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bstract

ackground: Japan EPA Lipid Intervention Study (JELIS) was a large-scale clinical trial examining the effects of eicosapentaenoic acid (EPA)
n coronary artery disease (CAD) in hypercholesterolemic patients. Herein, we focused on risk factors other than low-density lipoprotein
holesterol (LDL-C) to investigate the effects of EPA on CAD among JELIS primary prevention cases.

ethods: Hypercholesterolemic patients on statin therapy but without evidence of CAD (n = 14,981) were randomly assigned to an EPA group

n = 7503) or a control group (n = 7478). The relationships between incident CAD, the number of CAD risk factors (hypercholesterolemia;
besity; high triglyceride (TG) or low high-density lipoprotein cholesterol (HDL-C); diabetes; and hypertension) and EPA treatment were

nvestigated.

esults: For the control and EPA groups combined, a higher number of risk factors was directly associated with an increased incidence of
AD. Incidence was lower for the EPA group than for the control group regardless of the numbers of risk factors. Compared to patients with
ormal serum TG and HDL-C levels, those with abnormal levels (TG ≥150 mg/dL; HDL-C <40 mg/dL) had significantly higher CAD hazard
atio (HR: 1.71; 95% CI: 1.11–2.64; P = 0.014). In this higher risk group, EPA treatment suppressed the risk of CAD by 53% (HR: 0.47; 95%
I: 0.23–0.98; P = 0.043).
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onclusions: Multiple risk factors besides cholesterol are associated with markedly increased incidence of CAD. High TG with low HDL-C
epresents a particularly potent risk factor. EPA was effective in reducing the incidence of CAD events for patients with this dyslipidemic
attern, suggesting that EPA may be especially beneficial in patients who with abnormal TG and HDL-C levels (NCT00231738).

2008 Elsevier Ireland Ltd. All rights reserved.
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. Introduction

Eicosapentaenoic acid (EPA) is one of the n-3 polyun-
aturated fatty acids (PUFA) found large quantities in fish
il. Ever since Dyerberg and Bang reported that EPA levels
ere high in the blood and diets of Greenland Inuit (who have

ow prevalence of atherosclerotic diseases [1]), the preventive
ffects of n-3 PUFA, including EPA, has been examined in
any epidemiological and clinical studies [2–6]. Most stud-

es have found that intake of fish and fish oil are related to
educed risk for total mortality, sudden death and coronary
rtery disease (CAD). Furthermore, randomized controlled
ntervention trials have suggested the suppressive effects of
sh and fish oil consumption on CAD [7].

Using a highly purified (≥98%) EPA, not a mixture of
everal fatty acids, i.e., fish oil, we conducted a random-
zed controlled trial, the Japan EPA Lipid Intervention Study
JELIS; ClinicalTrials.gov number, NCT00231738) [8], and
eported that pure EPA suppressed CAD even in Japanese
ypercholesterolemic patients who routinely consume a large
mount of EPA and DHA from fish [5]. In the JELIS, EPA
ad no significant effect on total cholesterol (TC) or low-
ensity lipoprotein cholesterol (LDL-C) levels indicating that
PA can lower CAD risk by mechanisms other than LDL-C

owering.
Besides LDL-C, other risk factors for CAD include

besity, dislipidemia, impaired glucose metabolism and
ypertension. When present together in the same patients,
hese risk markers constitute a syndrome called the vis-
eral fat syndrome, syndrome X, insulin-resistant syndrome
nd the metabolic syndrome [9–14]. Compared to patients
ith only one of these risk factors, incidence of CAD in
atients with multiple factors is higher [15,16]. In addition,
e assumed that EPA would suppress CAD even in patients

t high risk. The present study focused on CAD risk associ-
ted with increasing numbers of non-LDL-C risk factors in
ypercholesterolemic patients and the effects of EPA on the
isk for CAD in these patients.

. Materials and methods

.1. Study design and patients
The study design of the JELIS, including inclusion
nd exclusion criteria, has been reported in detail [17].
riefly, hypercholesterolemic patients with serum TC levels
250 mg/dL (men: 40–75 years; women: postmenopausal-

f
l

ease; Risk factors; HDL-C; Triglycerides

5 years) were followed for up to 5 years (mean: 4.6 years)
sing the prospective, randomized, open-label, blinded end-
oint evaluation (PROBE) method. A total of 18,645 patients
ere registered and randomly assigned to either the EPA with

tatin (EPA group) or to statin alone (control group). Eighty
ercent (n = 14,981) of the patients had no history of CAD
nd are the subject of this report.

.2. Procedures

Dietary guidance was provided for all patients before the
tart of and during the study. All patients received 10 mg
f pravastatin or 5 mg of simvastatin administered once a
ay. In the EPA group, two 300-mg capsules containing EPA
thylester (EPA-E) with > 98% purity were administered 3
imes/day, for a total daily dose of 1800 mg.

.3. Primary endpoint

The primary endpoint was major coronary events (MCE),
omprising: sudden cardiac death; fatal myocardial infarc-
ion; nonfatal myocardial infarction; unstable angina pectoris
ncluding hospitalization for documented ischemic episodes;
nd angioplasty/stenting or coronary artery bypass grafting.
CE was reported by primary physicians and was examined

y the case report committee without knowledge of groups’
ssignment.

.4. Risk factors

The following five risk factors were of primary interest
or this report and were defined as indicated at the time of
egistration:

. Hypercholesterolemia: untreated serum TC ≥250 mg/dL
(all subjects in JELIS had serum TC ≥250 mg/dL).

. Obesity: body mass index (BMI) ≥25 kg/m2.

. Dyslipidemia: serum triglyceride (TG) ≥150 mg/dL
and/or high-density lipoprotein cholesterol (HDL-C)
<40 mg/dL.

. Diabetes: physician-diagnosis or fasting plasma glucose
≥126 mg/dL and/or hemoglobin A1C ≥6.5%.

. Hypertension: physician-diagnosis or systolic blood
pressure ≥140 mmHg and/or diastolic blood pressure

≥90 mmHg.

Furthermore, all subjects were divided into the following
our subgroups: based on the following serum TG and HDL-C
evels at the time of registration:
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Fig. 1. Multiple risk factors and the incidence of MCE. Number of risk fac-
tors at the time of registration was counted: Risk A, hypercholesterolemia
(all patients); Risk B, body mass index (BMI) ≥25; Risk C, triglyceride
≥150 mg/dL or HDL-cholesterol <40 mg/dL; Risk D, diabetes; Risk E,
hypertension. The Cox proportional hazard model was adjusted for age,
gender, smoking. *P < 0.05 vs. risk number 1 in the control group.
Y. Saito et al. / Atheros

. TG <150 mg/dL and HDL-C ≥40 mg/dL (low TG/high
HDL-C group).

. TG ≥150 mg/dL and HDL-C ≥40 mg/dL (high TG/high
HDL-C group).

. TG <150 mg/dL and HDL-C <40 mg/dL (low TG/low
HDL-C group).

. TG ≥150 mg/dL and HDL-C <40 mg/dL (high TG/low
HDL-C group).

.5. Statistical analysis

All analyses were intention-to-treat with the level of sig-
ificance set at P < 0.05 (two-sided). A Wilcoxon two-sample
est was used to compare continuous variables. A chi-square
est was used to compare class variables. Kaplan–Meier meth-
ds, the log-rank test, and the Cox proportional hazard model
ere used for survival analysis. The Cox proportional haz-

rd model was adjusted for age, gender, smoking, diabetes
nd hypertension. However, we chose age, gender and smok-
ng as adjusted factors to analyze the relationships between

ultiple risk factors and the incidence of MCE. We com-
uted the power to detect the difference in CAD incidence
etween EPA and control groups for patients with high TG
nd low HDL-C. With a total of 957 patients in the high
G/low HDL-C group, we could detect a difference in MCE

ncidence of 1% vs. 0.5% with a power of 57%. The analy-
is plan for this sub-study was pre-specified according to the
tudy hypothesis before the analysis was initiated. All analy-
es were conducted using SAS software (version 8.12; SAS
nstitute, Cary, NC).

. Results

Subject characteristics have been previously reported
8]. The number of patients with hypertension and/or dia-
etes differed slightly from that originally published because
he original designations were based only on physician-
iagnosed diabetes or hypertension only. As a result, number
f patients with diabetes was 1238 in control group, and 1258
n EPA group. In the same way, number of patients with
ypertension was 4004 in control group, and 4015 in EPA
roup.

Risk for MCE increased in both the EPA and the control
roups with increasing numbers of risk factors. The incidence
f MCE was lower, but not statistically significant, for the
PA group than for the control group with each number of

isk factors (Fig. 1).
Compared to the low TG/high HDL-C reference group,

R for MCE was increased only in the high TG/low HDL-
group (HR: 1.71; 95% CI: 1.11–2.64; P = 0.014; Fig. 2).

ther risk factors were compared to the high TG/low HDL-C

roup, those in the low TG/high HDL-C group had no sig-
ificant differences in TC or LDL-C but the proportions of
ale patients, smokers and drinkers; BMI; the prevalence

f diabetes and high diastolic blood pressure. Furthermore,

Fig. 2. Incidence of MCE and triglyceride and HDL-cholesterol levels at the
time of registration for the combined EPA and control group. Hazard ratio
and P value adjusted for age, gender, smoking, diabetes, and hypertension.
HDL-C, high-density lipoprotein cholesterol; TG, triglyceride; HR, hazard
ratio; CI, confidence interval.
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Table 1
Patient background factors at time of registration and triglyceride and HDL-cholesterol levels

TG < 150, HDL ≥ 40 (n = 6614) TG ≥ 150, HDL < 40 (mg/dL) (n = 957) P

Age (years) 61 ± 8 58 ± 9 <0.0001
Male (%) 1226 (19) 486 (51) <0.0001
Smoker (%)a 697 (11) 312 (33) <0.0001
Drinker (%)a 1170 (18) 336 (35) <0.0001
BMI (kg/m2) 23 ± 3 25 ± 3 <0.0001

Clinical history
Diabetesb (%) 885 (13) 206 (22) <0.0001
Hypertensionc (%) 3297 (50) 508 (53) 0.062

Blood pressure
Systolic (mmHg) 134 ± 18 135 ± 18 0.071
Diastolic (mmHg) 79 ± 11 80 ± 11 0.001

Lipid profile
Total cholesterol (mg/dL) 274 ± 23 277 ± 30 0.779
LDL-cholesterol (mg/dL) 186 ± 28 186 ± 33 0.658
HDL-cholesterol (mg/dL) 67 ± 18 35 ± 4 <0.0001
Triglyceride (mg/dL)d 107 (85–128) 272 (207–399) <0.0001

Fatty acid composition
EPA (mol%) 3.1 ± 1.6 2.5 ± 1.5 <0.0001

Data represent number of patients (%) or mean (standard deviation), unless otherwise indicated.
a Self-reported information.
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b Physician-diagnosed diabetes or fasting plasma glucose ≥126 mg/dL or
c Physician-diagnosed hypertension or systolic blood pressure ≥140 mmH
d Median (interquartile range). LDL, low-density lipoprotein; HDL, high-

n the high TG/low HDL-C group, EPA as a proportion of
otal plasma fatty acids at registration was lower than that
n the reference group (Table 1). EPA treatment lowered the
isk for MCE for the high-risk high TG/low HDL-C group
y 53% (HR: 0.47; 95% CI: 0.23–0.98; P = 0.043; Fig. 3).
or the high-risk group, EPA did not affect TC, LDL-C or
DL-C, but in did reduce TG (P = 0.012; Table 2). In addi-

ion, the mean plasma EPA levels in the high TG/low HDL-C

roup for the control group were 2.3 mol% at registration and
.5 mol% during the observation period, whereas for the EPA
roup, mean plasma EPA levels markedly increased from
.6 mol% at registration to 4.5 mol% during the observation

f
a
h
e

able 2
isk factors in the high TG/low HDL-C group at follow-up

TG ≥150 mg/dL and HDL-C <40 mg/dL

Control group (n = 475)

Baseline Observation
period

Change from
baseline (%

lood pressure
Systolic (mmHg) 136 ± 18 134 ± 14 0
Diastolic (mmHg) 81 ± 11 79 ± 9 −2

ipid profile
Total cholesterol (mg/dL) 277 ± 29 229 ± 37 −17
LDL-cholesterol (mg/dL) 185 ± 30 140 ± 35 −22
HDL-cholesterol (mg/dL) 35 ± 4 42 ± 9 22
Triglyceride (mg/dL)a 277 (215–400) 218 (166–291) −18

atty acid composition
EPA (mol%) 2.3 ± 1.3 2.5 ± 1.2 28

ata represent mean (standard deviation), unless otherwise indicated.
a Median (interquartile range). LDL, low-density lipoprotein; HDL, high-density
lobin A1C ≥6.5%.
astolic blood pressure ≥90 mmHg.
lipoprotein; TG, triglyceride.

eriod (Table 2), and the high EPA concentrations remained
hroughout the observation period.

. Discussion

LDL-C is an important risk factor for CAD, and statins
ave been shown to lower both LDL-C levels and risk

or CAD [18,19]. Besides LDL-C, other risk factors such
s obesity, dislipidemia, impaired glucose metabolism and
ypertension also increase risk for CAD [9–14]. This study
xamined the effects of EPA in the primary prevention sub-

P

EPA group (n = 482)

)
Baseline Observation

period
Change from
baseline (%)

134 ± 17 134 ± 14 0 0.700
79 ± 10 78 ± 9 −1 0.159

276 ± 32 229 ± 35 −17 0.522
187 ± 35 142 ± 35 −20 0.129
35 ± 4 42 ± 9 22 0.776

269 (201–399) 202 (150–271) −23 0.012

2.6 ± 1.6 4.5 ± 1.9 120 <0.0001

lipoprotein; TG, triglyceride.
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ig. 3. Effects of EPA on the incidence of MCE for the high TG/low HDL-C
roup. Hazard ratio and P value adjusted for age, gender, smoking, diabetes,
nd hypertension. HR, hazard ratio; CI, confidence interval.

roup of JELIS as a function of other CAD risk factors
besity; dislipidemia; diabetes; and hypertension. In both the
ontrol and EPA groups, greater number of risk factors was
ssociated with increased incidence of MCE. This indicates
hat risk for MCE in the JELIS involved risk factors other than
DL-C. When dividing subjects with a number of risk accu-
ulations among the 5 risk factors, incidence of MCE for the
PA group was lower than that for the control group for all
ubjects combined, regardless of the number of risk factors.
ut these differences were not statistically significant, most

ikely due to the low n in each subcategory.
EPA suppresses TG synthesis in the liver and thereby low-

rs serum TG levels and decreases atherogenic lipoproteins
uch as remnants and small dense LDL (sdLDL) [20]. Conse-
uently, we compared MCE rates in the high TG/low HDL-C
roup to those in the low TG/high HDL-C reference group
t the time of registration and found them to be increased
y 71%. This shows that high TG/low HDL-C patients are at
ncreased risk for MCE. Furthermore, within the high TG/low
DL-C group, EPA administration markedly reduced risk for
CE by 53%. When comparing patient background factors

t the time of registration between these two groups, no sig-
ificant differences in TC or LDL-C were seen, but the ratio
f male patients, ratio of smokers and drinkers, BMI, inci-
ence of diabetes and diastolic blood pressure for the high
G/low HDL-C group were all significantly higher. Thus,

his group had many other features of the metabolic syndrome
esides just high TG and low HDL-C. The present results also
uggest that EPA is effective for suppressing onset of MCE
n groups with multiple risk factors. Interestingly, plasma
PA level for the high TG/low HDL-C group at the time of

egistration was significantly lower when compared to the

ow TG/high HDL-C group. These results suggest some pre-
xisting baseline association between multiple risk factors
nd low plasma EPA levels, even in a Japanese population
ith high fish intake.

m
p
h
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In the present study, EPA treatment had no effect on LDL-
in the high TG/low HDL-C group during the follow-up

eriod, indicating that the lower MCE rates were the result
f other effects of EPA than lowering LDL-C. EPA has many
eneficial effects [21,22], including antiplatelet activity [23]
nd plaque-stabilizing properties [24,25], and thus these were
ikely responsible, at least in part, for the reductions in MCE.

While risk reduction in all primary prevention subjects of
ELIS was 18% [8], risk reduction by 53% was achieved in
igh TG/low HDL-C group. This suggests that the factors
hat EPA appears to influence (plaque destabilization, rup-
ure, and formation of occlusive thrombus) may be especially
mportant mechanisms of MCE in patients with this form of
yslipidemia. EPA administration to the high TG/low HDL-
group slightly lowered TG and did not change in HDL-C.
lthough the effects of EPA on serum TG and HDL-C were

imited, EPA markedly suppressed MCE in the high TG/low
DL-C group, and this suggests that EPA acts on mecha-
isms upstream of high TG/low HDL-C to suppress multiple
isks.

Metabolic syndrome has been noted as a new risk fac-
or for CAD [9,10]. Metabolic syndrome is characterized
y accumulation of risk factors such as hypertension, dis-
ipidemia and impaired glucose metabolism on the basis of
isceral fat accumulation. In the present study, high TG and
ow HDL-C levels (the components of the metabolic syn-
rome) were shown to be important risk factors for MCE.
PA was most effective in the high TG/low HDL group in

educing incidence of MCE. Hence, this particular patient
opulation may benefit the most from EPA treatment. Satoh
t al. administered 1800 mg/day of EPA-E (the same dose
s the JELIS) for 3 months to type II diabetics with the
etabolic syndrome and reported that levels of sdLDL and

emnant lipoproteins, which are risk factors for new cardio-
ascular events [26], decreased, and that levels of plasma
-reactive protein (CRP), a marker of inflammation that has
een examined as a risk factor for cardiovascular events [27],
lso decreased [20]. In addition, Itoh et al. reported that the
ame regimen increased adiponectin [28], an adipocytokine
nown to improve arteriosclerosis [29] and diabetes [30].

The present results among JELIS primary prevention cases
howed that multiple risk factors increase the risk of MCE.
or the high TG/low HDL-C group, risk of MCE was par-

icularly high, and EPA was shown to potently suppress
CE. In the high TG/low HDL-C group, level of plasma

PA at the time of registration was low, but EPA adminis-
ration increased plasma levels, suggesting some correlation
etween plasma EPA level and MCE risk.
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