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Background: n-3 polyunsaturated fatty acids, primarily eicosapentaenoic acid (EPA), has been re-
ported to have antiarrhythmic and antiinflammatory effects. The aim of the present study was to
examine whether the combination of antiarrhythmic drugs and EPA reduced the frequency of atrial
fibrillation (AF) in patients with paroxysmal AF.

Methods: We studied 50 patients with paroxysmal AF (age, 54 ± 9 years) after excluding the clinical
conditions associated with an increased risk of AF. Patients were initially treated with antiarrhythmic
drugs for 6 months (the observation period), and thereafter, EPA was added at a dose of 1.8 g/day for
6 months (the intervention period). During a one-year period, patients obtained an ECG recording
using a portable device each morning and when arrhythmia-related symptom occurred. The end
point was the difference of the AF burden (defined by the days of AF per month) between observation
period and intervention period. Plasma EPA and C-reactive protein (CRP) levels were also determined.

Results: There was no significant difference in the AF burden before and after intervention
(2.6 ± 2.2 days/months vs. 2.5 ± 2.2 days/months, P = 0.45). Although EPA level was signifi-
cantly increased (42 ± 15 μg/mL to 120 ± 47 μg/mL, P < 0.001), CRP level was unchanged
(1.04 ± 0.69 mg/L to 0.96 ± 0.56 mg/L, P = 0.24) following EPA treatment.

Conclusions: Treatment of EPA in combination with antiarrhythmic drugs did not reduce the AF
burden or the CRP levels in paroxysmal AF patients who had no evidence of substantial structural
heart disease.
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Atrial fibrillation (AF), the most common sustain-
ing arrhythmia, adversely affects cardiovascular
morbidity and mortality.1 However, the efficacy
and safety of current antiarrhythmic drugs are not
optimal, and attempts to maintain sinus rhythm
using rhythm control drugs have been associated
with a relative lack of efficacy.2,3 Identification of
novel therapeutic approaches targeting the devel-
opment of the AF substrate is a current subject
of focus and investigation. Epidemiological study
or observation study showed that dietary intake
of n-3 polyunsaturated fatty acids (PUFAs), pri-
marily eicosapentaenoic acid (EPA) and docosahex-
aenoic acid (DHA) in fish oil, reduced the develop-
ment of AF,4 although some large population-based
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studies show contradictory results.5–7 Probable ex-
planations for the conflicting results among these
studies4–7 are the heterogeneity of AF subtypes that
result from distinct underlying causes, underesti-
mation of AF frequency, lifestyle differences, and
dietary changes during follow-up.

In addition to an antiarrhythmic effect, PUFAs
may also have an antiinflammatory effect that may
be relevant to the development and perpetuation
of AF.8 However, whether PUFAs reduce the fre-
quency of AF recurrence and inflammatory status
remains unknown. Here we performed a prospec-
tive study in Japanese patients with paroxysmal AF
who do not have a substantial underlying heart dis-
ease, and determined whether the combination of
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antiarrhythmic drugs and EPA is effective in reduc-
ing the recurrence of AF and improvement of the
inflammatory status.

METHODS

Patients

The study includes Japanese female and male
patients with a minimum age of 20 years who vis-
ited outpatient department of cardiology of our in-
stitute. The entry period was from May 2006 to
December 2006, with final follow-up on February
21, 2007. Eligible patients had a history of either
two or more episodes of symptomatic AF (as doc-
umented on an electrocardiogram (ECG)). Parox-
ysmal AF was defined as an episode with sponta-
neous termination within 7 days, as demonstrated
on a 12-lead ECG. Patients were considered to have
structural heart disease if their history included one
of the following: left bundle branch block, coro-
nary artery disease, remote myocardial infarction,
New York Heart Association class II to IV heart fail-
ure, valvular heart disease, dilated or hypertrophic
cardiomyopathy or hypertension (i.e., blood
pressure ≥140/90 mmHg)9; these patients were ex-
cluded from the study. Patients who had a history
of electrical or pharmacologic cardioversion, or
with permanent AF, cardiac surgery, an implanted
pacemaker or cardioverter-defibrillator, thyroid,
pulmonary, liver, or kidney disease, diabetes or
cancer were also excluded. Patients with catheter
ablation for AF or atrial flutter, or those tak-
ing nutritional supplements or receiving treatment
with other antihyperlipidemic drugs (e.g., statin)
were excluded from the study. The study proto-
col was approved by the ethics committee of our
institution. All patients provided written informed
consent.

Study Design and End Point

Patients were instructed in using either a
portable ECG recorder equipped with a digital
memory card (HCG-801 OMRON, Tokyo, Japan) or
a transtelephonic ECG monitoring (TTM) record-
ing (EV-50, Clinical Supply Inc. Tokyo, Japan).
They were requested to obtain a 30-s recording ev-
ery morning immediately after waking and upon
the occurrence of arrhythmia-related symptoms.
All patients were followed up on a monthly ba-
sis, and ECG data stored in the digital memory

card were analyzed each month. After a 6-month
period of antiarrhythmic drug treatment (the obser-
vation period), EPA ethyl ester treatment, in addi-
tion to antiarrhythmic drug, was initiated at a dose
of 1800 mg/day and continued for 6 months (the
intervention period). We used an EPADEL Capsule
(Mochida Pharmaceutical Co, Ltd, Tokyo, Japan)
containing a purified EPA ethyl ester, which was
launched into the Japanese market in 1990 for the
treatment of arteriosclerosis obliterans and hyper-
lipidemia, and the usual adult dose is a 600 mg EPA
capsule administered orally three times daily after
meals.10

The end point was the AF burden, which in-
cludes total AF (symptomatic and asymptomatic
AF or atrial flutter) and symptomatic AF. The AF
burden was defined as the number of days of AF
per month. Patients were asked to submit a dietary
record for one month during observation period,
especially for fish consumption. Patients recorded
arrhythmia-related symptoms, intake of EPA cap-
sules in a diary during study period.

ECG Analysis and Echocardiography

An experienced electrocardiology technician
blinded to the study analyzed the ECG data from
the digital memory card or TTM. The 12-lead
surface ECG (Fukuda Denshi, Tokyo, Japan) and
the two-dimensional transthoracic echocardiogra-
phy (Sonos 5500, Philips, Andover, MA, USA) were
performed at study enrollment and during the last
month of the intervention period. The left atrial
size was measured as the distance from the leading
edge of the posterior aortic wall to the leading edge
of the posterior left atrial wall at the end-systole.
The left ventricular ejection fraction was calculated
using the biplane Simpson method of discs.

Biochemical Analysis

We collected fasting blood samples at the study
enrollment and during the last month of the in-
tervention period. Plasma EPA and DHA levels
were assayed by gas chromatography, and the
reference values were 11.6 to 107.2 μg/mL and
48.6 to 152.4 μg/mL, respectively. High-sensitivity
C-reactive protein (CRP) levels were assayed by la-
tex nephelometry, and B-type natriuretic peptide
levels were measured by chemiluminescence en-
zyme immunoassay.
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Statistical Analysis

Differences in quantitative data were evaluated
by 2-tailed Student’s paired t-test. Spearman’s rank
correlation coefficient test was used to evaluate the
relationship among AF burden, plasma EPA con-
centration, and CRP value. The time to first AF
recurrence was analyzed using the Kaplan-Meier
method and compared using the log-rank test. Data
analysis was performed according to the intention-
to-treat principles. Quantitative data are expressed
as mean ± standard deviation (SD). We used
the JMP 7.0 J program (SAS Institute, Cary, NC,
USA) for statistical analyses. A probability value
of P < 0.05 was considered to indicate statistical
significance.

RESULTS

Baseline Characteristics of the Patients

Fifty-one patients were included in the study.
One patient claimed pruritic skin rashes two days
after EPA administration and discontinued ECG
monitoring. The baseline clinical characteristics of
the patients are shown in Table 1. The frequency
of fish intake was 2.9 ± 2.5 times/week.

AF Burden and Clinical Variables after
EPA Treatment

We analyzed 17,601 (96.7%) out of 18,202 ECG
recordings and identified 1541 AF episodes. The
compliance of planned ECG recording was 93%
during the study period. Comparison between the
observation period and intervention period showed
no significant differences in the total AF burden be-
fore and after intervention (2.6 ± 2.2 days/months
vs. 2.5 ± 2.2 days/months, respectively, P = 0.45)
(Fig. 1). Less than half of the AF episodes were
symptomatic; the frequency of symptomatic AF
was 1.1 ± 1.0 days/month in the observation pe-
riod and 1.0 ± 0.9 days/month in the intervention
period (P = 0.39) (Fig. 1).

The Kaplan–Meier estimate for the time to the
first recurrence of AF is shown in Figure 2.
There was no significant difference in the time to
the first recurrence of AF in observation period
(63 ± 49 days) and intervention period (62 ± 52
days,P = 0.85). Table 2 lists the clinical variables
recorded during the observation period and inter-
vention period. Following EPA supplementation,
we did not detect any significant differences in the

Table 1. Baseline Characteristics of Patients

Characteristic (n = 50)

Age, years 54 ± 9
Sex
Male / Female, n 44/6

Duration of diagnosis of AF, years 1.7 ± 1.0
Current tobacco use, n (%) 20 (40)
Alcohol use, n (%) 10 (20)
Fish intake, times/week 2.9 ± 2.5
Body mass index (kg/m2) 22.1 ± 4.0
Medication, n (%)

Propafenone 30 (60)
Flecainide 20 (40)
Warfarin 6 (12)
Aspirin 12 (24)

Data represent means ± SD or frequency. AF = atrial
fibrillation.

12-lead ECG parameters, including heart rate (64
± 12 beats/min vs. 62 ± 8 beats/min, P = 0.40),
QT interval (380 ± 46 ms vs. 390 ± 59 ms, P =
0.05) or QTc interval (391 ± 60 ms vs. 397 ± 54
ms, P = 0.38). Blood test results showed that LDL
cholesterol (173 ± 35 mg/dL vs. 155 ± 32 mg/dL,
P < 0.001) and triglyceride levels (188 ± 49 mg/dL
vs. 161 ± 38 mg/dL, P < 0.001) were decreased and
EPA was increased after EPA treatment (42 ± 15
μg/mL vs. 120 ± 47 μg/mL, P < 0.001), while HDL
cholesterol (58 ± 12 mg/dL vs. 59 ± 11 mg/dL, P
= 0.26) and CRP levels (1.04 ± 0.69 mg/L vs. 0.96
± 0.56 mg/L, P = 0.24) were unaffected by the in-
tervention. Spearman’s rank correlation coefficient
test revealed that there were no significant asso-
ciations between changes in total AF burden and
plasma EPA level (r = 0.15, P = 0.29), total AF bur-
den and CRP value (r = 0.08, P = 0.59), and plasma
EPA level and CRP value (r = −0.10, P = 0.83).

During the study period, no patients under-
went hospitalization due to cardiovascular events
or death, and no patients developed AF lasting
more than 7 days or permanent AF.

DISCUSSION

Major Findings

We performed a prospective study in parox-
ysmal AF patients without associated structural
heart disease to determine whether addition of
EPA to antiarrhythmic drug treatment reduced the
AF burden and inflammatory status. Our results
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Figure 1. AF burden between the observation period and the intervention period.
Patients were initially treated with antiarrhythmic drugs for 6 months (the observation
period), and thereafter, EPA was added for 6 months (the intervention period). Left: Total
AF (symptomatic AF and asymptomatic AF), Right: Symptomatic AF. There were no sig-
nificant differences in the AF burden (defined by the days of AF per month) between the
two periods. AF = atrial fibrillation.

showed no significant differences in the total and
symptomatic AF burden between the observation
period (antiarrhythmic drug treatment alone) and
the intervention period (EPA supplementation). Al-
though plasma EPA levels significantly increased,
CRP levels were unaffected following EPA supple-
mentation. There were no clinically relevant differ-
ences during follow-up with regard to changes in vi-
tal signs and ECG parameters in 12-lead ECG. Our
findings demonstrate that EPA supplementation in
combination with antiarrhythmic drug treatment

Figure 2. Kaplan–Meier curves for the time to the first
recurrence of AF.There was no significant difference in
the time to the first recurrence of AF in two periods.
AF = atrial fibrillation.

did not have an effect on AF recurrence in parox-
ysmal AF patients.

Previous Clinical Studies

There is limited evidence of the efficacy of
PUFAs in primary or secondary prevention in AF,
and the results are controversial. The population-
based study by Mozaffarian et al.4 reported an in-
verse correlation between the incidence of new-
onset AF and increased intake of tuna or other
broiled or baked fish in elderly individuals. Re-
cent population-based studies, however, concluded
that there was no association between the intake of
fish oil and the development of AF.5–7 The discrep-
ancies between these studies may be due to dif-
ferences in population composition, baseline fish
consumption, or other confounding factors. In our
study, addition of a daily dose of 1800 mg EPA
did not have an effect on the AF frequency com-
pared to treatment with antiarrhythmic drugs alone
in AF patients without associated structural heart
disease. In a recent meta-analysis study by Mozaf-
farian and Rimm,11 the highest risk reduction of
cardiac death was observed with a modest intake
of EPA and DHA (approximately 250 mg per day);
above this threshold, little additional benefit was
seen.

Recently, Kowey et al.12 examined the efficacy of
PUFA for the prevention of recurrent symptomatic
AF or atrial flutter in patients with paroxysmal or
persistent AF, who had no substantial structural
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Table 2. Clinical Variables in the Observation Period and the Intervention Period

Observation Period Intervention Period P-value

Heart rate at the time of AF recurrence, beats/min 85 ± 14 83 ± 16 0.46
Twelve-lead ECG findings

Heart rate, beats/min 64 ± 12 62 ± 8 0.40
QT interval, ms 380 ± 46 390 ± 59 0.05
QTc interval, ms 391 ± 60 397 ± 54 0.38

Arterial blood pressure, mmHg
Systolic 113 ± 13 112 ± 11 0.70
Diastolic 68 ± 7 68 ± 6 0.76

Echocardiographic findings
Left ventricular ejection fraction,% 61 ± 4 61 ± 3 0.34
Left atrial diameter, mm 33 ± 4 34 ± 4 0.54

Blood tests
LDL cholesterol, mg/dL 173 ± 35 155 ± 32 <0.001
HDL cholesterol, mg/dL 58 ± 12 59 ± 11 0.26
Triglyceride, mg/dL 188 ± 49 161 ± 38 <0.001
EPA, μg/mL 42 ± 15 120 ± 47 <0.001
DHA, μg/mL 77 ± 38 80 ± 46 0.63
B-type natriuretic peptide, pg/mL 37 ± 15 39 ± 14 0.11
CRP, mg/L 1.04 ± 0.69 0.96 ± 0.56 0.24

Data represent means ± SD. QTc = rate-corrected QT interval, LDL = low-density lipoprotein, HDL = high-density lipoprotein.
EPA = eicosapentaenoic acid, DHA = docosahexaenoic acid, CRP = C-reactive protein.

heart diseases and were not currently receiving an-
tiarrhythmic medication. Patients were randomly
assigned to receive PUFA, containing a daily dose
of 3720 mg EPA and 3000 mg DHA, or placebo
for 24 weeks. They used a considerably high-dose
prescription formula of PUFA, however, there was
no significant difference in the incidence of symp-
tomatic AF or atrial flutter when compared with
placebo. The clinical characteristics of the study
population and the result are similar to our present
study although we did not use DHA.

Effect of PUFAs on the Experimental
Arrhythmia and Cellular

Electrophysiology

Experimental data suggest that EPA produce
direct electrophysiological effects on several car-
diac ion channels, including sodium, transient out-
ward and ultra-rapid delayed rectifier potassium
currents,13 Na+/Ca2+ exchanger,14 and expression
level of connexins, which have been proposed as
pharmacological targets for antiarrhythmic drugs
effective on prevention and perpetuation of AF. In
experimental AF model, induced by rapid atrial
pacing15 or rapid ventricular pacing,16 and va-
gal stimulation,17 EPA reduced the shortening of
atrial effective refractory periods and inducibility
of AF. Other potential anti-AF mechanisms include

regulation of mitogen-activated protein kinase
activation 16 and attenuation of collagen turnover 18

responsible for development of structural remodel-
ing of the atrium.

The role of low-grade systemic inflammation
in the development and maintenance of AF has
been the subject of intense investigation in recent
years. Multiple experimental AF model showed
that pretreatment with EPA reduced atrial inflam-
mation.19,20 In the present study, baseline CRP
level was similar to those with paroxysmal AF in
the previous studies,21,22 but was unaffected by the
supplementation of EPA. This finding is similar to
that by Heidarsdottir et al.,23 in which CRP levels
were unchanged by the treatment of EPA and DHA
in patients undergoing open-heart surgery. Addi-
tionally, there was no significant difference in the
incidence of new-onset AF when compared with
placebo.

Study Limitations

This study included a small number of patients
and was not designed as a placebo-controlled trial.
Because we excluded subjects with known heart
disease from our cohort, we cannot exclude the
possibility that EPA may prevent the develop-
ment or relapse of AF in patients with underly-
ing heart diseases. The 6-month observation and
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intervention periods are mid-term. In order to be
able to assess the final efficacy of EPA on AF re-
currence, long-term follow-up is required. We used
class I antiarrhythmic drugs for the treatment of
AF recurrence since no patients had substantial or-
ganic heart disease,24,25 then we did not evaluate
the effect of EPA addition to treatment with class
III antiarrhythmic drugs.

CONCLUSIONS

Our study demonstrates that supplementation
of EPA in addition to antiarrhythmic drug treat-
ment did not show evidence of reducing the AF
burden and CRP levels in paroxysmal AF patients
who have no significant heart disease. Despite pos-
itive results from animal experiments and promis-
ing outcomes from observational studies, evidence
of clinical benefit from PUFAs in AF patients is not
yet sufficient to change clinical practice.26
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