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Abstract: Omega-3 polyunsaturated fatty acids (PUFAs) were early established as therapeutic option
for patients with high triglyceride levels. Their effects on lipoprotein particles, including a reduction
in very low-density lipoprotein and a shift from small to large low-density lipoprotein, is increasingly
recognised. This is coupled with their ability to be incorporated within the cellular membrane,
leading to plaque stability and anti-inflammatory effects. Nonetheless, recent clinical trials have
not been consistent in demonstrating the potential cardioprotective effects of omega-3 fatty acids.
This is despite the circumstantial evidence from imaging studies illustrating the stabilising effects
on atherosclerotic plaques and slowing of plaque progression. In this article, we will review the
effects of omega-3 fatty acids, eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), on lipid
biomarkers, atherosclerotic plaque features, and clinical outcome studies and provide a mechanistic
role in managing residual risk of atherosclerosis. This will provide better insight into the inconsistency
of the recently reported clinical outcome studies.

Keywords: eicosapentaenoic acid; docosahexaenoic acid; triglycerides; polyunsaturated fatty acids;
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1. Introduction

Patients with established atherosclerotic cardiovascular disease (ASCVD) remain at
increased risk of future adverse cardiovascular events despite being on guideline-directed
optimal medical treatment [1]. Contemporary data revealed that more than 20% of patients
with ASCVD re-present with a second cardiovascular event over 5 years follow-up [2,3].
This risk is evident despite a large proportion of patients receiving anti-platelets, anti-
hypertensive and low-density lipoprotein cholesterol (LDL-c)-lowering treatments. This
residual risk is also heterogenous, and targeting modifiable atherosclerotic disease charac-
teristics such as inflammation or thrombosis would result in improved patients’ clinical
outcomes [4–8]. However, an unselected approach was associated with significant side
effects challenging the routine use of potent anti-inflammatory or anti-thrombotic treat-
ments [4–6]. Importantly, certain groups of patients sustained larger clinical benefits and
provide a guide for clinicians to rationally use these treatments and to offset any potential
side-effects [9,10].

The residual lipid risk is also recognised as a potential therapeutic target for patients
with ASCVD. Further reduction in LDL-c would result in decreasing future cardiovascular
events [11,12]. This risk reduction was also related to the nature of ASCVD, whereby
patients with high-risk features such as poly-vascular disease or previous coronary artery
bypass graft (CABG) would sustain larger benefits from intensive LDL-c reduction [13,14].
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Other strategies, such as the use of plaque imaging, have been proposed to maximise
clinical benefits from intensive lipid-lowering treatment [3,15–18].

Beyond LDL-c, triglycerides are increasingly recognised as a risk marker and a po-
tential target to reduce the residual risk for patients with ASCVD. Icosapent ethyl has
emerged as an effective treatment for patients with hypertriglyceridemia. This review
will discuss the mechanistic role of icosapent ethyl and its future role in patients with
established ASCVD.

2. Role of Hypertriglyceridemia in Atherosclerosis

It is well-recognised that hypertriglyceridemia is linked with future adverse cardio-
vascular events. Early studies have demonstrated that elevated triglycerides of more than
170 mg/dL are associated with double the risk of myocardial infarction and an almost
50% increase in the risk of death [19]. Additionally, genome-wide analyses have indicated
a possible causality between triglyceride-mediated pathways and coronary heart dis-
ease [20]. Moreover, mendelian randomization studies have proposed a causal relationship
between triglyceride-rich lipoprotein particles and risk of ischaemic heart disease [21,22].
These studies have also suggested a possible link with low-grade inflammation [21].

Data from statin trials showed that on-treatment low triglyceride levels were associ-
ated with a reduction in adverse cardiovascular events [23]. For each 1 mmol/L decrease
in triglycerides, there was an almost 10% reduction in the risk of death or recurrent my-
ocardial infarction [23]. However, dedicated treatments to lower triglycerides have not
been consistent in reducing future cardiovascular risk. Fibrates reduce triglycerides via the
nuclear receptor peroxisome proliferator-activated receptor α (PPARα), with a difference
in their magnitude in lowering triglycerides. Nevertheless, fibrates have not been able
to demonstrate incremental clinical benefits in statin-treated patients when compared to
placebo [24–26]. The recent Pemafibrate to Reduce Cardiovascular Outcomes by Reducing
Triglycerides in Patients with Diabetes (PROMINENT) study showed that pemafibrate,
a potent and selective PPARα modulator, did not reduce the composite endpoint of non-
fatal myocardial infarction, ischemic stroke, coronary revascularization or cardiovascular
death compared to placebo [25]. Similarly, niacin did not reduce the risk of major car-
diovascular events [27,28]. The addition of 2 g of extended-release niacin and 40 mg of
laropiprant in the HPS2-THRIVE study did not result in a lowering of the incidence of
major cardiovascular events compared to placebo [27].

Data on marine-derived omega-3 fatty acids are conflicting [29,30]. Therefore, it is
important to understand the pathophysiology and biochemical functions of omega-3 fatty
acids and their effects on plasma lipoproteins and atherosclerotic plaque, including other
pleotropic effects.

3. Omega-3 Fatty Acids

Omega-3 fatty acids are polyunsaturated fatty acids (PUFAs) that are abundant in
salmon and tuna. They have more than 2 double carbons bonds, and the last one is located
on the third carbon relative to the terminal methyl end of the molecule [31,32]. The effects
of consuming omega-3 fatty acids (enriched in dietary fish) on reducing triglycerides and
VLDL-c was recognised more than 4 decades ago [33]. The other type of PUFAs is the
n-6 fatty acids, which are present in vegetable oils such as corn and soybean oils. The
metabolism of n-3 and n-6 fatty acids is regulated by a similar series of enzymes, resulting
in a competitive process whereby excess intake of one causes a significant reduction in
the conversion of the other [32]. The downstream products of n-3 fatty acids, namely
docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA), have been the focus of
numerous studies aiming to reduce cardiovascular risk in patients with ASCVD [29,30,34].
On the other hand, arachidonic acid is derived from n-6 fatty acids and its eicosanoids are
linked to inflammation and vasoconstriction [31].

PUFAs, including EPA and DHA, not only decrease triglycerides as a substrate but
also regulate the degradation of hepatic apolipoprotein B and reduce the production of
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VLDL secretion [35]. In the early stages of VLDL synthesis, the ability of microsomal
transfer proteins to co-translationally bind apolipoprotein B to lipids in the endoplasmic
reticulum is influenced by the presence of various fatty acids. The lipidated apolipoprotein
B will either acquire cholesterol ester in the hepatic cell to form intermediate-density
lipoprotein (IDL) and large LDL or will fuse with a preformed lipid droplet to form VLDL
particles [36]. Saturated fatty acids protect IDL and large LDL from presecretory proteolysis,
while omega-3 fatty acids promote the proteolytic process, leading to a reduction in large
VLDL and their subsequent product of small LDL particles [36,37]. This would explain
the shift from small to large LDL particles when consuming omega-3 fatty acids and why
saturated fatty acids are associated with higher level of large LDL particles [38].

PUFAs reduce triglycerides by decreasing their de novo synthesis and increasing their
oxidation (Figure 1). The lipogenesis of triglycerides occurs in the hepatocytes starting
from citrate, one of the substrates of the Krebs cycle. The triglyceride pathway is regulated
by sterol regulatory element binding protein (SREBP)–1c, which is stimulated directly by
insulin and indirectly by glucose by providing citrate via the Krebs cycle [37]. PUFAs also
upregulate fatty acid oxidation via PPARα and increase its efficiency in the conversion of
triglyceride-rich lipoproteins to LDL. Fibrates employ a similar mechanism in reducing
triglycerides but without the ability to increase clearance of cholesterol remnant particles,
resulting in no change in non-high density lipoprotein (non-HDL-c) level [39]. Although
pemafibrate caused a 25% reduction in triglycerides, VLDL-c and remnant cholesterol, there
was a more than 10% increase in LDL-c and an almost 5% increase in apolipoprotein B level
compared to placebo [25]. Therefore, for triglyceride-lowering treatment to be effective in
reducing cardiovascular risk, it may be dependent on its ability to reduce apolipoprotein B
particles and not merely converting triglyceride-rich lipoprotein to LDL. Finally, PUFAs
have opposing effects on nuclear receptors that regulate cholesterol clearance via the bile
acid and inhibiting the activation of adenosine triphosphate–binding cassette transporter
(ABC) A1 that promotes efflux of cholesterol into HDL [39].
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4. Eicosapentaenoic Acid (EPA) and Docosahexaenoic Acid (DHA)

EPA and DHA are omega-3 PUFAs, but they differ in their effects on lipoprotein
particles, oxidative features, inflammatory biomarkers, cellular membrane structure and
tissue distribution. There is a divergent influence on LDL between EPA and DHA, whereby
the former has neutral effect compared to a marginal increase in LDL of 5–10 mg/dL
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with DHA [40–42]. This may be related to the more potent inhibitory effect of EPA on
diacylglycerol acyl transferase compared to DHA, resulting in a greater effect on triglyc-
eride synthesis [43,44]. Additionally, EPA better stimulates lipoprotein lipase, enhancing
triglycerides clearance [45,46]. Furthermore, animal models suggest that DHA may down-
regulate the LDL receptor, increasing levels of LDL-c [47]. DHA increases HDL and causes
a greater reduction in triglycerides compared to EPA [41]. On the other hand, the magni-
tude of reduction in non-HDL and apolipoprotein B is larger in EPA-containing treatments
compared to DHA-containing treatments [40].

Beyond their impact on lipid profiles, omega-3 fatty acids are well recognised to be
incorporated within the atherosclerotic plaque. This role may contribute to their protective
effect on plaque inflammation and stability [48–50]. In explanted carotid atherosclerotic
plaque specimens, patients treated with fish oil (omega-3 fatty acids) had fewer thin fibrous
cap plaques and signs of inflammation compared to those subjected to sunflower oil or
placebo [49]. Intriguingly, EPA was more readily included in atherosclerotic plaques,
although it was simultaneously administered with DHA and was translated into a smaller
number of foam cells and T-cells, i.e., less inflammatory [48]. In vivo assessment of coronary
plaques using integrated backscatter ultrasound virtual histology revealed that a lower
serum content of EPA was associated with high-risk plaque features such as large lipid
burden and small fibrous volume [50]. Low EPA, but not DHA, was an independent
predictor for lipid-rich plaques [50].

EPA was early recognised as an inhibitor of platelet aggregation. Various mechanisms
were postulated, including the formation of thromboxane A3, production of prostacyclin
(PCI3) and shift from producing thromboxane A2 [51]. It was also proposed that EPA works
synergistically with aspirin in reducing the risk of thrombosis [52].

Longitudinal studies have validated the differential biochemical and biological effects
of omega-3 fatty acids on cardiovascular outcomes. Unlike DHA, low EPA levels were asso-
ciated with increased mortality in patients with acute myocardial infarction [53]. Similarly,
low EPA:AA ratios were associated with increased risk of coronary heart disease [54]. This
relationship was more evident in patients with elevated high-sensitivity CRP [54]. Such
correlation was not present with low DHA:AA ratios [54]. Collectively, these differences
would inevitably explain the inconsistency in the outcomes of clinical studies assessing the
role of omega-3 fatty acids on cardiovascular outcomes [55].

5. Clinical Outcomes Studies- STRENGTH and REDUCE-IT

Numerous studies have assessed the role of omega-3 fatty acids on cardiovascular
outcomes (Table 1). The Gruppo Italiano per lo Studio della Sopravvivenza nell’ Infarto mio-
cardico (GISSI)-Prevenzione trial included 11,324 patients with recent myocardial infarction
(≤3 months) and were randomly assigned supplements of omega-3 PUFAs or vitamin E in
a two-by-two factorial design [56]. Omega-3 PUFAs were given as a mixture of EPA (850 mg)
and DHA (882 mg). After 3.5 years follow up, there was 11% risk reduction in the composite
of cardiovascular death, non-fatal myocardial infarction or stroke [relative risk (RR) 0.89,
95% confidence interval (CI) (0.80–1.01)], which was more evident when the analysis was
restricted to the use of omega-3 PUFAs (4-way analysis) [RR 0.80, 95% CI (0.68–0.95)] [56].
Notably, the baseline LDL-c and triglycerides were 137/dL mg and 162 mg/dL, respec-
tively [56]. Only 5% of patients received cholesterol-lowering treatment at baseline, which
rose to 45% at the end of the study follow up [56]. The same group assessed the role of
omega-3 PUFAs using the same dose in 6975 patients with chronic heart failure. There was
a significant reduction in the incidence of all-cause mortality after 3.9 years of consuming
omega-3 PUFAs [adjusted hazard ratio [HR] 0.91, 95% CI (0.833–0.998), p = 0.041] [57]. This
reduction was mainly driven by worsening heart failure or presumed arrhythmic deaths
and was more evident in patients with diabetes. Intriguingly, there was no change in
total, HDL or LDL cholesterol, highlighting the pleotropic effect of omega-3 PUFAs as
anti-arrhythmic and membrane-stabilising drugs [57].
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Table 1. Summary of landmark clinical trials assessing the role of omega-3 fatty acids on cardiovascular outcomes.

Study Name Study Size Targeted Cohort LDL-c Level TG Level Statin-Treated% EPA/DHA Dose Primary Endpoint Follow Up Relative Risk

GISSI (1999) [56] 11,324 Post MI (≤3 months) 137 mg/dL 162 mg/dL 45% * 850:882 death, non-fatal MI,
or stroke 3.5 years 0.90 (0.82–0·99)

JELIS (2007) [58] 18,645 Total chol ≥ 6.5 mmol/L 182 mg/dL 154 mg/dL 98% 1800:0

SCD, fatal and
non-fatal MI,

unstable angina,
or revasc

5 years 0.81 (0.69–0.95)

GISSI-HF (2008) [57] 6975 Chronic heart failure - † 126 mg/dL 23% 850:882

Death or
re-admission to

hospital for
CV reason

3.9 years 0.92 (0.84–0.99)

Alpha Omega (2010)
[59] 4837 Post MI (up to 10 years) 100 mg/dL 146 mg/dL 86% 226:150 Fatal, non-fatal CV

disease, or revasc 40 months 1.01 (0.87–11.17)

SU.FUL.
OM3 (2010) [60] 2501 History of MI, unstable

angina, or ischaemic stroke 104 mg/dL 106 mg/dL 85% 400:200 CV death, non-fatal
MI, or stroke 4.7 years 1.08 (0.79–1.47)

ORIGIN (2012) [61] 12,536 Diabetic, or IGT with high risk
for CV event 112 mg/dL 141 mg/dL 54% 465:375 CV death 6.2 years 0.98 (0.87–1.10)

R&P (2013) [62] 12,513 Multiple CV risk factors or
ASCVD (but not MI) 132 150 41% 500:500 Death, non-fatal MI,

or stroke 5 yeas 0.97 (0.88–1.08)

AREDs (2014) [63] 4203 Inter- or advanced ARMD - - 44% 650:350 CV death, non-fatal
MI, or stroke 4.8 years 0.95 (0.78–1.17)

ASCEND (2018) [64] 15,480 Diabetic without ASCVD 113
∫ ∫

- 76% 460:380 CV death, non-fatal
MI, or stroke 7.4 years 0.97 (0.87–1.08)

VITAL (2019) [65] 25,871 Men ≥ 50 or
women ≥ 55 years - - 37% 460:380 CV death, non-fatal

MI, or stroke 5.3 years 0.92 (0.80–1.06)

REDUCE-IT
(2019) [29] 8179 Est CV disease or diabetes

and other risk factors 75 mg/dL 216 mg/dL 100% 4000:0
CV death, non-fatal

MI, stroke, revasc, or
unstable angina

4.9 years 0.75 (0.68–0.83)

STRENGTH
(2020) [30] 13,078 High CV risk 75 mg/dL 240 mg/dL 100% 2200:800

CV death, non-fatal
MI, stroke, revasc, or

unstable angina
42 months 0.99 (0.90–1.09)

RESPECT-EPA
(2023) [66] 2506 CAD with EPA: AA ratio < 0.4 81 mg/dL 119 mg/dL 100% 1800:0

CV death, non-fatal
MI, stroke, revasc, or

unstable angina
At least 4 years 0.78 (0.61–1.00)

* By the end of the study, † 55% of included patients had total cholesterol > 188 mg/dL,
∫ ∫

Measurement of non-HDL-c. ARMD: age-related macular degeneration; CAD: coronary artery
disease; Chol: cholesterol; CV: cardiovascular; Est: established; IGT: impaired glucose tolerance; Inter: intermediate; MI: myocardial infarction; Revasc: revascularisation; SCD: sudden
cardiac death; TG: triglycerides.
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The JAPAN EPA Lipid Intervention Study (JELIS) randomised 18,645 patients with
a total cholesterol of 6.5 mmol/L or greater to receive either a combination of statin and EPA
(1800 mg) or statin alone [58]. Up to 1 in 7 of patients had history of coronary artery disease
and their mean triglyceride level was 153 mg/dL [58]. After 5 years follow up, major
coronary events (defined as the composite endpoint of sudden cardiac death, fatal and non-
fatal myocardial infarction, and other non-fatal events, including unstable angina pectoris,
angioplasty, stenting, or coronary artery bypass grafting) were significantly reduced in
patients receiving the combination of EPA and statin compared to statin alone [2.8% versus
3.5%, HR 0.81, 95% CI (0.69–0.95), p = 0.011] [58].

Four large randomised clinical trials, each recruiting more than 12,000 participants,
assessed the role of omega-3 PUFAs in reducing future cardiovascular risk in relatively
lower risk cohorts [61,62,64,65]. They included patients with diabetes (without previous
ASCVD) at risk of cardiovascular disease or without previous history of cardiovascular
disease (primary prevention) with follow up of more than 5 years [61,62,64,65]. The primary
endpoint of cardiovascular death, myocardial infarction, stroke or revascularisation was
comparable between patients receiving omega-3 PUFAs and placebo [61,62,64,65]. It is
important to highlight that the received dose of omega-3 fatty acid was relatively modest
(less than 1 g per day) with a mixture of EPA and DHA at a ratio of 1–1.2:1 [61,62,64,65].

The Reduction of Cardiovascular Events with Icosapent Ethyl–Intervention Trial
(REDUCE-IT) was a landmark trial that established the protective cardiovascular effect of
omega-3 fatty acids [29]. It randomly assigned 8179 statin-treated patients with triglyceride
levels of 135 to 499 mg/dL and established cardiovascular disease (70%) or with diabetes
and other risk factors (30%) to receive a highly purified dose of EPA (2 g of icosapent
ethyl twice daily; total daily dose of 4 g) [29]. After a median follow up of 4.9 years, the
primary endpoint (defined as a composite of cardiovascular death, nonfatal myocardial
infarction, nonfatal stroke, coronary revascularization or unstable angina) was significantly
reduced in the icosapent ethyl group compared with placebo [17.2% vs. 22.0%, HR 0.75,
95% CI (0.68 to 0.83), p < 0.001] [29]. These benefits were more marked in patients with
a history of myocardial infarction of less than one year. There was a reduction in cardio-
vascular death with icosapent ethyl treatment [4.3% vs. 5.2%, HR 0.80, 95% CI (0.66 to
0.98), p = 0.03] [29]. Interestingly, the clinical benefits with icosapent ethyl were not pro-
portionate to the attained triglyceride levels, and lowering of major cardiovascular events
was evident in patients with triglyceride levels of ≥150 or <150 mg/dL. On the other
hand, the on-treatment EPA level correlated with the accrued clinical benefits of icosapent
ethyl [67]. Moreover, the Kaplan-Meier curves started to diverge after 18 months’ treatment
with icosapent ethyl, suggesting a lipoprotein-related mechanism reduced cardiovascular
events. The reduction in atherogenic lipoprotein particles coupled with incorporation of
EPA within cellular membranes would stabilise atherosclerotic plaques by changing their
composition and reducing their inflammatory cellular content. Early initiation of EPA
demonstrated a significant reduction in adverse clinical events in patients with acute coro-
nary syndrome [68]. In this relatively small study of 241 patients, commencing EPA during
hospitalisation resulted in an almost 60% reduction in cardiovascular death, nonfatal stroke,
nonfatal myocardial infarction and revascularization [68].

In contrast, the Long-Term Outcomes Study to Assess Statin Residual Risk with
Epanova in High Cardiovascular Risk Patients with Hypertriglyceridemia (STRENGTH)
trial was prematurely halted after an interim analysis indicating the low probability of
benefits from omega-3 PUFAs compared to placebo [30]. The STRENGTH trial randomly
assigned 13,078 statin-treated patients with triglyceride levels of 180–500 mg/dL to daily
treatment of omega-3 capsules containing 4 g of an EPA/DHA mixture or a matching
corn oil placebo. Only 55% of the patients had established ASCVD and the study allowed
the inclusion of high-risk primary prevention patients. The primary endpoint (defined
as the composite of cardiovascular death, nonfatal myocardial infarction, nonfatal stroke,
coronary revascularization or unstable angina requiring hospitalization) was not different
between the two groups [12% vs. 12.2%, HR 0.99, 95% CI (0.90–10.9), p = 0.84] [30].



J. Clin. Med. 2023, 12, 3758 7 of 14

Recently, the Randomized trial for Evaluation in Secondary Prevention Efficacy of
Combination Therapy—Statin and EPA (RESPECT-EPA) was presented at the American
Heart Association in 2022 [66]. The study randomised 2506 statin-treated patients with a
median LDL-c of 81 mg/dL and a median triglyceride level of 119 mg/dL to icosapent
ethyl 1800 mg/day or no additional treatment. The targeted cohort was patients with stable
CAD and an EPA:AA ratio below 0.4. The primary outcome of cardiovascular death, my-
ocardial infarction, stroke, unstable angina requiring hospitalization, and revascularization,
occurred in 10.9% in the icosapent ethyl group vs. 14.9% in the control group (p = 0.055).
A post hoc analysis that included patients with a large between-group increase in EPA level
revealed a significant reduction in the primary endpoint with icosapent ethyl [HR 0.73,
95% CI (0.55–0.95)].

6. The Divergence in the Results of Clinical Outcomes Data

Clinical outcome studies differ in their included population, the dose and the ‘purity’
of the omega-3 fatty acids used, and likely explain the inconsistency in their reported
outcomes. The striking difference was very evident when comparing the results of the
STRENGTH and REDUCE-IT trials. Whilst there are some variations in the proportion
of patients with established ASCVD between the two studies, this is unlikely on its own
to explain such a difference in their results. The administered dose of EPA combined
with its purity would play a bigger role when comparing both studies. The baseline EPA
in the REDUCE-IT was 26 µg/mL, which rose to 144 µg/mL (an almost 400% increase)
compared to an attained EPA level of 89 µg/mL in the STRENGTH trial. Interestingly, the
STRENGTH trial did not demonstrate any association between on-treatment EPA level
and subsequent cardiovascular outcomes, including patients who achieved an increase
in EPA level of >400% [30]. The on-treatment EPA level in the JELIS trial was 97 µg/mL,
suggestive of a possible threshold of plasma EPA level to exert clinical benefits [67]. A recent
meta-analysis of 197,270 patients suggested a 7% proportionate reduction in cardiovascular
outcomes for each 1 g daily administration of EPA [34]. Such association was not present
with DHA. [34]. In fact, the presence of DHA may modulate the effect of EPA-containing
treatment and may exhibit antagonist effects when integrated as phospholipids within
membrane structures [69].

The controversy related to the use of mineral oil as a placebo in the REDUCE-IT trial
may have also magnified the clinical benefits with icosapent ethyl. Compared to baseline,
there was a median increase of 10.9% in oxidised LDL-c, 18.5% for lipoprotein-associated
phospholipase A2 and 21.9% for high-sensitivity C-reactive protein [70]. Nonetheless,
the absolute difference in these biomarkers including LDL-c was relatively modest and
unlikely to explain the reported clinical benefits in the REDUCE-IT trial. Moreover, the
reduction in cardiovascular events in response to icosapent ethyl was not influenced by the
direction of change in LDL-c or hs-CRP in the placebo arm [67,71]. Furthermore, the US
food and Drug Administration concluded that only a small fraction, if any, of the difference
in clinical outcomes in the REDUCE-IT trial could be explained by the use of mineral oil
as a placebo [67]. Finally, in vitro model did not reveal any oxidation effect of atherogenic
lipoprotein particles when subjected to mineral or corn oils [72].

The recent RESPECT-EPA study has highlighted probable clinical benefits when using
icosapent ethyl, although it marginally missed the statistical significance threshold. Despite
its relatively small sample size, it included patients who were most likely to benefit from
omega-3 PUFA treatment. This was borne out in the subgroup analysis that included
patients with a large increase in their attained EPA. Importantly, the RESPECT-EPA did not
assign any placebo oil to the control arm, supporting the notion that the clinical benefits
in the REDUCE-IT trial was not merely derived from the presence of mineral oil, and the
latter had a small and negligible effect on the study outcome.
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7. Changes in Atherosclerotic Plaque in Response to Omega-3 PUFAs

The relationship between omega-3 fatty acids and plaque characteristics was pro-
posed more than a decade ago. Serum levels of omega-3 fatty acids, particularly EPA,
were demonstrated to be inversely correlated with the percentage of plaque lipid volume,
quantified using integrated backscatter intra-vascular ultrasound in patients undergoing
coronary angiography [50]. Low EPA levels were associated with a more than two-fold risk
of identifying lipid-rich plaques [50].

Both invasive and non-invasive imaging modalities were used to assess the effect of
omega-3 fatty acids on atherosclerotic plaque burden and characteristics (Table 2) [73]. The
Effect of Vascepa on Improving Coronary Atherosclerosis in People With High Triglycerides
Taking Statin Therapy (EVAPORATE) study randomised 80 patients to 4 g daily of icosapent
ethyl or mineral oil [74]. The use of icosapent ethyl resulted in a significant reduction in
plaque volume after 18 months as quantified on coronary computed tomography (CT).
Additionally, there was a significant reduction in low attenuation, fibrofatty, fibrous and
non-calcified plaque volume [74]. Calcification was numerically lower with icosapent
ethyl, but this did not reach statistical significance [74]. Similar findings were reported
from 210 patients with acute coronary syndrome who underwent serial coronary CT
and demonstrated that high-dose EPA was the least associated with plaque progression,
including the absence of high-risk features [75]. Such difference in plaque volume or
composition was not present in patients with stable coronary artery disease [76].

The use of omega-3 fatty acids was also associated with plaque stabilisation effects
using intravascular ultrasound and optical coherent tomography (OCT). These effects
included a reduction in lipid volume and an increase in fibrous-cap thickness [77–79]. Addi-
tionally, macrophage and inflammatory cytokines were less frequently detected in patients
subjected to omega-3 fatty acids compared to control [79–81]. These anti-inflammatory
properties of EPA also include reversing endothelial dysfunction when exposed to small
dense LDL, increasing nitric oxide release (a potent inhibitor of platelet aggregation),
decreasing lipoprotein associated phospholipase A2, and oxidation of LDL-c [67].

Table 2. Summary of clinical imaging trials assessing the role of omega-3 fatty acids on atherosclerotic
plaque.

Study Name Study Size Targeted Cohort EPA/DHA Dose Imaging Modality Imaging Interval Change in Plaque Imaging

Nishio et al.
(2014) [79] 30 CAD undergoing PCI 1800:0 Optical coherent

tomography 9 months

A greater increase in
fibrous-cap thickness, with a
greater decrease in lipid arc,

lipid length and macrophage
accumulation was detected in

the EPA group

Yamano et al.
(2015) [78] 46 Acute coronary

syndrome 1800:0 Optical coherent
tomography 8 months

The lipid arc did not change,
but the relative change in the

fibrous cap thickness was
significantly greater in the

EPA group than in the
control group

Ahn et al.
(2016) [82] 74 CAD undergoing PCI 1395:1125 Intravascular

ultrasound 12 months
No significant differences

were observed in atheroma
volume

Niki et al.
(2016) [80] 95 CAD undergoing PCI 1800:0

Integrated
backscatter

intravascular
ultrasound

6 months

A significant reduction in
lipid volume and a

significant increase in fibrous
volume were evident in the

PUFAs group
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Table 2. Cont.

Study Name Study Size Targeted Cohort EPA/DHA Dose Imaging Modality Imaging Interval Change in Plaque Imaging

CHERRY [77] 193 CAD undergoing PCI 1800:0

Integrated
backscatter

intravascular
ultrasound

6–8 months

Greater reduction in total
atheroma and lipid volume

with combination of
pitavastatin and PUFAs

compared to
pitavastatin only

Alfaddagh et al.
(2017) [76] 285 Stable CAD 1860:1500

Coronary computed
tomographic
angiography

30 months
No difference in non-calcified

plaque volume between
the groups

EVAPORATE
(2020) [74] 80 ≥20% angiographic

stenosis on 4000:0
Multidetector

computed
tomography

18 months

A significant reduction in
low-attenuation plaque

volume with PUFAs
compared to the

control group

Kita et al.
(2020) [83] 130 Acute coronary

syndrome 1800:0 Optical coherent
tomography 8 months

PUFA therapy in addition to
strong statin therapy did not
significantly increase FCT in

plaques compared with
strong statin therapy alone,
but significantly increased

FCT in patients with
thinner FCT

Sugizaki et al.
(2020) [81] 42

CAD undergoing
optical coherent

tomography
1800:0 Optical coherent

tomography 12 months

A significantly greater
decrease in the lipid index
and macrophage grade in

patients receiving
rosuvastatin 10 mg and EPA

compared to 2.5 mg
rosuvastatin only

Motoyama et al.
(2022) [75] 210 Acute coronary

syndrome 1800:0
Coronary computed

tomographic
angiography

24 months
5.6% had plaque progression
in the EPA group compared
to 20.3% in the control one

CAD: Coronary artery disease; FCT: Fibrous cap thickness; PCI: Percutaneous coronary intervention.

8. Omega-3 Fatty Acids Safety Profile

Omega-3 PUFAs are considered safe with no reported fatal side effects. The rate of
gastrointestinal adverse events has been reported in up to one-third of patients receiving
omega-3 fatty acids, although this was comparable to the placebo [29]. In the STRENGTH
study, the rate of gastrointestinal side effects was almost doubled with EPA/DHA treatment
compared to corn oil [30].

The most serious side effect is new-onset atrial fibrillation. The REDUCE-IT trial
reported a significant increase in the rate of atrial fibrillation in the icosapent ethyl group
compared to the placebo group (5.3% vs. 3.9%) [29]. Similarly, the RESPECT-EPA study
highlighted an almost two-fold increase in new atrial fibrillation (3.1% vs. 1.6%; p = 0.017).
Importantly, the hospitalization for atrial fibrillation was also significantly higher in the
icosapent ethyl group in the REDUCE-IT trial (3.1% vs. 2.1%, p = 0.004) [29]. A recent meta-
analysis of 81,210 patients from 7 trials revealed a 25% increased risk of atrial fibrillation
with omega-3 fatty acids [HR 1.25, 95%CI (1.07–1.46), p = 0.013] [84]. There was a differential
effect according to the dose of omega-3 fatty acids with an almost 50% increase in the risk of
atrial fibrillation in patients receiving >1 g per day of omega-3 fatty acids [84]. Interestingly,
data from the Multi-Ethnic Study of Atherosclerosis suggested that higher DHA levels (but
not EPA or EPA + DHA) are associated with fewer atrial fibrillation events [85].

Although the overall rate of bleeding events was numerically higher in the icosapent
ethyl group in the REDUCE-IT trial compared to placebo (2.7% vs. 2.1%), this difference
did not reach statistical significance (p = 0.06). More importantly, the RESPECT-EPA
and STRENGTH trials reported comparable bleeding events with placebo. Furthermore,
the incidence of serious bleeding events (haemorrhagic stroke or central nervous system
bleeding events) was rare (<0.5%).

In conclusion, recent clinical and imaging studies have demonstrated the protective
effects of highly purified omega-3 fatty acids in reducing residual cardiovascular risk in
statin-treated patients. The inconsistency in some clinical outcome data is likely related
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to the type of experimented omega-3 PUFA and the targeted cohort. The disconnection
between cardiovascular risk reduction with omega-3 PUFAs and triglyceride levels would
urge better identification of patients who are likely to benefit from this emerging treatment.
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