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Abstract

Omega-3 fatty acids, which are found abundantly in fish oil, are increasingly being used in the
management of cardiovascular disease. It is clear that fish oil, in clinically used doses (typically 4
g/d of eicosapentaenoic acid and docosahexaenoic acid) reduce high triglycerides. However, the
role of omega-3 fatty acids in reducing mortality, sudden death, arrhythmias, myocardial
infarction, and heart failure has not yet been established. This review will focus on the current
clinical uses of fish oil and provide an update on their effects on triglycerides, coronary artery
disease, heart failure, and arrhythmia. We will explore the dietary sources of fish oil as compared
with drug therapy, and discuss the use of fish oil products in combination with other commonly
used lipid-lowering agents. We will examine the underlying mechanism of fish oil’s action on
triglyceride reduction, plaque stability, and effect in diabetes, and review the newly discovered
anti-inflammatory effects of fish oil. Finally, we will examine the limitations of current data and
suggest recommendations for fish oil use.
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Humans are unable to place double bonds beyond position 9 on long chain polyunsaturated
fatty acids (FA), making the omega-3 FA synthesized in plants and in marine microalgae
essential elements to the human diet. Fish contain high levels of 2 omega-3 FA,
eicosapentaenoic acid (EPA; C20:5 n-3), and docosahexaenoic acid [DHA]; C22:6 n-3)23
(Fig. 1). Many claims about the role of these omega-3 FA have been made in the prevention
and treatment of cardiovascular disease. For instance, fish oil is seen as having a therapeutic
role in coronary artery disease (CAD), heart failure, fatal and nonfatal arrhythmias, as well
as offering an alternative or adjunct to the standard therapy for hypertriglyceridemia and
diabetes. This review will highlight the potential mechanisms of fish oil on cardiovascular
disease and provide an update of clinical trial results. The established uses in the treatment
of hypertriglyceridemia and sources of omega-3 FA—both dietary and drug therapy—will
be iterated, along with its potential application in combination with standard hypolipidemic
agents. Finally, the limitations of current data will be addressed, as well as suggested
recommendations for clinical use.
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MECHANISM OF ACTION

Inflammation Modulation

Triglyceride

Fish oil’s most potent effect on atherosclerosis may be related to its potential to alter plaque
inflammation, thereby stabilizing vulnerable plaques. In recent years there has been a
growing body of evidence that is shifting the paradigm of how inflammation is contained
and dissipated.# In this new model, inflammation resolution is an active process mediated by
lipid-derived compounds. Newly discovered families of chemical mediators, resolvins, and
protectins®6 are directly involved in blocking neutrophil migration, infiltration, and
recruitment, as well as in blocking T-cell migration and promoting T-cell apoptosis.”~12 In
addition, protectins can reduce tumor necrosis factor and interferon secretion.13
Interestingly, both protectins and resolvins are strictly derived from omega-3 FA. EPA is the
substrate of the resolvins family and DHA can be converted to both resolvins and
protectins.” It may be that the effects of fish oil on inflammatory mediators underlie the
positive findings demonstrated in several trials assessing fish oil and plaque stability.14-16

Reduction

Omega-3 FA most likely reduce serum triglyceride levels by modulating very-low-density
lipoprotein (VLDL) and chylomicron metabolism. There is a consistent finding in the
literature that the end effect of fish oil is decreased hepatic secretion of VLDL1’—the major
endogenous source of triglycerides. This effect occurs most likely through multiple
mechanisms, including: (1) decreased synthesis of triglycerides because these omega-3 FA
may not be the preferred substrates of the enzyme diacylglycerol O-acyltransferase,18 or
they may interact with nuclear transcription factors that control lipogenesis!?; cellular
metabolism consequently shifts toward a decrease in triglyceride synthesis and an increase
in FA oxidation; and (2) the promotion of apolipoprotein B degradation in the liver through
the stimulation of an autophagic process.2? This means that fewer VLDL particles can be
assembled and secreted. Fish oil may also accelerate VLDL and chylomicron clearance?! by
inducing lipoprotein lipase activity.22

CLINICAL TRIALS
Arrhythmia and Sudden Death

Fish oil has been shown to have a direct electrophysiological effect on the myocardium.
Initial experience with animal ischemia models demonstrated that the ventricular fibrillation
threshold was increased in both animals fed or infused with omega-3 FA.23:24 This
progressed to a demonstration, on a cellular and ion channel level, that omega-3 FA reduce
both sodium currents and L-type calcium currents.2>-22 It is hypothesized that during
ischemia, a reduction in the sodium ion current protects hyperexcitable tissue, and a
reduction in the calcium ion current reduces arrhythmogenic depolarizing currents.30

Heart rate variability, a possible surrogate outcome for the risk of sudden death, was
assessed in a randomized trial of myocardial infarction (MI) survivors with an ejection
fraction of 40%. In the 49 patients that were randomized to either fish oil or olive oil, Holter
monitor recordings showed an increase in heart rate variability in the fish oil group.3 Ina
larger cohort assessed in the Japan EPA Lipid Intervention Study (JELIS),32 however, no
difference in heart rate variability could be attributed to fish oil.

Although there are no randomized data on fish oil consumption and protection from sudden
death, observational studies have linked omega-3 FA with the prevention of sudden death. In
a population-based, case-control study of sudden cardiac death victims, the mean red blood
cell membrane omega-3 FA level of the lowest quartile, when compared with the mean level
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of the third quartile, was associated with a relative risk reduction of 70%.33 A similar
finding was appreciated in a nested, prospective, case-control study of the Physician Health
Study cohort of 22,000 healthy males. In the 119 patients that succumbed to sudden death,
baseline omega-3 FA blood levels were significantly lower than in matched controls.34
Finally, in an analysis of data from the Nurses Health Study, a cohort study of 84,688
women, an inverse association was shown between fish consumption and CAD-related
death. The investigators concluded that the reduction in CAD deaths was likely due to a
reduction in sudden deaths, as there was no difference in the rate of M1l when comparing
high and low fish consumption.3°

The randomized trials assessing the efficacy of fish oil supplementation on secondary
prevention of CAD lend further evidence to the findings that fish oil may protect from
sudden cardiac death.36 The Diet and Reinfarction Trial (DART),37 one of the first
randomized trials of fish oil in CAD, has been interpreted as potential support for fish oil’s
role in sudden death reduction because the primary outcome of all-cause mortality occurred
within 2 months of the trial’s onset.38 After such a short time span, it was believed that
atherosclerosis would not be altered and therefore another mechanism was reducing
mortality. This was further supported by the fact that nonfatal MIs were not reduced.
Although the actual modes of death other than CAD-related deaths were not documented, it
has been postulated to be secondary to a reduction in sudden death.3° The Gruppo Italiano
per lo Studio della Sopravvivenza nell’Infarto Miocardico-Prevenzione*? (GISSI-
Prevenzione) trial, a larger randomized trial of fish oil in CAD, has also been interpreted as
evidence for fish oil’s protection against sudden death. Sudden death, however, was not a
primary end point. Rather, the reduction in fatal events was driven by a reduction in
cardiovascular death, which included coronary death, cardiac death, and sudden death.

Three randomized trials assessing more than 600 patients with known malignant ventricular
arrhythmia were carried out under the protection of implanted cardioverter defibrillator
(ICD) therapy.*1-43 In all 3 of the trials, 75% of the patients had ischemic heart disease,
survived ventricular tachycardia or ventricular fibrillation and were randomized to 1 to 3 g/d
of fish oil. In the first trial of its kind, 402 patients with ICDs were randomized to either a
fish oil or an olive oil supplement.*! Although statistical significance was not reached, after
approximately 1 year the primary end-point of time to first ICD cardioversion for ventricular
tachycardia or fibrillation or death from any cause was longer in the fish oil group. This
finding was not replicated in a trial of 200 patients who were randomized to either fish oil or
a placebo and followed for a median of approximately 2 years.*2 In fact, time to first ICD
cardioversion was not changed and the incidence of recurrent ventricular tachycardia and
fibrillation was more common in the group assigned to fish oil. In the largest trial, 546
patients were randomized to supplemental fish oil or a placebo and were followed for a
mean period of 1 year.43 The primary outcome of the rate of ICD cardioversion or all-cause
mortality was not reduced. It was concluded in a recent meta-analysis of these trials that fish
oil did not have a protective effect.*4

The effect of fish oil on incident atrial fibrillation has not been studied in large randomized
trials, and observational population-based trials show mixed results. The Danish Diet,
Cancer and Health Study, and the Rotterdam Study followed 47,000 and 5100 middle-aged
adults, respectively.#>46 Neither study found that the consumption of fish oil affected the
incidence of atrial fibrillation. Similar findings were seen in the Women’s Health Initiative
where there was no association between fish and omega-3 FA intake regarding incident
atrial fibrillation.4” However, in a 12-year prospective, observational study of 4815 adults
over the age of 65, daily fish consumption was associated with a 31% risk reduction in
incident atrial fibrillation.8
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Coronary Artery Disease

The DART study, published in 1989, was the first randomized trial to show the efficacy of
fish oil on CAD.37 In the trial, 2033 post-MI patients were randomized to receive 3 types of
diets: a diet that was either high in cereal fiber, polyunsaturated fat, or fish oil. The fish oil
group consumed 200 to 400 g/wk of fatty fish (2 portions of fish per week) or 0.5 g/d of
Maxepa fish oil supplement. At 2 years, the primary end point of all-cause mortality was
reduced by 29% in the fish oil group, whereas no improvement was seen in the other dietary
advice groups.

The Lyon Diet Heart Study, performed shortly after the DART study, was a prospective trial
of 607 survivors of MI who were randomized to either a Mediterranean diet or a regular
Western diet.*? At a mean follow-up of 27 months, the primary end point of death from
cardiovascular causes and nonfatal deaths had a 73% relative risk reduction—a positive
effect that continued at follow up assessment at a mean of 46 months.50 FA analysis of
plasma lipids showed that in the patients randomized to a Mediterranean diet, there was a
higher concentration of alpha-linolenic acid as well as EPA. Fish, however, was consumed
in similar amounts by both the Western and Mediterranean diet groups. The higher blood
level of EPA in the Mediterranean diet arm was attributed to its synthesis from alpha-
linolenic acid, which was 60-times higher than the plasma concentration of EPA. In
addition, the risk reduction that occurred in this trial could not be attributed to one particular
diet intervention because as the consumption of fruits and vegetables increased, the
consumption of monounsaturated fat increased, while saturated fat and cholesterol were
decreased.

The GISSI-Prevenzione trial*® showed similar findings. In this open-label trial, 11,324 post-
MI patients were followed for 3.5 years after randomization to either 1 g/d of omega-3 FA,
vitamin E, both, or none. In the 2836 patients assigned to only omega-3 FA, the primary end
point of death, nonfatal Ml or stroke, was reduced by 10%. This decreased risk occurred
despite a minimal triglyceride-lowering effect because of the relatively low dose of omega-3
FA. Of note, the GISSI-Prevenzione trial was done prior to the pervasive use of lipid-
lowering agents. Only about 40% of patients were on any form of lipid-lowering therapy.

Heart Failure

Diabetes

The GISSI-Heart Failure trial was the first blinded, randomized trial to assess the efficacy of
fish oil supplements in patients with heart failure.> The trial enrolled 7046 subjects with
heart failure; 60% with New York Heart Association class 1l symptoms and 40% with a
history of MI. The majority of patients were on a standard heart failure regimen, including
angiotensin-converting enzyme inhibitors, angiotensin Il receptor blockers, beta-blockers,
and spironolactone, but only 22% were on a statin. At an average of 3.9 years, the coprimary
end points of death and death or hospital admission for cardiovascular reasons were reduced
by approximately 9% with fish oil supplementation. Sudden cardiac death, a secondary end-
point, showed a statistically nonsignificant relative risk reduction of 7% with fish oil. There
was also a reduction in 2 other arrhythmia-related secondary end-points: first hospitalization
for ventricular arrhythmia and presumed arrhythmic death.

To date, no studies have assessed mortality or nonfatal Ml in diabetic patients treated with
fish 0il.52-54 A recent comprehensive meta-analysis analyzed the effect of fish oil
supplements on metabolic parameters when added to usual care in patients with type 2
diabetes mellitus or impaired glucose tolerance.>* The meta-analysis included a total of 23
small, randomized trials with over 1000 patients that were assessed for lipid and insulin
resistance parameters. At a mean follow-up of approximately 9 weeks, triglyceride reduction
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was accomplished but no significant changes were seen in total cholesterol, high-density
lipoprotein-cholesterol, HgAlc levels, fasting glucose levels, fasting insulin, or in body
weight. The largest randomized trial to date assessed approximately 400 patients with
impaired glucose tolerance or insulin-dependent diabetes mel-litus, and as reflected in the
larger meta-analysis, found no effect of moderate to high doses of fish oil on diabetic
parameters.®® There are insufficient randomized data to comment on the combination of fish
oil and specific diabetes medications and related mortality and/or morbidity.

COMBINATION THERAPY
HMG CoA-Reductase Inhibitors

Fenofibrate

Several small studies have shown that combination therapy with fish oil and HMG CoA
reductase inhibitors is safe.?6-61 The largest trial to date, the JELIS trial,32 was an open label
trial of 18,645 Japanese adults with hypercholesterolemia who were randomized to a
standard statin regimen or a fish oil formulation containing 1.8 g of EPA added to a statin
medication. The cohort was made up mostly of postmenopausal, nonobese women with a
15% to 20% incidence of diabetes, tobacco use, or CAD. The primary outcome of any major
cardiovascular event, at a mean of 4.6 years, was moderately reduced by a relative risk
reduction of 26%. Both unstable angina and nonfatal MI were reduced, but no change was
seen in sudden death. Overall, the findings were remarkable because at baseline
approximately 90% of Japanese consumed at least 900 mg of EPA and DHA per day.52 The
rates of cancer, joint pain, lumbar pain, or muscle pain were similar in the 2 groups. There
was a similar rate of increase in measures of creatine phosphokinase, but more patients had
an increase in aspartate aminotransferase levels (0.6% vs. 0.4%) in the fish oil group. The
rate of bleeding was 1.1% in the fish oil combination group versus 0.6% in the HMG-CoA
reductase inhibitor group.

Fish oil combined with fenofibrate has not been studied extensively in randomized
controlled trials. Data to date, however, suggest that the combination is safe and
effective.53.64 A recent randomized controlled trial of 100 patients with severe
hypertriglyceridemia and HIV on highly active antiretroviral therapy showed that a regimen
of fenofibrate and 3 g/d of fish oil for 8 weeks was well tolerated. The median baseline
triglyceride level of 650 mg/dL was reduced by 65%.%3 Another recent randomized, 2
month, double-blind, placebo-controlled trial, which was set up to assess the safety and
efficacy of fenofibrate with 4 g of fish oil, showed that in the 81 patients assigned to
combination therapy, triglyceride levels were reduced by 61%. Therapy was well-tolerated
without significant adverse reactions at 8 weeks or at the end of a 2-year open label
extension.54 The combination of fish oil and niacin requires further study.

SOURCES OF FISH OIL

For patients without documented CAD, the American Heart Association 2006 Diet and
Lifestyle Recommendations advise the consumption of at least 2 servings of fish per week,
preferably fatty fish high in DHA and EPA.%° The guidelines also recommend a daily fish
intake equivalent to 1 g/d of EPA and DHA for secondary prevention of CAD. Fish oil
supplements containing EPA and DHA are suggested as an alternative to fatty fish
consumption for secondary prevention.

Today the only Food and Drug Administration (FDA)-approved form of dietary omega-3
FA supplement is Lovaza (omega-3-acid ethyl esters; GlaxoSmithKline), which contains
375 mg of DHA and 465 mg of EPA per 1 g capsule. The myriad of dietary supplements of
fish oil, including Kosher capsules, vary from comparable content to insignificant amounts,
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and for the most part can include other fats and cholesterols. In comparison, to achieve
approximately 1 g of EPA and DHA in a meal, 12 ounces of canned light tuna, 2 to 3 ounces
of sardines, 1.5 to 2.5 ounces of farmed Atlantic salmon, or 20 ounces of farmed catfish
must be consumed (Table 1).55 Unfortunately, potentially high levels of harmful pollutants
offset this source of omega-3 FA. The FDA action level for unacceptably high mercury
content in fish is 1.0 x«g/g. The mercury level in most fish is at or below 0.1 ug/g, but
tilefish, swordfish, and king mackerel have high levels of mercury. The majority of fish
species also contain <100 ng/g of polychlorinated biphenyls, which is below the FDA action
level of 2000 ng/g. Dioxins, which do not have FDA action levels, are present in the
majority of marine life.66

CLINICAL USE FOR TRIGLYCERIDE REDUCTION

The hypotriglyceridemic effect of fish oil is well established and is related to both dose and
baseline triglyceride level. Patients with triglycerides <90 mg/dL will be negligibly affected
unless very high doses of omega-3 FA are used.57-68 However, in patients with triglycerides
>200 mg/dL, who are treated with 4 g/d of fish oil, a 30% reduction in triglycerides is
expected.1769 For patients with triglycerides >500 mg/dL who are at risk for pancreatitis,
the National Cholesterol Education Program Adult Treatment Panel 111 guidelines
recommend using fish oil supplements as an adjunctive therapy to fibrates and nicotinic
acid.”0 Lovaza capsules have been shown to be effective, safe, and comparable to
gemfibrozil in treating triglycerides at this range.”>72 The official label recommendation for
Lovaza is for patients with triglycerides >500 mg/dL.”3

EFFECT ON LIPOPROTEIN SUBFRACTIONS

The most extensive data of the effect of fish oil on lipoprotein subfractions are based on
trials performed before the widespread use of statins. This data were aggregated over a
decade ago in a meta-analysis of 16 randomized trials including over 1500 patients.1” In this
analysis, low-density lipoprotein (LDL) was increased by an average of 5% and high-density
lipoprotein was marginally changed. Although a shift toward less atherogenic, larger and
more buoyant LDL particle composition has been shown,’# this has been offset by the
observation that the number of apolipoprotein B 100 particles increases and may be more
susceptible to oxidation.” Increased conversion of remnant particles (intermediate density
lipoprotein) to LDL has also been observed.”®

ADVERSE EFFECTS

The FDA product label on Lovaza warns of potential bleeding complications with the
coadministration of anticoagulants. This warning is based on observational studies that
suggested a prolonged bleeding time in populations ingesting high levels of fish oil”” and on
in vitro studies that demonstrated an effect on pro-thrombotic mediators such as a reduction
in thromboxane A2 production’ and platelet activation factor.”® The same trend, however,
has not been clearly demonstrated in measurements of clotting times or in factors of
fibrinolysis.80 In addition, in randomized clinical trials of patients undergoing coronary
artery bypass graft surgery, percutaneous transluminal coronary angioplasty, endarterectomy
and diagnostic angiography, no adverse bleeding related events have been demonstrated.81
For example, in a trial of 500 patients randomized to pretreatment with 6.9 g of DHA and
EPA preparation 2 weeks before balloon percutaneous transluminal coronary angioplasty
(where all the patients received 325 mg/d of aspirin and heparin bolus periprocedure), no
difference was seen in bleeding complications.82 Similar results were seen in a trial of 610
patients undergoing coronary artery bypass graft surgery, randomized to either placebo or 4
g/d of fish oil and then further randomized to aspirin or warfarin (dosed to an international
normalized ratio [INR] goal of 2.5-4.2). At 1 year, the number of bleeding complications
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was not increased.1® The effect of fish oil on INR values has not been studied extensively,
but a small, randomized trial showed that fish oil did not alter the Coumadin dosing
regimen.83 There is very little evidence that a lower target INR is necessary in patients
receiving chronic warfarin therapy and fish oil.

RECOMMENDATIONS FOR USE

The evidence that fish oil consumption should be used for primary prevention of CAD is
based on observational studies. The only randomized trial for primary prevention, the JELIS
trial, showed a moderate relative risk reduction and was conducted in a very specific group.
Nevertheless, to date, there has been no strong signal suggesting any serious adverse effects
of having high DHA and EPA oils in the diet. We agree with the national guidelines that one
should consume moderate amounts of fish oil— either in supplement or through the dietary
intake of fatty fish with low mercury levels.

Secondary prevention fish oil studies demonstrate a significant reduction in MI. But
unfortunately, both the observational and randomized trials were conducted in an era before
the widespread use of HMG-CoA reductase inhibitors, and therefore, the incremental benefit
is still unknown. Nevertheless, in patients receiving antiplatelet and anticoagulant therapy in
addition to fish oil supplementation (even at doses as high as 4 g per day), no serious
adverse complications have been reported.

Fish oil therapy is efficacious and safe for patients with severe to moderate
hypertriglyceridemia. Combination therapy with HMG-CoA reductase inhibitors is also
efficacious and has not been associated with any serious adverse reactions. Fish oil therapy
added to fenofibrate in patients with severe hypertriglyceridemia is also effective and safe.
Accordingly, it may be a safe and effective adjunct in the pharmacotherapy of the mixed
lipid disorder that is frequently encountered in patients with the metabolic syndrome and/or
type Il diabetes mellitus.

CONCLUSIONS

The addition of omega-3 FA to a healthy diet appears to be safe when used for the primary
and secondary prevention of CAD. The potential benefits are not limited to a reduction in
triglycerides. However, the incremental benefits to modern therapy and a prudent diet are
yet to be fully evaluated.
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H3 OOH

EICOSAPENTAENOIC ACID
(C20:5 n-3)

DOCOSAHEXAENOIC ACID
(C22:6 n-3)

FIGURE 1.

The chemical structure of eicosapentaenoic acid and docosahexaenoic acid.
Eicosapentaenoic acid consists of 20 carbons (C20) with 5 double bonds, and the last
unsaturated carbon is located third from the methyl end (n-3). Do-cosahexaenoic acid
consists of 22 carbons (C22) with 6 double bonds, and also with the3 last unsaturated carbon
located third from the methyl end (n-3). Adapted with permission from Frishman et al, eds.
Cardiovascular Pharmacotherapeutics. New York, NY: McGraw Hill; 2003.3
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Common Dietary Fish and Corresponding Ounces Required to Obtain 1 g/d of Omega 3-FA’s (EPA +

DHA)85

TABLE 1

Oz. Required for 1 g/d EPA + DHA

Herring, Pacific
Herring, Atlantic
Sardines

Tuna, light canned
Tuna, white canned
Salmon, Atlantic wild

Salmon, Atlantic farmed

15
2
2-3
12
4
2-35
15-25
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