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Abstract

The objective of the present study was to determine whether the consumption of $ 250 v. ,250 mg of the long-chain n-3 fatty acids (n-3

LCFA) per d is associated with a reduction in the risk of fatal and non-fatal CHD in individuals with no prior history of CHD. A compre-

hensive and systematic review of the published scientific literature resulted in the identification of eight prospective studies (seven cohorts

and one nested case–control study) that met predefined inclusion criteria. Relative to the consumption of , 250 mg n-3 LCFA per d, the

consumption of $ 250 mg/d was associated with a significant 35·1 % reduction in the risk of sudden cardiac death and a near-significant

16·6 % reduction in the risk of total fatal coronary events, while the risk of non-fatal myocardial infarction was not significantly reduced.

In several meta-analyses, which were based on US studies, risk of CHD death was found to be dose-dependently reduced by the n-3

LCFA, with further risk reductions observed with intakes in excess of 250 mg/d. Prospective observational and intervention data from

Japan, where intake of fish is very high, suggest that n-3 LCFA intakes of 900 to 1000 mg/d and greater may confer protection against

non-fatal myocardial infarction. Thus, the intake of 250 mg n-3 LCFA per d may, indeed, be a minimum target to be achieved by the general

population for the promotion of cardiovascular health.
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CHD is the leading cause of illness and death in the UK, the

USA and globally(1–3). Presently, CHD causes 7·2 million

deaths per year, accounting for approximately 35 % of all

CVD deaths and 10·5 % of all deaths worldwide(1). Each

year, approximately 137 500 individuals in the UK and

607 000 individuals in the USA die from CHD-related

events(1–3). The majority of identified CHD risk factors are

modifiable, making CHD largely preventable(4).

In 1978, Dyerberg et al.(5) reported that Greenland Inuit

have high circulating levels of the long-chain n-3 fatty acid

(n-3 LCFA) EPA and a very low prevalence of atherosclerotic

disease. Since the publication of this report, EPA, and its

longer-chain counterpart, DHA, have been studied for their

potential roles in attenuating the risk of CHD. EPA and DHA

can be synthesised from their essential 18-carbon precursor,

a-linolenic acid via a series of desaturation and elongation

steps; however, in vivo human studies have demonstrated

that less than 5·0 % of a-linolenic acid is converted to EPA,

and less than 0·5 % of a-linolenic acid is converted to

DHA(6,7). Consumption of dietary sources of pre-formed EPA

and DHA may therefore be important for reducing the risk

of CHD.

In subjects with no prior history of CHD, prospective obser-

vational studies are key in understanding the intake of the n-3

LCFA that is most likely to be cardioprotective. In prospective

observational studies, intakes of the n-3 LCFA are assessed via

*Corresponding author: Dr K. Musa-Veloso, fax þ1 905 542 1011, email kmusa-veloso@cantox.com

Abbreviations: HR, hazard ratio; n-3 LCFA, long-chain n-3 fatty acid; RR, relative risk.
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some validated tool (typically a FFQ), and subjects are strati-

fied according to their estimated intakes of the n-3 LCFA.

The incidence of coronary events in subjects in the highest

stratification is then compared relative to subjects in the

lowest stratification. The interpretation of findings from differ-

ent observational studies requires that intakes of the n-3 LCFA

in the reference group be comparable. Thus, the primary

objective of the present assessment was to determine whether

the consumption of $ 250 mg of the n-3 LCFA per d is associ-

ated with a reduced risk of fatal or non-fatal coronary events

relative to the consumption of , 250 mg/d in subjects with

no prior history of CHD. The cut-off of 250 mg/d was

chosen because this intake was recently determined to be

cardioprotective by the European Food Safety Authority(8)

and by the North American branch of the International Life

Sciences Institute (ILSI North America)(9); the latter has

endorsed an intake of 250–500 mg/d.

Methods

Identification and selection of studies

The original literature search was conducted in November

2008 using Dialog, an electronic searching tool, to access a

number of databases including Medlinew, Agricola, Allied

and Complementary Medicine Databasee, Manual, Alterna-

tive, and Natural Therapye (MANTISe), CAB Abstracts,

Foodlinew: Science, BIOSISw previews, Federal Register,

Elsevier Biobase, Foodlinew: Market, Embasew, DIOGENESw

FDA (Food and Drug Administration) Regulatory Updates,

FDAnews, Adis Clinical Trials Insight, and BCC Market

Research. The exposure terms ‘DHA’, ‘docosahexaenoic

acid’, ‘EPA’, ‘eicosapentaenoic acid’, ‘fish oil’ and ‘omega 3’

were searched in conjunction with the outcome terms ‘heart

disease’, cardiovascular disease’, ‘coronary’, ‘sudden cardiac

death’, ‘myocardial infarct’, ‘infarct’, ‘CVD’, ‘CHD’, ‘ischemia’,

‘ischemic’, ‘angina’, ‘arrhythmia’, ‘arrhythmias’, ‘arrhythmic’,

‘primary prevention’, ‘secondary prevention’, ‘stenosis’, ‘reste-

nosis’, ‘atherosclerosis’, ‘atherosclerotic’, ‘plaque’ and ‘artery’.

The literature search was restricted to human studies.

Exposure and outcome terms were searched for in all fields

available within each database. An updated literature search

was conducted in August 2010 to identify any potentially per-

tinent studies published since the original literature search.

The same exposure and outcome terms were used in the

updated literature search; however, the search was restricted

to human studies published in or subsequent to 2008.

Literature identified from the literature searches was filtered

in three stages; at each stage of literature filtration, the study

inclusion and exclusion criteria listed in Table 1(10,11) were

applied to determine the relevance of the study.

Stage 1. Titles of articles were reviewed, and abstracts of

titles determined to be potentially relevant were retrieved.

Stage 2. Abstracts were reviewed, and full-length articles

of abstracts determined to be potentially relevant were

retrieved.

Stage 3. Full-length articles were reviewed, and those

determined to meet all of the inclusion criteria and to not

meet any one of the exclusion criteria specified in Table 1

were included.

The original literature search, as well as the updated

literature search, was conducted by A. K.

Extraction of data from studies

The data collected from the identified studies included the

reference (first author’s name and publication year), the

name of the cohort (if applicable), the number of participants,

Table 1. Inclusion and exclusion criteria used to filter pertinent ident-
ified literature

Inclusion criteria

A study was included in the present assessment if it met all of the
following inclusion criteria:
(a) It was a randomised controlled trial or prospective observational

study (cohort or nested case–control);
(b) It was published in English as a full-length article in a peer-reviewed

journal;
(c) Subjects included in the study were free of known CHD at baseline,

though risk factors for CHD (obesity, hypertension, dyslipidaemia,
type 2 diabetes mellitus, metabolic syndrome, etc) may have been
present*;

(d) Effects or associations between long-chain n-3 fatty acids and either
fatal and/or non-fatal coronary events were reported separately†;

(e) For randomised controlled trials:
(i) The amount of long-chain n-3 fatty acids administered, the length

of long-chain n-3 fatty acid supplementation, and associated tissue
levels of long-chain n-3 fatty acids were quantified;

(ii) If a co-intervention was administered, the effects of EPA and DHA
on CHD risk could be isolated from the effect of the co-intervention;

(iii) The placebo group consumed , 250 mg long-chain n-3 fatty
acids/d, while the active treatment groups received $ 250 mg
long-chain n-3 fatty acids/d

(f) For prospective observational studies:
(i) Food intake was assessed using a validated tool and intake of

the long-chain n-3 fatty acids was quantified‡
(ii) The reference group consumed , 250 mg long-chain n-3 fatty

acids/d, while the comparator group(s) received $ 250 mg
long-chain n-3 fatty acids/d

A study was excluded from the present analysis if:
(1) It was not primary research (for example, opinion letter, position

statement, systematic review§, meta-analysis§);
(2) It was published in abstract form only;
(3) It was published in a language other than English;
(4) It was an animal or in vitro study;
(5) It was an uncontrolled human intervention study or a retrospective

observational study;
(6) Outcomes were unrelated to either fatal or non-fatal coronary

eventsk;
(7) The only source of n-3 fatty acids was provided as a-linolenic acid;
(8) The study was a kin publication without a unique dataset

* Studies conducted in subjects free of known heart disease at baseline were con-
sidered to be more applicable to the general population than studies conducted
in subjects with established heart disease at baseline.

† Because the aetiology of fatal and non-fatal coronary events may be different,
and because others have reported differing effects of the long-chain n-3 fatty
acids on fatal v. non-fatal coronary events (He et al.(10); Oh(11)), a study was
included in the present assessment only if it reported on each of these outcomes
separately.

‡ To be included in the present assessment, measures of long-chain n-3 fatty acid
intake had to be provided. Studies reporting intakes of fish or frequency of fish
consumption were not included in the present assessment.

§ Although reviews and meta-analyses were not included in the present assess-
ment, reference lists of these articles were scanned to ensure that all relevant
publications were identified.

kWhile CHD and cerebrovascular disease are both subsets of CVD, the present
assessment was intended to assess the effects of the long-chain n-3 fatty acids
EPA and DHA on the risk of CHD only.
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Table 2. Characteristics of included studies

Exposure assessment

Reference Country Cohort
Subjects

(n)
%

Men

Age at
baseline
(years)

Duration
of follow-up

(years) Frequency Tool and validation
Database used to

analyse intake data
Variables accounted for in

the multivariate model

Albert
et al.(15)

USA The US
Physicians’
Health
Study

20 551 100 40–84 #11 1; administered
at 1 year

Validated self-adminis-
tered semi-quantitat-
ive FFQ used to
assess the frequency
of fish and shellfish
consumption*

Marine n-3 LCFA
intakes were
estimated using
USDA and similar
food composition
tables†

Age; aspirin and b-carotene
assignment; evidence of
CVD before 12-month ques-
tionnaire; BMI; smoking
status; history of diabetes,
hypertension, and hyper-
cholesterolaemia; alcohol
consumption; vigorous
exercise; use of vitamins C
and E, and multivitamins

Ascherio
et al.(16)

USA The Health
Pro-
fessionals’
Follow-up
Study

44 895 100 40–75 6 4; administered
at study entry
(1986) and
follow-up
(1988, 1990,
1992)

Validated self-adminis-
tered semi-quantitat-
ive FFQ used to
assess the frequency
of fish and shellfish
consumption*

Marine n-3 LCFA
intakes were
estimated using
USDA and similar
food composition
tables†

Age; BMI; smoking; alcohol
consumption; history of
hypertension, diabetes, and
hypercholesterolaemia;
family history of MI before
60 years of age; profession;
quintile group for intake of
n-3 fatty acids

Dolecek &
Grandits(17)

USA The Multiple
Risk Factor
Intervention
Trial

6285‡ 100 35–57 6–8 5; administered
at study entry
and follow-up
(study years
1, 2, 3, 6)

24 h dietary recall for
assessment of fish
intake administered
by interviewer

n-3 LCFA intakes were
estimated using the
University of Minne-
sota Nutrition Coor-
dinating Center Food
Table, version 11

Age; race; smoking; diastolic
blood pressure; blood
HDL- and LDL-cholesterol
concentrations

Hu et al.(18) USA Nurses’
Health
Study

84 688 0 34–59 16 5; administered
at study entry
(1980) and
follow-up
(1984, 1986,
1990, 1994)

Validated self-adminis-
tered semi-quantitat-
ive FFQ used to
assess the frequency
of fish and shellfish
consumption*

Marine n-3 LCFA
intakes were
estimated using
USDA food
composition tables
and 1984 US
landing data§

Age; time periods; smoking
status; BMI; alcohol intake;
menopausal status; postme-
nopausal hormone use;
vigorous to moderate
activity; aspirin use; multi
vitamin use; vitamin E
supplementation; history of
hypertension, hypercholes-
terolaemia, or diabetes;
intake of trans-fat, dietary
fibre, and PUFA:SFA

Morris
et al.(19)

USA The US
Physicians’
Health
Study

21 185 100 40–84 4 1; administered
at 1 year

Validated self-adminis-
tered semi-quantitat-
ive FFQ used to
assess the freque-
ncy of fish and shell-
fish consumption*

Marine n-3 LCFA
intakes were
estimated using
USDA and similar
food composition
tablesk

Level of fish consumption;
age; aspirin and b-carotene
assignment; smoking; alco-
hol consumption; obesity;
diabetes mellitus; vigorous
exercise; parental history of
MI before age 60 years;
history of hypertension and
hypercholesterolaemia;
vitamin use; SFA intake
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Table 2. Continued

Exposure assessment

Reference Country Cohort
Subjects

(n)
%

Men

Age at
baseline
(years)

Duration
of follow-up

(years) Frequency Tool and validation
Database used to

analyse intake data
Variables accounted for in

the multivariate model

Mozaffarian
et al.(20)

USA The Cardio-
vascular
Health
Study

3910 39·1 72·5 9·3 1; administered
at study entry

Validated self-adminis-
tered semi-quantitat-
ive FFQ used to
assess the frequency
of fish and shellfish
consumption*

n-3 LCFA intakes were
estimated using the
USDA and Harvard
University food com-
position databases

Age; sex; education; diabetes;
smoking; pack-years of
smoking; tuna/other fish and
fried fish/fish sandwich
consumption; BMI; systolic
blood pressure; blood
HDL- and LDL-cholesterol
concentrations; C-reactive
protein; intake of SFA,
alcohol, beef/pork, and fruits
and vegetables

Mozaffarian
et al.(21)

USA Health Pro-
fessionals’
Follow-up
Study

10 982 100 40–75 14 4; administered
at study entry
(1986) and
follow-up
(1990, 1994,
1998)

Validated self-adminis-
tered, picture-sort,
semi-quantitative
version of the NCI
FFQ for assessment
of usual intake of
fish; non-picture sort
for assessment of
summary dietary
measures{

Marine n-3 LCFA
intakes were esti-
mated using USDA
food composition
tables and 1984 US
landing data§

Age; BMI; smoking; physical
activity; history of diabetes,
hypertension, and hyper-
cholesterolaemia; aspirin
use; alcohol use; intake of
protein, SFA, dietary fibre,
MUFA, trans-fatty acids,
total energy, and ALA

Pietinen
et al.(22)

Finland The Alpha-
Tocopherol,
Beta-Caro-
tene Cancer
Prevention
Study

21 930 100 50–69 5–8
(median
6·1)

1; administered
at study entry

Validated self-adminis-
tered, semi-quanti-
tative, picture-sort
FFQ for assessment
of usual intakes of
n-3 LCFA from fish**

n-3 LCFA intakes cal-
culated using Univer-
sity of Helsinki food
composition tables††

Age; smoking; BMI; blood
pressure; intakes of energy,
alcohol, and fibre;
education; physical activity

LCFA, long-chain fatty acids; USDA, US Department of Agriculture; MI, myocardial infarction; NCI, National Cancer Institute; ALA, a-linolenic acid.
* Validated by comparing FFQ (administered twice with 1 year between administrations) with two 1-week dietary records (taken 6 months apart) and percentage of n-3 LCFA in adipose tissue in a random sample of 127 men aged

45 to 70 years and living in the Boston area.
† Four fish items were included: dark meat fish (such as bluefish), 1·37 g n-3 LCFA per portion; canned tuna, 0·69 g n-3 LCFA per portion; other fish, 0·17 g n-3 LCFA per portion; seafood (shrimp, lobster or scallops), 0·46 g n-3

LCFA per portion.
‡ Includes subjects who were in the control group of the intervention.
§ Four fish items were included: dark meat fish (mackerel, salmon, sardines, bluefish, or swordfish), 1·51 g n-3 LCFA per 84 to 140 g serving; canned tuna, 0·42 g n-3 LCFA per 84 to 112 g serving; other fish, 0·48 g n-3 LCFA per

84 to 140 g serving; seafood (shrimp, scallops, lobster), 0·32 g n-3 LCFA per 98 g serving. n-3 LCFA compositions were calculated by weighting the mean values of n-3 LCFA for the most common types of fish according to US
landing data in 1984 (US Department of Commerce).

kFour fish items were included (serving sizes, but not n-3 LCFA content per serving were included in the publication): dark meat fish (mackerel, salmon, sardines, bluefish, swordfish), 113 to 170 g/serving; canned tuna, serving
size not specified; other fish, 113 to 170 g/serving; seafood (shrimp, lobster, or scallops, as main dish), serving size not specified.

{The semi-quantitative picture-sort FFQ version was validated against 24 h dietary recalls and against plasma phospholipid EPA and DHA in fifty-six participants.
** Validated in a pilot study in which baseline and end-of-treatment FFQ results were compared with 24 daily food records (spread out over 6 months) in a similar sample population of men.
†† The food composition table contained data for thirty-three types of fresh and processed fish, fish liver, and roe commodities from the Helsinki area.
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the proportion of men, the mean age or age range of the

participants, the duration of follow-up, the number of times

exposure (i.e. intake of EPA and DHA) was assessed,

the methods used to assess the exposure and the outcome

(i.e. incidence of fatal or non-fatal coronary events), the

count of events, the number of person years, and the different

covariates for which relative risk (RR) or hazard ratio (HR)

rates were adjusted. The studies were summarised in alpha-

betical order, according to the last name of the first author.

Relevant data were extracted independently by two indivi-

duals (A. K. and K. M.-V.).

Statistical analyses

For strata corresponding to an intake of less than 250 mg/d

and for strata corresponding to an intake of 250 mg/d or

more, the cardiac event counts were pooled, as were the

number of person years. To take into account adjustments

made to the RR or HR in the multivariate models, rather

than pooling the raw event counts, the adjusted RR or HR

were used to calculate a ‘pseudo number of events’ in each

stratum(12); pseudo event counts were then used to arrive

at a pooled count of pseudo events for the n-3 LCFA intakes

of interest (i.e. , 250 mg/d and $ 250 mg/d) using the follow-

ing rationale. The simple RR for the ith level of an exposure

variable is defined as:

RRi ¼
eventsi=person yearsi

events0=person years0
;

and solving for the event count in the ith level yields:

eventsi ¼
events0

person years0
£ RRi £ person yearsi:

Given fixed person years for both target and reference strata

and a fixed event count in the reference stratum, a pseudo

event rate was calculated that would be expected to produce

the reported adjusted RR (aRRi) as follows:

pseudo eventsi ¼
events0

person years0
£ aRRi £ person yearsi:

RR or HR for each study were calculated from the pooled

pseudo event count and person years or persons, if data on

person years were not reported. RR of sudden cardiac death,

fatal coronary events, and non-fatal myocardial infarction in

subjects consuming 250 mg/d or more v. , 250 mg/d of the

n-3 LCFA were calculated using Comprehensive Meta Analysis

Software (version 2.2.046; Biostat Inc., Englewood, NJ, USA).

Because the studies identified were conducted in populations

with ethnic, cultural, and socio-economic diversities, the

random-effects model (which assumes that the populations

studied differed from each other in ways that could make an

impact on the risk of fatal coronary events)(13) was chosen.

Results

The literature search resulted in the identification of 4828

unique titles, of which 672 were determined to be potentially

relevant. Abstracts of articles determined to be relevant

were reviewed, and potentially pertinent articles (n 20)

were subsequently retrieved and reviewed for inclusion

in or exclusion from the present analysis. Of the twenty

full publications retrieved, nine met the inclusion criteria

specified in Table 1; however, one of these studies(14) could

not be included in the present meta-analysis, given that

neither the number of persons nor the number of person

years in each stratification was reported. No attempt was

made to obtain these data from the authors. The additional

literature search conducted in August 2010 resulted in the

identification of 753 unique titles. Of these identified titles,

forty-five were determined to be potentially relevant

and their abstracts were reviewed (A. K.). Based on their

abstracts, fourteen potentially pertinent full publications

were retrieved and screened using the inclusion and exclusion

criteria specified in Table 1; none met all of the inclusion cri-

teria. Thus, the present meta-analysis included only studies

identified in the literature search that was conducted in

November 2008.

All eight of the publications identified were prospective

cohort studies (Table 2) (15–22). Of these, seven studies were

conducted in the USA and one was conducted in Finland.

The cohort studies varied in length of follow-up from 4 to

16 years (Table 2). Altogether, the studies evaluated the

experience of 214 426 individuals aged 34 to 84 years at base-

line (Table 2). Of the studies, one was based on a cohort made

up exclusively of women (the Nurses’ Health Study(18)); six

publications were based on cohorts made up exclusively of

men (the Health Professionals’ Follow-up Study(16,21), the

Physicians’ Health Study(15,19), the Multiple Risk Factor Inter-

vention Trial(17) and the Alpha-Tocopherol, Beta-Carotene

Cancer Prevention Study(22)); one publication was based on

a nested case–control study made up of men and women

(the Cardiovascular Health Study(20)). All of the eight publi-

cations used validated methods to assess n-3 LCFA intakes

(Table 2).

The CHD outcomes assessed in each of the eight observa-

tional studies are summarised in Table 3 (15–22). The ranges

of n-3 LCFA intakes in each of the eight observational studies,

as well as the pooled pseudo event counts and person

years are summarised in Tables 4 (15,20,21), 5 (16–18,20,22,23) and

6 (16,18–21,23) for sudden cardiac death, fatal coronary events

and non-fatal myocardial infarction, respectively.

The association between n-3 LCFA intake and risk of

sudden cardiac death was assessed in three studies. In these

three studies, sudden cardiac death was defined as death

within 1 h of symptom onset(15,21) or death within 5 min of

symptom onset(20). As can be seen in Fig. 1, across the three

studies, the RR of death from a sudden cardiac event was

significantly lower in subjects who consumed $ 250 mg n-3

LCFA/d relative to subjects who consumed , 250 mg n-3

LCFA/d (RR 0·649; 95 % CI 0·535, 0·786; P,0·0001).

The association between n-3 LCFA intake and the risk of

fatal coronary events was assessed in five studies. In four of

these studies, the definition of fatal coronary events included

(but was not limited to) sudden cardiac death(16–18,22); in

the fifth study, the definition of fatal coronary events did not

n-3 Fatty acids and risk of CHD 1133
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include sudden cardiac death(20). As can be seen in Fig. 2,

across the five studies, the RR of death from a fatal coronary

event was nearly significantly lower in subjects who

consumed $ 250 mg n-3 LCFA/d relative to subjects who

consumed , 250 mg n-3 LCFA/d (RR 0·834; 95 % CI 0·679,

1·025; P¼0·085).

The association between n-3 LCFA intake and the risk of

non-fatal coronary events was assessed in five studies. In all

five studies, the outcome assessed was non-fatal myocardial

infarction(16,18–21). As canbe seen in Fig. 3, across the five studies,

there was no significant difference in the risk of a non-fatal

myocardial infarction between subjects who consumed $ 250

mg n-3 LCFA/d relative to subjects who consumed , 250mg

n-3 LCFA/d (RR 0·934; 95% CI 0·824, 1·060; P¼0·290).

Discussion

Strengths and limitations of the present meta-analysis

The present meta-analysis is associated with several strengths.

Studies that reported the intake of fish only, rather than

actual intakes of the n-3 LCFA, were excluded from the

assessment, given that the n-3 LCFA composition of fish

can vary substantially, particularly between fatty fish and

Table 3. CHD outcomes assessed in each study

Outcome classification

Reference Outcomes measured

Fatal
coronary
events

Sudden
cardiac
death

Non-fatal
coronary
events

Albert et al.(15) Sudden death (all deaths occurring within 1 h of symptom onset and/or witnessed
cardiac arrest)

U

Ascherio et al.(16) Fatal CHD (death due to CHD; includes sudden deaths (deaths within 1 h of
symptom onset))

U

Non-fatal MI (WHO criteria*) U

Dolecek & Grandits(17) Fatal CHD (unspecified ICD-9 codes) U

Hu et al.(18) Fatal CHD (fatal MI or when CHD was the plausible/presumed cause of death) U

Non-fatal MI (definite and probable MI (WHO criteria*)†) U

Morris et al.(19) Non-fatal MI (WHO criteria*) U

Mozaffarian et al.(20) Total IHD death (fatal MI or CHD death) U

Non-fatal MI (WHO criteria*) U

Arrhythmic IHD death (fatal MI or CHD death with arrhythmia preceding or
occurring within 5 min of symptoms)

U

Mozaffarian et al.(21) Non-fatal MI (WHO criteria*, plus blood troponin measurements) U

Incident sudden death (diagnosed when CHD death occurred within 1 h of
symptom onset, with no other plausible cause of death)

U

Pietinen et al.(22) Fatal CHD (ICD-9 410–414) U

MI, myocardial infarction; ICD, International Classification of Diseases; ECG, electrocardiogram.
* WHO criteria for MI: chest pain, the presence of cardiac enzymes in blood samples, and ECG changes.
† Definite non-fatal MI, diagnosed using records of self-reported MI confirmed by using the WHO criteria; probable non-fatal MI, MI with hospital admission but no medical

records for verification.

Table 4. Sudden cardiac death – pooled pseudo events and person years at intakes of , 250 v. $ 250 mg/d

Pooled results

Reference Long-chain n-3 fatty acid intake (mg/d)
Adjusted

RR 95 % CI
P

(trend)
Intake
(mg/d)

Pseudo
event count

Person
years

Albert et al.(15) ,10·0† 1 Reference 0·21 ,250 119 190 957
10·0– ,90·0† 0·58 0·28, 1·21
90·0– ,163·3† 0·34* 0·15, 0·75
163·3– ,246·7† 0·60 0·29, 1·27
$246·7† 0·43* 0·20, 0·93 $250 32 62 820

Mozaffarian et al.(20) 0 1 Reference 0·001* ,250 68 11 480
128 0·86 0·45, 1·63
267 0·81 0·40, 1·66 $250 83 24 718
547 0·50 0·23, 1·07
919 0·32* 0·15, 0·70

Mozaffarian et al.(21) ,11·2 g n-6/d, ,250 mg EPA þ DHA/d 1 Reference NA ,250 114 23 111‡
$11·2 g n-6/d, ,250 mg EPA þ DHA/d 0·76 0·52, 1·11
,11·2 g n-6/d, $250 mg EPA þ DHA/d 0·52* 0·34, 0·79 $250 71 22 611‡
$11·2 g n-6/d, $250 mg EPA þ DHA/d 0·60* 0·39, 0·93

RR, relative risk; NA, not applicable.
*P,0·05.
† Daily intake was calculated by dividing the given monthly intake (0·3–7·4 g marine n-3 fatty acids/month) by 30 and multiplying by 1000.
‡ Persons were reported, not person years.

K. Musa-Veloso et al.1134

B
ri
ti
sh

Jo
u
rn
al

o
f
N
u
tr
it
io
n

https://doi.org/10.1017/S0007114511001644  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114511001644


lean white fish. Moreover, as the minimum effective intake of

the n-3 LCFA for reducing the risk of CHD may vary accord-

ing to history of CHD and according to whether the event is

fatal or non-fatal, studies were included only if subjects

recruited were free of known CVD at baseline and

if associations were reported separately for fatal and non-

fatal coronary events. Furthermore, for a study to be

included, the reference or comparator group had to have

an n-3 LCFA intake of , 250 mg/d. This latter criterion is

important, given that in populations with already high back-

ground intakes of the n-3 LCFA (i.e. $250 mg/d), further

reductions in the risk of CHD may not be discernable. In

the present analysis, eight prospective studies were found

to meet these and additional inclusion criteria and to contain

information sufficient for the pooling of pseudo event counts

and person years across the different intake strata (i.e. , 250

v. $250 mg n-3 LCFA/d).

A notable limitation of the present analysis is that,

within a study, the pooling and defining of n-3 LCFA intakes

as ‘ , 250 mg/d’ and ‘ $ 250 mg/d’ were based on mean or

median n-3 LCFA intakes, typically reported as quintiles.

For example, in the study by Morris et al.(19), n-3 LCFA

intakes were reported as ranges across five quintiles:

,71·4 mg/d; 71·4 to , 142·9 mg/d; 142·9 to , 242·9 mg/d;

242·9 to , 328·6 mg/d; and $ 328·6 mg/d. Consequently, the

RR of non-fatal coronary events with consumption of $ 250

v. , 250 mg/d was calculated as the pooled risk in the

fourth and fifth quintiles relative to the pooled risk in the

first three quintiles. While subjects in the first three quintiles

clearly had an n-3 LCFA intake of , 250 mg/d, some subjects

in the fourth quintile also may have had an n-3 LCFA intake

of , 250 mg/d. Thus, across the studies, the categorisation

of intakes as ‘ , 250 mg/d’ and ‘ $ 250 mg/d’ represents

approximations.

All eight studies included in the present assessment were

prospective, observational studies in which consumption of

the n-3 LCFA was estimated from self-administered semi-

quantitative FFQ(15,16,18–22) or dietary recall(17). As in all obser-

vational studies, there is always the potential for measurement

error with respect to the exposure of interest. One of the cri-

teria for study inclusion was that food intake had to be

assessed using a validated tool and intake of the n-3 LCFA

had to be quantified. Several of the studies were found to

use the same tool to assess n-3 LCFA intakes(15,16,18–20).

Only marine sources of the n-3 LCFA were considered in the

majority of the studies; other sources of pre-formed n-3

LCFA, such as eggs, were not considered in the majority of

the analyses. Likewise, in none of the analyses was the con-

version of a-linolenic acid to the n-3 LCFA considered.

Despite these limitations, estimated intakes of the n-3 LCFA

correlated well with the percentage of n-3 LCFA in adipose

tissue(15,16,18 –20) and in plasma phospholipids(21), indicating

that the estimated intakes were likely to be reasonable and

representative of actual intakes.

Table 5. Fatal coronary events – pooled pseudo events and person years at intakes of , 250 v. $ 250 mg/d

Pooled results

Reference
Long-chain n-3 fatty
acid intake (mg/d)

Adjusted
RR 95 % CI

P
(trend)

Intake
(mg/d)

Pseudo
event count

Person
years

Ascherio et al.(16) 70 1 Reference 1·0 ,250 152 148 964
150 1·14 0·78, 1·66
240 0·96 0·65, 1·42
340 1·04 0·71, 1·53 $250 95 93 065
580 1·06 0·72, 1·55

Dolecek & Grandits(17) 0·0 1 Reference 0·0150* ,250 155 5004†
9·0 1·01 0·66, 1·56‡

46 0·87 0·56, 1·35‡
153 0·87 0·56, 1·35‡
664 0·59* 0·36, 0·98‡ $250 24 1250†

Hu et al.(18) 77§ 1 Reference 0·002* ,250 263 1 048 917
118§ 0·93 0·70, 1·24
171§ 0·69* 0·50, 0·94
221§ 0·54* 0·38, 0·75
481§ 0·62* 0·44, 0·88 $250 51 258 583

Mozaffarian et al.(20) 0 1 Reference 0·002* ,250 114 11 480
128 0·78 0·47, 1·28
267 0·77 0·45, 1·32 $250 167 24 718
547 0·53* 0·30, 0·96
919 0·47* 0·27, 0·82

Pietinen et al.(22) 200 1 Reference 0·118 ,250 126 26 032
300 0·93 0·72, 1·20 $250 527 103 356
400 0·98 0·76, 1·27
500 1·07 0·83, 1·37
800 1·24 0·97, 1·58

RR, relative risk.
*P,0·05.
† Persons were reported, not person years.
‡ CI values were not provided and so were calculated from the number of events and person years provided in the report.
§ Actual long-chain n-3 fatty acid intakes were reported in the Iso et al.(23) study; in the Hu et al.(18) study, long-chain n-3 fatty acid intakes were expressed only as median

intake, percentage of energy.
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Effects on fatal coronary events

It has been determined that relative to the consumption

of , 250 mg of the n-3 LCFA/d, the consumption of $ 250 mg

of the n-3 LCFA/d was associated with a significant 35·1 %

(P,0·0001) reduction in the risk of sudden cardiac death and

a near-significant 16·7 % (P¼0·085) reduction in the risk of

total fatal coronary events. Females represented 6·7 % of the

subjects on which the assessment of sudden cardiac death

risk was based and 53·8 % of the subjects on which the assess-

ment of fatal CHD risk was based. Of the five studies included

in the assessment of fatal CHD risk, all but one included

sudden cardiac death in their definition of fatal CHD; thus,

despite the low representation of women in the sudden

cardiac death risk assessment, it is likely that the finding of

a significant 35·1 % reduction in the risk of sudden cardiac

death is applicable to both males and females. Therefore,

relative to the consumption of , 250 mg of the n-3 LCFA/d,

consumption of $ 250 mg of the n-3 LCFA/d is associated

with a significant reduction in the risk of sudden cardiac

death and a near-significant reduction in the risk of total fatal

coronary events.

There is evidence that further reductions in the risks

of sudden cardiac death or fatal coronary events are possible

at intakes of n-3 LCFA above 250 mg/d. In three of the five

observational studies included in the present fatal coronary

events meta-analysis, statistically significant inverse trends

were noted between n-3 LCFA intakes and risk of fatal coron-

ary events above an intake of 250 mg EPA and DHA/d(17,18,20).

Moreover, in a recent meta-analysis of six US epidemiological

studies(24), a significant inverse dose–response between

intake of the n-3 LCFA beyond 250 mg/d and risk of CHD

Table 6. Non-fatal myocardial infarction – pooled pseudo events and person years at intakes of , 250 v. $ 250 mg/d

Pooled results

Reference Long-chain n-3 fatty acid intake (mg/d)
Adjusted

RR 95 % CI
P

(trend)
Intake
(mg/d)

Pseudo
event count

Person
years

Ascherio et al.(16) 70 1 Reference 0·44 ,250 322 148 964
150 0·93 0·72, 1·21
240 0·89 0·68, 1·16
340 0·78 0·59, 1·03 $250 199 93 065
580 1·09 0·85, 1·41

Hu et al.(18) 77† 1 Reference 0·003* ,250 656 1 048 917
118† 0·93 0·76, 1·15
171† 0·84 0·68, 1·05
221† 0·78* 0·62, 0·98
481† 0·73* 0·57, 0·93 $250 133 258 583

Morris et al.(19) ,71·4‡ 1 Reference 0·99 ,250 153 65 254
71·4– , 142·9‡ 1·5 1·0, 2·3

142·9– , 242·9‡ 1·3 0·9, 2·0
242·9– , 328·6‡ 1·2 0·8, 1·9 $250 85 39 796

$328·6‡ 1·1 0·7, 1·8
Mozaffarian et al.(20) 0 1 Reference 0·10 ,250 126 10 964

128 0·81 0·51, 1·26
267 0·71 0·44, 1·15 $250 222 23 807
547 0·75 0·46, 1·21
919 0·67 0·42, 1·07

Mozaffarian et al.(21) ,11·2 g n-6/d, ,250 mg EPA þ DHA/d 1 Reference NA ,250 769 23 111§
$ 11·2 g n-6/d, ,250 mg EPA þ DHA/d 1·09 0·93, 1·28
,11·2 g n-6/d, $250 mg EPA þ DHA/d 1·16 0·99, 1·36 $250 810 22 611§
$11·2 g n-6/d, $250 mg EPA þ DHA/d 1·09 0·91, 1·29

RR, relative risk; NA, not applicable.
*P,0·05.
† Actual long-chain n-3 fatty acid intakes were reported in the Iso et al.(23) study; in the Hu et al.(18) study, long-chain n-3 fatty acid intakes were expressed only as median

intake, percentage of energy.
‡ Daily intake calculated by dividing given weekly intake (0·5–2·3 g n-3 fatty acids/week) by 7 and multiplying by 1000.
§ Persons were reported, not person years.

Study name Statistics for each study Rate ratio and 95 % CI

Albert et al.(15)

Mozaffarian et al.(20)

Mozaffarian et al.(21)

Rate
ratio
0·817
0·567
0·637
0·649

Lower
limit
0·553
0·411
0·473
0·535

Upper
limit
1·208
0·781
0·856
0·786

Z

–1·012
–3·470
–2·987
–4·412

P

0·311
0·001
0·003
0·000

0·1 0·2 0·5 1 2 5 10

Reduced risk Increased risk

Fig. 1. Risk of sudden cardiac death at a long-chain n-3 fatty acid intake of $ 250 v. , 250 mg/d.
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death in subjects previously free of CHD was noted. Likewise,

in three meta-analyses(10,25,26), incremental decreases in risk

of CHD death have been reported with fish intakes greater

than one portion of 170 g per week (an amount cited by

Mozaffarian & Rimm(27) to be approximately equivalent to

an intake of 250 mg n-3 LCFA/d).

Several population-based studies conducted in Japan,

a country with very high background dietary intakes of the

n-3 LCFA, suggest that n-3 LCFA intakes are not associated

with reductions in risk of fatal coronary events; however, the

results of these studies are difficult to interpret as n-3 LCFA

intakes were very high, even in the reference groups. In the

Japan Public Health Center-Based Study(28), in which 41 578

Japanese men and women aged 40 to 59 years at baseline

were followed, for 11 years, no significant association was

observed between n-3 LCFA intake and risk of sudden cardiac

death or risk of fatal coronary events. The median intake of

EPA þ DHA in the lowest (reference) intake group was

300 mg/d. According to the results of the present assessment,

everyone would have been protected from sudden cardiac

death and fatal coronary events – a fact supported by the

finding of only thirty-seven cases of sudden cardiac death

and sixty-two cases of fatal coronary events in the entire

cohort of 41 578 subjects. Likewise, in the Japan Collaborative

Cohort Study for Evaluation of Cancer Risk, in which 57 972

Japanese men and women were followed for 12·7 years, no

significant reduction in risk of death from cardiac arrest,

IHD or myocardial infarction was noted in subjects con-

suming increasing amounts of the n-3 LCFA; however, in

the lowest intake group (the reference quintile), intakes of

the n-3 LCFA were already at approximately 1000 mg/d(29).

Likewise in the Takayama Study, in which 29 079 Japanese

men and women were followed for 7 years, a high intake of

the n-3 LCFA in the first/reference quintile (i.e. 410 mg/d for

males and 332 mg/d for females) probably precluded the

observation of an effect of the fatty acids in attenuating the

risk of CVD mortality(30). In all of these prospective cohort

studies, the minimum effective dose required for protec-

tion from CHD death, which is proposed to be 250 mg/d, was

already being consumed by the vast majority of the population.

In the Japan EPA Lipid Intervention Study, which was a

randomised, open-label, blinded study conducted in subjects

with elevated serum total and LDL-cholesterol concentrations

($6·5 and 4·4 mmol/l, respectively), subjects were random-

ised to receive either statins alone or in combination with

1800 mg EPA/d(31). In a subset of the subjects with no

known history of coronary artery disease (n 14 981), no sig-

nificant reductions in either sudden cardiac death or fatal

myocardial infarction were observed in the EPA group relative

to the control group(31). Based on the reported intakes of the

n-3 LCFA in Japanese prospective cohort studies(28–30), it is

assumed that subjects in the control group would have already

been consuming . 250 mg n-3 LCFA/d from their background

diets, and so would have already been protected against

sudden cardiac death and fatal coronary events, as predicted

by the results of the present analysis.

Effects on non-fatal coronary events

In the present assessment, n-3 LCFA intakes of 250 mg/d or

more did not reduce the risk of non-fatal myocardial infarction

relative to intakes of , 250 mg/d. All of the studies in which

Study name Statistics for each study Rate ratio and 95 % CI

Ascherio et al.(16)

Dolecek & Grandits(17)

Hu et al.(18)

Mozaffarian et al.(20)

Pietinen et al.(22)

Rate
ratio
1·000
0·620
0·787
0·680
1·053
0·834

Lower
limit
0·774
0·403
0·583
0·536
0·867
0·679

Upper
limit
1·293
0·953
1·062
0·863
1·279
1·025

Z

  0·003
–2·180
–1·569
–3·170
  0·525
–1·722

P

0·998
0·029
0·117
0·002
0·600
0·085

0·1 0·2 0·5 1 2 5 10
Reduced risk Increased risk

Fig. 2. Risk of fatal coronary events at a long-chain n-3 fatty acid intake of $ 250 v. , 250 mg/d.

Study name Statistics for each study Rate ratio and 95 % CI

Ascherio et al.(16)

Hu et al.(18)

Morris et al.(19)

Mozaffarian et al.(20)

Mozaffarian et al.(21)

Rate
ratio

0·989
0·822
0·911
0·811
1·077
0·934

Lower
limit

0·829
0·683
0·699
0·652
0·975
0·824

Upper
limit

1·180
0·991
1·188
1·010
1·188
1·060

Z

–0·120
–2·056
–0·689
–1·873
 1·466
–1·059

P

0·904
0·040
0·491
0·061
0·143
0·290

0·1 0·2 0·5 1 2 5 10

Reduced risk Increased risk

Fig. 3. Risk of non-fatal myocardial infarction at a long-chain n-3 fatty acid intake of $ 250 v. , 250 mg/d.
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the risk of non-fatal coronary events was assessed were con-

ducted in the USA. The highest n-3 LCFA intake reported

was 919 mg/d by Mozaffarian et al.(20). It is indicated from

data from other studies that for a reduction in the risk of

non-fatal coronary events, n-3 LCFA intakes of approximately

900 to 1000 mg/d may be required. In the Japan Public Health

Center-Based Study(28), the risk of non-fatal myocardial

infarction was significantly reduced with intakes of EPA þ

DHA . 600 mg/d, with a significant dose–response noted.

At an intake of 900 mg of the n-3 LCFA/d, risk of non-fatal

myocardial infarction was reduced by 39 %, while at intakes

of 1300 and 2100 mg/d, risk was reduced by 43 and 67 %,

respectively. In the meta-analysis conducted by He et al.(10),

the risk of non-fatal myocardial infarction was found to be sig-

nificantly reduced (by 21 %) only in the highest intake group

(fish intake $ 5 times per week) compared with those con-

suming fish less than once per month. In the Japan EPA

Lipid Intervention Study, amongst subjects with no known his-

tory of coronary artery disease (n 14 981), the risk of non-fatal

coronary events was nearly significantly reduced in patients in

the 1800 mg EPA/d group relative to patients in the control

group (HR 0·80; 95 % CI 0·61, 1·05; P¼0·102)(31). In a sub-

analysis of these subjects with high TAG levels and low

HDL-cholesterol levels ($1500 and , 400 mg/l, respectively),

the risk of total coronary events was significantly reduced by

53 % in the EPA group relative to the control group (HR 0·47;

95 % CI 0·23, 0·98; P¼0·043)(32). Included in the definition of

‘total’ coronary events were fatal and non-fatal coronary

events, and risk according to the type of coronary event was

not reported(32). Based on incidence data reported by

Yokoyama et al.(31) for the entire cohort of subjects free of

heart disease at baseline, there were 214 non-fatal coronary

events and twenty-one fatal coronary events. Therefore, it is

likely that the significant risk reduction noted in the subset

of subjects with high TAG levels and low HDL-cholesterol

levels administered EPA was due to a reduction in non-fatal

coronary events. Additional studies will be helpful in under-

standing whether the risk of non-fatal myocardial infarction

can be reduced with greater intakes of the n-3 LCFA in sub-

jects with no known history of CHD. This conclusion is in

agreement with other recent critical reviews(25,27).

Implications of findings

The Technical Committee on Dietary Lipids of ILSI North

America recently recommended that the dietary reference

intake for the n-3 LCFA should be 250–500 mg/d(9). The Euro-

pean Food Safety Authority has proposed 250 mg of the n-3

LCFA/d as the labelling reference intake value, based on

their conclusion that this intake would be important for the

maintenance of cardiovascular health and that little additional

benefit has been observed at higher intakes(8). From a public

health perspective, it would be useful to understand whether

an n-3 LCFA intake of 250 mg/d should be considered an

absolute target intake or a minimum target intake.

The present meta-analysis indicates that relative to the

consumption of , 250 mg of the n-3 LCFA/d, consumption

of $ 250 mg of the n-3 LCFA/d is associated with a significant

reduction in the risk of sudden cardiac death. Insufficient data

precluded a robust assessment of whether intakes of the n-3

LCFA in excess of 250 mg/d would be associated with further

reductions in the risk of sudden cardiac death or other fatal

coronary events compared with an intake of 250 mg/d. Data

from Japanese prospective cohort and observational studies

suggest that increased intakes of the n-3 LCFA are not associ-

ated with further reductions in the risk of fatal coronary

events; however, n-3 LCFA intakes in the reference groups

were very high, thereby limiting the interpretation of the

study findings(28–31). Several American prospective observa-

tional studies and meta-analyses indicate that the risk of

death from CHD is further reduced with intakes of the n-3

LCFA in excess of 250 mg/d(17,18,20,24). Taking into account

these observations as well as emerging data that the risk of

non-fatal coronary events may be reduced with n-3 LCFA

intakes of 900 to 1000 mg/d(10,28,31,32), it appears that

250 mg/d could be considered a minimum target intake,

rather than an absolute target.

Mozaffarian & Rimm(27) concluded that above an intake of

250 mg of the n-3 LCFA/d, risk of CHD death was not further

attenuated. This conclusion was considered by the European

Food Safety Authority and probably had an impact on the

selection of 250 mg/d as the absolute labelling reference

intake value for the n-3 LCFA, as well as their conclusion

that n-3 LCFA intakes in excess of 250 mg/d are probably

inconsequential with regards to further reducing the risk

of CHD(9). The dose–response assessment conducted by

Mozaffarian & Rimm(27) is impressive in that reductions in

the risk of CHD death were apparent, despite combining

results from primary and secondary prospective cohort and

randomised controlled trials conducted throughout the

world. However, given the multitude of assumptions on

which the dose–response assessment was based, it is not

possible to consider the n-3 LCFA intake of 250 mg/d as an

absolute efficacious dose above which there are no additional

benefits. The limitations of the dose–response assessment

include the following:

(1) In several of the studies included by Mozaffarian &

Rimm(27), only the intake or frequency of intake of fish

was reported. In some cases, the level of detail

collected with respect to the type of fish consumed was

so minimal that the derivation of n-3 LCFA intakes

would be associated with considerable measurement

error. For example, in the prospective cohort study by

Osler et al.(33), only one question was used to assess

the frequency of fish consumption, and the authors them-

selves commented that ‘it was not possible to separate

intake of fish into white and fatty types’. Thus, it is

unclear how n-3 LCFA intakes were estimated by

Mozaffarian& Rimm(27) in their dose–response assessment.

Of the twenty studies included in their dose–response

assessment, in six studies, insufficient data precluded a

robust estimation of n-3 LCFA intake(33–38). Thus, in

these studies, the quantification of n-3 LCFA intakes

may be associated with considerable measurement error

and misclassification of exposure.
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(2) As already described, the protective effects of the n-3 LCFA

against CHD death are not discernable in studies in which

even the lowest intake/reference group is already consum-

ing excessive amounts of the n-3 LCFA(28–31). Inclusion of

such studies in a dose–response assessment may cause

the cardioprotective benefits of the n-3 LCFA at higher

doses to be indiscernible. Although Mozaffarian &

Rimm(27) applied a scaling factor of 0·7 to studies where

reference group n-3 LCFA intakes were between 150 and

500 mg/d and of 0·6 to studies where reference group n-3

LCFA intakes were . 500 mg/d, the rationale for these

cut-offs is unclear, particularly as a significant reduction

in the risk of CHD would be expected at both reference

group intakes. The exclusion of studies in which the

reference group n-3 LCFA intake was in excess of 150 mg/

d reportedly had no bearing on the dose–response assess-

ment(27); however, it is unclear why an intake of 150 mg/d

was chosen as the cut-off.

(3) In the initial dose–response, which included subjects

with and without a known history of coronary artery dis-

ease, there was a clear attenuation in risk of CHD death

up to an n-3 LCFA intake of 250 mg/d, with no further

risk reductions with higher intakes(31) (Fig. 4(a)). In a

subsequent dose–response assessment, which was

restricted to studies conducted in subjects with no

known history of CHD(9), there was a continuous

reduction in the risk of CHD death up to and beyond

an n-3 LCFA intake of 500 mg/d, despite the maintenance,

in the dose-response assessment, of the Japanese studies

in which n-3 LCFA intakes in the reference group were

well in excess of the intake presumed to be efficacious

(Fig. 4(b)). The results of the second dose–response

assessment suggest that for the population at large,

250 mg of the n-3 LCFA/d should be the minimum

target intake, and not the absolute target intake. For the

purposes of establishing recommended intakes for the

general population, the most representative and

relevant studies are those in which subjects were free of

known CHD upon study entry(24).

Concluding remarks

Data from the present assessment support a significant 35·1 %

reduction in the risk of sudden cardiac death and a near-

significant 16·6 % reduction in the risk of non-fatal coronary

events with the consumption of $ 250 mg of the n-3 LCFA/d

relative to the consumption of , 250 mg/d, in subjects pre-

viously free of known CHD. Ideally, support for these effects

should come from randomised controlled trials; however, it is

difficult to conduct such studies wherein the primary endpoint

of interest is CHD in subjects free of known CHD at baseline.

Observational studies allow for prolonged follow-up in a

more representative sample of the population, under con-

ditions more typical than those found in a controlled clinical

trial. Moreover, restricting the assessment to prospective

studies ensured that biases common to retrospective studies,

such as recall bias and selection bias, were limited.

While there were insufficient data in the present analysis

to determine whether n-3 LCFA intakes in excess of 250 mg/d

elicit further reductions in the risk of either fatal or non-fatal

coronary events, several American studies and meta-analyses

suggest that, indeed, with intakes in excess of 250 mg/d,

additional reductions in the risk of death from CHD are

achieved(17,18,20,24). Moreover, data from prospective obser-

vational and intervention studies in Japan indicate that n-3

LCFA intakes of approximately 900 to 1000 mg/d may protect

against the risk of non-fatal coronary events in subjects free

of known CHD at baseline(10,28,32). The present evidence

suggests that 250 mg/d of the n-3 LCFA should be considered

a minimum target intake and not an absolute target intake.

Acknowledgements

Judith Hill, Judy Vowles, and Theresa Poon are thanked for

their assistance in the preparation of the present paper.

K. M.-V. tabulated the study results, assisted with the statisti-

cal analyses, managed the project and wrote the manuscript.

M. A. B. assisted with the statistical analyses. A. K. conducted

the literature searches and tabulated the study results. C. C.

assisted K. M.-V. in the writing of the Introduction. H. R.,

1·2

1·0

0·8

0·6

R
el

at
iv

e 
ri

sk
R

el
at

iv
e 

ri
sk

 o
f 

ca
rd

ia
c 

d
ea

th

0·4

1·2(a)

(b)

1·0

0·8

0·6

0·4

0·2
0 500 1000 1500 2000 2500

EPA + DHA intake (mg/d)

3000

0 500 1000 1500 2000 2500

Dietary EPA + DHA intake (mg/d)

Fig. 4. (a) Relationship between intake of fish or fish oil and relative risks of

CHD death in prospective cohort studies and randomised clinical trials. Rep-

rinted with permission from the publication by Mozaffarian & Rimm (2006)(27).

Copyright q2006 American Medical Association. All rights reserved.

(b) Meta-analysis of estimated dietary EPA þ DHA consumption from sea-

food and risk of cardiac death in generally healthy populations of individuals

without known heart disease. Reprinted with permission from the publication

by Harris et al.(9) (American Society for Nutrition).

n-3 Fatty acids and risk of CHD 1139

B
ri
ti
sh

Jo
u
rn
al

o
f
N
u
tr
it
io
n

https://doi.org/10.1017/S0007114511001644  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114511001644


H. O.-O., H. L. and S. L. reviewed the manuscript and

provided critical feedback.

The following GOED (Global Organization for EPA and

DHA Omega-3 Fatty Acids) members provided funding to

support this publication: Cargill Incorporated, Denomega

Nutritional Oils AS, EPAX AS, Monsanto Company and

Ocean Nutrition Canada.

K. M.-V., M. A. B., A. K. and C. C. have no conflicts

of interest to declare. H. R. is with GOED, Salt Lake City,

UT, USA. H. O.-O. is with Denomega Nutritional Oils AS,

Sarpsborg, Norway. H. L. is with Ocean Nutrition Canada,

Dartmouth, Nova Scotia, Canada. S. L. is with Monsanto,

St Louis, MO, USA.

References

1. World Health Organization (2002) Deaths From Coronary
Heart Disease. Geneva: WHO. http://www.who.int/
cardiovascular_diseases/en/cvd_atlas_14_deathHD.pdf
(accessed 3 March 2010).

2. American Heart Association (2009) Heart Disease & Stroke
Statistics: Our Guide to Current Statistics and the Supplement
to Our Heart & Stroke Facts (2009 Update At-A-Glance).
Dallas, TX: American Heart Association. http://www.
americanheart.org/downloadable/heart/123783441267009
Heart%20and%20Stroke%20Update.pdf (accessed 3 March
2010).

3. American Heart Association (2009) International Cardio-
vascular Disease Statistics. Cardiovascular Disease (CVD)
(Statistical Fact Sheet — Populations 2009 Update). Dallas, TX:
American Heart Association. http://www.americanheart.
org/downloadable/heart/1236204012112INTL.pdf (accessed
3 March 2010).

4. World Health Organization (2009) Cardiovascular Diseases.
Geneva: WHO. http://www.who.int/cardiovascular_diseases/en
(accessed 3 March 2010).

5. Dyerberg J, Bang HO, Stoffersen E, et al. (1978) Eicos-
apentaenoic acid and prevention of thrombosis and athero-
sclerosis. Lancet 312, 117–119.

6. Superior Health Council (2004) Recommendations and
Claims Made on Omega-3-Fatty Acids (SHC 7945): Advisory
Report [Executive Summary]. Brussels: Superior Health
Council. http://docs.google.com/gview?a¼v&q¼cache:xBls
1QUFkqcJ: https://portal.health.fgov.be/pls/portal/url/ITEM/
08447DBF34EF337AE0440003BA383584þRecommendationsþ
andþClaimsþMadeþonþOmega-3-FattyþAcidsþ
shc&hl¼en&gl¼ca (accessed 3 March 2010).

7. Plourde M & Cunnane SC (2007) Extremely limited synthesis
of long chain polyunsaturates in adults: implications for their
dietary essentiality and use as supplements. Appl Physiol
Nutr Metab 32, 619–634.

8. European Food Safety Authority (2009) Scientific Opinion:
Labelling reference intake values for n-3 and n-6 polyunsa-
turated fatty acids. Scientific Opinion of the Panel on Dietetic
Products, Nutrition and Allergies on a request from the Com-
mission related to labelling reference intake values for n-3
and n-6 polyunsaturated fatty acids (question no EFSA-
Q-2009-00548, adopted on 30 June 2009). EFSA J 1176, 1–11.
http://www.efsa.europa.eu/EFSA/efsa_locale-1178620753812_
1211902671518.htm (accessed 3 March 2010).

9. Harris WS, Mozaffarian D, Lefevre M, et al. (2009) Towards
establishing dietary reference intakes for eicosapentaenoic
and docosahexaenoic acids. J Nutr 139, 804S–819S.

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

11. Oh R (2005) Practical applications of fish oil (omega-3 fatty
acids) in primary care. J Am Board Fam Pract 18, 28–36.
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