10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

lipidemic swine model. N Engl J Med. 1986;
315(14):841-846.

Zhu BQ, Sievers RE, Isenberg WM, Smith DL, Par-
mley WW. Regression of atherosclerosis in cho-
lesterol-fed rabbits: effects of fish oil and verapamil.
J Am Coll Cardiol. 1990;15(1):231-237.

Harker LA, Kelly AB, Hanson SR, et al. Interrup-
tion of vascular thrombus formation and vascu-
lar lesion formation by dietary n-3 fatty acids in
fish oil in nonhuman primates. Circulation. 1993;
87(3):1017-1029.

Rich S, Miller JF Jr, Charous S, et al. Develop-
ment of atherosclerosis in genetically hyperlipid-
emic rabbits during chronic fish-oil ingestion.
Arteriosclerosis. 1989;9(2):189-194.

Russell JC, Amy RM, Dolphin PJ. Effect of di-
etary n-3 fatty acids on atherosclerosis prone JCR:
LA-corpulent rats. Exp Mol Pathol. 1991;55(3):
285-293.

Thiery J, Seidel D. Fish oil feeding results in an
enhancement of cholesterol-induced atheroscle-
rosis in rabbits. Atherosclerosis. 1987;63(1):
53-56.

Fincham JE, Gouws E, Woodroof CW, et al. Ath-
erosclerosis. Chronic effects of fish oil and a thera-
peutic diet in nonhuman primates. Arterioscler
Thromb. 1991;11(3):719-732.

Whelton SP, He J, Whelton PK, Muntner P. Meta-
analysis of observational studies on fish intake and
coronary heart disease. Am J Cardiol. 2004;
93(9):1119-1123.

Wang C, Harris WS, Chung M, et al. n-3 Fatty ac-
ids from fish or fish-oil supplements, but not
a-linolenic acid, benefit cardiovascular disease out-
comes in primary- and secondary-prevention stud-
ies: a systematic review. Am J Clin Nutr. 2006;
84(1):5-17.

GISSI-Prevenzione Investigators (Gruppo Ital-
iano per lo Studio della Sopravvivenza nell’Infarto
Miocardico). Dietary supplementation with n-3
polyunsaturated fatty acids and vitamin E after
myocardial infarction: results of the GISSI-
Prevenzione trial [published corrections
appear in Lancet. 2001;357(9256):642 and
2007;369(9556):106]. Lancet. 1999;354(9177):
447-455.

Yokoyama M, Origasa H, Matsuzaki M, et al; Ja-
pan EPA lipid intervention study (JELIS) Inves-
tigators. Effects of eicosapentaenoic acid on ma-
jor coronary events in hypercholesterolaemic
patients (JELIS): arandomised open-label, blinded
endpoint analysis [published correction appears
in Lancet. 2007;370(9583):220]. Lancet. 2007;
369(9567):1090-1098.

Sacks FM, Stone PH, Gibson CM, Silverman DI,
Rosner B, Pasternak RC; HARP Research Group.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

INVITED COMMENTARY

Controlled trial of fish oil for regression of hu-
man coronary atherosclerosis. J Am Coll Cardiol.
1995;25(7):1492-1498.

Singh RB, Niaz MA, Sharma JP, Kumar R, Ras-
togi VV, Moshiri M. Randomized, double-blind, pla-
cebo-controlled trial of fish oil and mustard oil in
patients with suspected acute myocardial infarc-
tion: the Indian experiment of infarct survival—4.
Cardiovasc Drugs Ther. 1997;11(3):485-491.
Leng GC, Lee AJ, Fowkes FG, et al. Randomized
controlled trial of gamma-linolenic acid and ei-
cosapentaenoic acid in peripheral arterial disease.
Clin Nutr. 1998;17(6):265-271.

von Schacky C, Angerer P, Kothny W, Theisen K,
Mudra H. The effect of dietary omega-3 fatty ac-
ids on coronary atherosclerosis. A randomized,
double-blind, placebo-controlled trial. Ann In-
tern Med. 1999;130(7):554-562.

Nilsen DW, Albrektsen G, Landmark K, Moen S,
Aarsland T, Woie L. Effects of a high-dose con-
centrate of n-3 fatty acids or corn oil introduced
early after an acute myocardial infarction on se-
rum triacylglycerol and HDL cholesterol. Am J Clin
Nutr. 2001;74(1):50-56.

Raitt MH, Connor WE, Morris C, et al. Fish oil
supplementation and risk of ventricular tachycar-
dia and ventricular fibrillation in patients with im-
plantable defibrillators: a randomized controlled
trial. JAMA. 2005;293(23):2884-2891.

Leaf A, Albert CM, Josephson M, et al; Fatty Acid
Antiarrhythmia Trial Investigators. Prevention of
fatal arrhythmias in high-risk subjects by fish oil
n-3 fatty acid intake. Circulation. 2005;112(18):
2762-2768.

Brouwer IA, Zock PL, Camm AJ, et al; SOFA Study
Group. Effect of fish oil on ventricular tachyar-
rhythmia and death in patients with implantable
cardioverter defibrillators: the Study on Omega-3
Fatty Acids and Ventricular Arrhythmia (SOFA) ran-
domized trial. JAMA. 2006;295(22):2613-2619.
Svensson M, Schmidt EB, Jargensen KA, Chris-
tensen JH; OPACH Study Group. N-3 fatty acids
as secondary prevention against cardiovascular
events in patients who undergo chronic hemodi-
alysis: a randomized, placebo-controlled inter-
vention trial. Clin J Am Soc Nephrol. 2006;1
(4):780-786.

Tavazzi L, Maggioni AP, Marchioli R, et al; GISSI-
HF Investigators. Effect of n-3 polyunsaturated fatty
acids in patients with chronic heart failure (the
GISSI-HF trial): a randomised, double-blind, pla-
cebo-controlled trial. Lancet. 2008;372(9645):
1223-1230.

Garbagnati F, Cairella G, De Martino A, et al.
Is antioxidant and n-3 supplementation able to im-
prove functional status in poststroke patients? Re-

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

sults from the Nutristroke Trial. Cerebrovasc Dis.
2009;27(4):375-383.

Galan P, Kesse-Guyot E, Czernichow S, Briancon
S, Blacher J, Hercberg S; SU.FOL.OM3 Collab-
orative Group. Effects of B vitamins and omega 3
fatty acids on cardiovascular diseases: a ran-
domised placebo controlled trial. BMJ. 2010;
341:¢6273. doi:10.1136/bmj.c6273.

Kromhout D, Giltay EJ, Geleijnse JM; Alpha Omega
Trial Group. n-3 fatty acids and cardiovascular
events after myocardial infarction. N Engl J Med.
2010;363(21):2015-2026.

Rauch B, Schiele R, Schneider S, et al; OMEGA
Study Group. OMEGA, a randomized, placebo-
controlled trial to test the effect of highly purified
omega-3 fatty acids on top of modern guideline-
adjusted therapy after myocardial infarction.
Circulation. 2010;122(21):2152-2159.

Einvik G, Klemsdal TO, Sandvik L, Hjerkinn EM.
A randomized clinical trial on n-3 polyunsatu-
rated fatty acids supplementation and all-cause
mortality in elderly men at high cardiovascular risk.
Eur J Cardiovasc Prev Rehabil. 2010;17(5):588-
592.

Bucher HC, Hengstler P, Schindler C, Meier G.
N-3 polyunsaturated fatty acids in coronary heart
disease: a meta-analysis of randomized con-
trolled trials. Am J Med. 2002;112(4):298-304.
Hooper L, Thompson RL, Harrison RA, et al.
Risks and benefits of omega 3 fats for mortality,
cardiovascular disease, and cancer: systematic
review. BMJ. 2006;332(7544):752-760.

Marik PE, Varon J. Omega-3 dietary supple-
ments and the risk of cardiovascular events: a sys-
tematic review. Clin Cardiol. 2009;32(7):365-
372.

Jadad AR, Moore RA, Carroll D, et al. Assessing
the quality of reports of randomized clinical trials:
is blinding necessary? Control Clin Trials. 1996;
17(1):1-12.

Higgins JP, Thompson SG. Quantifying hetero-
geneity in a meta-analysis. Stat Med. 2002;21
(11):1539-1558.

Thies F, Garry JM, Yaqoob P, et al. Association
of n-3 polyunsaturated fatty acids with stability of
atherosclerotic plaques: a randomised con-
trolled trial. Lancet. 2003;361(9356):477-485.
Burr ML, Fehily AM, Gilbert JF, et al. Effects of
changes in fat, fish, and fibre intakes on death and
myocardial reinfarction: diet and reinfarction trial
(DART). Lancet. 1989;2(8666):757-761.
Brouwer IA, Raitt MH, Dullemeijer C, et al. Effect
of fish oil on ventricular tachyarrhythmia in three
studies in patients with implantable cardioverter
defibrillators. Eur Heart J. 2009;30(7):820-826.

Omega-3 Fatty Acids and Secondary Prevention
of Cardiovascular Disease—Is It Just a Fish Tale?

mega-3 fatty acids are
among the most exten-
sively studied nutrients for

their potential cardiovascular ben-
efits. There are 2 major classes of
omega-3 fatty acids. The first is
a-linolenic acid, an essential fatty

acid derived from plant sources, such
as flaxseed, walnut, soybean, and
canola oils. The second class in-
cludes long-chain omega-3 fatty ac-
ids, eicosapentaenoic acid (EPA),
and docosahexaenoic acid (DHA),
which are derived primarily from

fatty fish. a-Linolenic acid can be
converted to EPA and DHA in the
human body, although the effi-
ciency of such conversions seems to
be low.! A large body of evidence
from experimental, clinical, and epi-
demiologic research has demon-
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strated the potential benefits of EPA-
rich and DHA-rich fish oil on
cardiovascular health.? In addition,
consistent findings from prospec-
tive observational cohort investiga-
tions indicate that regular consump-
tion of fatty fish (=2 times per week)
is associated with a significantly
lower risk of cardiovascular death.?

Several randomized clinical trials
(RCTs) have examined the effects of
fish oil supplementation on cardio-
vascular disease (CVD) morbidity
and mortality, and almost all RCTs
were conducted in secondary pre-
vention settings. However, the find-
ings from these trials have been in-
consistent. Two earlier open-label
trials (the Gruppo Italiano per lo Stu-
dio della Sopravvivenza nell'Infarto
Miocardico [GISSI]-Prevenzione
trial* and the Japan EPA Lipid In-
tervention Study’) found signifi-
cant benefits of fish oil supplemen-
tation on CVD outcomes, but more
recent trials (Alpha Omega,®
OMEGA,” and SU.FOL.OM3®) did
not find such benefits. The
GISSI-Heart Failure trial,” the RCT
with the largest number of CVD end
points conducted to date, found that
fish oil supplementation reduced fa-
tal CVD by 10% (95% CI, 1%-19%)
among patients with chronic con-
gestive heart failure.

The inconsistent results from sec-
ondary prevention trials set the stage
for the meta-analysis by the Korean
Meta-analysis Study Group'® re-
ported in this issue of the Archives.
The meta-analysis included 14 RCTs
among a total of 20 485 patients with
a history of CVD. In these trials, the
daily dose of EPA or DHA ranged
from 0.4 to 4.8 g/d (mean [SD], 1.7
[1.2] g/d), and the follow-up pe-
riod ranged from 1.0 to 4.7 years
(mean [SD], 2.0 [1.2] years). Supple-
mentation with omega-3 fatty acids
did not reduce the risk of overall car-
diovascular events, all-cause mor-
tality, or sudden cardiac death. Based
on these data, the authors con-
cluded that omega-3 supplements
were not beneficial for secondary
prevention of CVD.

Several aspects of this meta-
analysis need to be carefully consid-
ered. Among 14 RCTsincluded in the
meta-analysis, most were very small
short-term studies and were not de-
signed to evaluate CVD end points.

By using random-effects models in the
primary analysis, disproportionally
greater weights were given to these
small studies. In addition, the au-
thors excluded the 2 large open-
label trials (the GISSI-Prevenzione
trial* and the Japan EPA Lipid Inter-
vention Study®) that found benefi-
cial effects of omega-3 supplementa-
tion in the primary analysis. When
these trials were included in a sec-
ondary analysis, the pooled estimate
for omega-3 supplementation on
overall CVD events was changed to
the protective direction, although it
remained nonsignificant in the ran-
dom-effects model. One can argue
that because these 2 large trials with
rigorous outcome ascertainment have
made important contributions to the
totality of the evidence, the data
should not be simply ignored in
evaluating overall evidence.

One question that has been
raised is why more recent trials (Al-
pha Omega,® OMEGA,” and
SU.FOL.OM3?®) have not replicated
significant effects of fish oil supple-
mentation on secondary prevention
of CVD that were found in earlier
trials. Differences in study designs,
population characteristics, and
types and dosages of omega-3 fatty
acids are possible explanations.
Most important, the newer trials
were each substantially underpow-
ered and unable to detect signifi-
cant small to modest benefits on
CVD outcomes because of their
small sample sizes and much
lower-than-expected event rates. Of
note, the absolute risk for fatal
CVD and sudden cardiac deaths in
the Alpha Omega trial® was only
half of that observed in the
GISSI-Prevenzione trial.* Mozaffar-
ian and Wu? estimated that the
OMEGA" and SU.FOL.OM3?® trials,
with 57 and 40 coronary heart dis-
ease deaths, respectively, provided
less than 20% power to detect a
25% risk reduction. The power to
detect a more modest effect (eg,
10% risk reduction) by these trials
would be close to zero.

Another explanation could be
that the patients in the more recent
trials received much better treat-
ment with statins and antithrom-
botic and antihypertensive medica-
tions than those in earlier trials. The
prevalences of statin use were 29%

in GISSI-Prevenzione,* 23% in
GISSI-Heart Failure,’ 85% in Al-
pha Omega,® 94% in OMEGA,” and
87% in SU.FOL.OM3.® The addi-
tional benefits of fish oil supplemen-
tation or any other therapy on top
of statins, B-blockers, angiotensin-
converting enzyme inhibitors, and
other cardiovascular medications are
likely to be small; therefore, a much
larger sample size is critical to
achieve sufficient power.

Another important question is
whether fish oil has different ef-
fects in primary and secondary pre-
vention of CVD. The trials in-
cluded in the meta-analysis by the
Korean Meta-analysis Study Group'
were conducted among patients with
existing CVD. The Japan EPA Lipid
Intervention Study,’ which was not
included in the meta-analysis, en-
rolled a mixed primary and second-
ary population. The ongoing Vita-
min D and Omega-3 Trial'! is
enrolling men older than 50 years
and women older than 55 years, for
a total of 20 000 participants. In this
double-blind placebo-controlled pri-
mary prevention trial, the partici-
pants will be randomized to re-
ceive vitamin D (2000 IU/d), marine
omega-3 fatty acids (1 g/d, with 840
mg EPA and DHA), both supple-
ments, or neither (double pla-
cebo). The trial is powered to ex-
amine major cardiovascular events,
as well as coronary heart disease and
stroke individually.

While waiting for more defini-
tive results, what should physi-
cians tell their patients? To date,
there is no conclusive evidence to
recommend fish oil supplementa-
tion for primary or secondary pre-
vention of CVD. However, a diet
high in fatty fish (=2 servings of ma-
rine fish per week) should con-
tinue to be recommended for the
general population and for patients
with existing CVD because fish not
only provides omega-3 fatty acids
but also may replace less healthy
protein sources, such as red meat.
Individuals who are unable or un-
willing to eat fish or related prod-
ucts should consider increasing their
consumption of plant-derived
omega-3 fatty acid (a-linolenic acid).
For primary or secondary preven-
tion, omega-3 supplementation can-
not supersede an overall healthy diet,
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but a cardioprotective diet needs to
be rich in omega-3 fatty acids.
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