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Background and Purpose Alterations in blood fatty acid (FA) composition are associated 
with cardiovascular diseases. We investigated whether plasma FA composition was related 
to stroke severity and functional outcome in acute ischemic stroke patients.
Methods We prospectively enrolled 156 patients with first-episode cerebral infarction, 
within 7 days of symptom onset. The proportion of FAs was analyzed using gas chromatog-
raphy, and the summation of the omega-3 polyunsaturated fatty acids (ω3-PUFA), 18:3 ω3 
α-linolenic acid, 20:3 ω3 eicosatrienoic acid, 20:5 ω3 eicosapentaenoic acid (EPA), and 
22:6 ω3 docosahexaenoic acid (DHA) was reported as ∑ω3-PUFAs. Stroke severity was as-
sessed using the National Institutes of Health Stroke Scale (NIHSS) score on admission. Poor 
functional outcome was defined by modified Rankin scale (mRS) ≥3 at three months after 
the index stroke.
Results Lower proportions of EPA (β=-0.751), DHA (β=-0.610), and ∑ω3-PUFAs (β=-0.462) 
were independently associated with higher NIHSS score, after adjusting for stroke subtype, 
hemoglobin, high density lipoprotein, high sensitivity C-reactive protein, fasting glucose, 
16:0 palmitic acid, and ∑saturated fatty acids. Moreover, a lower proportion of DHA (odds 
ratio [OR]: 0.20, 95% confidence interval [CI]: 0.04-0.88), and ∑ω3-PUFAs (OR: 0.22, 95% 
CI: 0.05-0.84) showed an independent relationship with poor functional outcome after ad-
justing for age, sex, smoking status, NIHSS score, stroke subtype, and 16:0 palmitic acid. 
Conclusions Our results demonstrate that ω3-PUFAs correlated with stroke severity on ad-
mission and functional outcomes at 3 months. ω3-PUFAs are potential blood biomarkers 
for prognosis of acute non-cardiogenic ischemic stroke patients. 
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Introduction

Fatty acids (FAs), the components of phospholipids in organ-
elle and cellular membranes, play important biological roles by 

maintaining or processing membrane protein function or fluidi-
ty.1 In addition, FAs modulate vascular inflammation, a key 
mechanism of atherosclerosis, cerebral small vessel pathologies, 
and stroke, by altering intracellular signal transduction or con-
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trolling lipid mediators such as prostaglandins, thromboxanes, or 
leukotrienes.2 Among FAs, ω3-polyunsaturated FAs (ω3-PUFAs), 
such as eicosapentaenoic acid (EPA) and docosahexaenoic acid 
(DHA), are potent anti-inflammatory molecules. EPA and DHA 
decrease expression of receptors for chemoattractants on blood 
inflammatory cells and prohibit migration of neutrophils or 
monocytes. Therefore, ω3-PUFAs may protect from atheroscle-
rotic changes.3, 4

Several clinical studies have emphasized the role of FAs in the 
risk or occurrence of stroke5 or cardiovascular disease6; however, 
the effects due to the composition of FAs on stroke or cardiovas-
cular disease remain controversial. High-dose ω3-PUFAs has 
been reported to have beneficial effects on cardiac or sudden 
death.7 High levels of plasma ω3-PUFAs can decrease the risk of 
myocardial infarction.8 In terms of stroke, low levels of circulat-
ing ω3-PUFAs in the blood is a risk factor for ischemic and hem-
orrhagic stroke.9 A decreased proportion of linoleic acid is also 
associated with ischemic stroke.10 Compared to normal controls, 
stroke patients with moderate-to-severe intracranial arterial ste-
nosis or occlusion had decreased levels of DHA.11 On the other 
hand, a recent meta-analysis revealed that the evidence for the 
beneficial effects of ω3-PUFAs is insufficient in adults with pe-
ripheral arterial disease associated with poor cardiovascular out-
come.12 To date, little information is available on the relationship 
between the composition of FAs and prognosis of stroke. There-
fore, we investigated whether the composition of FAs was associ-
ated with stroke severity on hospital admission and functional 
outcomes at 3-months follow-up of patients with acute non-car-
diogenic ischemic stroke.

Methods

Subjects
Between September 2007 and May 2010, we prospectively 

enrolled patients diagnosed with a first-episode of ischemic 
stroke and admitted to our hospital within 7 days after onset of 
symptoms. The patient’s demographic information as well as 
past medical, medication and familial history; brain imaging 
studies (Computerized tomography [CT] and/or magnetic res-
onance imaging [MRI]); vascular imaging studies (digital sub-
traction angiography, CT angiography, or MR angiography); 
chest radiography; 12-lead electrocardiography; electrocardiog-
raphy monitoring during a median time period of 3 days at the 
intensive stroke care unit; transthoracic echocardiography; and 
routine blood test data were collected.13 Patients were preferen-
tially excluded if they did not agree to provide blood samples for 
our study, or if they were taking lipid-lowering agents such as 
statins, niacin, fenofibrate, or ω3-PUFAs as components of 

health foods and supplements.11 Of a total of 401 subjects were 
enrolled, however those, who on the basis of the Trial of Org 
10,172 in Acute Stroke Treatment classification system,14 had 
moderate or high risk cardiac sources of embolism (n = 127) 
were excluded. Patients who had undetermined stroke subtype 
(n = 45: negative evaluation, n = 19: two or more causes identi-
fied) or those who had rare causes of stroke subtype (n = 10), 
such as moyamoya disease, arterial dissection, or venous throm-
bosis were also excluded from this study. Moreover, patients who 
received incomplete vascular imaging work-up (n = 2) and those 
who had transient ischemic attacks with negative diffusion-
weighted images (n = 42) were not enrolled. Finally, a total of 
156 patients were analyzed in our study. This study was approved 
by the Institutional Review Board of our Hospital. We received 
informed consent from all patients or from their caregivers.

Measurement of the degree of stenosis, stroke 
severity, recurrent stroke, and functional outcome

For extracranial arteries, the degree of arterial stenosis was 
measured according to the published method used in the North 
American Symptomatic Carotid Endarterectomy Trial.15 For in-
tracranial arteries, the degree of arterial stenosis was measured 
based on the methods used in the Warfarin-Aspirin Symptom-
atic Intracranial Disease study.16 Vascular images were evaluated 
by two independent vascular neurologists, who were blinded to 
the clinical information. Inter-observer agreement on the pres-
ence of more than 50% stenosis and/or occlusion was excellent 
(kappa = 0.95). The severity of neurologic deficits was deter-
mined using the National Institutes of Health Stroke Scale (NI-
HSS) on admission.17 A recurrent ischemic stroke was consid-
ered in the presence of acute onset of focal neurological signs of 
more than 24 hours duration with evidence of a new ischemic 
lesion on CT or MRI scan, or when new lesions were absent but 
the clinical syndrome was consistent with stroke from admission 
to 3 months after the index stroke. Functional outcomes were 
assessed using the modified Rankin scale (mRS) 3 months after 
the index stroke. 

Measurement of plasma phospholipid FAs 
composition

Blood samples for lipid profiles were collected from the pa-
tients within 24 hours of admission and at a fasting state of 
more than 12 hours. Blood samples were collected into EDTA-
treated plain tubes. They were centrifuged to separate plasma or 
serum from the whole blood and then were stored at -70°C un-
til analysis could be performed. The methods for measuring FA 
composition have been described previously.11 Briefly, plasma 
total lipids were extracted according to the Folch method18 and 
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the phospholipid fraction was isolated by thin layer chromatog-
raphy using a development solvent composed of hexane, diethyl 
ether, and acetic acid (80:20:2). The phospholipid fractions 
were then methylated to FA methyl esters (FAMEs) by the 
Lepage and Roy method.19 The FAMEs of individual FAs of 
phospholipids were separated by gas chromatography using a 
model 6890 apparatus (Agilent Technologies, Palo Alto, CA, 
USA) and a 30 m Omegawaz TM 250 capillary column (Supel-
co, Bellefonte, PA, USA).20 Peak retention times were obtained 
by comparison with known standards (37 component FAME 
mix and PUFA-2, Supelco; GLC37, NuCheck Prep, Elysian, 
MN, USA) and analyzed with ChemStation software (Agilent 
Technologies). The average of duplicate measurements for each 
sample was calculated.11,21 Plasma phospholipid FAs were ex-
pressed as the percentage of total FAs. The sum (∑) of 16:0 pal-
mitic acid, 18:0 stearic acid, 20:0 arachidonic acid, and 22:0 be-
henic acid was defined as the ∑ saturated fatty acids; 16:1 pal-
mitoleic acid, 18:1 ω9 oleic acid, and 22:1 erucic acid were de-
fined as the ∑ monounsaturated fatty acids; 18:2 ω6 linolenic 
acid, 18:3 ω6 γ-linolenic acid, 20:3 ω6 dihomo-γ-linolenic acid, 
and 20:4 ω6 arachidonic acid were defined as the ∑ ω6-PUFAs; 
and 18:3 ω3 α-linolenic acid, 20:3 ω3 5-8-11-eicosatrienoic 
acid, 20:5 ω3 EPA, and 22:6 ω3 DHA were reported as the ∑ 
ω3-PUFAs.

Risk factors
Hypertension was defined as having resting systolic blood 

pressure ≥ 140 mmHg or diastolic blood pressure ≥ 90 mmHg 
on repeated measurements, or receiving treatment with anti-hy-
pertensive medications. Diabetes mellitus was diagnosed when 
the patient had fasting blood glucose level ≥ 7.0 mmol/L, or was 
being treated with oral hypoglycemic agents or insulin. Hyper-
lipidemia was diagnosed when the patient had low-density lipo-
protein (LDL)-cholesterol level ≥ 4.1 mmol/L or total choles-
terol level ≥ 6.2 mmol/L. Patients were defined as smokers, if 
they were smokers at the stroke event or if they had stopped 
smoking within 1 year before the stroke event. Body mass index 
was estimated by dividing body weight by height (kg/m2). The 
presence of coronary artery disease was defined as a patient his-
tory of unstable angina, myocardial infarction, or angiographi-
cally confirmed coronary artery disease.

Statistical analysis
All statistical analyses were performed using the Windows 

SPSS software package (version 18.0, Chicago, IL, USA). Inde-
pendent t test, Mann-Whitney U test, one-way analysis of vari-
ance (ANOVA) with Bonferroni post hoc analysis, and Kruskal-
Wallis test were used to compare the continuous variables. Cate-

gorical variables were compared using the Chi-square test or 
Fisher’s exact test. Continuous variables were expressed as 
means ±  standard deviations (SD) or as medians and interquar-
tile ranges (IQR). Categorical variables were expressed as fre-
quencies and percentages. Univariate and multivariate linear re-
gression analyses were performed to determine the factors asso-
ciated with NIHSS at admission. Functional outcome was di-
chotomized into good outcome (mRS < 3) or poor outcome 
(mRS ≥ 3). Univariate and multivariate binary logistic regres-
sion analyses were performed to determine the predictive factors 
for functional outcome. To assess the goodness of fit of the logis-
tic regression model, Cox & Snell R Square was calculated and 
the Hosmer-Lemeshow test was performed. A two-tailed P value 
< 0.05 was considered statistically significant.

Results

Demographic data and the relationship between 
clinical data and fatty acid composition

The demographic data of study subjects and comparative 
analysis according to functional outcome at 3 months after index 
stroke are summarized in Table 1. The mean ± SD patient age 
was 65 ± 12 years. Of all patients, 56.4% (88/156) were male. 
The median NIHSS score was 3 [IQR, 2-5]. Of all patients, 
there were 60 (38.5%) patients with large artery atherosclerosis 
stroke subtype and 96 (61.5%) patients with small vessel occlu-
sions. The means ± SD of proportions of EPA and DHA were 
2.0 ± 0.7 and 8.9 ± 1.4, respectively. In the case of ∑ ω3-PUFA, 
the means ± SD of proportion was 11.9 ± 1.9. Considering stroke 
subtypes, there was no difference between large artery athero-
sclerosis and small vessel occlusion stroke subtypes in terms of 
the proportion of EPA, DHA, or ∑ ω3-PUFAs (Supplementary 
Table 1). Of the 156 patients, 122 (78.2%) patients had good 
functional outcome with means ± SD of EPA and DHA propor-
tions of 2.1 ± 0.7 and 9.1 ± 1.3, respectively. The remaining 34 
(21.8%) patients had poor outcome with a relatively smaller 
proportion of EPA (1.8 ± 0.6, P = 0.032) and DHA (8.1 ± 1.3, 
P = 0.001). The proportion of ∑ ω3-PUFA in patients with poor 
outcome was significantly lower than that in patients with good 
outcome (10.8 ± 1.6 vs. 12.2 ± 1.9, P = 0.001) (Table 1).

Association of fatty acid composition with stroke 
severity on admission, recurrent stroke, and functional 
outcome

After adjusting for factors including age, sex, and variables 
with P < 0.1 in the univariate analysis (stroke subtypes, hemo-
globin, high density lipoprotein, high sensitivity C-reactive pro-
tein, fasting glucose, 16:0 palmitic acid, and ∑ saturated fatty ac-
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ids), lower proportion of EPA and DHA were independently 
associated with stroke severity on admission (β: -0.751, stan-
dard error (SE): 0.376, P = 0.048 for EPA, β: -0.610, SE: 0.215, 
P = 0.005 for DHA). Moreover, the ∑ ω3-PUFA was signifi-
cantly associated with stroke severity on admission (β: -0.462, 

SE: 0.156, P = 0.004) (Table 2) (Fig. 1). Considering stroke 
subtypes, DHA and ∑ ω3-PUFA were correlated with stroke se-
verity on admission, in both large artery atherosclerosis (even 
though it showed tendency for ∑ ω3-PUFA, P = 0.065) and 
small vessel occlusion, however EPA (Supplementary Table 2) 

Table 1. Demographic data and comparison of clinical data according to functional outcome 

Total Modified Rankin Scale

n= 156 0-2 (n= 122) 3-6 (n= 34) P value

Demographic data
   Gender (male) 88 (56.4) 69 (56.6) 19 (55.9) 0.944
   Age 65± 12 63± 11 70± 12 0.006
Risk factors and clinical variables
   Hypertension 65 (41.7) 53 (43.4) 12 (35.3) 0.394
   Diabetes mellitus 42 (26.9) 34 (27.9) 8 (23.5) 0.614
   Hyperlipidemia 22 (14.1) 18 (14.8) 4 (11.8) 0.786
   Smoking 22 (14.1) 13 (10.7) 9 (26.5) 0.027
   Coronary artery disease 31 (19.9) 23 (18.9) 8 (23.5) 0.546
   Body mass index (kg/m2) 24± 2 23± 2 24± 3 0.546
NIHSS 3 [2-5] 3 [1-4] 8 [6-12] 0.001
Stroke subtype 0.001
   Large artery atherosclerosis 60 (38.5) 37 (30.3) 23 (67.6)
   Small vessel occlusion 96 (61.5) 85 (69.7) 11 (32.4)
Laboratory data
   Hemoglobin (g/L) 13± 2 13± 2 13± 1 0.350
   White blood cell count (× 1012/L) 7± 2 7± 2 7± 2 0.163
   Total cholesterol (mmol/L) 4.7± 0.9 4.6± 0.9 4.8± 0.9 0.698
   High density lipoprotein (mmol/L) 1.1± 0.3 1.1± 0.2 1.1± 0.3 0.043
   Low density lipoprotein (mmol/L) 2.9± 0.8 2.9± 0.8 2.9± 0.9 0.612
   Triglyceride (mmol/L) 1.3± 0.7 1.3± 0.7 1.3± 0.7 0.912
   Hemoglobin A1C (%) 6± 1 6± 1 7± 1 0.324
   High sensitivity C-reactive protein 0.8± 1.9 0.8± 2.0 0.9± 1.6 0.751
   Fasting glucose (mmol/L) 6.0± 2.1 5.7± 1.8 6.4± 2.3 0.324
Proportions of fatty acid composition
   16:0 palmitic acid 28.6± 2.3 28.4± 2.4 29.3± 1.8 0.055
   16:1 palmitoleic acid 0.8± 0.2 0.8± 0.2 0.8± 0.2 0.539
   18:0 stearic acid 14.8± 1.6 14.8± 1.6 14.8± 1.8 0.956
   18:1 ω9 oleic acid 7.8± 1.2 7.7± 1.1 8.3± 1.4 0.738
   18:2 ω6 linolenic acid 12.9± 2.4 12.9± 2.4 12.8± 2.4 0.913
   18:3 ω6 γ-linolenic acid 0.3± 0.1 0.3± 0.1 0.3± 0.1 0.306
   18:3 ω3 α-linolenic acid 0.4± 0.2 0.4± 0.2 0.4± 0.1 0.137
   20:0 arachidonic acid 0.9± 0.2 0.9± 0.2 0.8± 0.1 0.288
   20:2 cis-11,14-eicosadienoic acid 0.7± 0.2 0.7± 0.2 0.7± 0.1 0.260
   20:3 ω6 dihomo-γ-linolenic acid 2.7± 0.6 2.7± 0.6 2.6± 0.6 0.311
   20:3 ω3 5-8-11-eicosatrienoic acid 0.4± 0.2 0.4± 0.2 0.4± 0.1 0.504
   20:4 ω6 arachidonic acid 8.0± 1.9 7.9± 1.5 8.7± 2.7 0.122
   20:5 ω3 eicosapentaenoic acid (EPA) 2.0± 0.7 2.1± 0.7 1.8± 0.6 0.032
   22:0 behenic acid 1.8± 0.2 1.8± 0.2 1.8± 0.3 0.428
   22:1 erucic acid 0.8± 0.4 0.8± 0.4 0.7± 0.1 0.171
   22:2 docosadienoic acid 0.6± 0.3 0.6± 0.3 0.5± 0.1 0.121
   22:6 ω3 docosahexaenoic acid (DHA) 8.9± 1.4 9.1± 1.3 8.1± 1.3 0.001
   ∑ Saturated fatty acids 50.1± 2.6 50.0± 2.7 50.5± 2.5 0.411
   ∑ Monounsaturated fatty acids 12.1± 1.7 12.0± 1.7 12.6± 1.5 0.124
   ∑ ω6-PUFAs 23.1± 2.2 23.1± 1.7 23.2± 2.8 0.227
   ∑ ω3-PUFAs 11.9± 1.9 12.2± 1.9 10.8± 1.6 0.001

Values are reported as number (%), mean± standard deviation, or median [interquartile ranges].
NIHSS, National Institute of Health Stroke Scale score; PUFAs, polyunsaturated fatty acids.
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did not appear to be correlated in multivariate linear regression 
analysis. There were six recurrent stroke cases and events, and 
EPA was relatively lower in the recurrent group compared to 
the non-recurrent group (1.6 ± 0.2 vs. 2.0 ± 0.7, P = 0.006). 
However, the proportions of DHA and ∑ ω3-PUFAs were not 
different between the two groups (Supplementary Table 3).

Regarding functional outcome at three months after index 
stroke, a lower proportion of DHA (odds ratio (OR): 0.20, 95% 
confidence interval (CI): 0.04-0.88, P = 0.033) and ∑ ω3-PUFA 
(OR: 0.22, 95% CI: 0.05-0.84, P= 0.028) showed a significant re-
lationship with poor functional outcome. However, EPA was not 
independently associated with poor functional outcome (OR: 
0.60, 95% CI: 0.12 -2.93, P= 0.533) in multivariate analysis after 
adjusting for age, sex, smoking status, NIHSS score, stroke sub-
types, or 16:0 palmitic acid (Table 3). Considering stroke sub-
types, a lower proportion of DHA and ∑ ω3-PUFAs was indepen-
dently associated with poor functional outcome in both the large 
artery atherosclerosis subtype (OR: 0.62, 95% CI: 0.42-0.93, 
P= 0.023 for DHA, OR: 0.65, 95% CI: 0.47-0.90, P= 0.011 for ∑ 
ω3-PUFA) and the small vessel occlusion subtype (OR: 0.49, 

95% CI: 0.28-0.85, P= 0.012 for DHA, OR: 0.64, 95% CI: 0.42-
0.98, P= 0.044 for ∑ ω3-PUFA) (Supplementary Table 4).

Discussion

Our study revealed that ω3-PUFAs, especially DHA, were as-
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Figure 1. Plots of the National Institutes of Health Stroke Scale (NIHSS) score 
for 20:5 ω3 eicosapentaenoic acid (A), 22:6 ω3 docosahexaenoic acid (B), and 
ω3-polyunsaturated fatty acids (C).

Table 2. The relationship between fatty acids composition and stroke severity 
on admission (National Institute of Health Stroke Scale score)* 

Unadjusted Adjusted†

β (Standard error) P value β (Standard error) P value

EPA‡ -1.219 (0.409) 0.003 -0.751 (0.376) 0.048
DHA‡ -0.737 (0.217) 0.001 -0.610 (0.215) 0.005
∑ω3-PUFA‡ -0.594 (0.154) 0.001 -0.462 (0.156) 0.004

*Linear regression analysis with National Institute of Health Stroke Scale score as 
dependent and continuous variable; †Adjusted age, sex, and variables with P value 
<  0.1 in univariate analysis (stroke subtype, hemoglobin, high-density lipoprotein, 
high sensitivity C-reactive protein, fasting glucose, 16:0 palmitic acid and ∑ saturat-
ed fatty acids); ‡R2 in multivariate linear regression analysis, when entering EPA: 
0.305, DHA: 0.324 and ∑ ω3-PUFA: 0.327, respectively.
EPA, 20:5 ω3 eicosapentaenoic acid; DHA, 22:6 ω3 docosahexaenoic acid; PUFA, 
polyunsaturated fatty acid.

Table 3. The relationship between fatty acids composition and poor functional 
outcome (mRS ≥ 3)* 

Unadjusted OR 
(95% CI) P value

Adjusted† OR 
(95% CI)

P value

EPA* 0.54 (0.29-1.00) 0.051 0.60 (0.12-2.93) 0.533
DHA‡ 0.57 (0.42-0. 78) 0.001 0.20 (0.04-0.88) 0.033
∑ω3-PUFA‡ 0.64 (0.50-0.83) 0.001 0.22 (0.05-0.84) 0.028

*Binary logistic regression analysis with modified Rankin scale [0 – 2] as reference; 
†Adjusted age, sex, and variables with P value <  0.1 in univariate analysis (smok-
ing, National Institute of Health Stroke Scale score, stroke subtype, and 16:0 pal-
mitic acid); ‡R2 = 0.542 after entering EPA, P value of goodness of fit = 0.969; 
R2 = 0.560 after entering DHA, P value of goodness of fit= 0.999; R2 = 0.563 after 
entering ∑ ω3-PUFA, P value of goodness of fit= 0.999. 
mRS, modified Rankin Scale; OR, odds ratio; CI, confidence interval; EPA, 20:5 ω3 
eicosapentaenoic acid; DHA, 22:6 ω3 docosahexaenoic acid; PUFAs, polyunsatu-
rated fatty acids.
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sociated with stroke severity on hospital admission and poor 
functional outcome even after adjusting for the NIHSS score, 
which is considered a strong predictive factor for stroke out-
come. A few studies have previously reported such a relationship. 
For example, treatment with DHA-albumin complex in animal 
studies decreased brain injury after a transient and permanent 
focal cerebral ischaemia.22 DHA showed anti-inflammatory and 
neuroprotective effects by decreasing oxidative stress via activa-
tion of nuclear factor E2-related factor 2 and heme oxygenase-1 
expression and by attenuating c-Jun phosphorylation, or the ac-
tivating protein-1 signaling pathway.23 Consistently, studies in 
humans have produced similar results. One previous study in 
281 Japanese patients with acute ischemic stroke diagnosed 
within 24 hours of onset, showed that the EPA/arachidonic acid 
(AA) ratio, DHA/AA ratio, and the EPA+DHA/AA ratio were 
independently and negatively associated with early neurological 
deterioration.24 Furthermore, a population-based study in the 
U.S.A, which included 2,692 elderly adults without prevalence 
of stroke or cardiovascular disease, revealed that higher plasma 
ω3-polyunsaturated FAs (EPA, DHA, and total ω3 FAs) were 
associated with lower mortalities.25 Overall, these previous stud-
ies showed that ω3-PUFAs (especially EPA and DHA) were re-
lated to vascular outcome, which is in line with our study results. 
However, the reason why EPA was not independently associated 
with poor functional outcome in our study population remains 
to be elucidated. Possible hypotheses for these differences are as 
follows. DHA exerts vasodilating properties by stimulating nitric 
oxide release in the vascular endothelium, and hence may also 
be responsible for decreasing heart rate variability and potential-
ly for dyslipidemia improvement, effects not observed by EPA.26 
Loss of nitric oxide control, heart rate variation, and dyslipid-
emia may be related to poor vascular disease outcome,27 and our 
study results can be explained by the correlation observed with 
DHA, and not EPA, and with functional outcome. In addition, 
the difference in race and staple food of the study population 
could represent another possible explanation.

Our results demonstrated a relationship between ω3-PUFAs 
and stroke severity on hospital admission and poor functional 
outcomes, in both the large artery atherosclerosis and the small 
vessel occlusion stroke subtypes. These associations may be due 
to the pleiotropic roles of ω3-PUFAs. ω3-PUFAs give rise to an-
ti-inflammatory molecules (resolvins and protectins) through li-
poxygenase or cyclo-oxygenase pathways.28,29 Resolvins or pro-
tectins play an important role in the resolution of inflammation, 
which decreases atherosclerotic changes and tissue injuries. Be-
cause cerebral small vessel pathologies such as lacunar infarction, 
white matter changes, and cerebral microbleeds are linked to in-
flammatory reactions30 and increase arterial stiffness31 caused by 

progressive atherosclerosis, these anti-inflammatory and anti-
atherogenic effects of ω3-PUFAs could explain the results ob-
served in our study. Moreover, because progressive cerebral ath-
erosclerosis is associated with a poor stroke outcome,32 our find-
ing relative to the association between ω3-PUFAs and stroke 
prognosis may be valid. In addition, the atherosclerotic plaque 
stabilization effect of ω3-PUFAs may be an important mecha-
nism. A previous study performed on patients awaiting carotid 
endarterectomy showed that plaques from patients treated with 
fish oil (1.4 g ω3-polyunsaturated FAs per day) had a well-
formed thick fibrous cap (i.e. less vulnerable) atheroma com-
pared to that in patients of the placebo group.33 Pathologically, 
infiltration of macrophages was less severe in patients treated 
with fish oil.33 Furthermore, another prospective study con-
firmed that patients treated with fish oil had lower plaque inflam-
mation and instability.34 Because the vulnerability of the athero-
sclerotic plaque is a very important determinant of thrombosis-
related stroke, as well as the degree of arterial stenosis, our results 
relative to the relationship between stroke outcome and ω3-
PUFAs is within expectation. Lastly, a recent study revealed that 
ω3-PUFAs enhanced cerebral angiogenesis in animal models,35 
and because increased angiogenesis could augment brain repair 
and improve long-term functional recovery after cerebral infarc-
tion, these findings may support our study.35 

One limitation of our study is that the blood samples were ob-
tained from acute stroke patients on admission. Therefore, the 
fatty acids and their composition were not serially assessed dur-
ing the time course of the stroke. Moreover, even though we pro-
spectively enrolled our study subjects, our study design is mainly 
cross-sectional. In addition, the short-term of observation with a 
small sample size is another limitation of this study. Further stud-
ies with a long-term follow-up and larger population size are 
needed. Finally, our study design was not that of a randomized 
control study. Furthermore, because stroke severity on admis-
sion correlated with both lower proportion of ω3-PUFAs and 
functional outcome at 3 months, there could be a bias due to the 
interaction between severity on admission and ω3-PUFAs. That 
is, there may be a possibility that the functional outcome at 3 
months is only weakly associated with ω3-PUFAs. Therefore, a 
causal relationship between ω3-PUFAs and poor outcome is still 
unclear. Careful interpretation of our study is needed.

Conclusions

Our results demonstrate that ω3-PUFA levels correlate with 
stroke severity at admission and functional outcomes at 3 months. 
ω3-PUFAs may be considered potential blood biomarkers for 
prognosis of acute non-cardiogenic ischemic stroke patients.



Song, et al. Fatty Acids Composition and Stroke Outcome

http://dx.doi.org/10.5853/jos.2015.17.2.168174 http://j-stroke.org

References

1. Calder PC. The role of marine omega-3 (n-3) fatty acids in in-
flammatory processes, atherosclerosis and plaque stability. Mol 
Nutr Food Res 2012;56:1073-1080.

2. Calder PC. n-3 polyunsaturated fatty acids, inflammation, and 
inflammatory diseases. Am J Clin Nutr 2006;83(Suppl 6): 
1505S-1519S.

3. Schmidt EB, Pedersen JO, Ekelund S, Grunnet N, Jersild C, Dy-
erberg J. Cod liver oil inhibits neutrophil and monocyte che-
motaxis in healthy males. Atherosclerosis 1989;77:53-57.

4. Weber C, Erl W, Pietsch A, Danesch U, Weber PC. Docosa-
hexaenoic acid selectively attenuates induction of vascular cell 
adhesion molecule-1 and subsequent monocytic cell adhesion 
to human endothelial cells stimulated by tumor necrosis factor-
alpha. Arterioscler Thromb Vasc Biol 1995;15:622-628.

5. Montonen J, Jarvinen R, Reunanen A, Knekt P. Fish consump-
tion and the incidence of cerebrovascular disease. Br J Nutr 
2009;102:750-756.

6. Tanaka K, Ishikawa Y, Yokoyama M, Origasa H, Matsuzaki M, 
Saito Y, et al. Reduction in the recurrence of stroke by eicosa-
pentaenoic acid for hypercholesterolemic patients: subanalysis 
of the JELIS trial. Stroke 2008;39:2052-2058.

7. Casula M, Soranna D, Catapano AL, Corrao G. Long-term ef-
fect of high dose omega-3 fatty acid supplementation for sec-
ondary prevention of cardiovascular outcomes: a meta-analysis 
of randomized, placebo controlled trials [corrected]. Athero-
scler Suppl 2013;14:243-251.

8. Marangoni F, Novo G, Perna G, Perrone Filardi P, Pirelli S, Ce-
roti M, et al. Omega-6 and omega-3 polyunsaturated fatty acid 
levels are reduced in whole blood of Italian patients with a re-
cent myocardial infarction: the AGE-IM study. Atherosclerosis 
2014;232:334-338.

9. Park Y, Park S, Yi H, Kim HY, Kang SJ, Kim J, et al. Low level of 
n-3 polyunsaturated fatty acids in erythrocytes is a risk factor 
for both acute ischemic and hemorrhagic stroke in Koreans. 
Nutr Res 2009;29:825-830.

10. Iso H, Sato S, Umemura U, Kudo M, Koike K, Kitamura A, et 
al. Linoleic acid, other fatty acids, and the risk of stroke. Stroke 
2002;33:2086-2093.

11. Kim YJ, Kim OY, Cho Y, Chung JH, Jung YS, Hwang GS, et al. 
Plasma phospholipid fatty acid composition in ischemic stroke: 
importance of docosahexaenoic acid in the risk for intracranial 
atherosclerotic stenosis. Atherosclerosis 2012;225:418-424.

12. Enns JE, Yeganeh A, Zarychanski R, Abou-Setta AM, Friesen C, 
Zahradka P, et al. The impact of omega-3 polyunsaturated fatty 
acid supplementation on the incidence of cardiovascular events 
and complications in peripheral arterial disease: a systematic re-

view and meta-analysis. BMC Cardiovasc Disord 2014;14:70.
13. Kim DH, Cha JK, Bae HJ, Park HS, Choi JH, Kang MJ, et al. 

Organized comprehensive stroke center is associated with re-
duced mortality: analysis of consecutive patients in a single 
hospital. J Stroke 2013;15:57-63. 

14. Adams HP Jr, Bendixen BH, Kappelle LJ, Biller J, Love BB, 
Gordon DL, et al. Classification of subtype of acute ischemic 
stroke. Definitions for use in a multicenter clinical trial. TOAST. 
Trial of Org 10172 in Acute Stroke Treatment. Stroke 1993;24: 
35-41.

15. Beneficial effect of carotid endarterectomy in symptomatic pa-
tients with high-grade carotid stenosis. North American Symp-
tomatic Carotid Endarterectomy Trial Collaborators. N Engl J 
Med 1991;325:445-453.

16. Warfarin-Aspirin Symptomatic Intracranial Disease Trial In-
vestigators. Design, progress and challenges of a double-blind 
trial of warfarin versus aspirin for symptomatic intracranial ar-
terial stenosis. Neuroepidemiology 2003;22:106-117.

17. Oh MS, Yu KH, Lee JH, Jung S, Ko IS, Shin JH, et al. Validity 
and reliability of a Korean version of the National Institutes of 
Health Stroke Scale. J Clin Neurol 2012;8:177-183.

18. Folch J, Lees M, Sloane Stanley GH. A simple method for the 
isolation and purification of total lipides from animal tissues. J 
Biol Chem 1957;226:497-509.

19. Lepage G, Roy CC. Direct transesterification of all classes of 
lipids in a one-step reaction. J Lipid Res 1986;27:114-120.

20. Do HJ, Chung HK, Moon J, Shin MJ. Relationship between 
the estimates of desaturase activities and cardiometabolic phe-
notypes in Koreans. J Clin Biochem Nutr 2011;49:131-135.

21. Kim YJ, Lee SM, Cho HJ, Do HJ, Hong CH, Shin MJ, et al. Plas-
ma levels of apolipoprotein E and risk of intracranial artery ste-
nosis in acute ischemic stroke patients. Ann Nutr Metab 2013; 
62:26-31.

22. Eady TN, Khoutorova L, Anzola DV, Hong SH, Obenaus A, 
Mohd-Yusof A, et al. Acute treatment with docosahexaenoic 
acid complexed to albumin reduces injury after a permanent 
focal cerebral ischemia in rats. PloS One 2013;8:e77237.

23. Chang CY, Kuan YH, Li JR, Chen WY, Ou YC, Pan HC, et al. 
Docosahexaenoic acid reduces cellular inflammatory response 
following permanent focal cerebral ischemia in rats. J Nutr Bio-
chem 2013;24:2127-2137.

24. Suda S, Katsumata T, Okubo S, Kanamaru T, Suzuki K, Wata-
nabe Y, et al. Low serum n-3 polyunsaturated fatty acid/n-6 
polyunsaturated fatty acid ratio predicts neurological deteriora-
tion in Japanese patients with acute ischemic stroke. Cerebrovasc 
Dis 2013;36:388-393.

25. Mozaffarian D, Lemaitre RN, King IB, Song X, Huang H, Sacks 
FM, et al. Plasma phospholipid long-chain omega-3 fatty acids 



Vol. 17 / No. 2 / May 2015

http://dx.doi.org/10.5853/jos.2015.17.2.168 http://j-stroke.org 175

and total and cause-specific mortality in older adults: a cohort 
study. Ann Intern Med 2013;158:515-525.

26. Dessì M, Noce A, Bertucci P, Manca di Villahermosa S, Zenobi 
R, Castagnola V, et al. Atherosclerosis, dyslipidemia, and in-
flammation: the significant role of polyunsaturated fatty acids. 
ISRN Inflamm 2013;2013:1918-1923. 

27. Nagai M, Kario K. Visit-to-visit blood pressure variability, si-
lent cerebral injury, and risk of stroke. Am J Hypertens 2013; 
26:1369-1376.

28. Serhan CN, Chiang N, Van Dyke TE. Resolving inflammation: 
dual anti-inflammatory and pro-resolution lipid mediators. Nat 
Rev Immunol 2008;8:349-361.

29. Serhan CN, Hong S, Gronert K, Colgan SP, Devchand PR, Mir-
ick G, et al. Resolvins: a family of bioactive products of omega-3 
fatty acid transformation circuits initiated by aspirin treatment 
that counter proinflammation signals. J Exp Med 2002;196: 
1025-1037.

30. Bailey EL, Smith C, Sudlow CL, Wardlaw JM. Pathology of la-
cunar ischemic stroke in humans--a systematic review. Brain 
Pathol 2012;22:583-591.

31. Song TJ, Kim J, Kim YD, Nam HS, Lee HS, Nam CM, et al. 

The distribution of cerebral microbleeds determines their as-
sociation with arterial stiffness in non-cardioembolic acute 
stroke patients. Eur J Neurol 2014;21:463-469.

32. Lei C, Wu B, Liu M, Chen Y. Risk factors and clinical outcomes 
associated with intracranial and extracranial atherosclerotic 
stenosis acute ischemic stroke. J Stroke Cerebrovasc Dis 2014; 
23:1112-1117.

33. Thies F, Garry JM, Yaqoob P, Rerkasem K, Williams J, Shearman 
CP, et al. Association of n-3 polyunsaturated fatty acids with sta-
bility of atherosclerotic plaques: a randomised controlled trial. 
Lancet 2003;361:477-485.

34. Cawood AL, Ding R, Napper FL, Young RH, Williams JA, Ward 
MJ, et al. Eicosapentaenoic acid (EPA) from highly concentrated 
n-3 fatty acid ethyl esters is incorporated into advanced athero-
sclerotic plaques and higher plaque EPA is associated with de-
creased plaque inflammation and increased stability. Atheroscle-
rosis 2010;212:252-259.

35. Wang J, Shi Y, Zhang L, Zhang F, Hu X, Zhang W, et al. Ome-
ga-3 polyunsaturated fatty acids enhance cerebral angiogenesis 
and provide long-term protection after stroke. Neurobiol Dis 
2014;68:91-103.



Song, et al. Fatty Acids Composition and Stroke Outcome

http://dx.doi.org/10.5853/jos.2015.17.2.168176 http://j-stroke.org

Supplementary Table 1. Comparison of proportions of ω3-PUFAs according 
to stroke subtypes

Stroke subtype

Large artery atherosclerosis
n= 60

Small vessel occlusion
n= 96 P value

EPA (%) 1.9± 0.7 2.1± 0.7 0.212
DHA (%) 8.8± 1.4 9.0± 1.3 0.369
∑ω3-PUFAs (%) 11.6± 1.9 12.1± 1.9 0.195

Values are presented as mean± standard deviation.
EPA, 20:5 ω3 eicosapentaenoic acid; DHA, 22:6 ω3 docosahexaenoic acid; PUFAs, 
polyunsaturated fatty acids; ∑ω3-PUFAs = sum of omega 3 PUFAs 18:3 ω3 
α-linolenic acid, 20:3 ω3 eicosatrienoic acid, EPA, and DHA. 

Supplementary Table 3. Comparison of functional outcome based on occur-
rence of recurrent stroke

Presence of recurrent stroke

Recurrent stroke (-)
n= 150

Recurrent stroke (+)
n= 6 P value

EPA (%) 2.0± 0.7 1.6± 0.2 0.006
DHA (%) 8.9± 1.3 8.4± 1.5 0.339
∑ω3-PUFAs (%) 11.9± 1.9 11.0± 1.7 0.270

Values are presented as mean± standard deviation.
EPA, 20:5 ω3 eicosapentaenoic acid; DHA, 22:6 ω3 docosahexaenoic acid; PUFAs, 
polyunsaturated fatty acids; ∑ω3-PUFAs= sum of omega 3 polyunsaturated fatty 
acids. (ω3-PUFA) 18:3 ω3 α-linolenic acid, 20:3 ω3 eicosatrienoic acid, EPA, and 
DHA. 

Supplementary Table 2. The relationship between fatty acids composition and stroke severity on admission* according to stroke subtypes

Large artery atherosclerosis Small vessel occlusion

Unadjusted Adjusted Unadjusted Adjusted

β (standard error) P value β (standard error) P value β (standard error) P value β (standard error) P value

EPA† -1.485 (0.891) 0.101 -0.976 (0.932) 0.30 -0.723 (0.274) 0.010 -0.486 (0.290) 0.101
DHA* -0.780 (0.343) 0.048 -0.498 (0.175) 0.008 -0.560 (0.147) 0.001 -0.476 (0.165) 0.005
∑ω3-PUFAs* -0.725 (0.330) 0.032 -0.700 (0.372) 0.065 -0.378 (0.103) 0.001 -0.305 (0.119) 0.012

*Multivariate linear regression analysis; †Adjusted age, sex, and variables with P value < 0.1 in univariate analysis (hemoglobin, high-density lipoprotein, high sensitivity C-re-
active protein, fasting glucose, 16:0 palmitic acid and sum (∑) of saturated fatty acids).
EPA, 20:5 ω3 eicosapentaenoic acid; DHA, 22:6 ω3 docosahexaenoic acid; PUFAs, polyunsaturated fatty acids; ∑ω3-PUFAs= sum of omega 3 PUFAs 18:3 ω3 α-linolenic 
acid, 20:3 ω3 eicosatrienoic acid, EPA, and DHA. 

Supplementary Table 4. The relationship between fatty acids composition 
and poor functional outcome* according to stroke subtype

Stroke subtypes

Large artery 
atherosclerosis P value Small vessel 

occlusion P value

EPA† 0.70 (0.19-2.51) 0.593 0.03 (0.01-4.24) 0.175
DHA† 0.62 (0.42-0.93) 0.023 0.49 (0.28-0.85) 0.012
∑ω3-PUFAs† 0.65 (0.47-0.90) 0.011 0.64 (0.42-0.98) 0.044

Values are presented as odds ratio (95% confidence interval).
*Multivariate binary logistic regression analysis with modified Rankin scale [0-2] as 
reference; †Adjusted age, sex, and variables with P value <  0.1 in univariate analy-
sis (age, sex, smoking, National Institute of Health Stroke Scale score, stroke sub-
types, and 16:0 palmitic acid) in each stroke subtype.
EPA, 20:5 ω3 eicosapentaenoic acid; DHA, 22:6 ω3 docosahexaenoic acid; PUFAs, 
polyunsaturated fatty acids; ∑ω3-PUFAs = sum of omega 3 PUFAs 18:3 ω3 
α-linolenic acid, 20:3 ω3 eicosatrienoic acid, EPA, and DHA.


