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BACKGROUND/OBJECTIVES—To provide a reliable assessment of the hypothesized 

association of fish consumption with stroke risk accumulatively, an updated meta-analysis of 

published prospective cohort studies was conducted.

SUBJECTS/METHODS—Prospective cohort studies through April 2012 in peer-reviewed 

journals indexed in MEDLINE and EMBASE were selected. Additional information was retrieved 

through Google or a search of the reference list in relevant articles. The main outcome measure 

was the weighted hazards ratio (HR) and corresponding 95% confidence interval (CI) for incident 

stroke according to fish consumption using a random-effects model.

RESULTS—A database was derived from 16 eligible studies (19 cohorts), including 402 127 

individuals (10 568 incident cases) with an average 12.8 years of follow-up. Compared with those 

who never consumed fish or ate fish <1/month, the pooled adjusted HRs of total stroke risk were 

0.97 (95% CI, 0.87–1.08), 0.86 (0.80–0.93), 0.91 (0.85–0.98) and 0.87 (0.79–0.96) for those who 

consumed fish 1–3/month, 1/week, 2–4/week and ≥5/week, respectively (Plinear trend = 0.09; 

Pnonlinear trend = 0.02). Study location was a modifier. An inverse association between fish intake 

and stroke incidence was only found by studies conducted in North America. The modest inverse 

associations were more pronounced with ischemic stroke and were attenuated with hemorrhagic 

stroke.

CONCLUSIONS—Accumulated evidence generated from this meta-analysis suggests that fish 

intake may have a protective effect against the risk of stroke, particularly ischemic stroke.
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INTRODUCTION

Fish consumption has been hypothesized to be associated with a reduced risk of stroke, but 

epidemiological studies showed inconsistent results and most of them have not separated 

ischemic stroke from hemorrhagic stroke, which have different etiopathogenesis. Our 

previous meta-analysis of eight prospective cohort studies published in 2004 suggested that 

there was a beneficial association between fish consumption and the risk of stroke, 

especially ischemic stroke.1 Since then, two more meta-analyses,2,3 including one recent 

brief report,3 have also addressed this topic. However, both of them included some case–

control studies with prospective cohort studies under a seemingly more flexible criterion, 

and assumed a linear association between fish intake and stroke risk. Importantly, neither of 

them standardized fish intake or performed detailed stratified analysis. Because the range of 

fish consumption varies substantially across study populations, and the levels of fish intake 

in the reference groups are significantly different among some studies (for example, between 

Western and Eastern populations), the combined results might be biased without 

standardizing fish intake. To date, eight more prospective cohort studies evaluating fish 

intake and stroke risk have been published, indicating a need to update our previous findings 

and fill in the gap that lacks detailed subgroup analysis under standardized fish consumption 

categories left by other studies. In the present meta-analysis, we focused on evaluating 

potential heterogeneity by population and study characteristics. To standardize fish 
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consumption, we define five categories based on two published large cohort studies, that is, 

the Nurses’ Health Study (NHS),4 and the Health Professional Follow-Up Study (HPFS),5 

and did our best to obtain de novo results from the authors of primary studies.

MATERIALS AND METHODS

Data sources and searches

All prospective cohort studies published in English-language journals through April 2012 

that reported the association between fish consumption and incidence of stroke were 

included. We searched MEDLINE and EMBASE using the terms ‘fish’, ‘seafood’, ‘animal 

product’, combined with ‘stroke’, ‘cerebrovascular accident’, ‘cerebral or brain infarction’ 

or ‘cardiovascular disease’. Additional information was retrieved through Google and a 

search of the references from relevant articles. Papers were included if they were prospective 

cohort studies, and the studies presented the hazards ratio (HR) and the corresponding 95% 

confidence intervals (CIs) of stroke relating to fish intake with the lowest category as the 

reference, or such information could be recalculated. Two of our authors (PX and BQ) 

independently reviewed all relevant papers identified eligible studies, and extracted the data. 

Discrepancies were resolved by group discussion.

Study selection

We identified eight new prospective cohort studies6–13 that reported the associations 

between fish consumption and the risk of stroke in addition to the eight prospective 

studies4,5,14–19 included in our previous meta-analysis.1 One study from the Physicians’ 

Health Study (PHS)15 was updated by obtaining the de novo results based on the same data 

set from the authors with extending the average follow-up time from 4 to 20 years. De novo 
results from another study were obtained as the original study did not use the lowest fish 

consumption category as the reference group.8 Three studies,9,13,16 which reported the 

results for men and women separately, were counted as two separate cohorts. Therefore, a 

total of 16 studies (19 cohorts) were included in this updated meta-analysis.

Data extraction

The data that we collected included the first author’s name, year of publication, study name, 

country of origin, number of participants, range of participants’ age, proportion of men, 

duration or average years of follow-up, categories of fish intake and the amount for each 

category, methods for measuring fish intake, number of stroke events (by subtypes, if 

available), covariates as well as HRs and 95% CIs of incident stroke in the corresponding 

categories. HRs and 95% CIs transformed to their natural logarithms (ln) were used to 

compute the corresponding s.e. To be consistent, we used the same categories for 

standardizing fish intake as we did in the previous study.1 We first converted frequency into 

grams per day. The amount of fish consumption (g/day) was estimated by multiplying the 

frequency of consumption (serving/day) by the corresponding portion size (g/serving). For 

example, the derived average portion size in He et al.5 was 105 g/serving. The range of fish 

consumption for 1–3/month was converted to 3.5 g/day (105 × 1/30) to 10.5 g/day (105 × 

3/30). The median or mean value between two adjacent categories was used as the cutoff 

point. When the portion size of fish intake in an individual study was not available from the 
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published paper, the information was acquired from authors of the primary study or the 

value was determined based on data from the NHS and the HPFS and considering that the 

food frequency questionnaire used in these three studies has been validated. If the upper-

bound of the highest fish intake category was uncertain, for instance, fish intake was ≥5/

week, we assigned 1 serving/day of fish as the upper limit.

Data synthesis and analysis

Fish consumption was categorized into five standardized intervals: ‘never or <1/month’, ‘1–

3/month’, ‘1/week’, ‘2–4/week’ and ‘≥5/week’. We assigned each HR into its corresponding 

standardized interval according to the range or median amount of fish intake in the category. 

If the median amount of fish consumption from more than one category in a single study fell 

into the same standardized category of fish intake in our meta-analysis, we pooled the HRs 

and used the combined estimate for that category. On the other hand, if the range of fish 

intake covered more than one standardized category, we allocated the HR based on the 

median fish intake.

We estimated the weighted HRs and 95% CIs of stroke for each standardized category of 

fish consumption compared with the lowest category using a random-effects model proposed 

by DerSimonian and Laird.20 In addition, Cochran’s test was used to test for heterogeneity 

among studies and I2 was computed to determine the degree of inconsistency across studies. 

A variance-weighted random-effects meta-regression model was used to test linear trend by 

modeling the ln HR of stroke as a linear function of fish intake where the median level for 

each intake category was derived. P for interaction was detected by adding ‘continuous fish 

intake × subgroup’ term in the model. Publication bias was assessed by the funnel plot and 

the Egger asymmetry test.21 We also examined the associations for subtypes of stroke 

(ischemic and hemorrhagic) because of their different etiopathogenesis.

To explore potential sources of heterogeneity, we did subgroup analysis based on gender, 

duration of follow-up (<12.8 vs ≥12.8 years), dietary assessment (interview-based vs self-

administered food frequency questionnaire) and stroke end point (incidence vs mortality) 

using random-effects models.

Several sensitivity analyses were conducted to test the robustness of our findings: whether 

the results would be markedly affected by a single study, whether repeated analysis by a 

fixed-effects model would generate similar results and whether excluding the study with 

only two fish consumption groups would change the results significantly.

All analyses were performed using STATA statistical software (Version 11.0, STATA Corp., 

College Station, TX, USA). All statistical tests were two sided and a P-value of ≤0.05 was 

considered statistically significant.

RESULTS

Characteristics of included studies

The final data set for our meta-analysis of fish consumption and incident stroke included 19 

independent cohorts from 16 prospective studies and comprised 402 127 individuals (10 568 
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incident stroke cases) aged between 30 and 103 years (Table 1). It has an increase of 201 

552 individuals (7077 incident cases) as compared with our previous meta-analysis.

Of the 19 cohorts, sample sizes varied across studies from 552 (Zutphen Study)14 to 79 839 

(NHS).4 The average duration of follow-up was 12.8 years (range 8.5–28.0 years) calculated 

based on the total person-year of included studies. Fish consumption was assessed either by 

self-administered (13 cohorts) or interview-based food frequency questionnaire (6 cohorts). 

Fish intake was classified into two to five categories in primary studies. All reported HRs 

(95% CIs) of stroke were adjusted for multiple covariates (Table 1).

Association of fish consumption with the incidence of stroke

After pooling data from the identified studies, fish consumption was significantly associated 

with the incidence of stroke. Compared with those who never consumed fish or ate fish less 

than once per month, the pooled weighted HRs of incident total stroke were 0.97 (95% CI, 

0.87–1.08), 0.86 (0.80–0.93), 0.91 (0.85–0.98) and 0.87 (0.79–0.96) for fish consumption 1–

3/month, 1/week, 2–4/week, and ≥5/week, respectively (P for linear trend =0.09; Table 2). A 

nonlinear trend was detected after logarithm transformation of continuous fish intake (P for 

nonlinear trend =0.02).

We tested the heterogeneity among the included cohorts by calculating I2 for each category 

of fish intake with the lowest group as the reference. I2 ranged from 0.0 to 20.1% for fish 

consumption. As shown in Figure 1, there was no significant heterogeneity among studies 

(I2 =20.1%, P =0.22) when comparing participants who consumed fish 2–4/week with those 

in the reference group. The sensitivity analysis revealed that none of the studies significantly 

influenced the pooled estimate (Figure 2). The weighted HR comparing those who 

consumed fish 2–4/week with those in the reference group ranged from 0.90 (95% CI, 0.83–

0.97) when we excluded Mozaffarian et al.7 to 0.93 (0.86–0.998) when we excluded 

Sauvaget et al.19 When the analysis was repeated using a fixed-effects model, the results 

were essentially the same. When we further excluded one study with only two fish 

consumption categories,14 the results were not materially altered.

Based on the 11 cohorts that provided data on stroke subtypes,4,5,7,8,10–12,15,19 we found a 

significant modest beneficial association between fish intake and incidence of ischemic 

stroke (P for linear trend =0.07; P for nonlinear trend =0.01). The incidence of ischemic 

stroke was significantly lower when consuming fish once per month or more as compared 

with eating fish less than once per month. For hemorrhagic stroke, we did not observe any 

significant association with fish intake (Table 2).

Stratified analysis

In the stratified analyses, the inverse association between fish intake and risk of stroke was 

slightly attenuated among studies with relatively short follow-up period (<12.8 years), 

conducted in Europe or Asia, and among studies using in-person interview for dietary 

assessment. The observed magnitude of inverse association was also slightly lowered among 

men. Nevertheless, none of the interactions between fish consumption and these potential 

effect modifiers were statistically significant (Table 2).
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Publication bias

We assessed publication bias by visually examining a funnel plot of precision against ln 
(HR) (‘fish consumption at 2–4/week vs <1/ month’ listed as an example in Figure 3). The 

asymmetry was formally assessed by Egger’s test. No evidence of significant publication 

bias was found (P =0.31). Neither of the P-values for public bias from Egger’s test in other 

three higher groups of fish consumption was statistically significant (P-values ranged from 

0.36 to 0.98).

DISCUSSION

Our updated review quantitatively summarized the current literature evaluating fish 

consumption and the risk of stroke by including 16 additional prospective cohort studies 

since our previous meta-analysis. Overall, fish consumption was inversely associated with 

the risk of stroke. A significant modest beneficial association was observed between 

increasing fish consumption and the risk of ischemic stroke, whereas no significant relation 

was found with hemorrhagic stroke. Gender, follow-up length and dietary assessment 

method did not significantly modify the associations.

Several strengths need to be highlighted. First, this meta-analysis comprised >380 000 male 

and female adults with a wide age range, which increased the statistical power, especially in 

subgroup analysis, to examine the association between fish intake and risk of stroke 

compared with our original meta-analysis published in 2004. Second, the prospective nature 

of the cohort studies reduced the possibility of selection bias and recall bias. Even though 

randomized, placebo-controlled clinical trials are preferred to evaluate causal relations, this 

study design would not be practical to study the primary prevention of stroke because of 

prolonged compliance needed for fish intake. In addition, we obtained de novo data from 

some primary studies, standardized fish intake into five categories, and performed detailed 

subgroup analysis. Of note, considering that different etiologies exist between ischemic and 

hemorrhagic stroke,22 and most newly published studies have data on stroke subtype, we 

analyzed data separating ischemic stroke from hemorrhagic stroke. As there were 5406 

ischemic stroke cases and 1764 hemorrhagic stroke cases from 311 106 participants in 11 

cohorts, the statistical power was also sufficient. Moreover, we assessed stroke mortality 

separately, which provided additional information on fish and fatal stroke. Furthermore, we 

did not find significant heterogeneity among included studies, indicating that combining 

these studies was reasonable.

We found no consistent benefits of fish consumption on stroke risk by gender and location. 

Regular fish consumption was only significantly related with decreased stroke risk on 

females but not on males. It might be because of the different lifestyles associated with two 

genders, such as more smoking or alcohol drinking in men, which interact with the intake 

and the metabolism of nutrients in fish. The difference in fish benefits by locations might be 

due to the different dietary patterns, fish types or preparation methods by regions. Various 

degrees of measurement error might explain at least part of the inconsistent results for 

dietary assessment.
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Our meta-analysis also has limitations. First, we cannot rule out the possibility of residual 

confounding due to inclusion of different factors or bias caused by measurement errors, or 

unmeasured factors could be present in each primary study. However, most studies were well 

designed and adjusted for major lifestyle and dietary variables, which alleviates our concern 

about the residual confounding. Also, although all the studies had information about portion 

size and the range for each fish intake category, misclassification of fish consumption is still 

possible when we standardized fish consumption, although it is unlikely. Publication bias is 

not a serious concern in our meta-analysis, as we found no strong evidence for it, either by 

visualizing the funnel plot or conducting statistical tests. Nevertheless, a potential bias 

resulting from excluding studies published in other languages (if any) is possible.

Since the publication of our previous study, two studies have attempted to combine the 

available evidence to quantitatively assess the association between fish intake and stroke 

risk.2,3 They both used the dose-response model in pooling the estimates, whereas the linear 

assumption between fish intake and risk of stroke had to be made. In the quantitative 

analysis published in 2005,2 the intercept interpretation as relative risk of stroke at low levels 

of fish consumption compared with no fish intake at all may not be accurate as a combined 

reference group ( 0 with <1/ month) was used. In addition, one case–control study23 was 

inappropriately mingled with the other selected prospective cohort studies. The recent 

quantitative analysis3 briefly reported the pooled estimate of fish and stroke without 

performing detailed subgroup or sensitivity analysis. Also, a nested case–control study24 

reported odds ratio was not so appropriately combined with other prospective cohort studies 

with relative risk reported in that meta-analysis as the controls are from different sources. 

We included it in a sensitivity analysis, and all the conclusion remained.

The beneficial effect of fish consumption on stroke risk has been suggested to be related to 

the antithrombotic activity and anti-inflammatory property of long-chain omega-3 

polyunsaturated fatty acids (LCn3PUFAs), the key nutrients in fish.22,25 LCn3PUFA intake 

was found to shift the balance of prostaglandin I/thromboxane A to a more antithrombotic 

state.25–27 Although not conclusive,22 the anti-inflammatory effect of LCn3PUFAs was 

speculated to alleviate the progression of stroke by stabilizing the atherosclerotic plaque by 

decreasing the infiltration and activity of the inflammatory cells around the plaque.1,28 Other 

favorable effects such as lowering blood pressure and improving the lipid profile may also 

contribute to the beneficial effect of LCn3PUFAs on the cardiovascular system.29,30 It makes 

biological sense that fish intake was found to be inversely related to the risk of ischemic but 

not hemorragic stroke because of the different etiopathogenesis of these two stroke subtypes. 

The antiplatelet activity of LCn3PUFAs that protects against ischemic stroke development 

may be a risk factor for hemorrhagic stroke development.22 However, we did not observe an 

increased risk of hemorrhagic stroke in higher categories of fish consumption. The potential 

adverse effect of high fish consumption on the risk of hemorrhagic stroke may be masked by 

the other beneficial effects of fish intake.

Although it is reasonable to assume that the beneficial effect of fish intake on stroke risk 

comes from the LCn3PUFAs intake, a meta-analysis of nine randomized clinical trials 

published in 2006 did not find any effect of LCn3PUFA intake on stroke risk.31 However, 

short-duration clinical trials based on patients focusing on fish oil supplement use cannot 
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rule out a long-term beneficial effect of fish intake on the risk of stroke in the general 

population as found in this meta-analysis. Of note, it is also possible that the observed 

benefit of fish consumption is because of the nutrient package of whole fish.22 Therefore, 

studying LCn3PUFA from fish intake alone might not fully explain the benefit of fish on 

stroke risk. An overall healthy lifestyle of the fish consumers may also account for part of 

our observation. For example, people with higher fish intake tend to have a healthier lifestyle 

such as being more likely to be normal weight, less likely to smoke and more likely to 

exercise, which may protect against the occurrence of stroke.32–35 However, almost all of the 

included studies considered body mass index, smoking status and physical activity as 

potential confounders in the model.

In summary, our updated meta-analysis of all relevant prospective cohort studies provided 

evidence of a modest beneficial association between fish consumption and the risk of stroke, 

in particular ischemic stroke. Consuming fish once per week may significantly reduce the 

incidence of ischemic stroke. No evidence was found that high fish consumption would 

increase the risk of hemorrhagic stroke. Further studies are required to better understand the 

potentially different mechanisms of fish consumption on the risk of stroke subtypes.
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Figure 1. 
Multivariable adjusted HRs and 95% CIs of incidence of total stroke according to fish 

consumption in 19 cohorts from 16 prospective cohort studies. The summary estimates were 

obtained by using a random-effects model. The dots indicate the adjusted HRs by comparing 

fish consumption 2–4 times per week (only 17 cohorts had data in this category) to less than 

once per month. The horizontal lines represent 95% CIs. The diamond markers indicate the 

pooled estimate.
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Figure 2. 
Influence of removing studies one by one on multivariable adjusted HRs of incident stroke 

comparing fish consumption 2–4 times per week to less than once per month. Circles are 

HRs and horizontal dotted lines 95% CIs for meta-analysis of the studies listed excluding 

the study listed in the left. The dash vertical line in the center is the summary estimate of the 

HR including all included studies.
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Figure 3. 
Funnel plot with pseudo 95% CIs for HR of incident stroke comparing fish consumption 2–4 

times per week to less than once per month in 17 cohorts from 15 prospective cohort studies. 

The funnel plot shows s.e. of ln(HR) against ln(HR) for the 17 separated cohorts included in 

the meta-analysis. The vertical line indicates the fixed-effects summary estimate of the HR 

with sloping lines representing the expected 95% CIs for a given s.e., assuming no 

heterogeneity between studies.
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