ARIC Manuscript Proposal # 1506

PC Reviewed: 5/12/09 Status: A Priority: 2
SC Reviewed: Status: Priority:

1.a. Full Title: Plasma n-3 fatty acids, fish intake, and incidence of Atrial Fibrillation in
the Atherosclerosis Risk in Communities (ARIC) Study

b. Abbreviated Title (Length 26 characters): n-3 and AF in ARIC

2. Writing Group:

Writing group members: Noelle N. Gronroos MA, MPH
Alanna Chamberlain, MPH
Aaron Folsom, MD
Elsayed Z. Soliman, MD, MSc
Sunil K. Agarwal, MD, MPH
Jennifer A. Nettleton, PhD
Alvaro Alonso, MD, PhD

I, the first author, confirm that all the coauthors have given their approval for this
manuscript proposal. __nng____ [please confirm with your initials electronically or in
writing]

First author: Noelle Gronroos
Address: 1300 S. 2" Street, Suite 300
Minneapolis, MN 55454

Phone: 612-624-0390 Fax: 612-624-0315
E-mail: noell005@umn.edu

ARIC author to be contacted if there are questions about the manuscript and the first author
does not respond or cannot be located (this must be an ARIC investigator).

Name: Alvaro Alonso
Address: 1300 S. 2" Street, Suite 300
Minneapolis, MN 55454
Phone: 612-626-8597 Fax: 612-624-0315
E-mail: alonso@umn.edu
3. Timeline: Statistical Analysis: April 2009 - July 2009
Manuscript Preparation: August 2009 — November 2009
Manuscript Revision: December 2009

Manuscript Submission: December 2009



4. Rationale:

Atrial fibrillation (AF) is the most common sustained cardiac dysrhythmia in clinical
practice, and is associated with increased stroke and cardiovascular morbidity and
mortality [1]. AF currently affects more than 2.2 million Americans [2], and the lifetime
risk for development of AF in men and women over 40 years of age is 1 in 4 [1].

Consumption of fish with high levels of n-3 PUFAs is associated with decreased risk
of cardiovascular disease (CVD) while consumption of other types of fish are not [3].
Similarly, consumption of fish and n-3 PUFAs has been shown to be positively
associated with better heart rate variability indices [4], protective against coronary
mortality [5], coronary heart disease (CHD) [6], ischemic heart disease risk [3], CHD
related mortality [3], ventricular arrhythmias [7], and all cause mortality post myocardial
infarction (M) [8].

AF has many mechanistic causes and fish-derived n-3 PUFAs may act on some of
these mechanisms to prevent AF. Hypothesized biological mechanisms include the
putative action of n-3 PUFASs as anti-inflammatory [9] and anti-arrhythmic agents [7].

The literature regarding the association between fish-derived n-3 PUFAs and AF in
animal models has been mixed. Some studies have shown that n-3 fatty acid
supplementation via food intake protects against stretch-induced vulnerability to atrial
fibrillation [10] and that IV supplementation can reduce acute atrial electrophysiological
remodeling [11]. However, another animal study demonstrated that n-3 fatty acid food
supplementation resulted in proarrhythmia [12]. Consequently, it is unclear whether n-3
fatty acid supplementation affects AF pathogenesis.

Studies in humans have been equally inconsistent. A randomized trial found that n-3
supplementation was associated with decreased incidence of AF in those post CABG
[13]. Additionally, the Cardiovascular Health Study, a cohort aged 65 years and older at
baseline, also found a lower risk of AF in those with higher n-3 fatty acid intake [14].
However, an analysis of the Rotterdam study [15] and the Health Professionals Follow-
up Study [16] found no significant association between n-3 fatty acid consumption and
incident AF. Finally, two review studies also concluded against an association [17, 18].
In their review, Den Ruijter et al [17] suggest that the contradictory associations in
human studies may be due the pro and anti-arrhythmic properties of n-3 fatty acids, but
no empirical data exist to confirm this.

One possible explanation for the inconsistent results in observational studies
could be measurement error. A key weakness in both observational studies was the use
of dietary data to assess fish-derived n-3 fatty acid intake [14, 15] (it should be noted that
the Cardiovascular Health Study had previously demonstrated that dietary questionnaires
were correlated with plasma n-3 levels [3], but they used dietary data in their n-3/AF
analysis). Thus, it is possible that a plasma measurement of n-3 fatty acids that is less
subject to measurement error could better elucidate the relationship between n-3 fatty
acids and AF.

The ARIC study would allow for the concurrent study of the association of dietary
n-3 fatty acid intake and plasma levels of n-3 fatty acids with the risk of incident AF.
Although these two measurements have previously been shown to be correlated [19],
separate analysis may give more insight. We propose two analyses: (1) estimate the
association between n-3 fatty acids in plasma and the incidence of AF in the Minnesota



component of the ARIC study and (2) investigate the association of n-3 consumption (via
fish and other n-3 rich foods) and incidence of AF in the entire ARIC sample.

In addition to considering total n-3 fatty acid levels the ARIC dataset would also
allow for the study of individual n-3 fatty acids (alpha-linolenic acid (ALA), and the fish-
derived eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA)) within the
plasma data. Previous research in ARIC has shown that individual components of fish-
derived n-3 fatty acids can have differing effects on health outcomes [20] and preliminary
results from a Finnish cohort aged 42-60 years at baseline demonstrated that DHA is
significantly associated with incident AF but that EPA is not [21]. Thus, considering
different components of n-3 fatty acids as exposures may yield relevant results.

Because of the mixed literature and the unique data available in ARIC, we propose
to determine the association of plasma and dietary n-3 PUFA with the risk of incident AF
in ARIC.
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5.  Main Hypothesis/Study Questions:

We hypothesize that the incidence of AF will be lower among those with higher
levels of plasma n-3 PUFAs at baseline compared to those at the lowest level. We also
hypothesize that the incidence of AF will be lower among those with higher levels of fish
intake at baseline compared to those with the lowest intake.

As a secondary aim, we will examine the association between other plasma fatty acids
and the risk of AF.

6. Design and analysis (study design, inclusion/exclusion, outcome and other
variables of interest with specific reference to the time of their collection, summary
of data analysis, and any anticipated methodologic limitations or challenges if
present).

Exposure assessment

The plasma n-3 analyses will include individuals from the Minnesota field center of
the ARIC cohort (n = 3935) in whom plasma fatty acids were measured at baseline.
Plasma n-3 levels in these subjects and the correlation with dietary intake have been
documented by Ma et al [19]. The dietary analysis will include subjects from all four
field centers (n=15,792).

Independent variables in both analyses include the following as measured at
baseline: main exposure (plasma fish-derived n-3 fatty acids (DHA, EPA) or dietary n-3
intake), age, sex, BMI, education, smoking status, alcohol intake, total energy intake,
LDL, HDL, use of cholesterol lowering medications, SBP, use of hypertension
medications, prevalent diabetes, prevalent CHD, and left ventricular mass. Sensitivity
analyses will be performed excluding users of fish supplements.

AF ascertainment

The study outcome for both analyses is incident AF. Incident cases of atrial
fibrillation were identified through hospital discharge codes (ICD-9 codes 427.31 and
427.32), ECGs performed during three follow-up visits, and death certificates.
Individuals who developed atrial flutter or AF during follow-up will be considered as
having an event, and follow-up will be censored at the first occurrence of either AF or



atrial flutter. Individuals without ECG or who had diagnosed AF or atrial flutter at
baseline will be excluded from analyses.

Statistical analysis

We will use Cox proportional hazards regression to determine the hazard ratios of
AF by quartiles of n-3 fatty acid levels and categories of fish intake, adjusting for
potential confounders. We will also use restricted cubic splines to explore dose-response
relationships.

Because presence of coronary heart disease at baseline could be a mediator in the
association between n-3 fatty acids/fish intake and the risk of AF, we will conduct
additional analysis stratifying by history of cardiovascular disease at baseline.

Limitations

Limitations for the plasma fatty acids analysis include the small amount of
variability in plasma n-3 fatty acid measurements. For the fish intake analysis, data are
not available regarding fish preparation methods. Research suggests that fish preparation
method is an important determinant of cardiovascular benefit [3]. Finally, both analyses
may be limited by a potential lack of power resulting from a small number of AF cases.
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