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Abstract

Eicosapentaenoic acid (EPA) administration has been reported to decrease the incidence of cardiovascular events, and the
serum EPA/arachidonic acid (AA) ratio has been identified as a potential new risk marker for coronary artery disease (CAD).
The present study aimed to investigate the value of EPA treatment based on the EPA/AA ratio at baseline. We
retrospectively analyzed clinical outcome data from 149 CAD patients with a baseline EPA/AA ratio < 0.4 who had received
purified EPA (EPA group) or not (no EPA group) and CAD patients with an EPA/AA ratio > 0.4 who had not received EPA
(control group). The baseline EPA/AA ratios were similar in the EPA and no EPA groups and were significantly lower than
those in the control group (P <0.0001). The EPA/AA ratio significantly increased in the EPA group (P <0.0001) and the no
EPA group (P <0.001) but not in the control group. The cumulative incidence of cardiovascular death tended to be lower in
the EPA group (log-rank test: P = 0.07). Receiver operating characteristic curve analysis demonstrated that the cut-off value
of the target EPA/AA ratio after EPA treatment for all-cause death was 1.23 (AUC = 0.85, P =0.016). These results suggest
that EPA treatment may improve the long-term prognosis in CAD patients with an EPA/AA ratio < 0.4 and that an EPA/AA

ratio > 1.2 may be an appropriate EPA treatment target value to reduce mortality.
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Introduction

Since a Danish epidemiological study suggested that n-3
fatty acid intake was associated with a low incidence of
cardiovascular events [1], accumulated clinical and experi-
mental evidence has confirmed the efficacy of fish oil or n-3
purified unsaturated fatty acid (PUFA) intake for both pri-
mary and secondary prevention of cardiovascular disease
[2-4]. The Japan EPA Lipid Intervention Study (JELIS)
demonstrated that administration of purified eicosapentae-
noic acid (EPA) to patients with dyslipidemia treated with a
statin decreased the incidence of cardiovascular events.
Since PUFAs are essential fatty acids, their serum levels
depend on their dietary intake [5]. Therefore, any benefit of
the n-3 PUFA intake in reducing the cardiovascular risk
may be expected only under conditions of insufficient
PUFA consumption, particularly in the era of widespread
statin usage. The ratio of EPA to arachidonic acid (AA),
which is an omega-6 fatty acid, is important [6], and the
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serum EPA/AA ratio has been targeted as a new risk marker
for coronary artery disease (CAD) [7]. However, the rele-
vance of purified EPA treatment under conditions of dif-
fering EPA/AA ratios has not been established. The Tochigi
Ryomo EPA/AA Trial in Coronary Artery Disease
(TREAT-CAD) was conducted to survey the serum EPA/
AA ratio in patients with CAD who lived in the Japanese
inland area of Tochigi-Ryomo. In that trial, we reported the
significance of the serum EPA/AA ratio as a prognostic
predictor of acute coronary syndrome (ACS) [8, 9].

The present study was designed to investigate the utility
of EPA treatment based on the EPA/AA ratio as a marker.
We retrospectively analyzed clinical outcome data from the
participants in the TREAT-CAD to compare CAD patients
with a low baseline EPA/AA ratio (<0.4) who received the
EPA agent with those who did not. CAD patients with a
high EPA/AA ratio (>0.4) who did not receive the EPA
agent were also compared as controls.

Methods
Subjects

From January 2010 to September 2014, we measured the
serum EPA/AA ratio in 816 patients who underwent cor-
onary angiography because of suspected CAD at one of the
eight candidate core cardiovascular centers in the Tochigi-
Ryomo area (Dokkyo Medical University Hospital, Nikko
Medical Center, Dokkyo Medical University, Sano Kosei
General Hospital, Haga Red Cross Hospital, Tochigi Med-
ical Center Shimotsuga, Utsunomiya Memorial Hospital,
Koga Hospital and Kan-etsu Central Hospital). The inclu-
ded patients had angiographically verified CAD, which
included significant stenosis (275% of the diameter) or an
acetylcholine-provoked spasm in the main branch or a
major side branch of a coronary artery. Patients who
showed neither stenosis nor a provoked spasm (diagnosed
as chest pain syndrome) and those who did not show ste-
nosis but did not undergo an acetylcholine test were also
included. Patients who had taken EPA as an agent or a
dietary supplement when the EPA/AA ratio was measured
were excluded. Hemodialysis patients were also excluded.
In patients with ACS, the EPA/AA ratio was measured at
least 2 weeks after onset. In patients undergoing percuta-
neous coronary intervention (PCI), the EPA/AA measure-
ment was delayed for at least 2 weeks after the procedure.

Clinical outcome examination
Between August and December 2016, we retrospectively
collected clinical outcome data from these 816 patients. The

outcomes were confirmed via a clinical medical
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examination based on the data source, including charts of
hospital days, discharge letters, analysis of coronary
angiograms or electrocardiograms and laboratory data, or
telephone contact. We collected information regarding the
incidence of death, cause of death, cardiovascular events,
stroke, and hospitalization due to congestive heart failure or
coronary revascularization. The 3-point major adverse car-
diovascular event (MACE) was a composite of cardiovas-
cular death, nonfatal myocardial infarction, and nonfatal
stroke. Laboratory findings, such as lipid profiles and glu-
cose metabolism parameters, on the same day of or the
nearest day to the EPA/AA measurement were used as the
baseline data. For follow-up of the EPA/AA ratio and other
laboratory findings, we used the most recent data on the day
of data acquisition (between August and December 2016) or
the data from the nearest day before a clinical event, if one
occurred. The study was approved by the ethics committee
of each center and performed under compliance with the
privacy protection policy.

Measurement of the EPA/AA ratio and other
laboratory analyses

Serum fatty acids were assayed by gas chromatography
(SRL, Inc., Tokyo, Japan). Briefly, total lipids were
extracted from the plasma according to Folch, followed by
hydrolysis to release free fatty acids. Free fatty acids were
esterified with potassium methoxide/methanol and boron
trifluoride/methanol. The methylated fatty acids were ana-
lyzed using a GC-17A gas chromatograph (Shimadzu
Corporation, Kyoto, Japan) with an omegawax-250 capil-
lary column (SUPELCO, Sigma-Aldrich Japan, Tokyo,
Japan). The reproducibilities (i.e., coefficients of variation)
of the determination of serum EPA and AA by this method
have been reported to be 4.4% and 3.8%, respectively [10].
The EPA/AA ratio was calculated from the EPA and AA
levels obtained with this method. We also evaluated the
following laboratory parameters: hematological parameters,
total cholesterol, triglycerides, low-density lipoprotein
(LDL)-cholesterol, high-density lipoprotein (HDL)-choles-
terol, fasting plasma glucose, hemoglobin Alc, creatinine,
and the estimated glomerular filtration rate (eGFR). The
eGFR was calculated based on the Japanese equation,
which utilizes the serum creatinine level, age and gender as
follows: eGFR (mL/min/1.73 m?) = 194 x creatinine
~10% s age 70287 (female x 0.739) [11].

Statistical analysis

The data are expressed as the mean =+ standard deviation.
Intra-group comparisons were performed using the paired-#-
test. Multigroup comparisons were performed using one-
way analysis of variance (ANOVA), followed by a post hoc
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Fisher’s protected least significant difference test. Time-to-
event data were analyzed using the Kaplan—-Meier method
and the log-rank test. Receiver operating characteristic
(ROC) curve analysis was performed to determine a cut-off
value of the EPA/AA ratio for predicting clinical events and
to calculate the sensitivity, specificity, and area under the
curve (AUC). All statistical analyses were performed using
statistical software (Excel To-kei 2012, SSRI Inc., Tokyo,
Japan). Statistical significance was defined as P <0.05.

Results
Patient backgrounds

Between August and December 2016, we obtained outcome
data from 617 patients with angiographically verified CAD,
of whom 149 with a baseline EPA/AA ratio<0.4 were
receiving 1800 mg/day of purified EPA (EPA group), 258
with an EPA/AA ratio<0.4 were not receiving EPA (no
EPA group), and 210 with an EPA/AA>0.4 were not
receiving EPA (control group). The value of 0.4 was based
on the report of Domei et al. [12]. The median follow-up
term was 1577 days (Fig. 1).

Baseline characteristics

The baseline characteristics of each patient group are shown
in Table 1. Patients in the EPA and no EPA groups (i.e.,
those with an EPA/AA ratio < 0.4) were younger than those
in the control group (i.e., those with an EPA/AA ratio >
0.4). Significant differences among the three groups were
present in the affected vessel number (i.e., no coronary
stenotic lesions). Major side branch disease was less com-
mon and single vessel CAD was more common in the EPA
group. Significant differences were found among the three
groups in baseline CAD, because stable angina and

from January 2010 to September 2014
(n=816)

[Patients undergoing CAG, in whom EPA/AA ratio was measured]

l

EPA/AA ratio > 0.4
(n=3086)

EPA/AA ratio <0.4
(n=510)

[ Receiving purified EPA agent (1800 mg/day) ]

Exclusion (n=96)
- Receiving EPAagent
« No follow-up information

Exclusion (n=48)
« Discontinuation of EPA agent
« No follow-up information

Exclusion (n=55)
» No follow-up information

EPA group no EPA group Control group
(n=149) (n=258) (n=210)

Fig. 1 Flow chart of the group classifications for the retrospective
analysis

coronary spastic angina were less common and old myo-
cardial infarction was more common in the EPA group.
ACS was less common in the controls. Regarding coronary
risk factors, dyslipidemia as defined by the Japan Athero-
sclerosis Society Guideline 2007 and current smoking were
more common, the triglyceride level was greater and the
HDL-cholesterol level was lower in the EPA group. Patients
receiving ezetimibe were more common and those receiving
calcium channel blockers were less common in the EPA
group. Generally, the LDL-cholesterol level was equally
controlled among the three groups (86.9 +27.4, 95.2 +52.2,
and 89.2+29.0mg/dL in the EPA, no EPA and control
groups, respectively) and the numbers of patients receiving
statins were equivalent (95.3, 92.6 and 90.4%, respectively)
at baseline. The baseline EPA/AA ratios were similar in the
EPA group (0.24 £0.09) and the no EPA group (0.25 =+
0.08) and were significantly lower than those in the control
group (0.66 +£0.26) (P <0.0001).

Changes in lipid profiles and the EPA/AA ratio

In the patients for whom we could collect lipid profile or
EPA/AA ratio data at both the baseline and follow-up, the
changes over time were compared among the three groups
of patients (Fig. 2). Relative to baseline, LDL-cholesterol
decreased (P <0.05, P<0.01 and P<0.01 in the EPA, no
EPA, and control groups, respectively), whereas HDL-
cholesterol increased (P<0.05, P<0.01 and P<0.05,
respectively) at follow-up. Serum triglycerides did not
change in the EPA group but increased in the no EPA group
(P<0.05) and the control group (P <0.05). The EPA/AA
ratio significantly increased in the EPA group (P <0.0001)
and the no EPA group (P <0.001) but not in the control

group.
Incidence of clinical events

The incidence rates of all-cause death, 3-point MACE,
nonfatal myocardial infarction, stroke, hospitalization due
to heart failure and coronary revascularization were similar
in each group. Cardiovascular death did not occur in the
EPA group but occurred in nine patients (3%) in the no
EPA group and five patients (2%) in the control group (P =
0.07) (Table 2). The Kaplan-Meier survival curves showed
that the cumulative incidence rates of 3-point MACE and
all-cause death were comparative in the log-rank test among
the three groups (EPA, non EPA and controls), whereas that
of the 3-point MACE tended to be lower in the EPA group
than in the no EPA group in the log-rank test (P = 0.073).
The cumulative incidence of cardiovascular death tended to
be lower in the EPA group in the log-rank test among the
three groups (P = 0.087) and was significantly lower in the
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Table 1 Baseline characteristics

EPA group No EPA group Control group
(n=149) (n=258)
(n=210) P-value
Age 66+ 10 6711 69 +8<0.001
Male gender; n (%) 118 (79.2) 190 (73.6) 161 (76.7) 0.434
Affected vessels; n (%) 0.007
No stenotic lesion 1(0.7) 6 (2.3) 4 (1.9
Single vessel disease 96 (64.4) 123 (47.7) 105 (50.0)
Multi-vessel disease 48 (32.2) 93 (36.0) 82 (39.1)
Major side branch disease 4 (2.7) 36 (14.0) 19 (9.0)
Basal disease; n (%) 0.006
Acute coronary syndrome 48 (32.2) 87 (33.7) 43 (20.5)
Stable angina 44 (29.5) 106 (41.1) 96 (50.0)
Old myocardial infarction 56 (37.6) 59 (22.9) 58 (27.6)
Coronary spastic angina 1 (0.7) 6 (2.3) 4 (1.9
Risk factors; n (%)
Hypertension 113 (75.8) 184 (71.3) 152 (71.3) 0.61
Diabetes 82 (55.0) 141 (54.7) 115 (54.7) 0.99
Dyslipidemia 104 (69.8) 132 (51.2) 106 (51.2)<0.001
Current smoking 78 (52.3) 97 (37.6) 88 (37.6) 0.01
Blood test
Creatinine (mg/dL) 09+0.5 1.1£3.6 14+04 0.24
LDL-cholesterol (mg/dL) 86.9 +27.4 93.0+47.6 89.4+£29.2 0.27
HDL-cholesterol (mg/dL) 44.9 +13.7 46.2+13.8 49.1+14.6 0.015
Triglyceride (mg/dL) 114.7+100.3 94.8 +£66.7 88.8 £54.7 0.004
Hemoglobin Alc (%) 62+1.1 62+1.1 6.1+0.8 0.57
EPA/AA ratio 0.24 +0.09 0.25+0.08 0.66 +£0.26 <0.0001
Medications; n (%)
Aspirin 147 (98.7) 247 (95.7) 202 (96.2) 0.27
Thienopyridines 94 (63.9) 151 (58.5) 117 (55.7) 0.38
Nicorandil 62 (41.6) 103 (39.9) 86 (41.0) 0.94
Statins 142 (95.3) 239 (92.6) 190 (90.4) 0.23
Ezetimibe 30 (20.1) 25 (9.7) 14 (6.7) < 0.001
ACE inhibitors/ARBs 115 (77.2) 178 (69.0) 152 (72.4) 0.21
Calcium channel blockers 61 (40.9) 118 (45.7) 113 (53.8) 0.04
Beta-blockers 66 (44.3) 87 (33.7) 81 (38.6) 0.1
Anti-diabetic agents 48 (32.2) 71 (27.5) 67 (31.9) 0.22

LDL, low-density lipoprotein; HDL, high-density lipoprotein; ACE, angiotensin converting enzyme; ARB,

angiotensin receptor blocker

EPA group than in the no EPA group in the log-rank test (P
=0.033) (Fig. 3).

ROC analysis was performed in the EPA group. This
analysis demonstrated that the cut-off value for EPA/AA at
follow-up after purified EPA treatment to predict all-cause
death was 1.23 (AUC = 0.85, sensitivity = 1.00, specificity
=0.75, P=0.016) and to predict 3-point MACE was 0.93
(AUC =0.57, sensitivity = 0.50, specificity =0.75, P=
0.30) (Fig. 4).
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Discussion

The major finding of the present study was that purified
EPA tended to reduce clinical events, such as 3-point
MACE and cardiovascular death, in CAD patients who had
a baseline EPA/AA ratio < 0.4 in the Kaplan—Meier survival
curve analysis. Our study is the first to verify the rationale
of prescribing EPA administration based on the EPA/AA
ratio as a marker.
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Fig. 2 The changes over time in the LDL-cholesterol, HDL-choles-
terol, and triglyceride levels and the EPA/AA ratio among the three
groups (EPA, no EPA, and control) in the limited patients for whom

Essential fatty acids are necessary in the diet because,
like most animals, humans do not have a desaturase enzyme
for the carbon chain of fatty acids. Therefore, the serum
PUFA concentration is determined largely by the amount
consumed. Both n-3 and n-6 PUFAs play roles as cell
components and signal transmitters of platelet aggregation,
the immune response, and inflammation. Each eicosanoid
that is produced from PUFAs has an action that opposes the
progression of atherosclerosis. Hence, the balance between
n-3 and n-6 PUFAs makes an important contribution to the
impact of lifestyle on the prevention of atherosclerosis.
Since the Danish epidemiological study [1] elucidated the
importance of this balance, many reports have demonstrated
the efficacy of n-3 PUFA intake for the prevention of car-
diovascular events [2, 3, 13]. Thus, EPA treatment based on
the EPA/AA ratio as a marker is a promising approach, and
our data represent the first attempt to evaluate its validity.

In this study, we set the cut-off value of the baseline
EPA/AA ratio at 0.4 and compared clinical outcomes
among CAD patients with ratios at or below this value who

these data were collected at both baseline and follow-up. LDL low-
density lipoprotein, HDL high-density lipoprotein, EPA eicosa-
pentaenoic acid, AA arachidonic acid

were or were not taking EPA and CAD patients with higher
ratios who were not receiving EPA. Few reports have given
a cut-off value of EPA/AA as a criterion for EPA treatment
of CAD patients. In the present study, the value of 0.4 was
based on the report of Domei et al. [12], in which the
relationship between EPA/AA and long-term outcomes was
investigated in 284 patients undergoing elective PCI. These
authors demonstrated that the cumulative incidence of
MACE during a 2-year period was higher in patients with
an EPA/AA ratio exceeding the median value of 0.404 than
in those with values lower than the median value. The cut-
off value for initiating treatment with an EPA agent merits
more detailed consideration. In the present study, patients in
the EPA and no EPA groups (those with EPA/AA<0.4)
were younger than the controls (those with an EPA/AA
ratio > 0.4). This result is in accord with the primary result
of the TREAT-CAD study, in which EPA/AA was lower in
younger than in older CAD patients [8].

The patients in the present study may not achieve
aggressive LDL-cholesterol control despite receiving

SPRINGER NATURE
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Table 2 Incidence of clinical

. EPA group No EPA group Control group
events (n=149) (n=258)
(n=210) P-value
All-cause death; n (%) 5@3.4) 19 (7.4) 13 (6.2) 0.26
Cardiovascular death; n (%) 0 (0) 9 (3.5) 52.4) 0.07
Nonfatal myocardial infarction; n (%) 3 (2.0) 10 (3.9) 8 (3.8) 0.56
Nonfatal stroke 2 (1.3) 9 3.5 524) 0.41
3-point MACE 534) 21 (8.1) 13 (6.4) 0.16
Hospitalization due to heart failure 2 (1.3) 6 (2.3) 2 (1.0) 0.48
Revascularization 534 3(1.2) 73.3) 0.22
Composite of cardiovascular death, nonfatal myocardial infarction, and non-fetal stroke
MACE, major cardiovascular event
statins. Although lowering aggressive LDL-cholesterol is
3-point MACE the preferred goal for secondary prevention in patients with
: B B T T T TE AT CAD, achievement of the target LDL-cholesterol level is
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I e suggest that EPA treatment may contribute to residual risk
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Fig. 3 Kaplan-Meier survival curves for the incidence of 3-point
MACE, all-cause death, and cardiovascular death. The cumulative
incidence rates of 3-point MACE and all-cause death were compara-
tive among the three groups (EPA, non EPA and control), whereas that
of the 3-point MACE tended to be lower in the EPA group than in the
no EPA group. The cumulative incidence of cardiovascular death
tended to be lower in the EPA group among the three groups and was
significantly lower in the EPA group than in the no EPA group
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wide range of noncardiovascular diseases, including bron-
chial asthma [15], arthritis [16], inflammatory bowel dis-
eases [17], and cancers [18], which possibly led to the
reduction of all-cause death in the present study.

No consensus exists regarding an appropriate EPA/AA
target value for EPA treatment. The JELIS investigators
reported that EPA/AA needed to be 0.75 for primary pre-
vention [19] and 1.0 for secondary prevention [20]. We
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Fig. 4 The receiver operating characteristic curve (ROC) analysis in

the EPA group patients to predict all-cause death and 3-point MACE
using the EPA/AA ratio at follow-up after EPA treatment. The cut-off

previously reported that 6 months of EPA treatment
improved vascular endothelial function, as demonstrated by
an increase in brachial artery flow-mediated vasodilation
(FMD) [21] in CAD patients with an EPA/AA <0.4 and that
the target value of EPA/AA required to achieve an increase
in FMD was 1.03 [22]. However, in the present study, the
ROC curve analysis showed that the cut-off value for pre-
diction of all-cause death was 1.23, although this type of
analysis under a low event rate could be slightly proble-
matic. Nevertheless, we believe that these data provide a
valuable message that the target EPA/AA for treatment with
purified EPA should be greater than 1.2.

Limitations

The greatest weakness of our study is that it is a retro-
spective analysis. Consequently, the patient populations in
each group (EPA, no EPA, and control) were hetero-
geneous, and the baseline characteristics, including age, sex,
affected vessel number, basal CAD, coronary risk factors,
and baseline medications, were different among the groups.
The changes over time in the LDL-cholesterol, HDL-cho-
lesterol, and triglyceride levels were also different among
the groups. These confounding factors might affect the
patient outcome results. Correcting for these confounding
factors will be required to assess the pure effects of EPA,
but the sample size will be even smaller as a result. In
addition, instead of collecting data from all 816 enrolled
patients in whom baseline EPA/AA was measured, we
excluded those with an EPA/AA >0.4 who received EPA
from the analysis. Although our study design is somewhat
problematic, we believe that our results have some value in
providing real-world data for EPA treatment of CAD

All-cause death

1 -t -
c 0.8
.0
2 06
2
] n=114
o 04 Cut-off value=1.23
= AUC=0.85
Sensitivity=1.00
0.2 - Specificity=0.71
P=0.016
0+ ; ‘

0 0.2 0.4 0.6 0.8 1
False positive fraction

value of the target EPA/AA ratio for EPA treatment to predict all-
cause death was 1.23 and to predict 3-point MACE was 0.93

patients. In the future, large-scale, prospective, clinical trials
are merited to assess the more specialized effects of EPA
with monitoring of the EPA/AA ratio.

Conclusion

From our retrospective analyses of patients recruited in the
TREAT-CAD study, we can envision that the purified EPA
agent may improve the long-term prognosis of CAD
patients with EPA/AA ratios<0.4. An EPA/AA ratio
greater than 1.2 may be an appropriate target value for EPA
treatment to reduce mortality.
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