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Abstract
Background—Vigorous exertion and endurance training have been reported to increase atrial
fibrillation (AF). Associations of habitual light or moderate activity with AF incidence have not
been evaluated.

Methods and Results—We prospectively investigated associations of leisure-time activity,
exercise intensity, and walking habits, assessed at baseline and updated during follow-up visits,
with incident AF, diagnosed by annual 12-lead-electrocardiograms and hospital discharge records,
from 1989–2001 among 5,446 adults ≥65 in the Cardiovascular Health Study. During 47,280
person-years follow-up, 1,061 new AF cases occurred (incidence=22.4/1,000 person-years). In
multivariable-adjusted analyses, leisure-time activity was associated with lower AF incidence in a
graded manner, with 25% (HR=0.75, 95%CI=0.61, 0.90), 22% (HR=0.78, 95%CI=0.65, 0.95),
and 36% (HR=0.64, 95%CI=0.52, 0.79) lower risk in quintiles 3, 4, and 5, versus quintile 1 (p
trend<0.001). Exercise intensity had a U-shaped relationship with AF (quadratic p=0.02): versus
no exercise, AF incidence was lower with moderate (HR=0.72, 95%CI=0.58, 0.89), but not high
(HR=0.87, 95%CI=0.64, 1.19), intensity exercise. Walking distance and pace were each
associated with lower AF risk in a graded manner (p trend <0.001); assessing combined effects of
distance/pace, individuals in quartile 2, 3, and 4 had 27% (HR=0.73, 95%CI=0.61, 0.86), 40%
(HR=0.60, 95%CI=0.50, 0.73), and 48% (HR=0.52, 95%CI=0.42, 0.65) lower AF incidence,
compared with quartile 1. Findings appeared unrelated to confounding by comorbidity or
indication. Evaluating cutpoints of moderate leisure-time activity (~600 kcal/wk), walking
distance (12 blocks/wk), and pace (2 mph), 26% of all new AF cases (95% CI=7, 43%) appeared
attributable to absence of these activities.

Conclusions—Light to moderate physical activities, particularly leisure-time activity and
walking, are associated with significantly lower AF incidence in older adults.
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INTRODUCTION
Atrial fibrillation (AF) is a common chronic arrhythmia and results in significant morbidity
and increased health care utilization due to elevated stroke risk, reduced exercise tolerance,
and potential bleeding complications from anticoagulant therapy.1–3 AF is particularly
problematic in older adults (≥65), in whom risk of new-onset AF is ~2% per year;1, 2, 4 both
incidence and prevalence of AF will likely grow as the population continues to age. Physical
activity has been reported to increase the risk of AF.5–11 However, only vigorous exertion
and endurance training have been evaluated, and largely only in retrospective case-control
studies and case series of younger athletes and middle-aged adults.5–11 Hypothesized
mechanisms for such potential higher risk include transient influences (i.e., during or
immediately after exercise) on autonomic tone and/or long-term changes in cardiac
dimensions due to chronic effects of high intensity training (e.g., left ventricular hypertrophy
among distance runners). No prior studies have prospectively evaluated the relationship
between habitual light to moderate physical activity and incidence of AF.

Among older adults, pathophysiology of AF may often be related to increased vascular
stiffness and reduced left ventricular compliance, as reflected by risk factors for AF such as
higher systolic blood pressure, treated hypertension, prior myocardial infarction (MI),
congestive heart failure (CHF), valvular heart disease, and left atrial enlargement.2, 4 Based
on these risk factors, in older adults habitual physical activity might be expected to reduce
the incidence of AF, for example by reducing blood pressure, improving vascular
compliance, or reducing risk of MI or CHF. However, the relationship between habitual
physical activity and incidence of AF among older adults is unknown. The significant
morbidity associated with AF, including stroke risk and potential bleeding due to
anticoagulation therapy, makes prevention of paramount importance. A relationship between
physical activity and risk of AF later in life would suggest that simple lifestyle behaviors
could potentially affect this serious condition. Given the prospectively collected information
on physical activity measures, the medical, electrocardiographic (ECG), hospital, and Holter
information on AF, and the focus on older adults, we examined the association of physical
activity with incidence of new-onset AF among 5,446 men and women ≥65 in the
Cardiovascular Health Study (CHS), an NLHBI-sponsored prospective cohort study of
determinants of cardiovascular risk among older adults. We hypothesized that greater
habitual physical activity would be associated with lower incidence of AF.

METHODS
Design and Population

The CHS design and recruitment experience have been described.12, 13 Briefly, 5,201 men
and women ≥65 were randomly selected and enrolled from Medicare eligibility lists in 4
U.S. communities in 1989–90; an additional 687 black participants were recruited and
enrolled in 1992. Each center’s institutional review committee approved the study and all
participants gave informed consent. Participants were only enrolled if they were ambulatory
and noninstitutionalized. Baseline evaluation included standardized physical examination,
diagnostic testing, laboratory evaluation, and questionnaires on health status, medical
history, lifestyle habits, and cardiovascular risk factors.12–15 After excluding 166 individuals
with incomplete information on leisure-time activity, exercise intensity, or walking habits
and 276 individuals with AF at baseline, 5,446 participants were included in this analysis.
To minimize possible confounding by preexisting conditions that might affect both
propensity to physical activity and risk of AF, we also performed sensitivity analyses
excluding individuals with potentially limiting symptoms (claudication, angina, significantly
limited vision, abnormal FEV1, or any reported limitation of one or more activities of daily
living; n=1,150) and stratified analyses according to presence (n=1,253) or absence
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(n=4,193) of preexisting cardiovascular disease, including coronary heart disease (CHD),
CHF, and stroke.

Assessment of Physical Activity
Usual leisure-time activity (kcal/wk) was assessed at baseline and at the 3rd and 7th annual
visits using a modified Minnesota Leisure-Time Activities questionnaire, evaluating
frequency and duration of 15 different activities during the prior 2 weeks.16 Usual exercise
intensity was also separately characterized at baseline and at the 3rd and 7th annual visits,
with responses including no exercise or low, medium, or high intensity of exercise.17 Usual
walking habits, including average pace (gait speed) and distance walked, were assessed by
self-report at baseline and again annually at each follow-up visit. We assessed these
measures in prespecified categories of leisure-time activity (quintiles), exercise intensity
(none, low, medium, high), blocks walked (quintiles), and usual pace walked (<2 mph, 2–3
mph, >3 mph). We also evaluated a prespecified walking score combining blocks walked
(ordinal score for quintiles) and pace walked (ordinal score for 3 categories), evaluated in
quartiles, to account for both distance and pace of usual walking.

Identification of Atrial Fibrillation
Participants were followed by means of annual examinations including annual resting 12-
lead electrocardiograms through year 10, and interim 6-month telephone contacts.18

Hospital records were obtained for all hospitalizations, with adjudication of cardiovascular
events by centralized events committees.18 Cases of AF were identified by (1) annual 12-
lead electrocardiograms, centrally reviewed at the CHS ECG Reading Center,19 or (2)
hospital discharge diagnoses (International Classification of Diseases, 9th Revision, codes
427.3, 427.31, or 427.32). Review of medical records including hospital electrocardiograms
in a subset of cases demonstrated that hospital discharge diagnoses provided an accuracy
(positive predictive value) of 98.6% for diagnosing AF in CHS.4 To evaluate potential for
missed outcomes, results of 24-hour Holter monitoring performed at year 5 were evaluated
in a subset of 819 participants.20 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
Physical activity categories were assessed as ordinal variables for evaluation of differences
in baseline characteristics using linear (continuous variables) or logistic (dichotomous
variables) regression and also for tests for trend. Physical activity habits were updated over
time using cumulative averaging to minimize misclassification (measurement error) and
assess long-term effects of habitual activity; for example, walking habits at baseline were
related to incidence of AF in the first year of follow-up; the average of walking habits at the
baseline and first follow-up visits were related to incidence of AF in the second year; the
average of walking habits at the baseline, first, and second follow-up visits were related to
incidence of AF in the third year; etc. Findings using baseline data only were generally
similar; we present the cumulative updated results. Cox proportional-hazards models were
used to estimate relative risk (hazard ratio) of incident AF, censoring at death or last day of
follow-up through June 30, 2001. Follow-up after 2001 was censored because the last
physical activity assessment, clinic examination, and annual ECG occurred at year 10
(1999–2000). To minimize potential confounding, covariates were selected based on clinical
interest, previously established risk factors for incident AF in older adults,4 or associations
with exposures or outcomes in the current cohort. Care was taken to evaluate separately
factors that might be potential confounders (such as age, gender, race, and education) vs.
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factors that might be potential confounders or mediators of the effect of physical activity on
incidence of AF (such as body mass index, blood pressure, antihypertensive medication use,
cholesterol levels, glucose levels, and left ventricular mass). We also evaluated potential
mediation by intermediary nonfatal MI or CHF using time-varying adjustment. Other
covariates that did not materially alter the relations between physical activity and AF risk
were excluded from the final models, including month of visit, income, preexisting stroke or
transient ischemic attack, use of ACE-inhibitors and lipid-lowering medication, and (among
those with dietary data) fish consumption, and (in mediator models) heart rate, LDL
cholesterol, HDL cholesterol, and triglycerides. Missing covariates (all ≤6% missing) were
imputed by best-subset regression using age, gender, race, education, preexisting CHD
(nonfatal MI, coronary revascularization, or angina), stroke, diabetes, and chronic
pulmonary disease. Potential effect modification was evaluated by subgroups of age, gender,
hypertension, preexisting CHD, and preexisting cardiovascular disease (CHD, CHF, or
stroke) by evaluating the significance of multiplicative interaction terms using likelihood
ratio tests. Population attributable risk percent (PAR%) was calculated using the formula
p(RR-1)/(1 + p(RR-1)), where p is the prevalence of the risk factor and RR is the
multivariable-adjusted relative risk. All p-values were two-tailed (alpha=0.05). Analyses
were performed using Stata 8.2 (College Station, Texas).

Statement of Responsibility
The authors had full access to and take full responsibility for the integrity of the data. All
authors have read and agree to the manuscript as written.

RESULTS
At baseline, average participant age was 73 years (mean±SD=72.8±5.6; range 65–100); 58%
were female, and 17% were nonwhite. Participant characteristics according to leisure-time
activity and exercise intensity at baseline are shown (Table 1). Greater leisure-time activity
was associated with slightly younger age, male gender, white race, greater education, greater
alcohol use, and generally fewer cardiovascular risk factors, including slightly less current
smoking and lower prevalence of diabetes, CHD, treated hypertension, and pulmonary
disease. As would be expected based on physiologic effects, greater activity was also
associated with lower blood pressure, heart rate, LDL-C, triglyceride, and C-reactive protein
levels. In these unadjusted analyses, exercise intensity was associated with higher HDL-C,
whereas leisure-time activity was associated with lower HDL-C. Leisure-time activity was
not associated with preexisting CHD or beta-blocker use. These relationships were generally
similar, or even more pronounced, for exercise intensity (Table 1). Findings were also
generally similar for measures of walking distance and pace (data not shown). Leisure-time
activity, exercise intensity, and distance and pace of walking were only modestly positively
intercorrelated (Spearman r=0.23–0.57). Associations of physical activity with incident AF
were assessed with and without adjustment for each of the factors in Table 1.

Leisure-Time Activity and Exercise Intensity
During 12 years follow-up (47,280 total person-years), 1,061 new cases of AF were
documented (incidence rate=22.4 cases per 1,000 person-years). After adjustment for age
and gender, both leisure-time activity and exercise intensity were associated with lower AF
incidence (p<0.001) (Table 2). After multivariable-adjustment, graded lower risk was
evident across quintiles of leisure-time activity: compared to the lowest quintile, individuals
in quintiles 3, 4, and 5 had 25%, 22%, and 36% lower risk, respectively (p trend <0.001).
Conversely, after multivariable-adjustment, a nonlinear U-shaped relationship was seen
between exercise intensity and incident AF: compared with no regular exercise, individuals
with moderate intensity exercise had 28% lower risk of AF, but individuals with high
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intensity exercise did not have significantly lower risk than those with no regular exercise
(Table 2). In a post-hoc test, the addition of a U-shaped (quadratic) term to the ordinal
model for exercise intensity was statistically significant (p=0.02), confirming the
nonlinearity of this relationship. Further adjustments for factors which might be potential
confounders or mediators of effects of physical activity on AF, including body mass index
(kg/m2), treated hypertension (yes/no), systolic blood pressure (quintiles), fasting cholesterol
(quintiles), fasting glucose (quintiles), C-reactive protein (quintiles), and estimated left
ventricular mass from ECG (quintiles), modestly affected these associations: the extreme
quintile relative risk for leisure-time activity went from 0.64 to 0.67 (95% CI=0.54, 0.83),
and the relative risk for moderate and for high exercise intensity went from 0.72 to 0.73
(95% CI=0.59, 0.91) and from 0.87 to 0.93 (95% CI=0.66, 1.28), respectively.

Distance and Pace of Walking
Walking habits were also associated with risk of AF (Table 3). In multivariable-adjusted
analyses, compared to walking 0–4 blocks/week, individuals walking 5–11, 12–23, 24–59,
and 60+ blocks/week had 22%, 24%, 33%, and 44% lower risk, respectively (p trend
<0.001). Compared to pace <2 mph, individuals with pace of 2–3 mph and >3 mph had 32%
and 41% lower risk, respectively (p trend <0.001). We also assessed the combined effects of
walking distance and pace by means of a prespecified walking score (ordinal score for the
sum of the categories of distance [0–4] and pace [0–2] of walking), evaluated in quartiles. A
graded inverse relationship was evident between walking distance/pace and incidence of AF
(Figure 1); individuals in the highest quartile had 48% lower risk (95% CI=35, 58%; p trend
<0.001). Further adjustments for other factors that might be either confounders or mediators
(as above) modestly mitigated these associations: compared to the lowest quartile of
distance/pace walked, the relative risk for individuals in the highest quartile went from 0.52
to 0.56 (95% CI=0.45, 0.69).

Assessment of Confounding by Comorbidity
To assess confounding by physical activity limitation, we excluded individuals with
comorbidities that could significantly limit activity, including claudication, angina,
significantly limited vision, abnormal FEV1, or any reported limitation of one or more
activities of daily living at baseline (n=1,150). Results were not greatly altered, with lower
AF risk in multivariable-adjusted analyses with greater leisure-time activity (comparing
extreme quintiles, HR=0.68, 95% CI=0.54, 0.86; p trend=0.003), moderate exercise intensity
(comparing moderate to none, HR=0.70, 95% CI=0.54, 0.90) and greater distance/pace
walked (comparing extreme quartiles, HR=0.54, 95% CI=0.42, 0.69; p trend <0.001). In
stratified analyses, there was little evidence that associations of physical activity with
incident AF varied more than would be expected by chance alone according to age, gender,
hypertension, preexisting CHD (p interaction>0.10 for each), or presence or absence or
preexisting cardiovascular disease (Table 4).

Mediation by Preceding MI and CHF
We evaluated the extent to which observed relationships between physical activity and AF
might be mediated by lower risk of preceding MI or CHF by adjusting for both preexisting
and incident MI and CHF as time-varying covariates. In multivariable-adjusted analyses
(covariates as in Table 4), preceding MI or CHF was a strong risk factor for incident AF
(HR=4.64, 95% CI=4.08, 5.26). Adjusting for preceding MI or CHF, relationships of
physical activity with incident AF were slightly attenuated: the extreme quintile relative risk
for leisure-time activity went from 0.64 to 0.67 (95% CI=0.55, 0.83), the relative risk for
moderate compared to no exercise intensity went from 0.72 to 0.76 (95% CI=0.61, 0.95),
and the extreme quartile relative risk for distance/pace of walking went from 0.52 to 0.56
(95% CI=0.45, 0.70).
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Population Attributable Risk
We calculated the proportion of cases of new-onset AF in the population attributable to lack
of moderate activities, defined as leisure-time activity below the median (<616 kcal/wk),
walking less than 12 blocks per week, or walking at a pace less than 2 mph, adjusting for
these habits simultaneously in the multivariable model (other covariates as in Table 2). In
sum, the proportion of all new cases of AF attributable to the absence of these moderate
activities was 26% (95% CI=7, 43%).

DISCUSSION
Incidence of AF rises sharply with age, and most cases in the population occur after age 65.
While vigorous exertion and endurance training have been reported as risk factors for AF in
younger and middle-aged populations, this is the first study to focus on older adults and to
evaluate prospectively the relationships of light to moderate habitual physical activity with
incidence of AF. Greater leisure-time activity and walking were associated with graded
lower incidence of AF, with progressively lower risk as both leisure-time activity and
distances and paces of walking increased. Conversely, intensity of exercise had a U-shaped
relationship with AF, with lower risk among individuals exercising with moderate, but not
high, intensity.

Physical activity and exercise may have both acute (during a bout) and chronic (related to
habitual activity) physiologic effects. For example, whereas the risk of sudden cardiac death
may be transiently increased during vigorous exercise, habitual physical activity is
associated with an overall decreased risk of sudden cardiac death.21–23 Higher risk of AF
has been reported in case series and retrospective studies of younger athletes and middle-
aged adults with high intensity or endurance exercise,5–10 which if causal could reflect
relatively transient higher risk during/immediately following a bout of exercise, and/or more
chronic left ventricular structural changes related to prolonged high intensity training.24, 25

In a retrospective study, 262 military veterans likely to have undergone long-term vigorous
exercise had higher prevalence of AF compared with population volunteers (6.1% vs. 4.6%),
largely due to greater lone AF (which offset lower prevalence of risk factor-related AF).5
Among 137 patients undergoing ablation of isthmus-dependent atrial flutter, the 31 patients
performing semi-competitive endurance sports had more frequent post-ablation AF at 1 year
(81% vs. 48%; multivariable HR=1.81, p=0.02), compared to those not undertaking such
endurance sports.9 In a retrospective study, 70 middle-aged patients with lone AF seen at an
arrhythmia clinic were more likely to have engaged in long-term sports training (46%) than
the general population (15%)7 and more likely to report current sports practice (31%)
compared with population controls (14%).10 Thus, case series and retrospective studies
suggest that long-term endurance athletes have higher risk of AF, particularly lone AF, than
the general population. Conversely, such analyses may be limited by selection bias and
recall bias. In a Danish cohort of middle-aged adults, no significant associations were seen
between bouts of strenuous activity in the workplace and risk of AF,26 but physical activity
habits outside of work were not assessed.

In the present work, we examined prospectively the risk of AF associated with usual,
habitual, or chronic levels of light to moderate physical activity. Thus, the observed risk
estimates may in essence reflect the balance between long-term benefits associated with
habitual activity and (potentially) higher acute risk “during” activity. In contrast to prior
retrospective reports and case series,5–10 high intensity exercise was not associated with
higher AF risk; this could relate to relatively lower maximal intensity of exercise in these
older adults compared with younger adults, differences in pathoetiology of AF later in life,
and/or design differences (e.g., prospective vs. retrospective investigation). However, high
intensity exercise was also not associated with lower AF risk, suggesting an overall net
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neutral association of high intensity exercise with AF incidence in older adults. In
comparison, moderate physical activities, such as greater leisure-time activity, distances and
paces of walking, and moderate intensity exercise, were associated with significantly lower
risk. These results suggest that long-term benefits for AF risk of light to moderate physical
activities in older adults outweigh any potential higher risks of AF associated with the acute
activity or exercise.

Moderate physical activity has several physiologic benefits that could reduce the incidence
of AF in older adults.27–30 Physical activity induces and maintains weight loss; additional
effects on maintenance of lean body mass may also be particularly relevant later in life.
Physical activity lowers resting heart rate and blood pressure, improves fasting and
postprandial glucose control, and improves serum lipoprotein levels and mental well-being.
Physical activity may also improve endothelial function, lower systemic inflammation, and
facilitate quitting smoking. Each of these factors are risks for AF. When we adjusted for
differences in left ventricular mass and metabolic risk factors such as body mass index,
blood pressure, glucose, cholesterol, and C-reactive protein levels, the relationships of the
physical activity measures and incident AF were partly attenuated, suggesting that part of
the observed lower risk may be mediated by effects of activity on these risk factors.
Associations of physical activity with lower AF risk also appeared potentially mediated, in
part, by lower risk of preceding MI or CHF.

In considering relationships between physical activity and incident AF, potential
confounding by underlying comorbidity must be carefully assessed. Some individuals may
have comorbidities that both limit their physical activity and increase risk of AF, which
would cause physical activity to appear more protective than the true effect. Conversely,
other individuals may increase their physical activity in response to diagnosis of a condition
that also increases risk of AF (confounding by indication), which would cause physical
activity to appear less protective than the true effect. Multivariable adjustments are one
method to decrease such confounding. We also used restriction and stratification to assess
such potential confounding. The findings did not appear to be attributable to confounding by
presence of comorbid conditions, such as chronic pulmonary disease, preexisting CHD, or
preexisting cardiovascular disease. Notably, the relationships of most potential confounders
were similar or even more prominent for exercise intensity than for leisure-time activity
(Table 1), but multivariable-adjusted analyses revealed different relationships of exercise
intensity (U-shaped risk) vs. leisure-time activity (graded lower risk) with incident AF,
suggesting that confounding alone would not fully account for the observed relationships.

Our analysis has several strengths. The prospective assessment of physical activity and other
covariates reduces potential bias from recall differences. The cohort design minimizes
selection bias (i.e., the non-cases represent the true population from which the cases arose).
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. The use of repeated
assessments of physical activity and other risk factors over time reduces misclassification
due to changes in activity and assesses long-term effects. The large number of events
provides ample statistical power. The population-based recruitment strategy enhances
generalizability.

Potential limitations are also evident. Physical activity was self-reported and assessed
average activity in the prior two weeks at each visit, and some misclassification of the true
activity of each individual is likely (although cumulative averaging over time reduces such
error). Cases of asymptomatic paroxysmal AF may have been missed, reducing power to
detect associations. The possibility of residual confounding due to unmeasured or
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imprecisely measured factors cannot be excluded. On the other hand, these findings are
consistent with observational studies showing lower incidence of CHD and diabetes with
greater physical activity; the latter relationship has been confirmed in randomized controlled
trials.31,32 The associations were observed in older adults participating in a cohort study and
may not be generalizable to younger individuals.

Overall, 1 in 5 of these older U.S. adults developed AF during 12 years of follow-up. Our
findings suggest that moderate physical activity may meaningfully reduce this risk, and that
up to one-quarter of new cases of AF in older adults may be attributable to absence of
moderate leisure-time activity and regular walking at a moderate distance and pace. These
results suggest that these easily achievable lifestyle habits should be further evaluated as
potential preventive measures to reduce the incidence of AF in the particularly high-risk and
growing population of older adults.
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Figure 1.
Relative risk (hazard ratio) of incident atrial fibrillation during 12 years of follow-up among
5,446 older adults according to usual walking habits (evaluated in quartiles), combining
distance and pace of walking, adjusted for age, gender, race, enrollment site, education,
smoking status, pack-years of smoking, coronary heart disease, chronic pulmonary disease,
diabetes mellitus, alcohol use, and beta-blocker use. Diamonds represent risk estimates and
bars represent 95% CIs, with the lowest category of walking habits as the reference group.
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