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Original Article

Aims: The ratio of eicosapentaenoic acid (EPA) to arachidonic acid (AA) is related to major adverse events and 
death in cardiovascular diseases. The association between long-term prognosis of ischemic stroke and EPA/AA 
ratio has not been clarified.

Methods: Acute ischemic stroke patients who had undergone blood examinations for polyunsaturated fatty 
acids were enrolled. Major cardiovascular events, including recurrence of ischemic stroke, occurrence of cardio-
vascular and peripheral artery diseases and hemorrhagic stroke, and death, were analyzed, retrospectively. Cox 
proportional hazards regression analysis was used to explore factors, including clinical characteristics, laboratory 
data including EPA/AA ratio, and treatments associated with major cardiovascular events and death.

Results: A total of 269 patients (mean age, 70±13 years; 179 men) were enrolled. During follow-up (mean, 2.3 
±1.0 years), 64 patients exhibited major cardiovascular events and death (annualized rate, 10.5% per person-
year). Multivariate Cox analysis revealed that EPA/AA ratio (hazard ratio, 0.26; 95% confidence interval, 0.07–
0.99; p=0.048) and statin therapy (hazard ratio, 0.43; 95% confidence interval, 0.25–0.73; p=0.002) correlated 
inversely with major cardiovascular events and death. In the Kaplan–Meier analysis, cumulative event-free rates 
were significantly lower among patients with EPA/AA ratio ＜0.33 and patients without statin therapy (p=  
0.006).

Conclusions: Low EPA/AA ratio at baseline and treatment without statins could predict mortality, recurrent 
ischemic stroke, cardiovascular and peripheral artery diseases, and hemorrhagic stroke among patients with acute 
ischemic stroke. The combination of baseline EPA/AA ratio and statin therapy could be critical in predicting the 
long-term prognosis of ischemic stroke patients.

ischemic stroke patients2, 3).
Polyunsaturated fatty acids (PUFAs) such as 

eicosapentaenoic acid (EPA), docosahexaenoic acid 
(DHA), and arachidonic acid (AA) are poorly synthe-
sized in the human body. Intake of EPA is well-known 
to reduce the incidence of cardiovascular and cerebro-
vascular diseases4-7). The protective roles against car-
diovascular disease attributed to n-3 PUFAs could be 
due to interactions of a number of pleiotropic effects, 
including anti-inflammatory, anti-atherogenic, anti-

Introduction

Stroke is the fourth most common cause of death 
in Japan and a major cause of disability worldwide. 
Another important issue is that the recurrence of isch-
emic stroke and comorbidity with cardiovascular dis-
eases are not uncommon1). To date, several biomarkers 
such as C-reactive protein, interleukin 6, and brain 
natriuretic peptide have proven useful for predicting 
stroke recurrence, cardiovascular diseases, and death in 
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since onset of acute ischemic stroke from our hospital, 
in addition to information on the use of antiplatelet 
or anticoagulant agents, statins, and other medications 
during the observation period. Those treatments were 
carried out in our hospital according to our best medi-
cal judgment and were not randomized. We enrolled 
patients for whom follow-up data were available for at 
least 6 months after discharge. Intervals between 
stroke onset and the day of major cardiovascular 
events and death were obtained for patients showing 
such events, and the date of last follow-up available 
for patients without major cardiovascular events and 
death was obtained from a review of medical records, 
referring to a previously described method17). Patients 
who died within 60 days after stroke onset because of 
malignant tumor were excluded. This study was con-
ducted in accordance with the Declaration of Hel-
sinki. The independent ethics committee at the Jun-
tendo University Hospital approved this study. We 
used clinical information obtained from medical 
records, and the need to obtain written informed con-
sent from each patient was therefore waived in this 
retrospective study. The study protocol and the 
informed consent statement were provided on the 
website of our institution.

Risk Factors
Atherosclerotic vascular risk factors were defined 

as follows: 1) hypertension, history of using antihy-
pertensive agents, systolic blood pressure ＞140 
mmHg, or diastolic blood pressure ＞90 mmHg at 14 
days after stroke onset; 2) diabetes mellitus, use of oral 
hypoglycemic agents or insulin, or glycosylated hemo-
globin A1c ≥ 6.5%; 3) dyslipidemia, use of antihyper-
lipidemic agents, serum low-density lipoprotein cho-
lesterol ≥ 140 mg/dL, high-density lipoprotein choles-
terol ＜40 mg/dL, or triglycerides ≥ 150 mg/dL; 4) 
current smoking; 5) coronary artery disease, defined as 
a history of angina pectoris or myocardial infarction; 
or 6) peripheral artery disease, defined as a history of 
peripheral artery disease.

MRI Sequences
Magnetic resonance imaging (MRI) was per-

formed using 1.5-T scanners during hospitalization. 
Diagnosis of acute brain infarction was based on a 
finding of focal hyperintensity not attributed to nor-
mal anisotropic diffusion or magnetic susceptibility 
artifacts on DWI. MRI sequences included axial 
DWI, fluid-attenuated inversion recovery imaging 
(FLAIR), and magnetic resonance angiography 
(MRA). DWI (repetition time (TR), 4156–4900 ms; 
echo time (TE), 60–89 ms) was used to assess the size 
and distribution of index stroke lesions. FLAIR (TR, 

inflammatory, anti-platelet, anti-oxidant, vasodilatory 
and hypotensive properties, improvements in endo-
thelial function, and favorable changes in lipid pro-
files8-10). Importantly, plasma PUFA levels, particularly 
the EPA/AA ratio, have been associated with major 
adverse cardiovascular events among patients with car-
diovascular and peripheral artery diseases11-13). Emerg-
ing data have linked EPA/AA ratio to mortality among 
patients with heart failure14). EPA/AA ratio has thus 
been suggested as a candidate marker for major 
adverse events and death in patients with cardiovascu-
lar diseases. To date, the association between long-
term prognosis of ischemic stroke patients and plasma 
PUFA levels has remained essentially unknown. 

Aim

The present study explored the association 
between EPA/AA ratio and long-term prognosis in 
ischemic stroke patients.

Methods

Study Subjects
Participants in the present study were obtained 

based on an analysis of data acquired from a prospec-
tive registry of 377 patients with acute ischemic stroke 
within 7 days of onset, with results available from 
analyses of plasma PUFA levels, and who had been 
admitted to the Department of Neurology at the Jun-
tendo University Hospital between January 2014 and 
February 2016 15). Acute brain infarction was diag-
nosed as an acute neurological event lasting more than 
24 h and associated with focal hyperintense lesions on 
diffusion-weighted imaging (DWI). Subtype of brain 
infarction was based on the Trial of Org 10172 in 
Acute Stroke Treatment (TOAST) criteria16). Transient 
ischemic attack was defined as a sudden onset of a 
focal neurological deficit suspected to be of cerebro-
vascular origin, lasting less than 24 h. This registry 
included comprehensive data on patient characteris-
tics, atherosclerotic risk factors, radiological findings, 
and laboratory findings, including PUFA level at base-
line, but excluded patients with stroke after cardiac 
surgery, patients who were already hospitalized and 
had received hospital meals for ≥ 7 days, patients who 
had received intravenous hyperalimentation, and 
patients who had been treated with n-3 PUFA formu-
lations prior to stroke. Follow-up data were obtained 
by reviewing medical records, including major cardio-
vascular events defined as recurrence of ischemic 
stroke, hemorrhagic stroke, cardiovascular events 
(acute myocardial infarction, angina pectoris, and aor-
tic diseases) and peripheral artery disease, and death 
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and 3 experienced hemorrhagic stroke. Twenty-seven 
patients died, including 2 deaths from cardiovascular 
disease, 10 from pneumonia, 8 from cancer, 2 from 
sepsis, 1 from liver cirrhosis, 1 from acute pancreatitis, 
and 3 from unknown causes. The incidence of the 
composite end point was 10.5% per person-year. The 
incidence of major cardiovascular events including 
recurrent ischemic stroke, hemorrhagic stroke, and 
cardiovascular and peripheral artery diseases was 6.1%, 
and the incidence of death was 4.4% per person-year.

Clinical Characteristics of Patients with Major 
Cardiovascular Events and Death

In 64 patients with major cardiovascular events 
and death, 2 had small artery occlusion, 15 had large 
artery atherosclerosis, 15 had cardioembolism, 22 had 
another determined etiology, 6 had other undeter-
mined etiologies, and 4 patients experienced transient 
ischemic attack. We compared clinical characteristics 
and radiological and laboratory data according to the 
presence of major cardiovascular events and death 
(Table 1). Age was higher in patients with major car-
diovascular events and death (p＜0.001). Hyperten-
sion, coronary artery diseases, peripheral artery dis-
eases, and previous history of ischemic stroke were 
more common among patients with major cardiovas-
cular events and death (p=0.001, p＜0.001, p=0.031, 
and p=0.008, respectively). National Institutes of 
Health Stroke Scale (NIHSS) score and cerebral white 
matter lesions on PVH grade were higher in patients 
with major cardiovascular events and death (p＜0.001 
each). On laboratory data, levels of low-density lipo-
protein cholesterol (LDL-C) were lower and levels of 
D-dimer were higher in patients with major cardiovas-
cular events and death (p＜0.001 each). EPA levels 
were higher (74.9±42.3 µg/mL vs 60.1±33.4 µg/mL, 
p=0.006), and ratios of EPA/AA and DHA/AA (0.41 
±0.23 vs 0.35±0.22, p=0.015 and 0.81±0.27 vs 
0.74±0.23, p=0.046, respectively) were lower in 
patients with major cardiovascular events and death. 
During the clinical course, statin therapy was uncom-
mon in patients with major cardiovascular events and 
death (66% vs 52%, p=0.049).

Factors Associated with Major Cardiovascular 
Events and death

Table 2 shows that age, body mass index (BMI), 
hypertension, coronary artery diseases, previous his-
tory of stroke, NIHSS, PVH grade, LDL-C, EPA, 
DHA, EPA/AA ratio, and statin therapy correlated 
with major cardiovascular events and death in univari-
ate Cox regression analyses (p＜0.05). In addition, 
current smoking, peripheral artery diseases, glucose 
levels, DHA/AA ratio, and anticoagulant therapy were 

9000–10,000 ms; TE, 114–120 ms) was used to eval-
uate the degree of periventricular hyperintensity 
(PVH) in accordance with Fazekas grades 0–3. MRA 
(TR/TE, 19–26; TE, 2.8–6.9 ms) was used to detect 
intracranial stenosis ＞50%.

Measurements of PUFA Levels
Plasma levels of PUFAs including EPA, DHA, 

and AA were assayed by gas chromatography at an 
external laboratory (SRL Inc., Tokyo, Japan). Blood 
examinations were carried out within 24 h of admis-
sion or with the referral to the Department of Neurol-
ogy in patients who developed ischemic stroke during 
hospitalization.

Statistical Analysis
Numerical values are reported as means±stan-

dard deviation. Data were analyzed using the chi-
square test for categorical variables and the Mann–
Whitney U test for nonparametric analyses. Hazard 
ratios (HRs) for major cardiovascular events and death 
were obtained using multivariable Cox proportional 
hazard analysis. After univariate analysis of all clini-
cally relevant covariates, those with a value of p＜0.2 
were included in the multivariable Cox model, and a 
backward elimination (likelihood ratio) strategy was 
used. The Kaplan–Meier method and the log-rank test 
were employed to estimate cumulative event rates of 
major cardiovascular events and death, using EPA/AA 
ratio ＜0.33 as the cut-off value according to a previ-
ous report18). A two-sided p-value ＜0.05 was consid-
ered significant. All data were analyzed using SPSS for 
Windows version 15.0 statistical software (SPSS, Chi-
cago, IL).

Results

Among 377 patients with acute ischemic stroke 
who were admitted between January 2014 and Febru-
ary 2016, complete therapy data could not be 
obtained in 5 patients, and 74 patients were lost dur-
ing follow-up; 29 patients were excluded because of 
death within 60 days after discharge, mainly owing to 
malignant neoplasms, and final data were successfully 
obtained for 269 patients (mean age, 70±13 years; 
179 men). Based on TOAST criteria, patients showed 
the following stroke subtypes: small artery occlusion 
in 36 patients, large artery atherosclerosis in 40 
patients, cardioembolism in 67 patients, other deter-
mined etiology in 67 patients, and other undeter-
mined etiologies in 28 patients. Transient ischemic 
attack was seen in 31 patients. During follow-up 
(mean, 2.3±1.0 years), 27 patients experienced recur-
rent ischemic stroke, 7 showed cardiovascular disease, 
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and death (HR, 0.86; 95% confidence interval [CI], 
0.79–0.94; p=0.001). Among PUFA-associated fac-
tors, only EPA/AA ratio exhibited a significant inverse 
association with major cardiovascular events and death 
(Model C; HR, 0.26; 95%CI, 0.07–0.99; p=0.048) 
(Table 3), whereas EPA (Model A; HR, 0.99; 95%CI, 

entered into the multivariate Cox regression analysis 
as covariates. EPA, DHA, EPA/AA ratio, and DHA/
AA ratio were entered in Models A, B, C, and D, 
respectively, as these covariates confounded each other. 
Multivariate Cox regression revealed that BMI was 
negatively associated with major cardiovascular events 

Table 1. Baseline characteristics and radiological and laboratory findings at baseline according to classification by outcomes

Characteristics
Total 
n =69

Major cardiovascular events and death

p 
Absent 
n =205

Present 
n =64

Sociodemographic
Age, years, mean±SD
Gender, male, no. (%)
Body mass index 

 
70±13

179 (67)
23.3±4.0

 
68±14

138 (67)
23.6±4.1

 
76±11
41 (64)

22.2±3.4

 
＜0.001

0.455
0.111

Risk factors, no. (%)
Hypertension
Diabetes mellitus
Dyslipidemia
Current cigarette smoking
Atrial fibrillation
Coronary artery disease
Peripheral artery disease

 
192 (71)

71 (26)
174 (65)

61 (23)
51 (19)
35 (13)

9 (3)

 
136 (66)

51 (25)
134 (65)

51 (25)
37 (18)
17 (8)

5 (2)

 
56 (88)
20 (31)
40 (63)
10 (16)
14 (22)
17 (27)

4 (6)

 
0.001
0.261
0.712
0.077
0.419

＜0.001
0.031

Previous hisotory of ischemic stroke 41 (15) 24 (12) 17 (27) 0.008

NIHSS score on admission, mean±SD 3.8±5.2 2.9±4.0 6.6±7.2 ＜0.001

Transient ischemic attack, no. (%) 31 (12) 27 (13) 4 (6) 0.197

MRI
PVH, grade 0-3
Intracranial artery stenosis, no. (%)

 
1.0±0.8
62 (23)

 
0.8±0.8
46 (22)

 
1.3±0.7
16 (25)

 
＜0.001

0.801

Laboratory findings, mean±SD
LDL-C, mg/dL
HDL-C, mg/dL
Hemoglobin A1c, %
D-dimer, µg/mL
Glucose, mg/dL
AA, µg/mL
EPA, µg/mL
DHA, µg/mL
EPA/AA
DHA/AA

 
111.9±35.5
51.9±15.8

6.0±1.1
2.5±4.5

121.9±46.3
186.6±49.5
71.4±40.8

142.7±44.9
0.40±0.23
0.80±0.27

 
115.7±32.5

52.3±15.6
6.0±1.1
1.8±1.5

119.6±46.2
188.1±50.6
74.9±42.3

146.6±46.3
0.41±0.23
0.81±0.27

 
99.5±41.5
50.5±16.5

6.2±1.1
4.6±8.5

129.2±46.4
181.7±46.0
60.1±33.4

130.4±37.5
0.35±0.22
0.74±0.23

 
＜0.001

0.176
0.101

＜0.001
0.079
0.467
0.006
0.467
0.015
0.046

Treatment, n (%)
Anti-platelet agents
Anti-coagulant agents
Statins
n-3 PUFAs formulations

 
188 (70)

86 (32)
168 (62)

12 (4)

 
147 (72)

60 (29)
135 (66)

8 (4)

 
41 (64)
26 (41)
33 (52)

4 (6)

 
0.249
0.097
0.049
0.655

Chi-square test, the Mann-Whitney U test were used for comparison. NIHSS=National Institutes of Health stroke scale, MRI=magnetic reso-
nance imaging, PVH=periventricular hyperintensity, LDL-C= low-density lipoprotein-cholesterol, HDL-C=high-density lipoprotein-cholesterol, 
AA=arachidonic acid, EPA=eicosapentaenoic acid, DHA=docosahexaenoic acid, PUFAs=Polyunsaturated fatty acids.
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EPA/AA Ratio and Treatment without Statins as 
Independent Prognostic Parameters for Major 
Cardiovascular Events and death

Kaplan–Meier analysis was employed to explore 
both EPA/AA ratio ＜0.33 and treatment without 
statins as predictors of major cardiovascular events and 
death, among 81 patients with EPA/AA ratio ≥ 0.33 

0.99–1.00; p=0.140), DHA (Model B; HR, 1.00; 
95%CI, 0.99–1.01; p=0.537), and DHA/AA ratio 
(Model D; HR, 0.31; 95%CI, 0.09–1.06; p=0.062) 
were unrelated to major cardiovascular events and 
death. Statin therapy was inversely correlated with 
major cardiovascular events and death in all models 
(HR, 0.43; 95%CI, 0.25–0.73; p=0.002) (Table 3).

Table 2.  Univariate analysis of baseline characteristics, and radiological and laboratory find-
ings predicting major cardiovascular events and death

Characteristics

Univariate Cox Regression

HR 95% CI p 

Sociodemographic
Age, per 1-year increase
Gender, male
Body mass index 

1.06
0.87
0.9

1.03-1.09
0.52-1.45
0.84-0.97

＜0.001
0.601
0.005

Risk factors
Hypertension
Diabetes mellitus
Dyslipidemia
Current cigarette smoking
Atrial fibrillation
Coronary artery disease
Peripheral artery disease

 
3.09
1.3
0.84
0.56
1.36
2.88
1.95

 
1.47-6.48
0.76-2.2
0.50-1.39
0.28-1.09
0.75-2.46
1.65-5.02
0.71-5.37

 
0.003
0.337
0.487
0.089
0.307

＜0.001
0.196

Previous history of ischemic stroke 2.05 1.18-3.55 0.011

NIHSS score on admission 1.09 1.06-1.12 ＜0.001

MRI
PVH, per 1-grade increase
Intracranial artery stenosis

1.76
1.17

1.35-2.3
0.66-2.05

 
＜0.001

0.594

Laboratory findings
LDL-C
HDL-C
Hemoglobin A1c
Glucose
D-dimer
AA
EPA
DHA
EPA/AA ratio
DHA/AA ratio

 
0.99
0.99
1.11
1
1.07
1
0.99
0.99
0.29
0.42

 
0.98-0.99
0.98-1.01
0.92-1.35
1.00-1.01
1.04-1.09
0.99-1
0.98-1
0.99-1
0.09-0.99
0.16-1.12

 
0.001
0.474
0.283
0.133

＜0.001
0.331
0.014
0.014
0.048
0.082

Treatment
Anti-platelet agents
Anti-coagulant agents
Statins
n-3 PUFAs formulations

  
0.74
1.53
0.58
1.68

  
0.44-1.23
0.93-2.52
0.35-0.94
0.61-4.63

  
0.247
0.095
0.027
0.314

NIHSS=National Institutes of Health Stroke Scale, MRI=magnetic resonance imaging, 
PVH=periventricular hyperintensity, LDL-C= low-density lipoprotein-cholesterol, HDL-C=high-
density lipoprotein-cholesterol, AA =arachidonic acid, EPA =eicosapentaenoic acid, 
DHA=docosahexaenoic acid, PUFAs=polyunsaturated fatty acids. 



Shojima et al.

974

AA ratios at baseline were associated with major 
adverse events in coronary and peripheral artery dis-
eases and increasing size of aortic arch aneurysm11, 12, 19). 

with statin treatment, 48 patients with EPA/AA ratio 
≥ 0.33 without statin treatment, 87 patients with 
EPA/AA ratio ＜0.33 with statin treatment, and 53 
patients with EPA/AA ratio ＜0.33 without statin 
treatment. Cumulative event-free rates were signifi-
cantly lower in the order of patients with EPA/AA 
ratio ＜0.33 and without statin therapy, with EPA/AA 
ratio ＜0.33 and with statin therapy, with EPA/AA 
ratio ≥ 0.33 and without statin therapy, and with 
EPA/AA ratio ≥ 0.33 and with statin therapy (Fig.1; 
log-rank test, p=0.006).

Discussion

The present study explored the associations of 
PUFAs with long-term prognosis in patients with 
ischemic stroke. Our results showed that EPA/AA 
ratio among PUFA-associated factors was an indepen-
dent predictor of major cardiovascular events such as 
recurrent ischemic stroke, hemorrhagic stroke, cardio-
vascular and peripheral artery diseases, and death. As 
important as this PUFA-associated factor, treatment 
without statins during follow-up correlated with major 
cardiovascular events and death.

According to large-scale epidemiological studies, 
intake of food enriched with EPA, DHA, and fish oil 
reduces the incidence of cardiovascular diseases and 
stroke4-6). Treatment with EPA formulations in addi-
tion to low-dose statins also significantly reduces coro-
nary artery diseases as well as stroke compared with 
statin therapy alone7). More importantly, serum EPA/

Table 3. Factors associated with major cardiovascular events and death

Characteristics

Multivariate Cox Regression

HR 95% CI p 

Age, per 1-year increase
Body mass index 
Hypertension
Current cigarette smoking
Coronary artery disease
Peripheral artery disease
Previous history of ischemic stroke 
NIHSS score on admission
PVH, per 1-grade increase
LDL-C
Glucose
D-dimer
EPA/AA ratio
Anti-coagulant agents
Statins

1.04
0.86
2.24
0.72
1.60
0.64
1.41
1.07
1.34
0.99
1.01
1.05
0.26
1.43
0.43

1.01-1.07
0.79-0.94
0.98-5.15
0.34-1.51
0.80-3.20
0.20-2.04
0.74-2.71
1.03-1.11
0.94-1.90
0.98-1.00
1.00-1.01
1.02-1.08
0.07-0.99
0.81-2.54
0.25-0.72

0.021
0.001
0.056
0.382
0.181
0.449
0.297
0.001
0.103
0.179
0.053
0.001
0.048
0.219
0.002

NIHSS=National Institutes of Health Stroke Scale, PVH=periventricular hyperintensity, LDL-C= low-density lipoprotein-
cholesterol, EPA=eicosapentaenoic acid, AA=arachidonic acid. 

Fig.1. Kaplan–Meier curves of freedom from major cardio-
vascular events and death during follow-up

The X axis indicates time in days since inclusion in the study. The 
Y axis indicates the proportion of patients surviving free of major 
cardiovascular events, including recurrence of ischemic stroke or 
occurrence of cardiovascular or peripheral artery disease or hemor-
rhagic stroke or death. Cumulative event-free rates were compared 
among patients: with EPA/AA ratio ＜0.33 without statin therapy; 
with EPA/AA ratio ＜0.33 with statin therapy; with EPA/AA ratio 
≥ 0.33 without statin therapy; and with EPA/AA ratio ≥ 0.33 with 
statin therapy (p=0.006 on log-rank test).
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combination of baseline EPA/AA ratio and statin ther-
apy could be critical in predicting and optimizing the 
long-term prognosis of ischemic stroke patients. 

In the present study, only 4% of patients received 
n-3 PUFA formulations after stroke, which might 
have influenced the prognosis, but no significant dif-
ference was identified because of the small sample size. 
From our data, the efficacy of therapeutic intervention 
with n-3 PUFA formulations for preventing major 
cardiovascular events and death among ischemic 
stroke patients with low EPA/AA remains unknown. 
On the other hand, our data elucidated that high age, 
low BMI, and high NIHSS score and D-dimer level 
were related to major cardiovascular events and death. 
A previous study showed that age, NIHSS score, and 
D-dimer were linked to poor outcomes, including 
stroke recurrence and mortality, and these factors 
might therefore be the confounding factors in the cur-
rent investigation31-33). Associations of frailty with 
both mortality and low n-3 PUFA levels have recently 
been reported34, 35). Future studies focusing on these 
factors in relation to n-3 PUFA levels among ischemic 
stroke patients may thus be warranted.

Some potential limitations of this study must be 
considered when interpreting the present results. First, 
data from the present study were derived from a single 
center, and the number of patients with major cardio-
vascular events and death was quite small. Second, this 
study used a retrospective design, and 74 patients were 
lost to follow-up. Treatments after stroke such as 
statins and n-3 PUFA formulations were not random-
ized. Third, plasma PUFA levels were examined within 
24 h of admission or with the referral to the Depart-
ment of Neurology in patients who developed isch-
emic stroke during hospitalization, and the EPA/AA 
ratio therefore could have been affected by the stroke 
itself. Fourth, detailed information on dietary habits, 
daily compliance with medications, and monitoring of 
EPA/AA ratio was not obtained from the medical 
records. Collectively, some bias regarding the selection 
of patients and treatment effects might therefore have 
been presented in the final analysis, and this represents 
an issue regarding the generalizability of the present 
results to the wider population with ischemic stroke.

Conclusion

EPA/AA ratio at stroke onset and statin therapy 
are important to predict long-term prognosis in isch-
emic stroke patients. Ischemic stroke patients with low 
EPA/AA ratio at baseline and treatment without 
statins should be carefully considered in terms of long-
term prognosis.

On the other hand, EPA/AA ratio was linked with car-
diac mortality in heart failure and mortality from cancer 
and all-cause of mortality in normal subjects14, 20, 21). 
These data suggest that the EPA/AA ratio may offer 
an important marker for not only major cardiovascu-
lar events but also death from any cause. Regarding 
cerebrovascular diseases, a relationship between EPA/
AA ratio and early neurological deterioration has been 
shown22). To the best of our knowledge, this study 
offers the first demonstration that EPA/AA ratio at 
baseline can predict long-term prognosis including 
major cardiovascular events and death among patients 
with acute ischemic stroke.

EPA, which has a structure comprising a 20-car-
bon chain with five double bonds, inhibits inflamma-
tory eicosanoid mediators such as leukotrienes, prosta-
glandins, and thromboxanes induced by AA23). More-
over, EPA has potent anti-inflammatory, anti-oxidant, 
and antiatherogenic effects on endothelial cells9, 24). 
Particularly in carotid atherosclerotic plaques, EPA 
also decreases the accumulation of inflammatory cyto-
kines such as tumor necrosis factor-α, interleukin 6, 
and matrix metalloproteinase 1/2 25). Ischemic stroke 
patients with low EPA/AA ratio at baseline might thus 
have underlying pathogeneses such as chronic inflam-
mation, oxidative stress, and potential systemic ath-
erosclerosis in individuals, which contributed to recur-
rent stroke, cardiovascular and peripheral artery dis-
eases, and death over the long term.

Statins are well-known to show benefits in terms 
of stroke prevention, and a meta-analysis has revealed 
that LDL-C reduction by 1 mmol/L (39 mg/dL) due 
to statin therapy decreases the risk of stroke by 
21.1%26). In particular, the Stroke Prevention by 
Aggressive Reduction in Cholesterol Levels trial 
showed beneficial results in the prevention of recur-
rent ischemic stroke27). Current guidelines recom-
mend intensive lipid-lowering effects via statins for 
patients with ischemic stroke with atherosclerotic ori-
gin and with LDL-C ≥ 100 mg/dL28). Our data 
showed that the baseline level of LDL-C was 99.5± 
41.5 mg/dL among patients with major cardiovascular 
events and death, and the use of statin therapy corre-
lated inversely with major cardiovascular events and 
death, suggesting that the treatment without statins 
for ischemic stroke patients with even when LDL-C 
＜100 mg/dL might be linked with major cardiovas-
cular events and death. Importantly, the Kaplan–
Meier analysis revealed that patients with low EPA/AA 
ratio ＜0.33, even with statin treatment, more fre-
quently showed major cardiovascular events and death 
than patients with EPA/AA ratio ≥ 0.33 on statin 
therapy. In current practice, lipid management as 
stroke therapy is emphasized28-30). From our data, a 
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