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ABSTRACT

Objective: To investigate the association between fish consumption and subclinical brain abnor-
malities.

Methods: In the population-based Cardiovascular Health Study, 3,660 participants age �65 un-
derwent an MRI scan in 1992–1994. Five years later, 2,313 were scanned. Neuroradiologists
assessed MRI scans in a standardized and blinded manner. Food frequency questionnaires were
used to assess dietary intakes. Participants with known cerebrovascular disease were excluded
from the analyses.

Results: After adjustment for multiple risk factors, the risk of having one or more prevalent sub-
clinical infarcts was lower among those consuming tuna/other fish �3 times/week, compared to
�1/month (relative risk 0.74, 95% CI � 0.54–1.01, p � 0.06, p trend � 0.03). Tuna/other fish
consumption was also associated with trends toward lower incidence of subclinical infarcts. Ad-
ditionally, tuna/other fish intake was associated with better white matter grade, but not with
sulcal and ventricular grades, markers of brain atrophy. No significant associations were found
between fried fish consumption and any subclinical brain abnormalities.

Conclusions: Among older adults, modest consumption of tuna/other fish, but not fried fish, was
associated with lower prevalence of subclinical infarcts and white matter abnormalities on MRI
examinations. Our results add to prior evidence that suggest that dietary intake of fish with higher
eicosapentaenoic acid and docosahexaenoic acid content, and not fried fish intake, may have
clinically important health benefits. Neurology® 2008;71:439–446

GLOSSARY
ARR � absolute risk reduction; BMI � body mass index; CHD � coronary heart disease; CHS � Cardiovascular Health Study;
DHA � docosahexaenoic acid; EPA � eicosapentaenoic acid; FFQ � food frequency questionnaire; HDL-C � high-density
lipoprotein cholesterol; LDL-C � low-density lipoprotein cholesterol; PUFA � polyunsaturated fatty acid; RR � relative risk.

Clinically unrecognized or “silent” brain infarcts are very common, particularly with advancing
age. Among adults age �65 without infarcts on initial brain MRI, nearly 20% had at least one
new infarct when MRI was performed about 5 years later, but without recognized TIA or
clinical stroke in nearly 90% of cases.1 Persons with MRI-defined infarcts experience greater
cognitive decline than persons without infarcts, and such individuals are also at higher risk of
future clinical stroke.1-3

Fish consumption is associated with risk of clinically recognized stroke. Among older adults,
consumption of tuna or other broiled or baked fish correlated with plasma phospholipid n-3
polyunsaturated fatty acid (PUFA) levels and was associated with lower stroke risk.4 Consump-
tion of fried fish did not correlate with n-3 PUFA levels and was associated with higher stroke
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risk.4 Whether fish consumption affects the
risk of subclinical infarcts or other subclinical
brain abnormalities is unknown. Fish con-
sumption is associated with decreased risk of
dementia and cognitive decline,5 for which
major risk factors are subclinical brain abnor-
malities.6 We hypothesized that, as with overt
infarcts,4 consumption of tuna/other fish
would be associated with lower risk of sub-
clinical infarcts among older adults, while
fried fish consumption would be associated
with higher risk. We also investigated associa-
tions of fish consumption with MRI-defined
white matter abnormalities and ventricular
and sulcal enlargement.7,8

METHODS Study population. The Cardiovascular Health
Study (CHS) is a prospective cohort study of 5,888 older adults.
The design and recruitment experience have been described.8,9

Briefly, 5,201 men and women age �65 at baseline were ran-
domly selected and enrolled in 1989–1990 from Medicare eligi-
bility lists in four United States communities. An additional 687
black participants were enrolled in 1992–1993. Each center’s
institutional review committee approved the study, and all sub-
jects gave informed consent. All participants underwent exten-
sive baseline evaluations including standard questionnaires,
physical examination, performance measures, and laboratory
testing.8-10 Parts of the baseline evaluation were repeated during
annual follow-up visits. Prevalent coronary heart disease (CHD),
stroke, TIA, hypertension, and diabetes were defined using pa-
tients’ reports and confirmed by centralized review of hospital
and clinic records.8,9

Assessment of dietary intake. Usual dietary intakes were
assessed in 1989–1990 using a picture-sort version of the Na-
tional Cancer Institute food frequency questionnaire (FFQ).11

Participants were asked to indicate how often, on average, they
had consumed various specific foods during the past year, in-
cluding tuna fish, other broiled or baked fish, and fried fish or
fish sandwiches (fish burgers). Nutrient intakes were estimated
from questionnaire responses and adjusted for total calories us-
ing regression analyses.12,13 Dietary eicosapentaenoic acid (EPA)
and docosahexaenoic acid (DHA) intakes were calculated from
questionnaire responses using estimated fish and shellfish serving
sizes (3–5 oz [84–140 g])14 and US commercial landings data.15

Tuna or other broiled or baked fish correlated with combined
plasma phospholipid EPA�DHA concentrations (r � 0.51), a
biomarker of n-3 fatty acid intake, in a subsample of partici-
pants.16 Phospholipid EPA�DHA concentrations did not corre-
late with fried fish consumption (r � 0.04), consistent with the
lean types of fish that are typically fried (e.g., cod, pollock).16

Usual dietary intakes were assessed again in 1995–1996 us-
ing Willett’s semiquantitative FFQ.17 Participants were asked to
indicate how often, on average, they had consumed given
amounts of various specified foods during the past year, includ-
ing canned tuna fish (3–4 oz [84–112 g]); dark-meat fish such as
mackerel, salmon, sardines, bluefish, and swordfish (3–5 oz [84–
140 g]); and other white fish (3–5 oz [84–140 g]). Consumption
of fried fish was not specifically assessed. Nutrient intakes were
calculated as frequency of intake multiplied by nutrient compo-

sition of the specified portion size. Nutrient estimates were based
on US Department of Agriculture14 and Harvard University
food composition database sources, and adjusted for total energy
by regression analyses.13 Dietary EPA and DHA were calculated
from questionnaire responses using estimates for each fish serv-
ing, as previously described,18 and validated in other cohorts by
comparisons with multiple weighted 1-week dietary records and
against adipose stores of n-3 fatty acids17,19; the correlation be-
tween EPA�DHA intake and proportion in adipose tissue was
0.47.19

Brain imaging. CHS participants were invited to undergo
MRI scanning between 1991 and 1994. A total of 3,660 (62%)
underwent scanning and were slightly younger and healthier
than those who did not undergo MRI.20 All participants were
again invited to undergo MRI scanning 5 years later, between
1997 and 1999, and 2,313 were scanned. A total of 2,116 partic-
ipants underwent both scans and were healthier than the 1,544
who underwent only the initial scan, including a lower preva-
lence of cardiovascular disease, hypertension, and diabetes, and
current smoking, and higher income and education.1

The cranial MRI scanning protocol included sagittal T1-
weighted localizer images and axial T1, spin density, and T2-
weighted images.21 Without knowledge of participants’ clinical
information, neuroradiologists at the CHS reading center identi-
fied infarcts and estimated white matter, ventricular, and sulcal
grades, as detailed previously.10,20 Grades were defined using a
semiquantitative 10-point scale from 0 to 9 (most abnormal),
based on comparison templates.10 As previously described,22 ven-
tricular and sulcal grades were grouped for analysis as �2, 3, 4,
and �5, and white matter grade as �1, 2, 3, and �4. Brain
infarct was defined as an area of abnormal signal intensity, �3
mm in size, in a vascular distribution that lacked mass effect.10

Statistical analysis. We used the prospectively collected re-
peated measures of dietary intake and MRI scans to perform
both cross-sectional and longitudinal analyses. Relative risk (RR)
of subclinical infarcts was evaluated using logistic regression. RR
of number of subclinical infarcts (range 0 to 4) or abnormal
sulcal, ventricular, and white matter grades (four levels) was eval-
uated using ordinal logistic regression. Absolute risk reduction
(ARR) was calculated by multiplying the absolute risk in the
reference group by the multivariable-adjusted RR reduction in
the comparison group.

For cross-sectional analyses of prevalent subclinical neuro-
logic abnormalities, dietary intake in 1989–1990 was related to
MRI findings in 1991–1994, and dietary intake in 1995–1996
to MRI findings in 1997–1999. After confirming in preliminary
analyses that the observed relationships were similar in the two
periods evaluated separately, data were combined to assess the
repeated measures. All analyses were clustered within-individual
with robust variance estimates to assess both between- and
within-individual covariance (specifying that observations were
independent across individuals but not within individuals).

For each diet-MRI pairing, we excluded participants with
history of prevalent TIA or stroke, incomplete data on fish con-
sumption, or incomplete data on sulcal, ventricular, or white
matter grades (figure 1). For evaluation of subclinical infarcts, we
also excluded possible (�3 mm) infarcts or evidence of prior
hemorrhage (figure 1). For longitudinal analyses of incident sub-
clinical neurologic abnormalities, we excluded participants with
any MRI-defined (clinical or subclinical) infarcts or prior hem-
orrhage at the first MRI (figure 1). We then related dietary in-
take from the first questionnaire to subclinical MRI findings on
the second MRI, excluding participants with clinically diagnosed
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