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Abstract

The efficacy of n-3 PUFAs in preventing recurrence of atrial fibrillation (AF) is controversial and
their effects on inflammation and oxidative stress in this population are not known. This study
examined the effects of high-dose marine omega-3 polyunsaturated fatty acids (n-3 PUFAS) added
to conventional therapy on the recurrence of AF and on markers of inflammation and oxidative
stress. Patients with paroxysmal or persistent AF were randomized to n-3 PUFAs (4g/d) (n=126)
or placebo (n=64) in a 2:1 ratio in a prospective, double-blind, placebo-controlled, parallel group
study. The primary outcome was time to recurrence of AF. Secondary outcomes were changes

in biomarkers of inflammation (serum interleukin (IL)-6, IL-8, IL-10, tissue necrosis factor

alpha (TNFa), monocyte chemoattractant protein-1 (MCP-1), and vascular endothelial growth
factor (VEGF)), N-terminal-pro-brain type natriuretic peptide (NTpBNP), and oxidative stress
(urinary Fo—isoprostanes (IsoPs)). Atrial fibrillation recurred in 74 (58.7%) patients randomized to
n3-PUFAs and in 30 (46.9%) who received placebo; time to recurrence of AF did not differ
significantly in the two groups (hazard ratio 1.20; 95% CI 0.76 - 1.90, adjusted P=0.438).
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Compared to placebo, n3-PUFAs did not result in clinically meaningful changes in concentrations
of inflammatory markers, NTpBNP or Fo-Isops. In conclusion, in patients with paroxysmal or
persistent AF treatment with n3-PUFASs 4g/day did not reduce the recurrence of AF, nor was

it associated with clinically important effects on concentrations of markers of inflammation and
oxidative stress.
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Introduction

Methods

Few studies have specifically addressed the hypothesis that inflammation and oxidative
stress play a direct role in AF, and that treatment targeted at these mechanisms

may be beneficial. Omega-3 polyunsaturated fatty acids (n-3 PUFAS) are rich in
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) and have antiarrhythmic,®
2 anti-inflammatory,® 4 and antioxidant3 5 effects. Thus, n-3 PUFAs are attractive as

a potential therapy for AF. In vitro studies,® as well as some epidemiological 7 and
interventional studies, 8 9 support a role for n-3 PUFAs in the prevention of AF, but others
do not.19-14 There is little information about the efficacy and effects on inflammation and
oxidative stress of high doses of n-3 PUFAs added to conventional AF therapy. Accordingly,
we designed this randomized, placebo-controlled trial to examine the effects of high-dose
n-3 PUFAs added to conventional AF therapy on the recurrence of AF and on markers of
inflammation and oxidative stress.

This was a prospective, double-blind, placebo-controlled, parallel group, 6 month study with
randomization to n-3 PUFAs or placebo in a 2:1 ratio. The study was conducted at 4 centers
in Nashville, TN and at the Marshfield Clinic in Madison, WI and was approved by the
Institutional Review Boards of all participating organizations. All patients provided written
informed consent.

We studied patients =21 years of age with a history of at least two occurrences of AF or
atrial flutter, at least one of which was AF, and an electrocardiogram within the previous 12
months showing AF or atrial flutter. Patients were in sinus rhythm at randomization. Those
patients taking antiarrhythmic drugs continued to do so. Key exclusion criteria included:
permanent AF, New York Heart Association class 111 or IV heart failure or Canadian
Cardiovascular Society class 11 or IV angina pectoris, cardiothoracic surgery, myocardial
infarction or stroke within the previous 3 months, reversible causes of AF, cancer, currently
taking fish oil, allergy to fish, serious bleeding in the previous year, and dialysis or renal
transplantation.

Participants received 4g/day of n-3 PUFAs (Lovaza, GlaxoSmithKline, Research Triangle
Park, NC) or an identical corn oil placebo. Each 1g n-3 PUFA capsule contained
approximately 465 mg of EPA and 375 mg of DHA. Randomization was performed
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according to a computer-generated permuted block scheme with 4 strata according to
baseline anti-arrhythmic therapy: i) no anti-arrhythmic therapy, ii) amiodarone, iii) class
| anti-arrhythmic drugs, and iv) sotalol or dofetilide.

Subjects took the first dose of study medication under direct observation and this was
considered the time of randomization. Patients were seen at baseline and then at weeks
2,4,8,12, 18, and 24. At each visit adverse events were recorded and adherence

monitored by capsule count and heart rhythm was monitored. Patients were provided

with a transtelephonic electrocardiographic monitoring (TTM) device (eCardio Diagnostics,
Houston, TX) and made routine transmissions every 2 weeks, and in addition, if they

had symptoms suggestive of arrhythmia. Electrocardiograms were coded, de-identified and
evaluated blindly by two cardiac electrophysiologists (DD and KM). Patients were followed
for 6 months or until AF recurred. Patients who changed antiarrhythmic drug or dose during
the study were withdrawn.

Venous blood was collected, separated immediately and stored in aliquots frozen at —=70°

C until assayed. Serum IL-6, IL-8, IL-10, tissue necrosis factor alpha (TNFa), monocyte
chemoattractant protein-1 (MCP-1), vascular endothelial growth factor (VEGF) and N-
terminal-pro-brain type natriuretic peptide (NTpBNP) were measured by multiplex enzyme-
linked immunosorbent assay (Linco Research/Millipore Corp, St. Louis, MO) as previously
described.1> Urine samples for F, and Fa—isoprostanes (IsoPs), markers of oxidative stress,
were quantified using gas chromatography and mass spectroscopy and expressed as ng/mg
creatinine (ng/mg Cr). 16. 17

The primary outcome was the time to documented recurrence of AF (symptomatic or
asymptomatic). Secondary outcomes included changes in measures of inflammation and
oxidative stress and their relationship with recurrence of AF. Initial sample size estimations
(n=450) sought to provide not only excellent power for the primary and secondary outcomes
but also for determining whether efficacy was related to changes in secondary outcomes. In
2010, because of slow enrollment, the sample size was recalculated to focus on the primary
outcome and indicated that a sample size of n=180 would provide 94% power to detect a
difference of 30% in the recurrence rate of AF between groups. We estimated that 10% of
patients would drop out, and thus sought to enroll approximately 198 subjects.

Baseline demographic and clinical characteristics were examined using median and
interquartile ranges or frequencies and proportions and compared using the Wilcoxon rank
sum test for continuous variables or Chi-square test for categorical variables. The cumulative
probability of not having a recurrence of AF was estimated using the Kaplan-Meier product
limit method for n-3 PUFAs and placebo groups. Comparisons between the two survival
curves were made using the logrank test. For the primary outcome, time to recurrence of AF,
we used a Cox proportional hazard regression model to evaluate the effect of treatment after
adjusting for covariates. Clinically relevant covariates were selected a priori as potential

risk factors for AF and included: age, race, sex, duration of AF, coronary heart disease,
congestive heart failure and randomization stratification factor. Duration of AF was included
as a flexible smooth parameter using splines. A pre-specified analysis was performed in the
subpopulation of patients who remained in the study 30 days after randomization. Subgroup
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analyses were adjusted for only age, sex and race due to smaller sample sizes. Proportional
hazard assumptions were checked using the Schoenfeld residuals method.18 Hazard ratios
(HRs) and their 95% confidence intervals (95% CIs) are reported. For biomarkers we
calculated HRs per increase in interquartile range. We used intent-to-treat as the primary
analysis.

To assess differences between n-3 PUFAs and placebo groups for the secondary outcomes
(biomarkers), we performed analysis of covariance multiple linear regression analysis
(ANCOVA) using the end-of-study value of the response variable with the baseline value
as a covariate; additional covariates were as described for the primary outcome.

Additionally, we evaluated whether baseline or end-of-study concentration of biomarkers
were differentially associated with recurrence of AF by treatment status. We used Cox
proportional hazard models and a cross-product term between biomarker (baseline or end-
of-study) and treatment status. In adjusted analyses, covariates included were limited to age,
race and sex. All statistical analyses were performed using open source R statistical software
version 3.0.2 (http://www.r-project.org).

Between December 2007 and December 2012, 241 patients were enrolled and 190 (178

at Vanderbilt, 12 at other sites) ultimately randomized to n-3 PUFAs (n=126) or placebo
(n=64) (Figure 1). The two groups were well matched with regard to age, race, sex and
baseline anti-arrhythmic therapy, but coronary heart disease was more frequent in the control
group (Table 1). Of the 190 patients randomized, 173 (91%) completed the study.

AF recurred in 74 (59%) of 126 patients randomized to n3-PUFAs and in 30 (47%) of those
who received placebo; the majority (81 of 104 recurrences, 78%) were symptomatic. There
was no statistically significant difference in the primary outcome of time to recurrence of AF
among patients randomized to receive n3-PUFAs or placebo (HR 1.20; 95% CI 0.79-1.84,
P=0.39) (Figure 2). Statistical adjustment for age, race, sex, randomization stratum, coronary
artery disease, congestive heart failure and duration of AF did not alter the findings
materially (HR 1.20; 95% CI 0.76 - 1.90, P=0.438). There was no statistically significant
treatment effect in patients who remained in the study 30 days after randomization (HR:
1.65; 95% CI 0.88 - 3.09, P=0.119 age, race, and sex adjusted).

Concentrations of cytokines and NTpBNP (Table 2) were similar to those we previously
reported in a different group of patients with AF and higher than would be expected in the
general population;1> however, n3-PUFA therapy did not affect concentrations of IL-6, IL-8,
IL-10, MCP-1 or NTpBNP significantly (Table 2). There were small differences in TNF-a
and VEGF concentrations of marginal significance that were not statistically significant after
adjustment for covariates (P>0.05 for both). Concentrations of markers of inflammation and
NTpBNP at baseline were not significantly associated with time to recurrence of AF (all P
values > 0.05), although there was a differential association between higher levels of 1L-6 at
baseline and time to recurrence of AF between subjects who received n3-PUFAs and those
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that did not (P interaction =0.019; n3-PUFAs HR 1.23; 95% CI 0.94 -1.59; placebo HR 0.61;
95%CI 0.35-1.08, adjusted for age, sex and race).

Changes in urinary Fo-1sop excretion did not differ significantly among those who received
placebo or n3-PUFAs (P=0.991)(Table 2). F3-Isops are formed from EPAL?: 19 and thus
increased significantly after n3-PUFAs (P<0.0001) (Table 2). F3-Isop excretion at baseline
(n3-PUFAs HR 1.01; 95%CI 0.76 - 1.35; placebo HR 0.91; 95%CIl: 0.53 - 1.58, P interaction
=0.59, adjusted for age, race and sex) and at the exit visit (n3-PUFAs HR=1.02; 95%CI: 0.69
- 1.52; placebo HR=0.99; 95%CI: 0.55 -1.78, P interaction=0.82 adjusted for age, sex and
race) were not significantly associated with time to recurrence of AF.

The study intervention was tolerated well. No patients died and there were 5 serious adverse
events: n3-PUFAs (n=2): pseudogout (1) non-cardiac chest pain (1); placebo (n=3): acute
coronary syndrome (1), bradycardia (1), and rapid AF (1). Five patients did not complete
the study because of adverse events (n3-PUFASs: gastrointestinal discomfort (2); placebo:
prostate biopsy (1), worsening heart failure (1), and acute coronary syndrome (1)).

Discussion

The major findings of this study are that high doses (4g/day) of n3-PUFAs, in addition
to usual antiarrhythmic therapy, did not decrease the rate of AF recurrence. Moreover,
n3-PUFAs did not have clinically important effects on concentrations of inflammatory
cytokines, NTpBNP, or a marker of oxidative stress (F,-1sop excretion).

Studies performed in non-human animals, and some epidemiologic and clinical studies have
suggested that n3-PUFAs may prevent AF or its recurrence.8 9 20. 21 Our findings that
n3-PUFAs as adjunctive therapy did not prevent recurrence of AF are, however, concordant
with studies in postoperative AF,22: 23 and several randomized controlled clinical trials of
persistent or paroxysmal AF10.13.14 a5 well as a recent meta-analysis.24 Clinical trials

of n3-PUFAs to prevent AF recurrence used a range of doses and differed in design. One
such difference is the duration of exposure to n3-PUFAs before efficacy was assessed. Of
interest, n3-PUFAs were administered for at least 4 weeks before cardioversion in the two
studies that found a protective effect,8 9 a finding compatible with the observation that
concentrations of EPA and DHA in atrial tissue accumulate slowly and reach a maximum
after approximately 30 days of therapy.2> When we restricted our analysis to those patients
who completed at least 30 days of treatment, we found no protective effect.

Fish oil has several antiarrhythmic mechanisms including effects on ion channels,

atrial remodeling, inflammation and oxidative stress.3 Inflammation is thought to

play a fundamental role in the pathogenesis of AF and not to merely represent an
epiphenomenon.26: 27 Similarly, substantial evidence from animal and human studies
implicates increased oxidative stress as important in the pathogenesis of AF and as a
potential therapeutic target.28: 28 Therefore, the effect of n3-PUFAs on inflammation and
oxidative stress in AF is of interest.

Anti-inflammatory effects of n3-PUFAs have been reported in many experimental models
and human studies,® 4 including heart failure.29 However, these effects have not been
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consistent. For example, although n3-PUFAs decreased IL-6 and TNFa concentrations
significantly in a meta-analysis of heart failure studies, not all studies showed the decrease
and there was no effect on C-reactive protein.2? In a previous study, we observed that serum
IL-6, IL-8, IL-10, TNFa, MCP-1, VEGF and NTpBNP concentrations were elevated in
patients with AF compared to controls.1® Therefore, we studied the effects of n3-PUFAs

on the same panel of biomarkers. Despite performing a large study with high doses of n3-
PUFAs, we found no clinically important effect on cytokine concentrations. This suggests
that the inflammation associated with AF is not reduced by n3-PUFA therapy.

Furthermore, we found no relation between the markers of inflammation at baseline and risk
of recurrence of AF in either treatment group, although there appeared to be a differential
association between higher levels of 1L-6 at baseline and a shorter time to recurrence of AF
in subjects who received n3-PUFAs. However, this was an exploratory analysis and the P
value was not adjusted for multiplicity.

We also found that n3-PUFASs had no effect on F»-1soP excretion, considered by many to be
the gold standard for measurement of systemic oxidative stress. Despite the suggestion that
AF is associated with increased oxidative stress, we have previously reported that Fo-1soP
excretion did not differ among patients with AF and controls.2® Thus, it is possible that an
antioxidant effect of n3-PUFAs in AF could have been difficult to detect in the absence of
increased F»-1soP excretion. We did, however, find that F3-I1soP excretion more than doubled
after n3-PUFA therapy. F3-1soPs are formed from the oxidation of EPA, just as F,-1soPs are
formed from the peroxidation of arachidonic acid.1”- 1° Thus, the increase in F3-1soPs after
n3-PUFA therapy is expected.

The biological significance of the increase in F3-I1soPs that occurs after n3-PUFA therapy is
unknown. Two possibilities have been proposed.19 First, because EPA is more susceptible to
lipid peroxidation than arachidonic acid, it could scavenge free radicals and form F3-IsoPs
that are likely less biologically active than Fo-1soPs; thus, differential formation of F3-I1soPs
rather than F»-1soPs could contribute to the beneficial effects of n-PUFAs.1® We found

that F3-1soPs increased, but there was no concomitant decrease in Fo-1soPs after n3-PUFA
therapy. This finding does not support the hypothesis that free radicals are differentially
directed away from the F»-1soP pathway by the formation of F3-1soPs. Second, increased
F3-1soPs might have deleterious effects that antagonize beneficial effects of n3-PUFAs.19
Our study did not address this hypothesis directly; however, there was no relationship
between risk of recurrence of AF and F3-1soP excretion.

We and many others have previously reported that NTpBNP concentrations are increased

in patients with AF.1% The effect of n3-PUFAs on NTpBNP concentrations in AF are not
well-established, but treatment with 2g/day for 3 months decreased NTpBNP concentrations
in 38 patients with heart failure.3% We found no significant effect of n3-PUFAs on NTpBNP
concentrations in patients with AF, concordant with the overall lack of effect on AF
recurrence.

Our study had several limitations. We determined the recurrence of AF by both routine
and symptomatic TTM transmissions, but we did not examine the effect of therapy on
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total AF burden. Our sample size was relatively small and included a heterogeneous patient
population, including patients receiving different antiarrhythmic therapies in stable doses.
Although this approach provided the advantage that our findings could be generalizable to a
wide population, it did not allow us to study specific populations such as patients receiving
amiodarone, in whom efficacy of n3-PUFAs was previously reported.®
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Figure 1.
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Figure 2. Time to recurrence of atrial fibrillation
There was no statistically significant difference in time to recurrence of atrial fibrillation

among patients randomized to receive n3-PUFAs and those who received placebo (hazard
ratio 1.20; 95% CI 0.79 - 1.84; P=0.393 unadjusted and after adjustment for age, race,

sex, randomization stratum, coronary artery disease, congestive heart failure and duration of
atrial fibrillation HR: 1.20; 95% CI1 0.76 - 1.90; P=0.438).

Am J Cardiol. Author manuscript; available in PMC 2016 January 15.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Vanderbilt et al.

Table 1

Demographic and clinical characteristics of subjects at randomization

Baseline Characteristics n-3-PUFA (N=126) Placebo (N=64) P value
Age (years) 62 (12) 61 (11) 0.57
Women 59 (47%) 22 (34%) 0.10
White 119 (94%) 61 (95%) 0.29
Body mass index (kg/m?) 30.1(7.2) 31.9(7.3) 0.04
Hypertension 78 (62%) 44 (69%) 0.35
Diabetes mellitus 23 (18%) 13 (20%) 0.73
Coronary heart disease 9 (7%) 14 (22%) 0.003
Prior myocardial infarction 7 (6%) 8 (12%) 0.09
Heart failure 14 (11%) 13 (20%) 0.09
Lone atrial fibrillation 20 (16%) 7 (11%) 0.36
Duration of atrial fibrillation (months) 50 [13,111] 54 [22,112] 0.32
Ejection fraction (% ) 587 S7T+6 0.31
Left atrial size (mm ™) 407 42+£7 0.13
Therapy

No anti-arrhythmic therapy 46 (37%) 21 (33%) 0.91%
Amiodarone 12 (10%) 8 (12%)

Class | agent 30 (24%) 15 (23%)

Sotalol or dofetilide 38 (30%) 20 (31%)

Beta blocker 71 (56%) 41 (64%) 0.31
Statin 45 (36%) 28 (44%) 0.28
ACE inhibitor 33 (26%) 16 (25%) 0.86
Angiotensin receptor blocker 22 (17%) 6 (9%) 0.14
Warfarin 63 (50%) 28 (44%) 0.41

Data are shown as number (%) or mean (standard deviation) or median [interquartile range].

Page 12

Lone atrial fibrillation was defined as atrial fibrillation with no underlying structural or functional heart disease, no hypertension, no diabetes and

younger than 65 yrs.

*
Measurements for left atrial size and ejection fraction were available in 152 and 169 patients, respectively.

*ok

P-value represents comparison of the prevalence of 4 anti-arrhythmic therapies (no therapy, amiodarone, class | agent, and sotalol or dofetilide)

in the two groups.
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Table 2
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Measures of inflammation and oxidative stress at baseline and end of study in patients who received omega-3

polyunsaturated fatty acids or placebo

Baseline End of Study

Biomarker n3-PUFAs Placebo n3-PUFAs Placebo Pvalue® P** value
IL-6 (pg/ml) 2.8 (1.5-4.4) 2.5 (1.3-4.5) 2.2 (1.3-4.0) 2.4 (15-4.7) 0.212 0.77
IL-8 (pg/ml) 7.2 (5.5-10.0) 5.6 (4.1-8.4) 6.8 (5.0-9.2) 5.8 (3.8-8.0) 0.793 0.41
IL-10 (pg/ml) 2.0 (0-5.9) 1.5 (0-8.4) 1.4 (0-5.3) 1.6 (0-6.3) 0.634 0.92
TNF-a (pg/ml) 8.5 (6.0-11.2) 7.8 (6.5-9.9) 8.0(5.5-10.9)  7.6(6.2-9.8) 0.049 0.10
MCP-1 (pg/ml) 148 (97-210) 142(110-176) 131 (102-188) 129 (104-172)  0.941 0.62
VEGF (pg/ml) 95 (35-240) 103(30-189) 90 (33-228) 69 (18-145) 0.046 0.33
NTpBNP (pg/ml) 124.0 (0.35-386.0)  157.5 (9.2-441.0) 192 (11-723) 288 (27-752) 0.768 0.85
Urinary Fy-IsoPs (ng/mg Cr)  1.41 (0.91-2.06) 1.29 (1.05-1.83) 1.25(0.87-1.81)  1.08 (0.83-1.98)  0.991 0.95
Urinary F5-IsoPs (ng/mg Cr)  0.134 (0.089-0.23)  0.141 (0.085-0.177)  0.31(0.19-0.53) 0.12(0.06-0.18)  <0.0001  <0.0001

Values are shown as median with interquartile range.

IL = interleukin; MCP = monocyte chemoattractant protein; NTpBNP = N-terminal pro-brain (B-type) natriuretic peptide; TNF = tumor necrosis
factor; Urinary F2-1soPs = urinary F2-isoprostanes; Urinary F3-1soPs = urinary F3-isoprostanes; VEGF = vascular endothelial growth factor

*
P value refers to comparison between biomarker values in n3-PUFA and placebo groups at the end of study with adjustment for baseline values

using analysis of covariance regression methods (ANCOVA).

*k
The model was further adjusted for age, race, sex, randomization stratum, coronary artery disease, congestive heart failure and duration of atrial

fibrillation
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