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Abstract

Background: Arachidonic acid (ARA) is a precursor of various lipid mediators. ARA metabo-
lites such as thromboxane A, cause platelet aggregation and vasoconstriction, thus may lead
to atherosclerotic disease. It is unclear whether dietary ARA influences the ARA-derived lipid
mediator balance and the risk for atherosclerotic diseases, such as cerebral ischemia. Consid-
ering the function of ARA in atherosclerosis, it is reasonable to focus on the atherothrom-
botic type of cerebral ischemia risk. However, no systematic reviews or meta-analyses have
been conducted to evaluate the effect of habitual ARA exposure on cerebral ischemia risk.
We aimed to systematically evaluate observational studies available on the relationship be-
tween ARA exposure and the atherothrombotic type of cerebral ischemia risk in free-living
populations. Summary: The PubMed database was searched for articles registered up to June
24, 2014. We designed a PubMed search formula as follows: key words for humans AND brain
ischemia AND study designs AND ARA exposure. Thirty-three articles were reviewed against
predefined criteria. There were 695 bibliographies assessed from the articles that included
both ARA and cerebral ischemia descriptions. Finally, we identified 11 eligible articles and cat-
egorized them according to their reporting and methodological quality. We used the Strength-
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ening the Reporting of Observational Studies in Epidemiology Statement (STROBE) checklist
to score the reporting quality. The methodological quality was qualitatively assessed based
on the following aspects: subject selection, ARA exposure assessment, outcome diagnosis,
methods for controlling confounders, and statistical analysis. We did not conduct a meta-
analysis due to the heterogeneity among the studies. All eligible studies measured blood ARA
levels as an indicator of exposure. Our literature search did not identify any articles that eval-
uated dietary ARA intake and tissue ARA as assessments of exposure. Seven of the 11 eligible
articles were considered to be of low quality. No articles reported a dose-dependent positive
association between an increased cerebral ischemia risk and ARA exposure. However, most
studies did not assess the risk in each subtype of cerebral ischemia, thus various etiological
types of cerebral ischemia risk were involved in their results. Key Messages: We did not find
a positive association between ARA exposure and cerebral ischemia risk. Eligible studies re-
ported inconsistent findings: cerebral ischemia risk did not change or significantly decreased.
We could not draw any conclusions due to the limited number of eligible high-quality studies.
Further evidence from well-designed observational studies is required. Simultaneously, in or-
der to develop effective preventive measures against cerebral ischemia, it is imperative to
establish standardized definitions, nomenclatures, classifications, and diagnostic procedures.

© 2014 S. Karger AG, Basel

Introduction

Cerebrovascular disease is a leading cause of mortality worldwide. It has been estimated
that cerebrovascular diseases (stroke) accounted for 5.5 million deaths, equivalent to 9.6%
of all deaths in the world. In the absence of any meaningful preventive measures, it is expected
that stroke-derived deaths will increase to 7.8 million by 2030 [1]. Given these consider-
ations, stroke prevention is a major public health issue around the world.

The pathological background for stroke may be either ischemic or hemorrhagic distur-
bances of the cerebral blood circulation. With respect to cerebral ischemia, several modifiable
risk factors have been established, including hypertension, diabetes mellitus, dyslipidemia,
and smoking [2-11].

Previous research revealed that dietary fat intake could influence cerebral ischemia risk.
For example, epidemiological studies indicated that fish consumption, especially n-3 fatty
acids, might reduce cerebral ischemia risk [12, 13]. In contrast, arachidonic acid (ARA) might
be associated with atherosclerosis based on its biological function. Atherosclerosis is a
chronic inflammatory process involving the recruitment and accumulation of monocytes,
macrophages, and dendritic cells in artery walls [14, 15]. In this process, various ARA-derived
mediators (mainly thromboxane A;, prostaglandin E,, and leukotrienes) serve important
functions in the development of atherosclerosis and plaque instability via increased leukocyte
chemotaxis, vascular inflammation, and subsequent matrix degeneration [16, 17]. Cerebral
ischemia results from the atherosclerotic obstruction of large cervical and cerebral arteries
or from embolism originating in other parts of the arterial system. In this context, it may seem
plausible that ARA exposure may increase cerebral ischemia risk. However, previous reports
proposed that beneficial ARA metabolites such as prostaglandin I, and epoxyeicosatrienoic
acid have a vasodilator function and inhibit platelet aggregation, leukocyte adhesion, and
vascular smooth muscle cell proliferation [18-21]. Therefore, the balance between pro- and
anti-inflammatory ARA metabolites may be important in vascular homeostasis.

[t is still unclear whether dietary ARA influences the ARA-derived lipid mediator balance
and the risk for atherosclerotic diseases such as cerebral ischemia. However, no systematic
reviews or meta-analyses have been conducted to evaluate the effect of habitual ARA exposure
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on cerebral ischemia risk in free-living populations. Therefore, we systematically evaluated
available observational studies on the relationship between ARA exposure and cerebral
ischemia risk.

Methods

Search Strategy

The PubMed database (http://www.ncbi.nlm.nih.gov/pubmed/) was searched for obser-
vational studies investigating the relationship between dietary or blood ARA levels and
cerebral ischemia risk that were published up to June 24, 2014. We designed a PubMed search
formula as follows: key words for humans AND brain ischemia AND study designs AND ARA
exposure (see Appendix).

Study Selection

Inclusion criteria were English-language articles published after 1966 reporting original
data on the relationship between ARA exposure and cerebral ischemia risk in free-living
populations. Eligible ARA exposure assessments were the amount of dietary intake, blood
levels, or tissue levels. We included cohort, case-cohort, nested case-control, case-control,
and cross-sectional studies in this review.

Figure 1 represents the study selection process. The PubMed search yielded 33 publica-
tions. Their titles and abstracts were assessed according to the following exclusion criteria:
(1) nonhuman studies, (2) limited to special populations such as persons with unusual eating
habits, (3) examined after intervention, (4) not about cerebral ischemia and fatty acids, or (5)
published prior to 1965. Next, each full-text article was reviewed against the following
inclusion criteria: (1) eligible study design and (2) reporting original data of ARA exposure
and cerebral ischemia risk. Four eligible articles were obtained from the initial PubMed
search.

For the full-text articles that included both ARA and cerebral ischemia descriptions, the
citations were assessed to obtain potentially relevant articles. The titles of the citations were
reviewed as follows: eligible titles described the relationship between nutrition/diet/fats
and cerebrovascular disease/cerebral ischemia risk. Shortlisted articles were then screened
by their abstracts and full texts using the same criteria as for the PubMed search. This cross-
checking was continued until no further publications were found. After 695 citations were
scrutinized, 7 articles remained. As a result, 11 eligible articles were included in the present
review. Two investigators (M.S. and S.K.) independently conducted all searches, and disagree-
ments were resolved by discussion.

Quality Assessment and Data Extraction

Overall study quality was assessed according to the reporting quality and the method-
ological quality. The reporting quality indicates whether the necessary information for obser-
vational studies was sufficiently reported. We used the Strengthening the Reporting of Obser-
vational Studies in Epidemiology Statement (STROBE) checklist to score the reporting quality
[22]. Methodological quality, which determines the reliability of findings, refers to the appro-
priateness of the methods employed in epidemiological research. The methodological quality
was qualitatively assessed based on the following aspects: subject selection, ARA exposure
assessment, outcome diagnosis, methods for controlling confounders, and statistical analysis.
The studies with reporting quality scores under 13 or with insufficient temporal information
between exposure and outcome were considered to be of low quality. The remaining studies
were categorized into high/medium/low quality based on their methodological quality. Two
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reviewers (M.S. and S.K.) independently conducted the quality assessments, and discordant
results were resolved by consensus.

The following information was tabulated for each study: author names and publication
year, study settings, subject characteristics and matching parameters, ARA exposure
assessment, cerebral ischemia diagnosis, adjusted potential confounders, study quality, and
main findings from the fully adjusted model. Considering the importance of the temporal rela-
tionship between exposure and outcome on the causality assessment, we classified case-
control studies into two groups according to the temporal information reporting.

We did not conduct a meta-analysis due to the heterogeneity among the studies included
and the limited number of high-quality studies. This review therefore presents a qualitative
assessment of ARA exposure and cerebral ischemia risk.

Results

We identified 11 eligible articles [23-33], and their study characteristics are shown in
table 1.

The overall study quality was high in the studies by Yaemsiri et al. [23] and Iso et al. [24]
and medium in the studies by Park et al. [26] and Ricci et al. [27]. As to the remaining 7 stud-
ies [25, 28-33], the overall quality was low. Although 1 case-control study [28] and 1 cross-
sectional study [31] had moderate reporting quality (STROBE score 16), their temporal infor-
mation between exposure and outcome, participant characteristics, or study settings were
not sufficiently provided. The remaining 5 articles [25, 29, 30, 32, 33] were determined to be
of low reporting quality (STROBE score range 5-11). No studies were adjusted for well-
known potential confounders except for that of Yaemsiri et al. [23]. All eligible studies
measured blood ARA levels as an estimate of exposure. ARA levels in serum [23-25, 30, 33],
erythrocyte membranes [26-28], plasma [29, 31, 32], and/or platelets [29, 32, 33] were
analyzed. Our literature search did not identify any articles that evaluated dietary ARA intake
and tissue ARA as assessments of exposure. Outcome definition, classification, or diagnostic
procedure were mentioned in 3 nested case-control studies [23-25], 3 case-control studies
[26-28], and 2 cross-sectional studies [31, 32].

Yaemsiri et al. [23] and Iso et al. [24] indicated the serum ARA value of each case-control
group in every cerebral ischemia subtype: overall ischemic stroke, lacunar infarction, athero-
thrombotic stroke or large-artery occlusive infarction, embolic infarction, and ischemic
strokes of undetermined etiology. In the study by Yaemsiri et al. [23], ischemic stroke diag-
nosis was ascertained by physicians and neurologists according to the medical records/
histories, brain imaging, and death certificate information. Ischemic stroke was classified
according to the Trial of ORG 10172 Acute Stroke Trial Classification (TOAST) system [34].
Iso et al. [24] defined stroke as focal acute neurological disorder that persisted for at least
24 h or until death and was confirmed by computed tomography (CT) or magnetic resonance
imaging (MRI). Each stroke subtype was confirmed by imaging studies and/or medical
records. In both studies, no significant difference in serum ARA levels and no significant
change in the cerebral ischemia risk was found regardless of the cerebral ischemia subtype
[23, 24].

Miettinen et al. [25] reported the risk of cerebral artery thrombosis as the outcome,
which was diagnosed by the absence of left ventricular hypertrophy and hemorrhage in the
cerebrospinal fluid (CSF). This report showed no significant differences in serum ARA levels
between the case and control groups.

Although Parketal. [26] and Ricci etal. [27] classified ischemic stroke subtypes according
to the TOAST system [35] or the Oxfordshire Community Stroke Project method [36], only
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Park et al. [26] indicated the erythrocyte ARA value of each case-control group in every
subtype. For overall ischemic stroke, case patients had significantly lower erythrocyte
membrane ARA levels than control subjects. Among the four subtypes of ischemic stroke, only
small-artery occlusion patients had significantly decreased erythrocyte membrane ARA
levels compared to the control group [26]. Ricci et al. [27] did not find significant differences
in erythrocyte membrane phosphatidylcholine ARA levels between the case and control
groups.

Ricci et al. [28] defined the outcome as an acute focal neurologic deficit lasting >24 h that
was attributed to ischemia on clinical grounds and CT. Ischemic stroke patients had slightly
lower erythrocyte membrane ARA levels than control subjects; however, this difference was
not significant.

Ikeya et al. [31] confirmed the presence of ischemic stroke based on medical history,
imaging studies, and/or electrocardiographic results. Ischemic stroke cases were classified
according to the TOAST system, and the plasma ARA concentrations of two ischemic stroke
subtypes (cardioembolism and large-artery atherosclerosis) were assessed. No significant
difference in plasma ARA levels between the case and control groups was found regardless
of the cerebral ischemia subtype.

Farkkila et al. [32] investigated the risk of acute brain infarction that was confirmed by
CSF examination, CT, or MRI. A significantly lower ARA composition was found in the platelet
membrane lipids of patients compared to control subjects, whereas plasma ARA levels were
not significantly different between patients and controls.

The remaining 3 articles estimated the risk of thrombosis with acute cerebrovascular
accident [29], cerebral infarction [30], and ischemic stroke [33]. Ciavatti et al. [29] found no
significant differences in plasma and platelet ARA levels between case and control subjects.
Cumings et al. [30] classified their case group into four categories by blood pressure and sex.
Then they analyzed the serum ARA composition of each case category and the control group.
There were no significant differences in serum ARA compositions between any of the groups.
Tilvis et al. [33] reported that the serum ARA composition in case subjects was not statisti-
cally different from that of control subjects, whereas the platelet ARA composition of the
control group was significantly higher than that of the case group.

Discussion

We systematically reviewed observational studies investigating the association between
ARA exposure and cerebral ischemia risk in free-living populations. None of the 11 eligible
articlesindicated a positive association or a dose-response relationship between an increased
cerebral ischemia risk and ARA exposure.

Cerebral ischemia is generally classified into four main categories by etiology: athero-
thrombotic, small-vessel disease, cardioembolic, and other causes [37, 38]. According to a
previous report, cerebral ischemia has also been classified by various factors such as clinical
findings, information from diagnostic imaging, or etiology [39]. However, a universal defi-
nition has not been established because advances in basic neuroscience and clinical neurodi-
agnostic technologies have changed the classifications and nomenclature over time [40].
Therefore, in order to identify eligible articles, we needed to search for studies assessing
every type of cerebral ischemia risk during our review process followed by an assessment of
each outcome by etiology.

Considering the function of ARA in atherosclerosis, it is reasonable to focus on the athero-
thrombotic type of cerebral ischemia risk in this review. Nevertheless, only 4 studies [23, 24,
26, 31] reported the serum ARA value of each case-control group in every cerebral ischemia
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subtype. For large-artery occlusive infarction risk, which represented the atherothrombotic
type of cerebral ischemia, the studies indicated that there was no statistically significant
difference in serum ARA levels between the case and control groups [23, 24, 26, 31]. The
remaining 7 studies did not assess the risk in each subtype of cerebral ischemia separately;
therefore, various etiological types of cerebral ischemia risk were included in their results.
Consequently, we could not draw any conclusions about the relationship between ARA
exposure and the atherothrombotic type of cerebral ischemia risk.

For the overall cerebral ischemia risk, no article indicated a positive association or a
dose-response relationship between an increased cerebral ischemia risk and ARA exposure.
Three studies [26, 32, 33] reported that the blood ARA level of the control group was signifi-
cantly higher than that of the case group. Farkkila et al. [32] and Tilvis et al. [33] found that
the control group had a higher ARA composition in platelet phospholipids than the case
group. The authors supposed that low ARA contents in platelets might be associated with an
enhanced ARA consumption to lipid mediator production. This consideration suggests that
platelet ARA levels may be affected by factors other than dietary intake. Park et al. [26]
reported that the erythrocyte ARA levels were significantly lower in the overall case group.
According to the ischemic stroke subtype analysis data, this difference may be derived from
erythrocyte ARA composition changes in small-artery occlusion, which we did not focus on
because of its etiological characteristics.

The biological plausibility of a relationship between ARA intake and cerebral ischemia
risk is inconclusive. An intervention study [41] suggested that aspirin intake prevents blood
coagulation and reduces the risk of ischemic stroke. This finding indicates that the cyclooxy-
genase metabolites of ARA might be associated with the risk of blood coagulation or ischemic
stroke. Seyberth et al. [42] reported a marked increase in platelet aggregation in healthy men
consuming 6 g/day of ARA ethyl ester. In contrast, another human study [43] reported that a
50-day intervention with a high-ARA diet (containing 1.5 g/day of ARA) does not cause any
changes in platelet aggregation, prothrombin time, partial thromboplastin time, or anti-
thrombin Il levels compared to a control diet (containing 210 mg/day of ARA). Furthermore,
our present study could not find a positive association between blood ARA levels and an
increased cerebral ischemia risk. The following reasons may explain these controversial
findings.

First, blood ARA levels may not always represent dietary intake. Kobayashi et al. [44] and
Kawabata et al. [45] reported that correlations between dietary estimates and ARA levels in
the serum phospholipid, plasma, or erythrocyte membrane were very low. Several factors
may influence blood fatty acid levels. For example, the blood levels of polyunsaturated fatty
acids are affected not only by diet, but also by the genetic variants of fatty acid conversion
enzymes [46, 47]. Second, the increment of blood ARA levels may not directly cause an
increase in ARA metabolites. In our previous study, healthy elderly persons ingested 240 or
720 mg of ARA per day for 4 weeks. Urinary thromboxane A; metabolites did not differ signif-
icantly with regard to ARA supplementation or time points, although plasma ARA composi-
tions increased dose-dependently [48]. Third, some ARA metabolites may play a protective
role against cerebral ischemia. Previous reports proposed that beneficial ARA metabolites
such as prostaglandin I,, epoxyeicosatrienoic acid, and anandamide have potential for
managing cerebral ischemia [20, 21, 49].

All articles included in this review were listed in the PubMed database. Our PubMed
search formula identified only 4 eligible articles [23, 24, 31, 33], whereas the remaining 7
articles were identified from a reference search (fig. 1). Therefore, reference searching serves
an important role in our comprehensive literature search. Our PubMed search formula did
not recognize these 7 articles due to the key words ‘exposure’ [25-30], ‘study design’ [29, 30,
32], and ‘outcome’ terms [25, 29, 30]. For the ‘exposure’ term, the additional search with the
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11 articles included
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cs: 3

Fig. 1. Flow diagram for the literature search and study selection. ch = Cohort study; cch = case-cohort study;
ncc = nested case-control study; cc = case-control study; cs = cross-sectional study.

key word ‘fatty’ recognized all 6 articles [25-30]. In the case of ‘study designs’, all 3 articles
[29, 30, 32] did not use general study design words, which may be partly because the articles
were published before the publication of the STROBE checklist [22]. As to the ‘outcome’ term,
the authors used various words to represent cerebral ischemia in their titles or abstracts such
as: stroke [25], cerebrovascular accident [29], or cerebral infarction [30]. These reporting
characteristics made it difficult to effectively search for intended articles with a focus on ARA
and cerebral ischemia on the PubMed database. We therefore employed the following search
strategies: first, we conducted a PubMed search using the formula that represented ARA
exposure specifically and cerebral ischemia comprehensively; then, we assessed reference
titles to include the broad exposure description (e.g. nutrition or diet) to identify articles. We
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did not exclude articles by study design until we confirmed the study design from the
description in the articles.

This systematic review has 3 main limitations. Our search was restricted to publications
in English and articles from the PubMed database. We did not set the search terms for tissue
ARAlevels before the PubMed search, thus we identified those articles only from the reference
search. We did not use the search term ‘fatty’ or ‘fatty acid’ in the PubMed search. Considering
the reporting characteristics of the eligible studies, this search strategy led to an efficient
retrieval according to our previous review [50]. However, these limitations may have seri-
ously influenced the completeness of our literature search.

We did not find a positive association between ARA exposure and cerebral ischemia risk.
The eligible studies reported inconsistent findings: cerebral ischemia risk did not change or
significantly decreased. We could not draw any conclusions about the relationship between
ARA and the atherothrombotic type of cerebral ischemia risk due to the limited number of
eligible high-quality studies. Further evidence from well-designed observational studies is
required. Simultaneously, in order to develop effective preventive measures against cerebral
ischemia, it is imperative to establish standardized definitions, nomenclatures, classifica-
tions, and diagnostic procedures.

Disclosure Statement

This study was supported in part by a grant from Suntory Wellness Limited, Japan. M.S.,
SK, H.T, T.S, MK, KE, HK, T.R, and H.S. are employees of Suntory Wellness Limited. K.S.
works for the group company of Suntory Wellness Limited. S.S. has consultancy relationships
with Suntory Wellness Limited.

Appendix

PubMed Search Terms and Strategies

209

Number Items Terms
A. Search terms for exposure, outcome, and study design
Exposure
#1 Intake Humans[mesh] AND (arachidonic[tiab] OR arachidonate[tiab] OR arachidonates[tiab] OR
20:4’[tiab] OR ‘C20:4’[tiab] OR eicosatetraenoic[tiab] OR Arachidonic acid[mesh]) AND
(dietary[tiab] OR diet[tiab] OR diets[tiab] OR Dietary fats|mesh] OR intake[tiab] OR intakes|tiab]
OR consumption[tiab])
#2 Biomarker Humans[mesh] AND (arachidonic[tiab] OR arachidonate[tiab] OR arachidonates[tiab] OR
20:4’[tiab] OR ‘C20:4’[tiab] OR eicosatetraenoic[tiab] OR Arachidonic acid[mesh]) AND
(blood[tiab] OR serum|tiab] OR plasma|[tiab] OR erythrocyte[tiab] OR erythrocytes[tiab] OR ‘red
cell’[tiab] OR ‘red cells’[tiab] OR Blood[mesh]) AND (composition[tiab] OR compositions[tiab]
OR profile[tiab] OR profiles[tiab] OR ratio[tiab] OR ratios[tiab] OR status[tiab] OR statuses[tiab]
OR concentration[tiab] OR concentrations[tiab] OR level[tiab] OR levels[tiab])
Outcome
#3 Cerebral Brain ischemia[mesh] OR brain ischemia[tiab] OR brain ischaemia[tiab] OR cerebral

ischemia  ischemia[tiab] OR cerebral ischaemia[tiab] OR ischemic encephalopathy|[tiab] OR ischaemic

encephalopathy[tiab] OR brain infarct*[tiab] OR brain venous infarct*[tiab] OR cerebral
infarct*[tiab] OR cerebral venous infarct*[tiab] OR cortical infarct*[tiab] OR subcortical
infarct*[tiab] OR choroidal artery infarct*[tiab] OR ischemic stroke*[tiab] OR ischaemic
stroke*[tiab] OR transient ischemic attack*[tiab] OR transient ischaemic attack*[tiab]
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Number Items Terms
Study design
#4 Study Epidemiolog*[tiab] OR prospective[tiab] OR retrospective[tiab] OR cohort[tiab] OR Cohort
design studies[mesh] OR ‘case control’[tiab] OR ((case[tiab] OR cases[tiab]) AND (control[tiab] OR

controls[tiab])) OR Case-control studies[mesh] OR ‘control subjects’[tiab] OR ‘control
group’[tiab] OR ‘cross sectional’[tiab] OR Cross-sectional studies[mesh]

B. PubMed search strategy
Term combination
(#1 OR #2) AND #3 AND #4

11

12

13

14
15
16
17
18
19
20
21

22

23
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