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Summary
Background Epoxyeicosatrienoic acids (EETs) are metabolites of arachidonic acid that may impact atherosclerosis,
and animal experimental studies suggest EETs protect cardiac function. Plasma EETs are mostly esterified to phos-
pholipids and part of an active pool. To address the limited information about EETs and CVD in humans, we con-
ducted a prospective study of total plasma EETs (free + esterified) and diabetes-related CVD in the Cardiovascular
Health Study (CHS).

Methods We measured 4 EET species and their metabolites, dihydroxyepoxyeicosatrienoic acids (DHETs), in
plasma samples from 892 CHS participants with type 2 diabetes. We determined the association of EETs and
DHETs with incident myocardial infarction (MI) and ischemic stroke using Cox regression.

Findings During follow-up (median 7.5 years), we identified 150 MI and 134 ischemic strokes. In primary, multivariable
analyses, elevated levels of each EET species were associated with non-significant lower risk of incident MI (for example,
hazard ratio for 1 SD higher 14,15-EET: 0.86, 95% CI: 0.72�1.02; p=0.08). The EETs-MI associations became significant
in analyses further adjusted for DHETs (hazard ratio for 1 SD higher 14,15-EET adjusted for 14,15-DHET: 0.76, 95% CI:
0.63�0.91; p=0.004). Elevated EET levels were associated with higher risk of ischemic stroke in primary but not second-
ary analyses. Three DHET species were associated with higher risk of ischemic stroke in all analyses.

Interpretation Findings from this prospective study complement the extensive studies in animal models showing
EETs protect cardiac function and provide new information in humans. Replication is needed to confirm the
associations.
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Research in context

Evidence before this study

Animal studies have suggested that EETs play a protec-
tive role on cardiac function. EETs are converted to
DHETs that have been assumed to have less biological
activity than EETs. The role of plasma EETs and DHETs in
the development of CVD in humans has been largely
underexplored.

Added value of this study

In a large prospective study of older adults with type 2
diabetes, elevated plasma EETs were associated with
lower risk of incident MI after adjustment for plasma
DHETs. Several DHET metabolites were associated with
higher risk of incident ischemic stroke.

Implications of all the available evidence

Findings from this prospective study complement the
extensive studies in animal models showing EETs pro-
tect cardiac function and provide new information in
humans.
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Introduction
Diabetes is a major risk factor for cardiovascular disease
(CVD) including coronary heart disease and stroke,1�3

and increases the risk of mortality from CVD.4 In addi-
tion, adults with type 2 diabetes are more likely to have
calcium plaque, an early marker of atherosclerosis that
predicts CVD.5,6 Therefore, understanding mechanisms
that might impact atherosclerosis and cardiac function
may inform novel efforts at reducing the burden of dia-
betes-related CVD.

Epoxyeicosatrienoic acids (EETs) are produced by
cytochrome P450 enzymes from arachidonic acid that
has been released from the membrane in response to
stimuli.7 In humans, several CYP isoforms can generate
EETs in vitro. However, CYP2C and CYP2J2 are the
major isoforms that form an epoxide on each double
bond position (5,6-EET, 8,9-EET, 11,12-EET and 14,15-
EET). All EET species can be incorporated at the sn-2
position in the phospholipids and can be released, like
arachidonic acid, in response to an agonist by phospho-
lipase A2.

8 In rodents8 and in humans9 more than 90%
of the plasma EET is esterified to phospholipids where
they are thought to be an active pool and stable. While
free (released) EETs can be substrates for partial b-oxi-
dation or chain elongation, the major catabolic pathway
of free EET is through hydrolysis to the corresponding
DHETs by the cytosolic enzyme soluble epoxide hydro-
lase (sEH).8

EETs exhibit multiple biological activities that may
influence the risk of CVD10�13 and experimental data in
rodents suggest a role for EETs in the pathology of ath-
erosclerosis and cardiac function. In ApoE mice fed a
high-fat diet, overexpression of CYP2J2 protects from
vascular apoptosis and atherosclerosis and prevents
weight gain.14 And CYP2J2 expression in diabetic db/db
mice reduces the production of proinflammatory cyto-
kines including CRP, IL-6, IL-1b and TNFa.15 Further-
more, in a rat model of metabolic syndrome,
administration of an EET-agonist reduced weight gain,
hyperglycemia, dyslipidemia and hypertension, normal-
ized inflammatory cytokines, oxidative stress and
improved cardiac function.16

Evidence for a role of EETs in CVD in humans is
limited to cross-sectional and genetic studies. In partic-
ular, in patients referred for angiography, the extent of
coronary artery disease was inversely associated with
plasma levels of EETs, suggesting EETs might protect
against atherosclerosis in humans.17 Several genetic
polymorphisms are present in EPHX2, the gene coding
for the human sEH that converts EETs into DHETs. A
variant allele associated with greater sEH activity �
expected to lower EETs � was associated with greater
coronary artery calcium plaque in African Americans
in the Coronary Artery Risk Development in Young
Adults (CARDIA) study18 and with carotid plaque in
Caucasians in the Diabetes Heart Study.19 The same
variant allele was associated with higher risk of coro-
nary heart disease in Caucasian participants in the Ath-
erosclerosis Risk in Communities (ARIC) Study.20

Polymorphisms of CYP2J2 also exist and have been
found associated with MI.21 In addition, a functional
polymorphism in CYP2J2 was associated with greater
risk of ischemic stroke in a meta-analysis in the Chi-
nese population (Wang. 2017) but not in other
populations.21,22 No study has measured EETs in a
population-based study and examined the risks of MI
and ischemic stroke prospectively. To address this gap,
we measured plasma EETs (free + esterified) and their
downstream metabolites, DHETs (free + esterified), in
the Cardiovascular Health Study (CHS), a cohort of
older adults. We examined whether EETs, primarily,
and DHETs, secondarily, are associated with incident
MI and ischemic stroke risks among participants with
type 2 diabetes.
Methods

Study population
The CHS cohort21 is a cohort of older adults who were
recruited from four U.S. communities (Forsyth County,
North Carolina; Sacramento County, California; Wash-
ington County, Maryland; Allegheny County, Pennsyl-
vania) from a random sample generated from the
Health Care Financing Administration files. Among eli-
gible adults who were contacted, 57% agreed to partici-
pate. The cohort consists of 5201 community-dwelling
www.thelancet.com Vol 83 Month , 2022
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men and women, aged �65 y, recruited in 1989�1990,
plus an additional 687 predominantly black participants
recruited in 1992�93. We used plasma specimens from
the 1994�1995 or the 1992�1993 clinic visits to mea-
sure EETs and DHETs. Participants entered the study at
the time their blood specimen was selected for the labo-
ratory measurement. Participants with prevalent type 2
diabetes at the time of the laboratory measurement
(n=892) were included in the study.
Ethics
Each field center’s institutional review board approved the
CHS study, and at the time of enrollment, all participants
provided informed written consent to participate in the
CHS study and for their blood specimen to be used in
future studies. The use of specimens and data from CHS
is covered by a University of Washington Human Subject
Committee approval (STUDY00000109). The current
study was conducted on de-identified blood specimens
and data and is not human subjects.
Ascertainment of type 2 diabetes
Prevalent type 2 diabetes at the study baseline was
defined by either glucose �126 mg/dL when partici-
pants reported fasting �8 hours before venipuncture; or
glucose �200 mg/dL when fasting was <8 hours; or
reported use of insulin or oral hypoglycemic medica-
tion; or from CMS records showing at least 2 inpatient
(i.e., hospital, nursing home, or home health services),
or 3 outpatient (outpatient or carrier health services), or
� 1 inpatient and � 1 outpatient International Classifi-
cation of Diseases, Ninth Revision, Clinical Modifica-
tion Medicare claim codes for diabetes diagnosis (i.e.,
prefix 250.xx at any position within the claim) over a
2-year period.
Data collection
Information on lifestyle factors and clinical conditions
was collected at the annual study clinic visits as previ-
ously described.21 Blood samples were collected and
stored at �70 8C. Plasma glucose, insulin, lipids, and
inflammatory biomarkers were assessed on fasting
blood samples using enzymatic methods.21 Medication
use was assessed annually through 1999 and again in
2005�2006 by an in-person inventory of medications
used in past 2 weeks at the clinic visits.23 During years
without clinic visits, medication use was assessed via
semi-annual phone call. Body mass index (BMI) was cal-
culated from study clinic visit measured body weight
(kg) divided by height squared (m2). Estimated glomeru-
lar filtration rate (eGFR) was calculated with an equa-
tion from the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) using serum creatinine and
cystatin C.22 The same formula was used in Whites and
African Americans.
www.thelancet.com Vol 83 Month , 2022
Ascertainment of incident MI and ischemic stroke
Incident MI and ischemic stroke events were identified
from annual clinic visits, interim 6-month phone con-
tacts, hospital records, and Centers for Medicare & Med-
icaid Services (CMS) and National Death Index (NDI)
data. Stroke and MI events were adjudicated centrally
by a committee of physicians using standardized criteria
based on data from participants, proxy interviews, medi-
cal records, physician questionnaires, death certificates,
medical examiner forms, CMS hospitalizations, the
NDI, and available brain imaging as described
previously.24�26
Measurement of EETs
Blood was drawn in EDTA tubes and plasma was stored
at �80 °C. Plasma EETs were measured using a high
throughput method that we developed and published
for the measurement of hydroxy and epoxy metabolites
of arachidonic acid.9 Briefly, total lipids were extracted
using a modified Bligh and Dyer method27; phospholi-
pids were hydrolyzed by saponification to release fatty
acids; the fatty acids were extracted by solid phase
extraction and derivatized by a modified Bollinger
method28; eicosanoids were then separated and quanti-
tated by ultra-performance liquid chromatograph tan-
dem mass spectrometry. Additional details on the
published method is provided in the Supplementary
Material. We quantitated the total levels in plasma of 4
EET species (14,15-EET, 11,12-EET, 8,9-EET and 5,6-
EET) with the epoxide in the cis configuration. The
numbering refers to the position of the epoxide bond.
We also measured 4 DHETs (14,15-DHET, 11,12-DHET,
8,9-DHET and 5,6-DHET).

EETs and DHETs were measured in 96-well plates
that each included a calibration curve made of commer-
cial standards.9 Within each plate, values of each EET
and DHET were normalized using the calibration curve
of the appropriate standard. Due to skewed distribu-
tions, species values were log-transformed. In addition,
because of plate-to-plate variability, species values on
each plate were centered to the plate mean and scaled to
plate standard deviation (SD). On most plates, the distri-
butions of MIs, strokes and nonevents were balanced
across the plates, therefore, plate was not likely a con-
founder. Finally, the laboratory assay was optimized for
measuring the EET species, and DHETs measurements
that did not pass quality control procedures were
excluded.
Statistical analysis
To assess the risk of incident MI and ischemic stroke
associated with EETs and DHETs, we used Cox propor-
tional-hazards regression.29 For each EET and DHET
species we estimated the hazard ratios (HR) associated
with an increase in log EET of 1 SD. The time variable
3
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in these analyses was time since the blood collection
used for the EET measurement (1992�1993 or
1994�1995). In analyses of MI, we excluded partici-
pants with a history at MI at baseline. Participants
remained at risk until a diagnosis of first MI, or death,
or the latest date of surveillance or loss to follow-up. In
analyses of ischemic stroke, we excluded participants
with a history of any stroke. Participant remained at risk
until first ischemic stroke diagnosis, another type of
stroke, death, or loss to follow-up. The primary models
included adjustments for age (linear), sex, race (African
American vs. other), enrollment site, BMI (linear),
smoking status (never, former, current), systolic blood
pressure (linear), treated hypertension, LDL cholesterol
(linear), HDL cholesterol (linear), alcohol consumption
(servings/week, linear) and log C-reactive protein
(CRP).

In sensitivity analyses, we further adjusted for aspi-
rin use (yes/no) and use of any lipid lowering medica-
tion (yes/no). Interactions with age, sex, and BMI were
tested by adding a multiplicative term. Schoenfeld resid-
uals were reviewed to assess whether assumptions of
proportional hazards were violated.30 Models of each
EET fit with cubic splines were reviewed to assess lin-
earity.31 Finally, we conducted analysis of models of
each EET species adjusted for the corresponding DHET
species (for example 14,15-EET and 14,15-DHET in the
same model).

Because the EET species were highly intercorrelated
and were the primary exposure, we used a threshold
p-value of 0.025 (adjusting for 2 outcomes) for statistical
significance.
Role of the funding source
The study sponsors did not have any role in the study
design; the collection, analysis, or interpretation of data;
the writing of the report; or the decision to submit the
paper for publication. RNL had full access to all the data
in the study and had final responsibility for the decision
to submit for publication.
Results
The cohort consisted of 892 CHS participants with
prevalent type 2 diabetes at the clinic visit of the EET
measurements, the study baseline. On average the
cohort participants were 76 years old at baseline, with
53% women and 76% self-identified as white. In this
older population with type 2 diabetes, 71% were treated
for hypertension.

We measured plasma levels of 4 cis EET species and
4 corresponding DHETs. The levels of individual
plasma EET species were highly correlated with each
other, from 0.88 to 0.98 (Figure 1). Correlations
between corresponding species of EETs and DHETs
were 0.49 to 0.51. Scatterplots of the species
associations are shown in the Supplementary Material
(Figure S1).
Participant characteristics as a function of plasma EETs
and DHETs
Figure 2 shows the distribution of participant character-
istics in the whole cohort and across increasing quartiles
of 14,15-EET and 14,15-DHET levels. Men had lower lev-
els of 14,15-EET than women. In the whole cohort, the
mean levels were on average 0.41 standard deviations
(SD) lower in men than women. We observed a positive
association of 14,15-EET with HDL and LDL levels. Over-
all in the whole cohort, the correlations were 0.12 with
HDL and 0.14 with LDL. 14,15-EET was also related to
higher eGFR and lower creatinine, markers of better
kidney function. The other EET species, as expected
from the high correlations, showed similar associations
or lack of associations (not shown). 14,15-DHET showed
generally similar associations with sex, HDL and LDL
as 14,15-EET.
Plasma EETs, DHETs and risk of incident MI
During a median 7.5 years of follow-up (up to 21.5
years), we identified 150 incident MIs. After adjusting
for age, sex, race, enrollment sites, HDL, LDL, BMI, sys-
tolic blood pressure, treated hypertension, alcohol con-
sumption, smoking and CRP, elevated plasma levels of
EET species were found associated with a non-signifi-
cant lower risk of MI (Table 1). For example, a one SD
higher in log 14,15-EET was associated with a hazard
ratio (HR) of MI of 0.86 (95% CI: 0.72, 1.02;
p-value = 0.08 [likelihood ratio test]). Most DHET spe-
cies were not associated with MI risk with HRs close to
1. Further adjustment for aspirin use or lipid lowering
medications did not change the association results (not
shown). In addition, we found no significant interaction
of EETs and DHETs with age, sex and BMI (Supple-
mentary Table S1).

We observed borderline departures from the
assumption of proportional hazard over time in the
analyses of EETs and MI, which led us to conduct sensi-
tivity analyses restricted to the first 10 years of follow-up
(Table S2). In these analyses, we observed slightly stron-
ger, statistically significant, associations of each EET
species with lower risk of incident MI. For example, the
HR for a one SD higher 14,15-EET was 0.79 (95% CI:
0.66�0.95; p-value = 0.01 [likelihood ratio test]).

Because the EETs and DHETs were positively corre-
lated, we considered the possibility that DHET might
confound the association of EETs with MI and con-
ducted sensitivity analysis that included both EET and
corresponding DHET in the same models. In these
analyses, the EETs became significantly associated with
lower risk of MI and the DHET associations shifted
toward higher risk (Table S3). For example, with both
www.thelancet.com Vol 83 Month , 2022



Figure 1. Spearman correlations between EET and DHET species measured in plasma samples on 892 participants in the Cardiovas-
cular Health Study.

Figure 2. Distribution of participant characteristics in quartiles of 14,15-EET and 14,15-DHET in 892 participants in the Cardiovascular
Health Study.

The figure shows overall mean of each characteristics in the cohort, a small plot of values of each characteristic across quartiles
of each metabolite (Trend), and mean values of each characteristic in quartile 1 (Q1) and quartile 4 (Q4).
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Model 1 Model 2

HRa 95% CI p HRa 95% CI p

5,6-EET 0.87 (0.73, 1.04) 0.14 0.84 (0.71, 1.00) 0.06

8,9-EET 0.92 (0.77, 1.09) 0.33 0.87 (0.73, 1.03) 0.11

11,12-EET 0.90 (0.76, 1.06) 0.21 0.86 (0.72, 1.01) 0.06

14,15-EET 0.90 (0.76, 1.06) 0.21 0.86 (0.72, 1.02) 0.08

5,6-DHET 0.96 (0.80, 1.14) 0.63 0.94 (0.78, 1.13) 0.50

8,9-DHET 1.03 (0.86, 1.24) 0.75 0.99 (0.82, 1.20) 0.94

11,12-DHET 1.17 (1.00, 1.36) 0.04 1.14 (0.98, 1.33) 0.10

14,15-DHET 1.06 (0.89, 1.27) 0.54 1.03 (0.86, 1.24) 0.73

Table 1: Association of plasma EETs and DHETs with incident myocardial infarction.
a HR: Hazard ratio of incident MI associated with one SD higher fatty acid levels. Model 1 includes adjustments for age, sex, enrollment site, race. Model 2

includes model 1 adjustments and HDL cholesterol, LDL cholesterol, body mass index, systolic blood pressure, treated hypertension, alcohol consumption, cur-

rent smoking and log of C-Reactive Protein.
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14,15-EET and 14,15-DHET in the same model, 14,15-
EET was associated with lower risk of MI (HR: 0.76,
95% CI: 0.63�0.91; p-value =0.004 [likelihood ratio
test]), and 14,15-DHET with non significant higher risk
of MI (HR: 1.21, 95% CI: 1.00�1.47; p-value =0.05 [like-
lihood ratio test]).
Plasma EETs, DHETs and risk of incident ischemic
stroke
We identified 134 incident ischemic strokes during the
follow-up. Elevated plasma levels of 3 of the DHET spe-
cies were significantly associated with higher risk of
ischemic stroke (Table 2). For example, 1 SD higher lev-
els of 14,15-DHET were associated with a 37% higher
risk of incident ischemic stroke (95% CI: 17�61%,
p=2.7£10�4 [likelihood ratio test]) after adjustments for
other risk factors. Further adjustment for use of aspirin
or lipid lowering medications did not change the associ-
ations with ischemic stroke (not shown). We found no
departure from linearity for any of the associations and
Model 1

HRa 95% CI p

5,6-EET 1.22 (1.02, 1.46) 0.03

8,9-EET 1.24 (1.03, 1.50) 0.02

11,12-EET 1.29 (1.06, 1.57) 0.01

14,15-EET 1.24 (1.03, 1.50) 0.03

5,6-DHET 1.22 (1.02, 1.46) 0.03

8,9-DHET 1.35 (1.13, 1.62) 8.7£10�4

11,12-DHET 1.30 (1.14, 1.48) 7.1£10�5

14,15-DHET 1.36 (1.15, 1.61) 2.7£10�4

Table 2: Association of plasma EETs and DHETs with incident ischemic s
a HR: Hazard ratio of incident ischemic stroke associated with one SD higher

Table 1.
did not see any interaction with age, sex and BMI (Sup-
plementary Table S1).

We also observed bordeline departures from the
assumption of proportional hazard over time in the analy-
sis of 3 EET species and ischemic stroke. In sensitivity
analyses restricted to the first 10 years of follow-up, the
associations of EETs with incident ischemic stroke moved
toward the null, with p-values of 0.19 to 0.51 [likelihood
ratio test] (Table S4). In these analyses, the 3 DHETs spe-
cies were still associated with higher risk of ischemic
stroke (for example, HR for 14,15-DHET: 1.31, 95% CI:
1.07�1.60; p-value =0.01 [likelihood ratio test]).

In sensitivity analyses with both EETs and DHETs,
the associations of EETs with ischemic stroke moved to
the null (Table S5). For example, the HR of ischemic
stroke associated with 1 SD higher 14,15-EET was 1.05
(95% CI: 0.85�1.30; p-value =0.66 [likelihood ratio
test]) when adjusted for 14,15-DHET while 14,15-DHET
itself remained associated with higher risk of ischemic
stroke (HR: 1.33, 95% CI: 1.10�1.61; p-value =0.003
[likelihood ratio test]).
Model 2

HRa 95% CI p

1.21 (1.01, 1.45) 0.04

1.24 (1.03, 1.50) 0.03

1.28 (1.05, 1.56) 0.02

1.23 (1.01, 1.49) 0.04

1.20 (1.00, 1.45) 0.05

1.33 (1.10, 1.59) 0.003

1.29 (1.12, 1.48) 2.7£10�4

1.37 (1.17, 1.61) 2.7£10�4

troke.
fatty acid levels. The adjustments in models 1 and 2 were the same as listed in

www.thelancet.com Vol 83 Month , 2022
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Discussion

EETs and MI
We conducted a large prospective study of EETs and
incident MI and ischemic stroke in a cohort of older
adults with prevalent type 2 diabetes. In primary analy-
sis, we observed that plasma levels of EETs were associ-
ated with non-significant lower risk of incident MI. In a
sensitivity analysis restricting the follow-up up to
10 years, the associations of EETs with lower risk of MI
became significant, raising the possibilities that
“shorter” follow-ups are needed to detect the association
of EETs with lower MI risk. In addition, the EETs asso-
ciations with lower MI risk became significant with
adjustment for levels of DHETs. Further studies will be
required to confirm an association of EETs with lower
risk of incident MI.

There is considerable experimental evidence from
animals and in vitro studies with human cardiomyo-
cytes that EETs play a protective role in ischemia and
reperfusion and cardiac remodeling leading to better
cardiac function following stress conditions including
diabetes.13,32 Experiments with cardiomyocytes in cul-
ture have shown that supplementation with 14,15-EET
reduces high glucose-induced hypertrophy33; and reduc-
tion of EETs by CYP2J2 inhibition reduces the survival
of adult ventricular myocytes submitted to reactive oxy-
gen species (ROS),34 a component of diabetes pathogen-
esis.35 In experimental models of diabetes in rodents,
mice with cardiac hypertrophy show a decrease in 14,15-
EET33; overexpression of CYP2J2 in mice attenuates dia-
betes-induced myocardial hypertrophy36; and treatment
of diabetic rats with a sEH inhibitor attenuates the
reduction in cardiac outputs, left ventricular hypertro-
phy and fibrosis induced by hyperglycemia.37 These
experimental models provide strong evidence that EETs
protect the diabetic heart, although how this might
translate to a reduced risk of MI in humans is not
known. Findings from our prospective study comple-
ment the animal models and provide preliminary evi-
dence in support of the hypothesis that EETs protect
from MI in humans.

It is worthwhile to consider major differences
between our study and short-term experimental studies.
Inherent to a prospective study design, plasma EETs
were measured at one time point and participants were
then followed for many years; this is in contrast to the
well documented short-term effects of EETs acting as
paracrines or autocrines. In addition, we measured total
EETs in plasma, both esterified and free EETs. We have
observed that 90% of circulating EETs is esterified to
phospholipids9; and EETs esterified in the membrane
appear to be part an active pool that can be released by
phospholipase A2 in response to stimuli.7 Therefore,
the question we addressed was whether the reservoir of
EETs, reflected in the plasma levels, was associated with
incident MI. Given the limited information on the
www.thelancet.com Vol 83 Month , 2022
effects of EETs in humans, the study findings make a
significant contribution to the field.
EETs and ischemic stroke
In contrast to MI, EETs were not associated with lower
risk of ischemic stroke. Higher levels of plasma EETs
were in fact associated with higher risk of ischemic
stroke in primary analyses. However, the association of
EETs with stroke was not robust; it was not detected
with shorter (10 year) follow-up, and it moved toward
the null when adjusting for DHETs. It is therefore pos-
sible that the EET association with stroke was con-
founded by DHET levels. While some risk factors might
be more important in stroke (e.g. blood pressure) and
others in MI (e.g. LDL cholesterol), ischemic stroke
and MI share the common pathophysiology of ath-
erosclerosis. If EETs were to act on atherosclerosis,
we would have expected similar associations with MI
and ischemic stroke. However, in this population of
older adults with highly prevalent subclinical disease,
the effects of EETs, if causal, might be more on car-
diac function than atherosclerosis, as suggested by
the experimental data.13
DHET and ischemic stroke
EETs released by stimuli are rapidly converted to
DHETs by sEH. DHETs are less active than EETs and
the conversion to DHET ends the EET signal.38,39 This
may explain why we observed some evidence of associa-
tion of EETs, but not DHETs, with lower risk of incident
MI. In contrast, the DHET species were associated with
increased risk of incident ischemic stroke in all analy-
ses, and the associations were independent of EET lev-
els. Interestingly, lowering DHETs by inhibition of sEH
in experimental studies in rodents results in a reduction
in infarct size and better functional recovery from exper-
imental stroke.40�43 In addition, in primary cultured
cortical neurons, a functional genetic variant that
increases sEH activity increases cell death induced in
cortical neurons by oxygen-glucose deprivation and
reoxygenation, while another variant that decreases sEH
activity is protective.44 In humans, genetic studies have
shown that polymorphisms in sEH that lower the ratio
of EET/DHET are associated with higher risk of ische-
mic stroke.45 The relevance of these studies to the risk
of incident ischemic stroke is not known. In addition,
while the consequences of variation in sEH activity have
generally been ascribed to changes in EETs, it is con-
ceivable that concomitant changes in DHETs may have
played a role. Our study suggests that elevated 14,15-
DHET plasma levels are associated with higher risk of
incident ischemic stroke independent of EETs among
older adults with type 2 diabetes. Replication of these
findings is needed and an investigation of DHET biolog-
ical activities is warranted.
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Well established protocols exist to modify EET levels
in animal studies and cell experiments. In addition,
inhibitors of sEH are currently being evaluated for
safety and efficacy in small clinical trials. For example
the sEH inhibitor GSK2256294 was shown to attenuate
endothelial dysfunction in patients with chronic
obstructive pulmonary disease.46 The same inhibitor
was found to be safe and raise serum EET levels com-
pared to placebo in patients with aneurysmal subarach-
noid hemorrhage.47 Should our study findings be
replicated in other cohorts, they would indicate that
therapy using sEH inhibitors should likely be most ben-
eficial to people at high risk of CVD. It would be inter-
esting to explore if dietary intake of n6 fatty acids and
background diet might influence downstream EET for-
mation from arachidonic acid, as this would have the
potential to improve CVD prevention in the general
population.

Strengths and limitations
Strengths of our study include the prospective design
that minimised reverse causation and selection bias;
adjustment for many covariates reduced the possibility
of residual confounding; CHS is a general, community-
based, prospective cohort, enhancing generalisability.
In addition, we avoided to convert EETs into DHETs
during our measurement; the measurement of EETs
mostly esterified to phospholipids allowed us to mea-
sure both EETs and DHETS and to distinguish their
associations with MI and stroke risks. Our study also
has limitations. The study was observational and this
design precludes conclusions about causality. The asso-
ciations of EETs with MI did not reach statistical signifi-
cance in primary analysis and therefore could be due to
chance. However, the findings are supported by known
biologic effects of EETs and animal experimental stud-
ies. The laboratory measurement showed plate to plate
variability and to avoid the possibility that it could intro-
duce bias, we adjusted sample values to the mean levels
of the plate they were on. This method may have made
it difficult to detect true associations. In addition, for
this reason, we were not able to provide absolute levels
of plasma EETs and DHETs. Finally, our study was con-
ducted in an older population with type 2 diabetes, on
average 76 at the time of EETs measurements, and the
associations need to be replicated in younger popula-
tions.
Conclusion
We have shown in a large population of older adults
with type 2 diabetes that elevated plasma levels of EETs
may be associated with reduced risk of incident MI
while levels of DHETs are associated with increased risk
of ischemic stroke.
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