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Abstract

Background: In prior myocardial infarction (PMI) patients, diabetes mellitus (DM), dyslipidemia, and hypertension
increase the risk of secondary cardiovascular events. Although a decreased ratio of serum eicosapentaenoic acid
(EPA) to arachidonic acid (AA; EPA/AA) has been shown to significantly correlate with the onset of acute coronary
syndrome, the associations between polyunsaturated fatty acid (PUFA) levels and coronary risk factors in PMI
patients have not been evaluated thoroughly. This study aimed to assess the associations between PUFAs levels
and the risk factors in PMI patients.

Methods: We enrolled 1733 patients with known PUFA levels who were treated in five divisions of cardiology in a
metropolitan area of Japan, including 303 patients with PMI. EPA/AA and docosahexaenoic acid (DHA) to AA level
ratio (DHA/AA) in patients with and without PMI were analyzed according to presence of coronary risk factors.

Results: Diabetes patients with PMI had significantly lower EPA/AA and DHA/AA than diabetes patients without
PMI (EPA/AA: P <0.01; DHA/AA: P=0.003), with no such differences in dyslipidemia and hypertension patients. In DM
patients with high high-sensitivity C-reactive protein (hs-CRP) levels (>0.1 mg/dL), EPA/AA was low in individuals
who also had PMI, whereas DHA/AA was not (EPA/AA, with PMI: 043 + 0.24; without PMI: 0.53 = 0.30, P < 0.05).
Moreover, patients on statins had significantly lower DHA/AA ratios, whereas the EPA/AA ratio did not depend on
statin use. Multiple regression analysis revealed that statin use in DM patients was associated with low DHA/AA but
not EPA/AA.

Conclusion: PMI patients with DM have low EPA/AA and DHA/AA. EPA/AA and DHA/AA are differently related to
hs-CRP level in DM patients with PMI. Statin use can potentially affect DHA/AA but not EPA/AA, and therefore EPA/
AA ratio is a better marker of assessment for cardiovascular events.
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Background

Much evidence has been accumulated indicating that pa-
tients with prior myocardial infarction (PMI) have a
greater chance of developing additional cardiac events,
necessitating strict management for secondary preven-
tion [1, 2]. Several clinical studies have reported that n-3
polyunsaturated fatty acids (PUFAs), including eicosa-
pentaenoic acid (EPA) and docosahexaenoic acid (DHA),
reduce the risk of secondary cardiovascular events [3-5].
The JELIS study demonstrated that adding EPA to statin
therapy significantly reduced major coronary events
compared with statin therapy alone in dyslipidemia pa-
tients [6]. It is well known that n-3 PUFAs have anti-
inflammatory effects, such as reduction of production of
inflammatory eicosanoids, cytokines, and reactive oxy-
gen species and stimulation of expression of adhesion
molecules, whereas arachidonic acid (AA), which gives
rise to many inflammatory eicosanoids (e.g., thromboxa-
neA2), plays a central role in inflammation related to in-
jury and in many disease mechanisms [7]. Patients with
cardiovascular disease may benefit from n-3 PUFA sup-
plementation given its anti-inflammatory effect. How-
ever, a recent meta-analysis of randomized controlled
trials of n-3 PUFAs intake failed to demonstrate a pre-
ventive effect with regard to cardiovascular events [8].
One possible reason for this lack of effect is improve-
ments in other cardioprotective therapies, such as statin
use [9, 10]. Another reason could be the relatively low
dose of n-3 PUFAs compared to that in the JELIS study
[9]. Overall, much controversy exists over the use of n-3
PUFAs for secondary prevention. It has been reported
that reduced serum levels of n-3 PUFAs are associated
with an increased incidence of cardiovascular events and
mortality [11, 12]. Moreover, a decreased ratio of serum
EPA to AA (EPA/AA) has been shown to significantly
correlate with onset of acute coronary syndrome [13]
and with a high prevalence of complex coronary lesions
[14]. Low EPA/AA and DHA/AA ratios can be poten-
tially used to identify patients in need of n-3 PUFAs sup-
plementation. It is also feasible to assess the EPA/AA
and DHA/AA ratios, which have been reported to be
markers of cardiovascular events [13, 14] because EPA
and AA are competing substrates of cyclooxygenase en-
zymes [15]. Therefore, the ratios of EPA and DHA to
AA may reflect cardiovascular inflammation in patients
with cardiovascular diseases, including PMI. Further-
more, because previous studies indicate a strong rela-
tionship between inflammation and cardiovascular risk
[16, 17], the association between serum PUFA levels and
inflammation should be evaluated.

The aim of the present study was to determine the
serum levels of n-3 and n-6 PUFAs in patients with PMI
as well as to identify factors associated with low EPA/
AA and DHA/AA ratios.
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Methods

Study design and patient enroliment

This was a multicenter observational study performed at
five centers (four university hospitals and one commu-
nity hospital) located in Tokyo. We enrolled 1733
Japanese patients who were treated in the divisions of
cardiology at these five centers from January 2004 to
May 2011. This cohort included 303 patients with PML
Serum PUFA levels were determined in all of these pa-
tients. Patients were excluded if they were receiving
hemodialysis or taking n-3 PUFA supplementation.
Patients with recent myocardial infarction (onset within
3 months), ongoing congestive heart failure, severe liver
dysfunction, or other systemic diseases, including malig-
nancy and collagen disease, were also excluded because
these states are known to affect patient characteristics,
in particular, parameters related to inflammation. PMI
was clinically diagnosed as previously reported [18]. In
brief, patients with pathological Q waves on electrocar-
diography and a region of loss of viable myocardium
identified by imaging were considered to have PMI irre-
spectively of presence of symptoms. In addition, time
from the onset of myocardial infarction was at least
3 months in patients with PMI in this study. Patients
were defined as having diabetes mellitus (DM) if their
hemoglobin Alc (HbA1lc) levels exceeded 6.5% or if they
were receiving anti-diabetic agents including insulin, re-
gardless of fasting glucose levels [19]. Patients with sys-
tolic/diastolic blood pressure >140/90 mmHg on serial
measurements [20] and those undergoing treatment with
antihypertensive agents were considered to have hyper-
tension. Similarly, patients were diagnosed as having
dyslipidemia if they fulfilled the criteria established by
the Japan Atherosclerosis Society and other guidelines
[21]. We also evaluated the use of the following medica-
tions: statins, antiplatelet agents, angiotensin-converting
enzyme inhibitors, angiotensin II receptor blockers, cal-
cium channel blockers, beta blockers, and hypoglycemic
agents. This study was approved by the Institutional
Ethics Committee of each hospital, and all subjects gave
informed consent.

Fasting blood samples were obtained in the morning,
and serum levels of EPA, DHA, AA, and dihomo-y-
linolenic acid (DHLA) were measured by gas chroma-
tography at an external laboratory (SRL, Inc., Tokyo,
Japan). We also evaluated the following laboratory pa-
rameters: fasting triglycerides, low-density lipoprotein
cholesterol (LDL-C), high-density lipoprotein choles-
terol, fasting plasma glucose, HbAlc (Japan Diabetes
Society), uric acid, serum creatinine (Cr), and high-
sensitivity C-reactive protein (hs-CRP) levels, estimated
glomerular filtration rate (eGFR), and brain natriuretic
peptide level. eGFR was calculated based on the following
Japanese equation, which utilizes Cr level, age, and sex:
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eGFR (ml/min/1.73 m?) = 194 x Cr — 1.094 x age — 0.287
(female x 0.739) [22].

We determined risk factors for PMI using multivariate
logistic regression analysis. EPA/AA and DHA to AA ra-
tio (DHA/AA) were tested for associations with each
coronary risk factor, such as hypertension, dyslipidemia,
and DM, in patients with and without PMI. Ratios of
EPA/AA and DHA/AA were evaluated for correlations
with HbAlc levels in DM patients with PMI. Finally,
effects of statins on PUFAs levels were assessed because
statins have been reported to reduce n-3/n-6 PUFA
ratios [23].

Data analysis and statistics

Continuous variables are presented as means + standard
deviations. Categorical variables are presented as per-
centages. The Student ¢ test or Mann—Whitney test was
used to compare two groups. The known risk factors
(sex, age, DM, hypertension, dyslipidemia, smoking,
family history of coronary artery disease (CAD), body
mass index (BMI), eGFR, hs-CRP, and (EPA + DHA)/
(AA + DHLA) ratio) were selected for univariate and
multivariate logistic regression analysis, which was per-
formed to identify factors that correlated with PMI. Vari-
ables yielding P values <0.10 in univariate analysis were
entered into multivariate analysis, except when multicol-
linearity with selected variables was suspected. More-
over, drugs that were used for secondary prevention
were excluded from the multivariate analysis. Patients
with missing data for any variable were excluded from
the multivariate analysis. Independent factors for EPA/
AA and DHA/AA were evaluated in patients with dia-
betes using the least squares method. The calculations
were performed using JMP, version 11.2 (SAS Institute
Inc., Cary, NC, USA). A two-sided P-value <0.05 was
considered to indicate statistical significance.

Results

The clinical backgrounds of the patients are shown in
Table 1. Patients with PMI were significantly more often
men and smokers and had DM, dyslipidemia, and family
history of CAD. Diabetes prevalence in the PMI group
was slightly higher than that in a previously described
cohort [24]. Statins, beta blockers, and renin angiotensin
system blockers were also used more often for secondary
prevention in PMI patients; in particular, over 70% of
them were on statins. Accordingly, LDL-C levels were
lower in patients with PMI. Multivariate logistic regres-
sion analysis of PMI prevalence was performed to iden-
tify the associated factors (Table 2). Independently
associated factors for PMI in this cohort were as follows:
male sex, DM, dyslipidemia, family history of CAD, and
low (EPA + DHA)/(AA + DHLA) ratio. Since the levels
of EPA and DHA were significantly lower in patients

Page 3 of 10

Table 1 Background characteristics of the patients with and
without prior myocardial infarction (PMI)

Variable PMI patients P value
+ l

N 303 1430

Age, y.0 645+ 106 645£115 053
Male, n 272 (89.8%) 1076 (79.82%) <0.001
BMI, kg/m2 244+34 2435+35 0.81
HTN, n 225 (74.3%) 1042 (72.9%) 062
DM, n 144 (47.5%) 536 (37.5%) <0.01
DL n 245 (80.9%) 975 (68.2%) <0.001
Smoking, n 155 (51.2%) 626 (43.8%) 0.02
FH, n 70 (23.1%) 251 (17.6%) 0.02
eGFR®, ml/min/1.73 m? 67.1+£192 69.01+173 0.95
LDL, mg/dL 104.1 £ 295 1124+ 305 <0.001
TGL, mg/dL 1473+878 146.7 £97.2 0.53
HbA1c®, % 60£1.2 58+1.1 0.06
UAS, mg/dL 61+14 58+14 0.97
BNPY, pg/mL 85.1+156.3 49.1+733 <0.001
hs-CRP, mg/dL 02306 02608 0.63
Statin, n 216 (71.3%) 704 (49.2%) <0.001
BB, n 141 (46.5%) 528 (36.9%) <0.01
ARB or ACEi, n 185 (61.1%) 694 (48.5%) <0.001
EPA, pg/mL 68.6+364 74.96 4541 0.02
DHA, pg/mL 1356 +49.1 1451+ 534 <001
AA, ug/mL 1544 +384 158.1+516 0.25
DHLA, ug/mL 328+118 333+124 049
EPA/AA 047+03 050+03 0.08
DHA/AA 091+03 096 +04 0.03
EPA + DHA/AA 4+ DHLA 1.14+05 1.19+£05 0.07

Continuous variables are presented as means + standard deviations. Categorical
variables are presented as percentages

BMI body mass index, HTN hypertension, DM diabetes mellitus, DL dyslipidemia, FH
family history of coronary artery disease, eGFR estimated glomerular filtration rate,
LDL-C low-density lipoprotein cholesterol, TGL triglycerides, HbATc hemoglobin Alc,
UA uremic acid, BNP brain natriuretic peptide, hs-CRP high-sensitivity C-reactive
protein, BB beta blockers, ACE-/ angiotensin converting enzyme inhibitors, ARB
angiotensin receptor blockers, EPA eicosapentaenoic acid, DHA docosahexaenoic
acid, AA arachidonic acid, DHLA dihomo-y-linolenic acid, EPA/AA ratio of EPA to

AA levels, DHA/AA ratio of DHA to AA levels, PUFA polyunsaturated fatty acid
®numbers of patients were 247 vs. 1123 (with PMI vs. without PMI,
respectively), Pnumbers of patients were 245 vs. 1103 (same as above),
“numbers of patients were 110 vs. 616 (same as above), 9numbers of patients
were 106 vs. 567 (same as above)

with PMI, we investigated whether the EPA/AA and
DHA/AA ratios were associated with coronary risk
factors such as hypertension, dyslipidemia, and DM in
patients with and without PMI (Fig. 1). Although sex
and familial history of CAD need to be accounted for as
associated factors for PMI, we excluded these factors
from evaluation of PUFAs because they were non-
modifiable. The EPA/AA ratio was lower in patients with
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Table 2 Multivariate logistic regression analysis of independent
risk factors for prior myocardial infarction (PMI patients = 232,
non-PMI patients = 1035)

OR 95% Cl VIF P value
Male 336 —172 -0.75 113 <0.0001
Age 099  -002 0.01 143 0.65
HTN 103 -032 037 1.06 0.85
DM 140 064 -0.03 1.10 0.03
DL 218 =116 -042 106 <0.0001
Smoking 102 -033 0.29 1.13 0.88
BMI 1.01 -0.04 0.06 1.13 0.67
FH 146 074 —-0.001 1.03 0.04
eGFR 100 0004 0.01 1.19 0.24
EPA + DHA/AA+DHLA 147 0.07 0.72 1.09 0.02
hs-CRP 109 =012 0.34 1.03 045

Abbreviations are listed in the footnote to Table 1; VIF variance inflation factor

PMI than in patients without PMI, but the difference
was not statistically significant. Analysis of subgroups
with hypertension, dyslipidemia, and DM revealed that
only in patients with DM there was a significant difference
in EPA/AA ratios between those with and without PMI
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(DM patients with PMI: 0.45 + 0.26; DM patients without
PMI: 0.52 + 0.29; P < 0.01). Similarly, DHA/AA levels were
significantly lower in patients with PMI, and a significant
difference in DHA/AA ratios between those with and
without PMI was only observed in the DM subgroup (DM
patients with PMI: 0.88 + 0.32; DM patients without PMI:
0.97 £0.33; P=0.003). Additionally, EPA/AA and DHA/
AA were evaluated for association with presence of PMI
according to BMI and smoking status as other cardiovas-
cular risk factors (Additional file 1: Figure S1). However,
in these subgroups, (EPA + DHA)/(AA + DHLA) levels
did not differ between PMI and non-PMI patients. Since
both DM and low (EPA + DHA)/(AA + DHLA) ratios
were associated with PMI, and DM patients with PMI had
low levels of EPA and DHA, we compared the background
characteristics of patients with each risk factor (hyperten-
sion, dyslipidemia and DM) with and without PMI
(Table 3). The hypertension and dyslipidemia subgroups
had significant differences in numbers of male patients de-
pending on presence of PMI, whereas there was no such
difference in the DM subgroup. Although there were no
significant differences in hs-CRP levels depending on
presence of PMI in these subgroups, levels of hs-CRP
tended to be higher in the DM cohort than in the

-
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Fig. 1 Comparison of ratios of eicosapentaenoic acid (EPA) to arachidonic acid (AA) levels (EPA/AA) and docosahexaenoic acid (DHA) to
arachidonic acid (AA) levels (DHA/AA) between the patients with and without prior myocardial infarction (PMI). Analysis for all patients (a) and
patients with hypertension (HTN; b), dyslipidemia (DL; c), and diabetes mellitus (DM; d). A statistically significant difference in EPA/AA ratios was
only present for the patients with DM, whereas that in DHA/AA ratios was present for all and DM patients
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Table 3 Patients characteristics according to each risk factor with or without prior myocardial infarction (PMI)
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HTN DL DM

PMI + PMI- Pvalue  PMI+ PMI- Pvalue  PMI+ PMI- P value
n 225 1039 245 973 144 533
Age, y.0 65.0+10.5 65.7+108 0.35 63.7+10.5 646+ 109 04 64.9+10.1 66.8+10.1 <0.05
Male, n 201 (89.3%) 774 (745%)  <0.001 217 (886%) 731 (75.1%) <0.0001 125 (86.8%) 433 (80.9%) 0.11
BMI, kg/m? 248+34 247+36 0.58 249435 247+35 045 244433 248+38 0.25
HTN, n - - 188 (76.7%) 730 (75.0%) 0.62 110 (76.4%) 417 (77.9%) 0.74
DM, n 188 (83.6%) 730 (703%)  <0.001 - - 118 (81.9%) 410 (76.6%) 0.21
DL n 110 (48.9%) 417 (40.1%) 0.02 118 (482%) 410 (42.1%) 0.1 - -
Smoking, n 106 (47.1%) 448 (43.1%) 03 117 (47.8%) 454 (46.7%) 0.77 72 (50.0%) 268 (50.1%) 0.98
FH, n 56 (24.9%) 186 (17.9%) 0.016 54 (22.0%) 188 (19.3%) 037 36 (25.0%) 117 (21.9%) 043
eGFR?, ml/min/1.73 m? 665+ 182 674+176 049 66.9+19.5 683+17.1 0.32 69.5+199 683+ 186 0.54
LDL, mg/dL 1014+287 1108+297 <0.0001 103.3+302 1140+323 <0.0001T  1033+303 1103 +294 0.02
TGL, mg/dL 151.7+949 1488+ 896 0.69 1546+£934 1587+1034 061 15531075 151.9+89.2 0.72
HbATC®, % 60x1.1 59+£11 0.12 60£13 59+1.1 0.34 6.7+14 6.7%12 0.76
UAS, mg/dL 6.1+13 59+14 0.11 6.1+13 58+14 0.1 6.0+15 58+13 0.37
BNP®, pg/mL 7891193  498+69.1 <001 839+1658 429+542 <0.001 750£1332 544 x657 0.16
hs-CRP, mg/dL 0.26 £0.64 023 +067 0.59 021+054 0.25+0.73 0.56 031+0.73 0.30£091 0.87
Statin, n 167 (74.2%) 551 (53.0%)  <0.001 194 (79.2%) 633 (65.1%) <0.001 111 (77.1%) 314 (58.7%)  <0.0001
BB, n 113 (502%) 443 (42.6%) 0.04 118 (482%) 376 (38.7%) <001 74 (51.4%) 235 (43.9%) 0.13
ARBor ACEi, n 158 (702%) 628 (604%)  <0.01 157 (64.1%) 479 (49.2%) <0.0001 96 (66.7%) 281 (52.5%)  <0.01
EPA, pg/mL 69.3 +36.5 751+430 0.06 684 +36.2 764446 <0.01 64.8 +33.1 755%406 <0.005
DHA, pg/mL 1358+478 1458+514 <001 1363+£498 149+543 <0.001 1289+41.1 1431£504  <0.005
AA, ug/mL 1534+383  156.2+408 035 1574+391  162.7+43.0 0.08 1544+ 399 154.1+413 0.75
DHLA, pg/mL 323£119 335+125 0.22 33.7+119 349+126 0.16 325+116 335+127 043
EPA/AA 047 +0.27 050+0.30 0.19 046+0.28 049+0.29 0.21 045+0.26 052+029 <0.01
DHA/AA 0.92+0.35 097+0.35 0.06 091+0.36 0.95+0.34 0.06 0.88+0.32 0.97+0.33 <0.005
EPA + DHA/AA+DHLA  1.15£0.03 1.22+£0.02 0.88 1.13+£049 1.19+049 0.08 1.09 + 044 1.22+049 <0.005

Continuous variables are presented as means * standard deviations. Categorical variables are presented as percentages. Abbreviations are listed in the footnote to
Table 1. “numbers of patients were 183 vs. 823, 201 vs. 736, and 119 vs. 416 (HTN with vs. without PMI, DL with vs. without PMI, and DM with vs. without PMI,
respectively), Pnumbers of patients were 181 vs. 809, 200 vs. 728, and 118 vs. 418 (same as above), “numbers of patients were 91 vs. 450, 95 vs. 373, and 46 vs.
168 (same as above), “numbers of patients were 87 vs. 412, 90 vs. 334, and 44 vs. 152 (same as above)

hypertension and dyslipidemia cohorts. Furthermore, the
rate of statin use was significantly higher in patients with
PMI than in those without PMI, with the highest rate ob-
served in the dyslipidemia cohort. Based on the low EPA/
AA and DHA/AA, (EPA + DHA)/(AA + DHLA) ratio was
significantly lower in DM patients with PMI than in those
without PMI, although this difference was not observed in
hypertension and dyslipidemia patients. A previous study
showed that patients with high CRP levels had lower EPA/
AA ratios [25]; therefore, we analyzed ratios of n-3 PUFAs
to AA in patients with different hs-CRP levels (the median
hs-CRP level was 0.1 mg/dL). Among those with hs-CRP
levels >0.1 mg/L, DM patients with PMI had lower
EPA/AA ratios than DM patients without PMI (EPA/
AA: DM + high hs-CRP with PMI vs. DM + high hs-
CRP without PMI = 0.43 + 0.24 vs. 0.53 + 0.30, P < 0.05),

whereas the DHA/AA ratios did not differ significantly
between DM patients with PMI and without PMI in the
high hs-CRP cohort (Fig. 2). In contrast to EPA/AA,
DHA/AA ratios were significantly lower when corre-
sponding hs-CRP levels were low in hypertension, dyslip-
idemia, and DM patients with PMI than in hypertension,
dyslipidemia, and DM patients without PML.

Since DM patients with PMI had low n-3 PUFA levels,
we evaluated the correlation between levels of HbAlc
and ratios of n-3 PUFAs to AA (Fig. 3). Levels of HbAlc
were correlated with EPA/AA and DHA/AA ratios in
patients with DM and PMI (EPA/AA: R =0.18, P =0.049;
DHA/AA: R =0.21, P =0.020), whereas such correlations
were not observed in the whole cohort. Moreover, EPA/
AA and DHA/AA ratios had a weak correlation with
HbAlc level in patients with PMI, but the correlation
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Fig. 2 Eicosapentaenoic acid to arachidonic acid (EPA/AA, panel a) and docosahexaenoic acid to AA (DHA/AA, panel b) ratios were categorized
according to high-sensitivity C-reactive protein (hs-CRP) levels (the threshold between low and high hs-CRP levels was set to 0.1 mg/dL) in all,
hypertension, dyslipidemia, and diabetes mellitus (DM) patients with or without prior myocardial infarction (PMI). ‘P < 0.05 (with vs. without PMI);
P <0.01 (with vs. without PMI)
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Fig. 3 Ratios of n-3 PUFA to AA levels plotted against levels of hemoglobin Alc (HbATc). The ratio of eicosapentaenoic acid (EPA) to arachidonic
acid (AA, EPA/AA) was significantly correlated with HbA1c levels in diabetes mellitus (DM) patients with prior myocardial infarction (PMI) (N= 117,
R=0.18, P=0.049, panel a) and in patients with PMI (N =245, R=0.16, P=0.015, panel b), but not in the entire cohort (N= 1103, panel c). The
ratio of docosahexaenoic acid (DHA) to AA (DHA/AA) was significantly correlated with HbATc levels in DM patients with PMI (N=117, R=0.21,
P=0.020, panel d) and in patients with PMI (N =245, R=0.17, P=0.008, panel e), but not in the entire cohort (N = 1103, panel f)
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coefficients were higher in patients with DM and PMI
than in patients with PMI. These data suggest that a
higher prevalence of uncontrolled diabetes tended to be
observed along with lower EPA/AA and DHA/AA in
DM patients with PMI. We also evaluated the correl-
ation between levels of HbAlc and ratios of n-3 PUFAs
to AA in non-PMI patients; however, there were no cor-
relations in this cohort (Additional file 2: Figure S2).
Because statins have been reported to affect PUFAs
levels, associations between statin use and PUFAs levels
were evaluated (Table 4). Patients on statins had signifi-
cantly lower DHA and higher AA and DHLA levels,
whereas EPA levels did not depend on statin use. Ac-
cording to these results, DHA/AA was significantly
lower in those who received statins. Finally, we analyzed
factors independently associated with low EPA/AA and
DHA/AA in DM patients (Tables 5 and 6). The factors
associated with low EPA/AA ratio were age and PMI. In
a similar analysis, such factors for DHA/AA ratio were
age, PMI, and statin use. These data indicate that statin
use significantly affected DHA/AA levels in DM patients.

Discussion

The main finding of the present analysis is that PMI pa-
tients with DM had lower EPA/AA and DHA/AA ratios,
whereas PMI patients with dyslipidemia or hypertension
did not. When stratified according to level of hs-CRP,
the EPA/AA and DHA/AA ratios behaved differently in
patients with and without PMI. Moreover, in DM pa-
tients with PMI, there was a weak but significant correl-
ation between the PUFAs to AA ratio and levels of
HbA1lc. These data suggest that n-3 and n-6 PUFA levels
should be monitored in DM patients with PMI, espe-
cially in those with severe DM as reflected by a high
HbAlc level. In agreement with our results, a previous
report showed that DM patients had a low ratio of
erythrocyte n-3 PUFAs to fatty acids [26]. The duration
of the disease tends to be long in diabetes patients with

Table 4 Polyunsaturated fatty acids levels in all patients
according to statin use
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Table 5 Analysis of independent factors for EPA/AA in patients
with diabetes using least squares method

Estimated value 95% Cl VIF P value
Male 0.050 -0.02 0.12 1.15 0.16
Age 0.004 0.001 0.007 1.44 0.007
HTN 0.026 -0.03 0.09 1.07 039
DL 0.011 -0.05 0.08 1.31 0.75
Smoking -0.016 -0.07 0.04 113 0.54
BMI —-0.006 -001 0.001 1.27 0.10
FH 0.036 -0.03 0.10 1.03 0.28
PMI 0.042 0.01 0.07 1.07 0.008
eGFR 0.001 —-0.0003  0.003 1.19 0.13
Statin use -0.059 -0.12 0.002 1.29 0.06
hs-CRP -0.024 —-0.05 0.003 1.03 0.08

Abbreviations are listed in the footnote to Tables 1 and 2

PMI, with severe chronic inflammation mediated by cy-
tokines [27] accompanied with oxidative stress [28] and
endothelial dysfunction [29]. EPA and DHA are known
anti-inflammatory agents; in addition, EPA and AA are
competing substrates of cyclooxygenase enzymes [16].
Furthermore, metabolites of DHA and EPA have a po-
tent anti-inflammatory effect [30, 31]. More severe in-
flammation in patients with DM than in patients with
dyslipidemia or hypertension may be the reason for the
observed association between low levels of n-3 PUFAs
and PMI in individuals with DM. Elevated plasma levels
of CRP are independently associated with increased risk
of atherosclerosis [32, 33], thus hs-CRP is probably one
of the most promising biomarkers of vascular inflammation
in high-risk patients. A recent cohort study showed that a
lower EPA/AA ratio was associated with a greater risk of
cardiovascular events in patients with higher hs-CRP levels,
whereas no significant association was observed in those

Table 6 Analysis of independent factors for DHA/AA in patients
with diabetes using least squares method

Statin use P value
- +
N 813 920
EPA, pg/mL 730£439 746 £44.1 0.46
DHA, pg/mL 1468 £574 1405 +48.1 <005
AA, ug/mL 1542 +576 1603 +£409 <0.01
DHLA, pg/mL 322+128 341+£118 <0.05
EPA/AA 050+030 049+031 06
DHA/AA 099+ 044 091+032 <0.0001

Fatty acids (EPA, DHA, AA and DHLA) profile with or without statin use in all

study patients

Abbreviations are listed in the footnote to Table 1

Estimated value 95% Cl VIF P value
Male 0.014 -0.07 0.09 1.15 0.73
Age 0.006 0.003 0.01 144 0.0005
HTN 0.023 -0.05 0.09 1.07 0.50
DL 0.062 -0.02 0.14 1.31 0.13
Smoking 0.043 -0.02 0.11 1.13 0.17
BMI —-0.005 -0.01 0.004 127 0.28
FH 0.039 -0.04 0.1 1.03 030
PMI 0.037 0.002 0.07 1.07 0.03
eGFR 0.0003 -0.001 0.002 1.19 0.69
Statin use -0.178 -0.25 -0.11 129 <0.0001
hs-CRP —-0.027 —-0.06 0003 103 0.08

Abbreviations are listed in the footnote to Tables 1 and 2
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with lower hs-CRP levels [25]. These results suggested that
cardiovascular events might be influenced by EPA levels in
patients with high inflammation. In the present cohort,
PMI patients with DM had higher hs-CRP levels than those
without hypertension and dyslipidemia, and these patients
with high hs-CRP levels had significantly lower EPA/AA
ratios than hypertension and dyslipidemia patients with
high hs-CRP. We therefore attempted to find a correlation
between levels of n-3 PUFAs and hs-CRP; however, no
significant correlations were found (data not shown).
These results might indicate that a low EPA/AA ratio
represents less intense vascular inflammation due to
DM than a high hs-CRP level. However, further stud-
ies are needed to explore the relationship between
vascular inflammation and low EPA/AA ratio in PMI
patients with DM.

Previous studies showed that n-3 PUFA supplementa-
tion did not prevent adverse cardiac events in PMI pa-
tients with DM [9], and a meta-analysis of results of n-3
PUFA intake failed to demonstrate a preventive effect on
cardiovascular events [8]. This has created controversy
over the use of n-3 PUFAs for secondary prevention,
even though the above studies did not evaluate baseline
PUFA levels. It was reported that patients with acute
coronary syndrome have a low n-3 PUFA level [13], and
the incidence of adverse cardiac events in patients who
had undergone percutaneous coronary intervention was
associated with low EPA/AA ratio [34]. Thus, a low
EPA/AA ratio can be potentially used to identify high-
risk patients. Another study showed that a higher intake
of n-3 PUFAs was associated with a reduced risk of
acute myocardial infarction in DM patients [35]. The
authors speculated that one of the reasons for the con-
tradicting results was that the subjects in their cohort
had higher HbA1lc levels than did subjects in the previ-
ous report. This conclusion is consistent with our data.
It is important to identify groups of patients who can
benefit from n-3 PUFA supplementation. One such
group may be DM patients with higher HbAlc levels,
who might need n-3 PUFA supplementation to reduce
the possibility of adverse cardiac events, especially if
their CRP level is high.

A previous study showed that patients with a higher
EPA/AA, but not DHA/AA, ratio had significantly fewer
cardiac events [34]. Similarly, our previous investigation
revealed that only a low EPA/AA ratio was significantly
associated with acute coronary syndrome [13], and we
speculated that one of the reasons might be the differences
between EPA and DHA in terms of incorporation into
cells or organs [36, 37]. In agreement, a prospective obser-
vational study showed that lower plasma EPA, but not
DHA, levels were significantly associated with all-cause
mortality in patients with acute myocardial infarction [38].
In the present study, EPA/AA ratio behaved differently
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from DHA/AA ratio in patients with different hs-CRP
levels. Thus, DHA/AA ratios were not significantly dif-
ferent in high hs-CRP patients with and without PMI,
whereas DHA/AA ratios in patients with low hs-CRP
were lower in the presence of PMI. Although both EPA
and DHA play important roles in the regulation of
inflammation, we surmise that a low EPA/AA ratio, un-
like a low DHA/AA ratio, might be related to ongoing
vascular inflammation leading to cardiac events in DM
patients with PMIL. On the other hand, the finding that
patients with PMI had a high rate of statin use in our
cohort is compatible with preventing secondary cardio-
vascular events. Statins have been reported to affect n-3
and n-6 PUFA levels [23], and our data showed that
statin use is significantly associated with low DHA and
high AA and DHLA levels, but not with EPA levels. A
previous report showed that statins decreased serum
DHA levels and the DHA/AA ratio without altering the
EPA/AA ratio [39]. These results are in agreement with
our data, and it seems that statins littlle affect EPA/AA
ratio in DM patients with PMI, whereas they might
lower the DHA/AA ratio in these patients. Since statins
also exert an anti-inflammatory effect by lowering the
hs-CRP levels, we speculate that statin use might be a
cause of the low DHA/AA ratio in low hs-CRP patients
with PMI. Based on these considerations, EPA/AA ratio
is more suitable than DHA/AA ratio for evaluation of
the PUFA profile in clinical practice.

Our data showed that the decreased EPA/AA ratio
was mainly caused by low EPA levels and not by AA
levels. A previous report suggested that high AA levels
correlated with low probability of cardiac events [40];
therefore, high serum AA levels do not always have a
negative impact in cardiovascular disease. Although AA
has an important positive role in inflammation, which
can be attributed to infection and wound healing, the
nature of inflammation differs between patients with a
chronic disease like atherosclerosis and those with non-
specific inflammatory processes. Furthermore, there has
been no interventional study of AA supplementation,
whereas n-3 supplementation has been reported to have
at least a partial protective effect with respect to cardio-
vascular events [3-5].

The present study has some limitations. First, because
of the retrospective and observational nature of the ana-
lysis, a possibility of selection bias may not be entirely
excluded. Owing to the stringent inclusion criteria, the
number of subjects was relatively small. Hence, a large-
scale, multi-center, prospective study is necessary to
confirm the results of this report. Second, since this was
a cross-sectional study, a causal relationship between
diabetes and imbalance of PUFAs profile could not be
verified. Third, although the ratio of n-3 PUFAs to total
PUFAs levels may be a better indicator, we evaluated
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only 4 PUFAs in this study, because these PUFAs are
involved in inflammation related to cardiovascular dis-
ease. Although the mol% ratio of n-3 PUFAs to total free
fatty acids is widely used, for the most part it reflects the
nutritional status. The present urban Japanese cohort
has a relatively uniform nutritional status (malnutrition
was uncommon), and therefore we did not evaluate the
mol% ratio of n-3 PUFAs to total free fatty acids. Despite
these limitations, we suggest that PMI patients with DM
have lower EPA/AA ratios.

Conclusion

PMI patients with DM, but not hypertension or dyslipid-
emia, have lower EPA/AA and DHA/AA ratios. The
additional association found for DM patients with PMI
suggests that EPA/AA and DHA/AA behave differently
in individuals with different hs-CRP levels. Statins can
potentially affect DHA/AA but not EPA/AA, and there-
fore EPA/AA is a better marker of assessment for car-
diovascular events. Among patients with PMI, those
with diabetes and high hs-CRP levels may benefit from
PUFA supplementation.

Additional files

Additional file 1: Figure S1. Comparison of ratios of eicosapentaenoic
acid (EPA) to arachidonic acid (AA) levels (EPA/AA) and docosahexaenoic
acid (DHA) to arachidonic acid (AA) levels (DHA/AA) between the
patients with and without prior myocardial infarction (PMI). Panel A
shows the results of analysis of smoking status, and Panel B shows the
results of analysis of body mass index (BMI). B1 and B2 indicate EPA/AA
with and without PMI plotted against levels of BMI, respectively. B3 and
B4 indicate DHA/AA with and without PMI plotted against levels of BMI,
respectively. There were no significant differences or correlations
between EPA and DHA/AA and the examined factors. (TIF 145 kb)

Additional file 2: Figure S2. Panel A shows the ratio of
eicosapentaenoic acid (EPA) to arachidonic acid (AA, EPA/AA) plotted
against levels of hemoglobin ATc (HbATc) in patients without PMI. Panel
B shows the ratio of docosahexaenoic acid (DHA) to AA (DHA/AA)
plotted against levels of HbATc in patients without PMI. (TIF 115 kb)

Abbreviations

AA: Arachidonic acid; BMI: Body mass index; CAD: Coronary artery disease;
Cr: Serum creatinine; DHA: Docosahexaenoic acid; DHA/AA: Ratio of serum
levels of DHA to arachidonic acid; DM: Diabetes mellitus; eGFR: Estimated
glomerular filtration rate; EPA: Eicosapentaenoic acid; EPA/AA: Ratio of serum
levels of EPA to arachidonic acid; HbATc: Hemoglobin Alc; hs-CRP: High-sensitivity
C-reactive protein; LDL-cholesterol: Low-density lipoprotein cholesterol; PMI: Prior
myocardial infarction; PUFA: Polyunsaturated fatty acid

Acknowledgments
None.

Funding
There is no financially support in this study.

Availability of data and materials
The clinical data that support the results of this study are available from the
corresponding author upon reasonable request.

Page 9 of 10

Authors’ contributions

All the authors approved the final version of the manuscript and participated
sufficiently in the work to take public responsibility for appropriate portions
of the content. Moreover, all the authors agreed to be accountable for all
aspects of the work in ensuring that questions related to the accuracy or
integrity of any part of the work are appropriately investigated and resolved.
MT: corresponding author, conception and design of the study and drafting
of the manuscript, analysis and interpretation of data; JA: substantial
contributions to acquisition of data, analysis and interpretation of data; KS:
organization of the multicenter observational study, analysis and interpretation
of data; YN: substantial contributions to acquisition of data, analysis and
interpretation of data; ST: substantial contributions to acquisition of data,
analysis and interpretation of data; TO: substantial contributions to acquisition
of data, analysis and interpretation of data; MYa: substantial contributions to
acquisition of data, analysis and interpretation of data; KN: critical revisions of
important intellectual content; AH: critical revisions of important intellectual
content, approval of the submitted manuscript; MYo: critical revisions of
important intellectual content, approval of the submitted manuscript; HD:
revisions of important intellectual content; RN: critical revisions of important
intellectual content, approval of the submitted manuscript; IK: revisions of
important intellectual content and final approval of the submitted manuscript.

Competing interests

Kazunori Shimada received lecture fees from Mochida Pharmaceutical
Company (Tokyo, Japan) and Takeda Pharmaceutical Company (Osaka, Japan).
Michihiro Yoshimura received scholarship funds and lecture fees from Mochida
Pharmaceutical Company and Takeda Pharmaceutical Company. Hiroyuki Daida
received scholarship funds and lecture fees from Mochida Pharmaceutical
Company and Takeda Pharmaceutical Company. Shigemasa Tani received
scholarship funds from Mochida Pharmaceutical Company and Takeda
Pharmaceutical Company. Ryozo Nagai received consultation and lecture
fees from Mochida Pharmaceutical Company. Issei Komuro received lecture
fees and Scholarship funds from Takeda Pharmaceutical Company. The other
authors report no conflicts.

Consent for publication
Not applicable.

Ethics approval and consent to participate

This study analyzed retrospective data from outpatient clinics at five centers
(four university hospitals and one community hospital), and the protocol was
approved by the Institutional Review Board of The University of Tokyo
Hospital (approval number 3439). All subjects provided informed consent.

Author details

1Department of Cardiovascular Medicine, Graduate School of Medicine, The
University of Tokyo, Hongo 7-3-1, Bunkyo-ku, Tokyo 113-8655, Japan.
’Department of Cardiology, Juntendo University Graduate School of
Medicine, Hongo 3-1-3, Bunkyo-ku, Tokyo 113-8431, Japan. 3Departn’wen‘[ of
Cardiology, Nihon University Hospital, 1-6 Kanda Surugadai Chiyoda-ku,
Tokyo 101-8309, Japan. “Divison of Cardiology, Department of Internal
Medicine, The Jikei University School of Medicine, Nishishinbashi 3-19-18,
Minato-ku, Tokyo 105-8471, Japan. 5Department of Cardiology, Sempo
Takanawa Hospital, Takanawa 3-10-11, Minato-ku, Tokyo 108-8606, Japan.
®Division of Cardiology, Department of Medicine, Nihon University School of
Medicine, 30-10hyaguchi Kamichou Itabashi-ku, Tokyo 173-8610, Japan.
’Jichi Medical University, Yakushiji 3311-159, Shimotsuke city, Tochigi
329-0498, Japan.

Received: 12 November 2016 Accepted: 20 January 2017
Published online: 26 January 2017

References

1. Betriu A, Heras M, Cohen M, Fuster V. Unstable angina: outcome according
to clinical presentation. J Am Coll Cardiol. 1992;19(7):1659-63.

2. Armstrong PW, Fu Y, Chang WC, Topol EJ, Granger CB, Betriu A, Van de
Werf F, Lee KL, Califf RM. Acute coronary syndromes in the GUSTO-IIb trial:
prognostic insights and impact of recurrent ischemia. The GUSTO-IIb
Investigators. Circulation. 1998;98(18):1860-8.

3. Dietary supplementation with n-3 polyunsaturated fatty acids and vitamin E
after myocardial infarction: results of the GISSI-Prevenzione trial. Gruppo


dx.doi.org/10.1186/s12872-017-0479-4
dx.doi.org/10.1186/s12872-017-0479-4

Takahashi et al. BMC Cardiovascular Disorders (2017) 17:41

20.

21.

22.

23.

Italiano per lo Studio della Sopravvivenza nell'Infarto miocardico. Lancet.
1999,354(9177):447-55.

Matsuzaki M, Yokoyama M, Saito Y, Origasa H, Ishikawa Y, Oikawa S, Sasaki J,
Hishida H, Itakura H, Kita T, et al. Incremental effects of eicosapentaenoic
acid on cardiovascular events in statin-treated patients with coronary artery
disease. Circ J. 2009;73(7):1283-90.

Lemaitre RN, King IB, Mozaffarian D, Kuller LH, Tracy RP, Siscovick DS. n-3
polyunsaturated fatty acids, fatal ischemic heart disease, and nonfatal
myocardial infarction in older adults: the Cardiovascular Health Study.

Am J Clin Nutr. 2003;77(2):319-25.

Yokoyama M, Origasa H, Matsuzaki M, Matsuzawa Y, Saito Y, Ishikawa Y,
Oikawa S, Sasaki J, Hishida H, Itakura H, et al. Effects of eicosapentaenoic acid on
major coronary events in hypercholesterolaemic patients (JELIS): a randomised
open-label, blinded endpoint analysis. Lancet. 2007;369(9567):1090-8.

Calder PC. n-3 polyunsaturated fatty acids, inflammation, and inflammatory
diseases. Am J Clin Nutr. 2006;83(6 Suppl):15055-195.

Rizos EC, Ntzani EE, Bika E, Kostapanos MS, Elisaf MS. Association between
omega-3 fatty acid supplementation and risk of major cardiovascular
disease events: a systematic review and meta-analysis. J Am Med Assoc.
2012;308(10):1024-33.

Kromhout D, Giltay EJ, Geleijnse JM. n-3 fatty acids and cardiovascular
events after myocardial infarction. N Engl J Med. 2010;363(21):2015-26.
Eussen SR, Geleijnse JM, Giltay EJ, Rompelberg CJ, Klungel OH, Kromhout D.
Effects of n-3 fatty acids on major cardiovascular events in statin users and non-
users with a history of myocardial infarction. Eur Heart J. 2012;33(13):1582-8.
Amano T, Matsubara T, Uetani T, Kato M, Kato B, Yoshida T, Harada K,
Kumagai S, Kunimura A, Shinbo Y, et al. Impact of omega-3 polyunsaturated
fatty acids on coronary plague instability: an integrated backscatter
intravascular ultrasound study. Atherosclerosis. 2011;218(1):110-6.

Hara M, Sakata Y, Nakatani D, Suna S, Usami M, Matsumoto S, Hamasaki T,
Doi Y, Nishino M, Sato H, et al. Low levels of serum n-3 polyunsaturated
fatty acids are associated with worse heart failure-free survival in patients
after acute myocardial infarction. Circ J. 2013;77(1):153-62.

Nishizaki Y, Shimada K, Tani S, Ogawa T, Ando J, Takahashi M, Yamamoto M,
Shinozaki T, Miyauchi K, Nagao K, et al. Significance of imbalance in the
ratio of serum n-3 to n-6 polyunsaturated fatty acids in patients with acute
coronary syndrome. Am J Cardiol. 2014;113(3):441-5.

Hayakawa S, Yoshikawa D, Ishii H, Tanaka M, Kumagai S, Matsumoto M,
Hayashi M, Sugiura T, Hayashi K, Ando H, et al. Association of plasma w-3 to
w-6 polyunsaturated fatty acid ratio with complexity of coronary artery
lesion. Internal Med. 2012;51(9):1009-14.

Lewis RA, Austen KF, Soberman RJ. Leukotrienes and other products of the
5-lipoxygenase pathway. Biochemistry and relation to pathobiology in
human diseases. N Engl J Med. 1990;323(10):645-55.

Packard RR, Libby P. Inflammation in atherosclerosis: from vascular biology
to biomarker discovery and risk prediction. Clin Chem. 2008;54(1):24-38.
Hansson GK. Inflammation, atherosclerosis, and coronary artery disease. N
Engl J Med. 2005;352(16):1685-95.

Thygesen K, Alpert JS, Jaffe AS, Simoons ML, Chaitman BR, White HD, Katus
HA, Lindahl B, Morrow DA, Clemmensen PM, et al. Third universal definition
of myocardial infarction. Circulation. 2012;126(16):2020-35.

International Expert Committee report on the role of the A1C assay in the
diagnosis of diabetes. Diabetes Care. 2009;32(7):1327-34.

Mancia G, Fagard R, Narkiewicz K, Redon J, Zanchetti A, Bohm M,
Christiaens T, Cifkova R, De Backer G, Dominiczak A, et al. 2013 ESH/ESC
guidelines for the management of arterial hypertension: the Task Force for
the Management of Arterial Hypertension of the European Society of
Hypertension (ESH) and of the European Society of Cardiology (ESC).

Eur Heart J. 2013;34(28):2159-219.

Genest J, McPherson R, Frohlich J, Anderson T, Campbell N, Carpentier A,
Couture P, Dufour R, Fodor G, Francis GA, et al. 2009 Canadian
Cardiovascular Society/Canadian guidelines for the diagnosis and treatment
of dyslipidemia and prevention of cardiovascular disease in the adult - 2009
recommendations. Can J Cardiol. 2009,25(10):567-57921.

Matsuo S, Imai E, Horio M, Yasuda Y, Tomita K, Nitta K, Yamagata K, Tomino
Y, Yokoyama H, Hishida A. Revised equations for estimated GFR from serum
creatinine in Japan. Am J Kidney Dis. 2009;53(6):982-92.

Harris JI, Hibbeln JR, Mackey RH, Muldoon MF. Statin treatment alters serum
n-3 and n-6 fatty acids in hypercholesterolemic patients. Prostaglandins
Leukot Essent Fatty Acids. 2004;71(4):263-9.

24.

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Page 10 of 10

Campo G, Guastaroba P, Marzocchi A, Santarelli A, Varani E, Vignali L,
Sangiorgio P, Tondi S, Serenelli C, De Palma R, Saia F. Impact of COPD on long-
term outcome after ST-segment elevation myocardial infarction receiving
primary percutaneous coronary intervention. Chest. 2013;144:750-7.

Ninomiya T, Nagata M, Hata J, Hirakawa Y, Ozawa M, Yoshida D, Ohara T,
Kishimoto H, Mukai N, Fukuhara M, et al. Association between ratio of
serum eicosapentaenoic acid to arachidonic acid and risk of cardiovascular
disease: the Hisayama Study. Atherosclerosis. 2013;231(2):261-7.

Jo S, An WS, Park Y. Erythrocyte n-3 polyunsaturated fatty acids and the risk
of type 2 diabetes in Koreans: a case—control study. Ann Nutr Metab. 2013;
63(4):283-90.

Rothe H, Faust A, Schade U, Kleemann R, Bosse G, Hibino T, Martin S, Kolb
H. Cyclophosphamide treatment of female non-obese diabetic mice causes
enhanced expression of inducible nitric oxide synthase and interferon-
gamma, but not of interleukin-4. Diabetologia. 1994;37(11):1154-8.
Friederich M, Hansell P, Palm F. Diabetes, oxidative stress, nitric oxide and
mitochondria function. Curr Diabetes Rev. 2009;5(2):120-44.

De Vriese AS, Verbeuren TJ, Van de Voorde J, Lameire NH, Vanhoutte PM.
Endothelial dysfunction in diabetes. Br J Pharmacol. 2000;130(5):963-74.
Schwab JM, Chiang N, Arita M, Serhan CN. Resolvin E1 and protectin D1
activate inflammation-resolution programmes. Nature. 2007,447(7146):869-74.
Serhan CN. Resolution phase of inflammation: novel endogenous anti-
inflammatory and proresolving lipid mediators and pathways. Annu Rev
Immunol. 2007,25:101-37.

Corrado E, Rizzo M, Coppola G, Fattouch K, Novo G, Marturana |, Ferrara F,
Novo S. An update on the role of markers of inflammation in
atherosclerosis. J Atheroscler Thromb. 2010;17(1):1-11.

Koenig W, Lowel H, Baumert J, Meisinger C. C-reactive protein modulates
risk prediction based on the Framingham Score: implications for future risk
assessment: results from a large cohort study in southern Germany.
Circulation. 2004;109(11):1349-53.

Domei T, Yokoi H, Kuramitsu S, Soga Y, Arita T, Ando K, Shirai S, Kondo K,
Sakai K, Goya M, et al. Ratio of serum n-3 to n-6 polyunsaturated fatty acids
and the incidence of major adverse cardiac events in patients undergoing
percutaneous coronary intervention. Circ J. 2012,76(2):423-9.

Strand E, Pedersen ER, Svingen GF, Schartum-Hansen H, Rebnord EW,
Bjorndal B, Seifert R, Bohov P, Meyer K, Hiltunen JK, et al. Dietary intake of n-
3 long-chain polyunsaturated fatty acids and risk of myocardial infarction in
coronary artery disease patients with or without diabetes mellitus: a
prospective cohort study. BMC Med. 2013;11:216.

Cawood AL, Ding R, Napper FL, Young RH, Williams JA, Ward MJ,
Gudmundsen O, Vige R, Payne SP, Ye S, et al. Eicosapentaenoic acid (EPA)
from highly concentrated n-3 fatty acid ethyl esters is incorporated into
advanced atherosclerotic plaques and higher plaque EPA is associated with
decreased plaque inflammation and increased stability. Atherosclerosis.
2010;212(1):252-9.

Yanagisawa N, Shimada K, Miyazaki T, Kume A, Kitamura Y, Ichikawa R,
Ohmura H, Kiyanagi T, Hiki M, Fukao K; et al. Polyunsaturated fatty acid
levels of serum and red blood cells in apparently healthy Japanese subjects
living in an urban area. J Atheroscler Thromb. 2010;17(3):285-94.

Lee SH, Shin MJ, Kim JS, Ko YG, Kang SM, Choi D, Jang Y, Chung N, Shim WH,
Cho SY, et al. Blood eicosapentaenoic acid and docosahexaenoic acid as
predictors of all-cause mortality in patients with acute myocardial infarction—
data from Infarction Prognosis Study (IPS) Registry. Circ J. 2009;73(12):2250-7.
Nozue T, Michishita I. Statin treatment alters serum n-3 to n-6 polyunsaturated
fatty acids ratio in patients with dyslipidemia. Lipids Health Dis. 2015;14:67.
Chowdhury R, Warnakula S, Kunutsor S, Crowe F, Ward HA, Johnson L, Franco
OH, Butterworth AS, Forouhi NG, Thompson SG, et al. Association of dietary,
circulating, and supplement fatty acids with coronary risk: a systematic review
and meta-analysis. Ann Intern Med. 2014;160(6):398-406.



	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study design and patient enrollment
	Data analysis and statistics

	Results
	Discussion
	Conclusion
	Additional files
	Abbreviations
	Acknowledgments
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Author details
	References

