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Abstract

Interest in omega-3 has grown dramatically since the
observation that Eskimos have a high level of omega-3 due
to high fish consumption that was associated with a low
incidence of myocardial infarction. This was thought to
be related to its antithrombotic effect due to inhibition of
plateletaggregation. Subsequently, several studies indicated
a potential beneficial impact of omega-3 in the treatment
and prevention of cardiovascular disease including chronic
heart failure (CHF) especially in patients with reduced
ejection fraction. Despite the progress in the medical
and device management of CHF, a significant number
of patients with this clinical syndrome do not respond to
current therapy. In addition, CHF remains a condition of
a high morbidity, hospitalization and mortality. Therefore,
clinicians got interested in exploring any potential benefit in
the care of patients with CHF. Potential benefits of omega-3
in the management of CHF patients have been evaluated
and showed possible positive effect on the progression
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of CHF through several mechanisms. These include the
improvement of endothelial function, reduction of vascular
tone, reduction of platelet aggregability, and improvement
of myocardial function. This review article cites data from
several experiments pertaining to the benefits of omega-3
in patients with CHF. The aim is to review the mechanisms,
potential benefits, and possible therapeutic implications
of omega-3 in patients with CHF. Results show that there
is a significant difference in patients who intake omega-3
versus those who do not. This article is proof that there are
other methods to treating CHF than what is prescribed in
modern medicine.
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aggregation, arrhythmia

Introduction
Chronic Heart failure (CHF) is considered amongst the most
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cause of hospitalization in patients older than 65 years and
one of the leading causes of death in advanced countries
(1). According to the American Heart Association (AHA)
update in 2013, it is estimated that 5.1 million people in
United States were affected by CHF in 2006 (2). Leading
risk factors are ischemic heart disease, hypertension,
diabetes mellitus, myocardial infarction and valvular heart
disease. However, omega-3 has shown potential benefits on
cardiovascular risk factors (3). This association was first
observed and reported in the 1940s. This was particularly
noted in people who consume a high quantity of fish and
exhibit low cardiovascular mortality (4). Over the past
three decades, epidemiologic and experimental data have
provided evidence of the beneficial effect of omega-3 in
preventing CHF.

Omega-3 fatty acids are among the most commonly
prescribed supplements with a remarkable worldwide
market. In 2011, people spent around $25 billion on
omega-3 supplements. This amount is estimated to
approach $35 billion in 2016 (40). Omega-3 fatty acids
are a class of unsaturated fatty acids that consist of multiple
sites for double bonds, one of which is on the third carbon,
also known as the omega carbon end of the chain (41).
Types of omega-3 acids include eicosapentaenoic acid
(EPA) with 20 carbons, and docosahexaenoic acid (DHA),
with 22 carbons. EPA and DHA are mainly gained from
seafood consumption. However, small amounts of EPA
and DHA can also be synthesized in the body using alpha
linolenic acid (ALA), an 18-carbon omega-3 fatty acid
found in plants such as flaxseed, canola and walnuts (42).
Docosapentaenoic acid (DPA) is another long chain of
omega-3 fatty acid and is a metabolite of DHA. DPA is
thought to be formed through internal metabolic pathways
rather than dietary intake.

The effects of omega-3 include reduction in blood pressure,
triacylglycerol levels, and heart rate variability. The latter
effects occurs as a result of an augmentation of vagal tone,
modulation of adrenergic-mediated baroreceptor activity,
and improvement in sinoatrial node function with reduction
of erratic sinus firing (5,6). In addition, consumption of high
quantity of omega-3 could reduce arrhythmia (7); improve
survival in patients who has a myocardial infarction (8);
reduce inflammation and improved endothelial function in
CHF patients (9). Heart failure (HF) is a complex clinical
syndrome with multiple etiologies. Current treatment
options can slow the progression to HF, but overall the
prognosis remains poor. Clinical studies suggest that high
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dietary intake of the omega-3 polyunsaturated fatty acids
(omega-3PUFA) may lower the incidence of HF, and that
supplementation with pharmacological doses prolongs
event-free survival in patients with established HF. The
mechanisms for these potential benefits are complex and
not well defined. Several trials tested the hypothesis that
omega-3 fatty acids reduce fatal coronary artery diseae
(CAD) and sudden death. The first meta-analysis of these
trials was published in 2002 (43) followed by others (44,
45). However, several meta-analyses included not only
trials in which the effect of omega-3 fatty acids in fish
oils was investigated but also trials in which a fish advice
or margarines enriched with ALA were given (46). This
review aims to appraise and summarize this ever-increasing
volume of published work and present it to the practicing
physicians, whom will consider Omega 3 supplement in
specific patients with CHF.

Methods

We searched the PubMed database using keywords “Omega
-3” in title or “n-3” in title and “heart” in all fields. Out of
878 hits, we filtered the search to only 167 clinical trials and
papers. Our team screened the titles and abstracts of the
167 articles and only included articles that were published
between 1982 and 2013 and are relevant to cardiac function
including lipid metabolism, electrophysiology, arrhythmia,
blood pressure control, platelet function and inflammation
as well as vascular function. Therefore, 126 out of 167
articles were reported for full text review. Out of these
accepted articles, there were a total amount of 194414
patients studied, 30919 of which were male and 33303 of
which were female. 109 out of the 126 studies consisted
of random samples and 17 of the experiments contained a
placebo group of patients without CHF (Table 1).

Results

We will review the above literature in special order
according to the natural history of CHF. We will discuss the
preventive impact of omega -3 on pre-CHF cardiovascular
risk factors that could prevent from the development of
cardiomyopathy and clinical CHF. Then, we will discuss
the therapeutic impact of omega 3 on clinical CHF.

Preventive effects of omega-3 on pre-CHF cardiovascular
risk factors

Omega-3 has suggested positive preventive effects on
a number of different physiologic mechanisms of the
cardiovascular system, including lipid metabolism, blood
pressure control, platelet function, and vascular function.
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Table 1. Characteristics of studies included
Characteristics Records
Total Participants Studied 194414
Males Reported 30919
Females Reported 33303
Studies with Control Groups 17

Lipid metabolism

Several studies have demonstrated potent triglyceride-
lowering effect of Omega-3 in both normolipidemic
(triglyceride < 200 mg/dL) and hyperlipidemic subjects
(triglyceride = 200 mg/dL). One study demonstrated a
25% reduction in triglyceride level in normolipidemic
subjects and 25-34% in hyperlipidemic subjects when
subjects consumed 3—4 gram of omega-3 a day. However,
the higher the baseline triglycerides level the higher the
lowering effect of Omega-3 (10). Balk et al demonstrated
same effect of omega-3 in healthy, diabetic, hypertensive,
dyslipidemia or CAD subjects (11).

There is no significant effect of omeg-3 on HDL cholesterol
or total cholesterol concentration; however, other studies
reported an increase in the larger HDL particles that are
preventive of cardiac event (10, 11). There is conflicting
data regarding the effect of omega-3 on the LDL levels.
Mori et al showed no significant change in LDL-cholesterol
concentration but reported that LDL particles large, more
buoyant and less atherogenic than small LDL that are
synthesized in the body (12). Huff et al and Telford et
al reported 5% and 10% increase in LDL cholesterol
in normolipidemic and hyperlipidemic individuals
respectively (13). Yokoyama et al reported 10% reduction
in LDL concentration. Co-administration of omega-3 with
statins is safe and has additive effects on plasma lipids (14,
15).

Heart rate and blood pressure

Omega-3 has moderate effects on reducing the heart rate
and blood pressure. The average heart rate decreases by 2.5
beats per minute after 12 weeks of omega-3 consumption
(16). The lowering effect of omega-3 on blood pressure
[average of 5.8 mmHg of systolic and 3.3 mmHg of diastolic
(5)] is related to an increased in membrane stabilization
and decreased sensitivity to electrical excitability of the
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sympathetic nervous tone (16).

Recently, a potential new indication of omega-3 fatty acids
has been demonstrated, that is heart failure. In the GISSI-
HF trial (47); a placebo-controlled trial of approximately
7000 patients with class II to IV heart failure, the patients
were randomized to 1 g of omega-3 fatty acids (containing
850-882 mg of EPA plus DHA), rosuvastatin (10 mg),
both of them, or dual placebo. This study was performed
in addition to well-established current therapies, and the
results showed a significant benefit of omega-3 fatty acids.
However, the optimal dose of omega-3 fatty acids remains
to be determined depending on different stages and/or
aetiology of heart failure and underlying mechanisms (48).
Growing evidence demonstrates anti-inflammatory effects
of omega-3 fatty acids, including reduced circulating levels
of inflammatory cytokines and AA-derived eicosanoids,
and elevated plasma adiponectin. In animal studies, fish oil
favorably alters cardiac mitochondrial function (49). All of
these effects may work together to prevent the development
and progression of heart failure.

Platelet function and clotting factors

Omega-3 may reduce the risk of thrombosis by
affecting platelet aggregation. Omega-3 competes with
cyclooxygenase activity with arachidonic acid, which
lowers platelet aggregation. Administration of omega-3 is
associated with 30% reduction of platelet aggregation (17).
Other studies have shown that omega-3 reduces the levels
coagulation factors, namely VII and X (18) and fibrinogen
levels (19).

Vascular function

Omega-3 has a direct negative effect on atherosclerotic
plaques progression by lowering the infiltration of
macrophage (20). Omega-3 also decreases vascular
proliferation and tone, which are important factors
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of atherosclerosis. Omega-3 enhances the production
of endothelium derived relaxing factor that improve
endothelial dysfunction atherosclerotic vessels (21). This
results in vasodilatation and improved coronary artery
flow (22). The endothelium derived relaxing factor also
inhibits platelet aggregation and adhesion, smooth muscle
cell proliferation and leukocyte adhesion (21, 22). The
effect of omega-3 inhibits vascular proliferation via several
signaling pathways (23).

Atrial fibrillation

Atrial fibrillation (AF) could result is cardiomyopathy
due to irregularities as well as tachycardia-induced
cardiomyopathy. Therefore, upstream intervention to
prevent from AF or to treat AF in patients with CHF with
omega-3 has been evaluated. Multiple studies showed
no association between the risk of developing AF and
dietary fish intake rich in omega-3 (24-27). Mozaffarian
et al evaluated fish intake rich in omega-3 and the risk
of incidence of AF. The study showed that there is a
decrease in incidence of AF amongst those who consume
fish. However, this study exclusively looked at subject’s =
65 years of age (28). Omega-3 showed preventive effect
in cardiac surgery patients. A small, randomized and
controlled study of 160 post-bypass patients was performed
to assess the benefits of omega-3 on the development of
postoperative AF (29). The results from this study were
remarkably in support of omega-3 oil (18.1% absolute
risk reduction and 54.4% relative risk reduction). These
results compare favorably to the results of another large
meta-analysis (58 studies including 8,565 participants)
(30), which examined the effects of amiodarone, sotalol,
and beta-blockers on post-bypass AF. In comparison, the
results of studies that utilized omega-3 supplementation in
post-bypass patients seem to be similar or even superior to
those that used the list of other treatments for prevention of
AF. But further large-scale studies are needed, with some
currently underway (31), to assess the impact of different
doses of omega-3 oil and its role in primary and secondary
prevention of AF.

Therapeutic effects of omega-3 in clinical CHF

The investigators of a major CHF study (GISSI-HF study),
evaluated the effect of omega-3 in patients with CHF.
There was a reduction in mortality and hospitalization
for cardiovascular reasons in patients with CHF whom
consumed omega-3 (8). This therapeutic effect of
omega-3 was also noted in doxorubicin-induced CHF in
rats (32). This effect was thought be related to omega-3
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antiarrhythmic and CHF progression effect (7). As
mentioned above, the GISSI-HF trial sought to objectively
assess the efficacy of omega-3 supplement in patients with
CHEF. The subject pool was composed of 60% CHF patients
and 40% with a history of MI. The majority of patients
treated with guideline derived medical therapy (GDMT)
CHF regimen, including angiotensin-converting enzyme
inhibitors, beta-blockers, angiotensin II receptor blockers,
and spironolactone. However, only 22% of the patients
were on a statin. Same investigators of the GISSI-HF re-
evaluated omega-3 in another study as an add-on therapy to
10mg daily of rosuvastatin. Omega-3, but not rosuvastatin,
significantly decreased death or admission to a hospital for
cardiovascular reasons (33).

CHF patients are prone to ventricular arrhythmia (VA)
and sudden cardiac death (SCD). In vitro studies, omega-3
has shown an antiarrhythmic effect but the data are not
conclusive (34). Several studies assessed the effect of
omega-3 on heart rate variability (HRV) as a measure of
cardiovascular autonomic function and the risk of SCD.

These studies showed that the consumption of tuna or
fish oil in patients with cardiomyopathy and CHF was
associated with reduction of mean heart rate by 13.6%;
reduction of the resting heart rate; improvement of the heart
rate recovery post-exercise; and increased the HRV in men
with history of MI and left-ventricular dysfunction (EF less
than 40%); shorter QT interval; improvement of T-wave
alternans signal; reduction of ventricular arrhythmia and
SCD (5, 34-36). The GISSI Prevention trial evaluated the
effect of Omega-3 on SCD. The GISSI prevention trial
showed that treatment with omega-3 was associated with
reductions in risk of SCD in patients that had a myocardial
infarction within the past three months (37).

Consumption of omega-3 in patients with CHF and an
implantable cardioverter defibrillator (ICD) showed
minimal effect on VA in ICD in few studies (38, 39)
whereas only one study showed a potent effect of omega-3
on reducing VA in ICD patients (28). Therefore, the effect of
omega-3 on preventing VA is controversial. Omega-3 fatty
acids (n-3 PUFA) preparations differ in composition and
dose. Only preparations with eicosapentaenoic acid (EPA)
and docosahexaenoic acid (DHA) as ethyl esters of at least
85% (850 mg/g) have shown an effect on the cumulative
endpoint of cardiovascular death and hospitalization. No
effect of n-3 PUFA preparations containing, 850 mg/g has
been shown in either HFrEF or post-myocardial infarction
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n-3 PUFA preparations containing 850—-882 mg of EPA
and DHA as ethyl esters in the average ratio of 1:1.2 may
be considered as an adjunctive therapy in patients with
symptomatic HFrEF who are already receiving optimized
recommended therapy with an ACEI (or ARB), a beta-
blocker and an MRA (50,51).

Conclusions

In summary, dietary supplementation with omega-3 might
exert preventive effects of pre-CHF cardiovascular risk
factorsincluding lipid metabolism,heartrate,blood pressure,
platelet aggregation, clotting factor, vascular function,
endothelial dysfunction and arrhythmia especially AF.
Therefore, omega-3 supplementation could be considered
in patient with CAD, myocardial infarction, hyperlipidemia
as an add-on therapy or in case of allergic reaction to statin.
The beneficial effect of omega-3 in patients with clinical
CHEF is supported by findings of the GISSI-HF trial, which
reported substantial reductions in overall mortality and
hospitalization. Therefore, omega-3 might add incremental
benefits to the current guideline derived medical therapy
(GDMT) of CHF. Omega-3 antiarrhythmic property is still
considered a debate, but could be an attractive option as
an adjunct to the standard antiarrhythmic drugs in patients
with AF, VA, SCD and ICD.

Several issues remain to be elucidated. First, no evidence
has been found for the optimal dosage, ratios of DHA to
EPA, and ratios of omega-3 to omega-6. Second, whether
dietary intake or therapeutic supplements are the best source
of omega-3 fatty acids is yet to be determined. These issues
remain to be clarified in future studies.
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