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Abstract

Atrial fibrillation (AF) is the most common sustained arrhythmia and is associated with significant 

morbidity and increased mortality. As body mass index (BMI) is increasingly recognized as an 

important risk factor for the development of AF, we tested the hypothesis that BMI modulates 

symptomatic AF burden. Cross-sectional data collected from 1382 patients in the Vanderbilt AF 

Registry was analyzed. AF severity was assessed using the Toronto atrial fibrillation severity scale 

(AFSS). BMI was categorized according to WHO guidelines and patients were grouped according 

to their current AF treatment regimen: no treatment (n=185), rate control therapy with 

atrioventricular (AV) nodal blocking agents (n=351), rhythm control with antiarrhythmic drugs 

(AAD; n=636) and prior AF ablation (n=210). Patients with BMI >35 kg/m2 had higher AFSS 

scores than those with BMI<30 kg/m2 in the rate control (43.57 vs 38.21: P=0.0057), rhythm 

control (46.61 vs. 41.08: P=1.6 × 10−4) and ablation (44.01 vs. 39.02: P=0.047) groups. In 

univariate linear models, BMI was associated with an increase in the AFSS score in the rate 

control (0.27, 95% confidence interval [CI] 0.05–0.5, P=0.02), rhythm control (0.38, 95% CI 

0.21–0.56, P=2.49 × 10−5) and ablation (0.38, 95% CI 0.03–0.73, P=0.03) groups. The association 

remained significant in the rhythm control groups after adjusting for age, gender, race and 

comorbidities (0.29, 95% CI 0.11–0.49, P=0.002). In conclusion, increasing BMI was directly 

associated with patient reported measures of AF symptom severity, burden and quality of life. This 

was most significant in patients treated with rhythm-control strategies.
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Introduction

Atrial fibrillation (AF) is the most common sustained arrhythmia in clinical practice and 

leads to an increased risk of developing heart failure, myocardial infarction (MI), stroke, 

dementia and kidney failure.1–3 With the aging population in the US, the incidence of AF is 

expected to surge to 2.6 million with the prevalence reaching 12.1 million by year 2030.4 

The rate of obesity has also been rising in the US, with significant increases since 1970. It is 

estimated that 65 million more Americans will be affected with obesity by 2030.5 With BMI 

being increasingly recognized as an important risk factor for the development of AF, the 

rising incidence of the arrhythmia may in part be explained by the obesity epidemic. Fifty 

percent of patients with AF are symptomatic and require rhythm control therapy either with 

antiarrhythmic drugs (AADs) or catheter ablation. Obese patients with AF are at a higher 

risk for complications associated with catheter ablation than non-obese patients, and AADs 

can be associated with significant adverse effects.6,7 However, the role of BMI in 

modulating AF symptoms has not been defined. Here, we tested the hypothesis that BMI 

modulates symptomatic AF burden.

Methods

The Vanderbilt AF Registry (VAFR) is a clinical and genetic database established in 2003 

with Institutional Review Board (IRB) approval for patients with ECG verified AF.8,9 Data 

was drawn retrospectively from the time VAFR was established to 2015. At enrollment into 

the registry, data was collected from a detailed medical history and physical examination 

with all patients asked to complete a symptom questionnaire pertaining to non-valvular AF 

in a clinic setting. Multiple questionnaires were recorded from many patients but not all. We 

therefore analyzed only the baseline enrollment questionnaire from identified patients. 

Patients were eligible for inclusion if they were over the age of 18 years and had a confirmed 

diagnosis of AF. There was 3791 patients with a complete atrial fibrillation severity scale 

(AFSS) of which 46% required manual calculation of the symptom, burden and/or total 

scores. We excluded 64% of patients from the analysis due to missing data fields for non-

treatment or treatment groups and BMI categories (Figure 1).

The AFSS is a tool to assess the severity of AF. It is composed of three sub-scores that factor 

into the total AFSS score. The symptom score was calculated by taking the sum of ratings 

for seven symptom categories. The burden score was defined as the sum of ratings for event 

frequency, duration and the mean of the severities of the most recent event and the first 

event. The way we calculated AF burden has been adapted and modified from the University 

of Toronto AFSS to take into consideration the first AF event where classically that is 

excluded from the calculation.10,11 We prospectively defined a quality of life score that takes 

into account a current life assessment, lifetime cardioversions, emergency visits, 

hospitalizations and clinic visits with a specialist regarding their AF. The total AFSS score 
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was calculated by adding the symptom score, burden score and quality of life score to give a 

global estimate for patient reported AF severity (Table 1).

Height and weight was recorded at the time of enrollment. BMI was calculated by dividing 

weight in kilograms by the square of height in meters. BMI was defined according to World 

Health Organization (WHO) guidelines with BMI < 18.5 kg/m2 categorized as underweight; 

18.5–25 kg/m2 categorized as normal weight; 25–30 kg/m2 categorized as overweight; 30–

35 kg/m2 categorized as obese class 1; 35–40 kg/m2 categorized as obese class 2; and BMI > 

40 kg/m2 categorized as obese class 3.12

Patients were stratified according to the type of AF treatment they received. Those not 

receiving any therapy at the time of their AFSS were classified as a no treatment class. 

Patients taking atrioventricular (AV) nodal blocking agents, defined as beta-blockers, non-

dihydropyridine calcium channel blockers, and digoxin, were categorized in the rate-control 

class. Patients taking class I, III or IV antiarrhythmic medications at the time of AFSS were 

classified as the AAD treatment class. Patients with a history of an ablation procedure for 

AF prior to completing their AFSS survey, excluding ablation for atrial flutter and surgical 

AF-ablation procedures were categorized in the ablation class. Treatment classes were 

structured as a step-up approach in order to fairly classify patients that fall into more than 

one treatment category at the time of their AFSS. For example, patients taking both an AV 

nodal blocker and AAD were classified in the latter group, and patients on an AAD and 

having undergone prior AF ablation were classified in the AF ablation group.

To compare total AFSS scores with BMI categories across treatment classes, median and 

interquartile range (IQR) data was calculated. For the primary analysis, each treatment class 

was divided into non-obese (BMI <30 kg/m2) and obese (BMI >30 kg/m2). For the 

secondary analysis, three BMI categories (<30 kg/m2, 30–35 kg/m2 and >35 kg/m2) were 

used. Comparisons of total AFSS scores between BMI categories using the 3-level division 

were performed with ANOVA using the F-test. Comparisons of different BMI groups across 

treatment classes and between BMI categories within each treatment class were performed 

using T-tests. A p-value of less than 0.05 was used to determine significance in all analyses. 

The univariate and multivariate regression models were constructed within each treatment 

class to assess the association between AFSS scores and BMI. Multivariate models included 

age, sex, race, AF type (paroxysmal vs non-paroxysmal), history of MI, congestive heart 

failure (CHF) and hypertension, and diagnosis of obstructive sleep apnea as covariates along 

with BMI. Stepwise parametric modeling was used in the multivariate regression to identify 

covariates accounting for the greatest variance in the model. Regression models were run 

using multiple outcome variables (AFSS total score as well as the symptom, burden and 

quality of life sub-scores) and the resultant coefficients for BMI were compared across the 

different models.

Results

There were 1382 patients completed a baseline AFSS with BMI data. These data were then 

analyzed and categorized into a treatment class based on therapies they were receiving at the 

time of their AFSS. Baseline characteristics of these patients were similar to one another 
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within each treatment group, but not between the non-treatment versus treatment groups 

(Table 2). When compared to the treatment groups, patients in the no treatment group were 

more likely to be younger (53.9±15 vs 59.2±12 years), male (74.1% vs 65.3%), and to have 

a BMI <30 kg/m2 (58.9% vs 45.5%). The three groups receiving AF treatment (AV nodal 

blocker, AAD and prior ablation) had similar distribution of age (59.0±12, 59.6±12, 58.4±12 

years), male sex (66.1%, 64.6%, 66.2%) and patients with a BMI >30 kg/m2 (57.8%, 53.5%, 

51.9%).

When AFSS scores were compared within treatment groups across two BMI categories, 

obese patients (BMI > 30 kg/m2) had higher AFSS scores than non-obese patients (BMI < 

30 kg/m2). AFSS scores were found to be significantly lower in the BMI < 30 kg/m2 group 

for patient in the AV-nodal blockade (confidence interval [CI] = −6.38 – −0.26, P = 0.03), 

AAD (CI = −6.68 – −2.00, P = 2.9 × 10−4) and prior ablation (CI = −9.16 – −0.83, P = 0.02) 

groups. There was no significant difference between the AFSS scores for the BMI<30 kg/m2 

and BMI>30 kg/m2 groups in the non-treatment category (CI = −4.34 – 4.07, P = 0.95) 

(Figure 2; Table 3).

When three BMI categories (< 30, 30 – 35, or > 35 kg/m2) were used for comparison, one-

way analysis of variance demonstrated significant association between BMI category on 

AFSS score in the AV-nodal blocker (F [N=1349] = 7.22, P = 0.0075), AAD (F [N=1,634] = 

15.24, P = 1.0 × 10−4) and prior ablation (F [N=1,208] = 5.911, P = 0.02) groups. Patients 

with a BMI >35 kg/m2 reported more severe AF symptoms than all other BMI categories 

within each treatment class (Figure 3; Table 4).

Results of multivariate linear regression models for AFSS on continuous BMI. Each 1-unit 

increase in BMI was associated with increase in measures of AF symptoms of 3.00% (P = 

0.02) for patients treated with AV-nodal blockers, 4.11% (P = 2.5 × 10−5) for patients 

receiving AADs and 4.10% (P=0.03) for patients with a prior history of AF ablation. After 

adjusting for age, sex, race, hypertension, MI, CHF and obstructive sleep apnea, BMI was 

found to be significantly associated with AF symptom severity for patients in all treatment 

categories (Supplemental Figure 1). The largest association was seen in the group receiving 

AAD therapy (0.29, 95% CI 0.11 – 0.49, P = 0.002). In this group, patients with BMI <30 

kg/m2 were more likely to receive an AAD than patients with a BMI >30 kg/m2 and the 

same held true for the BMI 30–35 kg/m2 and BMI >35 kg/m2 groups with the most 

commonly prescribed AAD in our cohort being sotalol, propafenone, amiodarone and 

flecainide in descending order. The standardized coefficient in this multivariable regression 

corresponds to a 3.11% increase in AFSS score for each 1-unit increase in BMI.

The AFSS score used as a dependent variable in these analyses is composed of multiple sub-

scores. We considered whether any of the component sub-scores, which measure symptoms, 

burden and quality of life in AF patients, would exhibit different behavior than the overall 

AFSS score. The univariate and multivariable linear models were constructed using overall 

AFSS score and each of the component sub-scores as dependent variables. One-way analysis 

of variance demonstrated a significant association between symptom and burden outcome 

variables and BMI beta coefficients in the univariate for the rhythm control category. The 

statistical significance remained in the multivariate analysis for the symptom outcome, but 
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not for the burden outcome in the rhythm control category. All other categories did not show 

statistical value (Figure 4).

Discussion

In this study, we showed that obese patients are more symptomatic with their AF and there is 

a direct correlation between BMI and severity of AF symptoms. The strongest association 

between BMI and rhythm control therapy was in the group of patients who received AADs 

for treatment of AF. Patients with WHO types II and III obesity were more likely to be 

symptomatic with AF than patients with type I obesity when compared to non-obese 

patients. In contrast, obese patients who presented with their first episode of AF and were 

not on any form of treatment were less symptomatic when compared to non-obese patients 

on no therapies. At this time, it remains unclear if these findings are related to an overlap 

between subjective obesity- and AF-related symptoms or whether symptoms in obese 

patients are directly modulated by rhythm control therapies.

The severity of AF experienced by patients is highly variable, but AF guidelines rely heavily 

on the severity of the patient reported symptoms for selecting treatment strategy offered to 

individuals with AF. In our study, we noticed that patients with moderate to severe obesity 

who were treated with an AV nodal blocker had more AF symptoms when compared to 

patients who were not obese. However, there were no differences seen between patients with 

mild obesity as compared to patients with moderate to severe obesity. While the reason for 

this is unclear, we suspect that this may be related to differences in heart rates in these 

individuals. We also showed that patients reporting the highest number or most severe 

symptoms were being treated with AADs. While the reasons for this are not fully 

understood, several conclusions can be drawn from this observation. First, patients with 

severe AF at initial presentation are more likely to be selected for a rhythm control strategy 

as opposed to rate control therapy. Second, the type of AF when the baseline AFSS was 

completed dictated which treatment strategy patients were allotted. Third, an interaction in 

the obesity pathway may attenuate the efficacy of AADs and impair the response. This in 

practical terms renders a more aggressive approach taken by treating physicians and 

ultimately predisposes patients to a higher likelihood of side effects seen from these drugs. 

These are plausible explanations that put our findings into context but may over simplify the 

complexity of the results seen within the antiarrhythmic class.

While AF burden is likely to become the gold standard for assessing response to therapy, it 

is difficult to measure in most patients with AF. One unexpected finding was that there was 

no significant difference in the no treatment group with the first episode of AF when the 

mean AFSS scores were compared in patients with low (<30 kg/m2) versus high BMI (>30 

kg/m2) (Table 3). This suggests that both groups had similar heart rates at presentation and 

the ventricular response was not rapid obviating the need for AV nodal blockers. Low mean 

AFSS scores in the two groups also provide support for this hypothesis (Table 3). It is 

possible that one mechanism by which BMI modulates symptomatic AF burden is directly 

or indirectly modulating the AV nodal response during AF. This paradox may provide 

important insights into potential mechanisms by which BMI modulates symptomatic AF 

burden.
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A number of limitations should be mentioned. First, we used a modified AFSS questionnaire 

that has yet to be validated. Second, we did not correlate the AFSS scores directly with 

efficacy of therapeutic response to AV nodal blockers, AADs or ablation therapy for AF. 

While assessing response to AF therapies can be challenging and measuring AF burden has 

recently been proposed as the ‘gold’ standard, we and others have used the AFSS score as a 

good surrogate measure for evaluating symptomatic response to AF therapies.(10,11) Third, 

the interval period from time of AF diagnosis to baseline AFSS questionnaires was not 

determined, making it difficult to assess patient reported outcomes at different time points in 

a progressive disease. Four, only baseline AFSS questionnaires were analyzed and this 

makes it challenging to know if the reported symptoms pertain to one prior AF episode or if 

they refer to chronic AF symptoms. Fifth, we had a limited sample size for assessing the 

temporal relationship between BMI and severity of AF symptoms. However, fluctuations in 

BMI are unlikely to be responsible for the association with severity of AF symptoms and 

this was consistent with our cohort of participants. Sixth, perhaps surprisingly the number of 

AF ablations performed in patients did not correlate with BMI. While the precise reasons for 

this are unclear, it may relate to the small number of patients that underwent two or more AF 

ablation procedures. Seventh, the time of ablation and baseline questionnaire were not 

correlated with one another, impacting severity of AF symptoms.

In conclusion, we showed that obese patients are more symptomatic with their AF and there 

is direct correlation between BMI and severity of AF symptoms. Additional research needs 

to be performed to determine if this finding is due to an overlap with subjective obesity- and 

AF-related symptoms or whether obesity itself directly modulates response to rhythm 

control therapies for this common and morbid condition.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. A flow diagram showing the number of participants in our study at each stage
A cohort formation diagram that represents the number of participants that we analyzed after 

filtering out missing data points during the stratification design. AFSS = atrial fibrillation 

severity scale.
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Figure 2. Dichotomized Body Mass Index Model: Atrial Fibrillation Severity Scale score by Body 
Mass Index category in each treatment class
Displays boxplots showing measures of AF symptom severity increasing across two BMI 

categories (<30 kg/m2 and >30 kg/m2) for all patients on AF treatments (0 = no treatment; 1 

= rate control therapy; 2 = rhythm control therapy; and 3 = ablation therapy). AFSS = atrial 

fibrillation severity scale; BMI = body mass index.
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Figure 3. Ordinal Body Mass Index Model: Atrial Fibrillation Severity Scale score by Body Mass 
Index category in each treatment class
Displays boxplots showing measures of AF symptom severity increasing across three BMI 

categories (<30 kg/m2; 30–35 kg/m2; and >35 kg/m2) for all patients based on AF treatments 

(0 = no treatment; 1 = rate control therapy; 2 = rhythm control therapy; and 3 = ablation 

therapy). AFSS = atrial fibrillation severity scale; BMI = body mass index.
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Figure 4. Association between Body Mass Index on Atrial Fibrillation Severity Scale score under 
various regression conditions
A forest plot showing regression coefficients with error bars. Regression coefficients are 

given for both univariate and multivariate models and displays the outcome variables within 

each non-treatment and treatment class; no treatment; rate control therapy; rhythm control 

therapy; and ablation therapy.
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