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Abstract
Objective—Preclinical and genetic epidemiologic studies suggest that modulating cytochrome
P450 (CYP)-mediated arachidonic acid metabolism may have therapeutic utility in the
management of coronary artery disease (CAD). However, predictors of inter-individual variation
in CYP-derived eicosanoid metabolites in CAD patients have not been evaluated to date.
Therefore, the primary objective was to identify clinical factors that influence CYP epoxygenase,
soluble epoxide hydrolase (sEH), and CYP ω-hydroxylase metabolism in patients with established
CAD.

Methods—Plasma levels of epoxyeicosatrienoic acids (EETs), dihydroxyeicosatrienoic acids
(DHETs), and 20-hydroxyeicosatetraenoic acid (20-HETE) were quantified by HPLC-MS/MS in a
population of patients with stable, angiographically-confirmed CAD (N=82) and healthy
volunteers from the local community (N=36). Predictors of CYP epoxygenase, sEH, and CYP ω-
hydroxylase metabolic function were evaluated by regression.
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Results—Obesity was significantly associated with low plasma EET levels and 14,15-EET:
14,15-DHET ratios. Age, diabetes, and cigarette smoking also were significantly associated with
CYP epoxygenase and sEH metabolic activity, while only renin-angiotensin system inhibitor use
was associated with CYP ω-hydroxylase metabolic activity. Compared to healthy volunteers, both
obese and non-obese CAD patients had significantly higher plasma EETs (P<0.01) and
epoxide:diol ratios (P<0.01), whereas no difference in 20-HETE levels was observed (P=NS).

Conclusions—Collectively, these findings suggest that CYP-mediated eicosanoid metabolism is
dysregulated in certain subsets of CAD patients, and demonstrate that biomarkers of CYP
epoxygenase and sEH, but not CYP ω-hydroxylase, metabolism are altered in stable CAD patients
relative to healthy individuals. Future studies are necessary to determine the therapeutic utility of
modulating these pathways in patients with CAD.
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acid; 20-hydroxyeicosatetraenoic acid; coronary artery disease

Introduction
Cardiovascular disease is the leading cause of morbidity and mortality worldwide. Despite
advances in diagnosis and treatment, novel therapies are needed to further improve
outcomes. Accumulating preclinical and epidemiologic evidence suggests that modulation
of cytochrome P450 (CYP)-mediated eicosanoid metabolism may be a viable therapeutic
strategy for the management of cardiovascular disease.

The CYP epoxygenases (CYP2J2, CYP2C8) metabolize arachidonic acid to four
epoxyeicosatrienoic acid regioisomers (5,6-, 8,9-, 11,12-, 14,15-EET), which possess potent
vasodilatory and anti-inflammatory effects [1]. EETs are rapidly hydrolyzed by soluble
epoxide hydrolase (sEH) to the corresponding dihydroxyeicosatrienoic acids (DHETs),
which are generally less biologically active [1,2]. In contrast, ω-hydroxylation of
arachidonic acid by CYP4A11 and CYP4F2 produces 20-hydroxyeicosatetraenoic acid (20-
HETE), a vasoconstrictive and pro-inflammatory eicosanoid [2]. Numerous preclinical
studies have demonstrated that potentiation of the CYP epoxygenase pathway, via enhanced
EET biosynthesis or inhibition of sEH-mediated EET hydrolysis, and inhibition of 20-HETE
biosynthesis are protective in models of cardiovascular disease, including endothelial
dysfunction and hypertension, nuclear factor-kappa B dependent vascular inflammation,
atherosclerotic lesion development, and ischemia/reperfusion injury [3–8]. Furthermore,
functional genetic polymorphisms in the CYP epoxygenases (CYP2J2, CYP2C8), sEH
(EPHX2), and CYP ω-hydroxylases (CYP4A11, CYP4F2) have been associated with
cardiovascular disease susceptibility in several epidemiologic studies [9–13].

Collectively, this growing body of evidence suggests that CYP-mediated eicosanoid
metabolism is integral to the pathogenesis and progression of cardiovascular disease.
Consequently, sEH and CYP ω-hydroxylase inhibitors are currently in development [14,15],
and these novel therapies are hypothesized to elicit cardiac and vascular protective effects in
humans with cardiovascular disease, as observed in preclinical models, via their ability to
increase EET and decrease 20-HETE levels, respectively. Despite these advances, very few
studies to date have actually quantified CYP-derived eicosanoid metabolite levels in
humans. Moreover, the clinical factors associated with inter-individual variation in EET and
20-HETE levels in patients with established cardiovascular disease have not been
investigated to date. Advancement of our understanding of the key factors that regulate
CYP-mediated eicosanoid metabolism in humans will lay an essential foundation for the
design of future studies that seek to evaluate the cardiovascular protective effects of novel
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therapies that increase EET and decrease 20-HETE levels, while also identifying subsets of
the population with dysregulated eicosanoid metabolism (i.e., low EET and/or high 20-
HETE levels) who may be most likely to derive benefit from these novel therapies.
Therefore, the primary objective of this study was to identify the key clinical factors
associated with inter-individual variation in CYP epoxygenase, sEH, and CYP ω-
hydroxylase metabolism in patients with stable atherosclerotic cardiovascular disease. An
important secondary objective was to determine whether circulating levels of these
metabolic biomarkers significantly differ relative to healthy individuals at low risk for
cardiovascular disease.

Methods
Please see the Online Supplemental Material for an expanded description of the methods.

Study population and protocol
A cohort of individuals ≤65 years of age with angiographically-confirmed coronary artery
disease (CAD), defined as ≥50% stenosis in at least one major epicardial coronary artery by
coronary angiography, were identified in the University of North Carolina (UNC) Cardiac
Catheterization Laboratory. A parallel cohort of healthy volunteers ≤65 years of age were
identified by advertisement. Individuals with a history of cardiovascular disease, risk factors
for CAD (including hypertension, diabetes, cigarette smoking within the previous 6 months,
high cholesterol, or body mass index [BMI]≥30 kg/m2), or currently taking medication for a
chronic medical condition were excluded. After fasting overnight and withholding their
morning medications, eligible participants provided informed consent and returned to the
clinical research unit for blood sample collection. Participants in the CAD cohort returned
62±34 days after their index catheterization and were clinically stable at the time of their
study visit. The study was approved by the UNC Biomedical Institutional Review Board.

Quantification of plasma CYP-derived eicosanoids
Plasma eicosanoid levels were quantified by HLPC-MS/MS, following solid-phase
extraction, as described [12,16]. Briefly, CYP-derived metabolites of arachidonic acid
(14,15-EET, 11,12-EET, 8,9-EET, 14,15-DHET, 11,12-DHET, 8,9-DHET, 5,6-DHET, and
20-HETE) and linoleic acid (9,10- and 12,13-epoxyoctadecenoic acid [9,10-EpOME and
12,13-EpOME] and 9,10- and 12,13-dihydroxyoctadecenoic acid [9,10-DHOME and 12,13-
DHOME]) were separated by reverse phase HPLC on a 1x150 mm, 5μm Luna C18(2)
column (Phenomenex, Torrance, CA) and quantified using a MDS Sciex API 3000 triple
quadrupole mass spectrometer (Applied Biosystems, Foster City, CA) with negative mode
electrospray ionization and multiple reaction monitoring.

Statistical analysis
Data are presented as mean±standard deviation or median (interquartile range) unless
otherwise indicated. Inter-metabolite correlations were determined by Spearman rank
correlation to assess redundancy in each biomarker. In the primary cross-sectional analysis,
stepwise multiple regression was used to identify clinical factors associated with CYP
epoxygenase (sum EETs, sum DHETs), sEH (14,15-EET:14,15-DHET ratio) and CYP ω-
hydroxylase (20-HETE) metabolic function in the full CAD cohort. Potential covariates
included demographic factors (age, gender, race), indices of CAD severity (presence of
multivessel disease, presence of acute coronary syndrome at index catheterization),
comorbidities (hypertension, diabetes, cigarette smoking), BMI, and angiotensin converting
enzyme (ACE) inhibitor/angiotensin receptor blocker (ARB) use. Covariates with p<0.15
were included in the final model. The secondary analysis, a case-control comparison of each
biomarker across the non-obese (BMI <30 kg/m2) and obese (BMI ≥30 kg/m2) CAD and
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healthy volunteer cohorts, was completed by regression. Stratified analyses were also
completed to assess the potential contribution of confounding factors to the observed
differences in each biomarker. The significance level was set at P=0.0125 (0.05/4) to
account for the impact of multiple statistical tests. At an α =0.0125 level, a sample size of
36 per group provided 80% power to detect a 40% difference in each biomarker across
cohorts, assuming a coefficient of variation of 50% [12]. All analyses were performed using
SAS 9.1.3 (SAS Institute, Cary, NC).

Results
Study population

The population characteristics are shown in Table 1. The majority of CAD patients had
advanced disease, with 25 (30.5%) presenting with an acute coronary syndrome at their
index catheterization and 52 (63.4%) diagnosed with multivessel disease. More than half of
the CAD patients were obese. Medication utilization rates were consistent with current
clinical practice guidelines.

Correlation between biomarkers of CYP epoxygenase, sEH and CYP ω-hydroxylase
function

The relative plasma levels each metabolite are reported in Supplemental Figure 1. The EETs
circulated at the lowest concentrations, while the linoleic acid metabolites (EpOMEs,
DHOMEs) were present at much higher concentrations. All epoxide metabolites were highly
positively correlated, as were the diols (Supplemental Figure 1A). 20-HETE was positively
correlated with the diols, but not the epoxides. The 14,15-EET:14,15-DHET ratio positively
correlated with the 9,10-EpOME:9,10-DHOME (rS=0.81; P<0.001) and 12,13-EpOME:
12,13-DHOME (rS=0.86, P<0.001) ratios, which were also significantly correlated (rS=0.88;
P<0.001). Similar results were observed in healthy volunteers (Supplemental Figure 1B).
Due to the high degree of inter-metabolite correlation, sum EETs and sum DHETs, the
14,15-EET:14,15-DHET ratio, and 20-HETE levels were used as biomarkers of CYP
epoxygenase, sEH, and CYP ω-hydroxylase metabolic activity, respectively, to minimize
redundancy in the analysis.

Cross-sectional analysis of clinical factors associated with biomarkers of CYP
epoxygenase, sEH and CYP ω-hydroxylase function in stable CAD patients

Several clinical covariates were associated with CYP epoxygenase pathway function.
Plasma sum EETs were negatively associated with age and BMI (Table 2), such that sum
EETs were significantly lower in obese (0.25 [0.17] ng/mL), compared to non-obese CAD
patients (0.34 [0.32] ng/mL; P<0.001; Figure 1A). Plasma sum DHETs were negatively
associated with presence of diabetes and positively associated with smoking status (Table 2).
No relationship with obesity was observed (Figure 1B).

Consistent with the relationships observed for EETs and DHETs, the 14,15-EET:14,15-
DHET ratio was negatively associated with BMI and smoking status (Table 2). Obese CAD
patients had a significantly lower 14,15-EET:14,15-DHET ratios (0.23 [0.49]), compared to
non-obese patients (0.52 [0.59]; P=0.011; Figure 1C). Similarly, smokers tended to have
lower 14,15-EET:14,15-DHET ratios (0.23 [0.35]), compared to non-smokers (0.42 [0.65];
P=0.061). In contrast, no difference was observed in diabetics compared to non-diabetics
(P=0.500).

Plasma 20-HETE levels were negatively associated with renin-angiotensin system inhibitor
use (Table 2), such that patients treated with an ACE inhibitor or ARB had significantly
lower plasma 20-HETE levels (1.40 [0.71] ng/mL) compared to patients not treated with
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these medications (1.68 [1.18] ng/mL; P=0.004). Since only five CAD patients received an
ARB, this association was driven by ACE inhibitor use (data not shown). However, no
significant association with age, BMI, diabetes or smoking was observed, and 20-HETE
levels were not significantly different between obese (1.41 [0.66] ng/mL) and non-obese
patients (1.60 [0.97] ng/mL; P=0.249; Figure 1D).

No significant relationships were observed between biomarkers of CYP-mediated
eicosanoid metabolism and either gender, race, multivessel disease, or a recent acute
coronary syndrome (Supplemental Table 1).

Case-control comparison
Because obesity was associated with lower EETs and epoxide:diol ratios (Figure 1), the
CAD cohort was stratified by obesity status prior to comparison with the healthy volunteer
cohort. Compared to the healthy volunteers, the CAD patients were significantly older, had
higher blood pressure and serum triglycerides, and had lower HDL, LDL, and total
cholesterol levels (Table 1). The latter observation is likely due to treatment with lipid-
lowering therapies.

Both non-obese and obese CAD patients had significantly higher sum EETs compared to
healthy volunteers (non-obese CAD: P<0.001; obese CAD: P=0.007; Figure 1A). These
relationships remained significant after adjusting for age, gender, and race (P<0.001 for
both). CAD patients tended to have lower sum DHETs compared to healthy volunteers, but
this difference was not statistically significant (non-obese CAD: P=0.093; obese CAD:
P=0.037; Figure 1B). Similar differences were observed with the individual regioisomers
(Supplemental Table 2).

The epoxide:diol ratios were markedly different across cohorts, such that the 14,15-EET:
14,15-DHET ratio was significantly higher in both subsets of CAD patients compared to
healthy volunteers (non-obese CAD: P<0.001; obese CAD: P=0.002; Figure 1C). Similar
results were observed for the EpOME:DHOME ratios (Supplemental Table 2). These
relationships remained statistically significant when adjusted for age, gender, and race
(P<0.001 for all). Similar differences across the CAD and healthy volunteer cohorts were
also observed after stratifying by gender, smoking status, and diabetes status (Supplemental
Figure 2; P<0.0125 for all comparisons).

In contrast, no differences in plasma 20-HETE levels were observed between CAD patients
and healthy volunteers (non-obese CAD: P=0.508; obese CAD: P=0.600; Figure 1D). After
stratifying by ACE inhibitor/ARB use, 20-HETE levels tended to be higher in CAD patients
not treated with a renin-angiotensin system inhibitor (1.68 [1.18] ng/mL) compared to
healthy volunteers (1.48 [0.70] ng/mL); however, this difference was not statistically
significant (unadjusted: P=0.086; adjusted for age, gender, race, and BMI: P=0.022).

Discussion
Preclinical and genetic epidemiologic studies suggest that increasing EET and/or decreasing
20-HETE levels may have utility as a cardiovascular protective therapeutic strategy in
patients with cardiovascular disease. Despite these advances, few studies have actually
quantified CYP-derived eicosanoid metabolite levels in humans. To our knowledge, this is
the first study to (1) identify the key clinical factors, most notably obesity, associated with
inter-individual variation in CYP-mediated eicosanoid metabolism in patients with stable
CAD, and (2) demonstrate that circulating biomarkers of CYP epoxygenase and sEH, but
not CYP ω-hydroxylase, metabolic function are altered in patients with established
atherosclerotic cardiovascular disease relative to individuals at low risk for cardiovascular
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disease. Collectively, these findings provide novel insight into which subsets of the
population exhibit dysregulated CYP-mediated eicosanoid metabolism, and lay a foundation
for the rational design of future studies that aim to evaluate the cardiovascular protective
effects of novel therapies that directly modulate CYP-derived EET and 20-HETE levels.

Obesity was the strongest predictor of CYP epoxygenase metabolic function identified. The
inverse relationship between BMI and both plasma EET levels and 14,15-EET:14,15-DHET
ratios suggests that CYP epoxygenase activity is suppressed and sEH metabolic activity is
induced, respectively, in obese individuals. These findings are consistent with the
suppression of CYP epoxygenase and induction of sEH expression and metabolic activity in
preclinical models of obesity [17,18]; however, the underlying mechanisms remain unclear
and largely unexplored. We recently reported that hepatic CYP epoxygenase expression and
metabolic activity is significantly suppressed in high-fat diet-fed mice. This was
independent of hypercholesterolemia and insulin resistance and was reversed by ACE
inhibition, but not angiotensin type 1 (AT1) receptor inhibition, suggesting that angiotensin
type 2 (AT2) and/or bradykinin B2 receptor signaling regulates obesity-induced changes in
CYP epoxygenase function [18].

Several other clinical factors were associated with CYP epoxygenase and sEH metabolic
function, albeit to a lesser degree. Age was inversely associated with plasma EET levels,
consistent with a prior study demonstrating a decline in renal CYP epoxygenase activity in
aging rats [19]. The inverse relationship between diabetes and DHET levels, but not the
14,15-EET:14,15-DHET ratio, suggests lower CYP epoxygenase activity, consistent with
suppression of CYP2C expression in a rat model of diabetes [20]. Cigarette smoking was
associated with higher DHETs and lower epoxide:diol ratios, suggesting that smoking
increases sEH expression or metabolic activity. This is consistent with higher vascular sEH
expression observed in mice chronically exposed to tobacco smoke [21]. Interestingly,
cigarette smoking also modifies the risk of developing CAD in individuals who carry
functional genetic variants in EPHX2 [12], CYP2C8 [11], and CYP2J2 [22], such that
variant allele carriers who smoke have the highest risk. Our findings suggest that these gene-
environment interactions may be mediated in part by an upregulation of sEH expression and
EET hydrolysis in cigarette smokers. However, studies evaluating the direct effect of
cigarette smoke exposure on sEH function in humans are needed to confirm this hypothesis.
Although the specific molecular mechanisms remain unclear and require further study, we
observed that dysregulation of CYP epoxygenase pathway function exists in the presence of
pathologic stimuli known to drive the progression of cardiovascular dysfunction (i.e.,
obesity, advancing age, diabetes, cigarette smoking), which is collectively consistent with
existing evidence in preclinical models [1].

Of the clinical factors evaluated, only renin-angiotensin system inhibitor use was associated
with CYP ω-hydroxylase metabolic function. This observation is consistent with a previous
report demonstrating significantly higher plasma 20-HETE levels, a potent vasoconstrictor,
in patients with renovascular disease, a condition characterized by activation of the renin-
angiotensin system, and a positive correlation between 20-HETE levels and plasma renin
activity [23]. In preclinical studies, angiotensin II stimulates 20-HETE release in renal
microvessels via an AT2 receptor-dependent mechanism [24]. Furthermore, ACE, but not
AT1 receptor, inhibition reverses high fat diet-induced upregulation of renal CYP ω-
hydroxylase activity, further implicating AT2 receptor signaling as a key regulator of 20-
HETE biosynthesis [18]. In contrast to prior studies showing a correlation between urinary
20-HETE levels and BMI [25,26], we observed no relationship between plasma 20-HETE
and obesity. Several factors may account for these differences. First, urinary 20-HETE
levels may reflect local production in the kidney rather than systemic levels. As a result, the
clinical factors that influence urinary 20-HETE excretion may differ from those associated

Theken et al. Page 6

Atherosclerosis. Author manuscript; available in PMC 2013 June 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



with plasma levels. Indeed, we recently reported that high fat diet administration up-
regulates CYP ω-hydroxylase activity in kidney, but not liver [18]. Second, our study
population was composed of stable CAD patients with multiple comorbidities, while
previous studies have exclusively enrolled untreated individuals with hypertension or
metabolic syndrome. Consequently, the effects of drug therapy may have masked other
factors that influence plasma 20-HETE levels in CAD patients. Further study is necessary to
elucidate the mechanisms underlying functional interactions between obesity, the renin-
angiotensin system and CYP ω-hydroxylase metabolism.

Interestingly, we observed that the epoxide:diol ratios were markedly higher in CAD
patients compared to healthy volunteers, in all subsets of the population, indicating
significantly lower apparent sEH metabolic activity in the presence of stable atherosclerotic
cardiovascular disease. Consistent with these findings, CAD patients also had higher EETs
and tended to have lower DHETs compared to healthy volunteers. It is well-established that
EETs possess potent vasodilatory and anti-inflammatory properties, and sEH inhibition
elicits a myriad of cardiovascular protective effects in preclinical models via increasing EET
levels [1,4,6,7]. In humans, carriers of a genetic polymorphism associated with higher sEH
activity (EPHX2 K55R) had a greater risk of incident CAD [12] and enhanced vascular
resistance [27]. Consequently, the observed suppression of sEH metabolism in patients with
stable CAD, relative to the healthy volunteers, would be hypothesized to be cardioprotective
and serve as a compensatory response to the presence of advanced cardiovascular disease.

Although the mechanisms underlying a compensatory suppression of sEH remain unclear, a
prior report demonstrated that although the gene encoding sEH (EPHX2) was a
susceptibility gene for heart failure in preclinical models, humans with established heart
failure exhibited 60% lower cardiac sEH expression compared to healthy controls [28].
These data suggest that transcriptional down-regulation of sEH, to increase EET levels, may
be an adaptive mechanism in human cardiovascular disease [28]. Our findings provide
further support for this hypothesis. Indeed, a compensatory up-regulation of other
“protective” mediators, most notably the natriuretic peptides, is well known to occur in the
presence of stable and unstable cardiovascular disease [29]. In addition, reactive oxygen
species inhibit sEH metabolic activity in vitro [30], suggesting that enhanced oxidative
stress in the presence of established CAD may also contribute to the observed suppression of
sEH metabolic activity. Due to the cardioprotective effects of EETs in preclinical models of
myocardial ischemia/reperfusion injury [1,7], subsequent studies are warranted to determine
whether a compensatory suppression of sEH metabolism also occurs in unstable CAD
patients experiencing an acute coronary syndrome. Importantly, sEH inhibitors have entered
clinical trials for the treatment of cardiovascular and metabolic disease [14]. Interventional
studies with these agents will ultimately be necessary to determine whether pharmacologic
suppression of sEH to further increase EET levels will elicit cardiovascular protective
effects and improve outcomes in patients with established cardiovascular disease. Our
findings suggest that certain subsets of the population, most notably obese individuals, may
be “resistant” to a compensatory suppression of sEH metabolic activity, and thus may be
more likely to derive therapeutic benefit from sEH inhibition. This hypothesis, however,
requires prospective evaluation.

There are several limitations to our analysis. Due to the cross-sectional and observational
design, we are unable to establish a cause-effect relationship between the observed
relationships, most notably the apparent suppression of sEH metabolism in the presence of
CAD. In addition, our analysis compared a well-treated population of patients with
advanced cardiovascular disease and multiple comorbidities to healthy individuals with no
risk factors for cardiovascular disease. Thus, multiple potential confounding factors may
have influenced the differences in epoxide:diol ratios. For example, we cannot determine
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whether the observed differences are due to the presence of atherosclerotic disease, the
presence of comorbidities/cardiovascular risk factors, or a consequence of drug therapy.
Although the observed differences across cohorts persisted after adjusting for and stratifying
by demographic and clinical factors, nearly all the CAD patients were treated with aspirin,
statins, and beta-blockers. Thus, we were unable to ascertain the effects of drug therapy on
eicosanoid levels. Since the effects of these established therapies on circulating CYP-
derived eicosanoid levels, and specifically sEH expression and metabolic activity, in humans
are unknown, further studies are necessary to quantify these effects. Finally, although we
adjusted the significance level to account for the impact of multiple statistical tests,
replication in an independent cohort is necessary to validate our results.

Despite these limitations, our study is the first to identify clinical factors associated with
inter-individual variation in CYP-mediated eicosanoid metabolism in patients with
established cardiovascular disease. Pharmacologic agents that increase EETs (sEH
inhibitors) or decrease 20-HETE (CYP ω-hydroxylase inhibitors) are in development and
may represent a novel therapeutic strategy for the secondary prevention of cardiovascular
events in patients with established CAD. Since such novel therapies would most likely be
used in addition to the current standards of care (i.e., statins, aspirin, beta-blockers), our
study was designed to identify the clinical factors associated with biomarkers of CYP
epoxygenase, sEH, and CYP ω-hydroxylase metabolism in a population of stable, well-
treated patients with established CAD. The reported results (1) provide novel insight into
which subsets of the population exhibit dysregulated CYP-mediated eicosanoid metabolism;
and, (2) lay a foundation for future clinical research in this area, including the rational
design of interventional studies that aim to evaluate the cardiovascular protective effects of
increasing CYP-derived EET and decreasing CYP-derived 20-HETE levels, in addition to
current standards of care, as a novel therapeutic strategy for patients with established CAD.
Most notably, our findings suggest that targeted evaluation of the cardiovascular protective
effects of sEH inhibition in obese CAD patients may be warranted.

Conclusions
Our cross-sectional analysis identified the primary clinical factors associated with CYP
epoxygenase/sEH (obesity, advancing age, diabetes, cigarette smoking) and CYP ω-
hydroxylase (renin-angiotensin inhibitor use) metabolism in a population of patients with
established CAD. In addition, the case-control analysis demonstrated for the first time that
sEH metabolic activity is suppressed in stable CAD patients relative to healthy individuals.
These findings lay a foundation for future studies that aim to elucidate the specific
mechanisms underlying the impact of each clinical factor on CYP-mediated eicosanoid
metabolism, and define the therapeutic utility of modulating CYP-derived EET and 20-
HETE levels in patients with cardiovascular disease.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Highlights

• We evaluated clinical factors that influence CYP-derived eicosanoids in CAD
patients.

• Obesity and advancing age were associated with lower EET levels.

• Obesity and cigarette smoking were associated with lower epoxide:diol ratios.

• Renin-angiotensin system inhibitor use was associated with lower 20-HETE
levels.

• CAD patients exhibited lower sEH metabolic activity relative to healthy
individuals.
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Figure 1.
Distribution of plasma (A) sum EETs, (B) sum DHETs, (C) 14,15-EET:14,15-DHET, and
(D) 20-HETE in healthy volunteers (HV, n=36), non-obese CAD patients (n=36), and obese
CAD patients (n=46) plotted on a log10-scale. The line within the box defines the median,
the ends of the boxes define the 25th and 75th percentiles, the error bars define the 10th and
90th percentiles, and the individual points identify values outside the 10th and 90th

percentiles. *Unadjusted P<0.0125 versus HV. †P<0.0125 versus HV after adjusting for age,
gender, and race. **P<0.0125 for the obese CAD versus non-obese CAD comparison.
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Table 1

Characteristics of the full CAD cohort, non-obese (body mass index ≥30 kg/m2) and obese (body mass index
30 kg/m2) subsets of the CAD cohort, and healthy volunteer cohort.

Characteristic Coronary Artery Disease Healthy Volunteer

All Non-obese Obese

N 82 36 46 36

Age (years) 54.8±7.2* 55.4±6.0* 54.3±8.7* 50.0±7.3

Women (%) 31 (37.8%) 16 (44.4%) 15 (32.6%)* 20 (55.6%)

African-American (%) 14 (17.1%) 5 (13.9%) 9 (19.6%) 6 (16.7%)

Body mass index (kg/m2) 30.6±5.9* 25.2±3.2 34.8±3.6* 25.7 ± 2.4

 <25 kg/m2 16 (19.5%) 16 (44.4%) 0 (0%) 12 (33.3%)

 25–29.9 kg/m2 20 (24.4%) 20 (55.6%) 0 (0%) 24 (66.7%)

 ≥30 kg/m2 46 (56.1%) 0 (0%) 46 (100%) 0 (0%)†

Current smoker (%) 22 (26.8%) 11 (30.6%) 11 (23.9%) 0 (0%)†

Diabetes (%) 22 (26.8%) 10 (27.8%) 12 (26.1%) 0 (0%)†

Hypertension (%) 63 (76.8%) 28 (77.8%) 35 (76.1%) 0 (0%)†

Systolic blood pressure (mmHg) 135±17* 136±15* 133±18* 122±13

Diastolic blood pressure (mmHg) 80±10* 80±11* 80±10* 75±8

Total cholesterol (mmol/L) 4.0 (1.2)* 4.0 (1.2)* 4.0 (1.5)* 4.9 (0.7)

LDL cholesterol (mmol/L) 2.2 (1.1)* 2.0 (0.7)* 2.3 (1.3)* 3.0 (0.7)

HDL cholesterol (mmol/L) 1.2 (0.4)* 1.2 (0.4)* 1.1 (0.4)* 1.7 (0.5)

Triglycerides (mmol/L) 1.2 (0.9)* 1.2 (0.9)* 1.2 (0.9)* 0.8 (0.4)

Total: HDL cholesterol (ratio) 3.4 (1.7) 3.2 (1.2) 3.6 (1.7)* 3.1 (1.1)

ACE inhibitor or ARB use (%) 50 (61.0%) 19 (52.8%) 31 (67.4%) 0 (0%)†

Beta-blocker use (%) 69 (84.2%) 31 (86.1%) 38 (82.6%) 0 (0%)†

Statin use (%) 76 (92.7%) 34 (94.4%) 42 (91.3%) 0 (0%)†

Fibrate use (%) 1 (1.2%) 0 (0%) 1 (2.2%) 0 (0%)†

Aspirin use (%) 79 (96.3%) 35 (97.2%) 44 (95.7%) 0 (0%)†

Clopidogrel use (%) 65 (79.3%) 26 (72.2%) 39 (84.8%) 0 (0%)†

ACE=angiotensin converting enzyme; ARB=angiotensin receptor blocker; CAD=coronary artery disease; HDL=high density lipoprotein;
LDL=low density lipoprotein.

Data presented as mean ± standard deviation, median (interquartile range) or count (proportion).

*
P<0.05 versus healthy volunteers.

†
Individuals with a history of cardiovascular disease, risk factors for CAD (hypertension, diabetes, cigarette smoking within the previous 6 months,

high cholesterol, or body mass index ≥ 30 kg/m2), or currently taking medication for a chronic medical condition were excluded from the healthy
volunteer cohort.
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Table 2

Clinical factors associated with biomarkers of CYP epoxygenase, sEH and CYP ω-hydroxylase function in
CAD patients.

Parameter Estimate SE Partial R2 p

Sum EETs

 Body mass index −0.036 0.009 0.122 0.001

 Age −0.014 0.007 0.048 0.037

Sum DHETs

 Smoking 0.273 0.121 0.051 0.041

 Diabetes −0.255 0.121 0.051 0.038

14,15-EET:14,15-DHET

 Smoking −0.531 0.213 0.043 0.061

 Body mass index −0.038 0.016 0.041 0.064

20-HETE

 ACEI/ARB use −0.320 0.109 0.098 0.004

ACEI=angiotensin converting enzyme inhibitor; ARB=angiotensin receptor blocker.

Sum EETs, sum DHETs, 20-HETE, and 14,15-EET:14,15-DHET ratio were log-transformed prior to analysis.
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