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3 polyunsaturated fatty acids from seafood reduces coronary
heart disease (CHD) risk, particularly risk of fatal CHD or
arrhythmic death.1-11 The effect of ALA intake on CHD risk,
however, is less well-established. Worldwide, marine n-3 fatty
acids are not as widely available as ALA because of the cost and
supply constraints of seafood compared to plant sources.
Whether ALA intake affects CHD risk is therefore of consider-
able public health importance, particularly for populations
with low consumption or availability of fatty fish. This article
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Alpha-linolenic acid (18:3, ALA) is an intermediate
chain-length n-3 polyunsaturated fatty acid found
mainly in plant sources. A substantial body of
observational, clinical trial, and experimental evi-
dence indicates that consumption of long-chain n-
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STATEMENT OF PURPOSE
Alpha-linolenic acid (ALA) is an n-3 polyunsaturated fatty

acid found mainly in plant sources, including flaxseed oil,
canola oil, and walnuts. Although substantial evidence indi-
cates that consumption of long-chain n-3 polyunsaturated fatty
acids from seafood reduces the risk of coronary heart disease

(CHD), the effect of ALA intake on CHD risk is less well-estab-
lished. ALA may reduce cardiovascular risk through a variety
of biologic mechanisms, including platelet function, inflamma-
tion, endothelial cell function, arterial compliance, and
arrhythmia. Although clinical benefits have not been seen con-
sistently in all studies, most prospective observational studies
suggest that ALA intake reduces the incidence of CHD, and
two randomized trials have demonstrated that a dietary pat-
tern that includes fruits, vegetables, whole grains, nuts or
legumes, and ALA-rich foods substantially reduces the recur-
rence of CHD events. Additional observational and clinical
studies will help establish the effects of ALA on CHD risk and
determine whether such effects vary based on gender, duration
of intake, background dietary intake of seafood, or other fac-
tors. Presently, the weight of the evidence favors recommenda-
tions for modest dietary consumption of ALA (2 to 3 g per day)
for the primary and secondary prevention of CHD.

OBJECTIVES
Upon completion of this article, participants should be able to: 
1. Describe the major food sources of ALA.
2. Recognize potential mechanisms whereby ALA may
reduce cardiovascular risk.
3. Review the results of major studies of ALA intake and CHD risk.
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reviews the current evidence from experimental animal studies,
observational studies, and clinical trials for the effects of ALA
consumption on CHD risk.

FOOD SOURCES AND METABOLISM
ALA cannot be synthesized by humans, and therefore, it is

an essential fatty acid in the diet. In contrast to n-6 polyunsatu-
rated fatty acids such as linoleic acid (18:2), which are widely
found in a variety of vegetables and vegetable oils, relatively few
foods contain significant amounts of ALA.12 The major dietary
sources of ALA are listed in Table 1. In the United States, the
average intake of ALA is approximately 1 to 2 g per day, although
intake varies greatly among individuals within the population.13

The distinction between n-6 and n-3 polyunsaturated fatty
acids is based on the location of the first double (unsaturated)
bond in the carbon chain. Counting from the methyl end, for n-6
fatty acids, the first double bond is located at the sixth carbon,
whereas for n-3 fatty acids, the first double bond occurs at the
third carbon. In humans and other mammals, the number of dou-
ble bonds and carbons of a polyunsaturated fatty acid can be mod-
ified during metabolism by processes of desaturation or
elongation (Figure 1), but the location of the first double bond can-
not be altered; that is, once an n-3 fatty acid, always an n-3 fatty
acid, and once an n-6 fatty acid, always an n-6 fatty acid. All n-3
fatty acids in human systems, therefore, must be either produced
from the metabolism of ALA or directly consumed in the diet. 

Several important, longer-chain n-3 fatty acids can be
formed from ALA.14 Metabolites include eicosapentaenoic acid
(20:5, EPA) and docosahexaenoic acid (22:6, DHA), the long-
chain n-3 fatty acids present in fatty fish and other seafood, and
prostaglandin E3, an anti-inflammatory eicosanoid. Conversion
of ALA to EPA occurs to some extent in humans, but further con-
version to DHA is very low.14 Conversion of ALA to longer-chain

n-3 metabolites also may vary by gender, with conversion possi-
bly being greater in women than in men.14

THE N-6:N-3 RATIO
Compared to more traditional diets, dietary patterns in

industrialized nations have shifted during the last two centuries
toward higher amounts of n-6 fatty acids and lower amounts of
n-3 fatty acids.15 In ecological (ie, cross-population) studies, these
nutritional shifts have been associated with parallel increases in
CHD incidence.13,15 Experimental studies suggest that n-6 fatty
acids may compete with n-3 fatty acids for their common meta-
bolic enzymes, so that a higher relative intake of n-6 to n-3 fatty
acids might increase production of pro-thrombotic and pro-
inflammatory n-6 metabolites, compared with anti-thrombotic,
anti-inflammatory, and anti-arrhythmic n-3 metabolites (Figure
1).15-18 During their incorporation (esterification) into plasma
phospholipids and triglycerides, n-6 and n-3 fatty acids may also
compete.19 These ecologic and experimental data have raised
concerns that n-6 fatty acids may counteract potential cardiovas-
cular benefits of n-3 fatty acids, resulting in recommendations to
decrease the relative intake of n-6 to n-3 fatty acids (the n-6:n-3
ratio).13,15 This potential competition between n-6 and n-3 fatty
acids may be most relevant for ALA, which requires desaturation
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FIGURE 1 Metabolism of n-6 and n-3 Polyunsaturated Fatty Acids*

Note: n-3 and n-6 fatty acids are each metabolized by the same delta-5 and
delta-6 desaturase enzymes, necessary for conversion of alpha-linolenic acid
(ALA) to eicosapentaenoic acid (EPA), and linoleic acid (LA) to arachidonic
acid (AA). EPA is converted to prostaglandin E3 (PGE3), an eicosanoid with
anti-inflammatory and anti-thrombotic effects, and AA is converted to
prostaglandin E2 (PGE2) and leukotriene B4 (LTB4), both pro-inflammatory
eicosanoids. The metabolites in these pathways also exert feedback inhibi-
tion (black arrows); for example, PGE2 inhibits the delta-6 desaturase, and
EPA inhibits the delta-5 desaturase. SDA=stearidonic acid (octadecatetranoic
acid). ETA=eicosatetraenoic acid; GLA=gamma linolenic acid; DGLA=diho-
mogamma linolenic acid.7

*Adapted with permission from Mozaffarian D, Ascherio A, Hu FB, et al. Interplay
between intermediate-chain n-3, long-chain n-3, and n-6 polyunsaturated fatty acids
and risk of coronary heart disease in men. Circulation. 2005;111:157-164.

TABLE 1 Dietary Sources of Alpha-Linolenic Acid (ALA)

Food ALA Content (g) per 100 g

Flaxseed (linseed) oil 53.3
Canola (rapeseed) oil 9.3
Walnuts 9.1
Butternuts 8.7
Soybean oil, non-hydrogenated 6.8
Mustard oil 5.9
Soybean oil, hydrogenated 2.6
Beechnuts 1.7
Pecans 1.0
Seaweed, Spirulina, dried 0.8
Soybeans, boiled 0.6
Navy beans, boiled 0.3
Kidney beans, boiled 0.2
Kale, raw 0.2

Data from the US Department of Agriculture National Nutrient Database
for Standard Reference, 2004.12
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and elongation to form longer-chain metabolites, compared with
EPA or DHA, which do not require these enzymes for metabo-
lism. However, such concerns have not been substantiated in
cohort studies evaluating CHD risk in humans (see
Observational Studies, below), and, thus, the relevance of the
concept of the n-6:n-3 ratio to CHD risk is unclear.

EXPERIMENTAL STUDIES
Several physiologic effects of n-3 fatty acids may reduce car-

diovascular risk (Table 2). In experimental studies, n-3 fatty acids
favorably influence vascular tone, heart rate, autonomic tone,
serum lipid levels, platelet function, inflammatory responses,
endothelial cell function, insulin sensitivity, left ventricular dias-
tolic function, and arrhythmia.10,11,15,17-29 While most experimental
studies have focused on long-chain n-3 fatty acids (ie, EPA and
DHA), several of these effects appear to be similar for ALA. For
example, in a trial among 20 healthy men, six weeks of a high
canola oil diet (2.3% energy from ALA) reduced in vitro platelet
aggregation, compared to a high sunflower oil diet (0.3% energy
from ALA).22 Among 10 healthy subjects, postprandial endothe-
lial cell function was preserved following meals (214.29 kJ [900
kcal], 50 g fat) containing canola oil or salmon, compared with
olive oil.27 In 76 men with dyslipidemia, a high ALA diet (canola
oil 15 mL per day) for three months resulted in reductions in sys-
temic inflammation as measured by C-reactive protein, serum
amyloid A, and interleukin-6, compared with a control (safflower
oil) diet.28 Among 15 adults with obesity and insulin resistance,
four weeks of a flaxseed oil margarine diet (20 g per day ALA)
improved systemic arterial compliance, compared with control
(ie, oleic acid).24 In rats, the incidence of ischemia-reperfusion-
induced ventricular fibrillation was reduced after 12 weeks of a
canola oil-enriched diet, compared to an olive oil-enriched diet.23

Thus, trials evaluating secondary outcomes in humans and
experimental animal studies indicate that, similar to long-chain
fatty acids in fish, ALA has several effects, which might reduce
cardiovascular risk. It is unclear to what extent these experimen-

tally observed effects of ALA may be related to a direct physiologic
effect versus conversion to more active long-chain metabolites
such as EPA; nevertheless, in either case, a diet enriched with ALA
appears to favorably affect cardiovascular risk factors.

OBSERVATIONAL STUDIES
Several observational studies have evaluated the relation-

ship between ALA intake and risk of CHD or mortality (Table 3).
In a cross-sectional analysis, higher ALA consumption was asso-
ciated with a lower prevalence of CHD,30 but these findings were
potentially limited by the cross-sectional design (having the dis-
ease may have altered the diet, rather than vice versa) and sur-
vival bias (people who had died from CHD could not be
included). Levels of ALA in adipose tissue (a biomarker of
dietary intake) were inversely associated with CHD risk in one
retrospective case-control study,31 but not in two other studies.32,33

Retrospective case-control studies may be limited by selection
bias (eg, controls may not represent the population from which
the cases arose) and survival bias (eg, fatal CHD events cannot be
included as cases).

The relationship between ALA consumption and CHD risk
also has been evaluated in several prospective cohort studies,
which minimize the above limitations. Two northern European
studies did not observe a significant relationship between ALA
intake and CHD incidence;34,35 the absence of significant benefit
might have been related in part to confounding by associated
trans fatty acid intake,34,35 which would increase CHD risk.36

Among middle-aged US women, greater ALA intake was associ-
ated with lower total mortality, with 15% lower risk in the high-
est tertile of intake, compared with the lowest (P=.01).37 Four
other prospective studies in the US have observed an inverse
association between ALA consumption and the incidence of
CHD. Among 45,722 male health professionals, ALA intake was
inversely associated with CHD incidence, with 16% lower risk
(95% confidence interval [CI]=0-29%) for each one g per day
higher intake.7 Among 6,250 men enrolled in the usual care arm
of the Multiple Risk Factor Intervention Trial, ALA intake was
associated with lower 10-year rates of CHD mortality (P<.04),
total cardiovascular disease (P<.03), and all-cause mortality
(P<.02), with 40% lower risk of CHD mortality, comparing the
highest to the lowest quintile of ALA intake.38 Among 76,283
female nurses, ALA intake was associated with lower risk of fatal
CHD (P=.01), with 45% lower risk (95% CI=6% to68%) in the
highest quintile of intake (median 1.36 g per day), compared
with the lowest quintile (median 0.71 g per day).39 In a nested,
case control study among 5,888 older adults, each one standard
deviation increase in plasma phospholipid ALA levels (a bio-
marker of dietary intake) was associated with 52% lower risk
(95% CI=4% to 76%) of fatal CHD.4 Thus, most observational
studies—and particularly those in US populations—suggest that
dietary consumption of ALA reduces the incidence of CHD.

As described previously, ecologic and experimental studies
have suggested that consumption of n-6 fatty acids may counter-
act beneficial effects of ALA on cardiovascular risk. Evidence

TABLE 2 Physiologic Effects of n-3 Fatty Acids that May 
Reduce Cardiovascular Risk*

Decreased heart rate
Reduced systemic vascular resistance 
Increased arterial compliance
Improved autonomic tone
Attenuated responses to arterial vasoconstrictors
Improved left ventricular diastolic function
Increased threshold for cardiac arrhythmias
Improved endothelial cell function
Decreased systemic inflammation
Reduction in serum triglycerides
Inhibition of platelet aggregation and thrombosis
Altered adipocyte insulin sensitivity

*From experimental studies in humans and animal models (see text).
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from observational cohort studies does not support this hypoth-
esis, however. In the Family Heart Study, n-6 fatty acid intake did
not appreciably modify the inverse association between ALA
intake and prevalence of CHD.30 In two large, prospective, cohort
studies among US women and men, intake of n-6 fatty acids did
not significantly alter the inverse association between ALA and
incidence of CHD.7,39 Although further study of this question is
warranted, these studies suggest that n-6 intake within the nor-
mal dietary range in humans does not appreciably attenuate the
benefits of ALA consumption on cardiovascular risk.

Interestingly, in one study among US men, the strongest

relationship between ALA intake and CHD risk was seen among
participants who consumed very little seafood (Figure 2).7

Among men with little to no seafood intake (EPA+DHA intake
<100 mg per day), each 1 g per day ALA intake was associated
with ~50% lower risk of both nonfatal myocardial infarction (MI)
and total CHD. The risk estimate was similar for sudden death,
but fewer numbers of events limited the ability to confirm this
association. In contrast, among men with some seafood intake
(EPA+DHA intake ≥100 mg/d), ALA intake was not significantly
associated with CHD risk (Figure 2). Long-chain n-3 fatty acids
may inhibit ALA metabolism via feedback inhibition (Figure 1),

TABLE 3 Observational Studies of ALA Consumption and CHD Risk

Study, Publication Year

Family Heart Study,30

2001

Costa Rica,31 2003

Olso,33 2000

EURAMIC,38 1999

Finland ATBC,34 1997

Zutphen Elderly Study,35

2001

Iowa Women’s Health
Study,37 2004

Health Professionals
Study,7 2005

MRFIT usual care,38

1992

Nurses Health Study,39

1999

Cardiovascular Health
Study,4 2003

Design

Cross-sectional
cohort

Retrospective
case-control

Retrospective
case-control

Retrospective
case-control

Prospective
cohort

Prospective
cohort

Prospective
cohort

Prospective
cohort

Prospective
cohort

Prospective
cohort

Prospective
cohort (nested)

Participants

4,584 men
and women

964 men and
women

198 men and
women

1,339 men

21,930 male
smokers

677 older men

41,836
women*

45,722 men

6,250 men

76,283 women

5,888 older
men and
women†

Assessment of
ALA 

Dietary intake

Adipose tissue
levels

Adipose tissue
levels

Adipose tissue
levels

Dietary intake

Dietary intake

Dietary intake

Dietary intake

Dietary intake

Dietary intake

Plasma 
phospholipid 
levels

Outcome

Prevalent
total CHD

Nonfatal MI

Nonfatal MI

Nonfatal MI

Major CHD
events

Major CHD
events

Total 
mortality

Major CHD
events

CHD 
mortality

CHD 
mortality

Major CHD
events

No. of
Events

485

482

100

639

1,399

98

922

2,306

289

597

179

Risk Reduction with Higher ALA
(95% CI or P value)

Men: ↓ 40% (8-61%)
Women: ↓ 58% (16-78%)
(comparing extreme quintiles) 

↓77% (50-90%)
(comparing extreme quintiles)

No significant association

No significant association

No significant association

No significant association

↓ 15% (P trend 0.01)
(comparing extreme tertiles)

Overall: ↓ 16% (0-29%)
Low seafood eaters: ↓47% (17-66%)
(each 1 g/d)

↓ 40% (P<.04)
(comparing extreme quintiles)

↓ 45% (6-68%)
(comparing extreme quintiles)

↓ 52% (4-76%)
(each 1 SD)

*Total number of participants; results were reported only for women free of heart disease at baseline (number not reported).
† Total number of participants; a nested case-control design was used.
ALA=alpha-linolenic acid.  ATBC=Alpha-tocopherol, beta-carotene prevention study.  CHD=coronary heart disease.  EURAMIC=European multicenter case-con-
trol study on antioxidants, myocardial infarction, and breast cancer.  MI=myocardial infarction.  MRFIT=Multiple risk factor intervention trial. 
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suggesting a potential biologic mechanism for this observation.
If benefits of ALA are greatest when EPA+DHA intake is very
low, then consumption of plant sources of n-3 fatty acids may be
particularly important for CHD prevention among individuals
who do not regularly consume fatty fish or in areas in which fatty
fish is not readily available. Further investigation of this relation-
ship and potential underlying mechanisms is necessary.

CLINICAL TRIALS
Randomized clinical trials have evaluated the effect of an

ALA-rich diet on CHD risk, including two trials among indi-
viduals without known CHD (ie, primary prevention) and
three trials among patients with established CHD (ie, sec-
ondary prevention) (Table 4). In the earliest study, 13,406
Norwegian men without known CHD were randomized to
flaxseed oil (5.5 g of ALA per day ) versus sunflower oil.40 There
was no significant difference between the two groups in all-
cause mortality or CHD mortality, but findings may have been
limited by the brief duration of follow-up (one year). In the
Finnish Mental Hospital Study, dairy fats were replaced with
vegetable oils, primarily soybean oil, in one hospital, and in
the other hospital the usual diet was continued for a period of
six years (1959 to 1965).41 , 4 2 The hospital diets were then
switched, and patients were followed for another six years

(1965 to 1971). A total of 676 men and 591 women without
known CHD were enrolled in one or both periods, with sub-
jects leaving the hospitals being “replaced” with new subjects
throughout the trial. Compared to the control diet, the inter-
vention diet contained less saturated fat and more polyunsatu-
rated fat and was particularly rich in ALA—adipose tissue
levels of ALA increased three-fold in men and five-fold in
women. When the event rates in each period for the two hospi-
tals were averaged, the intervention diet reduced the incidence
of major electrocardiographic change or CHD death by 67% in
men (P=.001) and 60% in women (P=.10). This study had an
unusual design with important limitations—including the
cross-over design, open enrollment, lack of blinding, and lack
of individual randomization. Nevertheless, the results are
informative and suggest that a diet rich in plant fatty acids,
including ALA, might reduce the risk of a first CHD event.

Three other trials have investigated the effect of an ALA-rich
diet on the prevention of recurrent CHD events. One trial ran-
domized patients with acute MI to mustard oil (2.9 g per day of
ALA) versus placebo.43 Compared to placebo, the ALA group had
a trend toward fewer CHD events, but this reduction was not sta-
tistically significant (relative risk=0.81, 95% CI=0.30 to 1.12),
possibly limited by the relatively small number of subjects
(N=238) and brief duration of follow-up (one year). Interestingly,
in this study, ALA supplementation reduced the incidence of
angina, arrhythmias, and poor left ventricular function by
approximately 50% each (P<.05 for each), but there were not pre-
specified primary outcomes.

In India, 1,000 patients with established CHD or CHD risk
factors were randomized to control dietary advice (ie, the
National Cholesterol Education Program [NCEP] step I diet:
<30% total fat, <10% saturated fat, <300 mg cholesterol) versus
the NCEP step I dietary advice plus advice to consume a diet rich
in fruits, vegetables, whole grains, walnuts or almonds, and mus-
tard oil or soybean oil (rich in ALA) at least 3 to 4 servings per
day.44 At two years, compared with controls, the intervention
group consumed one-third less saturated fat and twice the
amounts of ALA, whole grains, and dietary fiber. Weight, blood
pressure, and low-density lipoprotein (LDL) cholesterol
improved in both groups, though more so in the intervention
group. High-density lipoprotein (HDL) cholesterol increased by
3% in the intervention group and decreased by 3% in the control
group. Compared with controls, the intervention dietary advice
reduced cardiac events by 52% (95% CI=29% to 67%), with 33%
lower risk of fatal MI, 53% lower risk of nonfatal MI, and 67%
lower risk of sudden death (P<.05 for each). 

In France, 605 patients with a recent MI were randomized
to usual care versus advice to consume more bread, fruits, veg-
etables, legumes, fish, and red wine; to use canola or olive oils for
salads and food preparation; and to replace beef and pork with
poultry.45,46 Additionally, the intervention group was supplied
with canola margarine, rich in ALA. At a mean follow-up of 27
months, compared with controls, the intervention group con-
sumed approximately 10% less total energy, 33% less saturated
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FIGURE 2 Relative Risks of CHD Associated with Each 1 g per Day
of Higher ALA Intake 

Results are shown separately for 38,367 men with some seafood intake (long-
chain n-3 fatty acid intake ≥100 mg/d; white columns) and 7,355 men with
little or no seafood intake (long-chain n-3 fatty acid intake <100 mg/d; black
columns). For both nonfatal MI (P interaction=.003) and total CHD (P inter-
action=.006), the effects of ALA intake on CHD risk were greater among men
with little or no seafood intake. Error bars indicate the upper limit of the 95%
CI. Relative risks are multivariate-adjusted for other risk factors.7

* Adapated with permission from Mozaffarian D, Ascherio A, Hu FB, et al.
Interplay between intermediate-chain n-3, long-chain n-3, and n-6 polyun-
saturated fatty acids and risk of coronary heart disease in men. Circulation.
2005;111:157-164.
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fat, 25% more monounsaturated fat and fruits, twice the amount
of legumes, and three times more ALA. Compared to controls,
the intervention dietary advice reduced cardiovascular events by
73% (95% CI=41% to 88%) and overall mortality by 70% (95%
CI=18% to 89%).

In these two secondary prevention trials, therefore, a diet
rich in ALA markedly reduced recurrent coronary events.
However, the ALA intake was only one component of a dietary
program that also included advice to increase intake of whole
grains, fruits and vegetables, nuts or legumes, and, in the latter
study, monounsaturated oils, fish, and red wine. Therefore,
although these studies do not conclusively establish that ALA
intake per se reduces risk, the findings clearly indicate that a
healthy dietary pattern that includes foods rich in ALA sub-
stantially decreases the risk of CHD.

OTHER OUTCOMES
ALA may have effects on other disease outcomes as well. For

example, several observational studies have demonstrated a pos-
itive association between ALA consumption and the incidence
of prostate cancer in men. However, this relationship has not
been seen in all studies.47,48 If confirmed in future studies, such
a higher risk should be balanced against potential benefits on
risk of CHD, which occurs earlier in life and carries a much
higher mortality rate. ALA intake also may reduce the risk of
stroke, though few studies have evaluated this relationship.49

CONCLUSIONS
Evidence from experimental, observational, and clinical stud-

ies suggests that consumption of ALA, found in flaxseed oil, canola
oil, walnuts, and other plant sources, reduces CHD risk. ALA may
reduce cardiovascular risk via a variety of biologic mechanisms,
including effects on platelet function, inflammation, endothelial
cell function, arterial compliance, and arrhythmia. Although clini-
cal benefits have not been seen consistently in all studies, most
prospective observational studies suggest that ALA intake reduces
the incidence of CHD, and two randomized trials have demon-
strated that a dietary pattern that includes fruits, vegetables, whole
grains, nuts or legumes, and foods rich in ALA substantially
reduces the recurrence of CHD events. Additional observational
and clinical studies will further establish the effects of ALA on
CHD risk and determine whether such effects vary based on gen-
der, duration of intake, background dietary intake of seafood, or
other factors. At the present time, the weight of the evidence favors
recommendations for modest dietary consumption of ALA (2 to 3
g per day) for the primary and secondary prevention of CHD.
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TABLE 4 Randomized Trials of ALA Consumption and CHD Risk

Study, Publication Year

Norwegian,40 1968

Finnish Mental Hospital
Study,41-42 1979, 1983

Indian Experiment of
Infarct Survival-4,43 1997

Indo-Mediterranean Diet
Heart Study,44 2002

Lyon Diet Heart Study,45

1994

Subjects

13,406 men

1,267 men and women*

238 men and women
with recent MI

1,000 men and women
with CHD or CHD risk
factors

605 men and women
with recent MI

Intervention 

Flaxseed oil
(5.5 g/d ALA)

Soybean oil 
(5.6 g/d ALA)

Mustard oil 
(2.9 g/d ALA)

Mustard oil or soybean
oil, nuts, fruits, vegeta-
bles, whole grains 
(1.8 g/d ALA)

Canola margarine,
fruits, vegetables,
legumes, bread, fish, red
wine, canola or olive oil,
poultry (1.8 g/d ALA)

Outcome

Total and CHD
mortality

ECG change or
CHD death

CHD death or
nonfatal MI

CHD death or
nonfatal MI

CHD death or
nonfatal MI

No. of
Events

485

45

75

115

41

Duration of
Follow-up

1 year

12 years†

1 year

2 years

27 months

Risk Reduction with Intervention
(95% CI or P value)

No significant effect

Men: ↓ 67% (P=0.001)
Women: ↓ 60% (P=0.10)

No significant effect‡

↓52% (29% to 67%)

↓73% (41% to 88%)

*Not all participants were enrolled throughout the trial, and subjects leaving the trial were replaced with new subjects.  
†Participants were treated with the intervention or control diet for 6 years and then crossed over to the other diet. 
‡ALA supplementation reduced the incidence of angina, arrhythmias, and poor left ventricular function by ~50% each (P<.05 for each),
but these were not prespecified primary outcomes.
ALA=alpha-linolenic acid.  CHD=coronary heart disease.  ECG=electrocardiographic.  MI=myocardial infarction.  



30 ALTERNATIVE THERAPIES, may/june 2005, VOL. 11, NO. 3 CME: The Effectiveness of ALA in Reducing CHD

2. Siscovick DS, Raghunathan TE, King I, et al. Dietary intake and cell membrane levels of
long-chain n-3 polyunsaturated PUFAs and the risk of primary cardiac arrest. JAMA.
1995;274:1363-1367.

3. Albert CM, Campos H, Stampfer MJ, et al. Blood levels of long-chain n-3 PUFAs and
the risk of sudden death. N Engl J Med. 2002;346:1113-1118.

4. Lemaitre RN, King I, Mozaffarian D, et al. Plasma phospholipid n-3 polyunsaturated
PUFAs, fatal ischemic heart disease, and nonfatal myocardial infarction in older adults:
the Cardiovascular Health Study. Am J Clin Nutr. 2003;77:319-325.

5. Mozaffarian D, Lemaitre RN, Kuller LH, et al. Cardiovascular Health Study. Cardiac
benefits of fish consumption may depend on the type of fish meal consumed: the
Cardiovascular Health Study. Circulation. 2003;107:1372-1377.

6. He K, Song Y, Daviglus ML, et al. Accumulated evidence on fish consumption and
coronary heart disease mortality: a meta-analysis of cohort studies. Circulation.
2004;109:2705-2711.

7. Mozaffarian D, Ascherio A, Hu FB, et al. Interplay between different polyunsaturated
fatty acids and risk of coronary heart disease in men. Circulation. 2005;111:157-164.

8. 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;2:757-761.

9. Gruppo Italiano per lo Studio della Sopravvivenza nell’Infarto miocardico. Dietary
supplementation with n-3 polyunsaturated fatty acids and vitamin E after myocardial
infarction: GISSI-Prevenzione trial. Lancet. 1999;354:447-455.

10. McLennan PL. Myocardial membrane fatty acids and the antiarrhythmic actions of
dietary fish oil in animal models. Lipids. 2001;36:111S-1114S.

11. Leaf A, Kang JX, Xiao YF, Billman GE. Clinical prevention of sudden cardiac death by
n-3 polyunsaturated PUFAs and mechanism of prevention of arrhythmias by n-3 fish
oils. Circulation. 2003;107:2646-2652.

12. US Department of Agriculture, Agricultural Research Service. 2004. USDA Nutrient
Database for Standard Reference, Release 17. Available at: Nutrient Data Laboratory
Home Page, http://www.nal.usda.gov/fnic/foodcomp. Accessed March 2005.

13. Kris-Etherton PM, Taylor DS, Yu-Poth S, et al. Polyunsaturated fatty acids in the food
chain in the United States. Am J Clin Nutr. 2000;71:17795-17885.

14. Burdge G. Alpha-linolenic acid metabolism in men and women: nutritional and bio-
logical implications. Curr Opin Clin Nutr Metab Care. 2004;7(2):137-144.

15. Simopoulos AP. Essential PUFAs in health and chronic disease. Am J Clin Nutr.
1999;70:560S-569S. 

16. Emken EA, Adlof RO, Gulley RM. Dietary linoleic acid influences desaturation and acy-
lation of deuterium-labeled linoleic and linolenic acid in young adult males. Biochim
Biophys Acta. 1994;1213:277-288.

17. Chan JK, McDonald BE, Gerrard JM, et al. Effects of dietary alpha-linolenic acid and its
ratio to linoleic acid on platelet and plasma PUFAs and thrombogenesis. Lipids.
1993;28:811-817.

18. James MJ, Gibson RA, Cleland LG. Dietary polyunsaturated fatty acids and inflamma-
tory mediator production. Am J Clin Nutr. 2000;71:3435-3485.

19. Kwon JS, Snook JT, Wardlaw GM, Hwang DH. Effects of diets high in saturated
fatty acids, canola oil, or safflower oil on platelet function, thromboxane B2 forma-
tion, and fatty acid composition of platelet phospholipids. Am J Clin Nutr.
1991;54:351-358.

20. Charnock JS, McLennan PL, Abeywardena MY. Dietary modulation of lipid metabo-
lism and mechanical performance of the heart. Mol Cell Biochem. 1992;116:19-25.

21. McLennan PL, Barnden LR, Bridle TM, Abeywardena MY, Charnock JS. Dietary fat
modulation of left ventricular ejection fraction in the marmoset due to enhanced fill-
ing. Cardiovasc Res. 1992;26:871-877.

22. Freese R, Mutanen M, Valsta LM, Salminen I. Comparison of the effects of two diets
rich in monounsaturated PUFAs differing in their linoleic/alpha-linoleic acid ratio on
platelet aggregation. Thromb Haemost. 1994;71:73-77.

23. McLennan PL, Dallimore JA. Dietary canola oil modifies myocardial fatty acids and
inhibits cardiac arrhythmias in rats. J Nutr. 1995;125:1003-1009.

24. Nestel PJ, Pomeroy SE, Sasahara T, et al. Arterial compliance in obese subjects is
improved with dietary plant n-3 fatty acid from flaxseed oil despite increased LDL oxi-
dizability. Arterioscler Thromb Vasc Biol. 1997;17:1163-1170.

25. Fickova M, Hubert P, Cremel G, Leray C. Dietary n-3 and n-6 polyunsaturated fatty
acids rapidly modify fatty acid composition and insulin effects in rat adipocytes. J Nutr.
1998;128:512-519.

26. Demaison L, Blet J, Sergiel JP, Gregoire S, Argaud D. Effect of dietary polyunsaturated
fatty acids on contractile function of hearts isolated from sedentary and trained rats.
Reprod Nutr Dev. 2000;40:113-125.

27. Vogel RA, Corretti MC, Plotnick GD. The postprandial effect of components of the
Mediterranean diet on endothelial function. J Am Coll Cardiol. 2000;36:1455-1460.

28. Rallidis LS, Paschos G, Liakos GK, et al. Dietary alpha-linolenic acid decreases C-reac-
tive protein, serum amyloid A and interleukin-6 in dyslipidaemic patients.
Atherosclerosis. 2003;167:237-242.

29. Zhao G, Etherton TD, Martin KR, et al. Dietary alpha-linolenic acid reduces inflamma-
tory and lipid cardiovascular risk factors in hypercholesterolemic men and women. J
Nutr. 2004;134:2991-2997.

30. Djousse L, Pankow JS, Eckfeldt JH, et al. Relation between dietary linolenic acid and
coronary artery disease in the National Heart, Lung, and Blood Institute Family Heart
Study. Am J Clin Nutr. 2001;74:612-619.

31. Baylin A, Kabagambe EK, Ascherio A, Spiegelman D, Campos H. Adipose tissue alpha-
linolenic acid and nonfatal acute myocardial infarction in Costa Rica. Circulation.
2003;107:1586-1591.

32. Guallar E, Aro A, Jimenez FJ, et al. Omega-3 fatty acids in adipose tissue and risk of
myocardial infarction: the EURAMIC study. Arterioscler Thromb Vasc Biol.
1999;19:1111-1118.

33. Pedersen JI, Ringstad J, Almendingen K, et al. Adipose tissue PUFAs and risk of
myocardial infarction—a case-control study. Eur J Clin Nutr. 2000;54:618-625.

34. Pietinen P, Ascherio A, Korhonen P, et al. Intake of PUFAs and risk of coronary heart
disease in a cohort of Finnish men. The Alpha-Tocopherol, Beta-Carotene Prevention
Study. Am J Epidemiol. 1997;145:876-887.

35. Oomen CM, Ocke MC, Feskens EJ, Kok FJ, Kromhout D. alpha-Linolenic acid intake is
not beneficially associated with 10-y risk of coronary artery disease incidence: the
Zutphen Elderly Study. Am J Clin Nutr. 2001;74:457-463.

36. Ascherio A, Willett WC. Health effects of trans fatty acids. Am J Clin Nutr.
1997;66:1006S-1010S.

37. Folsom AR, Demissie Z. Fish intake, marine omega-3 fatty acids, and mortality in a
cohort of postmenopausal women. Am J Epidemiol. 2004;160:1005-1010.

38. Dolecek TA. Epidemiological evidence of relationships between dietary polyunsaturat-
ed PUFAs and mortality in the Multiple Risk Factor Intervention Trial. Proc Soc Exp Biol
Med. 1992;200:177-182.

39. Hu FB, Stampfer MJ, Manson JE, et al. Dietary intake of alpha-linolenic acid and risk of
fatal ischemic heart disease among women. Am J Clin Nutr. 1999;69:890-897.

40. Natvig H, Borchgrevink CF, Dedichen J, et al. A controlled trial of the effect of linolenic
acid on incidence of coronary heart disease. The Norwegian vegetable oil experiment
of 1965-66. Scand J Clin Lab Invest Suppl. 1968;105:1-20.

41. Turpeinen O, Karvonen MJ, Pekkarinen M, et al. Dietary prevention of coronary heart
disease: the Finnish Mental Hospital Study. Int J Epidemiol. 1979;8:99-118.

42. Miettinen M, Turpeinen O, Karvonen MJ, et al. Dietary prevention of coronary heart
disease in women: the Finnish Mental Hospital Study. Int J Epidemiol. 1983;12:17-25. 

43. Singh RB, Niaz MA, Sharma JP, et al. Randomized, double-blind, placebo-controlled
trial of fish oil and mustard oil in patients with suspected acute myocardial infarction:
the Indian Experiment of Infarct Survival-4. Cardiovasc Drugs Ther. 1997;11:485-491.

44. Singh RB, Dubnov G, Niaz MA, et al. Effect of an Indo-Mediterranean diet on progres-
sion of coronary artery disease in high risk patients (Indo-Mediterranean Diet Heart
Study): a randomised single-blind trial. Lancet. 2002;360:1455-1461.

45. de Lorgeril M, Renaud S, Mamelle N, et al. Mediterranean alpha-linolenic acid-rich
diet in secondary prevention of coronary heart disease. Lancet. 1994;343:1454-1459.

46. Renaud S, de Lorgeril M, Delaye J, et al. Cretan Mediterranean diet for prevention of
coronary heart disease. Am J Clin Nutr. 1995;61:1360S-1367S.

47. Astorg P. Dietary N-6 and N-3 polyunsaturated fatty acids and prostate cancer risk: a
review of epidemiological and experimental evidence. Cancer Causes Control.
2004;15:367-386.

48. Brouwer IA, Katan MB, Zock PL. Dietary alpha-linolenic acid is associated with
reduced risk of fatal coronary heart disease, but increased prostate cancer risk: a meta-
analysis. J Nutr. 2004;134:919-922.

49. Ding EL, Mozaffarian D. Optimal dietary habits for the prevention of stroke. Semin
Neurol. 2005; in press.


