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Abstract
Icosapent ethyl (IPE) was the first fish oil product the US Food and Drug Administration (FDA) approved to reduce the risk 
of atherosclerotic cardiovascular disease (ASCVD) in adults. IPE is an esterified version of eicosapentaenoic acid (EPA) 
and acts as a prodrug in the body to exert its effects. IPE affects the body primarily through triglyceride (TG) reduction and 
was initially indicated for hypertriglyceridemia in addition to statin therapy or for patients with statin intolerances. Various 
studies have investigated this agent, and multiple subanalyses have been conducted since the FDA approval. These suba-
nalyses have assessed factors such as sex, statin therapy, high-sensitivity C-reactive protein levels (hs-CRP), and various 
inflammatory biomarkers in groups of patients taking IPE. This article aims to provide a critical review of the clinical data 
available regarding cardiovascular benefits of IPE in patients with ASCVD and its value as a treatment option for patients 
with elevated TG levels.

Key Points 

Icosapent ethyl was the first fish oil product approved by 
the US FDA to reduce the risk of atherosclerotic cardio-
vascular disease in adults.

Icosapent ethyl is an esterified version of eicosapentae-
noic acid (EPA) and acts as a prodrug in the body to 
exert its effects.

1  Background

Cardiovascular diseases (CVDs) are the leading causes of 
death each year, resulting in approximately 659,000 deaths in 
the USA [1, 2]. Treatment and prevention of cardiovascular 

(CV) outcomes is essential for reducing the risk of major 
adverse events including stroke, atherosclerotic cardiovas-
cular disease (ASCVD), myocardial infarction (MI), heart 
failure (HF), recurrent angina pain, transient ischemic attack, 
and all-cause death and mortality [2]. ASCVD includes 
major risk factors such as age, family history, smoking, 
blood pressure, diabetes mellitus (DM), and low levels of 
high-density lipoprotein cholesterol (HDL-C). Elevations in 
triglycerides (TGs) and low-density lipoprotein cholesterol 
(LDL-C) levels are also important markers used to identify 
CV risk in patients and are residual ASCVD risk factors in 
patients receiving statin treatment [3, 4]. The use of HMG-
CoA reductase inhibitors, otherwise known as statins, as 
monotherapy has modest effects on hypertriglyceridemia, 
indicating a need for additional therapy for patients to achieve 
their health goals and prevent disease progression [4]. Other 
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medications introduced to the market for this purpose include 
bempedoic acid, proprotein convertase subtilisin/kexin type 9 
(PCSK9) inhibitors, omega-3 fatty acids, ezetimibe, fibrates, 
bile acid sequestrants, and niacin [5]. Of these classes of 
medications available, omega-3 fatty acids are proven to be 
efficacious in lowering TGs, and their potential use as a thera-
peutic option for reduction in CV risk is of clinical interest. 
The currently available preparations of omega-3 fatty acids 
otherwise known as fish oil, include icosapent ethyl, omega-
3-acid ethyl ester, and omega-3-carboxylic acids. However, 
omega-3-carboxylic acid was discontinued during the phase 
III STRENGTH study due to a low likelihood of benefit to 
patients with mixed dyslipidemia (MDL) who are at risk 
of CVD [6]. While omega-3-acid ethyl ester and omega-
3-carboxylic acid are combination products that include 
both eicosapentaenoic acid (EPA) and docosahexaenoic 
acid (DHA), icosapent ethyl is a 99.99% pure composition 
of EPA. The function of EPA includes reduction in platelet 
aggregation, vasodilation, antiproliferation, plaque stabiliza-
tion, and reduction in lipid action [7]. IPE is absorbed into the 
membrane phospholipid and coronary plaques and is thought 
to have beneficial effects on the pathway from plaque for-
mation to plaque rupture [8]. IPE is currently indicated as 
adjunct therapy to maximally tolerated statin therapy to aid 
in reduction in risk of MI, stroke, coronary revascularization, 
and unstable angina requiring hospitalization in adult patients 
with TG levels ≥ 150 mg/dL and established CVD or DM 
with two or more additional CVD risk factors. It is also used 
as adjunctive therapy to diet to reduce hypertriglyceridemia 
(≥ 500 mg/dL) and is the first fish oil product to be FDA 
approved to reduce ASCVD in adults [9]. The efficacy of 
using highly purified IPE for CV risk reduction has been 
reviewed in various studies including REDUCE-IT, JELIS, 
and ANCHOR and shows promising results. Moreover, the 
Reduction of Cardiovascular Events with Icosapent Ethyl-
Intervention study (REDUCE-IT) compared the efficacy of 
IPE in reducing CV events in high-risk patient populations 
who have hypertriglyceridemia despite being on statin ther-
apy and DM with one or more CV risk factors. The overall 
value of the benefits of IPE for CV risk was reviewed to 
determine if it is a cost-effective treatment option [10]. Fur-
thermore, an analysis of the REDUCE-IT study suggests that 
treatment with IPE may be cost-effective in this high-risk 
patient population [10]. This review serves to evaluate the 
various clinical studies related to IPE and the results associ-
ated with them as it relates to CV risk reduction.

2  Mechanism of Action

Commonly known as fish oil, the dietary supplement con-
taining multiple polyunsaturated fatty acids is said to have 
cardioprotective effects [11]. While some of the fatty acids 

present in fish oil have benefits, others such as arachidonic 
acid (AA) and docosahexaenoic acid (DHA) do not pro-
vide the same beneficial effects. IPE is unique to the class 
of omega-3 fatty acids in that it exclusively contains the 
omega-3 fatty acid EPA, which is thought to provide CV 
benefit in the form of risk reduction. EPA has a unique 
chemical structure that allows it to change the properties of 
cellular membranes [12]. The 20-carbon fatty acid contains 
EPA where the omega-6 fatty acid AA would otherwise be 
present [12]. While AA tends to produce pro-inflammatory 
and pro-thrombotic forms, EPA has the opposite effect. It 
is proposed that increasing the EPA:AA ratio increases CV 
benefits, while lower EPA:AA ratios results in increased 
CVD risks [11]. This is explained by the mediators asso-
ciated with EPA and AA. Prostaglandin E2 (PGE2), leu-
kotriene B4 (LTB4), and thromboxane A2 (TXA2) result 
from AA as the metabolic precursor. Each of these mediators 
plays a role in increasing vascular permeability and vasodila-
tion, enhancing local blood flow, inducing release of lyso-
somal enzymes, and promoting activation and aggregation 
of platelets [11]. EPA, on the other hand, is a precursor for 
resolvins and competes with AA for inclusion into mem-
brane phospholipids, resulting in decreased inflammatory 
effects [11].

Additionally, other available omega-3 products contain 
EPA; however, they also contain DHA, which has been 
shown to elevate LDL-C levels [12]. While it is not yet com-
pletely understood, the difference between EPA and DHA 
effects may be partly due to the lipoprotein subfractions they 
affect [13]. DHA has also been thought to promote core lipid 
transfer, downregulate LDL receptor expression and, thus, 
LDL receptor-mediated LDL-C clearance, and increase con-
version of very-low-density lipoprotein (VLDL) to LDL, all 
leading to an increase in LDL-C [12]. IPE stands apart in the 
group of omega-3 fatty acids due to its purity of EPA and 
exclusion of DHA.

Further, EPA is thought to reduce steps in the atherogen-
esis pathway, lower TG and non-high density lipoprotein 
cholesterol (non-HDL-C) levels, increase anti-inflammatory 
and anti-thrombotic mediators through its metabolism, and 
improve endothelial function [11, 12]. Since increases in CV 
risk have been correlated with loss of endothelial-derived 
nitric oxide (NO) and NO-mediated vasodilation, it is rel-
evant to explain that EPA has shown to increase endothe-
lial NO synthase (eNOS) coupling efficiency and the NO/
ONOO− (nitric oxide/peroxynitrite) release ratio, while 
DHA has no effect on  ONOO−. Additionally, the metabolites 
of omega-3 fatty acids have shown to have multifactorial 
roles during endothelial inflammation and atherosclerosis 
[14]. Since IPE is composed of 99.99% EPA, it is distin-
guished in the benefits it can provide in terms of CV risk 
reduction compared with the other available preparations 
that include a mixture of EPA and DHA [15].
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3  Clinical Studies

3.1  MARINE

To define the efficacy of IPE in treatment of dyslipidemia, 
MARINE, a 12-week, prospective study including a 40-week 
open-label extension period, assessed the efficacy and safety 
of IPE in 224 participants with TG levels exceeding 500 mg/
dL despite previous treatment with TG-lowering therapies 
[16]. A total of 229 participants were randomized 1:1:1 to 
IPE 2 g, IPE 4 g, or placebo daily following a 4–6-week 
lead-in period of diet, lifestyle, and medication stabiliza-
tion and, when applicable, a washout of select lipid-altering 
medications. Baseline participant characteristics were bal-
anced among assigned treatment arms and largely accounted 
for white, nondiabetic males under the age of 65 years with-
out statin treatment at randomization. The primary endpoint 
was the median absolute change from baseline in TGs at 
week 12. Median TG reductions of −26.6% and −7.0% were 
observed in the 4 g and 2 g groups, respectively, yielding 
−33.1% (p < 0.0001) and −19.7% (p = 0.0051) absolute 
reductions versus placebo (+9.7%). Subgroup analyses 
conducted per baseline TG levels and statin use revealed 
substantial primary outcome changes among participants 
taking both 2 g and 4 g IPE doses. Participants in the IPE 
group with baseline TG values > 500 mg/dL (N = 191), 
≤  750  mg/dL (N  =  136), and >  750  mg/dL (N  =  88) 
demonstrated respective placebo-adjusted reductions of 
−35.7% (p < 0.0001), −25.1% (p = 0.0006), and −45.4% 
(p = 0.0001) at the 4 g dose and lesser −24.9% (p = 0.0007), 
−9.1% (p = 0.282), and −32.9% (p = 0.0016) at the 2 g 
dose. In the statin use subgroups, greatest absolute benefit 
was observed in statin-treated participants versus those 
not treated at baseline (−40.7%, p = 0.0276 versus −16.4, 
p = 0.0360); however, unadjusted change from baseline 
in the 2 g group, specifically, was negative in participants 
not taking a statin (−10.2%) yet positive in those statin-
treated (+11.1%). Median placebo-adjusted changes were 
substantial in VLDL-C (−28.6%, p = 0.0002), Lp-PLA2 
(−13.6%, p = 0.0003), ApoB (−8.5%, p = 0.0019), TC 
(−16.3%, p < 0.0001), non-HDL-C (−17.7%, p < 0.0001), 
and VLDL-TG (−25.8%, p = 0.0023) levels of participants 
in the 4 g arm and in VLDL-C (−15.3%, p = 0.038), TC 
(−6.8%, p = 0.0148), and non-HDL-C (−8.1%, p = 0.0182) 
levels of participants in the 2 g arm. Throughout the study, 
IPE demonstrated a reserved safety profile, as approximately 
35% of participants in each of the 2 g IPE, 4 g IPE, and 
placebo groups experienced at least one treatment-emergent 
adverse event (TEAE), and most TEAEs were considered 
mild to moderate in severity and unrelated to IPE. Gastroin-
testinal TEAEs were most frequent, with greatest respective 
incidences of diarrhea, nausea, and eructation observed in 

the placebo (7%, 5%, 3%) and 2 g IPE (5%, 7%, 1%) groups 
and minimal incidence in the 4 g IPE group (1%, 1%, 0%) 
[16]. Overall, treatment with IPE at 2 g and 4 g doses proved 
safe and effective at lowering TG levels in participants with 
elevated TG levels despite current treatment. Notably, the 
effect on VLDL should be examined further as this may 
directly correlate with the effect on CV risk reduction. As 
hypothesized with DHA promoting core lipid transfer and, 
thus, increasing conversion of VLDL to LDL, the reduction 
of VLDL and subsequently LDL with EPA treatment may 
stimulate the effect on reducing CV risk factors.

3.2  ANCHOR

To assess the effects of IPE in high-risk, statin-treated 
patients exclusively, ANCHOR, a 12-week, prospective 
study of IPE, evaluated participants with residually high 
TG levels despite LDL-C levels within normal limits [17]. 
All 702 participants were randomized 1:1:1 to IPE 2 g, IPE 
4 g, or placebo daily following a 4–6-week lead-in period 
of lifestyle stabilization and washout of prohibited statin-
lowering agents, if necessary. To be included in the study, 
participants were required to be at high risk of CVD per 
National Cholesterol Education Program Adult Treatment 
Panel III guidelines and have a minimum 4-week treatment 
history with stable dosing of atorvastatin, simvastatin, or 
rosuvastatin with or without ezetimibe, a mean fasting TG 
level of 200–500 mg/dL following two samples, and LDL-C 
level of 40–115 mg/dL. Baseline participant characteristics 
were balanced among assigned treatment arms and largely 
accounted for white, male, diabetic adults under 65 years of 
age with mean HbA1c < 7% and median TG and LDL-C 
values of 259.0 mg/dL and 83.0 mg/dL, respectively. The 
primary outcome measured the median absolute change 
from baseline in TGs at week 12. Final assessments of 
change in TG levels revealed unadjusted differences from 
baseline of −17.5%, −5.6%, and +5.9% in participants 
taking IPE 4 g, IPE 2 g, and placebo, respectively, yield-
ing significant placebo-adjusted reductions of −21.5% 
(p < 0.0001) in the 4 g arm and −10.1% (p = 0.0005) in the 
2 g arm. Subgroup analyses were conducted per statin type 
and efficacy regimen, diabetes status, and baseline TG level 
tertiles. Among statin subgroups within the 4 g arm, ator-
vastatin demonstrated the greatest placebo-adjusted change 
(−28.4%, p < 0.0001), while notable reductions were also 
seen with rosuvastatin (−23.4%, p < 0.0001) and simvas-
tatin (− 18.8%, p < 0.0001). Within the 2 g IPE arm, par-
ticipants taking atorvastatin, rosuvastatin, and simvastatin 
exhibited respective placebo-adjusted TG reductions from 
baseline of −2.4% (p = 0.6642), −5.7% (p = 0.2512), and 
−14.3% (p = 0.0004). Benefit was also observed across sta-
tin efficacy subgroups, as participants taking low-, medium-, 
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and high-efficacy statins demonstrated respective −13.1% 
(p = 0.5467), −20.1% (< 0.0001), and −26.0% (< 0.0001) 
placebo-adjusted TG reductions in the 4 g IPE arm and 
−13.8 (p = 0.6784), −8.7% (p = 0.0139), and −11.7% 
(p = 0.0200) in the 2 g IPE arm. In assessment of absolute 
TG reductions from baseline per diabetes status, both dia-
betic and nondiabetic participants within the 2 g and 4 g 
IPE groups exhibited benefit in comparison with placebo, as 
−23.2% (p < 0.0001) and −16.8% (p = 0.0005) reductions 
were reported for diabetics and nondiabetics, respectively, 
in the 4 g IPE group, while −9.8% (p = 0.0074) and −10.8% 
(p = 0.0261) reductions were seen in the 2 g IPE group. 
Baseline TG levels appeared to directly correlate with the 
TG-lowering efficacy of IPE following subgroup analyses 
per baseline tertiles of TG levels < 230.5 mg/dL, 230.5 to 
< 289.5 mg/dL, and ≥ 289.5 mg/dL. Respective placebo-
adjusted reductions from baseline within the first, sec-
ond, and third tertiles were −14.4% (p = 0.0020), −17.9% 
(p < 0.0001), and −31.1% (p < 0.0001) in the 4 g IPE group 
and −4.1% (p = 0.3694), −9.9% (p = 0.0324), and −16.9% 
(p = 0.0043) in the 2 g IPE group. Respective median pla-
cebo-adjusted reductions reported for the 4 g and 2 g IPE 
groups were greatest in VLDL-TG (−26.5%, p < 0.0001; 
−11.3, p  =  0.0049), VLDL-C (−24.4%, p  <  0.0001; 
−10.5%, p = 0.0093), Lp-PLA2 (−19.0%, p < 0.0001; 
−8.0%, p < 0.0001), and hs-CRP (−22.0%, p = 0.0005; 
−6.8%, p = 0.2889). Subgroup analyses of median absolute 
change in non-HDL-C were conducted per statin efficacy 
regimens, revealing substantial placebo-corrected reduc-
tions from baseline of −13.9% (p < 0.0001) and −15.8% 
(p < 0.0001) in participants of the 4 g IPE group taking 
medium- and high-efficacy statins, respectively. Among the 
study population, approximately 45% of participants experi-
enced at least one TEAE; most TEAEs were considered mild 
to moderate in severity and unrelated to IPE. TEAEs related 
to infections and infestations occurred in highest incidences 
of 13.3%, 12.7%, and 16.3% in the 4 g IPE, 2 g IPE, and 
placebo groups, respectively. Gastrointestinal disorders 
also occurred in relatively high incidences of approximately 
11.5% in each of the IPE groups and 17.2% in the placebo 
group. Occurrences of musculoskeletal and connective tis-
sue disorders were, conversely, higher in the IPE treatment 
arms, as total incidences of 7.7% and 7.6% were observed 
within the IPE 4 g and 2 g groups, respectively, while only 
4.3% total incidence was reported for placebo [17]. Treat-
ment with IPE showed favorable results in reducing the lipid 
levels studied. The efficacy in reductions in TG levels corre-
lating with baseline TG levels with greatest reduction in the 
group with baseline TG levels ≥ 289.5 mg/dL administered 
both 2 g IPE and 4 g IPE should be considered when evaluat-
ing potential CV risk reduction for patients with increased 
TG levels.

3.3  JELIS

Early recognition of evidence suggesting a potential correla-
tion between long-term omega-3 fatty acid intake and CV 
mortality reduction prompted investigation of related effects 
specific to EPA use in patients with hypercholesterolemia 
through the Japan EPA Lipid International Study (JELIS) 
[7]. In the prospective, open-label, blinded endpoint investi-
gation, major coronary event rates were monitored in 18,645 
participants randomized 1:1 to receive 300 mg EPA three 
times daily plus statin therapy or statin therapy alone over 
an approximate 5-year follow-up period. Exclusive to Japa-
nese individuals, the study design aimed to examine effects 
of supplemental EPA in a population known to have regular 
omega-3 fatty acid intake through dietary fish consumption. 
Eighty percent of participants were classified as primary 
prevention, and CV risk factors most prevalent among the 
study population included current smoking (19%) as well as 
diagnosis of diabetes (16%) or hypertension (36%). Primary 
outcome analyses compared rates of any major coronary 
event, including sudden cardiac death, fatal and nonfatal MI, 
and other nonfatal events including unstable angina pecto-
ris, angioplasty, stenting, or coronary artery bypass graft-
ing between the two study arms and CV prevention class 
subgroups. The EPA group demonstrated a 2.8% incidence 
of cumulative coronary events, effecting a statistically sig-
nificant 19% risk reduction [hazard ratio (HR) 0.81, 95% 
confidence interval (CI) 0.69–0.95, p = 0.011] relative to the 
3.5% incidence observed in those receiving statin therapy 
alone. Cumulative coronary event rates favoring the EPA 
group were also indicated in both primary and secondary 
prevention subgroup data. Similar, nonsignificant relative 
reductions of 18% (HR 0.82, 95% CI 0.63–1.06, p = 0.132) 
in primary prevention participants and 19% (HR 0.81, 95% 
CI 0.66–1.00, p = 0.048) in secondary prevention patients 
were reported. Additionally, primary outcome analyses 
per CV prevention stratum revealed a higher risk of fatal 
MI with treatment in primary prevention participants (HR 
1.00, 95% CI 0.32–3.11, p = 0.995) compared with second-
ary prevention participants (HR 0.64, 95% CI 0.21–1.94, 
p = 0.421), as well as a higher risk of sudden cardiac death 
in primary versus secondary prevention participants (HR 
1.25, 95% CI 0.34–4.67, p = 0.736 versus HR 1.02, 95% CI 
0.47–2.19, p = 0.967). Combined coronary event analyses 
were also conducted with data of time to coronary death 
or MI, fatal MI or nonfatal MI, coronary death alone, and 
nonfatal coronary events. All results favored EPA plus statin 
over statin therapy alone, yet a significant between-group 
difference was reported only in occurrences of nonfatal 
coronary events (HR 0.81, 95% CI 0.68–0.96, p = 0.015). 
Combined endpoint analyses per prevention stratum revealed 
a higher risk of coronary death in primary (HR 1.10, 95% CI 
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0.47–2.60, p = 0.822) versus secondary (HR 0.87, 95% CI 
0.46–1.64, p = 0.667) prevention participants. Reductions in 
TC (−19%) and LDL-C (−25%) from baseline were similar 
between both treatment groups, with slightly greater reduc-
tion of LDL-C seen in those receiving a statin alone. Reduc-
tion in TGs from baseline in those receiving EPA (−9%) 
was significantly greater than that in the statin alone group 
(−4%) (p < 0.0001), with particularly robust reductions of 
approximately −20% and −25% demonstrated by a subgroup 
of participants in the statin and IPE groups, respectively, 
with baseline TGs ≥ 150 mg/dL. Safety analyses indicated 
a higher cumulative incidence of adverse events in the EPA 
group (25.3%) than the control group (21.7%) (p < 0.0001). 
Substantial differences between EPA and control groups 
were also found in reports of pain (1.6%, 2.0%, p = 0.04) 
gastrointestinal disturbances (3.8%, 1.7%, p < 0.0001), skin 
abnormalities (1.7%, 0.7%, p < 0.0001), and hemorrhages 
(1.1%, 0.6%, p = 0.0006), respectively. Additionally, inci-
dence of newly diagnosed stomach cancer in the EPA group 
(0.6%) was notably higher than that in the control group 
(0.4%) (p = 0.09). Investigators suggested a potential influ-
ence of consistently high fish intake on coronary outcomes 
in the study population. Specifically, the proposed effect of 
high intake on nonfatal coronary events was supported by a 
significantly greater relative difference observed in nonfatal 
coronary events versus other coronary outcomes, as such 
differences were not reported in similar study populations 
without high fish intake [7]. While a statistically significant 
risk reduction was present for the patients treated with EPA 
versus statin therapy alone for cumulative coronary events, 
further studies should account for high fish intake and sam-
ple size stratification between subgroups.

3.4  REDUCE‑IT

With availability of evidence supporting an association 
between EPA intake and risk of coronary events in statin-
treated patients alongside efficacy and safety data of IPE 
in treatment of hypertriglyceridemia, investigators sought 
to further examine effects of IPE intake on CV risk in 
a large sample of participants with elevated TGs despite 
statin therapy. The REDUCE-IT study was then designed 
to compare 5-year ischemic event rates between high-risk 
participants given IPE 2 g twice daily or matching pla-
cebo [18]. Participants included statin-treated, hypertri-
glyceridemic adults age ≥ 45 years with established CVD 
or age ≥ 50 years with DM and at least one additional 
CV risk factor. Male participants categorized as secondary 
prevention accounted for approximately 70% of the total 
study population, while 58% of participants were diag-
nosed with type 2 DM, and 93% were taking a moderate- 
to high-intensity statin at baseline. Among participants 
in both the IPE and placebo groups, 17.2% and 22.0%, 

respectively, met the primary endpoint composite of CV 
death, nonfatal myocardial infarction, nonfatal stroke, 
coronary revascularization, or unstable angina, yielding 
a statistically significant 25% relative risk reduction (HR 
0.75, 95% CI 0.68–0.83, p < 0.001) and number needed 
to treat (NNT) of 21 with IPE administration. All IPE 
subgroups demonstrated reduced occurrence of the pri-
mary endpoint when compared with placebo, apart from 
increased incidence observed in participants taking a low-
efficacy statin at baseline (HR 1.12, 95% CI 0.74–1.69). Of 
note, difference in benefit demonstrated between diabetic 
(HR 0.77, 95% CI 0.68–0.87) and nondiabetic (HR 0.73, 
95% CI 0.62–0.85) subgroups was not substantial (Int. p 
= 0.56), nor was difference between subgroups with base-
line TGs ≥ 150 mg/dL (HR 0.75, 95% CI 0.68–0.83) and 
< 150 mg/dL (HR 0.79, 95% CI 0.57–1.09) (Int. p = 0.83). 
Overall, greatest relative risk reductions in the primary 
composite endpoint were demonstrated by subgroups rep-
resenting non-white race, age < 65 years, baseline TGs 
≥ 200 mg/dL alongside HDL-C ≤ 35 mg/dL, and baseline 
hsCRP ≤ 2 mg/L. Risk reductions reported in remaining 
subgroups were consistent with that of the cumulative 
primary composite outcome, as they ranged from 20% to 
30%. Initial analysis of the key composite secondary end-
point revealed a significant 26% relative risk reduction 
in the IPE group when compared with placebo (HR 0.74, 
95% CI 0.65–0.83, p < 0.001). Substantial risk reductions 
versus placebo were also observed in the IPE of each sub-
sequent stratum except death from any cause (HR 0.87, 
95% CI 0.74–1.02). Assessment of most individual and 
combined secondary outcome components yielded similar, 
approximate 25–30% reductions in risk with IPE treatment 
relative to placebo. However, greater treatment benefit was 
reported per occurrence of urgent or emergent revasculari-
zation (HR 0.65, 95% CI 0.55–0.78, p < 0.001) and hospi-
talization for unstable angina (HR 0.68, 95% CI 0.53–0.87, 
p = 0.002) within the IPE group, while comparatively 
less reduction in risk of CV death relative to placebo was 
observed (HR 0.80, 95% CI 0.66–0.98, p = 0.03). As in 
the primary composite subgroup analysis results, all IPE 
subgroups demonstrated reduced occurrence of the sec-
ondary composite endpoint when compared with placebo, 
apart from increased incidence observed in participants 
taking a low-efficacy statin at baseline (HR 1.20, 95% CI 
0.74–1.93). Within the reported subgroup outcome results, 
notable differences were seen between low, medium (HR 
0.74, 95% CI 0.63–0.87), and high (HR 0.66, 95% CI 
0.54–0.82) statin efficacy groups (Int. p = 0.10), non-white 
(HR 0.55, 95% CI 0.38–0.82) and white (HR 0.76, 95% CI 
0.67–0.86) races (Int. p = 0.13), and age groups < 65 years 
(HR 0.65, 95% CI 0.54–0.78) and ≥ 65 years (HR 0.82, 
95% CI 0.70–0.97) (Int. p = 0.06). Greatest relative reduc-
tions in risk of the secondary composite endpoint were 
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demonstrated by subgroups representing non-white race, 
participants from the USA (HR 0.69, 95% CI 0.57–0.83), 
ages < 65 years, baseline TGs < 150 mg/dL (HR 0.66, 
95% CI 0.44–0.99), baseline TGs ≥ 200 mg/dL alongside 
HDL-C ≤ 35 mg/dL (HR 0.68, 95% CI 0.53–0.88), and 
high-efficacy statin use, while risk reductions in remaining 
subgroups were consistent with the cumulative second-
ary composite outcome results and ranged from approxi-
mately 20% to 30%. Risk reductions were also observed in 
occurrence of cardiac arrest (HR 0.52, 95% CI 0.31–0.86), 
sudden cardiac death (HR 0.69, 95% CI 0.50–0.96), and 
ischemic stroke (HR 0.64, 95% CI 0.49–0.85) [18]. Within 
the study, 3693 patients had a history of prior MI, and 
the primary endpoint was reduced from 26.2% to 20.2% 
in those treated with IPE compared with placebo. There 
was a 35% relative risk reduction in total ischemic events, 
34% decrease in MI, 30% reduction in CV death, and 20% 
lower rate of all-cause mortality, but a slightly higher rate 
of atrial fibrillation within the IPE treatment group for this 
subgroup [19]. Alternatively, participants in the IPE group 
demonstrated greater risk of new-onset diabetes relative 
to placebo (HR 1.04, 95% CI 0.73–1.47). Increased risk 
of carotid revascularization (HR 1.18, 95% CI 0.70–1.98) 
and hemorrhagic stroke (HR 1.28, 95% CI 0.56–2.93) 
were also observed with IPE treatment, though a relatively 
smaller number of participants were represented by data 
in these outcomes. Approximately 81% of participants in 
both the IPE and placebo groups experienced at least one 
TEAE. Approximately 30% of participants in each group 
experienced a serious TEAE, though most events did not 
lead to death or withdrawal of treatment. Similarly, mild 
to moderate TEAEs were unrelated to the study drug. 
Safety outcomes were comparable between both study 
groups; however, the IPE group demonstrated a notably 
higher incidence of atrial fibrillation (5.3%) than that of 
the placebo group (3.9%), while rates substantially lower 
in the IPE group were reported for anemia (4.7% versus 
5.8%, p = 0.03), diarrhea (9.0% versus 11.1%, p = 0.002), 
and constipation (5.4% versus 3.6%, p < 0.001) [19]. This 
study demonstrated that the use of 2 g of IPE twice daily 
has significant effects in reducing clinically important 
events studied in the primary endpoint. Further studies 
have strengthened the results of the REDUCE-IT study by 
extending the findings to patients with high cardiovascu-
lar risk, which includes prior MI, prior coronary revascu-
larization with PCI or CABG, diabetes, and severe renal 
dysfunction [20].

3.5  REDUCE‑IT Subanalyses

In response to robust outcomes data presented in REDUCE-
IT, supportive analyses in subgroup populations were 

executed to further assess and refine the role of IPE in CV 
risk reduction.

3.5.1  REDUCE‑IT USA

Due to prior evidence suggesting a generalized difference 
in derived treatment benefits between clinical study partici-
pants from the USA versus other areas, investigators sought 
to determine the potential CV benefit of IPE versus pla-
cebo in US patients. The subanalysis, REDUCE-IT USA, 
assessed data specific to REDUCE-IT participants from the 
USA, including data from 38.5% (N = 3146) of individuals 
originally randomized to study treatment. Analysis of the 
primary endpoint assessed data from 18.2% of participants 
treated with IPE and 24.7% of participants administered pla-
cebo [21]. Results revealed a significant 31% relative risk 
reduction (HR 0.69, 95% CI 0.59–0.80, p < 0.0001) and 
6.5% absolute risk reduction in the IPE group when com-
pared with placebo, yielding an NNT of 15. Alternatively, a 
20% relative risk reduction favoring IPE versus placebo (HR 
0.80, 95% CI 0.71–0.91, p < 0.0001) was identified in par-
ticipants from areas outside of the USA, and a notable dif-
ference in the primary composite outcome between US and 
non-US subgroups was reported (Int. p = 0.14). In analysis 
of the primary composite endpoint per baseline character-
istics of US subgroup participants, minimal variation was 
found within most categories. However, assessment of the 
outcome per baseline statin efficacy revealed substantially 
less potential benefit from IPE treatment in participants tak-
ing a low-efficacy statin (HR 1.08, 95% CI 0.59–1.96) versus 
a medium- (HR 0.65, 95% CI 0.52–0.80) or high-efficacy 
statin (HR 0.67, 95% CI 0.53–0.86) (Int p = 0.28). Addition-
ally, outcome data per baseline LDL-C tertile demonstrated 
a notable difference in derived benefit from IPE treatment 
between participants with LDL-C of > 65 to ≤ 80 mg/dL 
(HR 0.87, 95% CI 0.67–1.13) and participants with LDL-C 
of ≥ 12 to ≤ 65 mg/dL (HR 0.59, 95% CI 0.45–0.77) or 
> 80 to ≤ 222 mg/dL (HR 0.63, 95% CI 0.48–0.83) (Int. 
p = 0.09). From a total of 1272 adjudicated ischemic events 
within the US subgroup, investigators defined proportion of 
first (53%) and subsequent (47%) events individually defined 
within the primary composite endpoint. Overall treatment 
comparison per event recurrence revealed substantial ben-
efit with IPE treatment relative to placebo (RR 0.68, 95% 
CI 0.57–0.82, p < 0.0001), while distributional between-
group comparisons demonstrated relatively less recurrence 
not only in first events, but also in second (HR 0.65, 95% CI 
0.53–0.79), third (HR 0.63, 95% CI 0.49–0.81), and fourth or 
more (RR 0.67, 95% CI 0.44–1.02) [22]. A 31% relative risk 
reduction in the key secondary composite outcome was also 
reported in the IPE group versus placebo (HR 0.69, 95% CI 
0.57–0.83, p < 0.0001) along with an absolute risk reduction 
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of 4.6% and NNT of 22. In participants outside of the USA, 
a 23% relative reduction in risk of the secondary composite 
outcome (HR 0.77, 95% CI 0.66–0.91) was reported. Among 
the individual and combined secondary endpoints, notable 
differences between US and non-US subgroups were seen in 
first occurrences of CV death (Int. p = 0.09), hospitalization 
for unstable angina (Int. p = 0.12), total mortality or nonfatal 
MI or nonfatal stroke (Int. p = 0.15), and total mortality (Int. 
p = 0.02), each of whose results was comparatively favora-
ble for US participants. Safety results for the US subgroup 
were comparable to those of the original study, including 
results for arrhythmias [18, 20, 21].

3.5.2  REDUCE‑IT CABG

The REDUCE-IT CABG subanalysis aimed to quantify 
residual CV benefit derived from treatment with IPE versus 
placebo in patients with a history of coronary artery bypass 
grafting (CABG). Hierarchal analyses of REDUCE-IT pri-
mary and secondary endpoint data specific to participants 
with a confirmed history of CABG were conducted per the 
prespecified sequence applied in the original study. Out-
comes in the IPE (N = 897) and placebo (N = 940) groups 
of CABG patients were then compared with those in study 
participants with a history of ASCVD lacking prior CABG. 
The primary endpoint analysis included data from 22.0% 
and 28.2% of participants initially randomized to IPE and 
placebo, respectively. Results demonstrated a relative risk 
reduction of 24% in prior CABG participants of the IPE 
group compared with placebo (HR 0.76, 95% CI 0.63–0.92, 
p = 0.004), yielding an absolute risk reduction of 6.2% (95% 
CI 2.3–10.2%) and number needed to treat of 16. In patients 
with a history of ASCVD without prior CABG, an insignifi-
cantly greater risk reduction of 29% was observed with IPE 
(HR 0.71, 95% CI 0.62–0.82, p < 0.0001) (Int. p = 0.55). 
A comparison of cumulative primary endpoint event rates 
among all participants revealed substantially lower occur-
rences within the IPE group (RR 0.64, 95% CI 0.50–0.81, 
p = 0.0002). Rate of event recurrences were also assessed 
as 375 and 570 adjudicated events in the IPE and placebo 
groups, respectively, and were stratified per first, second, and 
third or greater occurrence. Within all three strata, signifi-
cant reductions favoring IPE over placebo were observed. 
Analysis of the key secondary endpoint included data from 
14.7% and 20.7% of participants initially randomized to 
IPE and placebo, respectively. A 31% reduction in risk rela-
tive to placebo was observed in the IPE group of partici-
pants with prior CABG (HR 0.69, 95% CI 0.56–0.87, p = 
0.001), effecting an absolute risk reduction of 6.0% (95% 
CI 2.5–9.5%) with a NNT of 17. In participants with a his-
tory of ASCVD without prior CABG, the IPE group demon-
strated a lesser, 26% reduction relative to placebo (HR 0.74, 
95% CI 0.62–0.88, p = 0.0005) (Int. p = 0.69). In hierarchal 

analyses of individual and combined secondary endpoint 
events, risk reductions relative to placebo were reported for 
all outcomes in prior CABG participants taking IPE, with 
greatest reductions in time to CV death or nonfatal MI (HR 
0.68, 95% CI 0.53–0.86, p = 0.001), fatal or nonfatal MI 
(HR 0.60, 95% CI 0.45–0.81, p = 0.0005), and urgent or 
emergent revascularization (HR 0.62, 95% CI 0.44–0.86, 
p = 0.004). Participants in the IPE group with ASCVD but 
lacking a history of CABG also demonstrated reductions 
in risk of all secondary endpoints assessed, with outcomes 
similar to those in prior CABG participants. However, a 
substantially greater yet expected reduction in risk of hos-
pitalization for unstable angina was reported for non-CABG 
participants (HR 0.53, 95% CI 0.38–0.73, p < 0.0001) com-
pared with CABG participants (HR 0.91, 95% CI 0.59–1.41, 
p = 0.67) taking IPE [23].

3.5.3  REDUCE‑IT RENAL

The REDUCE-IT RENAL subanalysis examined the effi-
cacy of IPE for CV prevention in individuals with reduced 
kidney function. Data from all REDUCE-IT participants 
were included in both prespecified and post hoc analyses. 
Prespecified data categories per baseline eGFR of < 60 mL/
min/1.73  m2, 60 to < 90 mL/min/1.73  m2, and ≥ 90 mL/
min/1.73  m2 were further stratified in the post hoc analysis to 
reflect chronic kidney disease (CKD) stages, creating catego-
ries per baseline eGFR; > 15 to < 30 mL/min/1.73  m2, ≥ 30 
to < 45 mL/min/1.73  m2, ≥ 45 to < 60 mL/min/1.73  m2, 
and ≥ 60 mL/min/1.73  m2. Significant relative reductions 
in risk of the primary composite endpoint were reported 
for IPE in all eGFR categories, with changes of −29% 
(HR 0.71, 95% CI 0.59–0.85, p = 0.0002) in participants 
with eGFR < 60 mL/min/1.73  m2, −20% (HR 0.80, 95% 
CI 0.70–0.92, p = 0.001) in participants with eGFR 60 
to < 90 mL/min/1.73   m2, and −30% (HR 0.70, 95% CI 
0.56–0.89, p = 0.003) in participants with eGFR ≥ 90 mL/
min/1.73  m2. In post hoc analysis of the primary composite 
endpoint, relative risk reductions of −41%, −17%, −34%, 
and −23% were reported in redefined eGFR groups of > 15 
to < 30 mL/min/1.73  m2 (HR 0.59, 95% CI 0.21–1.68), ≥ 30 
to < 45 mL/min/1.73  m2 (HR 0.83, 95% CI 0.59–1.16), ≥ 45 
to < 60 mL/min/1.73  m2 (HR 0.66, 95% CI 0.53–0.84), and 
≥ 60 mL/min/1.73  m2 (HR 0.77, 95% CI 0.69–0.87), respec-
tively. However, the cumulative between group difference 
was found to be unsubstantial (Int. p = 0.52). Notable rela-
tive reductions in risk of the key secondary composite end-
point were also seen with IPE in all eGFR categories, with 
changes of −29% (HR 0.71, 95% CI 0.57–0.88, p = 0.001) 
in participants with eGFR < 60 mL/min/1.73  m2, −23% 
(HR 0.77, 95% CI 0.64–0.91, p = 0.002) in participants 
with eGFR 60 to < 90 mL/min/1.73  m2, and −30% (HR 
0.70, 95% CI 0.52–0.94, p = 0.02) in participants with eGFR 



 J. Huston et al.

≥ 90 mL/min/1.73  m2. Notably, increased occurrences of 
CV death (HR 1.01, 95% CI 0.57–1.79) and total mortal-
ity (HR 1.04, 95% CI 0.63–1.71) relative to placebo were 
reported in participants with eGFR ≥ 90 mL/min/1.73  m2. 
Additionally, treatment benefit was comparatively similar 
among eGFR groups in most outcome results excluding 
fatal or nonfatal stroke, in which participants with eGFR 
≥ 90 mL/min/1.73  m2 demonstrated a substantial 59% risk 
reduction (HR 0.41, 95% CI 0.20–0.86) much greater than 
those seen in participants with reduced renal function (Int. 
p = 0.20). In post hoc analysis of the secondary composite 
endpoint, relative risk reductions of −33%, −28%, −29%, 
and −25% were reported in redefined eGFR groups of > 15 
to < 30 mL/min/1.73  m2 (HR 0.67, 95% CI 0.23–1.95), ≥ 30 
to < 45 mL/min/1.73  m2 (HR 0.72, 95% CI 0.49-1.05), ≥ 45 
to < 60 mL/min/1.73  m2 (HR 0.71, 95% CI 0.55–0.92), and 
≥ 60 mL/min/1.73  m2 (HR 0.75, 95% CI 0.64–0.87), respec-
tively. However, the cumulative between-group difference 
was found to be unsubstantial (Int. p = 0.97). Safety analyses 
revealed a direct relationship between renal function and 
TEAE rates with IPE and placebo, as approximately 86%, 
81%, and 76% of participants in both treatment groups with 
eGFR < 60 mL/min/1.73  m2, 60 to < 90 mL/min/1.73  m2, 
and ≥ 90 mL/min/1.73  m2 groups, respectively, reported at 
least one TEAE. Approximately 12–13% of participants with 
eGFR < 90 mL/min/1.73  m2 and 10% of participants with 
normal renal function experienced a drug-related TEAE. 
Renal status also influenced bleeding-related adverse event 
rates, which were comparatively higher in the IPE versus 
placebo arms and increased with descending eGFR. Bleed-
ing-related adverse events reported with IPE versus pla-
cebo treatment, respectively, occurred in 9.1% versus 8.0% 
(p = 0.41) of participants with eGFR ≥ 90 mL/min/1.73  m2 
group, 11.0% versus 9.7% (p = 0.15) of participants with 
eGFR 60 to < 90 mL/min/1.73  m2 group, and 18.0% ver-
sus 13.3% (p = 0.007) of participants with eGFR < 60 mL/
min/1.73  m2. Serious bleeding-related adverse event rates 
were similar between the IPE and placebo groups of par-
ticipants with eGFR > 60 mL/min/1.73  m2, as 1.2% versus 
1.7% (p = 0.44) and 2.6% versus 2.3% (p = 0.50) rates were 
reported for the IPE versus placebo arms of the eGFR ≥ 90 
mL/min/1.73  m2 and eGFR 60 to < 90 mL/min/1.73  m2 
groups, respectively. Rates of treatment-emergent atrial 
fibrillation or flutter did not appear to strongly correlate with 
changes in renal status, though events did occur more fre-
quently with IPE treatment than placebo. Atrial fibrillation 
or flutter TEAEs reported with IPE versus placebo, respec-
tively, occurred in 4.5% versus 2.9% (p = 0.07) of partici-
pants with eGFR ≥ 90 mL/min/1.73  m2 group, 7.4% versus 
5.9% (p = 0.22) of participants with eGFR 60 to < 90 mL/
min/1.73  m2 group, and 5.7% versus 4.6% (p = 0.09) of par-
ticipants with eGFR < 60 mL/min/1.73  m2. Positively adju-
dicated atrial fibrillation or flutter events requiring at least 

24 h of hospitalization were comparatively more frequent 
in participants administered IPE but did not correspond to 
renal status, as 2.8% versus 1.7% (p = 0.13), 4.2% versus 
3.0% (p = 0.17), and 2.8% versus 1.8% (p = 0.03) rates 
were reported for the IPE versus placebo arms of the eGFR 
≥ 90 mL/min/1.73  m2, eGFR 60 to < 90 mL/min/1.73  m2, 
and eGFR of < 60 mL/min/1.73  m2 groups, respectively. 
Rates of serious atrial fibrillation or flutter events ranged 
from 0.2% to 1.1%; however, no substantial differences in 
occurrence between IPE and placebo groups were indicated 
[24].

3.5.4  Consistency of Benefit of IPE by Background Statin 
Type in REDUCE‑IT

The relevance of statin type in REDUCE-IT was exam-
ined through subanalysis of the study primary composite 
and key secondary composite outcomes data per baseline 
statin agent and lipophilicity. Statin agents assessed in the 
analysis included atorvastatin, simvastatin, rosuvastatin, 
and pravastatin. Significant relative reductions in risk of 
the primary composite endpoint were observed in par-
ticipants of the IPE groups taking atorvastatin (HR 0.79, 
95% CI 0.67–0.93, p = 0.006), simvastatin (HR 0.79, 95% 
CI 0.65–0.96, p = 0.02), and rosuvastatin (HR 0.73, 95% 
CI 0.57–0.94, p = 0.01), while nonsignificant reduction 
was seen in IPE group participants taking pravastatin (HR 
0.79, 95% CI 0.54–1.16, p = 0.24). However, differences 
between outcomes per statin agent were ultimately neg-
ligible (Int. p = 0.95). Similarly, with primary endpoint 
assessments according to lipophilicity, significant benefit 
relative to placebo was demonstrated by both lipophilic 
statins (HR 0.78, 95% CI 0.69–0.88, p < 0.0001) and lipo-
phobic statins (HR 0.75, 95% CI 0.61–0.93, p = 0.007) 
administered with IPE, though the between-group differ-
ence in treatment effect was determined to be nonsignifi-
cant (Int. p = 0.67). Relative reductions in risk of the key 
secondary composite endpoint were observed in all statins 
with IPE. Treatment benefit was most notable in partici-
pants taking atorvastatin (HR 0.73, 95% CI 0.59–0.89, 
p = 0.002) and rosuvastatin (HR 0.71, 95% CI 0.52–0.97, 
p = 0.03); however, risk reductions were demonstrated 
by IPE participants taking simvastatin (HR 0.86, 95% CI 
0.68–1.10, p = 0.24) and pravastatin (HR 0.78, 95% CI 
0.50–1.23, p = 0.29), as well. However, minimal differ-
ence between outcomes per statin agent was found (Int. 
p = 0.68). Substantial reductions in risk of the second-
ary endpoint were reported in both the lipophilic statin 
(HR 0.76, 95% CI 0.66–0.88, p = 0.0003) and lipophobic 
statin (HR 0.73, 95% CI 0.57–0.95, p = 0.02) groups; 
however, the difference in treatment effect between these 
groups was negligible (Int. p = 0.74) [25].
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3.5.5  A REDUCE‑IT Biomarker Substudy

The mechanism of CV risk reduction regarding the effects 
of IPE compared with mineral oil in the REDUCE-IT 
study remain ambiguous. The biomarker substudy aimed 
to evaluate measured levels of interleukin-1β, interleu-
kin-6, hsCRP, OxLDL, homocysteine, lipoprotein(a), and 
Lp-PLA2 from archived serum samples of the REDUCE-
IT study participants. The analysis of these samples exam-
ined the possible correlation between treatment alloca-
tion and the potential effects on a series of biomarkers 
in pathways known to associate with atherosclerosis risk. 
The changes seen at the 12-month checkpoint and the 
24-month checkpoint were similar and showed median 
percent increases in the mineral oil comparator group from 
baseline. The increases found at 12 months were 1.5% for 
homocysteine, 2.2% for lipoprotein(a), 10.9% for oxidized 
LDL-C, 16.2% for interleukin-6, 18.5% for lipoprotein-
associated phospholipase A2, 21.9% for hsCRP, and 28.9% 
for interleukin-1β (all p values < 0.001). Though these 
increases stayed similar through the end of the study for 
the mineral oil group, interestingly, there were very mod-
est effects in the IPE group on these biomarkers. The dif-
ferences from baseline in this group at the end of study 
were found to be +6.17% for homocysteine, +4.41% for 
lipoprotein(a), +0.15% for oxidized LDL-C, +3.01% for 
interleukin-6, −1.30% for lipoprotein-associated phospho-
lipase A2, and no statistical difference for hs-CRP or for 
interleukin-1β (all significant results p values < 0.001). 
Overall, it is seen that the IPE group showed minimal 
effects on the biomarkers, whereas it seemed that across 
the board an increase in these biomarkers was found in the 
mineral oil control group. The validity of mineral oil as a 
comparator/placebo is discussed thoroughly as it is used in 
many prior studies such as the JUPITER, CIRT, CANTOS, 
and SPIRE studies without these findings. However, the 
design of the REDUCE-IT study does not make it pos-
sible to determine if any adverse events associated with 
the mineral oil placebo affected clinical outcomes. Further 
analysis will be needed to determine if these biomark-
ers may have played a role in the mechanism for CV risk 
reduction or provide insight on the pathways that may be 
involved [26]. Additionally, further studies are needed to 
determine the cause of this effect by adding in a true neu-
tral comparator.

3.5.6  A REDUCE‑IT Heart Failure Substudy

The REDUCE-IT study showed a reduced risk for ASCVD 
among a broad group of statin-treated patients, but the spe-
cific benefit for those with heart failure (HF) is unknown. 
The study included 1446 patients with HF, and changes in 
TGs and hs-CRP were compared with baseline in both the 

placebo and IPE treatment group. IPE reduced TGs 15.4%, 
and hs-CRP 35.1% compared with placebo. When compar-
ing the patients with HF versus those without, there were 
similar improvements in both TGs and hs-CRP levels, and 
CV risk reduction among both groups treated with IPE [27].

3.5.7  REDUCE‑IT PCI

This post hoc analysis reviewed the group of patients in the 
REDUCE-IT study that had a prior percutaneous coronary 
intervention (PCI), due to their increased risk of CV events. 
A total of 3408 patients in the study had a prior PCI; in the 
IPE treatment group, 34% had a reduction in the primary 
end point as well as 34% reduction in secondary endpoint 
compared with placebo. There was also a large reduction 
in total coronary revascularizations and revascularization 
subtypes, with a 39% reduction in total events. The use of 
IPE in patients with a prior PCI showed significant results 
for reducing the 5-year risk of recurrent events [28].

3.5.8  REDUCE‑IT Smoking

Miller et al. evaluated the results of the REDUCE-IT study 
and performed a post hoc subgroup analysis in participants 
with presence of smoking history. Compared with placebo, 
IPE use in combined current and former smokers (n = 4913) 
was associated with significant reductions in time to the 
primary composite endpoint (HR 0.77, 95% CI 0.68–0.87, 
p < 0.0001) and in total events (RR 0.71, 95% CI 0.61–0.82, 
p < 0.0001). These results suggest that IPE could be a useful 
clinical tool in reducing overall CV risk associated with a 
history of cigarette smoking [29].

3.6  RESPECT‑EPA

The Randomized trial for Evaluation in Secondary Pre-
vention Efficacy of Combination Therapy-Statin and EPA 
(RESPECT-EPA) is a combination of two studies, the first 
being a multicenter open-label randomized controlled trial 
and the second being a prospective cohort biomarker study. 
Patients began enrollment from November 2013 to October 
2017, and the study is still underway. The purpose of this 
study was to evaluate the utilization of EPA as a combina-
tion therapy with high-intensity statins, thus addressing a 
data gap left by the JELIS study, which did not study EPA 
in addition to current secondary CVD prevention practices. 
A total of 2460 patients aged 20–79 years with a history of 
CAD, on statin therapy and with a low endogenous plasma 
EPA-to-AA ratio were identified and randomized to treat-
ment group and a control group with median EPA:AA ratios 
of 0.243 and 0.245, respectively. The results of the rand-
omized controlled portion of the study show that the primary 
outcome (cardiovascular death, MI, stroke, unstable angina 



 J. Huston et al.

requiring hospitalization, and revascularization) occurred in 
10.9% of the IPE group versus 14.9% of the control group 
(p = 0.055). The secondary outcome (sudden cardiac death, 
MI, unstable angina, or coronary revascularization) occurred 
in 8.0% of the IPE group versus 11.3% of the control group 
(p = 0.031). Additionally, gastrointestinal disorders occurred 
in 3.4% of the IPE group versus 1.2% of the control group 
(p < 0.001). Findings of increased risk of atrial fibrillation in 
the EPA group were reported, which remains consistent with 
findings in the REDUCE-IT study. Of note, the RESPECT-
EPA study did not meet the expected number of events used 
for calculation of statistical power; therefore, the study may 
be underpowered.

3.6.1  CHERRY 

The CHERRY study was a randomized, nonblinded, paral-
lel group, multicenter study designed to investigate whether 
coronary plaque regression and stabilization are further 
aided by the additional administration of EPA to pitavastatin 
therapy. The study enrolled 192 Japanese subjects from Sep-
tember 2009 to July 2014 and were randomized into receiv-
ing either 4 mg pitavastatin daily or 4 mg pitavastatin with 
1800 mg EPA daily. The pitavastatin/EPA group showed a 
greater prevalence of reduction in total atheroma volume 
compared with the pitavastatin group (81% versus 61% p 
= 0.002). IB-IVUS analyses revealed that lipid volume was 
significantly decreased during the follow-up period in the 
pitavastatin/EPA group. However, the incidence of MACE 
events was not significantly different between the groups 
during this time period.

3.6.2  EVAPORATE

To examine the effect of IPE on coronary plaque progres-
sion, EVAPORATE, a prospective, 18-month study, was 
conducted in statin-treated, hypertriglyceridemic indi-
viduals with coronary atherosclerosis confirmed through 
multidetector computed tomography (MDCT) angiography 
[33]. Participants were randomized 1:1 to IPE 4 g daily or 
matching placebo then evaluated at baseline, 9 months, and 
18 months for plaque volume progression rates. Participants 
had a mean age of approximately 57 years and mean body 
mass index (BMI) of approximately 33 kg/m2. Of plaque 
types identified in the study, fibrous plaque was most preva-
lent, seen in 74.7% and 57.9% of participants in the IPE and 
placebo groups, respectively, while low-attenuation plaque 
(LAP) was least prevalent among study groups (5.1% and 
6.5%). The study primary endpoint was change from base-
line in LAP volume at month 18, measured with MDCT 
angiography. A significant −17% reduction in LAP was 
observed in the IPE group, while a +109% increase was 
seen with placebo (p = 0.0061). Secondary endpoints were 

sequentially measured and included change from baseline 
in total plaque, total noncalcified plaque, fibrofatty plaque, 
fibrous plaque, and calcified plaque. Notable reductions in 
each plaque type were observed with IPE treatment, apart 
from calcified plaque, which demonstrated a small −1% 
overall change with treatment and +15% change with pla-
cebo (p = 0.0531). In participants of the placebo group, 
plaque progression was indicated by median increases from 
baseline in all plaque types at month 18, while notable 
median changes of −34% (p = 0.0002), −20% (p = 0.0028), 
−19% (p = 0.0005), and −9% (p = 0.0019) in fibrofatty 
plaque, fibrous plaque, total noncalcified plaque, and total 
plaque, respectively, were seen in the IPE group. Assess-
ments of lipid parameters revealed little change from base-
line at month 18. Median TG reductions of −89.3 mg/dL and 
−92.1 mg/dL (p = 0.91) and LDL-C reductions of −2.4 mg/
dL and –12.8 mg/dL (p = 0.23) were seen in the IPE and pla-
cebo groups, respectively, while both groups demonstrated 
similar median +0.7 mg/dL increases in HDL-C (p = 0.53) 
[33]. The results regarding IPE decreasing plaque progres-
sion aid in substantiating the claim of CV risk reduction as 
the link between CV events and plaque progression is widely 
understood. A study that evaluates both plaque progression 
and CV events in patients receiving IPE would further con-
firm these outcomes.

4  Discussion

Omega-3 fatty acids have gained the attention of experts, 
specifically IPE for its favorable effects on lipid lowering, 
TG lowering, modulation of anti-inflammatory markers, and 
effects on CV risk reduction that were observed in clini-
cal studies. As a result, a final draft guidance was recently 
released recommending IPE for reducing the risk of CV 
events such as heart attacks and strokes in patients with 
elevated TG levels [34]. This draft guidance from the UK’s 
National Institute for Health and Care Excellence (NICE) is 
expected to be published in its final form this summer and 
would bring a benefit to approximately 425,000 people [34].

In relation to possible adverse effects (AEs) of IPE, it 
was well tolerated in patients with established CV disease or 
patients with diabetes at increased risk of CV events and did 
not demonstrate significant differences between comparator 
groups with clinical relevance. Interestingly, the REDUCE-
IT study showed an increased incidence of atrial fibrillation. 
However, since there was no increased incidence of stroke in 
the study, it is believed that there is no clinical relevance to 
this AE [18]. The REDUCE-IT study also presented safety 
results that showed an increase in minor bleeding, specifi-
cally gastrointestinal bleeding. Despite the presence of either 
AE (increased incidence of atrial fibrillation or gastrointes-
tinal bleeding), it was not considered to be a reason to avoid 
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treatment with IPE in this population. Recently presented 
data from the RESPECT-EPA study, which evaluated EPA 
in combination with statin therapy on secondary preven-
tion, reported increased incidence of atrial fibrillation in 
the IPE group along with gastrointestinal disorders in 3.4% 
of the IPE group compared with 1.2% in the control group 
(p < 0.001) [39]. The study did conclude that IPE may be 
associated with a reduction in CV outcomes in Japanese 
patients with CAD. Future studies on the long-term use of 
IPE in a real-world setting would provide more insight on 
AEs.

The conversation surrounding IPE and CV risk reduction 
has certainly been debated as far as efficacy is concerned. 
The promising results of preliminary studies have shown 
the efficacy of TG reduction and safety of IPE, and the 
REDUCE-IT study continued with favorable outcomes data 
leading to the FDA approval of IPE for adjunctive therapy 
in reducing the risk of CV events in adults with elevated TG 
levels. However, the ambiguous anti-inflammatory effects 
of IPE and mechanism for CV risk reduction is still not 
completely understood, leaving many to question the role 
IPE plays on CV risk reduction in patients with high-risk 
ASCVD.

Landmark studies evaluating IPE (Table 1) have dem-
onstrated TG reduction and reduction of CV risk compared 
with placebo or standard of care. Expert opinions have 

weighed in on the CV risk reduction results with IPE and 
are mixed in their conclusions. One opinion from Patel et al. 
demonstrated that the patients receiving the greatest clinical 
benefit with IPE were those with the highest TG levels at 
baseline [35]. This point further argued that the mechanism 
for CV risk reduction was outside the effect of TG lowering, 
and IPE was reducing residual risk for CV events. We saw 
in the REDUCE-IT study that the participants with highest 
TG levels demonstrated a 25% relative risk reduction and a 
30% relative risk reduction in total ischemic events when 
treated with IPE (p < 0.05) [35]. Another study evaluating 
participants without clinical CVD measured coronary artery 
calcium (CAC) scores compared with omega-3 fatty acid 
levels and found that long-term CVD events were fewer in 
those who attained higher plasma omega-3 fatty acid levels 
and were more apparent at higher CAC scores, which is a 
strong predictor of CV events and precise marker of coro-
nary atherosclerosis [36]. With very few safe and effective 
therapies available to reduce the rates of ischemic stroke in 
patients with vascular disease, it is important to note that 
rates of first ischemic stroke were reduced by 36% with IPE 
compared with placebo. It is possible that the mechanisms 
or underlying pathophysiology may be contributing to the 
risk reduction; nonetheless, CV risk reduction is evident.

Additional opinions have surfaced calling the placebo 
used in the REDUCE-IT study into question. Nissen et al. 

Table 1  Baseline characteristics and results from landmark trials

ASCVD atherosclerotic cardiovascular disease, BID twice daily, CABG coronary artery bypass grafting, CAD coronary artery disease, CRP 
C-reactive protein, DHA docosahexaenoic acid, EPA eicosapentaenoic acid, IL interleukin, IPE icosapent ethyl, LDL low-density lipoprotein, MI 
myocardial infarction, PCI percutaneous coronary intervention, PO by mouth (per oral), RRR  relative risk reduction, T2DM type 2 diabetes mel-
litus, TG triglycerides, UA unstable angina

Data Study endpoint Intervention Baseline characteristics Results

MARINE Change in TG levels from baseline 
to week 12

1:1:1 ratio.
4 g daily IPE
2 g daily IPE
Placebo

Age—53 years
T2DM—88%
TG—39% with > 750 mg/dL
LDL—92 mg/dL
Statin use—25%

TGs decreased by 26.6% and 7.0 for 
4 g/day and 2 g/day groups

Increased by 7.0% in placebo

ANCHOR Change in TG levels from baseline 
to week 12

1:1:1 ratio.
4 g daily IPE
2 g daily IPE
Placebo

Age—61 years
TG—259.0 mg/dL
LDL—83 mg/dL
83.2% taking moderate-to-high-

intensity statin

20.1%, and 26% decrease in TG for 
2 g/day and 4 g/day of IPE

JELIS Composite occurrence of ASCVD 
events

1:1 ratio
300 mg EPA PO 

TID + statin
Statin only

Age—61 years
CAD—19.7%
LDL—182 mg/dL
TG—154 mg/dL

RRR 
fatal MI—21%
nonfatal MI 25%
UA 24%
CABG/PCI 14%

REDUCE-IT Composite occurrence of ASCVD 
events

1:1 ratio
2 g IPE PO BID
Placebo

Age—64 years
T2DM—57.8%
TG—216 mg/dL
39% with > 750 mg/dL
LDL—75 mg/dL
93% taking moderate-to-high-

intensity statin

HR 0.75 (0.68–0.83) (p < 0.001)
Rate of occurrence was 17.2% in 

intervention group 22% in placebo 
group
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claims that the results of the REDUCE-IT study may be 
misleading due to the use of mineral oil as a comparator. The 
opinion further claimed that mineral oil may cause increased 
LDL-C levels and is therefore not “neutral,” which may have 
impacted the results seen in the control arm as it relates 
to the incidence of clinical outcomes. It was noted that the 
study results showed increased LDL-C levels for those par-
ticipants in the placebo group [37]. Alternatively, Olshansky 
et al. reported that the use of mineral oil as a comparator 
would not affect biomarkers on the basis of their study of the 
safety and use of mineral oil in clinical studies. This study 
concluded that pharmaceutical grade mineral oil is a neu-
tral comparator since it is made of saturated straight-chain 
n-alkanes and is therefore a purified version of the mineral 
oil that is considered food grade. Various studies using min-
eral oil were evaluated, and it was determined that there 
was no meaningful effect on biomarkers such as TGs, LDL, 
HDL, hs-CRP, and others, and the adverse effects noted from 
mineral oil use resulted from its laxative-like properties [38]. 
Ultimately, a reduction in CV death was observed with IPE, 
which is a critical outcome for clinical studies evaluating 
medications in the cardiovascular space. It should be noted 
that, while the differences among background therapies 
and comparator therapies are being questioned, the benefits 
observed with IPE were detected regardless of baseline 
LDL-C or TGs.

The CV risk reduction from IPE may be due to the reduc-
tion in plaque formation, reduction in VLDL and subsequent 
LDL levels and LDL-C formation, or reduction in inflam-
matory markers. The study to evaluate IPE for adults at high 
risk of CV, MITIGATE, will include approximately 39,600 
participants with established ASCVD [39]. The study is a 
prospective, open-label, parallel group study that will rand-
omize participants to receive IPE 2 g twice daily compared 
with usual care in a 1:10 ratio for a minimum of 6 months 
[40]. This real-world efficacy study will help establish the 
role of IPE in CV risk reduction for patients at high risk with 
the additional examination of the role of IPE on inflamma-
tion regarding upper respiratory infections and coronavirus 
disease 2019 (COVID-19). Further studies to uncover the 
underlying mechanisms and additional effects of IPE are 
underway.

Determining the beneficial effectiveness of IPE versus 
its comparators has an important impact on cost in addition 
to patient health. An analysis was performed to determine 
the impact that IPE would have on the US adult popula-
tion regarding prevention of ASCVD events and healthcare 
costs based on the results of the REDUCE-IT study. Using 
the National Health and Nutrition Examination Surveys 
(NHANES) and Optum Research Database (ORD), 3.6 mil-
lion REDUCE-IT eligible cohorts were derived. The 5-year 
first-event rate without treatment with IPE was observed to 

be 19%. Using the regimen from the REDUCE-IT study 
there is potential for the event rate to be lowered to 13.1%, 
preventing 212,000 events. Annual treatment costs for all 
eligible patients were estimated to be $6 billion, but with a 
total of $1.8 billion saved due to prevention of first events. 
The total 5-year rate, including first and recurrent events, 
has potential to be reduced from 42.5% to 28.9%, preventing 
490,000 events when treated with IPE for 5 years. Overall, 
treating all REDUCE-IT-eligible US adults is costly, but 
could help prevent a substantial amount of ASCVD events 
and associated direct and indirect costs [41].

5  Conclusions

While the mechanism is not thoroughly understood, evi-
dence shows that IPE is efficacious in reducing risk of CV 
events in those with elevated TG levels, and many global 
medical societies recognize IPE as an important therapy in 
CV prevention and treatment. IPE with its 99.99% pure com-
position of EPA, is the first fish oil or omega-3 ethyl ester to 
show these results. With each new analysis, new hypotheses 
are made as to the reasons for its efficacy. Major clinical 
studies are ongoing and will hopefully provide more insight 
and data to further support the possibility of IPE serving as 
an alternative option for patients who cannot tolerate statins 
or who require additional therapy for CV risk reduction or 
reduction of TG levels.
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