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Dietary intake of marine n-3 PUFA has been negatively associated with the risk of CHD among subjects with known CHD, whereas an effect in

healthy subjects is less documented. We assessed the hypothesis that dietary intake of marine n-3 PUFA is negatively associated with the risk of

acute coronary syndrome (ACS) in healthy subjects. In the Danish Diet, Cancer and Health cohort study, 57 053 participants were enrolled. Dietary

intake of total n-3 PUFA, including EPA, docosapentaenoic acid (DPA) and DHA, was assessed. During a mean follow-up period of 7·6 years, we

identified all cases (n 1150) from this cohort with an incident ACS diagnosis in the Danish National Patient Registry or the Cause of Death Reg-

istry. Diagnoses were verified through medical record review. In Cox proportional hazard models, we adjusted for established risk factors for CHD.

Men in the four highest quintiles of n-3 PUFA intake (.0·39 g n-3 PUFA per d) had a lower incidence of ACS compared with men in the lowest

quintile. The hazard ratio was 0·83 (95 % CI 0·67, 1·03) when we compared men in the second lowest and lowest quintile of n-3 PUFA intake.

Higher intake of n-3 PUFA did not strengthen this association. Associations for EPA, DPA and DHA were all negative, but less consistent. No

convincing associations were found among women. In conclusion, we found borderline significant negative associations between the intake of

marine n-3 PUFA and ACS among healthy men.

n-3 Fatty acids: Acute coronary syndrome: Cohort studies

Acute coronary syndrome (ACS), including unstable angina
pectoris and non-fatal and fatal myocardial infarction (MI),
is a leading cause of morbidity and mortality. Although the
incidence of ACS has declined during the last decade, it is
still very important to identify modifiable risk factors to
further reduce the incidence(1).

Several studies have reported that intake of fish with a high
content of marine n-3 PUFA is inversely associated with the
risk of sudden cardiac death(2 – 8). The association between
intake of marine n-3 PUFA and risk of non-fatal MI or
ACS, however, remains unclear(3,9 – 15). The marine n-3
PUFA EPA and DHA have anti-atherosclerotic, anti-thrombo-
tic, anti-arrhythmic and anti-inflammatory effects that may
explain a beneficial effect of seafood on ACS(16,17). In con-
trast, the biological effects of the third major marine n-3
PUFA, docosapentaenoic acid (DPA), are virtually unknown.

Previous studies have mainly focused on intake of n-3
PUFA in patients with established CHD. Studies that have

examined the intake of n-3 PUFA and the risk of MI or
ACS among subjects without known CHD have given incon-
sistent results(2,18 – 22). However, in a meta-analysis including
twenty-five studies Harris et al. concluded that the tissue con-
tent of n-3 PUFA was consistently and significantly reduced in
patients experiencing CHD events(23). Moreover, three recent
case–control studies found that higher plasma concentrations
of n-3 PUFA were associated with a lower risk of ACS(24,25)

or non-fatal MI(26) although not uniformly reported(27).
Finally, the only randomised clinical trial including healthy
men and women also indicated that there may be a negative
association between dietary intake of n-3 PUFA and the risk
of ACS(14).

We have tested the hypothesis that intake of marine n-3
PUFA is negatively associated with the risk of ACS in a
Danish cohort with well-validated data on the intake of n-3
PUFA, information regarding potential confounders and
validated data on the incidence of ACS.

* Corresponding author: Dr A. M. Joensen, fax þ45 99326861, email albert.marni.joensen@rn.dk

Abbreviations: ACS, acute coronary syndrome; DPA, docosapentaenoic acid; MI, myocardial infarction.
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Materials and methods

Diet, Cancer and Health is a prospective Danish cohort study
with the primary objective of investigating the aetiological
role of diet in the development of cancer. The study has
been described in detail elsewhere(28). Briefly, between
December 1993 and May 1997, a total of 80 996 men and
79 729 women aged 50–64 years were invited to participate
in the study; 27 178 men and 29 875 women accepted the invi-
tation. Eligible cohort members were all born in Denmark,
lived in the urban areas of Copenhagen and Aarhus, and
were not, at the time of invitation, registered with a cancer
diagnosis in the Danish Cancer Registry. All participants
gave written informed consent. The study Diet, Cancer and
Health has been approved by the relevant Scientific Commit-
tees and the Danish Data Protection Agency.

All participants were asked to fill in a detailed FFQ includ-
ing 192 items, of which twenty-four concerned intake of fish.
The development and validation of the FFQ have been
described elsewhere(29,30). The content of EPA, DHA and
DPA in the diet was calculated with the computer program
‘FoodCalc’ (Center for Applied Computer Science, University
of Copenhagen, Copenhagen, Denmark; www.ibt.ku.dk/
jesper/foodcalc) which is based on Danish food composition
tables. Participants also reported their intake of fish oil
capsules, but we did not have sufficient information on the
content of n-3 PUFA in the fish oil capsules to add this to
the intake of EPA, DHA and DPA from seafood.

In addition, participants filled in a questionnaire concerning
lifestyle and medical history including information on smok-
ing habits, physical activity during leisure time, length of edu-
cation, history of diabetes mellitus and (for women) hormone
replacement treatment. The questionnaires were checked by an
interviewer during a clinic visit. At the same visit, body
weight, height and blood pressure were measured, and biologi-
cal material was collected.

Identification of cases with ACS has been described in
detail elsewhere(31). Briefly, we identified all participants in
the Diet, Cancer and Health cohort who were registered
with an incident discharge diagnosis of ACS in the Danish
National Patient Registry from recruitment and until 1 January
2004. Medical records were retrieved and reviewed and
patients were classified in accordance with the current rec-
ommendations of the American Heart Association and other
major health organisations for use in epidemiological studies,
as described by Luepker et al. (32). This classification is based
on symptoms, signs, coronary biomarkers, and ECG and/or
autopsy findings. Only patients that fulfilled the criteria of
unstable angina pectoris, non-fatal MI or fatal MI were
included as cases. Furthermore, we included participants
registered with ACS as cause of death in the Causes of
Death Registry without prior registration of incident disease.

Statistical analyses

Associations between intake of n-3 PUFA and ACS were illus-
trated using categorical exposure measures. In order to achieve
the strongest possible statistical power, quintiles were defined
according to the distribution of intake among cases. We calcu-
lated incidence rate ratios using Cox proportional hazards
models with age as the time axis allowing for delayed entry.

We performed multivariate analyses including the following
known risk factors for CHD: smoking (never, former, current,
1–14, 15–24 or . 24 g tobacco per d); BMI (,25, 25–30
and .30 kg/m2); duration of moderate to vigorous physical
activity (,3·5 or $ 3·5 h per week); history of diabetes melli-
tus (yes/no); systolic blood pressure (modelled as a restricted
cubic spline); total cholesterol (linear variable); alcohol con-
sumption (linear variable); total intake of fruit, vegetables,
saturated fat, monounsaturated fat and of n-6 PUFA (all mod-
elled as restricted cubic splines). For women we also adjusted
for hormone replacement therapy (yes/no). We further strati-
fied by intake of fish oil capsules (yes/no) in our statistical
analyses. If information regarding one or more of the potential
confounders was missing, the subject was excluded from the
statistical analyses.

Data were analysed for total intake of marine n-3 PUFA and
for EPA, DHA and DPA separately. Model adequacy was
assessed graphically and found appropriate in all analyses.
Analyses were done using STATA (version 9.0; StataCorp
LP, College Station, TX, USA).

Results

In total, 1619 individuals were excluded from the present
study because they did not fill in the questionnaires or had a
diagnosis of ACS or cancer before entry into the study.

We identified 1654 participants in Diet, Cancer and Health
with an incident diagnosis of ACS in the Danish National
Patient Registry after recruitment. We were not able to
retrieve the medical records or had insufficient information
in 103 patients who were subsequently excluded from the stat-
istical analyses; of the remaining 1551 patients, 1059 individ-
uals fulfilled the criteria for ACS. Among cases, twenty
individuals were excluded because their ACS was likely to
have been caused by a medical-related procedure, for
example, major surgery. From the Causes of Death Registry
we included 111 participants registered with ACS as cause
of death without prior registration of incident disease.

We excluded 946 participants, among these twenty-six
cases, from the statistical analyses because information on
one or more of the potential confounders was missing. In
total, we included sixty-two cases with unstable angina
pectoris, 885 with non-fatal MI and 177 with fatal MI
during a mean follow-up period of 7·6 years. The incidence
rate of ACS for men was 4·4 (95 % CI 4·1, 4·7) events per
1000 individual years, and for women 1·2 (95 % CI 1·1, 1·4)
events per 1000 individual years.

Baseline characteristics of the cohort and cases for each sex
are shown in Table 1.

The prevalence of established risk factors for CHD (current
smoking, physical inactivity, overweight, systolic blood
pressure . 140 mmHg, hypercholesterolaemia and diabetes
mellitus) was higher among cases compared with the cohort
as a whole.

The median intake of total n-3 PUFA, EPA, DHA and DPA
was the same for the cases as for the cohort (Table 2).

Among men we found a borderline statistically significant
negative association between total intake of marine n-3
PUFA and incidence of ACS. Men in the four highest quintiles
of n-3 PUFA intake (more than 0·39 g n-3 PUFA per d) had an
approximately 15 % lower incidence of ACS compared with
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men in the lowest quintile. Adjusting for potential confound-
ing from both non-dietary and dietary risk factors did not sub-
stantially change this association (Table 3).

The estimated intakes of EPA, DHA and DPA were highly
correlated (correlations: EPA to DHA, 0·97; EPA to DPA,
0·77; DHA to DPA, 0·83). When we examined the intake of
EPA, DHA and DPA separately, we found approximately
the same association to ACS as for intake of total marine
n-3 PUFA, although DPA showed a somewhat weaker associ-
ation to ACS than EPA and DHA. Stratification by intake of
fish oil capsules did not substantially change the risk estimates
(data not shown).

Stratification by time from recruitment until onset of ACS
showed a more pronounced effect of marine n-3 PUFA on
ACS for the group of cases with onset of ACS more than
2 years after recruitment compared with cases with less than
2 years of observation (data not shown).

When we restricted the analyses to MI cases (fatal and non-
fatal), the associations between the intake of n-3 PUFA and
MI were consistent, but the CI were wider (data not shown).

We found no consistent association between intake of
marine n-3 PUFA and incidence of ACS among women
(Table 4).

Discussion

We found a borderline significant negative association
between dietary intake of marine n-3 PUFA and the incidence
of ACS among men. There was, however, no clear dose–
response relationship. The results were the same for EPA,
DHA and DPA and all findings were unaffected by adjustment
for known non-dietary and dietary risk factors for CHD. No
consistent associations were observed among women.

The present study had several strengths. We had detailed
exposure information obtained before the ACS diagnosis.
The questionnaire on food items was carefully developed
and validated against two times 7 d of weighed diet records.
Furthermore, a specific biomarker study validated the infor-
mation on intake of fatty acids(33). Only few subjects were
lost during follow-up and a large number of cases developed

Table 1. Prevalence of risk factors for CVD among male and female participants and acute coronary syndrome (ACS) cases of the Danish Diet,
Cancer and Health cohort study

(Medians with 25th and 75th percentiles or percentages)

Men Women

Cohort (n 24 786) Cases (n 852) Cohort (n 29 017) Cases (n 272)

Median
25th, 75th
percentiles Median

25th, 75th
percentiles Median

25th, 75th
percentiles Median

25th, 75th
percentiles

Age at enrolment (years) 55·9 52·6, 60·1 58·4 54·2, 62·0 56·2 52·8, 60·4 59·8 56·0, 62·4
Current smokers (%) 39·5 57·9 32·8 58·3
Physical activity ,3·5 h per week (%) 62·0 65·9 59·0 66·4
BMI . 25 kg/m2 (%) 64·7 72·7 48·2 62·1
Total cholesterol (mmol/l) 5·9 5·2, 6·7 6·3 5·6, 7·1 6·2 5·4, 7·0 6·6 6·0, 7·5
Systolic blood pressure (mmHg) 140 128, 154 149 136, 161 136 122, 151 152 136, 166
Diabetes mellitus (%) 2·6 5·3 1·5 5·2
Education , 8 years (%) 34·2 46·4 31·3 49·6
Hormone replacement therapy (%) – – 44·0 46·1
Vegetables (g/d) 149 97, 212 129 83, 191 168 110, 238 141 88, 197
Fruit (g/d) 113 51, 190 98 41, 182 168 95, 271 150 78, 238
SFA (g/d) 32 26, 40 32 26, 40 23 19, 29 24 18, 29
MUFA (g/d) 36 29, 45 36 28, 45 28 21, 35 27 20, 36
Total n-6 PUFA (g/d) 12·3 9·4, 15·9 12·1 9·1, 15·5 9·5 7·2, 12·6 9·4 9·4, 12·0
Alcohol (g/d) 19·5 3·6, 62·6 17·3 7·5, 36·8 9·3 2·9, 17·1 5·7 1·8, 13·3
Total energy (MJ/d) 10·8 9·2, 12·6 10·6 9·0, 12·4 8·5 7·2, 10·1 8·1 6·9, 9·6
Fish oil capsules (%) 15·8 14·2 17·3 22·1

Table 2. Intake of total marine n-3 PUFA, EPA, DHA and docosapentaenoic acid (DPA) among male and female participants and acute coronary
syndrome cases in the Danish Diet, Cancer and Health cohort study

(Medians with 25th and 75th percentiles)

Men* Women*

Cohort (n 24 786) Cases (n 852) Cohort (n 29 017) Cases (n 272)

Intake Median
25th, 75th
percentiles Median

25th, 75th
percentiles Median

25th, 75th
percentiles Median

25th, 75th
percentiles

n-3 PUFA (g/d) 0·70 0·47, 1·00 0·68 0·44, 0·97 0·57 0·38, 0·83 0·58 0·37, 0·82
EPA (g/d) 0·18 0·11, 0·27 0·18 0·10, 0·27 0·15 0·09, 0·23 0·15 0·05, 0·31
DHA (g/d) 0·43 0·29, 0·63 0·42 0·26, 0·61 0·36 0·24, 0·52 0·37 0·24, 0·52
DPA (g/d) 0·08 0·06, 0·10 0·08 0·06, 0·10 0·06 0·04, 0·08 0·06 0·04, 0·08

* There were no significant differences between groups.
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among men. All data from the hospital discharge register were
validated through review of every single medical record with
reviewers blinded with regard to the n-3 PUFA intake among
the patients. Finally, we had information on several potential
confounders for which we adjusted in the statistical analyses.

The study also had limitations. We registered food intake
1 year before recruitment and it is possible that participants
changed their dietary habits during the study period. We
excluded all participants with ACS before the study period,
but not participants with other CVD. Often, a change to a heal-
thier diet is precipitated by symptoms, or the ascertainment, of
a disease; for example, an individual who experiences angina
pectoris may increase the intake of fish. If there is a beneficial
effect of fish on development of ACS, such an effect would
lead to an underestimation of an association in the present
study. Stratification by the time from recruitment until
onset of ACS showed a stronger negative association between
dietary n-3 PUFA and ACS among men who experienced ACS
more than 2 years after recruitment. This might indicate
that some cases increased their intake of n-3 PUFA due to
symptoms preceding diagnosis of ACS and thus weakened
the negative associations between n-3 PUFA intake and
ACS. The number of events in women was insufficient to
confirm or reject an association between the intake of n-3
PUFA and ACS.

Although we adjusted for several potential confounders,
residual confounding must be considered. Cundiff et al.
reported that intake of n-3 PUFA was positively correlated

to a nutrient intake profile with a lower CHD risk, when
they examined lifestyle and dietary factors of 1441 dia-
betics(34). The authors hypothesised that the negative associ-
ation between fish consumption and ACS, found in previous
cohort studies, may have been due to confounding because
these studies seldom have adjusted for dietary intake of
other nutrients known to be risk factors of CHD. In the present
study, however, adjustments for both dietary and non-dietary
confounders did not substantially affect the estimates.
Residual confounding thus seems to be an unlikely expla-
nation for the findings in the present study.

We found different results for men and women. Only a few
previous studies have examined the association between intake
of marine n-3 PUFA and incidence of ACS among healthy
women. In the Nurses’ Health Study, including 1513 incident
cases of CHD, a dose-dependent negative association between
intake of long-chain n-3 PUFA and CHD was reported(20).
In both an Italian case–control study and a cohort study
from Japan there was a negative association between intake
of n-3 PUFA and MI(21,22). In contrast, there was no effect
on the risk of major coronary events of supplementation
with 1800 mg EPA daily among female participants in the
Japan Eicosapentaenoic Acid Lipid Intervention Study(14).

In the present study, the age distribution was the same for
both sexes, but the number of female cases was substantially
lower than that of men, probably because women in general
are older when they experience ACS(35,36). Therefore, the

Table 4. Hazard ratios (HR) of acute coronary syndrome associated
with intake of total marine n-3 PUFA, EPA, DHA and docosapentaenoic
acid (DPA) among female participants in the Danish Diet, Cancer and
Health cohort study*

(Hazard ratios and 95 % confidence intervals)

Quintile HR 95 % CI HR (adjusted)† 95 % CI

n-3PUFA
0·00–0·38 g/d 1 1
0·38–0·57 g/d 0·78 0·53, 1·13 0·85 0·57, 1·26
0·57–0·76 g/d 0·97 0·66, 1·42 1·09 0·73, 1·63
0·76–1·02 g/d 1·21 0·83, 1·77 1·31 0·86, 1·98
. 1·03 g/d 0·94 0·65, 1·38 0·97 0·62, 1·52

EPA
0·00–0·08 g/d 1 1
0·08–0·13 g/d 0·88 0·60, 1·28 0·92 0·62, 1·36
0·13–0·19 g/d 1·00 0·68, 1·46 1·11 0·75, 1·66
0·19–0·24 g/d 1·44 0·99, 2·11 1·57 1·04, 2·38
. 0·24 g/d 0·92 0·63, 1·34 0·93 0·60, 1·42

DPA
0·00–0·04 g/d 1 1
0·04–0·06 g/d 0·71 0·48, 1·03 0·73 0·49, 1·10
0·06–0·07 g/d 1·03 0·71, 1·51 1·12 0·74, 1·71
0·07–0·09 g/d 0·90 0·62, 1·31 0·93 0·60, 1·45
. 0·09 g/d 0·98 0·67, 1·44 0·98 0·60, 1·60

DHA
0·00–0·20 g/d 1 1
0·20–0·32 g/d 0·77 0·53, 1·13 0·83 0·56, 1·23
0·32–0·43 g/d 0·97 0·66, 1·42 1·10 0·74, 1·65
0·43–0·59 g/d 1·00 0·68, 1·46 1·05 0·70, 1·60
. 0·59 g/d 0·98 0·67, 1·43 1·00 0·64, 1·57

* Based on Cox proportional hazard models. We used the lowest quintiles as
reference.

† Adjusted for smoking, BMI, time of moderate to vigorous physical activity, history
of diabetes mellitus, systolic blood pressure, total cholesterol, alcohol consump-
tion, total intake of fruit, vegetables, saturated fat, monounsaturated fat and n-6
PUFA. Analyses were also adjusted for hormone replacement therapy.

Table 3. Hazard ratios (HR) of acute coronary syndrome associated
with intake of total marine n-3 PUFA, EPA, DHA and docosapentaenoic
acid (DPA) among male participants in the Danish Diet, Cancer and
Health cohort study*

(Hazard ratios and 95 % confidence intervals)

Quintile HR 95 % CI HR (adjusted)† 95 % CI

n-3 PUFA
0·00–0·39 g/d 1 1
0·39–0·58 g/d 0·82 0·67, 1·02 0·83 0·67, 1·03
0·58–0·79 g/d 0·77 0·62, 0·95 0·81 0·65, 1·01
0·79–1·08 g/d 0·87 0·70, 1·07 0·90 0·71, 1·13
. 1·08 g/d 0·81 0·66, 1·01 0·81 0·64, 1·04

EPA
0·00–0·09 g/d 1 1
0·09–0·14 g/d 0·86 0·69, 1·06 0·87 0·70, 1·08
0·14–0·20 g/d 0·82 0·67, 1·02 0·86 0·69, 1·08
0·20–0·28 g/d 0·81 0·66, 1·01 0·86 0·69, 1·08
. 0·28 g/d 0·81 0·66, 1·01 0·84 0·66, 1·06

DPA
0·00–0·05 g/d 1 1
0·05–0·07 g/d 0·95 0·77, 1·18 0·98 0·78, 1·22
0·07–0·09 g/d 0·92 0·74, 1·13 0·94 0·74, 1·18
0·09–0·11 g/d 0·92 0·75, 1·14 0·90 0·71, 1·15
. 0·11 g/d 0·92 0·75, 1·14 0·89 0·68, 1·16

DHA
0·00–0·23 g/d 1 1
0·23–0·35 g/d 0·83 0·67, 1·03 0·84 0·68, 1·04
0·35–0·48 g/d 0·81 0·66, 1·00 0·84 0·68, 1·05
0·48–0·65 g/d 0·86 0·70, 1·06 0·88 0·70, 1·11
. 0·65 g/d 0·81 0·66, 1·01 0·81 0·63, 1·03

* Based on Cox proportional hazard models. We used the lowest quintiles as
reference.

† Adjusted for smoking, BMI, time of moderate to vigorous physical activity, history of
diabetes mellitus, systolic blood pressure, total cholesterol, alcohol consumption,
total intake of fruit, vegetables, saturated fat, monounsaturated fat and n-6 PUFA.
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estimate of an association between dietary n-3 PUFA and ACS
among women is statistically uncertain which may, at least in
part, explain the different results. Finally, previous studies
have reported sex differences in presentation of symptoms,
results from diagnostic tests, effect of treatment, complication
of ACS, presentation of risk factors, and different impact from
known risk factors for ACS(35,37 – 39).

The associations between EPA, DHA and DPA per se and
ACS were approximately the same as for total n-3 PUFA.
EPA, DHA and DPA are differently distributed into various
tissues and are only converted to each other to a limited
degree(40,41). It is therefore possible that each fatty acid has
individual effects on the risk of CHD, but the difference in
effects of EPA and DHA has been examined in very few
studies(42,43). The biological effects of DPA, apart from
being a possible intermediate between EPA and DHA, are
almost unknown(44 – 46).

We found no dose–response relationship between con-
sumption of marine n-3 PUFA and ACS. For men we found
a threshold effect where men with an intake of more than
0·4 g n-3 PUFA per d had an approximately 15 % lower risk
of ACS compared with those with a lower intake of n-3
PUFA. These results are in line with the results from a
meta-analysis by König et al. (47) who found that an intake
of 100 g fish per week was associated with a 25 % lower
risk of non-fatal MI compared with a lower fish intake and
that a higher fish intake was not associated with further risk
reduction. A threshold effect may help explain why some
previous cohort studies with a lower average intake than
0·4 g n-3 PUFA per d did not find a negative association
between intake of marine n-3 PUFA and CHD(2,18). Arterburn
et al. (40) previously reported that dietary intake of DHA
increased the concentration of DHA in plasma up to a
threshold of 2 g/d (ten-fold higher than in the present study),
but an intake above this amount only increased the plasma
concentration of DHA marginally. These findings were,
however, not supported by a clinical trial by Christensen
et al. who found a dose-dependent association between
intake of marine n-3 PUFA and tissue content of EPA and
DHA(48). Moreover, the threshold found in the present study
(0·4 g n-3 PUFA per d) is substantially lower than the level
where studies have documented an effect of n-3 PUFA on
risk factors for ACS, including lowering of plasma TAG,
blood pressure, platelet aggregation, inflammatory markers,
and improved vascular reactivity(49).

In contrast to our findings, both a Japanese cohort study,
where the participants had a high n-3 PUFA intake(21), and
an American cohort study among women with a low intake
of n-3 PUFA(20) found a dose–response relationship between
n-3 PUFA and MI. Studies on CHD mortality also have shown
dose-dependent preventive effects of dietary intake of fish and
n-3 PUFA(50). Among the studies of n-3 PUFA there are con-
siderable differences in the methods of assessing the n-3
PUFA content of the food and this may partly explain the
different conclusions.

In conclusion, we found a borderline significant negative
association between intake of total and specific n-3 PUFA
and ACS among healthy men. Among females we found no
association, but the number of events was insufficient to con-
firm or reject an association between the intake of n-3 PUFA
and ACS.
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