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Abstract
Many diabetics are insensitive to aspirin's platelet anti-aggregation effects. The influence of co-
administration of aspirin and fish oil (FO) on plasma lysophospholipids in subjects with diabetes
is poorly characterized. Thirty adults with type 2 diabetes mellitus were treated with aspirin (81
mg/day) for seven days, then with FO (4 g/day) for 28 days, then in combination for another seven
days. Lysophospholipids and platelet measures were determined after acute (4 hours) and chronic
(7 days) ingestion of aspirin, FO, or both in combination. FO ingestion reduced all
lysophosphatidic acid (LPA) concentrations, while EPA (20:5n-3) and DHA (22:6n-3)
lysophosphatidylcholine (LPC) concentrations significantly increased after FO alone and in
combination with aspirin. In vitro arachidonic acid-induced platelet aggregation was most strongly
correlated with palmitoleic (16:1) and oleic (18:1) LPA and LPC concentrations at all time points.
The ingestion of these agents may reduce cardiovascular disease risk in diabetic adults, with a
disrupted lipid milieu, via lysolipid mediated mechanisms.
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INTRODUCTION
Phospholipids have a large range of cellular effects involving growth, survival, adhesion,
and migration in a variety of tissues [1-3]. Phospholipids are the ultimate precursors for
serum lysophosphatidic acids (LPAs) [4], lipid metabolites shown to play a primary role in
the atherogenic process of platelet aggregation. The relatively few studies on LPAs focus
upon the fatty acid side chain which may be responsible for specific biological activities [5].
The specific in vivo precursors of LPAs remain unclear. One likely precursor is
lysophosphatidylcholine (LPC), a lysophospholipid contained in oxidized low density
lipoprotein cholesterol (LDL-C) [4, 6, 7]. Circulating extra-cellular LPA is thought to be
generated by the hydrolysis of LPC via the enzyme autotaxin (lysophospholipase D), which
is produced and excreted into plasma by adipocytes [8-13]. As the role of LPA in
atherosclerosis and acute coronary syndromes is rapidly emerging [14], there is intense
interest in the development of new therapeutics to target LPA generation.

LPC and LPA species can play varying roles in disease processes based on their fatty acid
chain [5, 15]. For example, polyunsaturated LPA species have been identified as more
potent inducers of platelet aggregation and atherogenesis [7, 16] than saturated species [5,
17]. While the general consensus is that in humans total LPA exposure is related to acute
arterial thrombosis, most of our understanding of LPC and LPA to date has been derived
from animal studies, which in some instances have shown contradictory physiological
effects [2]. Moreover, human studies have generally not focused on the different
lysophospholipid species. Little is currently known about the effects of diet on circulating
LPC or LPA levels in humans, and there are no data from those with diabetes mellitus. n-3
fatty acids derived from fish oils – containing primarily eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA) – provide considerable benefit to heart health due to their anti-
inflammatory and tissue-protective effects [18]. Aspirin has also been well-established in its
ability to inhibit platelet aggregation [19], but little is known about its metabolomics when
combined with fish oil. We recently investigated the impact of fish oil supplementation and
aspirin, both alone and in combination, on plasma LPC and LPA in healthy adults without
chronic disease and showed that levels of LPC, but not LPA, were regulated by n-3 dietary
supplementation, suggesting a more complex pathway of LPA synthesis via LPC hydrolysis
[20]. Because individuals at high risk for CVD likely have impaired metabolic function,
particularly those with type 2 diabetes mellitus who do not benefit from the anti-platelet
aggregation effects of aspirin alone [21], the effects of dietary supplementation and aspirin
on lysophospholipids may differ in this vulnerable population compared to their healthy
counterparts.

To our knowledge, there are no published studies that examine dietary and pharmacological
influences on LPC and LPA concentrations in human diabetics. We hypothesized that the
ingestion of fish oil, both alone and in combination with aspirin, reduces LPC and LPA
plasma concentrations compared to baseline in a species-dependent manner, with greater
effects on the n-3 LPCs and LPAs. We also hypothesized that changes in these
lysophospholipid concentrations would correlate with measures of platelet aggregation.
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PATIENTS AND METHODS
Patients

Thirty adults aged 40 to 80 years with type 2 diabetes mellitus were enrolled in this study.
Details of recruitment, eligibility criteria, and data collection have been reported previously
[21]. In short, a diagnosis of type 2 diabetes mellitus was based on the criteria from the
Executive Committee of the American Diabetes Association Report of the Expert
Committee on the Diagnosis and Classification of Diabetes Mellitus [22]. For the duration
of the study, participants were instructed to avoid taking flax seed oil, fish oil other than the
study capsules, vitamins, nutritional supplements, herbal preparations, and to limit fish
intake to three servings/ week. The use of diabetic medications was permitted. The list of
exclusion criteria was extensive and included: a diagnosis of CVD; recent history of
malignancy, peptic ulcer, or bleeding disorder; use of antiplatelet or antithrombotic therapy,
oral contraceptives, or NSAIDs; signs of any metabolic disease that would influence lipid
metabolism; allergy to aspirin or fish oil; pregnancy; drug or alcohol abuse and tobacco use.

Protocol
This was an 8-week sequential-therapy clinical trial in which each subject served as his or
her own control, as described previously by us [21]. The daily dosing regimens for each
study agent were as follows: (1) one over-the-counter non-enteric 81 mg aspirin tablet and
(2) four 1000 mg over-the-counter fish oil capsules (OmegaRx brand; Zone Labs,
Marblehead, MA). Due to the inconsistent evidence regarding the effect of enteric coating
on the bioavailability and biological activity of aspirin [23], non-enteric-coated aspirin was
used. The timeline of study activities, all of which took place at the University of
Rochester's Clinical Research Center, are summarized in Table 1. Briefly, following
screening and recruitment (Day 1), participants underwent a 10-day aspirin-free ‘washout’
period. The night before each of the four study visits, subjects were required to eat a
standardized low-fat meal, as directed by a registered dietician, and were instructed not to
eat or drink (except water) for eight hours prior to each visit. On Day 11 (study visit 1), a
baseline blood sample was obtained (blood draw 1, or BD1) before starting the seven-day
aspirin regimen. Four hours after the ingestion of the first aspirin, BD2 was obtained.
Participants returned on Day 18 (study visit 2), where BD3 was taken after seven days of
aspirin ingestion. This was followed by the 28-day fish oil regimen, in which some
participants (n=8) took aspirin as prescribed by their primary care physician but were
instructed to remain aspirin-free for 10 days prior to study visit 3. On Day 46, an initial
phlebotomy was done (BD4) reflecting the 28 days of fish oil consumption. Subjects then
ingested a single dose (81 mg) of aspirin while continuing the fish oil and had the fifth
phlebotomy (BD5) obtained four hours later. The combined fish oil plus aspirin regimen
continued for seven days until Day 53 (study visit 4), in which the final phlebotomy (BD6)
was taken and all study regimens were discontinued. Thus, BD2 and BD5 represent the
acute (four hours) effects of aspirin ingestion, whereas BD3 and BD6 represent its chronic
(seven days) effects.

This study was approved by the Research Subject Review Board at the University of
Rochester and registered with Clinicaltrials.gov (NCT01181882).

Laboratory Methods
Lysophospholipids—Eleven different acyl species of plasma LPC (in μM) and LPA (in
nM) were measured simultaneously from each blood draw. The acyl chains analyzed were
the saturated fatty acids palmitic acid (16:0) and stearic acid (18:0) and the unsaturated fatty
acids 16:1, 18:1, linoleic acid (18:2n-6), 18:3, arachidonic acid (20:4n-6), EPA (20:5n-3),
adrenic acid (22:4n-6), 22:5, and DHA (22:6n-3). Double bond position is not available
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directly from these or similar measurements, however because of the predominance of
particular isomers in plasma and in LPC and LPA, we label them as shown. The 18:3 isomer
is likely to be predominantly n-3 (α-linolenic acid) with some unknown contribution of
gamma-linolenic acid (18:3n-6) while the mix of n-3 and n-6 22:5 cannot be estimated. The
monoene isomers are typically dominated by products of 9-desaturation (16:1n-7 and
18:1n-9) with some 18:1n-7.

As previously specified in detail [20], a modified Bligh and Dyer extract of plasma was
directly infused into and analyzed on an ABI (Life Technologies; Foster City, CA) QTrap
2000 MS/MS via an Advion Nanomate robotic device. Signals were calibrated against
internal standards LPA-17:0 and LPC-17:0, obtained from Avanti Polar Lipids Inc.
(Alabaster, AL). LPC and LPA were analyzed in positive and negative ion modes,
respectively. Calibration on a molecular species-by-species basis was accomplished with an
external standard mixture to obtain relative response factors. The response factor for LPC/
LPA 18:0 was used for both saturates, 18:1 was used for LPC/LPA with one to three double
bonds, and 20:4 for LPC/LPA with four to six double bonds. After relative response was
calibrated, concentrations were calibrated against the internal standards. Under these
conditions, negligible conversion (< 0.1%) of LPC to LPA was observed, and thus LPC and
LPA accuracy was not compromised as a result of aberrant reactions in the ion source.

Platelet aggregation direct measures—Described in an earlier publication [21], whole
blood electrical impedance platelet aggregation was conducted using a Chronolog Whole
Blood Lumi-Aggregometer® (Model 560VS) with reagents from Chronolog Corporation
(Havertown, PA). The following agonists were tested within two hours of the phlebotomy:
ADP at 2.5 μM, 5 μM, and 10 μM, collagen at 1 and 2 mg/ml, and arachidonic acid at 0.5
mM. After incubation of each agonist with whole blood aliquots from a sodium citrate tube
and saline, a baseline measurement of electrical impedance at 20Ω was recorded. The
aggregation of platelets was measured from the change in impedance over a period of five
minutes. The characteristics of the resultant platelet function curve were measured and
calculated using Aggro/link software (version 5.1) from Chronolog Corporation.

Thromboxane B2 (TXB2)—A competitive enzyme linked immunosorbent assay (TXB2
EIA Kit, Cayman Chemical Co., Ann Arbor, MI) was used to analyze TXB2 from citrated
plasma serially diluted, as necessary, in sample buffer to fall within the standard curve
(typically 1:2). Using this method, there was no evidence suggesting interference in the
assay and thus further purification of the plasma samples was not necessary (limit of
detection (LOD) = 7.8 ng/ml).

Adiponectin and leptin—Commercially available ELISA kits (EMD Millipore
Corporation, Billerica, MA) were used to measure serum levels of adiponectin after 1:500
dilution in assay buffer (LOD = 2.5 ng/ml) and leptin (LOD = 0.78 ng/ml).

Statistical Methods
Baseline characteristics of participants were described using relative frequencies for
categorical measures, and means and standard deviations (SD) for continuous measures.
Univariate analyses were used to examine the distribution of lysophospholipid and platelet
aggregation/ function concentrations. Non-normally distributed variables, based on a
Shapiro-Wilk statistic p-value > 0.05, were log transformed. All 11 species of LPC and LPA
concentrations and total levels (sum of the 11 species) were analyzed using crude and
adjusted mixed models to examine the treatment effects at each blood draw, controlling for
statin use, blood draw, body mass index (BMI), presence of hypertension (HTN), gender,
race, smoking status, alcohol frequency, fish consumption, and education in the adjusted

Abdolahi et al. Page 4

Prostaglandins Leukot Essent Fatty Acids. Author manuscript; available in PMC 2015 February 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



models. In the mixed models, the unstructured correlation was assumed to account for
within-participant variations of LPC and LPA concentrations measured at the different blood
draws. P-values were reported to compare BD2-6 individually to baseline (BD1), with p ≤
0.05 considered statistically significant.

The mean and SD of the actual baseline concentrations were reported. The effects of fish oil
ingestion on these concentrations were calculated by subtracting baseline concentrations
(BD1) from concentrations after 28 days of fish oil (BD4). Both unadjusted and adjusted p-
values for the “change from baseline” were reported using the mixed model approach based
on the log transformed values. A sensitivity analysis was conducted from a prior study of 15
non-diabetic otherwise healthy adults (similar dosing and timing of fish oil ingestion) [20]
using this same methodology. Due to the limited amount of data collected in that study, the
adjusted analysis only controlled for blood draw, age, BMI, gender, alcohol frequency, and
fish consumption.

To determine which species of LPC and LPA were associated with platelet aggregation and
platelet function measures, the change in concentrations relative to baseline were calculated
for BD2-6, assuming there was no carry over effect for each treatment. Changes in each
platelet aggregation and function measure were modeled against change in the
lysophospholipids one by one using a mixed model to control for within subject clustering
effects. The Akaike Information Criterion (AIC) was obtained and recorded from each
model. For each platelet aggregation and function measure, the LPC and LPA metabolite
with the smallest AIC represents the strongest association with the platelet aggregation or
function measure (i.e. model with the best fit).

RESULTS
Thirty adults with type 2 diabetes mellitus completed the study protocol. The baseline
characteristics of these study participants are shown in Table 2. The aspirin and fish oil
study agents were well tolerated by all participants, and no adverse events were noted. The
mean concentrations of DHA and EPA in the fish oil capsules were 406 ± 42 mg/ml and 330
± 46 mg/ml, respectively, and we previously showed that ingestion of fish oil capsules
resulted in increases from baseline of 106 ± 48 μg/ml to 190 ± 65 μg/ml after 28 days fish
oil for plasma DHA and 13 ± 7 μg/ml to 61 ± 26 μg/ml EPA in this study [21].

Figure 1 illustrates the effects of ingesting aspirin alone (BD2-3), fish oil alone (BD4), and
aspirin + fish oil (BD5-6) on total levels of LPC and LPA, relative to baseline (BD1).
Overall, concentrations of both LPC (in μM) and LPA (in nM) were reduced from baseline.
While aspirin and fish oil alone did not cause a meaningful change in total LPC, we did
observe a statistically significant reduction with chronic combined aspirin and fish oil
ingestion (BD6, p = 0.04) and a trend for significance after acute ingestion (BD5, p = 0.06).
Concentrations of total LPA were significantly reduced after acute aspirin ingestion (BD2, p
= 0.04) and 28 days of fish oil ingestion (BD4, p = 0.01).

To detect variability among lysophospholipid species, individual metabolites were examined
separately, with a particular focus on LPC and LPA metabolites that have previously been
implicated in CVD risk [3-5, 17, 24, 25]. Among these (see Figure 2), palmitic acid (Fig.
2A), oleic acid (Fig. 2B), and arachidonic acid (Fig. 2C) side chain species demonstrated
similar trends across the study period. While none of these LPC species were significantly
changed after 28 days of fish oil ingestion (BD4), their LPA analogues showed significant
reductions (p < 0.03). Of these species, acute aspirin ingestion (BD2) had the greatest trend
in effect on LPC 18:1, which was reduced further with the addition of fish oil (BD5-6).
Chronic aspirin ingestion (BD3) had discreet effects on concentrations of both LPC and
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LPA species relative to baseline. The combined aspirin and fish oil regimen demonstrated
non-significant reductions in these LPA species both acutely and chronically. In all five of
the other species measured (see Supplemental Figure 1), similar trends were noted, more
so in the LPA configuration. Figure 3 separates the n-3 fatty acids EPA (Fig. 3A), DPA
(Fig. 3B), and DHA (Fig. 3C) from the others. These LPC metabolites demonstrate quite
different characteristics from those previously mentioned.

Although aspirin alone consistently caused a slight reduction in LPC concentrations relative
to baseline, more so acutely than chronically, chronic fish oil ingestion without (BD4) and in
combination with aspirin (BD5-6) led to increased levels, significantly so for LPC 20:5n-3
and LPC 22:6n-3. In contrast, concentrations of their LPA analogues behave similarly to
total LPA, demonstrating significant decreases from baseline (p < 0.04) with 28 days of fish
oil only.

Because the effects of fish oil were more prominent than for aspirin, we present the changes
in absolute concentrations caused by its ingestion in Table 3. The changes from baseline are
mostly in the negative direction, with the exception of LPC 20:5n-3 and LPC 22:6n-3. For
some species, namely 18:1 and 18:3, the p-values for change from baseline either lost
significance (LPC configuration) or became significant (LPA configuration) after adjusting
for potential confounders. In general, no significant changes were noted due to fish oil
ingestion in eight of the 11 LPC species, while the concentrations of all 11 LPAs decreased
significantly. In comparison, we re-analyzed data from our previous study of healthy
individuals [20] using the same statistical approach of adjusting for potential confounders
(Supplemental Table 1), and found that changes in absolute LPA levels from baseline after
fish oil ingestion were all in the positive direction, though none were statistically significant.
In the same prior study, among the four LPCs with significant changes from baseline,
species 20:5n-3, 22:5, and 22:6n-3 (all n-3 fatty acids) were in the positive direction and
22:4n-6 was in the negative direction.

Finally, we conducted the model selection strategy to identify species of lysophospholipids
that were most associated with platelet aggregation (using ADP, collagen, and arachidonic
acid as agonists) and other platelet function measures (plasma TXB2, adiponectin, and
leptin; see Methods). When examining change from baseline, the change in 18:1 and 16:1
LPC and LPA species consistently had the lowest AIC values with all six of these platelet
measure changes individually at each time point, indicating the greatest association. 18:3
LPC and LPA species changes ranked among the lowest AIC values with all six platelet
measures individually only at the BD4 time point (after ingestion of fish oil alone). Results
were similar regardless of the concentration of ADP and collagen used. The models also
showed that these species represent strong positive relationships with platelet aggregation
and platelet function; hence, decreases in these LPC and LPA species are associated with a
decrease in platelet aggregation activity. No major differences were noted between the six
platelet measures at any time point.

DISCUSSION AND CONCLUSIONS
This study systematically investigated the effects of aspirin and fish oil supplementation,
alone and in combination, on various LPC and LPA species, as well as their association with
platelet aggregation and other function measures in adult subjects with type 2 diabetes
mellitus. Our results suggest effects that appear different than in previous studies of healthy
individuals without diabetes mellitus. Future research will be needed to determine their
clinical importance for the prevention of CVD in subjects with diabetes mellitus given their
high risk status and disrupted lipid milieu.
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Aspirin alone had a greater acute (4 h) effect on both LPC and LPA levels than chronic (7 d)
administration. Aspirin has long been considered a stalwart and inexpensive therapy for the
prevention of CVD [26]. Low-dose aspirin (81-162 mg/d) has been shown to reduce
vascular events in both primary and secondary prevention settings, with a 44% reduction in
risk of myocardial infarction [27, 28], and is associated with a lower risk of gastrointestinal
bleeding compared to higher doses [23]. Its benefits in preventing CVD have been most
widely ascribed to its antiplatelet effects because it reduces the production of the very potent
platelet function agonist thromboxane A2 through the acetylation of cyclooxygenase-1
(COX-1) [23]. By inhibiting COX-1, it reduces the production of other pro-inflammatory
and pro-thrombotic prostaglandins from arachidonic acid [29-32]. However, excess
thromboxane release has been shown to occur in type 2 diabetic patients with CVD [33]. It
is therefore not surprising that meta-analyses of large-scale collaborative trials in men and
women with diabetes support the view that low-dose aspirin therapy should be prescribed as
a secondary prevention strategy, if no contra-indications exist. Our results suggest that the
reduction of LPA concentrations by low-dose aspirin may play a role in its beneficial effects
in individuals with acute coronary syndromes and should be further investigated given that
approximately 50% of such individuals do not survive [34].

Whereas we have previously shown concentrations of only EPA and DHA species of LPC,
but not LPA, to be modified after fish oil ingestion in healthy individuals [20], here we
demonstrate increases in the concentration of n-3 LPC species and decreases in their LPA
analogues. Other LPC species, namely 16:1 LPC concentrations were reduced by 28 days of
fish oil ingestion. An interesting finding was that all LPA species, including total LPA, were
significantly reduced by fish oil ingestion alone, however this finding was not evident in
healthy subjects, suggesting differences in effects on phospholipids as an important element
in the pathophysiology of atherosclerosis in those with diabetes. Since 28 days of fish oil
ingestion demonstrated a profound decrease in LPA concentrations, and lower plasma levels
of LPA are associated with antithrombotic properties [2, 15], the effects of fish oil
supplementation alone in this study are consistent with its already ascribed benefits in a
population of diabetics. The unremarkable findings in healthy subjects are not well-
understood and require further examination.

Adding aspirin to the fish oil regimen revealed unexpected lysolipid species-specific
changes. Overall, the addition of aspirin enhanced the beneficial effects of fish oil in total
LPC while slightly weakening the effects in total LPA. Aspirin acetylates COX and blocks
the metabolism of arachidonic acid into a variety of pro-inflammatory and thrombosis-
enhancing mediators including thromboxane [29-32]. The n-3 fatty acids EPA and DHA
compete with arachidonic acid for the same COX pathways and can also inhibit the
production of inflammatory mediators. Therefore, in combination, aspirin and fish oil work
in parallel to shift the fatty acid metabolic balance toward a less inflammatory environment.
Our data, in contrast, suggest that the combination of these agents may affect the conversion
of LPC to LPA via an unknown mechanism that may apply for only some LPC species
(16:0, 16:1, 18:0, 18:1, 18:2n-6, and 18:3), although this should be validated in vivo using a
tracer study. Though the direction of effects was variable between LPC and LPA species in
this population, no significant changes were previously noted between fish oil and aspirin +
fish oil in healthy individuals [20]. It remains unknown whether these characteristics are
specific to the diabetic population where metabolic abnormalities are most common and
susceptible to change.

The use of one or more phospholipids as biomarkers for early detection of CVD or as
independent causal but modifiable risk factors in humans has not been an area of substantial
study among CVD investigators. Previous preclinical studies have demonstrated unsaturated
LPA species (16:1, 18:1, and 18:2) to potentially dedifferentiate vascular smooth muscle
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cells and stimulate neointima formation in vivo through activation of ERK and p38MAPK,
whereas saturated LPA species (16:0 and 18:0) did not manifest these atherogenic properties
[5, 17]. Although our results suggest some consistent evidence for specific metabolites (i.e.
16:1, 18:1, and 18:3) to be associated with platelet function and aggregation after controlled
changes in dietary intake, it is clear that lysolipid class behaves independently. For example,
although LPC species both increase and decrease after fish oil ingestion, all LPA
concentrations are reduced, suggesting that fish oil consumption may modulate autotaxin
expression or activity, which has been shown to be a primary mediator for converting LPC
to LPA [2, 35]. Autotaxin, a part of the ectonucleotide pyrophosphatase/phosphodiesterase
(Enpp) family, has the ability to hydrolyze LPC produced from cholesterol esterification or
phospholipase type-A [1]. In human liver cells, it has been shown that transgenic
overexpression of Enpp using the α1-anti-trypsin inhibitor promoter increases circulating
autotaxin and LPA levels simultaneously [36], suggesting autotaxin to regulate blood LPA
concentrations. This evidence, however, is based on total LPC and LPA concentrations,
which as we show do not necessarily reflect functions of their individual metabolites. Thus,
regulation of lysophospholipid metabolism in human subjects may be more complex than
previously suggested from in vitro and animal studies.

Our study has some strengths and limitations. The lack of a placebo control group limits our
ability to determine whether our findings are due to the actual treatment regimens. However,
we used a sequential clinical trial design, where individuals’ baseline values represent their
own control, and mixed modeling to account for the small sample size and enhance
statistical power because we analyzed multiple outcomes at each time point. At the same
time, as our previous study conducted with only 15 healthy subjects likely had reduced
statistical power, it is possible that this may explain the lack of association in healthy
individuals compared to the diabetics in the current study. However, no major trends, which
parallel what was seen in the group of diabetics, were present. Although all subjects were
carefully characterized diabetics who were seen in a controlled research setting where study
protocol adherence was strictly documented, medication adherence between study visits was
based on self-report. Although validated measures of lysophospholipids, platelet aggregation
and platelet function were used, the local production of lysophospholipids in inflamed or
injured tissues may not be faithfully reflected in circulation levels, which has a very short
half-life [37, 38]. Nonetheless, levels of LPC and LPA are increased in certain disease states
including patients with acute coronary syndromes [39]. The possibility of measurement error
also exists, but efforts were made to minimize this by using reagents from the same batch
and the same analytical machine to process specimens, via the methods referenced in our
team's prior publication.

In conclusion, our study is the first to describe the effects of low-dose aspirin and fish oil
ingestion, alone and combined, on plasma concentrations of lysophospholipid species in
individuals with a chronic and epidemic disease characterized by a metabolically disrupted
and adverse lipid milieu. We have shown that diabetics, but not healthy individuals,
ingesting EPA and DHA via fish oil supplementation, experienced a substantial lowering of
all LPA species, and that the effects of LPCs were species-dependent. Our exploratory
analyses with platelet function variables indicated three species of lysophospholipids
(palmitoleic acid, oleic acid, and -linolenic acid) to potentially be directly related with
platelet function and aggregation. Knowledge of the effects of aspirin and other medications
on lysophospholipid species, particularly the three mentioned here, will further our
understanding of the metabolic factors that influence the concentrations of potent lipid
mediators in humans at high risk of CVD, including those with diabetes mellitus. Since
EPA, DHA, and aspirin have potent cardioprotective effects and these may be, at least
partially, related to their effects on lysophospholipid metabolism, it is important to know if
particular species of lysophospholipids are cardioprotective or detrimental and if
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manipulation of their levels is a promising therapeutic option. Answering these questions via
larger clinical trials will be important in the future in individuals with diabetes and
potentially other high risk groups.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
The effects of aspirin alone (BD2-3), fish oil alone (BD4), and aspirin + fish oil (BD5-6)
relative to baseline (as zero) on total LPC (in μM) and LPA (in nM) concentrations (log
transformed). Data are expressed as mean concentration change from baseline and standard
errors after log transformation. Asterisks (*) represent a significant difference from baseline
blood draw (p < 0.05) using the t-test from a mixed model adjusting for statin use, blood
draw, BMI, presence of hypertension, gender, race, smoking status, alcohol frequency, fish
consumption, and education.
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Figure 2.
The effects of aspirin alone (BD2-3), fish oil alone (BD4), and aspirin + fish oil (BD5-6)
relative to baseline (as zero) on concentrations of three LPC (in μM) and LPA (in nM)
species: (A) palmitic acid, (B) oleic acid, and (C) arachidonic acid. Data are expressed as
mean concentration change from baseline and standard errors after log transformation. *
indicates p < 0.05 using a mixed model as in Fig. 1.
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Figure 3.
The effects of aspirin alone (BD2-3), fish oil alone (BD4), and aspirin + fish oil (BD5-6)
relative to baseline (as zero) on concentrations of n-3 fatty acid LPC (in μM) and LPA (in
nM) species: (A) EPA, (B) DPA, and (C) DHA. Data are expressed as mean concentration
change from baseline and standard errors after log transformation. * indicates p < 0.05 using
a mixed model as in Fig. 1.
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Table 1

Study timeline of activities

Regimen Day Study Visit Activity

1 • Recruitment and screening
• Collection of baseline demographic and clinical data

1-10 • Aspirin-free period of 10 days prior to Study Visit 1

Aspirin only

11 1 • Blood draw 1 (baseline, before aspirin)
• Ingestion single 81 mg dose aspirin
• Blood draw 2 (4 hours post aspirin ingestion)

12-17 • Single 81 mg aspirin/day

Fish oil only

18 2 • Blood draw 3 (7 days aspirin ingestion)
• Begin fish oil 4g/day and discontinue aspirin unless subject takes it as prescribed by their doctor

19-45 • 28 days of fish oil 4g/day

36-45 • Aspirin-free period of 10 days prior to Study Visit 3

Aspirin + fish oil

46 3 • Blood draw 4 (4 weeks fish oil ingestion, before aspirin)
• Continue fish oil and a single dose 81 mg aspirin
• Blood draw 5 (4 hours post aspirin + fish oil ingestion)

47-52 • Continue aspirin and fish oil 4g/day

53 4 • Blood draw 6 (7 days aspirin + fish oil ingestion)
• Discontinue fish oil and aspirin
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Table 2

Baseline participant characteristics (n = 30)

Minimum Maximum

Age, mean (SD) 56.6 (8.9) 40.0 74.5

Male, n (%) 15 (50.0)

Race, n (%)

    African-American 9 (30.0)

    Asian 2 (6.7)

    Caucasian 17 (56.7)

    Other 2 (6.7)

Smoking status, n (%)

    Former 11 (36.7)

    Never 19 (63.3)

Fish intake, n (%)

    < Once/month 11 (36.6)

    1-3 times/month 10 (33.3)

    Once/week 7 (23.3)

    Twice/week 2 (6.7)

Physical activity (hrs/wk), mean (SD) 5.12 (5.23)

Metformin use, n (%) 25 (83.3)

Alcohol consumption, n (%)

    None 23 (76.7)

    1-3 days/month 2 (6.7)

    1-4 days/week 4 (13.3)

    ≥5 days/week 1 (3.3)

Education, n (%)

    < High school 2 (6.7)

    High school or GED 6 (20.0)

    Bachelors or associates degree 12 (40.0)

    Graduate degree 6 (20.0)

Systolic Blood Pressure, mean (SD) 132.9 (14.0) 98.0 171.0

Diastolic Blood Pressure, mean (SD) 76.0 (9.4) 58.0 94.0

BMI, mean (SD) 34.6 (7.5) 22.1 54.0
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Table 3

Effects of Fish Oil Ingestion by Diabetic Adults on Lysophospholipids

Baseline Value Change from Baseline Unadjusted p-value Adjusted p-value
*

Mean SD

LPCs (in μM)

    16:0 142.86 100.96 −48.81 0.052 0.083

    16:1 9.61 7.08 −58.42 0.003 0.024

    18:0 58.11 28.52 −11.87 0.093 0.146

    18:1 70.47 69.58 −82.34 0.001 0.302

    18:2n-6 109.70 141.61 −13.56 0.608 0.538

    18:3 3.12 3.36 −9.71 0.002 0.078

    20:4n-6 70.01 121.18 0.07 0.851 0.972

    20:5n-3 6.05 9.14 12.14 <0.001 <0.001

    22:4n-6 4.45 6.71 −1.40 0.047 0.069

    22:5 10.73 17.94 −1.52 0.163 0.227

    22:6n-3 16.50 21.68 5.78 0.009 0.022

    Total LPC 501.6 489.82 −209.66 0.058 0.490

LPAs (in nM)

    16:0 42.73 33.98 −19.94 0.003 0.012

    16:1 10.74 8.89 −30.68 0.549 0.010

    18:0 43.85 33.10 −17.24 0.011 0.038

    18:1 10.40 7.91 −27.64 0.506 0.009

    18:2n-6 16.88 16.60 −9.23 0.006 0.018

    18:3 19.52 21.95 −47.58 0.963 0.005

    20:4n-6 19.12 14.85 −7.80 0.012 0.027

    20:5n-3 17.33 13.49 −8.72 0.003 0.014

    22:4n-6 17.38 15.26 −9.09 0.002 0.011

    22:5 30.40 17.82 −10.35 0.001 0.005

    22:6n-3 35.78 27.80 −11.43 0.033 0.045

    Total LPA 264.14 184.18 −199.70 0.002 0.005

P-values were calculated using log transformed values

*
Adjusted for statin use, blood draw, BMI, presence of HTN, gender, race, smoking status, alcohol frequency, fish consumption, and education.
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