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Abstract
Objective: To prospectively assess the associations between lean fish, fatty fish and
total fish intakes and risk of stroke in the Spanish cohort of the European
Prospective Investigation into Cancer and Nutrition (EPIC-Spain).
Design: Fish intake was estimated from a validated dietary questionnaire. Cox
proportional hazards regression models were used to assess the association
between the intakes of lean fish, fatty fish and total fish and stroke risk. Models
were run separately for men and women.
Setting: Five Spanish regions (Asturias, San Sebastian, Navarra, Granada and
Murcia).
Subjects: Individuals (n 41 020; 15 490 men and 25 530 women) aged 20–69 years,
recruited from 1992 to 1996 and followed-up until December 2008 (December
2006 in the case of Asturias). Only participants with definite incident stroke were
considered as cases.
Results: During a mean follow-up of 13·8 years, 674 strokes were identified and
subsequently validated by record linkage with hospital discharge databases,
primary-care records and regional mortality registries, comprising 531 ischaemic,
seventy-nine haemorrhagic, forty-two subarachnoid and twenty-two unspecific
strokes. After multiple adjustments, no significant associations were observed
between lean fish, fatty fish and total fish consumption and the risk of stroke in
men or women. In men, results revealed a non-significant trend towards an
inverse association between lean fish (hazard ratio= 0·84; 95 % CI 0·55, 1·29,
Ptrend= 0·06) and total fish consumption (hazard ratio= 0·77; 95 % CI 0·51, 1·16,
Ptrend= 0·06) and risk of total stroke.
Conclusions: In the EPIC-Spain cohort, no association was found between lean
fish, fatty fish and total fish consumption and risk of stroke.
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An estimated 17·3 million people died from CVD in 2008,
accounting for 30% of all global deaths(1). Of these deaths,
some 7·3 million were due to CHD and 6·2 million to stroke(2).
Indeed, globally, CVD are the number one cause of death;
that is, more people die annually from CVD than from any
other cause(1). Nevertheless, these diseases are considered
preventable by modifying dietary and lifestyle risk factors(3,4).
Fish consumption, particularly fatty fish, may be inversely
associated with stroke since n-3 fatty acids, especially found
in this type of fish, have been suggested as protective in
terms of CVD(5). However, epidemiological studies of fish
consumption in relation to risk of stroke have produced
inconsistent results(6–12).

Hitherto the prospective association between fish
consumption and risk of stroke has not been explored in
a general Spanish population. We therefore aimed to
assess, in a prospective observational study, whether fish
consumption was associated with the risk of stroke in men
and women in the Spanish cohort of the European
Prospective Investigation into Cancer and Nutrition (EPIC-
Spain), characterized by a high fish consumption(13).

Methods

Study population
The Spanish EPIC cohort consists of 41 438 participants
(men and women), aged 20–69 years, recruited from 1992
to 1996 in five Spanish regions, three in the north (Asturias,
San Sebastian and Navarra) and two in the south (Granada
and Murcia) of the country. Study participants were mostly
blood donors, with a participation rate of 55–60% across
regions. The methodological details of EPIC have been
published previously(14,15). The study was approved by a
local ethical review board. Written informed consent was
obtained from all participants.

Dietary and lifestyle questionnaires
Detailed descriptions of both the dietary and lifestyle
questionnaires used have been published previously(14,15).
Briefly, data on usual food intake over the previous year
were collected in a face-to-face interview by means of a
computerized questionnaire based on a previously validated
dietary history instrument(16). The questionnaire was struc-
tured by meals and recorded the frequency of consumption
of foods eaten at least twice per month (or once per month
in the case of seasonal foods). Total nutrient and energy
intakes were estimated using food composition tables(17).
Fish were grouped according to their fat content and there-
fore classified as ‘white fish’ (fat up to 4 g/100 g) or ‘fatty fish’
(fat equal to or greater than 4 g/100 g), and in a wide cate-
gory of ‘total fish’, including all fish, crustaceans and fish
products(13). A lifestyle questionnaire was used to collect
information on sociodemographic characteristics, lifestyle
and medical history as well as on reproductive factors
in women. Drug use (classified according to the Anatomical

Therapeutic Chemical (ATC) classification system(18))
was assessed with respect to the previous 7 d. Anthropo-
metric measurements (waist and hip circumference, body
weight and height) were also taken at recruitment using
standardized procedures.

Case ascertainment and follow-up
The EPIC-Spain cohorts from Asturias, San Sebastian,
Navarra, Granada and Murcia took part in the study. The
follow-up period ran from the recruitment date (1992–1996)
to December 2008, with the exception of Asturias, in which
the follow-up period of stroke cases ran to December 2006.
We ascertained incident cases of stroke. Cases of cere-
brovascular disease were identified by record linkage with
hospital discharge databases (codes 430–438 of the 9th
revision of the International Classification of Diseases;
Clinical Modification (ICD-9-CM)) and primary-care records
(codes K89, K90 and K92 from the International Classifica-
tion of Primary Care and ICD-9 codes 430–438). Fatal cases
were identified by record linkage with the centralized
national database, containing data from regional mortality
registries, available from the Spanish National Statistics
Institute (www.ine.es), using ICD-9 codes 430–438 and
ICD-10 codes I60–I69. A validation process was carried out
to confirm and classify all identified stroke events. The
validation was performed by a team of trained health
professionals by carefully reviewing patient hospital records
or, if not available, primary-care records, and noting the date
of diagnosis. Cases of stroke were classified on the basis of
symptoms, presence of cerebrovascular risk factors and
specific medical tests (computerized tomography, MRI,
angiography, Doppler imaging and/or lumbar puncture),
following the 2006 guidelines of the Spanish Society of
Neurology(19), as ischaemic, haemorrhagic (cerebral and
subarachnoid) or unspecific strokes, two expert neurologists
helping with the classification of the most difficult cases.

Statistical analysis
Cox proportional hazards regression was used to examine
the association between fish consumption and stroke. In
regression models, fish consumption values (g/d) were
adjusted for energy intake by the residual method(20).
Entry time was defined as age at baseline and exit time as
age when participants were diagnosed with stroke, died,
were lost to follow-up or were censored at the end of the
follow-up period (31 December 2006 in case of the
Asturias cohort and 31 December 2008 for the rest),
whichever came first. Participants reporting intake more
than 3 SD from the mean of total log-transformed
daily energy intake (<3262 or >23 876 kJ/d (<779·7 or
>5706·6 kcal/d)) were considered to have implausible
dietary data and were therefore excluded from the
analysis.

Three models were built: model 1 was adjusted for age
at baseline, centre and total energy intake (kcal/d); model
2 was additionally adjusted for classical stroke risk factors,
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i.e. BMI category (underweight, normal weight, over-
weight, obesity), waist circumference (cm; continuous),
tobacco smoking status (‘never smoker’, ‘former smoker’,
‘smoker’), smoking before 20 years of age (‘yes’, ‘no’), total
physical activity, education level (‘no formal education’,
‘primary’, ‘technical’, ‘secondary’, ‘university degree)’,
alcohol consumption (‘never drinker’, ‘former drinker’,
‘low’ (<5 g/d), ‘moderate’ (5–30 g/d), ‘high’ (30–90 g/d),
‘very high’ (>90 g/d; for men only)), use of antithrombotic
or antihaemorrhagic agents (ATC code B01/B02), use of
cardiovascular drugs (ATC codes C01–C10), use of
salicylic acid or derivatives (ATC code N02BA), incident
acute myocardial infarction, diabetes and self-reported
diseases (hypertension, hyperlipidaemia), as well as, in
women, menopausal status, hormone replacement ther-
apy (‘yes’, ‘no’) and oral contraceptives (‘yes’, ‘no’).
Finally, model 3 was further adjusted for dietary factors
related to the risk of stroke: percentage of energy from
protein, from carbohydrate and from fat, and consumption
of vegetables, fruit, dairy products and fish (all continuous
variables). Models 2 and 3 were also recalculated con-
sidering recreational physical activity(21) rather than total
physical activity. Tests for linear trends across quintiles
were performed by assigning the energy-adjusted median
intake value to each quintile of fish consumption and
modelling these values as a continuous variable. All
analysis considered men and women separately since
physiologically the disease stroke has different character-
istics in men and women(22).

Potential confounders were selected taking into account
variables that could influence the outcome, considering
data previously published in the literature. Variables with a
statistical significance of P> 0·2 were dropped from the
regression model(23). Sensitivity analysis was carried out
by censoring the first 2 years of follow-up and by
excluding self-reported hypertension or hyperlipidaemia
and participants with cardiovascular drug use at baseline.
R version 3·0·1 software was used for data analysis.

Results

A total of 41 438 participants attended the baseline
appointments. After exclusion of participants with
prevalent stroke (n 259) and with implausible energy
values (n 159), a final cohort of 41 020 individuals (15 490
men and 25 530 women) aged 29–69 years was available
for analysis. After a mean follow-up of 13·8 years, 674
incident stroke cases (373 men and 301 women) were
identified. By type, most cases were ischaemic (n 531; 302
in men and 229 in women).

Baseline characteristics are shown in Table 1 in the
extreme quintiles of fish consumption. Participants with
the highest total fish consumption (quintile 5 v. quintile 1)
were older; were more overweight or obese but also more
active; drank more alcohol (>30 g/d); had higher intakes

of total energy, vegetables and fruit, but lower intakes of
dairy products; and were more likely to have hypertension
and/or hyperlipidaemia. The mean consumption
of total fish was 77·3 (SD 48·5) g/d among men and
53·7 (SD 34·7) g/d among women.

Table 2 and 3 present the hazard ratios (HR) of stroke in
men and women by dietary intakes of lean fish, fatty fish
and total fish. No associations were found between the
intakes of lean fish, fatty fish or total fish and the incidence
of total or ischaemic stroke in the models considered in
men or women. In men, the multiple-adjusted model
revealed a non-significant trend towards a lower risk of
total stroke with higher intake of lean fish (HR= 0·84; 95 %
CI 0·55, 1·29, Ptrend= 0·06) and total fish (HR= 0·77; 95 %
CI 0·51, 1·16, Ptrend= 0·06). In women, none of the models
indicated any notable trends. No significant changes were
observed in models adjusted for recreational physical
activity (data not shown). Sensitivity analysis did not
significantly alter the findings compared with the main
analysis.

Discussion

In the EPIC-Spain cohort with a relatively high consump-
tion of fish, we found no evidence that higher lean fish,
fatty fish or total fish consumption is associated with
reduced risk of subsequent stroke either in men or
women. However, in men, there was a non-significant
linear trend towards a lower risk of total stroke with higher
consumption of lean fish and total fish.

Several population-based studies on the association of
fish consumption and stroke have produced inconsistent
findings. Our results are similar to those of Atkinson
et al.(8), a prospective cohort study with 225 incident cases
of stroke, in that we also did not find a significant asso-
ciation between fish consumption and risk of stroke.
However, Atkinson et al.’s findings suggested a slightly
lower risk of stroke with higher intake of oily fish, while
our findings point to a slightly lower risk of stroke in men
with higher intakes of lean and total fish. In any case, these
trends were weak. Similarly, fish consumption was not
found to be related to the risk of stroke in either the EPIC-
Germany(12) or the EPIC-Norfolk(6) prospective cohort
with 525 and 425 cases, respectively, although fatty fish
consumption in women was significantly inversely asso-
ciated with risk of stroke when comparing fish consumers
with non-consumers(6). The Swedish Mammography
Cohort study(9) (1680 cases) suggested that consumption
of lean fish, in women, was inversely associated with risk
of stroke, with women who consumed ≥3 servings of lean
fish per week having a 33 % lower risk of total stroke.
Interestingly, results of the case–control carried out by
Oudin and Wennberg(11), with 2469 cases, suggested just
the opposite: namely, lean fish intake in women was
associated with a higher stroke risk, while fatty fish intake
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Table 1 Lifestyle characteristics at baseline in the extreme quintiles of total fish consumption in men and women; Spanish cohort of the
European Prospective Investigation into Cancer and Nutrition (EPIC-Spain)

Men Women

Quintile 1 Quintile 5 Quintile 1 Quintile 5

(≤37·4 g/d) (>111·47 g/d) (≤25·7 g/d) (>78·1 g/d)
n 3098 n 3098 n 5131 n 5106

Baseline characteristic
Mean
or n SD or %

Mean
or n SD or % P

Mean
or n SD or %

Mean
or n SD or % P

Age at recruitment (years), mean and SD 50·4 7·6 51·6 6·8 <0·001 48·6 8·5 48·8 8·1 <0·001
Height (cm), mean and SD 168·6 6·5 169·3 6·2 <0·001 156·4 5·9 157·0 5·9 <0·001
Weight (kg), mean and SD 80·9 10·9 81·9 10·8 <0·001 69·2 11·6 69·6 11·7 <0·001
Waist circumference (cm), mean and SD 99·7 9·2 99·7 9·1 0·064 87·9 11·5 87·5 11·2 <0·001
Waist-to-hip ratio (×100), mean and SD 94·9 5·8 94·6 5·2 0·158 82·5 6·4 82·6 6·1 <0·001
BMI category, n and % <0·001 <0·001

Underweight 12 0·4 12 0·4 56 1·1 39 0·8
Normal weight 440 14·2 387 12·5 1293 25·2 1326 26·0
Overweight 1695 54·7 1739 56·1 2081 40·6 2126 41·6
Obesity 951 30·7 960 31·0 1701 33·2 1615 31·6

Educational level, n and % <0·001 <0·001
No formal education 860 27·8 659 21·3 1961 38·2 1609 31·5
Primary 1105 35·7 1212 39·1 1886 36·8 2186 42·8
Technical 318 10·3 475 15·3 216 4·2 300 5·9
Secondary 227 7·3 245 7·9 247 4·8 282 5·5
University 431 13·9 431 13·9 415 8·1 504 9·9
Not specified 157 5·1 76 2·5 406 7·9 225 4·4

Physical activity, n and % 0·533 0·232
Inactive 659 21·3 662 21·4 282 5·5 299 5·9
Moderately inactive 955 30·8 897 29·0 827 16·1 792 15·5
Moderately active 1045 33·7 1052 34·0 3699 72·1 3664 71·8
Active 439 14·2 487 15·7 323 6·3 351 6·9

Tobacco status, n and % 0·190 0·013
Never smoker 927 29·9 882 28·5 3704 72·2 3635 71·3
Former smoker 904 29·2 977 31·6 447 8·7 555 10·9
Current smoker 1266 40·9 1238 40·0 976 19·0 912 17·9

Smoker before age of 20 years 1425 46·0 1360 43·9 0·009 793 15·5 805 15·8 0·293
Daily alcohol consumption, n and % <0·001 <0·001

Never drinker 170 5·5 107 3·5 2015 39·3 1691 33·1
Former drinker 319 10·3 214 6·9 311 6·1 392 7·7
Low (<5 g) 489 15·8 381 12·3 1772 345·0 1628 31·9
Moderate (5–30 g) 992 32·0 1013 32·7 917 17·9 1193 23·4
High (30–90 g) 943 30·4 1175 37·9 116 2·3 202 4·0
Very high (>90 g) (for men only) 185 6·0 208 6·7

Diabetes, n and % 210 7·1 189 6·4 <0·001 208 4·3 234 4·8 <0·001
Incident ischaemic heart attack, n and % 96 3·1 99 3·2 0·089 23 0·5 33 0·7 0·703
Self-reported diseases, n and %

Hypertension 627 20·3 706 22·8 0·110 1026 20·0 1000 16·6 0·189
Hyperlipidaemia 649 21·0 1030 33·3 <0·001 753 17·7 976 19·2 <0·001

Daily intakes, mean and SD

Energy (kJ) 10 150 2803 11 395 2960 <0·001 7298 2202 8425 2545 <0·001
Energy (kcal) 2425·9 669·9 2723·4 707·5 <0·001 1744·3 526·3 2013·6 608·2 <0·001
% of energy from carbohydrate 40·8 7·5 37·1 7·1 <0·001 44·6 7·1 40·6 6·8 <0·001
% of energy from protein 18·1 2·7 20·3 2·9 <0·001 18·4 3·1 21·5 3·6 <0·001
% of energy from fat 34·1 6·0 35·1 5·9 <0·001 35·8 6·2 36·2 6·1 <0·001
SFA (g) 29·4 13·0 30·2 13·5 0·043 24·1 11·6 25·2 11·8 <0·001
MUFA (g) 40·5 15·6 49·3 18·3 <0·001 29·8 12·2 36·6 15·0 <0·001
PUFA (g) 15·0 8·0 18·6 9·4 <0·001 10·7 6·0 13·3 7·0 <0·001
Total meat (g) 159·2 80·4 151·9 70·0 <0·001 98·8 55·6 109·2 52·0 <0·001
Dairy products (g) 275·5 212·0 263·8 192·4 <0·001 324·5 194·5 319·5 176·0 0·035
Vegetables (g) 226·1 143·7 317·0 181·2 <0·001 206·9 133·5 281·5 151·1 <0·001
Fruit (g) 278·1 229·0 369·9 262·6 <0·001 298·3 229·9 361·7 232·4 <0·001
Vitamin C (g) 134·1 80·5 166·8 91·1 <0·001 132·5 78·4 163·5 84·6 <0·001
Vitamin E (g) 13·3 6·8 18·1 8·3 <0·001 10·6 5·5 13·8 6·3 <0·001

Menopausal status, n and % (for women only) – – – – – 2001 39·0 2007 39·3 <0·001
Treatments, n and %

Hormone replacement therapy (for women only) – – – – – 217 4·3 315 6·3 <0·001
Oral contraceptives (for women only) – – – – – 2132 41·6 2107 41·3 0·498
Salicylic acid or derivates (ATC code N02BA) 117 3·8 122 3·9 0·980 214 4·2 180 3·5 0·390
Antithrombotic/antihaemorragic agents (ATC code

B01/B02)
13 0·4 32 1·0 0·049 26 0·5 23 0·5 0·190

Cardiovascular drugs (ATC codes C01–C10) 279 9·0 397 12·8 <0·001 603 11·8 642 12·6 0·008

ATC, Anatomical Therapeutic Chemical (classification system).
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seemed to have a protective effect in both men and
women(11). Another case–control carried out by Wennberg
et al.(7) (369 cases) reported a higher risk of stroke in
males with a high total fish intake, differing from our
results. It has been speculated that the mixed results
observed across studies may be due to differences not
only in study design and exposure period but also in the
types of fish consumed and its preparation, with the sug-
gestion that some methods of fish preparation (e.g. deep
frying) may negate any cardiovascular benefit(6). How-
ever, there are studies that have not found any association
between the consumption of fried fish and risk of stroke(9).

Generally, the results of prospective cohort studies in
this field are inconsistent. There is no consensus on the
effect of eating fish on stroke for the entire population or
among those who indicate differences by sex. Despite
these, some meta-analyses have concluded that there is an
inverse association between fish intake and risk of stroke,
although it has been defined as ‘moderate’. He et al.(24)

performed a meta-analysis of eight cohort studies and
found an inverse association between fish intake and risk
of stroke, suggesting that consumption of fish one to three
times monthly reduces the risk of ischaemic stroke. Fur-
ther, in a recent meta-analysis including fifteen pro-
spective studies, an inverse association was found
between fish consumption and risk of stroke: for each 3
servings/week increase in fish consumption, the risk of
stroke decreased by 6 %(10). Chowdhury et al. and Xun
et al., including twenty-six and sixteen prospective cohort
studies, respectively, concluded that, overall, fish con-
sumption was moderately but significantly associated with
a lower risk of stroke(25,26). The modest inverse association
was more pronounced with ischaemic stroke and was
attenuated with haemorrhagic stroke(26). However, we
cannot rule out publication bias that, if present, could be
influencing the results of these meta-analyses. Meta-
analyses were in addition limited to examine fish intake
in relation to stroke subtypes due to an overall lack of
available data on the cause-specific stroke event. Also a
few studies assessed lean and fatty fish separately.

One of the strengths of the present study is the validity
of the dietary questionnaire used(16). A further strength is
the prospective design of the study, involving a long
follow-up period of a large sample of healthy individuals.
It should also be underlined that the current study inclu-
ded incident stroke events confirmed according to inter-
national standards.

On the other hand, some potential limitations of the
study should also be considered. Although several
potential confounders related to stroke were included in
the multivariate models, the possibility of residual con-
founding cannot be ruled out. In addition, information on
diet was collected at baseline only and dietary habits might
have changed during the study period, in particular in the
case of individuals who developed stroke and became
aware of early symptoms related to their disease.

Nevertheless, there were no notable differences in the
results after the sensitivity analysis. Because of scarce data,
the effect of fish intake on the risk of haemorrhagic stroke
remains unknown. On the other hand, although our
cohort is characterized by a high total fish consumption,
fatty fish consumption is not high and this may explain the
observed inconsistent association(13).

Conclusions

In the present study we have found no evidence of an
association between the intake of lean fish, fatty fish or
total fish and the risk of stroke in either men or women
from the EPIC-Spain cohort. These results highlight the
ongoing inconsistency in findings concerning the potential
association between fish intake and stroke risk reported in
previous studies.
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