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Context.— Dietary fish intake has been associated with a reduced risk of fatal
cardiac end points, but not with nonfatal end points. Dietary fish intake may have
a selective benefit on fatal arrhythmias and therefore sudden cardiac death.

Objective.— To investigateprospectively theassociationbetweenfishconsump-
tion and the risk of sudden cardiac death.

Design.— Prospective cohort study.
Setting.— The US Physicians’ Health Study.
Patients.— A total of 20 551 US male physicians 40 to 84 years of age and free

of myocardial infarction, cerebrovascular disease, and cancer at baseline who
completed an abbreviated, semiquantitative food frequency questionnaire on fish
consumption and were then followed up to 11 years.

Main Outcome Measure.— Incidence of sudden cardiac death (death within 1
hourof symptomonset)asascertainedbyhospital recordsand reportsofnextof kin.

Results.— There were 133 sudden deaths over the course of the study. After
controlling for age, randomized aspirin and beta carotene assignment, and coro-
nary risk factors, dietary fish intake was associated with a reduced risk of sudden
death, with an apparent threshold effect at a consumption level of 1 fish meal per
week (P for trend=.03). For men who consumed fish at least once per week, the
multivariate relative risk of sudden death was 0.48 (95% confidence interval, 0.24-
0.96; P=.04) compared with men who consumed fish less than monthly. Estimated
dietary n-3 fatty acid intake from seafood also was associated with a reduced risk
of sudden death but without a significant trend across increasing categories of in-
take. Neither dietary fish consumption nor n-3 fatty acid intake was associated with
a reduced risk of total myocardial infarction, nonsudden cardiac death, or total car-
diovascular mortality. However, fish consumption was associated with a signifi-
cantly reduced risk of total mortality.

Conclusion.— These prospective data suggest that consumption of fish at least
once per week may reduce the risk of sudden cardiac death in men.
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SOME1-6 but not all7-10 prospective cohort
studies of the association between fish
consumption and cardiovascular mortal-
ity have reported inverse associations. In
general, fish consumption has been asso-
ciated with lower cardiac mortality in
populations characterized by low fish in-
take in which a substantial proportion
rarelyorneverconsumedfish1-6 andnot in

those with higher levels of fish intake.7-10

Studies in which nonfatal coronary heart
disease was examined have shown no re-
lationship.9,10 Randomized trial data are
limited, but 1 secondary prevention trial
showedanassociationbetweenfishintake
and reduction in cardiovascular mortality
but not reinfarction.11 Based on these re-
sults, it has been hypothesized that low
levels of dietary fish intake may be unre-
latedtotheincidenceofmyocardial infarc-
tion, but could reduce coronary disease
mortalitybydecreasingfatalarrhythmias
and therefore sudden cardiac death.12

Experimental data in dogs13 and pri-
mates14 suggest that the n-3 fatty acids in
fish have antiarrhythmic properties. Fur-
ther, a retrospective case-control study
foundthat,whencomparedwithnointake,
n-3 fatty acid consumption equivalent to 1
fatty fish meal per week was associated
witha50%reductionintheriskofprimary

cardiac arrest,15 suggesting that antiar-
rhythmic effects occur at the low levels of
fish intake that have been associated with
reducedcoronaryheartdiseasemortality.
Contrary to these findings, no association
was found between low levels of fish
consumption and sudden death from myo-
cardial infarction in a recent prospective
study,5 but a strong inverse association
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was observed with nonsudden death from
myocardial infarction as determined by
death certificates. We addressed this con-
troversy further by prospectively exam-
ining the association between fish con-
sumption and sudden cardiac death ascer-
tained from medical records and firsthand
reportsamongmalephysiciansenrolledin
the Physicians’ Health Study.

METHODS
The methods of the Physicians’ Health

Study have been described in detail else-
where.16,17 Briefly, 22 071 US male physi-
cians who were 40 to 84 years old in 1982
and had no history of myocardial infarc-
tion, stroke, transient ischemic attack, or
cancer (except nonmelanoma skin can-
cer) were assigned at random using a 2-
by-2 factorial design to receive aspirin,
beta carotene, both active drugs, or both
placebos. At baseline, the physicians com-
pleted questions on health status and risk
factors for cardiovascular disease, includ-
ing alcohol and vitamin use, dietary in-
take of selected foods, and exercise. In-
formation on cardiovascular events was
updated every 6 months for the first year
and annually thereafter through brief fol-
low-up questionnaires. Dietary intakes of
selected foods were ascertained by 2 ab-
breviated, semiquantitative food fre-
quency questionnaires consisting of 20
items each18 administered at 12 and 18
months. The 1988 (5-year follow-up) ques-
tionnaire inquired about current fish-oil
supplement use, but not about dose, fre-
quency, or length of use.

Assessment of Fish Consumption
At 12 months, respondents were asked

separately to indicate how often, on aver-
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age, they consumed 4 types of fish or shell-
fish: canned tuna fish; dark meat fish (eg,
mackerel, salmon, sardines, bluefish, or
swordfish), 84 to 112 g; other fish, 84 to 112
g;andshrimp, lobster,orscallopsasamain
dish. Seven response categories ranged
fromrarely/neverto2ormoreperday.We
calculated average daily intake by sum-
ming the frequencies of the 4 fish or shell-
fish items. The nutrient intake of marine
n-3 fatty acids was estimated by multiply-
ingthefrequencyofeach itemwiththenu-
trient composition of the portion of sea-
food (tuna, 0.69 g; dark fish, 1.37 g; other
fish, 0.17 g; and shellfish, 0.46 g) and sum-
ming over all items. Nutrient composition
was based on US Department of Agricul-
ture19 and other food composition tables.20

Reproducibility and validity of the 4
questionnaireitemsonseafoodintakewere
assessed in a study of 127 male health pro-
fessionals aged 45 to 70 years.21,22 The cor-
relation between 2 administrations of the
questionnaires 1 year apart ranged from
0.48 for fish to 0.67 for shellfish.21 Validity
of the questionnaire was assessed by com-
paring fish intake as reported on the ques-
tionnairewithfish intakeascertainedfrom
two1-weekdietaryrecordsobtainedabout
6 months apart (Spearman correlation co-
efficient=0.61; P,.001)21 and by compar-
ing the dietary intake of n-3 fatty acids es-
timated from the questionnaire to the
percentage measured in adipose tissue of
118 of the 127 men (Spearman correlation
coefficient=0.49; P,.001).22

End Point Definition
Theascertainmentofcardiovasculardis-

ease events was by self-report on follow-
up questionnaires, and deaths were gen-
erally reported by postal authorities or
next of kin. All such events were re-
viewed by an end points committee of 4
physiciansforconfirmationbymedicalrec-
ords obtained from hospitals and attend-
ing physicians. Records were reviewed
for 95.6% of the myocardial infarctions
and 94.8% of the deaths. The next of kin
was interviewed regarding the circum-
stancessurroundingthedeath if itwasnot
adequatelydocumentedinthemedicalrec-
ord. Cases of nonfatal myocardial infarc-
tion were confirmed with the use of the
World Health Organization criteria23; all
caseshaddocumentationofsymptomsand
either electrocardiographic changes or el-
evated serum cardiac enzyme levels con-
sistent with infarction. Silent myocardial
infarctionswerenot includedbecausethey
could not be dated accurately. All fatal
myocardial infarctions were confirmed by
hospital records or autopsy. Deaths due to
a cardiovascular cause (International
Classification of Diseases, Ninth Revi-
sion [ICD-9] codes 390-459) were con-
firmed by convincing evidence of a cardio-
vascular mechanism from all available

sources, including death certificates, hos-
pital records, autopsy reports, symp-
toms, and circumstances of death. These
deaths included cardiac, cerebrovascu-
lar, and vascular deaths. Deaths in which
there was evidence of coronary heart dis-
easeatorpriortodeathandinwhichanon-
coronary cause of death was not found
were classified as coronary heart disease
deaths (ICD-9codes410-414).Deathsthat
occurred within 1 hour of the onset of
symptoms were also classified as coro-
naryheartdiseasedeathsunlesstherewas
evidence to the contrary, because these
deathsareprimarilyduetocoronaryheart
disease in autopsy series. If a participant
experienced a nonfatal myocardial infarc-
tion prior to death, both end points were
included in the analyses.

Toascertainthespecificendpointofsud-
den cardiac death, medical records and re-
ports from next of kin of all cardiovascu-
lar deaths (excluding strokes) were re-
reviewed by 2 cardiologists unaware of
exposure status, and agreement was
reached. Sudden death was defined as
death within 1 hour of symptom onset, a
witnessedcardiacarrest,orboth,orabrupt
collapse not preceded by more than 1 hour
of symptoms that precipitated the termi-
nal event. Information from the death cer-
tificate was not used in the determination
ofthetimingofdeath.Toincreaseourspeci-
ficity for arrhythmic death, we excluded
any patient who had evidence of collapse
of the circulation (hypotension, exacerba-
tion of congestive heart failure, or altered
mental status) prior to the disappearance
of the pulse. Finally, no other probable
cause of death other than cardiac was sug-
gested by history or autopsy.

Unwitnessed deaths with no informa-
tion on timing but with an autopsy consis-
tent with arrhythmic cardiac death (ie,
acutecoronarythrombosisorseverecoro-
nary artery disease without myocardial
necrosisorotherpathologicfindingstoex-
plain death) were considered possible
sudden cardiac deaths, and the analysis
wasperformedbothincludingandexclud-
ing these deaths. Nonsudden cardiac
deaths were defined as deaths in which
thelengthofsymptomspriortodeathwas
greater than 1 hour. Deaths (often unwit-
nessed) in which the timing could not be
determined accurately from the available
information were not classified.

Study Population
We excluded 620 physicians who ei-

ther died prior to returning or failed to re-
turn the 12-month questionnaire or to an-
swer 2 or more questions regarding fish
consumption. To minimize misclassifica-
tion in the lowest categories of dietary fish
intake, we excluded 123 physicians who
had missing information for 1 of the 4 sea-
food questions and responses of “rarely/

never”or“1-3timespermonth” forthere-
maining3.Wealsoexcluded777physicians
who reported fish-oil supplement use on
the 1988 questionnaire, because the focus
ofthisstudywasondietary intake,andthe
dose and the date of initiation of supple-
ments were not known. These exclusions
yielded a study population of 20 551. We
did not exclude participants who devel-
oped evidence of cardiovascular disease
during follow-up, but controlled for evi-
denceofcardiovasculardiseasepriortothe
returnofthe12-monthquestionnaireinthe
multivariate model because prior disease
may have influenced fish consumption.

Data Analysis
Participantscontributedfollow-uptime

from the date of return of the 12-month
questionnaire to date of death or to the
scheduledendoftherandomizedbetacaro-
tene component of the study on Decem-
ber 31, 1995, whichever came first. To de-
tect differences in relative risks (RRs) at
low levels of fish intake, men who an-
swered rarely/never to all 4 fish ques-
tions were used as the reference group for
all analyses, and the fish consumers were
categorized into 4 categories that empha-
sizedthe lowlevelsof intake(1-3mealsper
month, 1-2 meals per week, 2-5 meals per
week, $5 meals per week) rather than
equal quartiles. For n-3 fatty acid intake,
the men who ate any fish were grouped
into equal quartiles of intake and com-
pared with the reference category who
rarely or never ate fish.

Relative risks were computed using
Cox proportional hazards models,24 con-
trolling for age and randomized aspirin
and beta carotene assignment. A multi-
variate Cox proportional hazards model
was used to control for potential con-
founders, including prior cardiovascular
disease,bodymassindex,smokingstatus,
history of diabetes, history of hyperten-
sion, history of hypercholesterolemia, al-
coholconsumption,vigorousexercise,and
use of vitamin E, vitamin C, and multivi-
tamins. Other dietary factors (red meat,
vegetables, fruits, dairy, chicken or tur-
key,andfriedfoods)weretestedindividu-
ally for associations with sudden cardiac
death in separate Cox models, and each
was entered into the multivariate model
to test for confounding. Tests for trend
were performed by assigning an ordinal
variable foreachlevelofconsumptionand
modeling this as a continuous variable in
separate Cox proportional hazards mod-
els. For each RR, 2-sided P values and
95% confidence intervals (CIs) were cal-
culated. The relationships between both
fish intake and n-3 fatty acid intake and
risk of sudden death were explored fur-
ther using spline regression modeling.
Restricted cubic spline models with 4 or 5
knots were used to flexibly model these
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relationships using measured values of
fish or n-3 fatty acid intake and avoiding
the need for prior specification of the RR
function or the location of a threshold ex-
posure value.25

RESULTS
Ofthe20 551menincludedinthisanaly-

sis, 637 (3.1%) reported rarely or never
consumingfish,and2212(10.8%)reported
consuming fish at least 5 times weekly.
Most (80%) consumed fish between 1 and
4 times per week, and the mean level of
consumption was 2.5 meals per week. Di-
etary fish intake and n-3 fatty acid intake
were associated with several coronary
risk factors (Table 1). Men who consumed
more fish tended to be at higher risk be-
causeofahistoryofhighcholesterollevels
or hypertension or a family history of
coronary heart disease. However, they
were also more likely to exercise vigor-
ously at least once per week and use anti-
oxidantvitaminsupplements.Fishintake
was also directly or indirectly associated
with a variety of dietary factors (Table 1).
We therefore analyzed the relation of fish
consumption (and n-3 fatty acid intake) to
sudden death, with and without adjust-
ment for all these variables.

Sudden Deaths
Over11yearsand253 777person-years

of follow-up, 133 sudden deaths (115 defi-
nite and 18 probable) were documented.
After adjustment for age and aspirin and
beta carotene assignment, fish consump-
tion was inversely related to the risk of
sudden cardiac death (Table 2) with a sig-
nificant trend (P=.03) across 5 levels of
dietaryfishconsumption.Comparedwith
menwhoatefishlessthanoncepermonth,
the age-adjusted RR of sudden death for
those who consumed fish in any amount
wasconsistentlyreduced.Thisinverseas-
sociation reached significance at a con-
sumption level of between 1 and 2 serv-
ings of fish per week with an RR of 0.42
(P=.02), with minimal change in this re-
duction at higher levels of consumption.
When men who ate fish at least once per
week were analyzed together in a second-
ary analysis, the trend across the 3 cat-
egories was more extreme (uncorrected
P=.006; significant after Bonferroni cor-
rection, P=.04) (Table 2).

After further adjustment for coronary
risk factors and prior cardiovascular dis-
ease, these relationships were not sub-
stantially altered, except the P for trend
was no longer significant across 5 fish cat-
egories but remained significant across 3
(number of fish meals ,1 per month, 1-3
per month, $1 per week), compatible with
a possible threshold effect at 1 fish meal
per week. However, the test for trend
across the 3 categories would be judged
of borderline significance after Bonfer-

roni correction for the 6 possible ways to
retabulate the prior 5 categories (signifi-
cance criterion, P=.008). A smooth model
of the relationship between number of fish
meals per week as a continuous function
and the relative hazard of sudden cardiac
death after multivariate adjustment is
shown in Figure 1. This model uses aver-

age daily fish intake and permits risk com-
parison across low exposures without ar-
bitrary categorization or selection of
a priori threshold values. A similar rela-
tionship suggesting a threshold effect was
found, but the CIs were wide.

All other food groups tested individu-
ally (redmeat, chicken,vegetables, fruits,

Table 1.—Relationship of Dietary Fish Intake at 12 Months to Coronary Heart Disease Risk Factors at
Baseline*

Variable

Average Frequency of Dietary Fish Intake†

Total
Cohort

,1 Time
per mo

1-3 Times
per mo

1-,2 Times
per wk

2-,5 Times
per wk

$5 Times
per wk

No. of men 637 1262 6443 9997 2212 20 551

Age, mean, y 53.7 53.4 53.1 53.2 52.9 53.2

Smoking status
Current

$20 cigarettes per d 6.9 9.1 8.5 6.3 5.5 7.1

,20 cigarettes per d 4.3 4.7 4.0 3.9 2.5 3.9

Past 30.6 35.5 38.2 41.0 39.8 39.2

Never 58.2 50.7 49.3 48.7 52.2 49.5

Alcohol use
Rarely 39.7 22.6 16.9 11.4 11.0 14.7

Monthly 10.9 13.9 12.0 10.5 9.8 11.2

Weekly 32.0 42.8 46.9 51.9 53.4 49.3

Daily 17.3 20.7 24.1 26.2 24.9 24.8

Reported diagnosis of
Diabetes 3.9 2.9 2.3 2.2 2.4 2.4

High cholesterol 3.3 3.8 5.4 6.3 6.9 5.8

Hypertension 12.4 13.7 13.1 13.7 15.9 13.6

Vigorous exercise $1 time per wk 67.8 67.1 69.9 73.9 75.3 71.6

Body mass index, mean, kg/m2 24.7 24.7 25.0 25.0 24.9 24.9

Parental history of myocardial
infarction prior to age 60 y

12.1 11.7 12.6 13.1 15.5 13.1

Vitamin supplement use
Vitamin E 9.3 9.3 7.6 10.2 13.5 9.6

Vitamin C 21.7 21.0 20.9 22.1 27.2 22.2

Multivitamin 36.3 33.5 34.3 34.8 38.3 34.9

Food intake, servings per wk‡
Red meat 3.7 4.4 4.5 4.3 3.9 4.3

Chicken or turkey 1.2 1.5 1.7 2.0 2.7 1.9

Vegetables 8.9 8.3 9.1 10.8 12.6 10.7

Fruits 5.4 5.1 5.5 6.1 6.8 6.1

Dairy products 6.8 6.2 6.2 6.0 6.1 6.3

Fried foods 2.0 1.8 1.9 1.8 1.7 1.7

*Data are percentages unless otherwise indicated.
†Standardized for age to the total cohort.
‡Information ascertained on the 12-month questionnaire.

Table 2.—Relative Risk of Sudden Death According to Dietary Fish Intake*

Servings of
Fish Consumed

No. of
Cases

Person-
Years

Age-Adjusted
RR (95% CI)

Multivariate
RR (95% CI)†

,1 per mo 9 7715 1.0 (Referent) 1.0 (Referent)

1-3 per mo 12 15 465 0.68 (0.29-1.62) 0.64 (0.26-1.58)

1-,2 per wk 38 79 561 0.42 (0.21-0.88) 0.47 (0.23-0.98)

2-,5 per wk 64 123 693 0.46 (0.23-0.93) 0.51 (0.25-1.04)

$5 per wk 10 27 343 0.34 (0.14-0.83) 0.39 (0.15-0.96)

P value for trend .03 .11

,1 per mo 9 7715 1.0 (Referent) 1.0 (Referent)

1-3 per mo 12 15 465 0.68 (0.29-1.62) 0.64 (0.26-1.58)

$1 per wk 112 230 597 0.44 (0.22-0.86) 0.48 (0.24-0.96)

P value for trend .006 .03

*RR indicates relative risk; CI, confidence interval.
†The multivariate model includes age (continuous), aspirin and beta carotene treatment assignment, evidence of

cardiovascular disease (angina, myocardial infarction, stroke, transient ischemic attack, percutaneous transluminal
angioplasty, or coronary artery bypass grafting) prior to 12-month questionnaire, body mass index (quartiles),
smoking status (current [,20 cigarettes per day, $20 cigarettes per day], past, never), history of diabetes, history
of hypertension, history of hypercholesterolemia, alcohol consumption (#monthly, weekly, daily), vigorous exercise
(,weekly, $weekly), and vitamin E, vitamin C, and multivitamin use.
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dairy, and fried foods) were not signifi-
cantly associated with sudden cardiac
death.Theseparateadditionof thesefood
groups to the multivariate model did not
alter the association between fish intake
and sudden cardiac death. In analyses ac-
cording to type of fish, the multivariate
RR for men who consumed fish at least
once per week as compared with those
who consumed less than 1 serving per
month was 0.66 (95% CI, 0.40-1.11) for
tuna, 0.98 (95% CI, 0.56-1.70) for dark
meat fish, 0.63 (95% CI, 0.39-1.04) for
other fish, and 0.69 (95% CI, 0.35-1.34) for
shellfish. These results are consistent
with a possible beneficial effect across
various fish categories. For dark meat
fish, the point estimate was close to 1.0;
however, theCIsforthis typeof fishwere
wideanddonotexcludethedegreeofpro-
tection seen for other types of fish.

The relationship of estimated intake of
n-3 fatty acids with sudden death is shown
inTable3.Themeanmonthlyn-3fattyacid
intake was 5.9 g, which is roughly equiva-
lent to 1 fatty fish meal per week. The ref-
erence group rarely or never consumed
fish and therefore had a n-3 fatty acid in-
takefrommarinesourcesessentiallyequal
to zero (,0.3 g per month). The remain-
derwhoconsumedfishwereseparatedinto
quartilesofn-3fattyacidintake.Therewas
no significant linear trend across quar-
tiles of n-3 fatty acid intake in either the
age-adjusted or the multivariate analy-
ses, but the men who consumed any quan-
tity of n-3 fatty acids had a decreased RR
of sudden death (although this reduction
was not significant in all quartiles). Spline
regressionmodelingalsosuggestedtheex-
istence of a plateau of risk at low intakes,
but the CIs were wide (Figure 2).

Other Cardiovascular End Points
There were 737 incident myocardial in-

farctions during the 11 years of follow-up.
In contrast to the inverse relationship
with sudden cardiac death, dietary fish
consumption and n-3 fatty-acid intake
were not associated with myocardial in-
farction(Table4).Menwhoconsumedany
amount of fish more than once per month
hadariskofmyocardial infarctionequiva-
lent to those who consumed fish less than
once per month. Fish consumption also
was not significantly associated with non-
sudden cardiac death (terminal illness .1
hour) or with risk of coronary heart dis-
ease death or total cardiovascular death
over either 3 or 5 categories of fish intake
(Table 5). However, fish consumption at a
level of 1 fish meal per week was associ-
ated with a statistically significant reduc-
tionintheriskoftotalmortalityaftermul-
tivariate adjustment (RR for $1 meals
per week vs ,1 meal per month=0.70;
95% CI, 0.55-0.89), with a similar relation-
ship(anapparentthresholdat1-,2meals

per week) to that seen with sudden car-
diac death (P for trend across 3 catego-
ries=.003; significant after Bonferroni
correction, P=.02) (Table 5).

COMMENT
In this large, prospective cohort study

of US male physicians, low to moderate
intake of fish—at least 1 fish meal per
week—was associated with a 52% lower
risk of sudden death compared with less
than monthly consumption, even after
controlling for several confounders. All
levelsoffishconsumptionwereassociated
withadecreasedriskofsuddendeath,but
the size of the reduction did not appear to
differ substantially at levels of consump-
tion greater than 1 fish serving per week,
suggesting a threshold effect. This small
amount of fish may be sufficient to pro-
vide an essential amount of long-chain n-3
polyunsaturated fatty acid or some uni-
dentified nutrient or both that decrease
sudden cardiac death. The effect was con-
sistent across most categories except for
dark meat fish. If n-3 fatty acids are in-
deed the active agent, this result is some-
what surprising, because this type of fish
has the highest n-3 fatty acid content.
However, considering that the CIs were
wider for this type of fish and included the
degree of protection seen for the other
types of fish, a possible benefit for this
type of fish cannot be excluded.

When total marine n-3 fatty acid intake
was estimated, any intake was associated
with a decreased risk of sudden death
compared with no intake, but there was
no suggestion of a linear dose-response
relationship. The lack of a clear dose-re-
sponsetrendandtheresultsfordarkmeat
fish raise the possibility that some other
nutrient(s) may play a role in explaining
the protective effect of fish consumption
onsuddendeath.Alternatively, ifthedose
of n-3 fatty acids required for a protective
effect was small, these data could be con-
sistent with n-3 fatty acids being the es-
sential nutrient. Also, any significant im-
precision in the estimate could have ob-
scured a dose response, especially at the
low levels. Our assessment of total n-3
fatty acid intake was subject to both ran-
dom measurement error and underesti-
mation error owing to a lack of informa-
tion on a-linolenic acid consumption (an
18-carbonn-3fattyacidfoundinunhydro-
genated soybean oil, canola oil, and some
nuts), which also may have antiarrhyth-
mic properties and can be elongated to
eicosapentanoic acid.26 Both types of er-
rors would tend to reduce or obscure any
real association with n-3 fatty acids and
may explain the lack of a clear trend.

There was no evidence of any associa-
tion, in contrast to that seen with sudden
cardiacdeath,betweendietaryfish(orn-3
fatty acid) intake and the risk of myocar-
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Figure 2.—Multivariate adjusted relative hazard of
sudden death across increasing levels of n-3 fatty
acid intake from seafood in grams per month. The
solid line represents the maximum partial likelihood
estimate of the smooth relative hazard function, us-
ing a restricted cubic spline model with 5 knots. The
dotted lines represent pointwise 95% confidence
intervals for the relative hazard function.

Table 3.—Relative Risk of Sudden Death According to Dietary Intake of n-3 Fatty Acid*

Quartile
Range of n-3

Fatty Acid Intake, g/mo
No. of
Cases

Person-
Years

Age-Adjusted
RR (95% CI)

Multivariate
RR (95% CI)†

Referent ,0.3 9 7715 1.0 (Referent) 1.0 (Referent)

1 0.3-,2.7 40 65 223 0.55 (0.27-1.14) 0.58 (0.28-1.21)

2 2.7-,4.9 19 56 083 0.30 (0.14-0.67) 0.34 (0.15-0.75)

3 4.9-,7.4 37 61 936 0.53 (0.26-1.10) 0.60 (0.29-1.27)

4 $7.4 28 62 820 0.40 (0.19-0.85) 0.43 (0.20-0.93)

P value for trend .13 .21

*RR indicates relative risk; CI, confidence interval.
†See second footnote to Table 2 for description of multivariate model.
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Figure 1.—Multivariate adjusted relative hazard of
sudden death across increasing levels of fish intake
expressed as servings of fish per week. The solid
line represents the maximum partial likelihood esti-
mate of the smooth relative hazard function, using
a restricted cubic spline model with 4 knots. The
dotted lines represent pointwise 95% confidence
intervals for the relative hazard function.
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dial infarction. This finding is consistent
with previous reports in this9,27 and other
prospective observational studies10 as
wellasasecondarypreventiontrial.11 The
Diet and Reinfarction Trial, which ran-
domized 2033 men after myocardial in-
farctionto receive ornottoreceiveadvice
to eat at least 2 portions of fatty fish per
week, found no difference in the incidence
of nonfatal myocardial infarctions be-
tween treatment groups at 2 years. De-
spite this, total mortality (primarily com-
posed of ischemic heart disease deaths)
was reduced significantly by 29% in the
intervention group. The authors hypoth-
esized that fish consumption may reduce
the risk of fatal arrhythmias and there-
fore mortality after myocardial infarction
without affecting the incidence of repeat
myocardial infarction. The differential ef-
fect on myocardial infarction and sudden
death in our prospective study supports
this hypothesis, since 91% to 98% of these
deaths, as defined, would be expected to
be due to a fatal arrhythmia.28,29

A component of fish may have antiar-
rhythmic properties that reduce the vul-
nerability to life-threatening arrhyth-
mias during cardiac ischemia.1 2 - 1 4

Consumption of 1 fish meal per week com-
paredwithnofishhasbeenassociatedwith
anincreaseinheartratevariability,30 which
hasbeenassociatedwitha lowerriskofar-
rhythmic death after myocardial infarc-
tion.31 There was little added benefit at
higherlevelsofconsumption,asseeninour
study. A retrospective, population-based
case-control study of primary cardiac ar-
rest provides support for antiarrhythmic
effects of fish.15 This study found an asso-
ciation between both dietary intake of n-3
fatty acids from fish and red blood cell n-3
fatty acid composition and a reduced risk
of primary cardiac arrest. Also, a de-
creased risk was seen even at low levels
of fish consumption (2 fatty fish meals per
month), and a similar reduction was seen
at 1 fish meal per week (50% decreased
risk). Our study adds to this evidence by
demonstrating a similar relationship pro-
spectively between fish and sudden car-
diac death in a defined cohort of men.

However, another prospective study
foundseeminglycontradictoryresults.The
Western Electric study5 reported an as-
sociation between fish consumption at low
doses and a reduced risk of nonsudden but
not sudden death from myocardial infarc-
tion among 1822 men followed up for 30
years. A major difference between that
study and ours was the method used to as-
certain the end point of sudden death. The
Western Electric study used death cer-
tificates alone to determine the specific
type of coronary heart disease death and
whether deaths from myocardial infarc-
tion were sudden. We used next of kin re-
ports, medical records, and autopsy re-

sults to determine the timing of all cardiac
deaths (not just those in which myocar-
dial infarction was listed as the cause of
death on a death certificate). The rate of
misclassification is high and assessment of
timing of death may not be valid when
deathcertificate information isnotsupple-
mented with hospital records, autopsy
data, or interviews with next of kin.32,33

Kuller et al34 found that, even when the
probability of sudden death ascertained
from information on the death certificate
was thought to be high, 50% ultimately
were found to be nonsudden deaths when
all available information was used.

Our study has several limitations. As
with any observational study, the associa-
tion between fish consumption and sud-
den cardiac death could, at least in part,
be due to residual confounding. Fish con-
sumption may be a marker for a healthier
lifestyle. In these data, fish consumers
were more likely to exercise regularly and
to take antioxidant vitamin supplements.
However, fish consumption was not a
marker for a lower risk of myocardial in-
farction, which is also a consequence of a
healthier lifestyle. Alternatively, fish con-
sumers may be at higher self-perceived
riskforcoronaryheartdiseaseandareeat-
ing fish and practicing other healthy life-
stylebehaviorstoreducetheirhigherbase-
line risk. In support of this possibility, fish
consumers were more likely to have a his-
tory of hypertension or hypercholesterol-
emiaandafamilyhistoryofcoronaryheart
disease. The net effect of these interrela-
tionships on risk of sudden death is un-
clear,butthesecomplexrelationshipsmay

account forpartorallof theassociationbe-
tween fish consumption and sudden car-
diac death. In addition, only 637 men re-
ported consuming fish less than once a
week, and these men may have other un-
usual characteristics not accounted for in
our multivariate model and that may have
influenced their risk for sudden death.

Since we did not collect complete infor-
mation on diet, our study cannot exclude
thepossibilitythatsomeotherdietaryfac-
torassociatedwith fishconsumptioncould
be responsible for the observed associa-
tion. But when we controlled for intake of
red meat, vegetables, fruits, dairy prod-
ucts, fried foods, saturated fat, and beta
carotene from the limited information (40
questions) collected, the relationships be-
tween fish and sudden cardiac death were
essentially unchanged. None of these food
groupswas independentlyassociatedwith
sudden cardiac death, and the evidence
supporting an antiarrhythmic property of
fish is greater. Another important limita-
tion of our study is the single measure of
fish consumption and, therefore, the in-
abilitytoaccountforchangesinintakeover
time, which also would tend to obscure as-
sociations if the effect of fish intake or n-3
fatty acid intake is of short duration.

Despite the beneficial association be-
tween fish consumption and sudden car-
diac death, our study did not show a sig-
nificant benefit on total cardiovascular
disease mortality (or coronary heart dis-
ease mortality) and therefore is discor-
dant with some1-6 but not all7-10 prospec-
tive cohort studies. In general, fish con-
sumption has been associated with lower

Table 4.—Relative Risk of Myocardial Infarction According to Dietary Fish Intake*

Servings of Fish
Consumed

No. of
Cases

Person-
Years

Age-Adjusted
RR (95% CI)

Multivariate
RR (95% CI)

,1 per mo 23 7607 1.0 (Referent) 1.0 (Referent)

1-3 per mo 42 15 247 0.94 (0.57-1.56) 0.91 (0.55-1.53)

1-,2 per wk 232 78 056 1.00 (0.65-1.57) 0.99 (0.64-1.54)

2-,5 per wk 363 121 611 1.03 (0.68-1.57) 1.03 (0.67-1.58)

$5 per wk 77 26 797 1.02 (0.64-1.62) 1.00 (0.62-1.60)

P value for trend .75 .67

*RR indicates relative risk; CI, confidence interval.
†See second footnote to Table 2 for description of multivariate model.

Table 5.—Relative Risk of Other Types of Cardiovascular and Total Mortality According to Dietary Fish Intake*

Servings of
Fish Consumed

Person-
Years

Nonsudden
Cardiac Death

(132 Cases)

Coronary Heart
Disease Death

(308 Cases)

Cardiovascular
Mortality

(548 Cases)

Total
Mortality

(1652 Cases)

,1 per mo 7715 1.0 (Referent) 1.0 (Referent) 1.0 (Referent 1.0 (Referent)

1-3 per mo 15 465 0.65 (0.16-2.61) 1.18 (0.59-2.36) 0.96 (0.57-1.61) 0.79 (0.59-1.06)

1-,2 per wk 78 561 1.19 (0.42-3.35) 0.82 (0.45-1.51) 0.79 (0.51-1.23) 0.71 (0.55-0.91)

2-,5 per wk 123 693 1.32 (0.47-3.66) 0.91 (0.50-1.66) 0.84 (0.54-1.30) 0.70 (0.54-0.89)

$5 per wk 27 343 1.19 (0.38-3.70) 0.81 (0.41-1.61) 0.81 (0.49-1.33) 0.73 (0.55-0.96)

P value for trend .33 .49 .50 .045

,1 per mo 7715 1.0 (Referent) 1.0 (Referent) 1.0 (Referent) 1.0 (Referent)

1-3 per mo 15 465 0.64 (0.16-2.60) 1.18 (0.58-2.36) 0.96 (0.57-1.61) 0.79 (0.59-1.06)

$1 per wk 230 597 1.25 (0.46-3.43) 0.87 (0.48-1.56) 0.82 (0.53-1.25) 0.70 (0.55-0.89)

P value for trend .31 .26 .21 .003

*RR indicates relative risk; CI, confidence interval.
†See second footnote to Table 2 for description of multivariate model.
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cardiac mortality in populations charac-
terized by low fish intake in which a sub-
stantial proportion rarely or never con-
sumed fish,1-6 but not in those with high
levelsoffishintake, inwhichfewindividu-
alsrarelyorneverconsumedfish.7-10 Most
studies reporting inverse associations
found a benefit at a level of consumption
atoraround30gperdayor1 fishmealper
week,1,5 the same low levels at which fish
consumption was associated with a pos-
sible antiarrhythmic effect in our study
and in the study by Siscovick et al.15 If
therewereathresholdeffectat1fishmeal
per week, this could explain, at least in
part, the apparently discordant result on
cardiovascular mortality among observa-
tional studies. In our study, only 3.1% of
the population rarely or never consumed
fish and were therefore at highest risk for
sudden death. Accordingly, less than 30%
of the coronary heart disease deaths oc-
curredsuddenly.Therefore,theobserved
reduction in cardiovascular mortality as-
sociated with fish consumption was only
modest (11%) and not significant.

The inverse relationship with total

mortality without a significant relation-
shiponcardiovascularmortalitysuggests
that there may be associations between
fish consumption and other noncardiac
causes of death. The n-3 fatty acids are
important components of all cell mem-
branes,35 havebeendemonstratedtohave
anti-inflammatory effects, and may have
beneficial effects on ulcerative colitis,
rheumatoidarthritis,35 andasthma.36 Epi-
demiologicdata4,37,38 suggestthat fishcon-
sumption and n-3 fatty acids may have a
beneficial effect on certain types of can-
cers.Also, if fish intakedecreasedtherisk
of developing ventricular arrhythmias to
a variety of insults such as hypoxia, elec-
trolyte disturbances, and acidosis, then it
might influence the risk of dying from di-
verse causes resulting in an overall ben-
efit on total mortality. Although not
clearly explained here, the effect on total
mortality is both reassuring and intrigu-
ing and clearly warrants further study.

Approximately 250 000 sudden cardiac
deaths occur in the United States every
year.39 Of these sudden deaths, 55% have
no previous history of heart disease,40 and

most die prior to reaching the hospital. Of
persons with cardiac arrest who do reach
the hospital, only 30% will be discharged
alive.41 Any substantial reduction in ar-
rhythmic and therefore sudden death will
require primary prevention efforts in the
general population and not just in those
with a history of coronary heart disease.
If the observed inverse association be-
tween low to moderate levels of fish con-
sumption and a reduced risk of sudden
death is causal, the public health impact
of such an intervention could be substan-
tial, depending on the percentage of the
population in the United States and other
countries currently eating fish less than
weekly. While large-scale randomized tri-
alsarenecessarytoconfirmorrefutethese
findings, our data add to the existing to-
tality of evidence that consuming at least
1 meal of fish per week may substantially
reduce the risk of sudden cardiac death.

This study was supported by National Institutes
of Health grants CA-34944, CA-40360, HL-26490,
and HL-34595. Dr Albert is supported by training
grant HL-07575 from the National Heart, Lung, and
Blood Institute.
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