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Abstract

Background——Atrial fibrillation (AF) is the most common arrhythmia in clinical practice and
is particularly common in the elderly. Although effects of fish intake, including potential
antiarrhythmic effects, may favorably influence risk of AF, relationships between fish intake and AF
incidence have not been evaluated.

Methods and Results——Ina prospective, population-based cohort of 4815 adults >age 65 years,
usual dietary intake was assessed at baseline in 1989 and 1990. Consumption of tuna and other broiled
or baked fish correlated with plasma phospholipid long-chain n-3 fatty acids, whereas consumption
of fried fish or fish sandwiches (fish burgers) did not. AF incidence was prospectively ascertained
on the basis of hospital discharge records and annual electrocardiograms. During 12 years’ follow-
up, 980 cases of incident AF were diagnosed. In multivariate analyses, consumption of tuna or other
broiled or baked fish was inversely associated with incidence of AF, with 28% lower risk with intake
1 to 4 times per week (HR=0.72, 95% CI=0.58 to 0.91, P=0.005), and 31% lower risk with intake
>5 times per week (HR=0.69, 95% C1=0.52 to 0.91, P=0.008), compared with <1 time per month
(P trend=0.004). Results were not materially different after adjustment for preceding myocardial
infarction or congestive heart failure. In similar analyses, fried fish/fish sandwich consumption was
not associated with lower risk of AF.

Conclusions——Among elderly adults, consumption of tuna or other broiled or baked fish, but
not fried fish or fish sandwiches, is associated with lower incidence of AF. Fish intake may influence
risk of this common cardiac arrhythmia.
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A trial fibrillation (AF) is the most common cardiac arrhythmia, affecting more than 2 million
individuals in the United States.! Risk increases markedly with advancing age.l‘3 After age
65 years, the incidence of AF is approximately 2% per year, with risk factors including older
age; presence of valvular or coronary heart disease; greater systolic blood pressure, left atrial
size, serum glucose, and C-reactive protein levels; and lower alcohol use, serum cholesterol,

and forced expiratory volume in 1 second.3~4 AF results in significant morbidity, including

fatigue, reduced exercise tolerance, increased stroke risk, and potential bleeding complications
from anticoagulant therapy.lv5
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Little is known about relationships of nutritional factors with incidence of AF. Fish intake may
lower blood pressure, reduce systemic inflammation, and improve left ventricular diastolic
function,®=16 each of which could favorably affect risk of AF. Fish consumption also appears
to reduce risk of fatal ventricular arrhythmlas consistent with antiarrhythmic effects of long-
chain n-3 polyunsaturated fatty acids in fish.17=24 In cultured rat atrial myocytes, n-3 fatty
acids reduce induced asynchronous contractile act|V|ty suggestlng that n-3 fatty acids from
fish may have antiarrhythmic effects on atrial muscle. However, it is unknown if fish intake
—or indeed any dietary factor—influences risk of AF. We therefore investigated relationships
between fish consumption and risk of AF in the Cardiovascular Health Study (CHS), a
population-based, prospective cohort study of determinants of cardiovascular risk among older
adults. Our primary hypothesis was that intake of tuna or other broiled or baked fish would be
associated with lower incidence of AF.

Design and Population

The design and recruitment process of CHS have been described.26-27 Briefly, 5201 men and
women >age 65 years were randomly selected and enrolled from Medicare eligibility lists in
4 US communities in 1989 and 1990; an additional 687 black participants enrolled in 1992
were not included in this analysis because a food frequency questionnaire (FFQ) was not
administered to these subjects at baseline. Each center’s institutional review committee
approved the study, and all subjects gave informed consent. Mean age at enrollment was 72.8
years (range, 65 to 100). We excluded 284 participants with prevalent AF at baseline 28 and
102 participants with incomplete data on fish consumption, resulting in 4815 participants
included in this analysis. At baseline, participants responded to questionnaires on health status,
medical history, and cardiovascular risk factors and underwent standardized clinical
examination, resting 12-lead ECG, 2-dimensional echocardiography, pulmonary function
testing, and laboratory evaluation. 2,3,26-29

Dietary Assessment

Usual dietary intake was assessed at baseline with the use of a picture-sort version of the
National Cancer Institute FFQ Part|C|pants were asked to indicate how often, on average,
they had consumed various specific foods during the past year, including tunafish, other broiled
or baked fish, and fried fish or fish sandwiches (fish burgers). Macronutrient intakes were
estimated from questlonnalre responses and adjusted for total caloric intake by using regression
analyses. 31-32 \When macronutrients were not estimated because of missing FFQ responses
(n=500), analyses were performed with a missing indicator category. As a biomarker of n-3
fatty acid content, we have previously evaluated correlations of fish intake with plasma
phospholipid eicosapentaenoic acid (EPA; 20:5n-3) and docosahexaenoic acid (DHA; 22:6n-3)
in a subset of participants.22 Combined EPA+DHA levels correlated with intake of tuna fish
(Spearman correlation=0.35, P<0.01) and other fish (r=0.59, P<0.001) but not fried fish or fish
sandwiches (r=0.04, P=0.78), consistent with lean types of fish typically fried (cod, pollock,
etc).

Identification of AF

Participants were followed up via annual examinations, including annual resting 12-lead ECGs
through year 9 and interim 6-month telephone contacts.33 Hospital records were obtained for
all hospitalizations, with adjudication of cardiovascular events by centralized events
committees.33 Cases of AF were identified by (1) annual 12-lead ECGs, centrally reviewed at
the CHS ECG Reading Center34 or (2) hospital discharge diagnoses (International
Classification of Diseases, 9th Revision [ICD 9] codes 427.3, 427.31, or 427.32). Review of
medical records (including hospital ECGs) in a subset of cases demonstrated that hospital
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discharge diagnoses have an accuracy (positive predictive value) of 98.6% for diagnosing AF
in CHS.3 To further evaluate the potential for missed outcomes, we examined the results of
24-hour Holter monitoring performed at year 5 in a subset of 819 participants. Fifteen
individuals demonstrated sustained AF, all of whom were identified by the above criteria, and
4 individuals demonstrated intermittent AF, 3 of whom were identified by the above criteria.
Thus, as determined by 24-hour Holter monitoring, only 1 in 819 individuals (0.1%) had
sustained or intermittent AF not identified by the above criteria.

Statistical Analysis

Results

Cox proportional-hazards models were used to estimate risk, censoring at first event (earliest
date of ECG or hospital discharge diagnosis of AF), death, or last day of follow-up through
June 30, 2001. Intakes of tuna and other broiled or baked fish were correlated with each other
(r=0.36, P<0.001) and with n-3 fatty acids as described above. Tuna consumption and other
fish consumption were therefore evaluated together, summing median intakes of their
respective response categories (combined correlation with EPA+DHA=0.55, P<0.001). Fried
fish/fish sandwich consumption was modestly positively correlated with tuna/other fish intake
(r=0.14) and was evaluated separately. To minimize potential confounding, covariates were
selected on the basis of clinical interest, published associations with AF,Z’ 25 or associations
with exposures or outcomes in the current cohort. Three multivariate models are presented: (1)
adjusted for age, gender, race (white, non-white), education (<high school, high school, >high
school), diabetes mellitus, body mass index, prevalent coronary heart disease, prevalent
valvular disease, smoking status (never, former, current), pack-years of smoking, leisure-time
activity, tuna/other fish intake or fried fish/fish sandwich intake, and total caloric intake; (2)
further adjusted for other dietary factors (alcohol, saturated fat, beef/pork, fruits, vegetables,
cereal fiber); and (3) further adjusted for potential confounders or mediators (systolic blood
pressure, diastolic blood pressure, left ventricular systolic function [normal, borderline/
abnormal], treated hypertension, C-reactive protein). We also evaluated potential mediation
by intermediary myocardial infarction (MI) or congestive heart failure (CHF) by using time-
varying adjustment and stratified analyses. Other covariates did not materially alter the
relations between fish intake and AF risk and were therefore excluded from the final models,
including study site, income, exercise intensity, prevalent stroke or transient ischemic attack,
and prevalent asthma or emphysema; use of B-blockers, lipid-lowering medication, fish oil,
and estrogen; echo-determined left atrial size and left ventricular mass; forced expiratory
volume in 1 second; fasting glucose, insulin, LDL, HDL, triglycerides, and fibrinogen; and
estimated intake of total fat, carbohydrates, protein, linolenic acid, fiber, wine, thiamine,
vitamin A, and vitamin C. Kaplan-Meier survival methods were used to evaluate AF-free
survival according to tuna/other fish and fried fish/fish sandwich consumption (each adjusted
for the other). Intake categories were entered as ordinal variables in tests for trend and for
evaluation of differences in baseline characteristics using linear (continuous variables) or
logistic (dichotomous variables) regression. Likelihood-ratio testing compared models with
and without multiplicative interaction terms to assess effect modification by age, gender,
education, prevalent coronary heart disease, treated hypertension, systolic blood pressure, and
study site. All probability values are 2 tailed (¢=0.05). Analyses were performed with the use
of Stata 8.0 (College Station, Tex).

Mean fried fish/fish sandwich and tuna/other fish consumption were 0.7 and 2.2 servings per
week, respectively. Tuna/other fish consumption was associated with younger age, female
gender, and higher education, whereas fried fish/fish sandwich consumption was associated
with male gender, nonwhite race, and lower education (Table 1). Tuna/other fish consumption
was generally associated with a more favorable cardiovascular risk profile, although tuna/other
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fish intake was also associated with higher LDL cholesterol. Tuna/other fish consumption was
inversely associated with saturated fat intake and positively associated with intake of alcohol,
fruits, vegetables, and cereal fiber; fried fish/fish sandwich consumption was positively
associated with intake of saturated fat, beef/pork, and vegetables. As noted previously, in a
subsample of participants, greater tuna/other fish intake but not fried fish/fish sandwich intake
was associated with higher plasma phospholipid EPA+DHA.

During 12 years’ follow-up, 980 participants developed incident AF. Of these, 739 persons
(75%) were diagnosed by hospital records, 54 (6%) by annual ECG, and 187 (19%) by both
methods. Figure 1 presents AF-free survival according to fish consumption. Among persons
consuming tuna/other fish >5 times per week, AF incidence was 19 per 1000 person-years,
compared with 33 per 1000 person-years with intake <1 time per month (P<0.0001). Among
persons consuming fried fish/fish sandwich >1 time per week, AF incidence was 27 per 1000
person-years, compared with 22 per 1000 person-years with intake <1 time per month
(P=0.0009).

Age- and multivariate-adjusted risks are presented in Table 2. After adjustment for potential
confounders (Model 1), there was 24% lower risk with tuna/other fish intake 1 to 3 times per
month (HR=0.76, 95% CI=0.61 to 0.95, P=0.02), 30% lower risk with intake 1 to 4 times per
week (HR=0.70, 95% C1=0.57 to 0.87, P=0.001), and 35% lower risk with intake >5 times per
week (HR=0.65, 95% CI=0.51 to 0.84, P=0.001), compared with <1 time per month (P
trend=0.001). Results were not greatly altered by further adjustment for other dietary factors
(Model 2) or other potential confounders/mediators (Model 3).

In contrast, fried fish/fish sandwich consumption was not associated with lower AF risk (Table
2). After adjustment for potential confounders (Model 1), intake >1 time per week was
associated with 24% higher risk (HR=1.24, 95% CI=1.03 to 1.49, P=0.03) compared with <1
time month. This positive association was attenuated by adjustment for other dietary factors
(Model 2) and potential confounders/mediators (Model 3). Of potential mediators, adjustment
for baseline left ventricular systolic function, treated hypertension, and C-reactive protein
levels appeared to have the greatest effect (not shown).

Exclusion of participants taking fish oil supplements (n=183) or with prevalent coronary heart
disease, stroke, or transient ischemic attack at baseline (n=1018) did not materially alter results
(not shown). There was little evidence for interaction between tuna/other fish and fried fish/
fish sandwich consumption (P for interaction >0.05) (Figure 2). There was also little evidence
that findings varied according to age, gender, education, prevalent coronary heart disease,
treated hypertension, systolic blood pressure, or study site (P>0.05 for each interaction).

Because AF may occur as a result of preceding MI or CHF, we also evaluated the extent to
which observed relationships between fish intake and AF might be mediated by Ml or CHF
(Table 3). After adjustment for MI or CHF as time-varying covariates, relationships between
tuna/other fish intake and AF incidence were not greatly altered, with 29% lower risk with
consumption 1 to 4 times per week (HR=0.71, 95% CI1=0.55 to 0.88, P=0.001) and 31% lower
risk with consumption >5 times per week (HR=0.69, 95% C1=0.54 to 0.89, P=0.004) compared
with <1 time per month (P trend=0.003). Findings were similar among persons without M1 or
CHF or evaluating only persons with prevalent M1 or CHF, although confidence intervals for
intake >5 times per week included unity due to fewer numbers of events. In similar analyses,
relationships between fried fish/fish sandwich intake and AF risk were not greatly altered by
adjustment for preceding M1 or CHF; however, associations appeared attenuated among
persons without MI or CHF (Table 3).
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Discussion

In this population-based, prospective study among elderly adults, greater consumption of tuna
or other broiled or baked fish was associated with lower risk of incident AF. This observed
relationship does not prove causality and may be related to other factors associated with both
fish intake and risk of AF. However, the association persisted after adjustment for a variety of
demographic, clinical, lifestyle, laboratory, and dietary characteristics, including preceding Ml
and CHF. These results suggest that regular intake of tuna or other broiled or baked fish may
be a simple and important deterrent of AF among older men and women.

It is biologically plausible that this observed relationship is due to effects of long-chain n-3
fatty acids in fatty fish. In experimental studies, fish oil has favorable effects on several
hemodynamic, vascular and left ventricular indices. In rats, intake of fish oil reduces perlpheral
vascular resrstance reduces myocardial oxygen consumption at any given workload,” reduces
markers of ischemia and increases contractile recovery after ischemia and reperfusron and
reduces left ventricular hypertrophy in hypertensive animals. 8 In nonhuman primates, fish oil
enhances left ventrlcular diastolic function.®=10 In humans, fish oil supplementation lowers
blood pressure 1 reduces markers of systemic inflammation, 12 attenuates vasoconstrictive
responses to angiotensin I, 13 14 improves arteriolar wall compliance, 15and improves left
ventricular diastolic frlllng 6 Considerable epidemiological, clinical trial, and animal-
experimental evidence also points to antiarrhythmic effects of n-3 fatty acids in fish, 17-24
which decrease excitability and cytosolic calcium fluctuations of ventricular myocytes via
inhibition of Na* and L-type Ca** channels.24 In vitro, n-3 fatty acids also reduce induced
asynchronous contractile activity of atrial myocytes, 25 suggestlng that antiarrhythmic effects
may extend to atrial myocardium. Each of these effects may plausibly reduce risk of AF.

We did not observe lower risk of AF with intake of fried fish or fish sandwiches, which
generally are made from lean fish and did not correlate with n-3 fatty acid levels; rather, we
observed a positive association. This observed higher risk might be a result of residual
confounding, for example, from other lifestyle or dietary factors. The preparation method might
also influence risk. Frying can greatly alter a fish meal’s nutrient composition, increasing
contents of n-6 fatty acids, trans fatty acids, and oxidation products, particularly when oils are
used repeatedly for frylng Adjustment for baseline coronary heart disease, left
ventricular systolic function, blood pressure, treated hypertension, and C-reactive protein
levels attenuated the higher AF risk seen with fried fish/fish sandwich intake, which suggests
that these factors may in part confound or mediate the association. Further investigation is
necessary to confirm these observations, determine if they are specific for certain kinds of fish
or frying oils, and examine potential mechanisms and alternative explanations. Our findings
suggest, however, that intake of fried fish or fish sandwiches is unlikely to reduce risk of AF.

Our analysis has several strengths. The prospective design reduces potential bias from recall
differences. The population-based recruitment strategy enhances generalizability.
Standardized assessment of a wide variety of participant characteristics increases the capacity
to adjust for confounding. Close follow-up, annual ECGs, and review of all hospitalizations
reduce potential for missed or misclassified outcomes.

There are also limitations to our findings. Fish intake was assessed at baseline, and consumption
may have changed over time; this likely would cause underestimation of associations between
fish intake and AF. Cases of paroxysmal AF may have been missed, particularly if
asymptomatic. The possibility of residual confounding due to unmeasured or imprecisely
measured factors cannot be excluded. The associations were observed in older individuals
participating in a cohort study and may not be generalizable to other populations.
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Our findings indicate that consumption of tuna and other broiled or baked fish, but not fried
fish or fish sandwiches, is associated with lower incidence of AF among older adults. These
results suggest that fish intake may influence the risk of this common cardiac arrhythmia.
Confirmation of these findings in other studies and evaluation of potential mechanisms of
effect, such as effects on blood pressure, left ventricular diastolic function, systemic
inflammation, or direct antiarrhythmic effects, are indicated.
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Figure 1.
AF-free survival according to fish consumption.
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Figure 2.

AF incidence according to both tuna/other fish and fried fish/fish sandwich consumption. For
groups consuming tuna/other fish >1/week, AF cases/numbers at risk were 161/781, 213/1031,
and 234/1362 for fried fish/fish sandwich intake >1/week, 1-3/month, and <1/month,
respectively; for groups consuming tuna/other fish 1-3/month, the corresponding humbers
were 29/99, 78/416, and 134/613; and for groups consuming tuna/other fish <1/month, the
corresponding numbers were 20/60, 32/119, and 79/334.

Circulation. Author manuscript; available in PMC 2005 September 13.



Page 10

Mozaffarian et al.

‘SjuaWalnseaw \YHQ pue w43 pidijoydsoyd ewsejd auijaseq yyim siuedioied g9 Huowy

#

SV =T UM PauIquiod a1am (£9=U) YM/G< SBUIIMPUES Ysi/ysty paliy BUILLNSUOD S|enpIAIpUl Ma) 8y L

i

*aBe Joy Juawisn(pe Jaige ‘@xelul Jo salioBered ssoloe GO'0>d
«

*(sa1qersen |ealiohared) uadlad Jo (SagelieA SNONUIIU0D) Ueaw aJe SanfeA

9¢ Le Le A4 6€¢ e 52 4SPIdioydsoyd % 'vHA+Vd3
9¢ 6¢ 144 LSr ey 8¢ ze p/b '1aquy [eaisd
LLe v'e ve LE€ g 6T 6T p/sbuinas ‘sa|qelaban
2z 12 ze L3¢ 2z 8T 8T p/sBuIAIBS ‘spniy
LT 60 L0 80 60 80 60 p/sbuinas *1od/yeag
€ 92 Le LLe 8¢ vz 97T mysaBielanag ‘|oyod)y
L&l 4 1 My 4 4’ €1 P/B ‘1e} paeintes
Lr6ce /8T ST9T L0ETC 58T 09T GE9T P/[e9 ‘aeul 9Lio[ed [el0 L
LLE 9¢ ze L€ et 8¢ oy /6w ‘uisjoud 8Anoeal-o
12 01T 60T 60T 60T zrt 11T 7Ip/bw *esoan|B Bunse
X8 €5 95 W59 5§ €5 [4S 7Tp/Bu ‘|osalsaloyd T1aH
TET 0€T TET L36T TET Lzt 9zt 7Ip/Bw ‘|oszIsaloyd 1a]
vT €T 4 ST 4 T T % '19x209-g
L7 61 0z I4 0z 44 81 % ‘ulidse Ajreq
4 T2 12 14 T2 144 0 7's T ut awnjoA Alojeldxa peoio
0p ‘UOIORIY
LT 6 L W 8 1T 6 uonoale [ewuouge 1o aullisplog
LLST ¥aT 6vT ,L097 41 ¥ST €GT B ‘ssew JejnouIusA 48
8161 /81 68LT 8987 68T 8187 €297 A[ed¥ ‘AAIIOR BUIN-3INSIST
LLC Lz 9z 1z 4 92 9% ZW/B3 ‘xapul ssew Apog
0L 0L 0L .69 0L 1L 0L BH ww ‘anssaid poojq d1joiseliq
9eT 9eT GET Lo€T 9T 9eT 8cT BH wuw ‘aunssaud poo|q o1j01sAS
Sy 44 44 514 34 Sy Ll % ‘uoisuapadAy pajeal L
61 6T 81 97 81 02 0C steaf-yoed ‘Aiojsiy Buiyows
4! 1 4 K0T T 4’ o1 % “19X{OUs JuaLIND
S S 9 9 S S 4 % '95e9SIp LUeay Je|nAfeA
9 S S ¥ S S 9 0% YoeNe 21WaYIS] JUBISUEI}/a3041S
£CC 67 81 0z 81 6T 67 9% ‘9seasip Lieay Aseuolod
L5¢ [44 12 0z e €2 e % ‘saleqeld
£&9 69 6. L8 9L 89 15 % *10049s YBIY< uoneanp3
6 6 9% 6 6 6 6 % ‘90eJ AUUM
K08 9 g L3¢ ey Ly 9 % ‘1apuab afeN
0'€L vl 8zL LT 92L TEL 137 A ebv
B (vrze=u) Im
1(0v6=U) 1mT< (995T=U) ow/e-T (02=U) OW/T> (0g6=U) %W/5< i’ (82TT=U) ow/e-T (e15=U) ow/T>
UDIMPUES Usid/usid palld Usid Jauy10/euN L
uondwnsuo) ysi4 0} Buip1oady sansLaloeIeyD suljaseq
T3749vL

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Circulation. Author manuscript; available in PMC 2005 September 13.



1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duosnue Joyiny vd-HIN

Mozaffarian et al.

TABLE 2

Risk of Incident AF According to Fish Consumption

Page 11

Frequency of Fish Consumption

<1/mo 1-3/mo 1- 4/wk >5/wk P trend
Tuna/other fish, n 513 1128 2244 930
No. events 131 241 444 164
Person-years 3952 9728 20 220 8644
HR (95% Cl):
Age adjlisted 1.0 (referent) 0.78 (0.63-0.97) 0.71 (0.58-0.87) 0.65 (0.52-0.82) <0.001
Model 1 1.0 (referent) 0.76 (0.61-0.95) 0.70 (0.57-0.87) 0.65 (0.51-0.84) 0.001
Model 2 1.0 (referent) 0.82 (0.66-1.04) 0.72 (0.58-0.91) 0.69 (0.52-0.91) 0.004
Model 3 1.0 (referent) 0.81 (0.65-1.03) 0.72 (0.57-0.90) 0.70 (0.53-0.93) 0.007
Fried fish/fish 2309 1566 940 §
sandwich, n
No. events 447 323 210
Person-years 20787 13 955 7803
HR (95% Cl):
Age adjusted 1.0 (referent) 1.12 (0.97-1.29) 1.27 (1.08-1.49) 0.004
Model 1 1.0 (referent) 1.07 (0.92-1.25) 1.24 (1.03-1.49) 0.03
Model of 1.0 (referent) 1.01 (0.86-1.19) 1.22 (1.00-1.49) 0.08
Model 3 1.0 (referent) 0.96 (0.82-1.13) 1.17 (0.96-1.43) 0.23

*
Includes age, gender, race, education, diabetes mellitus, body mass index, prevalent coronary heart disease, prevalent valvular heart disease, smoking
status, pack-years of smoking, leisure-time activity, tuna/other fish intake, fried fish/fish sandwich intake, and total caloric intake.

7LFur’(her adjusted for other dietary factors (alcohol, saturated fat, beef/pork, fruits, vegetables, cereal fiber).

;‘Further adjusted for potential confounders/mediators (systolic blood pressure, diastolic blood pressure, left ventricular systolic function at baseline,
treated hypertension, C-reactive protein).

§The few individuals consuming fried fish/fish sandwiches >5/wk (n=67) were combined with 1- 4/wk.
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