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Fish consumption may decrease cardiovascular mortality 
which has been attributed to the content of marine n-3 pol-

yunsaturated fatty acids (PUFA).1–4 However, this has mainly 
been shown for coronary heart disease while associations be-
tween marine n-3 PUFA and ischemic stroke have been less 
studied and with inconsistent findings reported.5–13 Most studies 
about ischemic stroke have traditionally investigated the asso-
ciations for total marine n-3 PUFA and not discriminated be-
tween eicosapentaenoic acid (EPA) and docosahexaenoic acid 
(DHA), which have different biological effects.14 Furthermore, 
ischemic stroke is a heterogeneous condition, and the associa-
tions of EPA and DHA may differ between ischemic stroke 
subtypes,15 which has not been taken into consideration in most 
studies. Another concern is that most observational studies on 

marine n-3 PUFA have only assessed self-reported dietary 
intakes, which are prone to measurement error.

In this study, we addressed these issues by investigating 
both total marine n-3 PUFA, EPA, and DHA from the diet and 
the contents in adipose tissue, which is a long-term biomarker 
of their intake and endogenous exposure. We investigated the 
hypothesis that intake and adipose tissue content of total ma-
rine n-3 PUFA, EPA, and DHA were inversely associated with 
the risk of ischemic stroke and ischemic stroke subtypes.

Methods

Study Population
The Danish Diet, Cancer and Health cohort was established between 
1993 and 1997. The study design has been described previously,16 
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Background and Purpose—We hypothesized that total marine n-3 polyunsaturated fatty acids (PUFA), in particular 
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) in the diet and in adipose tissue (biomarkers of long-term 
intake and endogenous exposure) were inversely associated with the risk of ischemic stroke and its subtypes.

Methods—The Diet, Cancer and Health cohort consisted of 57 053 participants aged 50 to 65 years at enrolment. All 
participants filled in a food frequency questionnaire and had an adipose tissue biopsy taken at baseline. Information on 
ischemic stroke during follow-up was obtained from The Danish National Patient Register, and all cases were validated. 
Cases and a random sample of 3203 subjects from the whole cohort had their fatty acid composition of adipose tissue 
determined by gas chromatography.

Results—During 13.5 years of follow-up 1879 participants developed an ischemic stroke. Adipose tissue content of EPA 
was inversely associated with total ischemic stroke (hazard ratio [HR], 0.74; 95% CI, 0.62–0.88) when comparing the 
highest with the lowest quartile. Also, lower rates of large artery atherosclerosis were seen with higher intakes of total 
marine n-3 PUFA (HR, 0.69; 95% CI, 0.50–0.95), EPA (HR, 0.66; 95% CI, 0.48–0.91) and DHA (HR, 0.72; 95% CI, 
0.53–0.99), and higher adipose tissue content of EPA (HR, 0.52; 95% CI, 0.36–0.76). Higher rates of cardioembolism 
were seen with higher intakes of total marine n-3 PUFA (HR, 2.50; 95% CI, 1.38–4.53) and DHA (HR, 2.12; 95% CI, 
1.21–3.69) as well as with higher adipose tissue content of total marine n-3 PUFA (HR, 2.63; 95% CI, 1.33–5.19) and 
DHA (HR, 2.00; 95% CI, 1.04–3.84). The EPA content in adipose tissue was inversely associated with small-vessel 
occlusion (HR, 0.69; 95% CI, 0.55–0.88).

Conclusions—EPA was associated with lower risks of most types of ischemic stroke, apart from cardioembolism, while 
inconsistent findings were observed for total marine n-3 PUFA and DHA.    (Stroke. 2019;50:00-00. DOI: 10.1161/
STROKEAHA.118.023384.)
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but briefly, 160 725 men and women 50 to 64 years old, with no pre-
vious cancer diagnosis were invited to participate. A total of 57 053 
accepted the invitation and gave written informed consent. The 
study was approved by the Ethics Committees and the Danish Data 
Protection Agency. Because of the sensitive nature of the data col-
lected for this study, requests to access the data set from qualified 
researchers trained in human subject confidentiality protocols may be 
sent to the Diet, Cancer and Health Steering Committee at the Danish 
Cancer Society (contact information: louhan@cancer.dk). We used a 
cohort design for the analyses of dietary intake. For the adipose tissue 
content analyses, we used a case-cohort design where a subcohort of 
3500 participants was randomly drawn from the whole cohort.

Dietary Intakes of Marine n-3 PUFA
Information on habitual dietary intake was assessed by a 192-item 
semiquantitative food frequency questionnaire at baseline with 24 
questions covering intake of seafood.17,18 The self-administered food 
frequency questionnaire was validated against 2 weeks of weighed 
diet records. Correlations between energy-adjusted intakes from the 
food frequency questionnaire and the 2-week diet records for PUFAs 
were 0.53 for men and 0.28 for women.18 Participants reported their 
average intake of different food and beverage items over the past 12 
months. Calculation of average daily intakes of foods and nutrients 
was done using the FoodCalc program (http://www.ibt.ku.dk/jesper/
foodcalc/) based on Danish food composition tables.

Adipose Tissue Biopsies
At baseline, an adipose tissue sample was taken from the subcu-
taneous fat from the buttocks of every participant, and fatty acid 
composition was determined by gas chromatography as described 
previously.19 A Luer lock system (Terumo, Terumo Corp, Tokyo, 
Japan) was used consisting of a needle, a venoject multisample Luer 
adaptor, and an evacuated blood tube. Fatty acid composition was 
determined by gas chromatography on a CP-sil 88 60 m×0.25 mm 
ID capillary column, using a Varian 3900 GC with a CP-8400 autos-
ampler (Varian, Middleburg, The Netherlands) equipped with a flame 
ionization detector. Commercially available standards (Nu-check-
Prep, Inc, MN) were used to identify individual fatty acids. The con-
tents of EPA, docosapentaenoic acid (DPA), and DHA were given as 
weight percentages of total fatty acids. The interassay coefficient of 
variation for determination of EPA, DPA, and DHA in adipose tissue 
was 6.1%, 4.2%, and 5.2 %, respectively.

Covariates
At baseline, the participants completed a lifestyle questionnaire about in-
formation on education status, smoking habits, physical activity, history 
of hypercholesterolemia, hypertension, and diabetes mellitus. Physical 
activity during the past year was reported as hours per week spent on 
walking, biking, housework, home maintenance, gardening, and sports 
during summer and winter. Smoking habits were self-reported as fre-
quency (never, former, or current), number, and type (cigarettes, cigars, 
cheroots, and tobacco pipes smoked per day). Anthropometric mea-
surements (height, weight, and waist circumference) were obtained by 
technicians, and waist circumference was measured in standing position 
using a rigid tape measure at the narrowest horizontal circumference 
between the lower rib and the iliac crest. Body mass index was cal-
culated as weight (kg)/height (m).2 Information on alcohol intake and 
intake of foods was obtained from the food frequency questionnaire. 
Information on atrial fibrillation/atrial flutter was obtained by linkage 
with the Danish National Patient Register.

Outcomes
The outcomes in this study were incident ischemic stroke and sub-
types of ischemic stroke. Identification of ischemic stroke cases has 
been described in detail elsewhere.19,20 Briefly, participants in the 
Diet, Cancer and Health cohort registered with a stroke diagnosis 
in the Danish National Patient Register were identified. Potential 
stroke cases included subjects with an International Classification 

of Diseases, Eighth Revision (ICD-8) discharge code 430, 431, 433, 
434, 436.01, or 436.90 or ICD-10 discharge code I60, I61, I63, or I64. 
All medical records were reviewed and diagnoses validated. Ischemic 
stroke cases were divided into 5 subtypes according to the Trial of 
Org 10172 in Acute Stroke Treatment-classification system,21 which 
is based on cause and includes large artery atherosclerosis, cardio-
embolism, small-vessel occlusion, stroke of other cause, and stroke 
of undetermined cause. Participants were followed from enrolment 
until time of ischemic stroke, death, emigration, or end of follow-up 
(December 2009), whichever came first.

Statistical Analyses
We used Cox proportional hazards models with age as the under-
lying timescale to estimate hazard ratios with 95% CI. For dietary 
intake analyses, total marine n-3 PUFA, EPA, DPA, and DHA were 
expressed as energy-adjusted intake in g/d. For the analyses of adi-
pose tissue, we used a case-cohort approach based on weighted Cox 
proportional hazard regression. Cases and noncases within the subco-
hort were assigned the weights 1 and N/n respectively, where N was 
the number of noncases in the full cohort and n was the number of 
noncases in the subcohort.22 Analyses were performed as sex-strat-
ified analyses allowing for baseline hazards to differ between men 
and women. Exposure variables were categorized into quartiles using 
the lowest quartile as the reference. We did a test for trend across 
quartiles based on Wald’s test. To address potential confounding, 
we adjusted for different covariates. First, we adjusted for baseline 
age (years, continuous) and sex (model 1A). In model 1B, we added 
covariates to model 1A: educational status (<7, 8–10, and >10 years), 
waist circumference adjusted for body mass index (cm and contin-
uous), smoking status (noncurrent, current <15, and ≥15 g tobacco/
day), physical activity (hours/wk and continuous), alcohol intake (g/d 
and continuous), and alcohol abstain (yes and no). The analyses were 
further adjusted for possible intermediate variables (model 2): self-
reported hypertension or use of antihypertensive medication (yes, no, 
and unknown), self-reported hypercholesterolemia or use of lipid-
lowering medication (yes, no, and unknown), self-reported diabetes 
mellitus or use of insulin (yes, no, and unknown), and atrial fibrilla-
tion/atrial flutter (yes and no). All associations were investigated for 
total ischemic stroke and for each of the ischemic stroke subtypes. 
We used restricted cubic splines with 3 knots to adjust for continuous 
variables. The proportional hazards assumption in the Cox regres-
sion analyses were evaluated by plotting scaled Schoenfeld residuals. 
We generated radar charts to illustrate possible differences in the un-
derlying dietary patterns related to dietary intake and adipose tissue 
content of total marine n-3 PUFA. The statistical analyses were done 
using Stata 14 (StataCorp).

Results
A total of 1151 of the 57 053 participants were excluded from 
the study because of a diagnosis of cancer or stroke before 
entry into the study, and 564 participants were excluded be-
cause of missing information on covariates. Hence, a total of 
55 338 participants in the full cohort and 3410 in the subcohort 
were available for analysis. During a median of 13.5 years 
of follow-up, 1879 participants developed ischemic stroke 
from whom 1755 adipose biopsies were available while 
3201 biopsies were available from the subcohort (Figure 1). 
Characteristics of the cohort, subcohort and ischemic stroke 
cases are presented in Table 1.

Neither dietary intake nor adipose tissue content of total 
marine n-3 PUFA showed any association with total ischemic 
stroke (Tables 2 and 3). Likewise, dietary intake of EPA and 
DHA and adipose tissue content of DHA showed no associa-
tion with total ischemic stroke (Tables 2 and 3). However, ad-
ipose tissue content of EPA showed a statistically significant 
inverse association with total ischemic stroke with a hazard 
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ratio of 0.74 (95% CI, 0.62–0.88) comparing the highest and 
the lowest quartile (Table 3).

Regarding subtypes of ischemic stroke, results showed 
statistically significant inverse associations between intake of 
total marine n-3 PUFA, EPA, and DHA and large artery ather-
osclerosis (Table 2), while only EPA in adipose tissue showed 
an inverse association with large artery atherosclerosis (hazard 
ratio, 0.52; 95% CI, 0.36–0.76) comparing the highest and the 
lowest quartiles, which was statistically significant (Table 3). 
Intake of total marine n-3 PUFA, EPA, and DHA and adipose 
tissue content of total marine n-3 PUFA and DHA were sta-
tistically significantly associated with higher rates of cardio-
embolism (Tables 2 and 3). No consistent associations were 
found between intake of total marine n-3 PUFA, EPA, or DHA 
and small-vessel occlusion (Table 2). However, a statistically 
significant inverse association was found between adipose tis-
sue content of EPA and small-vessel occlusion (hazard ratio, 
0.69; 95% CI, 0.55–0.88) comparing the highest and the low-
est quartile; (Table 3). The results of the age- and sex-adjusted 
analyses (model 1A), as well as results of the analyses in-
cluding possible intermediate variables (model 2), showed 
similar pattern of associations (Table I–IV in the online-only 
Data Supplement). Also, sensitivity analyses showed that the 
observed associations (model 1B) were robust when analyses 
were conducted without adjustment for smoking status (Table 
V in the online-only Data Supplement).

The underlying dietary patterns in relation to the intake 
of marine n-3 PUFA for participants in the whole cohort and 
content of marine n-3 PUFA in adipose tissue for participants 

in the subcohort are given in Figure 2. The results indicate that 
participants with a high intake of marine n-3 PUFA as well as 
a high content of marine n-3 PUFA in adipose tissue tended 
to consume more vegetables, vegetable oils, fish, poultry and 
alcohol and less, butter, sugar, sweets, and snacks.

Discussion
We found that intakes of EPA and DHA were associated with a 
lower risk of stroke caused by large artery atherosclerosis and a 
higher risk of stroke caused by cardioembolism. Adipose tissue 
content of EPA was associated with a lower risk of total ischemic 
stroke, strokes caused by large artery atherosclerosis and small-
vessel occlusion, while adipose tissue content of DHA was as-
sociated with a higher risk of stroke caused by cardioembolism.

Our study had a number of strengths. First, we investigated 
total marine n-3 PUFA, EPA, and DHA from both dietary in-
take and adipose tissue content. Only a few participants were 
lost to follow-up (mostly because of emigration), hence the 
risk of selection bias was low. Furthermore, information on is-
chemic stroke cases was obtained by linkage with the Danish 
National Patient Register independently of exposure infor-
mation limiting the risk of information bias. Ischemic stroke 
diagnoses were individually validated and classified accord-
ing to the Trial of ORG 10172 in Acute Stroke Treatment-
classifications,21 which is another major strength of the study 
together with detailed information on potential confounders. 
However, the study also had some limitations. Importantly, 
exposures were based on baseline information and participants 
may have changed their diet during follow-up. Only 35% of 

Figure 1.  Flowchart of the Diet, Cancer and 
Health cohort, ischemic stroke cases, and the 
subcohort. PUFA indicates polyunsaturated 
fatty acid. *Included in the analyses of dietary 
intake. †Included in the analyses of adipose tis-
sue content.
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those invited agreed to participate in the study and subjects 
with a higher socioeconomic status were slightly over-repre-
sented in this cohort.16 However, for the given exposure range 

the associations between dietary intake and adipose tissue 
content of marine n-3 PUFA and risk of ischemic stroke are 
believed not to differ systematically between participants and 
nonparticipants. Also, the study only included middle-aged 
white subjects who had survived without a diagnosis of is-
chemic stroke or cancer before inclusion which limits the 
generalizability of our results. In addition, 30% of cases were 
classified as having stroke of undetermined cause which in-
cluded cases with 2 or more potential causes identified and 
those with incomplete evaluation. Further, the radar charts 
illustrated that, apart from a higher alcohol intake, healthier 
eating habits were associated with a higher dietary intake of 
marine n-3 PUFA as well as with a high content of marine n-3 
PUFA in adipose tissue. Thus, results from the study cannot be 
interpreted as associations for marine n-3 PUFA independently 
of the dietary pattern associated with a high fish and seafood 
intake. Finally, it should be mentioned that fish and seafood 
also contain vitamin D, selenium, and other substances that 
might confer benefit.23 Smoking is an important risk factor for 
the development of cardiovascular diseases. Proper control for 
confounding is, therefore, an important issue. To explore po-
tential residual confounding, we conducted the analyses both 
with and without control for smoking. No major differences in 
the associations were observed and we, therefore, considered 
residual confounding an unlikely explanation for the results. 
Previous studies also indicated that interaction between smok-
ing and marine n-3 PUFA may be of concern.24 In this study, 
we did not have the power to explore associations between 
marine n-3 PUFA and ischemic stroke according to smoking 
status. It is, therefore, possible that the observed association 
between marine n-3 PUFA and stroke could be modified by 
smoking status as indicated by previous studies.24

Other prospective cohort studies5–8 have also investigated 
the relation between intake of marine n-3 PUFA and risk of 
ischemic stroke. Only one of the studies,8 including 142 is-
chemic stroke cases, found an inverse association, however, 
not statistically significant. Other studies9–11 using biomark-
ers of marine n-3 PUFA have investigated serum levels of n-3 
PUFA, EPA, and DHA in relation to ischemic stroke subtypes. 
While serum levels of marine n-3 PUFA reflect dietary intake 
during the preceding weeks, adipose tissue contents as used 
in our study is a biomarker of the intake of marine n-3 PUFA 
during the previous 1 to 2 years.25

A recent prospective cohort study,9 including 953 ischemic 
stroke cases found an inverse association between serum lev-
els of DHA and total ischemic stroke and atherothrombotic 
stroke while there was no association between EPA and total 
ischemic stroke, atherothrombotic stroke, or strokes caused 
by cardioembolism. In another nested case-control study, in-
cluding 964 female ischemic stroke cases,10 serum levels of 
total marine n-3 PUFA were associated with a lower risk of 
total ischemic stroke, large artery atherosclerosis, and small-
vessel occlusion. Also, DHA (but not EPA) levels were in-
versely associated with all subtypes of ischemic stroke in that 
study. In contrast, another nested case-control study, including 
114 ischemic stroke cases,11 reported no association between 
serum levels of total or individual marine n-3 PUFA and the 
risk of ischemic stroke. Two case-control studies reported 
inconsistent results using erythrocyte membrane content of 

Table 1.  Baseline Characteristics of Participants in the Cohort, Subcohort, and 
Ischemic Stroke Cases

Characteristics Cohort Subcohort
Ischemic Stroke 

Cases

Age, y 56.1  
(50.7–64.2)

56.3  
(50.7–64.2)

58.9  
(51.0–64.6)

Sex, %

 ��� Male 47.6 54.1 61.9

 ��� Female 52.4 45.9 38.1

Education, %

 ��� <7 y 32.9 32.9 41.0

 ��� 8–10 y 46.1 45.0 42.6

 ��� >10 y 21.1 22.2 16.5

BMI, kg/m2 25.5  
(20.5–33.3)

25.8  
(20.7–33.4)

26.3  
(21.0–34.9)

Waist circumference, 
cm

88.8  
(69.0–110.0)

90.0  
(69.5–111.0)

93.0  
(72.0–116.0)

Smoking status, %

 ��� Noncurrent 64.1 63.9 50.5

 ��� Current <15 g/d 13.0 13.6 15.4

 ��� Current ≥15 g/d 22.9 22.5 34.0

Physical activity (h/
wk)

2.5  
(0.0–11.0)

2.5  
(0.0–10.5)

2.0  
(0.0–11.0)

Alcohol intake, g/d 12.9  
(0.7–64.6)

13.8  
(0.8–65.4)

14.5  
(0.5–79.4)

Alcohol abstain, %

 ��� Yes 2.3 2.1 3.0

 ��� No 97.7 97.9 97.0

Hypercholesterolemia, %

 ��� Yes 7.4 7.9 10.8

 ��� No 50.3 49.3 48.4

 ��� Unknown 42.4 42.8 40.8

Hypertension, %

 ��� Yes 16.0 15.7 28.8

 ��� No 70.9 71.7 57.7

 ��� Unknown 13.4 12.6 13.6

Diabetes mellitus, %

 ��� Yes 2.0 2.0 4.3

 ��� No 93.4 92.9 89.6

 ��� Unknown 4.6 5.1 6.1

Atrial fibrillation/atrial flutter, %

 ��� Yes 0.8 0.9 1.4

 ��� No 99.2 99.1 98.6

Values are medians (5th–95th percentile) for continuous variables and 
percent for categorical variables. BMI indicates body mass index.
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Table 2.  Risk of Ischemic Stroke and Ischemic Stroke Subtypes by Quartiles of Marine n-3 PUFA, EPA, DPA, and DHA Intake

 

Total Marine n-3 PUFA EPA DPA DHA

HR 95% CI HR 95% CI HR 95% CI HR 95% CI

Total ischemic stroke

n=1879

 ��� Q1 1  1  1  1  

 ��� Q2 1.06 (0.93–1.21) 1.05 (0.92–1.20) 1.10 (0.96–1.26) 1.08 (0.95–1.23)

 ��� Q3 1.06 (0.93–1.21) 1.09 (0.96–1.24) 1.10 (0.96–1.26) 1.02 (0.90–1.67)

 ��� Q4 1.06 (0.93–1.20) 1.01 (0.89–1.15) 1.16 (1.02–1.33) 1.06 (0.94–1.21)

P
trend

0.458 0.732 0.033 0.513

Large artery atherosclerosis

n=319

 ��� Q1 1  1  1  1  

 ��� Q2 0.97 (0.72–1.30) 0.86 (0.64–1.16) 1.01 (0.74–1.38) 0.90 (0.67–1.22)

 ��� Q3 0.88 (0.65–1.19) 0.82 (0.60–1.11) 0.91 (0.67–1.25) 0.86 (0.63–1.16)

 ��� Q4 0.69 (0.50–0.95) 0.66 (0.48–0.91) 0.88 (0.64–1.21) 0.72 (0.53–0.99)

P
trend

0.020 0.012 0.353 0.043

Cardioembolism

n=102

 ��� Q1 1  1  1  1  

 ��� Q2 1.36 (0.69–2.66) 1.17 (0.58–2.35) 0.80 (0.41–1.56) 0.97 (0.50–1.89)

 ��� Q3 1.49 (0.78–2.88) 2.34 (1.27–4.30) 1.14 (0.63–2.08) 1.27 (0.68–2.36)

 ��� Q4 2.50 (1.38–4.53) 2.02 (1.09–3.73) 1.68 (0.96–2.91) 2.12 (1.21–3.69)

P
trend

0.001 0.005 0.020 0.002

Small-vessel occlusion

n=844

 ��� Q1 1  1  1  1  

 ��� Q2 1.15 (0.94–1.40) 1.14 (0.94–1.38) 1.27 (1.04–1.55) 1.26 (1.04–1.54)

 ��� Q3 1.20 (0.98–1.45) 1.16 (0.96–1.41) 1.21 (0.99–1.48) 1.17 (0.96–1.43)

 ��� Q4 1.06 (0.87–1.30) 1.05 (0.86–1.28) 1.19 (0.98–1.46) 1.13 (0.93–1.38)

P
trend

0.518 0.647 0.179 0.411

Stroke of other cause

n=98

 ��� Q1 1  1  1  1  

 ��� Q2 1.15 (0.67–1.98) 1.29 (0.75–2.21) 1.65 (0.93–2.94) 0.95 (0.55–1.65)

 ��� Q3 0.89 (0.50–1.61) 0.85 (0.46–1.58) 1.08 (0.57–2.03) 0.83 (0.47–1.49)

 ��� Q4 1.05 (0.60–1.84) 1.17 (0.67–2.05) 1.51 (0.84–2.71) 1.02 (0.59–1.75)

P
trend

0.926 0.905 0.419 0.937

Stroke of undetermined cause

n=516

 ��� Q1 1  1  1  1  

 ��� Q2 0.95 (0.74–1.22) 1.00 (0.78–1.29) 0.87 (0.67–1.14) 0.98 (0.76–1.26)

 ��� Q3 0.96 (0.74–1.23) 1.08 (0.84–1.39) 1.06 (0.82–1.36) 0.93 (0.72–1.20)

 ��� Q4 1.12 (0.89–1.43) 1.08 (0.84–1.37) 1.16 (0.91–1.48) 1.07 (0.84–1.36)

P
trend

0.321 0.459 0.091 0.661

Adjusted for baseline age, sex, education, waist circumference adjusted for BMI, smoking, physical activity, alcohol intake, and alcohol abstain 
(Model 1B). BMI indicates body mass index; DHA, docosahexaenoic acid; DPA, docosapentaenoic acid; EPA, eicosapentaenoic acid; HR, hazard ratio; 
and PUFA, polyunsaturated fatty acid.
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Table 3.  Risk of Ischemic Stroke and Ischemic Stroke Subtypes by Quartiles of Marine n-3 PUFA, EPA, DPA, and DHA Adipose Tissue Content

 

Total Marine n-3 PUFA EPA DPA DHA

HR 95% CI HR 95% CI HR 95% CI HR 95% CI

Total ischemic stroke

n=1755

 ��� Q1 1  1  1  1  

 ��� Q2 0.98 (0.82–1.17) 0.91 (0.77–1.07) 1.45 (1.21–1.74) 0.92 (0.77–1.10)

 ��� Q3 1.12 (0.94–1.33) 0.66 (0.55–0.81) 1.37 (1.40–1.65) 1.09 (0.91–1.30)

 ��� Q4 1.08 (0.90–1.30) 0.74 (0.62–0.88) 1.36 (1.13–1.65) 1.00 (0.83–1.20)

P
trend

0.213 <0.001 0.006 0.580

Large artery atherosclerosis

n=300

 ��� Q1 1  1  1  1  

 ��� Q2 0.86 (0.61–1.22) 0.96 (0.70–1.32) 1.46 (1.04–2.07) 0.94 (0.67–1.32)

 ��� Q3 1.09 (0.78–1.52) 0.64 (0.43–0.94) 1.23 (0.86–1.76) 1.08 (0.77–1.52)

 ��� Q4 0.78 (0.53–1.13) 0.52 (0.36–0.76) 1.02 (0.69–1.51) 0.79 (0.54–1.16)

P
trend

0.404 <0.001 0.845 0.386

Cardioembolism

n=99

 ��� Q1 1  1  1  1  

 ��� Q2 2.08 (1.04–4.15) 1.13 (0.61–2.11) 2.45 (1.19–5.05) 1.37 (0.71–2.64)

 ��� Q3 2.04 (1.03–4.04) 1.06 (0.52–2.14) 2.61 (1.30–5.25) 1.64 (0.87–3.10)

 ��� Q4 2.63 (1.33–5.19) 1.52 (0.82–2.81) 3.06 (1.50–6.24) 2.00 (1.04–3.84)

P
trend

0.007 0.183 0.003 0.030

Small-vessel occlusion

n=781

 ��� Q1 1  1  1  1  

 ��� Q2 0.91 (0.72–1.15) 0.84 (0.68–1.04) 1.37 (1.08–1.74) 0.86 (0.68–1.09)

 ��� Q3 1.05 (0.83–1.32) 0.61 (0.47–0.79) 1.29 (1.01–1.64) 1.07 (0.85–1.34)

 ��� Q4 0.99 (0.79–1.26) 0.69 (0.55–0.88) 1.19 (0.93–1.52) 0.92 (0.72–1.17)

P
trend

0.768 <0.001 0.283 0.916

Stroke of other cause

n=91

 ��� Q1 1  1  1  1  

 ��� Q2 1.51 (0.84–2.72) 0.91 (0.54–1.53) 1.37 (0.73–2.56) 1.13 (0.64–2.00)

 ��� Q3 0.96 (0.51–1.83) 0.62 (0.32–1.19) 1.45 (0.78–2.69) 1.07 (0.59–1.94)

 ��� Q4 1.40 (0.77–2.52) 0.52 (0.27–0.98) 1.28 0.68–2.41) 1.07 (0.58–1.98)

P
trend

0.538 0.019 0.383 0.869

Stroke of undetermined cause

n=484

 ��� Q1 1  1  1  1  

 ��� Q2 0.99 (0.73–1.32) 0.95 (0.73–1.24) 1.53 (1.13–2.07) 0.91 (0.68–1.21)

 ��� Q3 1.19 (0.89–1.59) 0.72 (0.53–1.00) 1.46 (1.07–1.98) 1.06 (0.79–1.42)

 ��� Q4 1.22 (0.92–1.64) 0.87 (0.65–1.16) 1.76 (1.29–2.41) 1.12 (0.83–1.50)

P
trend

0.093 0.176 0.001 0.312

Adjusted for baseline age, sex, education, waist circumference adjusted for BMI, smoking, physical activity, alcohol intake, and alcohol abstain 
(Model 1B). BMI indicates body mass index; DHA, docosahexaenoic acid; DPA, docosapentaenoic acid; EPA, eicosapentaenoic acid; HR, hazard ratio; 
and PUFA, polyunsaturated fatty acid.
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marine n-3 PUFA as a biomarker.12,13 Thus, results have not 
been consistent, but 3 of the studies9,10,12 found associations 
between DHA and ischemic stroke and ischemic stroke sub-
types. This contrasts our findings of an association between 
adipose tissue content of EPA and total ischemic stroke, large 
artery atherosclerosis, and small-vessel occlusion strokes with 
less consistent findings for DHA.

DHA and in particular EPA are known to possess anti-in-
flammatory effects, which could protect against atheroscle-
rosis.26 In line with this we found a lower risk of stroke from 
large artery atherosclerosis with a high EPA intake, as well 

as a high adipose tissue content of EPA. Also, a lower risk 
of large artery atherosclerosis was seen with intake of DHA, 
while no clear association was found between DHA in adi-
pose tissue and stroke because of large artery atherosclerosis. 
While atherosclerosis in the smaller intracerebral arteries is 
mostly affected by blood pressure, atherosclerosis in the larger 
arteries is also related to blood lipids.15,27 Both EPA and DHA 
lower plasma triglycerides, but DHA may raise low-density 
lipoprotein cholesterol,14,28–30 which could be an explanation 
for the difference between associations of EPA and DHA in 
relation to large artery atherosclerosis stroke.

Figure 2.  Radar charts illustrating the percentage-wise difference in median intake of different foods and beverages for (A) participants in the cohort with the 
lowest and the highest intake of marine n-3 polyunsaturated fatty acid (PUFA) and for (B) participants in the subcohort with the lowest and the highest adi-
pose tissue content of marine n-3 PUFA. The black line equals the first quartile, and the gray line equals the fourth quartile.

D
ow

nloaded from
 http://ahajournals.org by on January 4, 2019



8    Stroke    February 2019

We found a higher risk of cardioembolism with a high 
intake of EPA and DHA as well as for a high adipose tissue 
content of DHA. This was unexpected as EPA and DHA are 
generally believed to have antithrombotic effects.2 Some stud-
ies have reported a higher risk of atrial fibrillation with high 
intakes of marine n-3 PUFA31,32 and because atrial fibrillation is 
a risk factor of cardioembolism,33 this could provide a possible 
explanation for our findings. However, due to a small number of 
cases with cardioembolism, these results should be interpreted 
with caution. The major risk factor for small-vessel occlusion 
is hypertension.34,35 Although, both EPA and DHA have been 
associated with mild antihypertensive effects, we only found a 
clear inverse association with adipose tissue content of EPA.

Little is known about biological effects of DPA, and apart 
from in fish, DPA is also contained in meat.36,37 Further, DPA 
levels in human tissue are presumable influenced significantly 
by endogenous metabolism.3 We, therefore, reported the 
results of intake and content of DPA in adipose tissue without 
discussing them.

We used complementary measurements n-3 PUFA, EPA, 
and DHA from both dietary intake and adipose tissue content. 
However, consistencies between dietary intake and adipose 
tissue content were only found for the association between 
EPA and large artery atherosclerosis and between total marine 
n-3 PUFA and DHA in relation to cardioembolism.

Our study suggests that intake of marine n-3 PUFAs may 
protect middle-aged subjects against the development of is-
chemic stroke of atherosclerotic origin, which supports recent 
guidelines.4 Furthermore, the ischemic stroke should not be 
seen isolated but viewed together with other atherosclerotic 
vascular events. Thus, there is solid epidemiological evidence 
that fish consumption protects against ischemic heart disease4 
and we recently reported that marine n-3 PUFA may also 
lower the risk of the third major atherosclerotic disorder, pe-
ripheral arterial disease.38

Conclusions
High intake and high adipose tissue levels of EPA were as-
sociated with a lower risk of most types of ischemic stroke, 
apart from cardioembolism, while inconsistent findings were 
observed for total marine n-3 PUFA and DHA.
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