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Background and Objectives: Although fish consumption or omega-3 intake is associated with cardio- cerebro-
vascular disease including stroke, their correlation is still controversial. Therefore, this meta-analysis is to identi-
fy the relationship between the risk of stroke and fish consumption or omega-3 intake. Methods and Study De-
sign: We searched the PubMed, EMBASE and Cochrane Library databases as of May 2019. Multivariate-
adjusted risk ratios (RRs) with 95% confidence interval (CI) for stroke in different level intake of fish or Long-
chain omega-3 polyunsaturated fatty acids (LC ω3-PUFAs) were pooled using a random-effects meta-analysis. A 
dose-response analysis was conducted with the 2-stage generalized least-squares trend program. Results: Our 
meta-analysis identified a total of 17 prospective cohort studies including 14986 strokes events in 672711 indi-
viduals. Meta-analysis revealed that the higher fish consumption was significantly associated with lower risk of 
stroke (RR=0.871, 95% CI: 0.779-0.975, p=0.016), especially with ischemic stroke (RR=0.808, 95% CI: 0.696-
0.937, p=0.005).  Meantime, the combined RR of total stroke was 0.859 (95% CI: 0.769-0.959, p=0.007) for the 
highest versus lowest intake of LC ω3-PUFAs, and stratification analysis showed that higher LC ω3-PUFAs in-
take was associated with reduced stroke risk in women (RR=0.793, 95% CI: 0.706-0.891, p=0.000) but not in 
men. In addition, the dose-response analysis showed fish consumption with 1000g per month and LC ω3-PUFAs 
intake with 0.5g per month was associated with 17.3% (RR=0.927, 95% CI: 0.83-0.98) and 14% (RR=0.86, 95% 
CI: 0.78-0.95) lower risk of stroke, respectively. Conclusions: Both fish consumption and LC ω3-PUFAs intake 
were negatively associated with the risk of stroke, especially in women, which suggest that increased intake of 
fishery products and LC ω3-PUFAs may benefit primary prevention of stroke. 
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INTRODUCTION 
Stroke is a medical condition in which poor blood flow to 
the brain results in cell death, which primarily include 
ischemic stroke (IS) and hemorrhagic stroke (HS). Ac-
cording to both epidemiological survey and the report of 
World Health Organization (WHO), stroke has become 
the second leading cause of death and a major cause of 
disability among adults worldwide, causing a heavy eco-
nomic and social burden in most developed and develop-
ing regions.1,2 In recent years, significant progress has 
been made in the diagnosis and treatment of cerebrovas-
cular diseases. However, due to the limitation of treat-
ment time window, most stroke patients still seldom seek 
medical treatment in time and their prognosis is poor.3  
 

 
 
Therefore, the early intervention and prevention of risk 
factors for cerebrovascular disease should be actively 
carried out to reduce the occurrence of stroke.4 

As a widely recognized source of important nutrients, 
fish is rich in high quality protein, various vitamins, es- 
sential trace elements and LC ω3-PUFAs. Many epide- 
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miological studies have reported the relationship between                  
fish consumption and stroke, but the results are not con-
sistent. A previous meta-analysis revealed that intake of 
fish is inversely related to risk of stroke, particularly is-
chemic stroke5 and a meta-analysis from Cambridge Uni-
versity found that the pooled relative risk for cerebrovas-
cular disease for >5 servings fish consumption/week ver-
sus 1 serving fish consumption/week was reduced by 
12%.6 However, a cohort study from Japan showed that 
fish consumption had no significant effect on stroke and 
its subtypes.7 Prospective studies of fish consumption in 
relation to the risk of stroke have yielded inconsistent 
results.8 

LC ω3-PUFAs, including eicosapentaenoic acid (EPA, 
20:5n-3), docosapentaenoic acid (DPA, 22:5n-3), and 
docosahenxaenoic acid (DHA, 22:6n-3), which is pri-
marily derived from fish or seafood consumption, may 
reduce the risk of developing cardiovascular disease. Pre-
vious studies have shown that omega-3 fatty acids can not 
only reduce the triglycerides, but also play an important 
role in anti-inflammation, anti-arrhythmia, anti-
thrombosis and other protective effects against cardiovas-
cular diseases.9 Several meta-analyses found that not only 
dietary intake of omega-310 but also circulating LC ω3-
PUFAs11 are inversely associated with risk of stroke. 
However, a recent randomized controlled trial (RCT) 
study found that supplementation with ω-3 fatty acids did 
not result in a reduction in the incidence of major cardio-
vascular events or cancer than placebo.12 In general, the 
role of fish consumption and LC ω3-PUFAs intake in 
stroke remains uncertain.  

We conducted a meta-analysis to investigate the rela-
tionship between fish consumption and omega-3 intake 
and the risk of stroke, and if there is a significant correla-
tion between them, we further perform a dose-response 
meta-analysis to quantitatively evaluate the relationship 
between them. 
 
METHODS 
Literature research 
We followed MOOSE guidelines of observational studies 
for conducting and reporting the present meta-analysis.13 
Systematic literature searches were conducted to identify 
prospective cohort studies that reported the association 
between fish consumption or LC ω3-PUFAs intake and 
risk of stroke from PubMed, EMBASE and the Cochrane 
Library up to May 2019. The literature strategy was per-
formed using a method of the key words combined with 
medical subject headings, and the full details are present-
ed in supplementary method. Our research was restricted 
to human studies that were published in English, and du-
plicated studies were excluded. Meanwhile, we also 
searched systematic reviews from the above-mentioned 
databases, and checked their reference to avoid missing 
some original studies. 

 
Eligibility criteria 
The relevant studies were included if they meet the fol-
lowing inclusion criteria: (1) Participants: adults of any 
age located in different countries. (2) Exposure of interest: 
Assessment of fish or LC ω3-PUFAs intake. (3) Outcome: 
evaluating incidence and/or mortality of stroke or its spe-

cific subtypes (IS and HS) as an end point but excluding 
other similar cardiovascular and cerebrovascular diseases 
such as coronary heart disease, arrhythmia, myocardial 
infarction and so on; reporting multivariate-adjusted RR 
or hazard ratio (HR) with 95% CI. (4) Study design: pro-
spective cohort study. 

 
Data extraction 
Data extraction was completed independently and per-
formed twice by two investigators, and disagreements 
were reconciled by consensus. The following data was 
extracted from each publication: participant characteris-
tics (baseline age range, gender and countries), duration 
of follow-up, baseline fish consumption or LC ω3-PUFAs 
intake as exposure of interest, exposure measurement 
(dietary estimations), exposure source (diet) and multivar-
iate-adjusted RR with 95% CI for all categories of fish or 
LC ω3-PUFAs. 

If eligible studies reported HR with 95% CI, each HR 
was assumed to approximate RR. To standardize units of 
fish consumption, we first converted frequency into 
grams per day (g/day). The amount of fish consumption 
(g/day) was estimated by multiplying the frequency of 
consumption (servings/day) by the corresponding portion 
size (grams/serving). If a publication reported servings 
per day as unit of measure in fish consumption, we trans-
ferred the fish amount to grams according to descriptions 
of the publication. If no description of portion size was 
reported, we deemed it to be 105 grams per serving.5  

 
Statistical analysis 
Statistical analyses of the combined data were performed 
by STATA version12.0 (StataCorp, College Station, Tex-
as, USA). We firstly performed a meta-analysis for the 
highest verses the bottom category of baseline fish con-
sumption, LC ω3-PUFAs intake, respectively. Each mul-
tivariate-adjusted RR for the highest compared with the 
bottom category was firstly transformed to their logarithm 
(logRR), and the corresponding 95% CI was used to cal-
culate the standard error (selogRR). Summary RR with 
corresponding 95% CI as the overall risk estimate for 
eligible prospective cohort studies was calculated by us-
ing a fixed effects model or random effects model de-
scribed by DerSimonian and Laird,14 which considers 
both within-study and between-study variability. Hetero-
geneity across studies was evaluated with the Q test and 
I2 statistic (I2<30%, 30%≤ I2≤50%, I2>50%, represented 
low, moderate, and extreme heterogeneity, respectively 
and a fixed effects model was used if there was no evi-
dence of heterogeneity; otherwise, a random effect model 
was used). Sensitivity analysis was performed to evaluate 
the possible influence of individual study on summary 
results. Begg’s test and Egger’s test were conducted to 
test the possibility of publication bias. 

Dose-response analyses were conducted to determine a 
potential curvilinear or linear association of fish and LC 
ω3-PUFAs intake with risk of stroke, respectively. Indi-
vidual studies with three of more categories were includ-
ed in the dose-response analysis. We assigned median 
intake of fish or LC ω3-PUFAs for each category as pre-
viously described. Restricted cubic splines with three 
knots (two spline transformations) at fixed percentiles 
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(25%, 50%, and 75%) was firstly created,15, 16 and then a 
p for nonlinearity was calculated to detect potential de-
parture from a simpler linear trend by testing the coeffi-
cient of the second spline equal to zero. A linear trend 
was estimated to achieve the associations of each 1000 
g/month increment of fish and each 100 mg/day incre-
ment of LC ω3-PUFAs consumption with risk of stroke 
using a generalized least-squares regression model (two-
stage GLST in Stata), respectively. Two-tailed p<0.05 
was considered statistically significant. 
 
RESULTS 
Literature search results 
The detailed flowchart of study selection is shown in Fig-
ure 1. Briefly, a total of 1878 unique citations were iden-
tified from electronic search plus 2 additional articles 
retrieved from reference lists. After the title and abstracts 
were screened, 115 articles were eligible for further full-
text review, and 98 articles were further excluded for the 
following reasons: 27 were non-prospective studies, 32 
were experimental studies, 32 were reviews or meta-
analyses, and 7 were conference abstracts. Thus, 17 rele-
vant studies were finally included in this meta-analysis.7, 

17-32  

 
Study characteristics 
The specific characteristics of the included studies are 
shown in Table 1. Over the duration of follow up, which 
ranged from 3 to 20 years, a total of 14986 strokes events 
occurred among 672711 individual aged 20-98 years from 
US,17,18,20,21 Europe22-26,28,31,32 and Asia,7,19,27,29,30 respec-
tively. Both fish consumption and LC ω3-PUFAs intake 
were investigated in 5 studies, fish consumption in 5 stud-
ies only, and dietary intake of LC ω3-PUFAs in 7 studies 

only. Dietary data was collected by interview-
administered frequency food questionnaire (FFQ) or semi 
quantitative food frequency questionnaire (SFFQ), using 
servings/week (fish) and grams/day (LC ω3-PUFAs) as 
unit of measure. Among these literatures,7,17-32 4 articles 
only men,17,19,20,32 3 study only women18,24,28 and 10 stud-
ies included both men and women.7,21-23,25-27,29-31 Finally, 
study quality assessed by the 9-star Newcastle-Ottawa 
Scale (NOS) ranged from 6 to 8, with a median of 7, and 
the specific evaluation process is shown in Supplemen-
tary Table 1.  
 
Fish consumption and risk of stroke 
In total, 10 independent cohort studies7,17,18,20-23,26,27,31 relat-
ed to elevated fish consumption were available for meta-
analysis comparing the highest to the lowest category. 
The higher fish consumption was significantly associated 
with lower risk of stroke (RR=0.871, 95% CI: 0.779-
0.975, p=0.016) with a low heterogeneity (I2=0.0%) (Fig-
ure 2A). Additionally, a sensitivity analysis which tested 
the influence of any individual study on the overall result 
suggested no significant change in pooled association 
estimates. No possibility of publication bias was observed 
by visual inspection of Begg’s funnel plot (p for bi-
as=0.180) and Egger’s regression test (p for bias=0.048) 
(Figure 2B). At the same time, we also perform the meta-
analysis of the risk of fish consumption and stroke sub-
types. We found a significant negative correlation be-
tween higher fish consumption and the risk of ischemic 
stroke (RR=0.808, 95% CI: 0.696 -0.937, p=0.005) (Fig-
ure 2C), but was not associated with the risk of hemor-
rhagic stroke (RR=1.006, 95% CI=0.757-1.337,  
p=0.968) (Figure 2D).

 

 
 
Figure 1. The flowchart of retrieval and selection of studies. 
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Table 1. Baseline characteristics of included studies 
 

Reference Country Average 
follow-up Age range, gender No. of case/ 

participants 
Baseline measurement Outcomes RR  

(95% CI) 
Study 
quality Exposure assessment Exposure range (H vs L) 

Morris et al., 
1995(17) 

USA 4 years 40-84years, Men 173/21185 Total stroke; FFQ LC n-3 (g/week): >2.3 vs <0.5 1 (0.6-1.6) 9 
Total stroke; FFQ Fish (servings/week): >5 vs <1 

 
0.6 (0.3-1.6)  

Iso et al., 2001(18) USA 14 years 34-59years, Wom-
en 

574/79839 Total stroke; FFQ LC n-3 (g/day): >0.481 vs <0.077 0.72(0.53-0.99) 8 
Fish (servings/month): >20 vs <1 0.48(0.21-1.06)  

Ischemic stroke; FFQ LC n-3 (g/day): >0.481 vs <0.077 0.71 (0.46-1.10)  
Fish (servings/month): >20 vs <1 0.38 (0.12-1.19)  

Hemorrhagic stroke; FFQ LC n-3 (g/day): >0.481 vs <0.077 0.76 (0.43-1.37)  
Fish (servings/month): >20 vs <1 
 

1.02 (0.26-4.09)  
Yuan et al., 2001(19) China 3 years 45-64 years, Men 480/18244 Total stroke; FFQ LC n-3 (g/week): >1.10 vs <0.27 

 
1 (0.75-1.33) 8 

He et al., 2002(20) USA 12 years 40-75 years, Men 608/43671 Total stroke; SFFQ Fish (servings/month): >20 vs <1 0.83 (0.53-1.29) 9 
Ischemic stroke; SFFQ Fish (servings/month): >20 vs <1 0.54 (0.31-0.94)  
Hemorrhagic stroke; SFFQ Fish (servings/month): >20 vs <1 

 
1.55 (0.45-5.35)  

Mozaffarian et al., 
2005(21) 

USA 12 years 65-98 years, Both 626/4775 Total stroke; FFQ Fish (servings/month): >20 vs <1 0.77 (0.56-1.07) 8 
Ischemic stroke; FFQ Fish (servings/month): >20 vs <1 0.72 (0.51-1.03)  
Hemorrhagic stroke; FFQ Fish (servings/month): >20 vs <1 

 
0.98 (0.39-2.46)  

Yamagishi et al., 
2008(7) 

Japan 12.7years 
(median) 

40-79 years, Both 972/57972 Total stroke; FFQ LC n-3: Q5 vs Q1 0.93 (0.70-1.22) 8 
Fish: Q5 vs Q1 0.91 (0.74-1.13)  

Ischemic stroke; FFQ LC n-3: Q5 vs Q1 1.17 (0.71-1.92)  
Fish: Q5 vs Q1 0.93 (0.65-1.34)  

Intraparenchymal hemorrhage stroke; FFQ LC n-3: Q5 vs Q1 0.7 (0.40-1.24)  
Fish: Q5 vs Q1 0.95 (0.62-1.47)  

Subarachnoid hemorrhage stroke; FFQ LC n-3: Q5 vs Q1 0.9 (0.44-1.81)  
Fish: Q5 vs Q1 
 

0.96 (0.55-1.68)  
Montonen et al., 
2009(22) 

Finland 5 years 40-79 years, Both 364/3958 Total stroke ;FFQ LC n-3 (g/day): >0.655 vs <0.102 0.91 (0.66-1.26) 7 
Fish (g/day): >72 vs <6 
 

0.99 (0.73-1.35)  
Goede et al., 2012(23) Netherland 8-13 years 20-65 years, Both 221/20069 Total stroke; women ;FFQ LC n-3 (g/day): >0.188 vs <0.057 0.49 (0.27-0.91) 7 

Fish (g/day): >14 vs <3 0.49 (0.26-0.94)  
Ischemic stroke; women; FFQ LC n-3 (g/day): >0.188 vs <0.057 0.62 (0.29-1.35)  

Fish (g/day): >14 vs <3 0.54 (0.24-1.23)  
Hemorrhagic stroke; women; FFQ LC n-3 (g/day): >0.188 vs <0.057 0.45 (0.14-1.42)  

Fish (g/day): >14 vs <3 0.67 (0.19-2.29)  
Total stroke; men ;FFQ LC n-3 (g/day): >0.199 vs <0.066 0.87 (0.51-1.48)  

Fish (g/day): >14 vs <3.3 0.75 (0.44-1.26)  
Ischemic stroke; men; FFQ LC n-3 (g/day): >0.199 vs <0.066 0.85 (0.45-1.60)  

Fish (g/day): >14 vs <3.3 0.79 (0.42-1.48)  
Hemorrhagic stroke; men; FFQ LC n-3 (g/day): >0.199 vs <0.066 0.28 (0.05-1.46)  

Fish (g/day): >14 vs <3.3 0.17 (0.02-1.5)  
 
FFQ: food frequency questionnaire; SFFQ: semiquantitative food frequency questionnaire. 
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Table 1. Baseline characteristics of included studies (cont.) 
 
Reference country Average 

follow-up Age range, gender No. of case/ 
participants 

Baseline measurement Outcomes RR 
(95% CI) 

Study 
quality Exposure assessment Exposure range (H vs L) 

Larsson et al., 
2012(24) 

Sweden 10.4 years 
(mean) 

49-83 years, Women 1680/34670 Total stroke ;FFQ LC n-3 (g/day): >0.559 vs <0.131 0.84 (0.72-0.99) 7 
Ischemic stroke; FFQ LC n-3 (g/day): >0.559 vs <0.131 0.83 (0.69-0.99)  
Hemorrhagic stroke; FFQ 
 

LC n-3 (g/day): >0.559 vs <0.131 0.68 (0.43-1.07)  
Wallstrom et al., 
2012(25) 

Sweden 13.5 years 
(mean) 

44-73 years, Both 755/20670 Ischemic stroke, men LC n-3: the high vs the low category 1.1 (0.78-1.53) 6 
Ischemic stroke, women 
 

LC n-3: the high vs the low category 0.9 (0.65-1.25)  
Kuhn et al., 2013(26) German 4 years 35-65 years; Both 525/48315 Total stroke; FFQ Fish (g/day): >31.1 vs< 7.5 0.96 (0.73-1.26) 8 

Ischemic stroke; FFQ Fish (g/day): >31.1 vs <7.5 0.87 (0.64-1.19)  
Hemorrhagic stroke; FFQ 
 

Fish (g/day): >31.1 vs <7.5 1.46 (0.77-2.78)  
Takata et al., 2013(27) China 12 years 40-74 years, Both 844/134296 Ischemic stroke; man; FFQ Fish (g/day): >107.2 vs <10.8 0.56 (0.28-1.13) 7 

Ischemic stroke; woman; FFQ Fish (g/day): >105.2 vs <10.4 0.66 (0.4-1.1)  
Hemorrhagic stroke; man; FFQ Fish (g/day): >107.2 vs <10.8 1.32 (0.78-2.24)  
Hemorrhagic stroke; woman; FFQ 
 

Fish (g/day): >105.2 vs <10.4 0.62 (0.4-0.96)  
Miyagawa  et al., 
2014(29) 
 

Japan 24 years 50 years(mean); Both 417/9190 Total stroke; FFQ LC n-3 (g/day): >0.62 vs <0.15 0.75 (0.57-1) 6 

Bergkvist et al., 
2014(28) 
 

Sweden 12 years 39-73 years; Women 2015/34591 Ischemic stroke; FFQ LC n-3 (g/day): >0.52 vs <0.148 0.72 (0.54-0.96) 8 

Koh et al., 2015(30) Singapore 5 years 45-74 years; Both 1298/60298 Total stroke; SFFQ 
 

LC n-3 (g/day): >1.26 vs <0.59 0.82 (0.66-1.01) 7 
Amiano et al., 
2016(31) 

Spain 13.8 years 
(mean) 

20-69 years; Both 674/41020 Total stroke; men; FFQ Fish (g/day): >111 vs <38.6 0.77 (0.51-1.16) 8 
Total stroke; women; FFQ Fish (g/day): >77.8 vs <26.1 1.07 (0.68-1.69)  
Ischemic stroke; man; FFQ Fish (g/day): >111 vs <38.6 1.13 (0.68-1.88)  
Ischemic stroke; woman; FFQ 
 

Fish (g/day): >77.8 vs <26.1 1.31 (0.69-2.47)  
Kippler et al., 
2016(32) 

Sweden 12 years 45-79 years; Men 2760/39948 Ischemic stroke; FFQ LC n-3 (g/day):  >0.73 vs <0.18 1.21 (0.90-1.61) 7 
Hemorrhagic; FFQ LC n-3 (g/day):  >0.73 vs <0.18 0.42 (0.22-0.79)  

 
FFQ: food frequency questionnaire; SFFQ: semiquantitative food frequency questionnaire. 
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Figure 2. (A) Associations between fish consumption and risk of total stroke in the highest tertiles compared with the bottom. RR, rela-
tive risk. (B) Funnel plots in the analysis of correlation between fish consumption and risk of stroke. Associations between fish consump-
tion and the risk of ischemic stroke (C) and hemorrhagic stroke (D) in the highest tertiles compared with the bottom. RR, relative risk 
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LC ω3-PUFAs and risk of stroke 
In the current study, a total of 12 independent prospective 
cohort studies7,17-19,22-25,28-30,32 were eligible to evaluate 
association between LC ω3-PUFAs and incidence of 
stroke. According to our results, LC ω3-PUFAs was in-
versely associated with incidence of stroke when compar-
ing the highest and the lowest intake (RR=0.859, 95% 
CI=0.769-0.959, p=0.007) (Figure 3A). The pooled asso-
ciation was not significantly changed in the sensitivity 
analysis. Publication bias was not observed from Begg’s 
funnel plot (p for bias=0.621) and Egger’s test (p for bi-
as=0.578) (Figure 3B) 

In addition, we also performed a stratified analysis of 
gender and stroke subtypes based on five studies, which 
investigated the association between omega-3 intake and 
the risk of ischemic stroke and hemorrhagic stroke, re-
spectively. Our stratification analysis showed that higher 
LC ω3-PUFAs intake was associated with reduced stroke 
risk for ischemic stroke (RR=0.876, 95% CI: 0.722, 0.994, 
p=0.041) and hemorrhagic stroke (RR=0.647, 95% CI: 
0.706-0.891, p=0.001) with no between-study heterogene-
ity (I2=0.0%) (Supplementary Figure 1A and 1B). Mean-
while, we also found that higher LC ω3-PUFAs intake 
was associated with reduced stroke risk for women 

(RR=0.793, 95% CI=0.706-0.891, p=0.000), but not for 
me (RR=1.012, 95% CI=0.840-1.220, p=0.898) (Supple-
mentary figure 1C and 1D). 
 
Dose response analyses 
Among the 17 selected literature, there are three eligible 
studies17-19 were available to evaluate a dose-response 
association between fish consumption and risk of stroke. 
Our results showed that the correlation between fish con-
sumption and risk of stroke was obviously linear 
(p=0.015) rather than curvilinear (p=0.2023) (Figure 4A). 
Specifically, compared with an intake of 0g/month of fish, 
the risk of stroke is reduced by 17.3% for intake of 1000 
grams fish per month. In addition, there are four eligi-
ble24,29,30,32 studies can be used to evaluate a dose-
response association between LC ω3-PUFAs intake and 
risk of stroke. According to our result of analysis, a sig-
nificantly curvilinear association was observed through a 
test for non-linearity (p=0.0086) (Figure 4B) and the risk 
of stroke is reduced by 14% for intake of 0.5 grams LC 
ω3-PUFAs per month comparing with a minimum intake 
of 0 grams. 
 
 

 

 
 
Figure 3. (A) Associations between LC ω3-PUFAs intake and risk of total stroke in the highest tertiles compared with the bottom. RR: 
relative risk. (B) Funnel plots in the analysis of correlation between LC ω3-PUFAs intake and risk of stroke  
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DISCUSSION 
In this meta-analysis, a total of 17 observational studies 
were included to systematically investigate the correlation 
between fish consumption or LC ω3-PUFAs intake and 
the risk of stroke, which included 10 literatures on fish 
consumption7,17,18,20-23,26,27,31 and 12 literatures on LC ω3-
PUFAs intake.7,17-19,22-25,28-30,32 Our results showed that 
both fish consumption and omega-3 intake were signifi-
cantly negatively correlated with stroke incidence, which 
is consistent with the previous research.6 

More than 40 years ago, since the low incidence of 
cardio-cerebrovascular disease were observed in the 
Greenland Inuit population whose daily food mainly in-
cluded seafood and was rich in omega-3, people began to 
pay attention to the beneficial effects of fish and omega-3 
on humans.33,34 Numerous observational studies and ran-
domized case-control studies have focused on the risk of 
fish consumption and stroke. A prospective cohort study 
from Netherlands found that consumption of ≥1 por-
tion/week of fish reduced the incidence of ischemic 
stroke.35 However, a study from Japan showed that fish 
consumption had no significant correlation with stroke 
and its subtypes.7 Prospective studies of fish consumption 
in relation to the risk of stroke have yielded inconsistent 
results. Our meta-analysis of prospective cohort studies 
found a significant negative correlation between fish con-
sumption and stroke with a lower heterogeneity. Further 
subgroups found that fish consumption was significantly 
negatively correlated with IS but not HS, which is con-
sistent with the study.5 To assess the shape of the relation 
between fish consumption and stroke, we conducted a 
dose-response meta-analysis. At the same time, we con-
ducted a dose-response analysis to describe this correla-
tion (linear or non-linear) more specifically than simple 
correlation analysis. We found a linear relationship be-
tween fish consumption and stroke, and the consumption 
of fish twice a week was associated with 8% lower inci-
dence of stroke. Therefore, the American Heart Associa-
tion recommended that the public should eat sea food 1-2 
times a week to prevent cardiovascular and cerebrovascu-
lar diseases.36 However, our result is inconsistent with the 
results of Larsson’s study, which suggest that fish con-
sumption may be weakly inversely associated with the 

risk of stroke.37 As far as we can speculate, this difference 
may be mainly due to the different sources of fish which 
determines the quality of the fish. Besides, the methods of 
cooking may also be another reason for the large differ-
ence. For example, studies have shown that fried fish will 
increase the risk of stroke while raw fish will not.38,39 

Candela et al40 also found that fried cooking methods 
could not only cause omega-3 loss in fish but also pro-
duce some harmful substances. Overall, our study sug-
gests that fish consumption may reduce the incidence of 
stroke, and this beneficial effect is more pronounced for 
IS. 

It is well known that fish, especially deep-sea fish, are 
now thought to be rich in LC ω3-PUFAs. Therefore, more 
and more people are interested in whether the intake of 
omega-3 also has a significant correlation with the occur-
rence of cardio-cerebrovascular disease including stroke. 
However, the relationship between omega-3 intake and 
cardio-cerebrovascular disease seems controversial from 
current studies. For example, a previous study have 
shown long-term effect of high dose omega-3 fatty acid 
supplementation may be beneficial for the onset of cardi-
ac death, sudden death and myocardial infarction41 and 
the American Heart Association even suggested people 
take LC ω3-PUFAs supplements to prevent cardiovascu-
lar disease.42 But other studies though that omega-3 fatty 
acid supplements had no obvious effect on cardiovascular 
disease.43,44 As far as we know, this conflicting result be-
tween the various studies could be partially explained as a 
result of variable quality, dosage and duration of omega-3 
supplementation. In addition, different criteria for inclu-
sion and exclusion of subjects may also lead to the oppo-
site conclusion. Therefore, considering the inconsistent 
effects of omega-3 on cardiovascular disease, we strictly 
limit the endpoints of the included articles to avoid the 
effects of other related cardiovascular diseases in the pre-
sent study. As a result, our conclusions indicate that ome-
ga-3 intake is inversely related to the overall incidence of 
stroke, which is consistent with the previous study.11 In 
addition, dose-response analysis of LC ω3-PUFAs intake 
and stroke risk showed that LC ω3-PUFAs intake was 
closely related to the risk of stroke and when LC ω3-
PUFAs intake with 0.5 grams per month, the risk of 

 
 
Figure 4. Dose-response association between fish consumption (A) and LC ω3-PUFAs (B) intake and risk of stroke. Solid lines represent 
best-fitting cubic spline models. Areas between 2 dashed lines represent the 95% CIs 
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stroke was reduced by 14% comparing with none omega-
3 intake, suggesting intake of omega-3 may be necessary 
to prevent stroke. In further subgroup analysis, we were 
surprised to find although omega-3 was negatively corre-
lated with IS (p=0.041) and HS (p=0.001), it was more 
associated with hemorrhagic stroke, which didn't seem to 
be exactly the same as our analysis of stroke and fish con-
sumption. However, after the sensitivity analysis for this 
subgroup analysis, we found that the removal of any of 
the studies had little effect on the final overall study. 
Meantime, there was no publication bias in both Begg’s 
test and Egger’s test and visual funnel plots. Therefore, 
we believed that the results above were credible, and the 
difference may be mainly due to the quality of the fish. 
More interestingly, our research showed that women 
might benefit from a higher intake of omega-3, which 
was also consist with other people's research.45 

The reasons for the different results between men and 
women are unclear. The results of ischemic and hemor-
rhagic stroke are similar, so it can’t be explained by the 
difference in the proportion of stroke subtypes between 
genders. It can also not be explained by differences in LC 
ω3-PUFAs intake because intake was similar in women 
and men in the same population.25 It is possible that other 
potential risk factors for stroke are associated with differ-
ent intakes of LC ω3-PUFAs in women and men, which 
could lead to either underestimation or overestimation of 
the true association. There may also be biological inter-
pretations for the observed differences or be due to 
chance. 

There are several limitations in the present study. First-
ly, despite the usage of improved FFQ or SFFQ for sur-
veys, there was an inherent risk of bias in our results dur-
ing to the diversity and uncertainty of diet. Secondly, 
since dietary data is usually collected through dietary 
questionnaires or weighted food records, measurement 
errors and biases may underestimate or overestimate the 
true correlation. Thirdly, although such known risk fac-
tors of stroke as age, smoking, body mass index, physical 
activity, history of hypertension, alcohol intake and other 
dietary factors had been adjusted in most studies, there 
might still have residual confounding and unknown risk 
factors. Finally, the potential publication bias might be 
considered because all of the included studies in our re-
search were limited to English publications. 

In conclusion, the present meta-analysis identified that 
the reduced risk of stroke may not only be linearly asso-
ciated with fish consumption, especially ischemic stroke, 
but also be nonlinearly associated with LC ω3-PUFAs 
intake. Moreover, omega-3 intake might be more benefi-
cial for women to prevent stroke than men. When this 
article analyzes the relationship between Omega-3 and 
food intake, this will further deepen and improve the 
study of supplementary fish consumption and stroke. 
Therefore, we recommend that appropriate fish consump-
tion and dietary omega-3 intake (especially in women) 
have a positive effect on reducing the incidence of stroke. 
Nevertheless, there are many factors that affect stroke 
besides fish consumption and omega-3 intake, and the 
mechanism is not entirely clear, both eligible studies for 
targeted research with large sample sizes and basic mech-

anism research are necessary to clarify the exact role of 
fish and omega-3 in the prevention of stroke. 
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Supplementary method 
1)"Fatty Acids, Omega-3" OR n-3 Fatty Acids OR n-3 Polyunsaturated Fatty Acid OR n-3 PUFA OR PUFA, n-3 OR Omega 3 
Fatty Acids OR n3 Polyunsaturated Fatty Acid OR n-3 Oils OR Omega-3 Fatty Acids OR n3 Fatty Acid OR Fatty Acid, n3 OR 
fatty acid OR Fish Oil OR fish OR alpha-Linolenic Acid OR Linolenic Acid OR "Docosahexaenoic Acids" OR Acids, Docosahex-
aenoic OR Docosahexenoic Acids OR DHA OR Docosahexaenoate OR "Eicosapentaenoic Acid" OR Eicosapentanoic Acid OR 
EPA OR Acid, Eicosapentanoic OR omega-3-Eicosapentaenoic Acid OR Timnodonic Acid OR "Fish Oils" OR Fish Oil OR fish 
OR "Dietary Fats, Unsaturated" OR Unsaturated Dietary Fats OR Dietary Fat, Unsaturated OR Fat, Unsaturated Dietary OR Fats, 
Unsaturated Dietary OR Unsaturated Dietary Fat OR Dietary Oils OR Dietary Oil OR Oil, Dietary OR Oils, Dietary 
2) "Stroke" OR Strokes OR Cerebrovascular Accident OR brain vascular accident OR Cerebrovascular Apoplexy OR Apoplexy, 
Cerebrovascular OR Vascular Accident, Brain OR Cerebrovascular Stroke OR Apoplexy OR Cerebral Stroke OR Stroke, Acute 
OR Cerebrovascular Accident, Acute 
3) human OR humans OR men OR women 
4)1) and 2) and 3) 
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Supplementary figure 1. Forest plot of relative risk for LC n-3 PUFA intake and stroke risk for stroke subgroup (A) ischemic stroke, (B) 
hemorrhagic stroke and sex subgroups(C) female, (D) male. RR: relative risk  
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Supplementary table 1. Quality assessment of included prospective cohort studies by Newcastle-Ottawa Scale (√) 
 
Study design Selection () Comparability () Exposure or outcome () Stars Quality scores 
Cohort studies 1) Representativeness of the  

exposed cohort? √ 
2) Selection of the non exposed  

cohort? √ 
3) Evaluating exposure? √ 
4) Outcomes of interest were not  

present at study start? √ 

1) Study controls for the most im-  
portant factor? √ 

2) Study controls for any additional  
factors? √ 

1) How to ascertain outcome? √  
a) Independent blindness  
b) record linkage 

2) Follow-up till outcomes happened? √ 
3) Adequacy of follow up? √ 

√√√√√√√√√ (9) High quality: 8–9√  
Moderate quality: 6–7√ 
Low quality: 1–5√ 

Included cohort studies     
Morris et al., 1995 (American) 1) √, 2) √, 3) √ 4) √ 1) √, 2) √ 1) √a, 2) √, 3) √ √√√√√√√√√ (9) High 
Iso et al., 2001 (American) 1) √, 2) √, 3) √,4) ×: no statement 1) √, 2) √ 1) √a, 2) √, 3) √ √√√√√√√√ (8) High 
Yuan et al, 2001 (China) 1) √Men cohort 2) √, 3) √, 4) √ 1) √; 2) ×: no control for additional 

factors 
1) √b 2) √, 3) ×√ √√√√√√√√ (8) High 

He et al., 2002 (American) 1) √ Men cohort, 2) √, 3) √, 4) √ 1) √; 2) √ 1) √ b, 2) √, 3) √ √√√√√√√√√ (9) High 
Mozaffarian et al., 2005  
(American) 

1) √, 2) √, 3) √ 4) √ 1) √; 2) √ 1) √ a, 2) √, 3) ×: no statement √√√√√√√√ (8) High 

Yamagishi et al., 2008 (Japan) 1) √, 2) √, 3) √ 4) √ 1) √; 2) √ 1) √ a, 2) √, 3) ×: no statement √√√√√√√√ (8) High 
Montonen et al., 2009 
(Finland) 

1) √, 2) √, 3) √ 4) √ 1) √, 2) ×: without covariates adjust 1) √ a, 2) √, 3) ×: no statement √√√√√√√ (7) Moderate 

Goede et al., 2012 (Netherlands) 1) √, 2) √, 3) √  4) ×: no mention 1) √; 2) √ 1) √ a, 2) √, 3) ×: no statement √√√√√√√ (7) Moderate 
Larsson et al., 2012 (Sweden) 1) × :no mention, 2) √ 

3) √ 4) ×: no mention 
1) √; 2) √ 1) √ b, 2) √, 3) √ √√√√√√√ (7) Moderate 

Wallstrom et al., 2012 (Sweden) 1) √; 2) √, 3) √, 4) ×: no mention 1) √, 2) ×: without covariates adjust-
ed 

1) √ a, 2) √, 3) ×: no statement √√√√√√ (6) Moderate 

Kuhn et al., 2013 (Germany) 1) √; 2) √, 3) √, 4) ×: no mention 1) √; 2) √ 1) √ b, 2) √, 3) √ √√√√√√√√ (8) High 
Takata et al., 2013 (China) 1) √; 2) √, 3) √, 4) ×: no mention 1) √, 2) ×: without covariates adjust-

ed 
1) √ b, 2) √, 3) √ √√√√√√√ (7) Moderate 

Bergkvist et al., 2014 (Sweden) 1) √ Women cohort, 2) √, 3) √, 4) 
√ 

1) √; 2) √ 1) √ a, 2) √, 3) ×: no statement √√√√√√√√ (8) High 

Miyagawa et al., 2014 (Japan) 1) √; 2) √, 3) √, 4) ×: no mention 1) √, 2) ×: without covariates adjust-
ed 

1) √ a, 2) √, 3) ×: no statement √√√√√√ (6) Moderate 

Koh et al., 2015 (Singapore) 1) √; 2) √, 3) √, 4) ×: no mention 1) √; 2) √ 1) √ a, 2) √, 3) ×: no statement √√√√√√√ (7) High 
Pilar et al., 2016 (Spain) 1) √, 2) √, 3) √ 4) √ 1) √; 2) √ 1) √ a, 2) √, 3) ×: no statement √√√√√√√√ (8) High 
Maria et al., 2016 (Sweden) 1) √, 2) √, 3) √ 4) √ 1) √, 2) ×: without covariates adjust-

ed 
1) √ a, 2) √, 3) ×: no statement √√√√√√√ (7) High 

 
 


