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Abstract
Introduction—Aspirin’s effectiveness in reducing cardiovascular disease events is inadequate in
some individuals, a phenomenon termed aspirin “resistance”. The hypothesis that combining low
dose aspirin with eicosapentaenoic acid and docosahexaenoic acid (EPA+DHA) reduces platelet
function in the acute setting has not been investigated.

Patients and methods—We conducted a clinical trial of EPA+DHA and aspirin ingestion in
healthy adults. Fasting blood samples were drawn at baseline and 4 h after supplementation with
EPA/DHA (3.4 g/d), aspirin (81 mg), and both. Platelet function was measured using the Platelet
Function Analyzer-100 (PFA-100). Plasma lysophosphatidylcholine (LPC), lysophosphatidic acid
(LPA), autotaxin, angiogenesis activators, and cytokines were measured.

Results—Platelet function decreased with the combination of aspirin+EPA/DHA (p=0.03) but
not with either alone (p>0.05). EPA-LPC increased (p=0.002).

Discussion and conclusions—Our results demonstrate that a potentially beneficial effect on
platelet function occurred within 4 h after ingestion of low-dose aspirin and EPA+DHA in healthy
adults.
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1. Introduction
Cardiovascular disease (CVD) is the leading cause of death in the United States and the
most prevalent cause of death world-wide [1]. Although significant progress has been made
in reducing rates of CVD events [1], with the population aging the public health burden
attributable to CVD is increasing. Aspirin has long been a stalwart and inexpensive therapy
for the prevention of CVD. However, a systematic review reported that the frequency of
biochemical “resistance” to long-term aspirin therapy (defined by a variety of platelet
function assays) was 28% within 20 studies totaling 2930 patients with CVD [2], meaning
that its effects on reducing platelet aggregation are negligible or absent. The effects of
aspirin in these studies were determined after chronic administration over days or weeks of
use, not after acute ingestion. The risk for a CVD event in these aspirin-resistant individuals
was significantly higher than in aspirin-responsive subjects, with 41% experiencing any
event (odds ratio 3.85, 95%; CI 3.08–4.80), with death occurring in 5.7% (OR 5.99; CI
2.28–15.72), and an acute coronary syndrome occurring in 39% (OR 4.06; CI 2.96–5.56).
Importantly, these patients did not benefit from other antiplatelet drugs, including
clopidogrel, and tirofiban, a glycoprotein IIb/IIIa inhibitor. Thus, aspirin-resistant patients
are at greater risk of clinically important CVD morbidity and mortality than aspirin-sensitive
patients, and this risk is present in those with stable CVD, those having undergone coronary
artery bypass surgery or percutaneous coronary intervention, those undergoing other
vascular procedures, and those who have had a stroke [2].

The fish-derived omega-3 (ω3) fatty acids eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA) have demonstrated strong cardioprotective effects [3-8]. EPA
+DHA supplementation has been shown to reduce platelet aggregation, improve arterial
endothelial function, and lower triglycerides and blood pressure [7]. Much of the
cardioprotective effects have been attributed to the fact that EPA and DHA compete for the
same metabolic pathways with arachidonic acid, an omega-6 fatty acid metabolized into
primarily proinflammatory prostaglandins and leukotrienes through the actions of
cyclooxygenase (COX)-1 and lipoxygenase pathways. Aspirin acetylates COX-1 and blocks
the metabolism of arachidonic acid into a variety of mediators including thromboxane (a
very potent platelet aggregator) [9-12]. One important fact is that low doses of aspirin (≤81
mg/d) are associated with a lower risk for clinically significant bleeding than higher doses
[13,14]. In addition, synthesis of the vasodilatory prostaglandin PGI (PGI2) is less inhibited
by low doses (≤81 mg) of aspirin than higher doses [15]. Low dose aspirin and ω3 fatty
acids might work in parallel to shift the fatty acid metabolic balance toward a less
inflammatory milieu as well as by interactions leading to the production of a variety of
potent lipid mediator metabolites of EPA and DHA [16-18]. Although potential benefits of
EPA and DHA in suppressing platelet function beyond that of aspirin alone have been
demonstrated with chronic dosing [19,20], very little is known about acute effects of aspirin
and ω3 fatty acids and more research is needed to define the precise mechanisms involved.

Lysophospholipids are potent lipid mediators with a diverse range of effects in a variety of
tissues, and affect the growth, survival, migration and activation of many cell types [21].
Lysophosphatidic acid (LPA) and lysophosphatidylcholine (LPC) are increasingly linked
with atherosclerosis by virtue of their effects on endothelial cells, monocytes and smooth
muscle cells [22-25]. A diverse group of LPA and LPC species exist with each including a
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particular fatty acid such as EPA or DHA, and unsaturated LPA species have demonstrated
proinflammatory effects whereas this is not the case with saturated LPA species [26].
Studies in vitro and in mouse models suggest that extracellular LPA is primarily generated
by hydrolysis of LPC by autotaxin, an endothelial expressed enzyme, but this has not been
well studied in humans [27,28]. CVD has strong inflammatory components, and several
cytokines/chemokines and angiogenesis factors have been associated with its progression
[29]. These include, most prominently, tumor necrosis factor-α, IL-6, IL-8, IL-1β,
macrophage chemoattractant protein (MCP), platelet-derived growth factor (PDGF), basic
fibroblast growth factor (b-FGF), and vascular endothelial growth factor (VEGF), whereas
IL-10 tends to be atheroprotective [30].

We conducted a clinical trial to learn more about potential interactions between aspirin and
ω3 fatty acids. Our primary hypothesis was that treatment with low-dose aspirin (81 mg)
plus EPA and DHA would acutely reduce platelet function more than the treatment with
aspirin alone. Secondary hypotheses were that treatment with aspirin plus EPA+DHA would
alter concentrations of lysophospholipids, reduce proinflammatory cytokines and
angiogenesis stimulators more than aspirin alone.

2. Patients and methods
2.1. Patients

Twenty-five healthy volunteers were recruited for this study to allow for an assessment of
fatty acid and aspirin effects without undue influence by factors that would alter
lysophospholipid metabolism. Non-smoking male and female subjects between the ages of
18 and 50 not taking any medications, vitamin pills, nutritional supplements, or herbal
preparations were recruited. Subjects with a history of chronic diseases (e.g. cardiovascular,
renal, hepatic, neurodegenerative, neoplastic, metabolic {diabetes}, hypertension; based on
screening medical history, a complete blood count, and comprehensive metabolic profile), or
allergic reactions to aspirin, fish, fish oils, or non-steroidal anti-inflammatory drugs were
excluded. Other exclusions included drinking more than three alcoholic beverages a day, or
having any of the following conditions: an ulcer or bleeding in the stomach, liver or kidney
disease, bleeding or blood clotting disorder (e.g. hemophilia), congestive heart failure, fluid
retention, high blood pressure, gout, asthma, arthritis, or nasal polyps. The study was
approved by the University of Rochester’s Research Subjects’ Review Board (IRB) and
written informed consent was obtained from each subject. Subjects were told to notify the
study coordinator by telephone if they noticed any unusual symptoms during the study.

2.2. Protocol
This was a randomized, placebo-controlled, double-blinded trial with a cross-over design
(ClinicalTrials.gov identifier: NCT01181882). Each subject served as his/her own control.
The study (see Fig. 1) involved four visits 4 weeks apart, all hosted in the University of
Rochester Clinical Research Center. At each separate study visit, each subject received
(using a randomized protocol) placebo, 81 mg aspirin, 4 g Lovaza®(3.4 g of EPA+DHA), or
both aspirin and Lovaza®. Thus, each subject received each of these treatments individually
during randomly chosen visits. Subjects, Center staff, and investigators were blinded as to
which treatment was given at each visit and this ensured by the study pharmacist making the
tablets and capsules for each treatment appear identical. Prior to each visit, subjects ate a
standard low-fat dinner the prior evening, then fasted for at least 8 h prior to arrival at the
Center. Subjects were required to abstain from taking aspirin or non-steroidal anti-
inflammatory drugs for 10 day prior to each visit and ω3 fatty acids for 30 day prior to the
baseline study visit, and all subsequent clinic visits. Visits lasted approximately 6 h, with
subjects at bedrest. A venous catheter was placed in a peripheral vein (saline lock, 18 gauge
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or larger, {no heparin used} in the forearm) with blood drawn, at baseline and 4 h post-
treatment, into citrated tubes at each visit for Platelet Function Analyzer-100 (PFA-100-
Siemens, Deerfield, IL) closure time testing, and EDTA tubes for plasma, in that order.
Plasma from EDTA containing tubes was separated via centrifugation and frozen at −80 °C
for lysophospholipid, autotaxin, and cytokine measurements. Subjects were provided with a
standard low-fat breakfast after the baseline phlebotomy.

Lovaza® (Reliant Pharmaceuticals) is an FDA-regulated ω3 fatty acid supplement and the
only prescription EPA+DHA product available in the US. Each 1-g capsule of Lovaza®

contains at least 900 mg of the ethyl esters of ω3 fatty acids sourced from fish oils. These
are predominantly a combination of ethyl esters of eicosapentaenoic acid (EPA-
approximately 465 mg) and docosahexaenoic acid (DHA-approximately 375 mg). One gram
of a virtually identical supplement has been shown to reduce CVD events within 3 months
of use in individuals post-myocardial infarction [31]. We chose to use a higher dose of 4000
mg to investigate fairly rapid metabolic changes and because 4000 mg/d is an approved and
safe daily treatment for hypertriglyceridemia. Note that the absorption of fatty acids,
including ω3’s, occurs within 1 h and peaks between 4 and 6 h in healthy adults [32].

2.3. Laboratory methods
2.3.1. PFA-100 testing—The PFA-100 system (PFA-100-Siemens, Deerfield, IL) uses a
disposable analysis cartridge in order to simulate an injured blood vessel [33]. The PFA-100
system has been extensively described by Kundu and co-workers [34]. It simulates primary
hemostasis by flowing whole blood at a high shear rate through an aperture (147 μm
diameter) cut into a collagen-coated membrane coated with either epinephrine (10 μg) or
ADP (50 μg), where it interacts with the membrane surface and aggregates. A platelet plug
forms, with occlusion of the aperture and cessation of blood flow. The closure time reflects
platelet function in the sample evaluated, with shorter closure times indicating increased
platelet aggregation. Since it measures the ability of blood to pass through an aperture (not
clot) after platelet activation in the presence of erythrocytes, it can be considered more
clinically relevant than platelet aggregrometry, which is conducted in the absence of
erythrocytes and blood flow. In addition, the PFA-100 method has been shown to correlate
with an increased risk for CVD events [2]. ADP with collagen (non-specific) and
epinephrine with collagen (aspirin-specific) were the primary platelet aggregation agonists
used for PFA-100 testing [35], and the epinephrine–collagen disposable cartridge was used
for the detection of aspirin “resistance” [36,37]. There is no consensus about how to define
aspirin “resistance”, which can suggest failure of aspirin to prevent clinical events associated
with vascular occlusion, failure of aspirin to inhibit platelet function in vivo or in vitro, and
failure of aspirin to inhibit thromboxane A2 production [38]. For the purposes of this study,
we define aspirin resistance as “acute failure of aspirin to inhibit platelet function”. More
specifically the metric for this outcome was defined as a closure time of <181 s after aspirin,
by PFA-100 testing with epinephrine, as per the clinical laboratory at the University of
Rochester. This was based on the Siemens expected reference range of upper limit <193 s
(90% central interval) [36] and the <181 s threshold internally was established from an in-
house study involving 52 subjects. The lower cut off of 181 s was related to the different
collection tubes used in the Siemens study (3.8% Na Citrate) and 3.2% Na Citrate internally.

2.3.2. Lysophospholipid testing—LPC and LPA were analyzed according to
procedures identical to those that we employed and described in detail previously [39].
Briefly, a modified Bligh and Dyer extract of plasma was directly infused into an ABI
QTrap 2000 via an Advion Nanomate robotic device. Signals were calibrated against
internal standards LPA-17:0 and LPC-17:0 obtained from Avanti Polar Lipids (Alabaster,
AL). LPA and LPC were analyzed in negative and positive ion modes, respectively.
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Calibration on a molecular species by species basis was accomplished with an external
standard mixture to obtain relative response factors. After relative response was calibrated,
concentrations were calibrated against the internal standards.

2.3.3. Autotaxin testing—We used a quantitative assay for plasma autotaxin mean
fluorescence units/lL (activity) using a fluorescently labeled LPC analog as substrate.
Recombinant autotaxin was expressed in insect cells and used as a positive control to
generate a standard curve (courtesy of Dr. Andrew Morris, University of Kentucky). The
LPC analog (termed FS-3, 10 μM, Echelon Biosciences) [40] uses a fluorescence
“dequenching” motif, in which a fluorophore (fluorescein) that is silent because of
intramolecular fluorescence resonance energy transfer to a nonfluorescing quencher (dabcyl)
becomes fluorescent once enzymatic hydrolysis cleaves the substrate. The autotaxin assay
was performed in triplicate in black 96-well microtiter plates using assay buffer, FS-3, and
sample. The assay buffer was prepared as a 5 × working solution of 140 mM NaCl, 5 mM
KCl, 1 mM CaCl2, 1 mM MgCl2, and 50 mM TRIS with a final pH of 8. Fluorescence was
analyzed after 1 and 2 h at an incubation temperature of 37 °C by a Biotex FLX-800 plate
reading fluorimeter/shaker/incubator equipped with a 485/20 nm excitation filter and a
528/20 nm emission filter.

2.3.4. Cytokine and angiogenesis factor testing—The effects of aspirin and EPA
+DHA, alone or in combination, on plasma levels of cytokines and angiogenesis factors
were examined using the BioPlex suspension array system (BioRad Life Sciences, Hercules,
CA), according to the manufacturer’s instructions. Briefly, beads coated with specific
antibodies [anti-tumor necrosis factor alpha TNF-α, platelet-derived growth factor (PDGF),
interleukins (IL-6, IL-8, IL-1β, IL-10), macrophage chemoattractant protein (MCP), basic
fibroblast growth factor (b-FGF), and vascular endothelial growth factor (VEGF)] were
immobilized on a 96-well plate and allowed to react with sample (50 L) containing unknown
amounts of cytokine. After a series of washes to remove unbound protein, a biotinylated
detection antibody specific for a different epitope on the cytokine was added to the plate.
Streptavidin-PE was added to the wells, and the reaction was quantified based on bead color
and fluorescence intensity. Cytokine concentrations were calculated using BioPlex Manager
software (Bio-Rad).

2.4. Statistical methods
PFA-100 results and concentrations of LPC, LPA acid species, and autotoxin activity were
tested for normality using the ShapiroWilk statistic. As many variables were not normally
distributed, the Wilcoxon signed-rank test was used to determine changes in these variables
due to study treatments, relative to placebo, and also differences between baseline closure
time values. Pearson correlation coefficients were used to determine the relationship
between PFA-100 effects with aspirin and aspirin+EPA+DHA. A p-value <0.05 was used to
define statistical significance and was not adjusted for multiple comparisons for any
analyses since we had a priori hypotheses for each analyte examined. Analyses were
performed using SAS software (version 9.2; SAS Institute Inc., Cary, NC).

3. Results
3.1. Baseline characteristics and study design

The baseline characteristics of all subjects who were enrolled and completed the study are
described (Table 1). An overview of the study design is shown in Fig. 1. Subjects were
provided with placebo, aspirin, EPA+DHA, or aspirin plus EPA/DHA in a randomized and
blinded fashion. Four hours after the ingestion of each agent, a sample of peripheral blood
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was collected and analyzed for platelet function, lysophospholipid species, and cytokine and
angiogenesis factor testing as outlined in the Methods.

3.2. Treatment effects
The mean closure time for all time points (baseline and after each treatment) was 131±1SD
(36). Mean closure times at baseline were 129±32.5, 126±34, 136±48, and 132±29 for
placebo, aspirin, EPA+DHA, and aspirin+EPA+DHA, respectively (p>0.05). There was a
wide range of closure times after aspirin therapy (136 s±1SD{43.8}, range: 56–259), with
most subjects (14/16; 88%) demonstrating evidence of acute failure of aspirin to inhibit
platelet function (closure time <181 s). The treatment effects on platelet function measured
by the PFA-100 closure time using epinephrine–collagen as substrates are displayed in Fig.
2. Treatment with either aspirin or EPA+DHA alone did not significantly increase closure
time (p>0.05) compared with placebo. In contrast, treatment with both EPA+DHA and
aspirin increased the PFA-100 closure time relative to placebo (p<0.05). Fig. 3 shows the
positive relationship between PFA-100 closure times with aspirin treatment alone compared
with placebo and closure times with both aspirin and EPA+DHA treatments compared with
placebo (R2=0.34, p<0.05), for those 14 individuals who were classified as aspirin resistant
(closure time <181 s). This is a significantly positive relationship (p<0.05, R2=0.34). This
was not significant when the entire study sample of participants was included (data not
shown: p>0.05). In Fig. 4 are the same data for all participants in which, although no
significant difference (p>0.05) between males and females was present, a more linear and
positive trend for males than females exists. In Fig. 5 are the same data for all participants in
which, although no significant difference (p>0.05) between those age <25 years and those
age ≥25 years was present, a more linear and positive trend for those ≥age 25 exists.

We measured in parallel the effects of each treatment on concentrations of different LPA
and LPC species in plasma using quantitative mass spectrometry (Table 2). Interestingly,
acute ingestion of EPA+DHA significantly increased the concentration of 20:5n3 (EPA)
LPC (p<0.05), whereas this effect was lost following ingestion of EPA+DHA and aspirin.
Aspirin alone did not acutely change any lysophospholipid species examined, and none of
the LPA species changed following acute ingestion of either aspirin, EPA+DHA, or aspirin
combined with EPA+DHA (p>0.05). Table 3 shows that none of the treatment arms
significantly changed plasma concentrations of cytokines, angiogenesis activators, or
autotaxin activity (all p>0.05).

4. Discussion
The primary objective of our study was to determine if the combination of aspirin plus a
pharmaceutical ω3 supplement is better than aspirin alone for inhibiting thrombosis acutely.
We investigated the acute effects of aspirin with or without EPA+DHA on platelet function
due to the wide use of aspirin in the prophylaxis and treatment of CVD events. Our results
demonstrate that a beneficial effect on platelet function occurred within 4 h after ingestion
of 81 mg of aspirin and 3.4 g of EPA+DHA ω3 fatty acids in healthy adult subjects. The
closure time prolongation effects of aspirin and EPA+DHA in our group with acute failure
of aspirin to inhibit platelet function were significantly positively correlated with
prolongation effects with aspirin alone. This fact implies that the adjunctive antithrombotic
effect of EPA+DHA on the antiplatelet potential of aspirin depends on the degree of
aspirin’s effects. This was not significant when the entire study sample of participants was
included (data not shown: p-value >0.05). By using healthy subjects and low-dose aspirin,
we sought to take the novel approach of determining these effects in those who would
experience the acute failure of aspirin to inhibit platelet function only 4 h after ingestion of
these agents. We are not aware of other investigators determining such acute, within hours,
effects of aspirin as their time-frames for determining aspirin effects on platelet function and
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aspirin “resistance” (measured by the PFA-100) were in the range of days, weeks, or months
[37,41-45].

The limitations of aspirin monotherapy as primary prevention of CVD are being
increasingly appreciated. For example, in the Japanese Primary Prevention of
Atherosclerosis with Aspirin for Diabetes (JPAD) trial [46], patients who took 81 mg or 100
mg of aspirin each day for close to 5 years experienced CVD events at a rate that was not
statistically different than those who did not take aspirin. The exceptions were CVD death,
as rates were lower in those taking aspirin, and total CVD events in individuals 65 years of
age and older. Statistical power to detect a difference in the primary endpoint of CVD events
(fatal and nonfatal ischemic heart disease, fatal and nonfatal stroke, and peripheral vascular
disease) was very limited due to rates of the endpoint being about 1/3 predicted. Despite the
limitations of the JPAD study (e.g. open-label study design), the results of it and others
[47,48] such as the Primary Prevention Project (PPP) trial provide evidence that in patients
with a wide spectrum of CVD risk [2,49], aspirin may exert no substantial cardioprotective
effects. Given the increasing prevalence of diabetes mellitus and CVD globally [50,51], the
public health implications of aspirin “resistance” are substantial. Current data exist for the
potential benefits of the combination of aspirin and ω3 fatty acids on platelet function
[19,20,52], but studies have not specifically assessed the acute effects of this treatment.

Implications of the acute effects of a low-dose of aspirin include that the risk of bleeding is
lower with low (≤81 mg/d) than with higher doses [13,14]. When aspirin is used in the
setting of an acute CVD event its effects are critical and physicians are encouraged to use
the lowest effective dose of aspirin in a clinical setting [13]. In fact, the daily administration
of 30 mg of aspirin results in virtually complete suppression of platelet TXA2 production
after 1 week [53] through a cumulative process of fractional acetylation of roughly 50% of
unacetylated platelet COX-1 by successive daily doses of aspirin [54]. Despite the fact that
TXA2 is a prostanoid derived predominantly from COX-1 (mostly from platelets) and its
biosynthesis is highly regulated by aspirin inhibition of COX-1 [54,55], vascular
prostaglandin PGI (PGI2) is synthesized primarily by COX-2 [56-58] and is less inhibited by
low doses (≤80 mg) of aspirin than higher doses [55]. Such low doses of aspirin have no
measurable effects on prostaglandin I2(PGI2)-dependent endothelial function beneficial
effects but do have other important vascular functions, including no increase in blood
pressure [15], decline of renal function [59], or interference with the antihypertensive effects
of diuretics and angiotensin-converting-enzyme (ACE) inhibitors [60]. This means that
typical regimens of higher doses of aspirin per day clearly exceed the minimal effective dose
required for a vascular pharmacodynamic effect. Aspirin-resistant patients do not benefit
from other antiplatelet drugs and the combination of aspirin with other antiplatelet drugs,
such as clopidogrel, is associated with a significantly higher risk of major bleeding than with
aspirin alone [61]. In contrast, although the safety of EPA+DHA plus aspirin is supported by
the sum of the data available from clinical trials and observational studies [62], the benefits
of this combination of antiplatelet agents has not received much attention. Means of
overcoming aspirin “resistance” with therapies that lack significant drug–drug interactions
with prescription medications used in patients with or at risk for CVD events have so far
been lacking [2], and thus novel approaches are needed. The effects of aspirin and EPA
+DHA on the cardiovascular system extend to more than platelet function alone and thus the
potential adjunctive effects of EPA+DHA on the benefits of aspirin may be broader than
anticipated [18]. At the same time, peroxidation tends to occur with doses of EPA+DHA>1
g/d which could adversely affect platelet function and increase risk for CVD [63,64]. We
hypothesize that the anti-inflammatory properties of aspirin may negate these oxidative
effects and reduce platelet function. Emerging evidence from laboratory experiments has
shown that EPA and DHA, in the presence of aspirin, are the precursors to potent bioactive
mediators that possess both protective and anti-inflammatory properties [65]. Our approach
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is novel because we hypothesized that a dose of only 81 mg of aspirin (commonly
prescribed in the US) can exert platelet function inhibitory effects when combined with EPA
and DHA acutely. This combinatory effect is important because it may provide more
potential benefits than higher doses of aspirin commonly used to overcome aspirin
“resistance” and have implications for treatments of individuals with acute CVD events
including myocardial infarction and stroke.

In a prior study we had shown that EPA+DHA ω3 fatty acid supplementation for 28 days
leads to a significant increase in plasma EPA and DHA LPC species but no effect on EPA-
and DHA-LPA species or autotaxin [39]. Current thinking is that hydrolysis of LPC by
autotaxin is the major source of extracellular LPA [21]. Aspirin at a dose of 650 mg (alone
and when combined with EPA+DHA) in this prior study had no effect on any of the LPCs,
LPAs, or autotaxin 24 h after ingestion. In the present study, we observed a small but
statistically significant acute effect of EPA+DHA ingestion on 20:5n3 LPC, indicating that
free fatty acids can be rapidly incorporated into plasma LPC. These are the first data that we
are aware of demonstrating that diet acutely influences plasma LPC remodeling. This same
effect was not noted when EPA+DHA was combined with aspirin. We are not able to
delineate why this occurred from the data we obtained. Whether alterations in specific LPC
species acutely underlie any of the cardioprotective effects of ω-3 fatty acid
supplementation will require further study. As both aspirin and LPA are known to affect
platelet function [17,52,66,67], and platelet activation leads to LPA production, it is likely
that the lack of effect of these agents on LPA was independent of their effects on platelet
function in the current study. The ingestion of 100 mg of aspirin for 1 month has been
associated with a reduction in plasma LPA in individuals with cerebrovascular disease [68],
but we did not observe acute effects of aspirin in our current and prior studies. Our findings
also suggest that the production of EPA and DHA LPA species is a highly regulated process,
and that steady-state LPA levels are not influenced by the ingestion and concentration of
these dietary fatty acids. Note that recent studies suggest that plasma LPA has a very short
half-life in vivo [69]. As we did not conduct an extensive kinetic analysis of LPC or LPA
species after ingestion of the dietary supplement, we cannot absolutely exclude the
possibility that a very transient spike in plasma EPA or DHA LPA species occurs soon after
ingestion (e.g. within minutes). With regard to our study findings of no effects of EPA
+DHA or aspirin on autotaxin, we did not analyze its expression (e.g. by Western blot
analysis of plasma samples), thus although it remains possible that EPA+DHA or aspirin
may affect ATX expression per se, we conclude that this did not translate into effects on
activity, arguably a more relevant biological readout.

Our study has several strengths, including the use of a clinical research center in which the
study design was highly controlled and subject adherence to the treatments was ensured. We
measured platelet function using the Platelet Function Analyzer (PFA-100), which is
designed to be a more valid estimator of the effects of disease states and treatments on
thrombus generation than other assays [33] and has been shown to correlate better with
COX-1 inhibition than platelet aggregometry [70,71]. Platelet function analyzed using the
PFA-100 has also correlated with risk for events in humans [2]. However, it is sensitive to
many variables, including platelet function, platelet count, red blood cells, and plasma von
Willebrand factor (VWF) [38]. We also investigated the combinatory effects of aspirin with
EPA+DHA acutely on lysophospholipids, a variety of cytokines, and angiogenesis factors,
which are associated with CVD risk. However, our study also has some limitations. The
sample size was relatively small, and PFA-100 values were not obtainable for all subjects,
limiting statistical power. Platelet function was measured using only the PFA-100 and these
data were not compared to other valid platelet function and thrombus-stimulating analytes.
The mechanisms by which the combination of low-dose aspirin plus EPA/DHA inhibited
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platelet function cannot be determined by our current data. Future studies investigating the
potential roles of resolvins or other oxylipins should be worthwhile.

We conclude that the combination of aspirin together with EPA+DHA ω3 fatty acid
supplementation demonstrates superior efficacy in attenuating platelet function that aspirin
alone in healthy adult subjects. Future studies exploring the mechanisms of these effects and
longer-term consequences for CVD endpoints would be worthwhile. In particular, similar
studies in those who have a higher risk for CVD events, such as those with diabetes, are
important. In addition, investigation of the dose- and time-dependent effects of aspirin and
EPA+DHA on platelet function will be important.
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Fig. 1.
Study design.
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Fig. 2.
PFA-100 closure platelet function time Results. p-Values represent effects relative to
placebo. Bars represent means and error bars represent standard deviations. Twenty-four
participants had PFA-100 data from the placebo-only treatment visit. Since a result was not
available for treatments as well as placebo in all individuals, the values are 16 for aspirin
alone and 21 for EPA+DHA alone and both, compared to placebo.
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Fig. 3.
PFA-100 closure platelet function time relationships between aspirin alone and aspirin
+lovaza for those with closure time ≤181 s 4 h after aspirin dose. Pearson correlation
coefficients were used to determine the relationship between PFA-100 effects with aspirin
and aspirin+EPA+DHA. The p-value indicates the significance of the R2.
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Fig. 4.
PFA-100 closure platelet function time scatterplot relationships between aspirin alone and
aspirin+lovaza for all participants by sex.
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Fig. 5.
PFA-100 closure platelet function time scatterplot relationships between aspirin alone and
aspirin+lovaza for all participants by age.
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Table 1

Baseline demographic and clinical characteristics.

Variable Mean (N=25)

Age in years (SD) a 28.8 (8.3)

Male (%) 40

Race (%)

 Caucasian 64

 Black 4

 Asian 32

Non-fried fish and tuna intake (%)

 Less than once a month 40

 1–3 day a month 36

 Once a week 20

 Two times a week 4

Alcohol consumption (%)

 Less than once a month 40

 1–3 days a month 32

 1–4 days a week 28

 5 or more days a week 0

Average # of drinks when drinking alcohol, (SD) 1.5 (1.5)

Average exercise frequency/week, (SD) 4.2 (2.5)

Education (% high school or more) 100

Smoking status (%)

 Current 0

 Former 16

 Never 84

a
SD=Standard deviation.
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