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Background: Associations between fish consumption
and stroke risk have been inconsistent, possibly be-
cause of the differences in types of fish meals con-
sumed. Additionally, such relationships have not been
specifically evaluated in the elderly, in whom disease bur-
den may be high and diet less influential.

Methods: Among 4775 adults 65 years or older (range,
65-98 years) and free of known cerebrovascular disease
at baseline in 1989-1990, usual dietary intake was as-
sessed using a food frequency questionnaire. In a sub-
set, consumption of tuna or other broiled or baked fish,
but not fried fish or fish sandwiches (fish burgers), cor-
related with plasma phospholipid long-chain n-3 fatty acid
levels. Incident strokes were prospectively ascertained.

Results: During 12 years of follow-up, participants ex-
perienced 626 incident strokes, including 529 ischemic
strokes. In multivariate analyses, tuna/other fish con-
sumption was inversely associated with total stroke
(P=.04) and ischemic stroke (P=.02), with 27% lower
risk of ischemic strokewith an intake of 1 to 4 times per

week (hazard ratio [HR], 0.73; 95% confidence interval
[CI], 0.55-0.98) and 30% lower risk with intake of 5 or
more times per week (HR, 0.70; 95% CI, 0.50-0.99) com-
pared with an intake of less than once per month. In con-
trast, fried fish/fish sandwich consumption was posi-
tively associated with total stroke (P=.006) and ischemic
stroke (P=.003), with a 44% higher risk of ischemic stroke
with consumption of more than once per week (HR, 1.44;
95% CI, 1.12-1.85) compared with consumption of less
than once per month. Fish consumption was not asso-
ciated with hemorrhagic stroke.

Conclusions: Among elderly individuals, consump-
tion of tuna or other broiled or baked fish is associated
with lower risk of ischemic stroke, while intake of fried
fish or fish sandwiches is associated with higher risk. These
results suggest that fish consumption may influence stroke
risk late in life; potential mechanisms and alternate ex-
planations warrant further study.
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C ARDIOVASCULAR DISEASES

are the leading cause of
death and disability in the
elderly,whoarethefastest-
growing segment of the

population; by 2030, it is projected that 70
million persons, or 1 in every 5, will be 65
yearsorolder.1 Studiesof fishconsumption
and stroke risk have yielded inconsistent
results,2-7 and none have focused on elder-
ly individuals, inwhomdiseaseburdenmay
be high and dietary habits may have less in-
fluence.Furthermore,cardiovasculareffects
offishintakemayvarydependingonthetype
offishmealconsumed;intakeoftunaorother
broiled or baked fish predicts lower risk of
fatal coronary heart disease, while intake of
fried fish or fish sandwiches (fish burgers)
isassociatedwithtrendstowardhigherrisk.8

Determiningwhether thecardiovascularef-
fects of these fish meals differ is of consid-
erable public health importance, because a

large proportion of fish meals consumed in
the United States are fried fish or fish sand-
wiches.9 Also,different typesof stroke—is-
chemic vs hemorrhagic — may be affected
differently by fish consumption; however,
relationships of fish consumption with dif-
ferent stroke types are not well established.

We therefore evaluated associations of
different types of fish meals with risk of
incident total stroke and stroke subtypes
in the Cardiovascular Health Study (CHS),

a population-based, longitudinal cohort
study of determinants of cardiovascular
events among elderly individuals. Our pri-
mary hypothesis was that consumption of
tuna and other fish, but not fried fish or
fish sandwiches, would be associated with
lower risk of total and ischemic stroke.
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METHODS

DESIGN AND POPULATION

The design and recruitment experience of the CHS have been
described.10,11 Briefly, 5201 men and women 65 years or older
were randomly selected and enrolled from Medicare eligibility
lists in 4 US communities in 1989-1990; an additional 687 black
participants enrolled in 1992 were not included in this analy-
sis because a food frequency questionnaire was not adminis-
tered to these participants at baseline. Each center’s institu-
tional review committee approved the study, and all subjects
gave informed consent. We excluded 333 participants with a
history of stroke, transient ischemic attack, or carotid endar-
terectomy at baseline12 and 90 participants with incomplete data
on fish consumption, resulting in 4778 subjects for this analy-
sis. At baseline, participants completed questionnaires on health
status, medical history, and cardiovascular risk factors and un-
derwent standardized clinic examination, resting electrocar-
diography, 2-dimensional echocardiography, carotid ultraso-
nography, and laboratory evaluation.10-13

DIETARY ASSESSMENT

Usual dietary intake was assessed at baseline using a picture-
sort version of the National Cancer Institute food frequency
questionnaire.14 Participants were asked to indicate how of-
ten, on average, they had consumed various specific foods dur-
ing the past year, including tuna fish, other broiled or baked
fish, and fried fish or fish sandwiches (fish burgers). Nutrient
intakes, such as saturated fat intake, were estimated from ques-
tionnaire responses and adjusted for total calories using re-
gression analyses.15,16 We have previously reported correla-
tions of fish intake with a biomarker of n-3 fatty acid intake,
plasma phospholipid eicosapentaenoic acid (EPA, 20:5n-3) and
docosahexaenoic acid (DHA, 22:6n-3), in a subsample of CHS
participants.8 Combined EPA + DHA levels correlated with fre-
quency of tuna intake (Spearman correlation [r]=0.35; P�.01)
and other fish intake (r=0.59; P�.001), but not fried fish/fish
sandwich intake (r=0.04; P=.78), which is consistent with the
lean types of fish that are typically fried (eg, cod and pollock).

ASCERTAINMENT OF EVENTS

Potential strokes were identified during annual examinations and
interim 6-month Telephone contacts, with centralized adjudi-
cation using interviews, medical records, physician question-
naires, death certificates, medical examiner forms, Centers for
Medicare and Medicaid Services hospitalizations, and available
computed tomographic scans or magnetic resonance im-
ages.17,18 Stroke was defined as a neurological deficit of rapid on-
set lasting longer than 24 hours unless death supervened or as a
subarachnoid hemorrhage. Strokes were classified as (1) ische-
mic if there was evidence of focal brain deficit without evidence
for primary hemorrhage; (2) hemorrhagic if there was bloody
spinal fluid on lumbar puncture or evidence of blood in the sub-
arachnoid space, ventricles, or parenchyma on cerebral imag-
ing or at surgery or autopsy that did not appear consistent with
hemorrhage into an infarction; or (3) unknown type if informa-
tion was insufficient for classification.

STATISTICAL ANALYSIS

Cox proportional hazards models were used to estimate risk,
with censoring at first event, death, or the latest date of adju-
dicated follow-up through June 30, 2001. Tuna and other fish

consumption were correlated (r=0.37: P�.001), and associa-
tions of each with risk were similar to associations of tuna/
other fish intake combined. Tuna and other fish consumption
were therefore evaluated together (combined correlation with
EPA + DHA=0.55; P�.001).8 Fried fish/fish sandwich con-
sumption was modestly correlated with tuna/other fish intake
(r=0.14; P� .001) and was evaluated separately. Fish intakes
were evaluated as categorical (indicator) variables; given that
few persons consumed fried fish/fish sandwiches 5 or more times
per week (n=63), these participants were combined with those
consuming fried fish/fish sandwiches 1 to 4 times per week.
To minimize potential confounding, covariates were selected
based on clinical interest, previously published associations with
stroke,18 or associations with exposures or outcomes in the cur-
rent data set. Based on these considerations and the goal of par-
simony in covariate selection, 3 final multivariate models are
presented: (1) adjusted for cardiovascular risk factors (age, sex,
education, diabetes, prevalent coronary heart disease, smok-
ing status, pack-years of smoking, and aspirin use); (2) fur-
ther adjusted for other risks and lifestyle factors (body mass
index, leisure-time physical activity, alcohol use, and total ca-
loric intake); and (3) further adjusted for potential confound-
ers or mediators (systolic blood pressure and low-density li-
poprotein cholesterol, high-density lipoprotein cholesterol,
triglyceride, and C-reactive protein levels). Other covariates that
did not appreciably alter the relations between fish intake and
stroke and were therefore excluded from the final models were
race, income, enrollment site, hypertension, frequent falls, ex-
ercise intensity, diastolic blood pressure, carotid intimal me-
dial thickness, and atrial fibrillation; use of �-blockers, lipid-
lowering medication, fish oil, and estrogen; fasting glucose,
insulin, fibrinogen, factor VII, and factor VIII; and estimated
intake of total fat, saturated fat, linolenic acid, carbohydrates,
protein, fiber, wine, thiamine, vitamin A, and vitamin C. Kaplan-
Meier survival methods were also used to evaluate stroke-free
survival according to tuna/other fish and fried fish/fish sand-
wich consumption (each adjusted for the other). Intake cat-
egories were entered as ordinal variables in tests for trend as
well as for evaluation of differences in baseline characteristics
using linear (continuous variables) or logistic (dichotomous
variables) regression. Likelihood ratio testing using multipli-
cative interaction terms was used to assess effect modification
by age, sex, education, diabetes, coronary heart disease, hy-
pertension, systolic blood pressure, smoking, and aspirin use.
All P values are 2-tailed (�=.05). Analyses were performed us-
ing Stata 8.0 (Stata Corp, College Station, Tex).

RESULTS

At baseline, mean participant age was 72.7 years (range,
65-98 years). Mean fried fish/fish sandwich and tuna/
other fish consumption were 0.7 and 2.2 servings per week,
respectively. Tuna/other fish consumption was associated
with younger age, female sex, and higher education, while
fried fish/fish sandwich consumption was associated with
male sex, nonwhite race, and lower education (Table 1).
Tuna/other fish consumption was generally associated with
a more favorable cardiovascular risk profile, although body
mass index and low-density lipoprotein cholesterol level
were higher with greater intake. Tuna/other fish consump-
tion was inversely associated with saturated fat intake and
positively associated with intake of total calories, alcohol,
fruits, and vegetables; fried fish/fish sandwich consump-
tion was positively associated with intake of total calories,
saturated fat, beef/pork, and vegetables.
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Over 12 years of follow-up, participants experienced
626 incident strokes (529 ischemic, 65 hemorrhagic, and
32 unclassified). When stroke subtypes were separately
examined, an additional 8 ischemic and 8 hemorrhagic
strokes were included, because censoring occurred only
for the stroke type being examined. The Figure presents
survival free of stroke according to fish consumption. In-
cidence of stroke among persons consuming tuna/other
fish 5 or more times per week was 12 per 1000 person-
years compared with 19 per 1000 person-years among per-
sons consuming tuna/other fish less than once per month
(P=.002 for equality of survivor functions). Among per-
sons consuming fried fish/fish sandwiches at least once per
week, incidence of stroke was 17 per 1000 person-years
compared with 13 per 1000 person-years among persons
consuming fried fish/fish sandwiches less than once per
month (P=.02 for equality of survivor functions).

After adjustment for age, sex, education, diabetes,
prevalent coronary heart disease, smoking status, pack-
years of smoking, and aspirin use, consumption of tuna/
other fish was inversely associated with total stroke, with

a trend toward 14% lower risk with consumption 1 to 3
times per month (hazard ratio [HR], 0.86; 95% confi-
dence interval [CI], 0.65-1.13), 26% lower risk with con-
sumption 1 to 4 times per week (HR, 0.74; 95% CI, 0.57-
0.97), and 28% lower risk with consumption 5 or more
times per week (HR, 0.72; 95% CI, 0.53-0.98) com-
pared with a consumption of less than once per month
(P for trend, .02) (model 1, Table 2). When stroke sub-
types were evaluated, tuna/other fish intake was in-
versely associated with ischemic stroke, with a trend to-
ward 15% lower risk with consumption 1 to 3 times per
month (HR, 0.85; 95% CI, 0.63-1.15), 28% lower risk with
consumption 1 to 4 times per week (HR, 0.72; 95% CI,
0.54-0.96), and 32% lower risk with consumption 5 or
more times per week (HR, 0.68; 95% CI, 0.48-0.95) com-
pared with a consumption of less than once per month
(P for trend, .009) (model 1). Results were not greatly
altered by additional adjustment for other potential con-
founders (model 2) or mediators (model 3), though CIs
included unity in some cases owing to fewer numbers of
events among persons consuming tuna/other fish 5 or

Table 1. Baseline Characteristics According to Fish Consumption*

Characteristic

Tuna/Other Fish Fried Fish/Fish Sandwich

�1
Time/mo
(n = 502)

1-3
Times/mo
(n = 1123)

1-4
Times/wk

(n = 2226)

�5
Times/wk
(n = 927)

P
Value†

�1
Time/mo

(n = 2302)

1-3
Times/mo
(n = 1542)

�1
Times/wk
(n = 934)

P
Value†

Tuna/other fish intake, servings per week 0.1 0.5 2.2 5.7 �.001 2.1 1.9 3.1 �.001
Fried fish/fish sandwich intake, servings

per week
0.5 0.4 0.8 1.0 �.01 0.1 0.5 2.7 �.001

Age, y 74.2 73.2 72.5 71.8 �.001 72.8 72.4 72.9 NS
Male sex, % 46 46 42 34 �.001 37 45 50 �.001
White race, % 93 95 95 95 NS 96 95 92 �.001
Education �high school diploma, % 51 68 76 82 �.001 79 69 62 �.001
Diabetes, % 24 23 22 21 NS 21 22 25 �.05
Coronary heart disease, % 17 18 18 20 NS 18 18 21 �.01
Current smoker, % 15 14 10 10 �.001 12 11 11 NS
Smoking, pack-years 19 19 17 17 �.01 17 18 19 NS
Treated hypertension, % 45 45 43 44 NS 43 44 45 NS
Systolic blood pressure, mm Hg 139 139 139 137 NS 138 139 140 �.001
BMI 26.1 26.4 26.4 26.7 NS 26.1 26.6 26.8 �.001
Leisure time activity, kcal/wk 1608 1816 1904 1858 NS 1791 1883 1909 NS
Internal carotid IMT, mm 1.6 1.5 1.5 1.5 NS 1.5 1.5 1.5 �.01
Atrial fibrillation, % 6 6 5 5 NS 6 5 6 NS
Daily aspirin use, % 17 20 19 21 NS 19 18 23 NS
LDL-C, mg/dL 126 126 131 135 �.001 130 130 131 NS
HDL-C, mg/dL 52 53 55 55 �.001 56 53 52 �.001
Triglycerides, mg/dL 143 142 139 144 NS 139 143 146 �.05
C-reactive protein, mg/L 4.0 3.8 3.2 2.9 �.001 3.1 3.6 3.7 �.01
Caloric intake, kcal/d 1613 1614 1852 2118 �.001 1616 1852 2282 �.001
Saturated fat, % calories 13 13 12 11 �.001 11 12 13 �.001
Alcohol, drinks/wk 1.6 2.4 3.1 2.8 �.05 3.0 2.6 2.3 NS
Beef or pork, servings/d 0.9 0.8 0.9 0.8 NS 0.7 0.9 1.2 �.001
Fruits, servings/d 1.8 1.8 2.2 2.5 �.001 2.2 2.1 2.2 NS
Vegetables, servings/d 1.9 1.9 2.5 3.3 �.001 2.4 2.4 2.7 �.001
EPA + DHA, % phospholipids‡ 2.6 3.4 3.9 4.7 �.001 3.7 3.7 3.6 NS

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by the square of height in meters); DHA, docosahexaenoic acid;
EPA, eicosapentaenoic acid; HDL-C, high-density lipoprotein cholesterol; IMT, intimal medial thickness; LDL-C, low-density lipoprotein cholesterol;
NS, nonsignificant (P �.05).

SI conversion factors: To convert cholesterol to millimoles per liter, multiply by 0.0259; to convert triglycerides to millimoles per liter, multiply by 0.0113.
*Values are mean (continuous variables) or frequency (categorical variables).
†P value across categories of intake, after adjustment for age.
‡Among 64 participants with baseline plasma phospholipids EPA and DHA measurements.
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more times per week. There were no significant associa-
tions between tuna/other fish intake and hemorrhagic
stroke.

In contrast, fried fish/fish sandwich consumption was
associated with higher risk of stroke (Table3). After mul-
tivariate adjustments (model 2), consumption of at least
once per week was associated with 37% higher risk of total
stroke (HR, 1.37; 95% CI, 1.09-1.73) and 44% higher risk
of ischemic stroke (HR, 1.44; 95% CI, 1.12-1.85) com-
pared with a consumption of less than once per month.
Higher risk appeared graded with increasing intake (P for
trend, .006 for total stroke and .003 for ischemic stroke;
model 2). Evaluated continuously, each serving per week
predicted a 10% higher risk of total stroke (HR, 1.10; 95%
CI, 1.02-1.19) and 13% higher risk of ischemic stroke (HR,
1.13; 95% CI, 1.04-1.22) (adjustments as in model 2).

Exclusion of participants using fish oil supplements
(n=178) or with atrial fibrillation (n=261) at baseline
had little effect (not shown). There was little evidence
for interaction between tuna/other fish and fried fish/
fish sandwich intake (P for interaction, .22, .39, and .27
for total, ischemic, and hemorrhagic stroke, respec-
tively). There was also little evidence that findings var-
ied by age, sex, education, diabetes, prevalent coronary
heart disease, treated hypertension, systolic blood pres-
sure, smoking, or aspirin use (P�.05 for each interac-
tion).

Fish intake was assessed at baseline, and dietary habits
may have changed over time, either owing to morbidity or
regression to the mean. Such changes might result in bias
toward the null over time. To evaluate this possibility, we
divided the follow-up into 2 roughly equal halves and sepa-
rately investigated associations in the first period (nearer
to diet assessment) and the second period (further from
diet assessment).Aswouldbeexpected if therewerechanges
in intake over time, associations between tuna/other fish
consumption and stroke risk appeared stronger in the first
period (Table 4), with consumption of 1 to 4 times per
week associated with 39% lower risk of total stroke (HR,
0.61; 95% CI, 0.43-0.87) and 41% lower risk of ischemic
stroke (HR, 0.59; 95% CI, 0.40-0.86) compared with a con-
sumption of less than once per month (adjustments as in
model 3). Risk estimates for fried fish/fish sandwich con-
sumption were similar in both periods, suggesting poten-
tially fewer changes in intake over time. Because socioeco-
nomic status may relate to tendency or capability to change
one’s diet, we also stratified these analyses by educational
attainment. Movement of risk estimates toward the null over
time was more notable among those with greater educa-
tion (high school diploma or greater) compared with less
education (less than a high school diploma) (not shown),
though broad CIs in these subgroups limited confirma-
tion of such differences. Associations of fish intake with
hemorrhagic stroke were not statistically significant in either
period (not shown).

COMMENT

In this population-based, prospective study among el-
derly adults, consumption of tuna or other broiled or
baked fish was associated with lower incidence of stroke.

This relationship was present after adjustment for a va-
riety of demographic, clinical, lifestyle, and dietary char-
acteristics. However, these findings do not prove causal-
ity. The observed relationship may be due to residual
confounding from other factors associated with both fish
intake and stroke risk, such as residual differences in so-
cioeconomic status not accounted for by our adjust-
ment for education, clinical risk factors, smoking, alco-
hol use, and physical activity.

On the other hand, there are plausible biological
mechanisms for beneficial effects of tuna/other fish in-
take on incidence of stroke, particularly ischemic stroke.
In experimental studies, n-3 fatty acids from fatty fish in-
fluence blood pressure, lipid levels, inflammatory re-
sponses, red blood cell deformability, endothelial cell func-
tion, and cerebral arteriolar reactivity.19-22 Each of these
effects, separately or in combination, may plausibly re-
duce risk of ischemic stroke. While we were unable to
evaluate each of these potential effects, the findings ap-
peared independent of baseline differences in blood pres-
sure, serum lipid levels, and C-reactive protein level.

Frequent intake of tuna/other fish (�5 servings per
week) was not associated with substantially lower stroke
risk compared with modest intake (1-4 servings per week).
Confidence intervals for persons with frequent consump-
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Figure. Survival free of stroke, according to tuna/other fish and fried fish/fish
sandwich consumption. P=.002 and P=.02 for survival differences
according to tuna/other fish (A) and fried fish/fish sandwich (B) intake,
respectively (log-rank tests for equality of survivor functions).
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tion were broader owing to fewer events (110 vs 284
strokes), so a graded relationship with risk cannot be ex-
cluded by these data. However, a potential threshold effect
of fish intake, as also suggested in a prior report,7 is com-
patible with in vivo pharmakinetics of n-3 fatty acids from
fish, which produce changes in fatty acid composition
in cell membranes that persist for days to weeks.23

Associations between tuna/other fish intake and total
and ischemic stroke risk appeared stronger in the first
half of follow-up (closer to dietary assessment) com-
pared with the latter half (further from dietary assess-
ment). These effects appeared possibly greater among
those with higher education, which may reflect greater
use of antiatherosclerotic treatments over time and could

Table 3. Risk of Stroke According to Fried Fish/Fish Sandwich Consumption*

Stroke Risk

Frequency of Fish Consumption

P for Trend
�1 Time/mo
(n = 2302)

1-3 Times/mo
(n = 1542)

�1 Times/wk
(n = 934)

Total stroke (n = 288) (n = 201) (n = 137)
Age adjusted 1.0 (Referent) 1.13 (0.95-1.36) 1.34 (1.09-1.66) .005
Model 1† 1.0 (Referent) 1.15 (0.95-1.39) 1.30 (1.04-1.61) .02
Model 2‡ 1.0 (Referent) 1.17 (0.97-1.42) 1.37 (1.09-1.73) .006
Model 3§ 1.0 (Referent) 1.14 (0.94-1.38) 1.33 (1.05-1.68) .02

Ischemic stroke (n = 243) (n = 173) (n = 121)
Age adjusted 1.0 (Referent) 1.16 (0.95-1.41) 1.43 (1.14-1.79) .002
Model 1† 1.0 (Referent) 1.17 (0.96-1.43) 1.36 (1.08-1.72) .008
Model 2‡ 1.0 (Referent) 1.19 (0.97-1.46) 1.44 (1.12-1.85) .003
Model 3§ 1.0 (Referent) 1.15 (0.94-1.42) 1.39 (1.08-1.79) .01

Hemorrhagic stroke (n = 37) (n = 22) (n = 14)
Age adjusted 1.0 (Referent) 0.92 (0.54-1.57) 0.94 (0.90-1.76) .81
Model 1† 1.0 (Referent) 0.92 (0.52-1.61) 0.98 (0.51-1.88) .90
Model 2‡ 1.0 (Referent) 0.96 (0.54-1.70) 1.06 (0.53-2.11) .91
Model 3§ 1.0 (Referent) 0.98 (0.55-1.74) 1.10 (0.55-2.19) .84

*Data are hazard ratios (95% confidence intervals) unless otherwise specified.
†Adjusted for cardiovascular risk factors (age, sex, education, diabetes, prevalent coronary heart disease, smoking status, pack-years of smoking, and aspirin

use).
‡Further adjusted for other risks and lifestyle factors (body mass index, leisure-time physical activity, alcohol use, and total caloric intake).
§Further adjusted for potential confounders/mediators (systolic blood pressure and low-density lipoprotein cholesterol, high-density lipoprotein cholesterol,

triglyceride, and C-reactive protein levels).

Table 2. Risk of Stroke According to Tuna/Other Fish Consumption*

Stroke Risk

Frequency of Fish Consumption

P for Trend
�1 Time/mo

(n = 502)
1-3 Times/mo

(n = 1123)
1-4 Times/wk

(n = 2226)
�5 Times/wk

(n = 927)

Total stroke (n = 78) (n = 154) (n = 284) (n = 110)
Age adjusted 1.0 (Referent) 0.85 (0.64-1.11) 0.74 (0.58-0.96) 0.71 (0.53-0.95) .01
Model 1† 1.0 (Referent) 0.86 (0.65-1.13) 0.74 (0.57-0.97) 0.72 (0.53-0.98) .02
Model 2‡ 1.0 (Referent) 0.87 (0.65-1.15) 0.75 (0.57-0.98) 0.74 (0.54-1.02) .04
Model 3§ 1.0 (Referent) 0.88 (0.66-1.17) 0.74 (0.56-0.98) 0.77 (0.56-1.07) .06

Ischemic stroke (n = 69) (n = 135) (n = 242) (n = 91)
Age adjusted 1.0 (Referent) 0.84 (0.62-1.12) 0.71 (0.54-0.93) 0.65 (0.47-0.89) .003
Model 1† 1.0 (Referent) 0.85 (0.63-1.15) 0.72 (0.54-0.96) 0.68 (0.48-0.95) .009
Model 2‡ 1.0 (Referent) 0.87 (0.64-1.17) 0.73 (0.55-0.98) 0.70 (0.50-0.99) .02
Model 3§ 1.0 (Referent) 0.89 (0.65-1.21) 0.73 (0.54-0.98) 0.72 (0.51-1.03) .03

Hemorrhagic stroke (n = 8) (n = 12) (n = 37) (n = 16)
Age adjusted 1.0 (Referent) 0.63 (0.26-1.55) 0.96 (0.44-2.09) 1.00 (0.42-2.37) .53
Model 1† 1.0 (Referent) 0.58 (0.23-1.45) 0.86 (0.39-1.92) 0.89 (0.36-2.19) .72
Model 2‡ 1.0 (Referent) 0.57 (0.23-1.44) 0.86 (0.39-1.93) 0.93 (0.37-2.33) .66
Model 3§ 1.0 (Referent) 0.58 (0.23-1.46) 0.84 (0.38-1.89) 0.98 (0.39-2.46) .63

*Data are hazard ratios (95% confidence intervals) unless otherwise specified. All models include both tuna/other fish and fried fish/fish sandwich intake.
†Adjusted for cardiovascular risk factors (age, sex, education, diabetes, prevalent coronary heart disease, smoking status, pack-years of smoking, and aspirin

use).
‡Further adjusted for other risks and lifestyle factors (body mass index, leisure-time physical activity, alcohol use, and total caloric intake).
§Further adjusted for potential confounders/mediators (systolic blood pressure and low-density lipoprotein cholesterol, high-density lipoprotein cholesterol,

triglyceride, and C-reactive protein levels).
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attenuate the benefits of fish intake or the greater ten-
dency or capability to change one’s diet. If there is bias
toward the null owing to dietary changes over time, the
estimates of risk observed in the first half of follow-up
may better represent associations between tuna/other fish
intake and stroke risk, suggesting a 35% to 40% lower
risk of ischemic stroke with consumption of 1 or more
servings per week compared with little or no consump-
tion (�1 time per month).

Tuna/other fish consumption was not associated with
hemorrhagic stroke. Ecological studies in Greenland and
Alaska have suggested a higher risk of hemorrhagic stroke
with high dietary n-3 fatty acid intake, which was thought
possibly due to antiplatelet effects.24,25 However, the n-3
fatty acid content of these diets was markedly higher than
in most populations, and in experimental studies, n-3 fatty
acids only affect bleeding times at pharmacologic doses
(3-15 g/d).26,27 Our findings may be limited by the small
number of hemorrhagic strokes. However, our results,
together with those of prior cohort studies,6,7 suggest that
modest consumption of tuna or other broiled or baked
fish does not significantly increase risk of hemorrhagic
stroke, particularly relative to potential benefits on risk
of ischemic stroke.

We separately examined fried fish/fish sandwich con-
sumption, hypothesizing that such fish meals—
generally lean and not associated with n-3 fatty acid lev-
els—would have different associations with stroke
compared with tuna/other fish. The observed higher risks
of total and ischemic stroke are consistent with associa-
tions of fried fish/fish sandwich consumption with inci-
dence of coronary heart disease.8 While we could not sepa-
rately evaluate the type of fish vs the preparation method,
it seems less likely that consumption of lean fish per se
would increase stroke risk. Fried fish/fish sandwich con-
sumption may be a marker for some other factor that in-
creases cardiovascular risk; however, observed relation-

ships were independent of a wide variety of participant
characteristics. Plausible potential mechanisms for in-
creased risk include the preparation method, since fry-
ing can greatly alter a fish meal’s nutrient composition
(eg, increasing the n-6:n-3 ratio).28 trans-Fatty acids and
lipid oxidation products in fried fats and oils, especially
oils used repeatedly for frying, may also increase cardio-
vascular risk.29,30 Further investigation is necessary to con-
firm these observations, to determine if they are specific
for certain kinds of fish or frying oils, and to examine
potential mechanisms and alternative explanations.

Results of prior epidemiologic studies of fish con-
sumption and stroke have been inconsistent,2-7 possibly
owing to differences in fish intake in the reference group
or in types of fish meals consumed; for example, prior
studies did not separately evaluate fried fish/fish sand-
wich intake. Stroke risk was not affected in a trial of low-
dose n-3 fatty acid supplementation for secondary pre-
vention of coronary heart disease; however, there was high
fish intake in the placebo group (73%-87% consumed fish
�1 time per week) and low overall stroke incidence
(1.6%).31 Randomized trials of fish consumption for stroke
prevention have not been reported.

Our analysis has several strengths. The prospective de-
sign and exclusion of persons with known cardiovascu-
lar disease at baseline reduce potential bias from recall dif-
ferences or dietary changes due to known disease. The
population-based recruitment strategy enhances general-
izability. Standardized assessment of a wide variety of par-
ticipant characteristics increases capacity to adjust for con-
founding. Close follow-up and centralized adjudication
reduce potential for missed or misclassified outcomes.

There are potential limitations to our findings. Fish in-
take was assessed at baseline and may have changed over
time; also, we could not assess differences within each re-
sponse category of the food frequency questionnaire. With-
out apparent bias, such misclassification would diminish

Table 4. Risk of Stroke According to Fish Consumption by Period of Follow-up*

Stroke Risk

Frequency of Fish Consumption

�1 Time/mo 1-3 Times/mo 1-4 Times/wk �5 Times/wk P for Trend

Tuna/Other Fish Intake
Total stroke

Baseline to 6 y 1.0 (Referent) 0.80 (0.56-1.15) 0.61 (0.43-0.87) 0.69 (0.45-1.06) .03
6 to 12 y 1.0 (Referent) 1.04 (0.65-1.67) 0.99 (0.63-1.55) 0.93 (0.55-1.56) .66

Ischemic stroke
Baseline to 6 y 1.0 (Referent) 0.78 (0.53-1.15) 0.59 (0.40-0.86) 0.65 (0.41-1.03) .02
6 to 12 y 1.0 (Referent) 1.15 (0.68-1.95) 1.04 (0.63-1.71) 0.91 (0.51-1.61) .49

Fried Fish/Fish Sandwich Intake
Total stroke

Baseline to 6 y 1.0 (Referent) 1.21 (0.93-1.58) 1.30 (0.94-1.79) † .08
6 to 12 y 1.0 (Referent) 1.08 (0.81-1.43) 1.40 (1.00-1.98) † .07

Ischemic stroke
Baseline to 6 y 1.0 (Referent) 1.19 (0.89-1.58) 1.31 (0.93-1.85) † .10
6 to 12 y 1.0 (Referent) 1.14 (0.84-1.55) 1.53 (1.06-2.22) † .03

*Values are hazard ratios (95% confidence intervals), with adjustments as in model 3 (Table 2). Follow-up is divided into 2 periods: baseline to 6 years
(nearer to diet assessment) and 6 to 12 years (further from diet assessment). With fewer events, associations with hemorrhagic stroke were not significant
in either period and are not shown.

†The few individuals consuming fried fish/fish sandwiches 5 or more times per week (n = 63) were combined with those consuming fried fish/fish sandwiches
1 to 4 times per week.
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the ability to detect relationships, so our findings may un-
derestimate associations between fish consumption and
stroke risk. Such misclassification may also limit determi-
nations of thresholds of effect. We could not separately
evaluate the type of fish vs the preparation method. Addi-
tionally, while we adjusted for a variety of participant char-
acteristics, we cannot exclude residual confounding by un-
measured or imprecisely measured factors.

Given the rising proportion of older adults in most popu-
lations, their cardiovascular disease burden, and the pos-
sibility that dietary habits may have less influence late in
life, it is important to examine relationships between diet
and cardiovascular risk in the elderly. Although the ob-
served associations may reflect dietary habits earlier in life,
our findings suggest that diet may influence stroke risk
beyond the earlier development of cardiovascular disease
in young adulthood and middle age. Our findings also sug-
gest that n-3 fatty acid content or preparation methods may
be important when considering relationships of fish in-
take with stroke risk. Continued elucidation of relation-
ships and mechanisms of benefit and risk, with attention
to different types of fish meals, is warranted.
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Correction

Error in Figure. In the Original Investigation by Mozaffarian and colleagues
titled “Fish Consumption and Stroke Risk in Elderly Individuals: The Cardio-
vascular Health Study,” published in the January 24, 2005, issue of the
ARCHIVES (2005;165:200-206), an error occurred in the Figure on page 203,
in which all except the black survival line were deleted during printing. The
correct Figure appears below.

1.00

0.90

0.95

0.85

Tuna or Other Broiled or Baked Fish

Su
rv

iv
al

 F
re

e 
of

 S
tro

ke

A

<1 Time/mo

≥5 Times/wk
1-4 Times/wk
1-3 Times/mo

0.80

1.00

0.90

0.95

0.85

0 2 4 6 8 10 12
Year

Fried Fish or Fish Sandwich

Su
rv

iv
al

 F
re

e 
of

 S
tro

ke

B

<1 Time/mo

≥1 Time/wk
1-3 Times/mo

0.80

Figure. Survival free of stroke, according to tuna/other fish and fried
fish/fish sandwich consumption. P=.002 and P=.02 for survival
differences according to tuna/other fish (A) and fried fish/fish sandwich
(B) intake, respectively (log-rank tests for equality of survivor functions).
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