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Abstract

Background—Physical activity (PA) has previously been suggested to attenuate the risk of atrial 

fibrillation (AF) conferred by excess body weight and weight gain. We prospectively examined 

the relationship between body size, weight change and level of PA in a biracial cohort of middle-

aged men and women.

Methods and Results—Baseline characteristics on risk factor levels were obtained on 14,219 

participants from the Atherosclerosis Risk in Communities Study. AF incidence was ascertained 

from 1987–2009. Adjusted Cox proportional hazards models were utilized to estimate the 

associations between body mass index (BMI), waist circumference (WC), relative weight change, 

and PA level with incident AF. During follow-up, there were 1775 cases of incident AF. BMI and 

WC were positively associated with AF, as was weight loss/gain of >5% initial body weight. An 

ideal level of PA had a small protective effect on AF risk and partially attenuated the risk of AF 

associated with excess weight in men but not women: compared with men with a normal BMI, the 

risk of AF in obese men with an ideal, intermediate and poor level of PA at baseline was increased 

by 37%, 129% and 156% (Pinteraction=0.04). During follow-up, PA did not modify the association 

between weight gain and risk of AF.
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Conclusions—Obesity and extreme weight change are risk factors for incident AF whereas 

being physically active is associated with a small reduction in risk. In men only, being physically 

active offset some, but not all, of the risk incurred with excess body weight.
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Introduction

Atrial fibrillation (AF) is one of the most commonly diagnosed cardiac arrhythmias in 

clinical practice, affecting 2.3 million people in the United States (US) alone1. AF is 

responsible for one-third of all hospitalizations for cardiac rhythm disturbances and 

consequently is associated with significant health care costs that in the US alone exceed $6 

billion annually2.

Excess body weight is an established risk factor for cardiovascular diseases (CVD) 

including AF3. But, for physical activity, which also has cardioprotective properties, the 

shape of the relationship with incident AF appears to be more variable and largely 

dependent upon the age and fitness level of the population under investigation4,5. Moreover, 

a recent study reported that physical fitness could ameliorate the adverse effect of excess 

body weight and weight gain on AF risk in men6. These findings have yet to be replicated, 

and it is unknown whether the observed relationship is generalizable to women. Given that 

population-based interventions that increase and maintain physical activity levels may be 

more successful than those aimed at long-term weight loss7, the possibility that physical 

activity may obviate the increased risk of AF associated with weight gain and obesity 

warrants further investigation. We therefore examined the interplay between body size, 

weight change and physical activity on risk of AF in a large biracial cohort of men and 

women.

Methods

The Atherosclerosis Risk in Communities (ARIC) Study is a prospective cohort study of 

atherosclerotic diseases within four communities in the United States: Forsyth County, 

North Carolina; Jackson, Mississippi; Washington County, Maryland; and the northwest 

suburbs of Minneapolis, Minnesota. The recruitment of study participants is described in 

detail elsewhere8. Briefly, the cohort comprised at baseline in 1987–89, 15,792 men and 

women aged 45–64 years who were selected by list of area probability sampling. The 

baseline home interview and clinic examination measured various risk factors and 

cardiovascular conditions. Three triennial study visits occurred subsequently in with the last 

visit in 1996–98. Additionally, participants or their proxy were contacted annually by 

telephone to ascertain hospitalizations and death. In addition, active surveillance of the 

ARIC community hospitals was conducted. The ARIC Study protocol was approved by the 

institutional review board of each participating university, and informed consent was 

obtained from each study participant.
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Body mass index (BMI: kg/m2) was calculated from measurements of weight to the nearest 

pound (which was subsequently converted into kilograms) and height to the nearest 

centimeter, with the participants wearing a scrub suit and no shoes. Participants were 

classified as normal weight (18.5 – 24.9 kg/m2), overweight (25 – 29.9 kg/m2), and obese 

(≥30 kg/m2). Underweight individuals (BMI < 18.5 kg/m2) were excluded from the analysis 

(n = 138). Waist circumference was measured at the umbilical level. As there are no set 

criteria to define increasing severity of central obesity in men and women, we categorized 

individuals by sex-specific quartiles of waist circumference. The inter-technician reliability 

coefficient for waist circumference was r > 0.949. The percent weight change through Visit 

4 was calculated using the weight at Visit 1 as the denominator.

PA was measured using the modified Baecke questionnaire which defines 3 semi-continuous 

indices ranging from 1 (low) to 5 (high) for physical activity in sports, during leisure time, 

and at work10,11. The questions were converted to “minutes per week” of moderate or 

vigorous exercise based on metabolic equivalents (MET) values, using an updated version of 

the Compendium of Physical Activities as a guide, and incorporating number of months 

annually a participant partook in the activity12. We used the American Heart Association’s 

definition for “poor” (no moderate or vigorous), “intermediate” (1–149min/week moderate 

or 1–74min/week vigorous) or “ideal” (1–149min/week moderate + vigorous)13.

Methods used for ascertainment of blood pressure (BP), hypertension, education and income 

have been reported elsewhere14. Smoking status was obtained from the interview. Prevalent 

coronary heart disease (CHD) included individuals with a history of myocardial infarction 

(MI), MI adjudicated from the baseline electrocardiogram (ECG), or history of coronary 

bypass, heart failure (HF) or angioplasty.

Individuals with evidence of AF or atrial flutter on an ECG at study baseline were excluded 

from this analysis. Diagnoses of incident AF and atrial flutter were obtained through the end 

of 2009 from three sources: ECGs done at study visits (visits 2–4), presence of an 

International Classification of Disease (ICD9) code for AF (427.31 or 427.32) in a hospital 

discharge, or AF listed as any cause of death on a death certificate. Hospitalizations with AF 

associated with open cardiac surgery were not considered events. Date of AF incidence was 

the earliest of any AF diagnosis. All ARIC examination ECGs were recorded using MAC 

PC Personal Cardiographs (Marquette Electronics, Inc., Milwaukee, WI). A standard supine 

12-lead resting ECG was recorded at each clinic visit and was transmitted by modem to the 

ARIC ECG Reading Center for automatic reading and coding. All AF cases that were 

automatically detected from the study ECGs were visually rechecked by a cardiologist. Prior 

analysis within the ARIC cohort to determine the validity of hospital discharge diagnoses for 

AF reported 84% sensitivity and 98% specificity in the ascertainment of AF events15.

Means and standard deviations (SD) for the baseline continuous variables and percentages 

for the categorical variables were calculated separately in men and women. Cox proportional 

hazards models with time to AF as the dependent variable were utilized to estimate the 

associations between BMI, waist circumference, relative weight change, and physical 

activity level with AF. Follow-up time was defined as the time between the baseline visit 

and the date of AF incidence, death, loss to follow-up, or December 31, 2009. For the 
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analysis of weight change, the analysis was restricted to those participants who had weight 

information at visits 1 and 4 and were free of AF at visit 4 (n=10,239, 1026 AF cases). This 

analysis was adjusted for visit 1 covariates (education, income and level of PA) and visit 4 

covariates (prevalent cardiovascular disease, alcohol consumption, age, smoking status and 

height). Restricted cubic splines adjusted for age, race, and sex were used to explore the 

shape of the association of BMI, waist circumference, relative weight change, and physical 

activity level with risk of incident AF.

Where there was a significant sex interaction (p-values < 0.05), separate analyses for men 

and women were conducted and the results shown separately by sex; models were adjusted 

for age, race, study site, education, income, prevalent CVD, cigarette smoking, height, 

physical activity level (where appropriate), and alcohol consumption. Continuous exposures 

were analyzed categorically (using where possible established clinical cut-points) given that 

these associations have more relevance in clinical practice than measures of the continuous 

associations. Chi-square tests for trend were conducted across categorical levels of BMI, 

waist circumference, and physical activity level. There was no significant interaction 

between race, body size and PA level. We explored the assumption of proportional hazards 

by computation of Schoenfeld residuals, inspection of log(−log[survival function]) curves, 

and an interaction term between each exposure variable and follow-up time; the proportional 

hazards assumption was found to be satisfied in all instances.

Additional sensitivity analyses were performed to examine the associations between waist 

circumference and BMI with AF in more detail. Sex-specific tertiles of the MET-minutes 

score were generated, and separate analyses by sex and MET-minutes tertile for both BMI 

and waist circumference as categories with AF risk were examined. To further examine the 

effect of possible mediators such as SBP, DBP, antihypertensive medication, diabetes, and 

incident CVD on the BMI-AF association, an additional model adjusting for these mediators 

as time-varying covariates based on measurements at other ARIC study exam visits was 

performed. All statistical analyses were performed using SAS v 9.2 (SAS Inc., Cary, NC).

Results

Overall, 14,219 study participants contributed to this analysis following exclusion of 1573 

individuals for reasons specified in Web-figure 1. The response rates between visits were 

93% (visit 1–2), 86% (visit 2–3) and 81% (visit 3–4). Only 455 participants (3%) were lost 

to follow-up before developing AF, death, or administrative censoring. At study baseline, 

the mean age of the study participants was 54.2 years (SD 5.7). Overall, 39.9% of the study 

population was overweight and 27.4% were obese; the mean values for height, weight, BMI 

and waist circumference at baseline are shown in Table 1. Baseline level of physical activity 

varied by sex: 34% of men and 40% of women had a poor level of physical activity (Table 

1). Within the intermediate and ideal categories of physical activity, men tended to have 

slightly higher MET-minute values within each of the four weight categories than women 

(Web-table 1). The most common forms of physical activity were walking and gardening 

(Web-table 2).
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During follow-up there were 1775 cases of incident AF during 258,409 person-years 

(incidence rate: 6.9 events per 1,000 person-years): 98.7% were identified from 

hospitalizations, 6.5% from study ECGs, and 6.0% from death certificates (some cases were 

identified by more than one method).

Above BMI’s of 18.5 kg/m2, there was a positive linear association between BMI and risk of 

AF (Web-Figures 2, 3) that did not differ by sex (Psex-interaction = 0.34) or by race 

(Prace-interaction = 0.81). Compared to individuals of normal weight, the risk of AF was 

nearly doubled in those who were obese after adjustment for possible confounders (Table 2). 

Similarly, there was a positive linear association between sex-specific quartiles of waist 

circumference with incident AF (Web-Figures 4, 5) with no evidence of a sex-difference in 

the magnitude of the association (Psex-interaction = 0.76; Table 2) or of a race difference 

(Prace-interaction = 0.27). Compared with those in the lowest quartile, those in the highest 

quartile for waist circumference had 113% increased risk of AF after consideration of 

possible confounders.

Between visits 1–4, the mean percent weight change was 4.0%. The relationship between 

relative weight change and subsequent risk of AF differed between men and women 

(Psex-interaction = 0.01; Web-table 3; Figures 1, 2). In adjusted analyses, compared with those 

who gained less than 5% body weight during follow up, men who gained more than 10% 

body weight had a 61% (95% CI: 24% to 111%) increased risk of AF whereas there was a 

non-significant 19% increase in risk of AF in women (95% CI: −10% to 55%). For those 

who lost more than 5% of body weight during follow up, the risk of AF was 52% higher in 

men and 45% in women (Web-table 3) compared with those who gained less than 5%.

There was a weak protective association of physical activity with risk of AF that was of a 

similar magnitude for both men and women (Psex-interaction = 0.29; Web-Figures 6,7). 

Compared with a poor level of physical activity, those who reported having an ideal level of 

physical activity at baseline had 11% (95% CI: 0% to 21%) lower risk of AF after adjusting 

for relevant confounders (Ptrend = 0.04). The association remained materially unchanged 

when using sex-specific tertiles of physical activity (Web-Table 4).

The association between BMI with risk of incident AF differed by level of physical activity 

in men (Pinteraction = 0.04; Table 3) but not in women (Pinteraction = 0.98). In obese men, the 

risk of AF was significantly attenuated with increasing level of physical activity physical 

activity after adjustment for confounders. These estimates remained largely unchanged when 

using sex-specific tertiles of MET-score (Web-table 5). Much of the effect of an increase in 

BMI on AF risk was mediated through increases in blood pressure, diabetes and prior heart 

disease as further adjustment for these covariates substantially attenuated the risk of AF 

(Table 3). However, even after adjustment for these explanatory variables, obese men with a 

poor level of physical activity at baseline still had significantly increased risk of AF 

compared with lean men with a similar level of physical activity.

Similarly, there was some evidence of an attenuation of the impact of central obesity on risk 

of AF by physical activity level in men (Pinteraction = 0.08) but not in women (Pinteraction = 

0.92) (Figure 3). These estimates remained unaltered when derived using sex-specific 
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tertiles of MET-score (Web-table 6). Finally, there was no evidence of an interaction 

between level of physical activity with weight change in men (Pinteraction = 0.71) or women 

(Pinteraction = 0.96) (Web-Table 7).

Discussion

Physical activity has previously been suggested to mitigate some of the cardiovascular 

hazards associated with excess body weight16, 17, but whether this may also be true for AF, 

which is the most frequently sustained cardiac arrhythmia, is unknown. In this middle-aged 

biracial cohort of men and women, excess body weight and weight change in excess of 5% 

were associated with increased risk of AF. Conversely, achieving an ideal level of physical 

activity at study baseline conferred a modicum of protection against future AF risk. But the 

most pertinent finding was that in men, but interestingly not women, an ideal level of 

physical activity partly attenuated the risk of AF associated with excess body weight.

The nature of the relationship between physical activity and risk of AF remains somewhat 

contentious, but it appears to be related to both the intensity of physical exertion as well as 

the subtype of AF event incurred. Previous reports suggest that endurance athletes and those 

who participate in high intensity exercise are at substantially increased risk of paroxysmal or 

‘lone’ AF5. In contrast, a meta-analysis of four population-based cohort studies –that 

combined had fewer AF events than the current study- regular exercise was not significantly 

associated with risk of AF (the pooled Odds Ratio of AF comparing the most physically 

active versus the least physically active groups was 1.08 [95% CI: 0.97 to 1.21; P = 0.1]18). 

Findings from the current study suggest that physical activity is associated with a small 

reduction in AF risk but more prospective data that can distinguish between subtypes of AF 

are required before any definitive conclusions can be reached.

That excess body weight is a risk factor for incident AF concurs with a meta-analysis of 16 

studies that reported 50% greater risk of AF in obese compared with non-obese individuals 

with similar effects in men and women3. In contrast, the effect of weight change on risk of 

AF was significantly stronger among men than in women: those men who gained more than 

10% body weight compared with less than 5% weight gain had a 61% greater risk of AF 

compared with 19% in women. Of interest was the marked increase in incident AF among 

individuals who lost more than 5% of their initial body weight during follow up. This rather 

paradoxical finding may be explained by the different physiological mechanisms that 

distinguish intentional from non-intentional weight loss. Whereas intentional weight loss 

tends to be associated with favorable cardiovascular outcomes19, unintentional weight loss 

(due to conditions associated with sarcopenia or some underlying disease) has been 

associated with higher mortality20. Although we had no information on the reasons for 

weight loss in ARIC we suggest that conditions associated with muscle-wasting may 

account for the increased risk of AF associated with weight loss that we observed in the 

present study.

The attenuation in the positive association between body size and risk of AF by physical 

activity level was marked and only apparent in men: obese men who were reported as 

having an ideal level of physical activity at baseline had 37% increased risk of AF compared 
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with 156% in those with a poor level of physical activity. Interestingly, the increased risk of 

AF associated with being both obese and having a poor level of physical activity was not 

entirely explained by physiological mediators such as blood pressure, diabetes and prior 

cardiovascular disease. This sex-difference remained true even when using sex-specific 

tertiles of physical activity scores. An effect modification by physical activity has been 

previously been suggested in a small cohort of European men6. In that study, physically fit 

men had a reduced risk of incident AF that was similar across subgroups of BMI whilst in 

unfit men, the risk of AF increased with greater levels of obesity. But aside from this one 

study, no other study has reported on the possible interaction between body size, physical 

activity and risk of AF in either men or women. Our findings concur with what we currently 

understand about the modifying effect of physical activity on the relationship between BMI 

and other health outcomes. Although the sex difference that we observed may be plausible 

given earlier reports, it may also be a chance finding.

There are several significant limitations of this current study that warrant mention. First, we 

had no measure of aerobic fitness, which may be a better indicator of physical fitness than 

physical activity level, or an objective measure of physical activity. Neither did we have 

information on whether weight loss in this study population was intentional or non-

intentional which have opposing relationships with cardiovascular and all-cause mortality. 

We also had no information regarding AF subtypes, and therefore we could not examine 

whether there were differences in the relationship between body weight, physical activity 

and AF subtype. Finally, cases of AF were mainly ascertained through hospital discharge 

codes, this may have led to under-ascertainment of asymptomatic events and those that, 

perhaps, were not severe enough to warrant hospitalization.

In summary, AF is amenable to lifestyle intervention: maintaining a healthy body weight, 

avoidance of weight gain, and being physically active constitute a coherent public health 

message for reducing the growing burden of AF. That physical activity may confer some 

degree of protection against future risk of AF in men is worthy of future investigation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Association of relative weight change with incidence of atrial fibrillation in men presented 

as hazard ratio (solid line) and 95% confidence intervals (shaded area). Results from Cox 

proportional hazards model using restricted cubic splines, adjusted for age and race. Median 

value of relative weight change was considered the reference (HR=1). The histograms 

represent the frequency distribution of the relative weight change in the study sample.

Huxley et al. Page 10

Circ Arrhythm Electrophysiol. Author manuscript; available in PMC 2015 August 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Figure 2. 
Association of relative weight change with incidence of atrial fibrillation in women. 

Conventions as in Figure 1.
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Figure 3. 
Hazard ratios for the impact of physical activity level on the association between waist 

circumference and risk of incident atrial fibrillation(AF) in men after adjustment for 

confounders. P for interaction between physical activity level and waist circumference on 

risk of AF = 0.08.
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Huxley et al. Page 13

Table 1

Baseline characteristics of study participants in the Atherosclerosis Risk in Communities (ARIC) Study, 

1987–2009. Values correspond to means (SD) or % unless otherwise stated.

Variable Men
(n=6445)

Women
(n=7774)

Age, years 54.6 (5.8) 53.8 (5.7)

Body height, cm 176.1 (6.6) 162.3 (6.0)

Body weight, kg 85.2 (14.2) 73.6 (16.6)

Body mass index, kg/m2 27.5 (4.2) 28.0 (6.0)

Waist circumference, cm 99.2 (10.9) 95.6 (15.6)

Median physical activity MET-minutes (IQR) 110.4 (248.4) 63.0 (193.2)

African American 20.8 28.7

< High school graduate 23.3 23.1

< $35,000 per year income 48.3 61.6

Current drinker 65.2 49.1

Current smoker 27.1 24.6

Prior cardiovascular disease 10.0 7.3

Physical activity level

  Poor 34.4 40.0

  Intermediate 22.0 26.5

  Ideal 43.6 33.5

Weight change through visit 4*

  >5% loss 12.1 12.2

  0–5% loss 19.2 15.5

  0–4.9% gain 33.6 25.5

  5–9.9% gain 21.3 21.3

  >10% gain 13.8 25.5

*
Reduced sample size: men, n=4500 and women, n=5739.

SD=standard deviation; MET-minutes = metabolic equivalent; IQR =interquartile range
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Table 3

Hazard ratios (95% confidence intervals) adjusted for confounders and by potential mediators for the impact 

of level of physical activity on the association between overweight and obesity with risk of incident atrial 

fibrillation (AF) in men in the Atherosclerosis Risk in Communities Study (ARIC), 1987 – 2009

Body mass index (kg/m2)

N
(AF cases)

25–29.9
(Overweight)

≥30
(Obesity)

Pinteraction

Model 1 (adjusted for confounders)*

  Poor 2218 (342) 1.45 (1.07–1.97) 2.56 (1.86–3.50)

  Intermediate 1420 (210) 1.39 (0.96–2.00) 2.29 (1.54–3.40)

  Ideal 2807 (435) 1.14 (0.91–1.43) 1.37 (1.04–1.81) 0.04

Model 2 (adjusted for confounders and potential mediators)**

  Poor 2218 (342) 1.23 (0.90–1.67) 1.59 (1.14–2.22)

  Intermediate 1420 (210) 1.12 (0.77–1.63) 1.61 (1.05–2.46)

  Ideal 2807 (435) 1.03 (0.81–1.29) 1.00 (0.75–1.34) 0.05

Reference group = body mass index 18.5 – 24.9 kg/m2.

*
Adjusted for age, race, study site, education, income, prior cardiovascular disease, cigarette smoking, height, and alcohol consumption.

**
Adjusted for age, race, study site, education, income, prior cardiovascular disease, cigarette smoking, height, alcohol consumption, and as time-

varying covariates: systolic blood pressure, diastolic blood pressure, antihypertensive medications, diabetes, incident heart failure, and incident 
myocardial infarction. P for interaction = interaction between physical activity and BMI on risk of AF.
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