trial8 reported in JAMA is an important
and informative clinical trial with neutral results. The find-
ings may invigorate further investigation regarding IPE, gen-
erate additional constructive debate around the optimal pla-
cebo control, and should prompt reconsideration of over-the-
counter mixed omega-3 fatty acid products for ASCVD
prevention. This latter point is especially important given the
lack of evidence for benefit, and the potential for harm due to
increased AF.

The reasons the findings from the REDUCE-IT trial were
positive and the STRENGTH trial were not, and that EPA lev-
els correlated with outcomes in REDUCE-IT but did not in
STRENGTH, remain uncertain. The importance of the spe-
cific omega-3 formulation in achieving ASCVD risk reduction
and the degree to which the placebo (ie, mineral oil vs corn oil)
may have affected outcomes remain unresolved. As these 2
trials indicate, science can be cloudy before it becomes clear.
Continued scientific discovery and rigorous research will be
necessary to get closer to the truth and provide the evidence
to best inform clinicians and patients about the effects of
omega-3 fatty acids on major adverse cardiovascular events.
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