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Usefulness of Omega-3 Fatty Acids and the Prevention of Coronary
Heart Disease

Charles R. Harper, MDa and Terry A. Jacobson, MDa,b,*

Clinical trial evidence exists that supports a role for the omega-3 polyunsaturated
fatty acids in coronary heart disease prevention. However, the results from these
clinical trials have varied and were conducted in diverse population groups using
several different types of omega-3 polyunsaturated fatty acids, including eicosapen-
taenoic acid, docosahexaenoic acid, and alpha-linolenic acid (ALA). Thus, we sys-
tematically reviewed previously published reports assessing the different types of
omega-3 polyunsaturated fatty acid interventions and cardiovascular outcomes.
Fourteen randomized clinical trials were included in the review. Six trials were
included with fish oil, with 1 large trial (10,000 patients) dominating the analysis. In
aggregate, the fish oil trials demonstrated a reduction in total mortality and sudden
death without a clinically significant reduction in nonfatal myocardial infarction. The
6 trials with ALA supplements or an ALA-enriched diet were of poorer design than
the fish oil trials and had limited power. Many of the trials with ALA involved other
changes in dietary components. In aggregate, the ALA trials demonstrated possible
benefits in reducing sudden death and nonfatal myocardial infarction, but with wider
confidence intervals than in the fish oil trials. In conclusion, the evidence suggests a
role for fish oil (eicosapentaenoic acid, docosahexaenoic acid) or fish in secondary
prevention because recent clinical trial data have demonstrated a significant reduc-
tion in total mortality, coronary heart disease death, and sudden death. The data on
ALA have been limited by studies of smaller sample size and limited quality. © 2005

Elsevier Inc. All rights reserved. (Am J Cardiol 2005;96:1521–1529)
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n inverse association between the intake of omega-3 poly-
nsaturated fatty acids (n-3 PUFAs) and coronary heart
isease (CHD) mortality has been demonstrated in several
rospective epidemiologic studies, but not in all.1–4 Studies
ave used food diaries and biologic markers of dietary
ntake (i.e., percentage of serum fatty acids) to estimate
ietary exposure and CHD risk. A recent review of prospec-
ive cohort epidemiologic studies has suggested that n-3
UFA consumption correlates with a reduction in CHD
eath.5 Additionally, clinical trial evidence exists that sup-
orts a role for the n-3 PUFA in CHD prevention. The
esults from these clinical trials have varied and were con-
ucted in several different ethnic groups and with several
arieties of omega-3 fatty acids. The purpose of this study
as to review published data systematically to assess the
ifferent types of randomized controlled clinical trials in-
olving different types of n-3 PUFA interventions and their
ffects on CHD morbidity and mortality.
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ethods
Search strategy: Studies were identified by searching

edLine, EMBASE, and Index Medicus from 1966 to June
004, as well as the Cochrane Library of references and
linical trials. We included all languages. A search was
one with key words, including, omega-3 fatty acids, fish
il, eicosapentaenoic acid (EPA), docosahexaenoic acid
DHA), alpha-linolenic acid (ALA), gamma-linolenic acid,
olyunsaturated fatty acids (PUFAs), flax seed oil, dietary
herapy, and cardiovascular disease.

Inclusion criteria: We used several criteria to select the
tudies. First, the trials had to be randomized, controlled
rials, which included a control group or a placebo group.
econd, trial end points had to include either significant
ardiovascular disease end points, such as fatal myocardial
nfarction, nonfatal myocardial infarction, cardiovascular
ortality, or total mortality. Third, trials were excluded if

atients were not followed for �1 year. Finally, trials were
xcluded if they involved �1 intervention unless in a pro-
pective 2 � 2 design.

Data extraction and validity assessment: Study quality
as also assessed by a scoring system described by Jadad et

l.6 Scoring was based on the following: (1) randomization
f patients; (2) blinding of patients and providers and those
nalyzing the data; (3) complete follow-up of those who

ithdrew from the study; (4) the presence of concealed

www.AJConline.org
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andomization; and (5) the presence of double blinding and
placebo group.

Data synthesis: The studies were divided into those with
lant-based n-3 PUFAs (ALA), fish-based n-3 PUFAs (DHA
nd EPA), and those that used whole food changes, such as
ncreased fish consumption or increased margarine con-
umption. The data were organized into tabular form and
hen divided by more specific cardiac end points. A formal
eta-analysis was not performed due to the heterogeneity of

he studies, limited number of studies, general poor study
uality, and diversity of the interventions.

esults
Identified studies: Our search identified 2,478 publica-

ions with possible relevance. From their structured ab-
tracts, we reviewed 118 for full study analysis. Of these, 14
tudies met the inclusion criteria.

Study characteristics: The doses of n-3 PUFA ranged
rom 0.85 to 4.8 g/day for the studies with EPA and DHA
nd from 1.0 to 6.3 g/day for the studies with ALA. The
adad quality scores (Jadad quality rating 0 to 5, with 5
ndicating highest quality study) ranged from 1 to 4.6 The
ncluded studies had sample sizes ranging from 59 to

13,000 subjects studied.

Characteristics of dietary intervention: The core
roup of 14 studies included 6 studies with fish oil, 2 studies
ith fish, 5 studies with ALA supplements, and 2 studies
ith an ALA-enriched diet. Of the ALA supplement trials,

everal included supplementation with flaxseed oil, mustard
eed oil, soybean oil, or ALA-enhanced margarine.

Characteristics of study participants: The studies had
ecruited participants from northern Europe, Southern Eu-
ope, and India. Participants were recruited from vegan
opulations and meat-consuming populations. In addition,
tudies were conducted in low-fish consumption and mod-
rate-to-high fish consumption populations. Table 1 lists the
stimated background fish or n-3 PUFA consumption.

Characteristics of individual fish oil studies: Of the 6
sh oil studies, only 3 were designed and powered to ana-

yze hard cardiac end points. The Gruppo Italiano per 10
tudio della Sopravvienza nell’Infarcto Miocardio (GISSI)

rial, which was the largest, had a 2 � 2 factorial design and
ncluded fish oil capsules and vitamin E capsules.7 In that
tudy, 10,000 patients were randomized to fish oil (850 mg
PA plus DHA, EPA/DHA ratio 1:2), with or without
itamin E (300 mg), and followed for 3.5 years. The pri-
ary combined end point was death, nonfatal myocardial

nfarction, and stroke. Fish oil reduced the primary end
oint by 15% (4-way analysis), and vitamin E had no effect
n any end point. When analyzing secondary end points, a
elative risk reduction of 20% was seen for total mortality.

his effect was seen early and was driven by a 45% reduc-
ion in sudden death, suggesting an antiarrhythmic effect.7

hese positive results occurred in a group of patients already
n a prototypical heart healthy Mediterranean diet (88% �1
sh serving/wk, 88% �1 fruit serving/day, 55% �1 vegetable
erving/day). In addition, patients were receiving standard
harmacologic therapy for secondary prevention of CHD
46% statin, 83% aspirin, and 39% � blockers by study
nd). This trial was limited by its open-label design and lack
f a control group.

The Indian Study on Infarct Survival was a randomized,
lacebo-controlled study of 360 Indian patients �1 day
fter myocardial infarction.8 Participants were enrolled into
of 3 groups: a group receiving fish oil (1.08 g/day EPA

nd 0.72 g/day DHA), a group receiving mustard seed oil 20
/day (ALA content 2.9 g/day), and a placebo group receiv-
ng aluminum hydroxide 100 mg/day. The combined pri-
ary end point was total cardiac events (sudden cardiac

eath plus total cardiac deaths plus nonfatal reinfarction).
he fish oil group had a 30% reduction in total cardiac
vents. The study population in this trial had unique fea-
ures. First, the patients entered the study within 24 hours of
heir myocardial infarction symptoms, and second, although
he investigators did not provide any baseline dietary data,
t is known that a high percentage of patients living in that
art of India are vegetarians. This baseline diet might have
esulted in underestimating the effect of plant-based ome-
a-3 fatty acids. Study limitations included the unique char-
cteristics of the study population (vegetarian south
sians), and that the patients were 1 day after myocardial

nfarction and not treated aggressively with modern post-
yocardial infarction therapies. Only 30% of patients were

eceiving � blockers and 20% angiotensin-converting en-
yme inhibitors; the use of lipid-lowering drugs was not
eported.

Nilsen et al9 studied the effect of omega-3 fatty acids on
ubsequent cardiac complications in patients recently hospital-
zed with myocardial infarction. In Norway, 300 patients were
nrolled within 1 week of myocardial infarction and followed
or 1.5 years. Patients randomized to the treatment group re-
eived 4 capsules of 1-g fish oil daily (EPA 2.24 g/day, DHA
.12 g/day). The placebo control group received 4 g of corn oil
59% linoleic acid, 24% oleic acid, 17% stearic acid, 0%
LA). The primary end point was defined as cardiac death,

ardiac resuscitation, recurrent myocardial infarction, or unsta-
le angina. The results of this study did not demonstrate any
linical benefit from fish oil; however, certain important limi-
ations were present. The patients enrolled in this study lived in
coastal area, and the baseline diet was rich in fish containing
mega-3 fatty acids. Another potential confounder with this
tudy was the corn oil placebo. Some studies have suggested
hat corn oil may be antiarrhythmic and thus could potentially
educe sudden death. Also, observational cohort studies seem
o suggest a threshold effect with fish-based omega-3 fatty
cids; thus, consuming more fish than the threshold might have
o added benefit.
von Schacky and others10 evaluated 223 patients with



Table 1
Randomized controlled clinical trials of omega-3 fatty acids and cardiovascular outcomes

Trial n-3
(Type/Dose)

Control
(Type/Dose)

n Mean
Follow-up
(mo)

Previous
MI (%)

Baseline Fish or n-3 Intake All-Cause Mortality
(RR, 95% CI)

Fish Oil
GISSI Italy, 19997 EPA � DHA (1:2) 0.85 g/d Control or vitamin E 11,234 42 100 73% �1 serving fish/wk 0.79 (0.66–0.93)
Singh, India 19978 EPA � DHA (1:1) 1.8 g/d 100 mg Aluminum hydroxide 360 12 100 ND ND
Nilsen, Norway 20019 EPA � DHA (1:2) 3.4 g/d Corn oil 4 g/d 300 18 100 3 servings fish/wk 1.0 (0.45–2.2)
Von Schacky 1999
Germany10

EPA � DHA (3:2) 1.85 g/d Vegetable oil blend 1.85 g/d 223 24 57 ND 0.5 (0–5.5)

Leng, UK, 199811 EPA 0.27 g/d Sunflower seed oil 3 g/d 120 24 29 ND 1.0 (0.21–4.8)
Sacks USA, 199512 EPA � DHA (3:2) 4.8 g/d Olive oil 12 g/d 59 28 56 ND 0.3 (0.01–7.1)

Fish
Burr, UK, 200314 EPA 2.65 g/wk “Sensible eating” EPA 0.12 g/wk 3,114 108 50 0.54–0.67 g/wk 1.15 (0.86–1.36)
Burr, UK 198913 2.4 g/wk No fish advice 2,033 24 100 0.7 g/wk 0.73 (0.56–0.93)

ALA supplements
Natvig, Norway, 196615 ALA 5.25 g/d Linseed oil 10 ml/d ALA 0.13 g/d Sunflower oil 10 ml/d 13,578 12 8 ND 1.07
Leren, Norway 196616 ALA 1.0–1.9 g/d (soybean oil) Usual diet 412 60 100 ND 0.75 (0.52–1.06)
MRC Soya-Bean UK, 196817 ALA 5.9 g/d soybean oil Usual diet 393 men 54 100 ND 0.86 (0.49–1.50)
Bemelmans Netherlands
200218

ALA 6.3 g/d (margarine 15% ALA) Margarine (0.3% ALA) 1 g/d 282 24 ND 2.1 servings fish/wk 4.3 (0.46–41)

Singh India 19978 ALA 2.9 g/d Aluminum hydroxide 360 12 90 ND ND
ALA-enriched diet

Singh India 200219 ALA 1.8 g/d (SD 0.4) ALA 0.8 g/d (SD 0.2) 1,000 24 50 1.1 g/d (10 g/day MSO) 0.63 (0.38–1.04)
De Lorgeril, France 199920 ALA-fortified margarine (1.0–1.9 g/d) Usual care 605 27 100 3 servings fish/wk 0.44 (0.21–0.94)

CVD � cardiovascular disease; MI � myocardial infarction; MSO � mustard seed oil; ND � not determined.
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Table 1 Con’t

CVD Death
(RR, 95% CI)

Cardiac Death
(RR, 95% CI)

Sudden Death
(RR, 95% CI)

Fatal MI
(RR, 95% CI)

Nonfatal MI
(RR, 95% CI)

All Strokes
(95% CI)

All CVD
Events
(95% CI)

Quality
Score

0.70 (0.56–0.86) 0.65 (0.51–0.82) 0.55 (0.51–0.82) 0.68 (0.53–0.88) 0.91 (0.68–0.94) 1.2 (0.81–1.9) 0.80 (0.68–0.94) 3

ND 0.52 (0.29–0.95) 0.24 (0.05–1.1) ND 0.52 (0.3–0.9) ND 0.71 (0.48–1.1) 13
ND 1.0 (0.39–2.6) ND ND 1.4 (0.75–2.6) ND 1.1 (0.84–1.3) 4
ND ND ND 0.5 (0–14.7) 0.4 (0.1–2.9) ND ND 3
1.0 (0.15–0.69) ND ND ND 0.75 (0.18–3.2) 3.0 (0.32–28) 0.86 (0.43–1.7) 5
0.3 (0.01–7.1) 0.3 (0.01–7.1) ND 0.3 (0.01–7.7) 0.45 (0.04–4.7) 2.7 (0.12–64) ND 3

ND 1.26 (1.00–1.58) 1.54 (1.06–2.23) ND ND ND ND 1
ND 0.67 (0.51–0.89) ND 0.7 (0.5–0.9) 1.5 (0.97–2.3) ND ND 2

ND 1.0 ND ND ND 1.43 ND 2
0.73 (0.50–1.06) ND 1.00 (0.61–1.64) 0.43 (0.21–0.89) 0.77 (0.47–1.27) ND ND 2
1.06 (0.59–1.9) 0.97 (0.54–1.76) ND 1.05 (0.49–2.23) 0.97 (0.54–1.76) ND 0.99 (0.61–1.64) 2
1.44 (0.09–23) ND ND ND 0.16 (0.01–2.9) 0.29 (0.01–5.9) 0.16 (0.02–1.3) 3
ND 0.61 (0.34–1.1) 0.25 (0.05–1.1) ND 0.59 (0.35–1.0) ND 0.82 (0.56–1.2) 3

ND ND 0.38 (0.15–0.95) 0.71 (0.34–1.5) 0.49 (0.30–0.81) 0.54 (0.22–1.3) ND 3

ND 0.35 (0.15–0.83) 0.06 (0.003–1.02) ND 0.32 (0.15–0.70) 0.11 (0.01–2.1) 0.53 (0.38–0.74) 4
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1525Preventive Cardiology—Review/Omega-3 Fatty Acids and CHD Prevention
ngiographically proven CHD and followed them for 2
ears. Patients in the treatment group received 6 g of fish oil
aily (3.3 g/day EPA plus DHA, EPA/DHA ratio 3:2) for 3
onths and then 3 g/day for 21 months. The placebo con-

rols were treated with capsules containing a blend of oils
omparable to that of the typical European diet (placebo
apsules 0% ALA, 0% EPA, 0% DHA). Although the pri-
ary end point was angiographic (luminal diameter), clin-

cal events were recorded. The loss of luminal diameter
as not statistically significant. Seven cardiovascular

vents occurred in the control group and 2 in the fish oil
roup (p � 0.10). This difference, however, was not
tatistically significant.

Two small fish oil trials are also listed in Table 1. A
tudy by Leng et al11 included 120 patients with known
eripheral vascular disease; cardiac events were a secondary
nd point. Sacks et al12 conducted a trial with 59 partici-
ants designed to look at angiographic end points and re-
orded cardiac events. These 2 studies failed to show a
eduction in cardiac death, myocardial infarction, or revas-
ularization rates.12

Characteristics of individual fish diet studies: The
reviously mentioned trials increased omega-3 fatty acid
onsumption by providing a supplement; however, other
nvestigators have studied the effect of n-3 PUFAs by in-
tructing patients to eat more fish.

The first of these trials was the Diet And Reinfarction
rial (DART). In this randomized controlled factorial study,
,033 men 4 to 6 weeks after myocardial infarction were
ollowed for 2 years.13 Participants were randomized to
eceive advice on each of the following 3 dietary factors: (1)
at intake (�30% of total calories); (2) fiber intake (�18
/day); and (3) fatty fish intake (2 servings of oily fish
eekly). The primary end point was total mortality; sec-
ndary end points included cardiac death and nonfatal myo-
ardial infarction.

Fish advice resulted in a 29% (p �0.05) reduction in mor-
ality; other forms of advice had no effect on mortality. The
-year incidence of nonfatal myocardial infarction was not
educed by any of the 3 dietary interventions; however, the
ncidence of cardiac death in the fish group was reduced by
3% (p �0.05). The investigators proposed that the mortality
enefit was driven by a reduction in sudden death. More
mportantly, the results of their study suggest that diets used to
revent mortality from coronary heart disease need to focus on
ore than just their effects on lipoprotein levels. This concept
as underscored by the following facts. First, the 29% reduc-

ion in mortality occurred independent of the serum cholesterol
evels. Second, the serum cholesterol increased in the fish
dvice group. Finally, the amount of fish consumed was only
00 g of fish per week or 2.5 g of EPA per week, an amount
oo small to effect triglyceride levels. The limitations of this
tudy included a lack of blinding.

In another randomized controlled factorial trial by the

ame investigators, 3,114 men with angina were followed e
or 9 years. Participants were randomized to 1 of 4 groups
nd given varying advice: group 1, eat more fish; group 2,
at more fruit; group 3, eat more fish and fruit; and group 4,
o advice.14 The participants in group 1 were told to eat 2
ervings per week of oily fish from the ocean. Those that
ould not eat fish were given fish oil capsules 3 g/day.
roup 2 was told to eat 4 portions of fruit daily and 8 g of
ber. Group 3 received the same advice as groups 1 and 2.
roup 4 only received advice on “sensible eating.” The end
oints in this study were total mortality and cardiac mortal-
ty. All-cause mortality was not altered by any type of
dvice, and the risk of cardiac death was higher among
hose given the fish advice (1.26; 95% confidence interval
CI] 1.00 to 1.58; p � 0.047). The risk of sudden cardiac
eath was also higher for the fish advice group (1.54; 95%
I 1.06 to 2.23; p � 0.025). The results of this study were
nexpected, and its several limitations are discussed.

Participants in this study were only required to have a
istory consistent with angina; however, only 50% of par-
icipants had documented CHD, raising uncertainty about
he trial being a true secondary prevention study. Also, the
tudy was discontinued for 12 months because of inter-
upted funding. The effect this interruption had on dietary
atterns and n-3 PUFA intake is difficult to determine.
hen the study was resumed, only 10% of the study par-

icipants received dietary questionnaires, making assess-
ent of dietary compliance less reliable. The background
sh consumption of group 1 before the trial seemed to be
igh compared with that in other studies. If a threshold
ffect exists with fish and omega-3 fatty acids, a benefit
rom consumption of additional fish would not be expected.

Characteristics of patient ALA dietary supplementa-
ion trials: In the Norwegian Vegetable Oil experiment, the
argest ALA supplement trial, 13,000 men, mostly without
nown CHD, aged 50 to 59 years, were followed for 1
ear.15 In this double-blind trial, patients were randomized
o receive 10 ml of flaxseed oil daily; 10 ml of this rich
ource of ALA would provide 5.25 g of ALA daily. The
ontrol group received sunflower oil, which contains no
LA (0% ALA, 65% linoleic acid, 23% oleic acid, and 12%

tearic acid). The end points in this trial included all-cause
eath, sudden death, and myocardial infarction. The mor-
ality from all causes, as well as from CHD, was the same
n the 2 groups. More patients had previous angina pectoris
r myocardial infarction in the flaxseed oil group (p �0.02).
his trial was limited by several major confounders. Thirty
ercent of the patients stopped taking the flaxseed oil in the
rst year because the negative results from another earlier

inseed oil trial in Norway were widely reported in the lay
ress. The omega-6–rich sunflower oil used as a control
ay have had a cardioprotective effect. Also, the event rate

n the study participants was significantly lower than the

vent rate of the background population. Other limita-
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ions, in addition to the short duration of the trial, in-
luded a lack of information on the percentage of study
articipants taking aspirin or other cardioprotective
edications.
ALA was also studied in the Oslo Diet Heart Study. This

andomized controlled trial included 412 men with a history
f myocardial infarction. Those randomized to the treatment
roup were given soybean oil (7% ALA, 50% linoleic acid,
6% oleic acid) 15 to 30 g/day (1 to 1.9 g ALA/day).16 They
ere also given advice to eat more fish and less fat and were
rovided with free fish rich in omega-3. The control group
eceived no soybean oil or fish. The end points included
atal myocardial infarction, sudden death, nonfatal myocar-
ial infarction, and total mortality. No significant change
as noted in total mortality; however, a risk reduction of
3% in fatal myocardial infarction was demonstrated (95%
I 0.21 to 0.89, p � 0.004) and a 23% reduction in nonfatal
yocardial infarction, which did not reach statistical signif-

cance. The results of this trial were limited by the multiple
hanges in the treatment group, including advice on a low-
at diet and fish supplementation. This trial had a sample
ize of 412 and thus was not adequately powered to study
linical end points. The choice of soybean oil for a trial
esigned to study the effect of ALA was also problematic,
ecause soybean oil is only 7% ALA but is a rich source of
mega-6 fatty acids, such as linoleic acid (50%).

The Medical Research Council Soya-Bean Trial also
tudied the effect high doses of soybean oil on hard cardiac
nd points in 393 patients.17 The participants were followed
or �6 years. No significant reduction was found in cardiac
vents (relative risk [RR] 0.99, 95% CI 0.61 to 1.64). A
rend was noted toward a reduction in all-cause mortality;
owever, the 95% CIs were wide (RR 0.86, 95% CI 0.49 to
.50). This study was statistically powered to detect a 50%
eduction in cardiac events, so smaller reductions may have
een missed. The trial was confounded in that patients
nable to tolerate soybean oil (n � 20) were switched to
orn oil, which contains no n-3 PUFAs.

The Mediterranean Alpha-linolenic Enriched Groningen
ietary Intervention Study (MARGARIN) study was a dou-
le-blinded, randomized, controlled, 2 � 2 factorial study.

total of 282 patients were followed for 2 years.18 Partic-
pants were randomized to receive a margarine rich in ALA
ALA 15%) or margarine with minimal ALA (ALA 0.3%).
hese participants were also randomized to receive advice
n how to eat a Mediterranean style diet or a leaflet on
tandard Dutch dietary guidelines. During the 2-year period,
patient in each group died, and 3 myocardial infarctions

ccurred in the control group and only 1 in the treatment
roup. These differences were not statistically significant,
nd the trial was not designed to study cardiac events.

Singh et al8 studied 360 patients from India. These pa-
ients were enrolled within 24 hours of myocardial infarc-
ion. As discussed previously, this study had a fish oil arm;
owever, in another arm of the study, patients received 20 g

f mustard seed oil, a rich source of ALA (14.5% ALA).8 A n
lacebo group received aluminum hydroxide capsules. At
he end of 1 year, a trend toward reduced cardiac events, but
o statistically significant reductions in cardiac death (RR
.61, 95% CI 0.34 to 1.1), sudden death, or nonfatal myo-
ardial infarction (RR 0.59, 95% CI 0.35 to 1.0) was ob-
erved. This study was limited by its small size, because
ustard seed oil is a widely consumed oil in India, and the

nvestigators did not provide information on background
onsumption rates.

Characteristics of patient trials with ALA-enriched
iet: In the Indo-Mediterranean Diet Heart Study, investi-
ators attempted to increase the intake of ALA by teaching
atients a diet that was rich in ALA rather than increasing
LA in the form of a capsule or dietary supplement.19

n this randomized, single-blind, placebo-controlled trial,
,000 Indian patients with CHD or multiple CHD risk fac-
ors were followed for 2 years. The treatment group was
nstructed to eat 500 g of fruit, vegetables, and nuts daily. In
ddition, they were encouraged to eat 500 g of whole grains
nd 3 to 4 servings of mustard seed oil, a rich source of
LA, which provided, on average, 1.8 g of ALA daily

14.5% ALA). The primary combined end point was non-
atal myocardial infarction, fatal myocardial infarction, and
udden cardiac death. A 49% reduction occurred in the
rimary combined end point (95% CI 0.34 to 0.73). In
ddition to the mustard seed oil, many dietary changes were
mplemented, making it difficult to attribute all the cardio-
ascular benefit to the ALA-rich mustard seed oil.

The Lyon Diet Heart Study was a single-blind, random-
zed, control study involving 605 French patients within 6
onths of myocardial infarction. The mean follow-up for

he participants was 27 months.20 Patients in the experimen-
al group were given 1 hour of dietary instruction on eating

Mediterranean style diet by a research dietitian. Patients
ere also provided with a free supply of an ALA-enriched

pread (5% ALA) to replace the use of any butter or mar-
arine. The control group received instruction in a diet
imilar to the American Heart Association Step 1 diet. The
rimary end point was a combined end point of cardiac
eath and nonfatal myocardial infarction. At approximately
years the group receiving the ALA-enriched spread had a

3% RR reduction (risk ratio 0.27, 95% CI 0.12 to 0.69,
� 0.001) for the combined end point of cardiac death and

onfatal myocardial infarction. This risk reduction persisted
hen patients were followed up at 4 years. Patients in the

reatment arm consumed an average of 1.8 g of ALA per
ay and the previously mentioned reduction in cardiac death
ccurred without a change in cholesterol levels. The in-
rease in plasma ALA correlated with a reduction in CHD
hen tested by multivariate analysis. Although the results
f this trial were promising, 1 important limitation should be
iscussed. A differential intake of other nutrients, in addi-
ion to ALA, was present, making it difficult to evaluate the
ffect of ALA alone. The treatment group consumed sig-

ificantly fewer total calories and saturated fat and con-
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umed significantly more monounsaturated fat and ascorbic
cid. In addition, differences were present in nut and fish
onsumption.

iscussion

espite the heterogeneous nature of the clinical trials re-
iewed, including significant differences in study quality, a
ew general conclusions can be made. A clear trend seems
o emerge (Table 1) that suggests important differences in
ardiovascular outcomes (total mortality, CHD deaths, sud-
en deaths, and nonfatal myocardial infarction) between
mega-3 fatty acid supplementation with fish oil (EPA,
HA) or fish versus supplementation with plant based ALA

upplementation.
The 6 fish oil trials included in our review varied signif-

cantly in the EPA and DHA dosage (0.27 to 4.8 g/day), as
ell as the trial duration (12 to 42 months). Three of the

rials were conducted exclusively with patients with CHD,
ith most having had myocardial infarction. The other 3

rials included a mix of patients with CHD or multiple
ardiovascular risk factors. The study quality for the fish oil
rials was generally very good.

Only 3 fish oil trials were prospectively designed to
valuate specific clinical end points (e.g., total mortality,
HD death, fatal myocardial infarction, and nonfatal myo-
ardial infarction) of which the GISSI Prevenzione trial was
he largest (n � 11,324). A few general trends emerged with
he fish oil trials (Table 1), in particular the reduction in total
ortality, cardiovascular deaths, and fatal myocardial in-

arction, including sudden death. The results are particularly
ominated by the robust results of the largest trial, the
ISSI trial. In that study, the CIs were very narrow for

ardiovascular deaths, fatal myocardial infarction, and total
ortality, with only a small reduction seen in nonfatal
yocardial infarction. The GISSI trial reported a 21% re-

uction (95% CI 0.66 to 0.93) in total mortality. It appears
hat most of the reduction in total mortality and cardiac
eath seen in this trial was derived from a 45% reduction in
udden death (RR 0.55, 95% CI 0.51 to 0.82), and the
eduction in nonfatal myocardial infarction was minimal
RR 0.91, 95% CI 0.68 to 0.94).7 Thus, in aggregate, the
esults of the bulk of the fish oil trials suggest a significant
eduction in total mortality and fatal CHD deaths and a
ossible strong antiarrhythmic effect.

Of the 2 dietary fish trials, in which patients were in-
tructed to eat fish known to be rich in n-3 PUFAs (EPA,
HA), the results appear to be mixed. In these 2 trials, the

ype of fish consumed and the methods of preparation were
ot well reported nor were the other changes in the diet
nduced by the higher fish intake. Of these 2 trials, 1 was so
eriously limited (Burr et al14) from a methodologic stand-
oint that no useful conclusions could be drawn from this
tudy. In the other dietary fish trial (DART, Burr et al13)

ith higher methodologic quality (Table 1), a 27% decrease p
n total mortality (RR 0.73, 95% CI 0.56 to 0.93) was
emonstrated without a statistically significant reduction in
onfatal myocardial infarction (RR 1.5, 95% CI 0.97 to 2.3).
his would seem to support the theory that fish-based n-3
UFAs (EPA, DHA) may impart their cardioprotective ef-
ect by acting as an antiarrhythmic agent. Also, the long-
erm 10-year follow-up of this cohort after the trial was
erminated, showing no long-term benefit from the dietary
sh advice. This finding might be expected if the cardio-
rotective mechanism is largely antiarrhythmic.21

The 6 trials with ALA supplements and an ALA-en-
iched diet were more difficult to draw conclusions from
han the fish oil studies. Similar to the fish and fish oil trials,
he studies varied significantly in background diets, study
ettings (France, India, United Kingdom, The Netherlands),
nd baseline CHD risk. ALA supplements varied in com-
osition from capsules to customized margarines to pre-
cribed doses of ingested oils (soybean oil, flaxseed oil).

In aggregate, the ALA-enriched studies, although of
oorer design and limited power, suggested possible bene-
ts in reducing sudden death and nonfatal myocardial in-
arction (Table 1). However, the CIs were much wider than
hose in the fish oil studies. These results suggest that the
lant-based n-3 PUFA, ALA, may impart its cardioprotec-
ive effects by way of an antiarrhythmic mechanism and
hrough another cardioprotective mechanism that reduces
onfatal myocardial infarction.

These differences in clinical outcomes among EPA,
HA, and ALA suggest possible differences in their mech-

nisms. A more comprehensive overview of the possible
echanisms of omega-3 fatty acids has been highlighted

lsewhere.22

The reduction in sudden death demonstrated in clinical
rials, along with studies demonstrating that 1 serving of fish
er week increases heart rate variability, has resulted in
any mechanistic studies attempting to explain how n-3
UFAs impart their antiarrhythmic effect.23 It has been
ypothesized that n-3 PUFAs stabilize the electrical activity
f cardiac myocytes by inhibiting sarcolemmal ion chan-
els.24 Some investigators have suggested that n-3 PUFAs
nhibit voltage-gated sodium channels, resulting in an in-
reased relative refractory period and an increase in the
hreshold voltage for depolarization.24 Others have pro-
osed that the n-3 PUFAs maintain the integrity of L-type
alcium channels and prevent cytosolic calcium overload
uring periods of ischemic stress.25 A recent meta-analysis
f trials with fish oil suggest that fish oils reduce arrhyth-
ias by decreasing heart rate.26 However, recent trial’s with
sh oil in patients using defibrillators have shown mixed
esults.27,28

The existing clinical trials have also suggested that the
-3 PUFAs, particularly ALA, may impart cardiac benefits
y preventing nonfatal myocardial infarction. Although the
vidence for this is not as robust as the data for an antiar-
hythmic effect, several studies have demonstrated that

lant-based and marine n-3 PUFAs have effects that affect
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ndothelial function, inflammation, and thrombosis, thus
roviding a possible explanation for this reduction in non-
atal myocardial infarction.

High-dose EPA and DHA (3 to 4 g/day) has been shown
o increase systemic arterial compliance, indicating that
arine omega-3 PUFAs improve endothelial function.29

tudies with ALA have been conflicting, with some positive
nd some negative studies.30 Additionally, the omega-3
UFAs exhibit an anti-inflammatory effect. EPA and DHA
educed tumor necrosis factor, interleukin-6, vascular cel-
ular adhesion molecule-1, and E-selectin at relatively low
oses ranging from 0.3 to 1 g/day.31 Although fewer studies
ave been performed, the results have been mixed with
espect to the effect of ALA on inflammatory markers such
s C-reactive protein, vascular cellular adhesion mole-
ule-1, E-selectin, and interleukin-6.32

Overall, the mechanistic studies with EPA and DHA
ave pointed to an antiarrhythmic effect, and data with ALA
re less conclusive. Studies attempting to attribute other
ntiatherogenic properties to EPA, DHA, and ALA have not
een consistent, and many of these studies have demon-
trated effects at doses much higher than those used in
linical end point trials.

As a result of the previously mentioned omega-3 PUFA
rials and recent epidemiologic evidence, the American
eart Association has published guidelines for the con-

umption of fish and fish oil, indicating that patients with
HD should try to consume a combination of EPA and
HA totaling 1 g/day. Many patients, however; do not

njoy eating fish or have concerns about pollutants. In
ontrast, rich sources of ALA, including canola and flax
eed meal, can be easily incorporated into the United States
iet. If clinical trials demonstrate that ALA is as effective as
PA and DHA in reducing cardiovascular events, the public
ealth implications could be significant.

In conclusion, the evidence supports a role for fish oil
EPA, DHA) or fish in secondary prevention, because the
linical trials have demonstrated a reduction in total mor-
ality, CHD death, and sudden death. The evidence from
hese trials has indicated that EPA plus DHA supplementa-
ion in the range of 0.5 to 1.8 g/day provides significant
enefit. More research is needed to determine whether the
enefits of fish oil or fish extend to the United States
opulation in secondary and primary prevention.

The data on the plant-based n-3 PUFA, ALA, is very
romising. However, the existing studies were small, and a
arge randomized controlled trial is needed before recom-
endations can be definitely made for CHD prevention.
he data for ALA show possible reductions in sudden death
nd nonfatal myocardial infarction, suggesting other poten-
ial cardioprotective mechanisms other than a predomi-
ately antiarrhythmic role. An urgent need exists to perform
ore clinical trials with ALA because the results of such
rials could have significant public health implications.
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