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Abstract

Background –—Atrial fibrillation (AF) adversely impacts health-related quality of life (hrQoL). 

While some patients demonstrate improvements in hrQoL, the factors associated with large 

improvements in hrQoL are not well described.

Methods –—We assessed factors associated with a 1-year increase in AFEQT of 1 standard 

deviation (>=18 points; 3x clinically important difference), among outpatients in the ORBIT-AF I 

registry.

Results –—Overall, 28% (181/636) of patients had such a hrQoL improvement. Compared with 

patients not showing large hrQoL improvement, they were of similar age (median 73 vs. 74, 

p=0.3), equally likely to be female (44% vs. 48%, p=0.3), but more likely to have newly-

diagnosed AF at baseline (18% vs. 8%; p=0.0004), prior antiarrhythmic drug use (52% vs. 40%, 

0.005), baseline antiarrhythmic drug use (34.8% vs, 26.8%, p=0.045), and more likely to undergo 

AF-related procedures during follow-up (AF ablation: 6.6% vs. 2.0%, p=0.003; 

cardioversion:12.2% vs. 5.9% p=0.008). In multivariable analysis, a history of alcohol abuse 

(adjusted OR 2.41, p=0.01) and increased baseline diastolic BP (adjusted OR 1.23 per 10-point 

increase and >65 mm Hg, p=0.04) were associated with large improvements in hrQoL at 1 year, 

whereas patients with prior stroke/TIA, COPD, and PAD were less likely to improve (p<0.05 for 

each).

Conclusions –—In this national registry of AF patients, potentially treatable AF risk factors are 

associated with large hrQoL improvement, whereas less reversible conditions appeared negatively 

associated with hrQoL improvement. Understanding which patients are most likely to have large 

hrQoL improvement may facilitate targeting interventions for high-value care that optimizes 

patient reported outcomes in AF.

Clinical Trial Registration –—clinicaltrials.gov.; Unique Identifier: NCT01165710

Graphical Abstract
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Introduction

Atrial fibrillation (AF) represents the most common sustained tachyarrhythmia in adults, and 

accounts for substantial health systems resources.1–3 Additionally, patients with AF 

demonstrate reduced health-related quality of life (hrQoL), which is similar in magnitude to 

that experienced by patients who have had a myocardial infarction.4 Certain interventions 

for AF may improve hrQoL.5–7 However, there can be heterogeneity of responses in hrQoL: 

some patients may not improve at all while others appear to demonstrate marked 

improvement in symptom burden over time. Patients with heart rhythm disorders who 

exhibit large improvement of symptoms and/or hrQoL are often labeled as ‘super-

responders’, as is the case for some patients treated with cardiac resynchronization therapy.8

However, the optimal identification of AF patients who are most likely to experience such 

large improvement in hrQoL, and how to tailor therapy to these patients, remains a 

challenge.6, 7 Patients’ health status is particularly important for highly symptomatic patients 

and is not reflected in traditional clinical outcomes of rehospitalization or death. 

Accordingly, we used data from the Outcomes Registry for Better Informed Treatment of 

Atrial Fibrillation (ORBIT-AF) registry to identify factors associated with large 

improvements in hrQoL for patients with AF. More specifically, the primary aims of this 

analysis are: (1) to identify patients who experience large improvements in hrQoL; (2) to 

understand patient factors associated with large improvements in hrQoL; and (3) to describe 

interval interventions and outcomes among these patients with large improvements in 

hrQoL.

Methods

Because of the sensitive nature of the data collected for this study, requests to access the 

dataset from qualified researchers trained in human subject confidentiality protocols may be 

sent to Dr. Jonathan P. Piccini, at Duke University. The ORBIT-AF registry is a national, US, 

prospective cohort study of outpatients with AF, enrolled by primary care physicians, 

cardiologists, and/or electrophysiologists from June 2010 to August 2011. The study was 

managed and coordinated by the Duke Clinical Research Institute. Sites enrolled consecutive 

patients with electrocardiographically-documented AF, age 18 years or older. Patients were 

followed up every 6 months for at least 2 years. Patients were excluded if life expectancy 

was less than 6 months or AF was felt to be due to a reversible cause.

Data were entered in a web-based case report form, derived primarily from the patient’s 

medical record. Data elements included demographics, medical history, AF history 
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(including symptoms), medical therapies, vital signs, laboratory and echocardiographic 

measures, and incident procedures and adverse events. Complete details of the ORBIT-AF 

design and rationale have been described previously.9

Approximately 20% of all enrolled patients participated in the pre-specified ORBIT-AF 

hrQoL substudy, as determined by the local site. Among these patients, disease-specific 

hrQoL was measured using the Atrial Fibrillation Effect on QualiTy-of-Life (AFEQT) 

Questionnaire.10 This 20-item AF-specific patient-reported outcome (PRO) tool assesses 

AF-related hrQoL across four domains: symptoms, daily activities, treatment concern, and 

treatment satisfaction. Each domain is evaluated through 2–4 questions each with a 7-point 

Likert response ranging from the most severe limitation/symptoms (resulting in a minimum 

overall score of 0) to no limitation/symptoms (resulting in a maximum overall score of 100). 

The AFEQT score is calculated based on questions answered, and complete response to all 

questions is not required to calculate an overall score.

Study Population

The present study included all patients for whom hrQoL improvement could be assessed. 

This required patients to have baseline and 1-year AFEQT scores, and a baseline AFEQT 

score low enough to provide an opportunity for significant improvement (<=82). For the 

purpose of this analysis, we defined large hrQoL improvement as an increase in AFEQT of 

>=18 points from baseline to one-year follow-up. This was based on one standard deviation 

above the mean change in AFEQT for this population, and also because it represents a 3-fold 

greater improvement compared with: (1) the clinically important difference for AFEQT,11, 12 

and (2) the improvement in hrQoL observed in recent major clinical trials of AF ablation.6, 7

Statistical Methods

All baseline characteristics and univariate data are presented as frequencies and percentages 

for categorical variables and medians (25th, 75th percentiles) for continuous variables for 

those with large hrQoL improvement versus those without. The baseline characteristics were 

compared using the Chi-square test for categorical variables and the Wilcoxon rank sum test 

for continuous variables. Events occurring between baseline and the one-year AFEQT 

measure, by hrQoL improvement status, are described as frequencies and percentages. 

Statistical comparisons were based on a Chi-square test.

To determine which factors were associated with a large hrQoL improvement, backwards 

selection with an exclusion criterion of 0.05 was used to build a multivariable logistic 

regression model using the candidate variables in Supplemental Material, Table S1. All 

continuous variables were evaluated for non-linearity with the outcome, and linear splines 

were used for variable that did not meet the linear relationship criteria (p < 0.05). Odds ratio 

(OR) with corresponding 95% confidence interval (CI) and p-value were presented from a 

multivariable GEE logistic regression model with constant correlation between patients 

within sites (exchangeable working correlation structure). Missing data was handled with 

single imputation and imputed values were obtained by Markov chain Monte Carlo 

(MCMC) or regression methods. Specifically, MCMC was used to create a monotone 

missing data pattern and then the logistic regression method and regression method were 
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used to imputed binary/ordinal and continuous variables, respectively. Lastly, the 

discriminate function method was used to impute the remaining nominal variables with 

missing values. All variables on the candidate variable list had less than 5% missing except: 

LVEF type (16%), LA diameter type (20%), eGFR (8%) and hematocrit (10%).

Event rates per 100-person years are presented by hrQoL improvement status and compared 

using Poisson regression. Time zero for event ascertainment was the date of the one-year 

AFEQT survey date.

All subjects provided written, informed consent, and each site received institutional review 

board (IRB) approval for this study, according to local regulations. The ORBIT-AF registry 

is approved by the Duke University IRB. All analyses of the aggregate, de-identified data 

were performed by the Duke Clinical Research Institute using SAS software (version 9.4, 

SAS Institute, Cary, North Carolina, USA) and a two-tailed p-value <0.05 was considered 

significant for all statistical tests.

Sensitivity Analyses

Two sensitivity analyses of the model of large hrQoL improvement were calculated: a) 

including patients who died from baseline to 1 year as unimproved, and b) in the subset of 

patients who were diagnosed with AF > 1 year before entry into the study.

Results

Cohort Formation & Patient Characteristics

Among the overall ORBIT-AF population of 10,137 patients from 176 sites, 2,008 subjects 

participated in the ORBIT-AF hrQoL substudy (from 56% of sites) at baseline. Among 

these, 94% answered all AFEQT questions at baseline. After excluding patients without 1-

year AFEQT assessments (n=661), and those with baseline AFEQT >82 (n=711), this 

yielded an analysis population of 636 patients. At baseline, these patients had a median 

overall AFEQT score of 67.6 (IQR 54.6, 75.9). Overall, 181 patients (28%) qualified as 

having a large improvement in hrQoL with AFEQT improvement of >=18 points from 

baseline to 1 year (see Figure 1).

Baseline characteristics overall and stratified by hrQoL improvement status are shown in 

Table 1. Compared with those without an improvement in health status, patients 

experiencing large improvement in AFEQT were of similar age (median 73 vs. 74, p=0.3), 

and frequency of female sex (44% vs. 48%, p=0.3). However, those with marked 

improvements in hrQoL were more likely to have newly-diagnosed AF at baseline (18% vs. 

8%) and less likely to be persistent/permanent AF (33.7% vs. 46.2%, p=0.0004). Baseline 

use of rate control medications was not different between the groups, however, those with 

large hrQoL improvement were more likely to be on antiarrhythmic therapy at baseline 

(34.8% vs, 26.8%, p=0.045). There was no difference in rates of sinus rhythm on most 

recent electrocardiogram, between those with or without large hrQoL improvement (32.0% 

vs. 29.2%, p=0.5). Baseline symptom status, including specific AF symptoms and AFEQT 

subscales, are shown in the Table 2. Specific symptoms at baseline were generally balanced 

between the groups, except those with large hrQoL improvement were more likely to 
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experience light-headedness/dizziness (40% vs. 29%, p=0.009) and fatigue (45% vs. 35%, 

p=0.02). However, patterns of AFEQT domain change at 1 year differed between the groups 

(Figure 2); patients with large overall improvement in hrQoL at 1 year appeared to 

demonstrate more improvement in daily activities and treatment concerns.

hrQoL Response & Interval Events

Interval interventions and adverse events between baseline and one-year follow-up in these 

patients are shown in Supplemental Material, Table S2, stratified by hrQoL response status. 

Overall, patients that experienced large improvement in hrQoL at one year, were more likely 

to have had interval procedures related to AF, including catheter ablation of AF (6.6% vs. 

2.0%, p=0.003), surgical AF ablation (1.1 % vs. 0, p=0.02), and cardioversion (12.2% vs. 

5.9%, p=0.008). There were no significant differences in interim adverse clinical events 

between the two groups, including major bleeding, thromboembolic events, new heart 

failure, or hospitalization, though event rates were low.

Factors Associated with Large Improvements in hrQoL

Complete results of multivariable analysis to identify factors associated with large 

improvements in hrQoL are shown in Figure 3. Patients with worse hrQoL at baseline have 

more opportunity for improvement; in our adjusted analyses, compared to those with 

baseline score <50, patients with a baseline score >50 had lower odds of AFEQT 

improvement, and rate of improvement decreased as baseline AFEQT increased (adjusted 

OR 0.69 per 5-point increase, 95% CI 0.63–0.76; see Supplemental Material, Figure S1). 

Additionally, patients most likely to experience large hrQoL improvement were those with a 

history of alcohol abuse (adjusted OR 2.41, 95% CI 1.23–4.70) and patients with elevated 

diastolic blood pressure at baseline (adjusted OR 1.23 per 10-point increase >65, 95% CI 

1.01–1.49). In contrast, patients with prior stroke/TIA (adjusted OR 0.48, 95% CI 0.29–0.8), 

COPD (adjusted OR 0.67, 95% CI 0.47–0.95), or peripheral arterial disease (PAD; adjusted 

OR 0.53, 95% CI 0.30–0.93) were less likely to experience a large improvement in hrQoL.

Clinical Events & Sensitivity Analyses

During follow-up after 1 year, there was no difference in rates of major bleeding, 

thromboembolic events, new heart failure, or hospitalization between those with and without 

significant hrQoL improvement (Supplemental Material, Table S3). In the primary analysis, 

patients who died during follow-up were excluded as not having the opportunity to improve 

hrQoL. In a sensitivity analysis including these patients as not improved, multivariate 

models yielded similar factors associated with large hrQoL improvement (Supplemental 

Material, Table S4).

After excluding patients with recent AF diagnosis (<1 year of enrollment), the resulting 

sensitivity analysis population yielded 448 patients of which 113 experienced a large 

improvement in hrQoL (25%). Baseline characteristics of these subgroups did not differ 

dramatically from the primary analytic cohort. Multivariate analysis of factors associated 

with a large improvement in hrQoL in this subset consistently included baseline AFEQT 

score, prior stroke/TIA, and PAD; instead of COPD, history of anemia was associated with 
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increased odds of experiencing a large improvement in hrQoL (adjusted OR 2.11, 95% CI 

1.25–3.55; Supplemental Material, Table S5).

Discussion

In this analysis of symptomatic patients with AF, there are several important conclusions. 

First, there is a substantial subgroup of AF patients who will demonstrate large improvement 

in AF hrQoL over one-year follow up, and these changes appear driven by improvements in 

activities of daily living and treatment concerns. Second, patients who experienced a large 

improvement in hrQoL at 1 year had higher rates of rhythm control interventions, including 

baseline antiarrhythmic drug therapy (34.8% vs, 26.8%, p=0.045) and interim AF ablation 

(6.6% vs. 2.0%, p=0.003). Nevertheless, after adjustment baseline rhythm control therapy 

(i.e., antiarrhythmic drug use) was not associated with having large hrQoL improvement at 

one year, whereas potentially modifiable risk factors, including alcohol abuse and elevated 

diastolic blood pressure, were associated with large symptomatic improvement. Lastly, 

chronic, difficult-to-treat comorbidities appear to make large hrQoL improvement less likely. 

These data highlight the potential for significant improvement in symptom status for a 

condition that is typically associated with poor hrQoL, and further studies are needed to 

evaluate interventions in the patients most likely to improve.

There are several likely contributors to the symptomatic improvement in these patients with 

large improvements with hrQoL. Our multivariable model demonstrated both baseline 

alcohol abuse and elevated diastolic blood pressure were significantly associated with large 

hrQoL improvement at one year; these are both potentially-modifiable risk factors for AF, 

which can be effectively treated and may have led to improvement in hrQoL. We 

acknowledge, however, that we cannot definitely demonstrate a causal relationship between 

treatment of these conditions and hrQoL response. Additionally, patients with large hrQoL 

improvement were more likely to have new-onset AF and more recent-diagnosis date – 

while this may have meant more aggressive rhythm control interventions to improve 

symptoms, we cannot exclude an element of ‘hedonic adaptation’ leading to improvement in 

reported hrQoL. The Atrial Fibrillation: Focus on Effective Clinical Treatment Strategies 

(AFFECTS) registry previously demonstrated differing symptom profiles among patients 

with paroxysmal versus persistent AF.13 Lastly, while we observed that patients with large 

hrQoL were more likely to have received medications for rhythm control (prior and baseline 

antiarrhythmic drug therapy), this was not associated with hrQoL improvement at follow-up.

In contrast, several significant, difficult-to-treat comorbidities were associated with not 

having significant improvement in hrQoL: COPD, prior stroke/TIA, and PAD. It is well-

known that concomitant COPD impacts outcomes, including hrQoL, among AF patients.14 

Those with prior cerebrovascular events may have permanent, residual deficits limiting their 

hrQoL, and patients with PAD may have life-altering symptoms that are difficult to treat, 

and less likely to be impacted by interventions for AF.

Furthermore, our data on the domains of the AFEQT show more frequent improvement in 

daily activities and treatment concerns, compared with symptoms and treatment satisfaction 

– in fact, significant proportions of our patients had no improvement, or worsening, in the 
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later metrics. These findings may underscore the above model, demonstrating that the 

primary factors associated with large hrQoL improvement (or not) were geared towards risk 

factors (e.g., hypertension, alcohol) and co-morbidities (e.g., PAD, COPD), and not specific 

AF interventions. However, the domains also suggest opportunities for further improvement 

in the hrQoL of these patients – relatively few underwent catheter ablation during follow-up, 

an intervention proven to improve disease-specific symptoms across AF cohorts.6, 7, 15, 16

These data have important implications for the management of patients with symptomatic 

AF. Among the primary objectives is to improve hrQoL, and as we have observed, this 

response is heterogeneous. Understanding factors associated with improvement and decline, 

and particularly among components of hrQoL, is vital to the appropriate implementation of 

therapies for both AF and concomitant comorbidities. While rhythm control therapies, 

primarily antiarrhythmic drugs and catheter ablation, are generally safe and effective, they 

are not without risk and would ideally target patients most likely to benefit. Ultimately, 

targeting the appropriate intervention, at the appropriate disease state, and in the appropriate 

patient, will provide the best opportunities for more consistently, and comprehensively, 

improving hrQoL in these patients.

Limitations

The data utilized in this analysis are derived from an observational, real-world dataset, and 

therefore may be subject to sampling bias. Additionally, the analytic cohort was relatively 

small, with a lower power to detect differences in rarer events between the two groups. 

There were few events per variable included in the candidate variable list for the factors 

associated with large improvement in hrQol model, which may have led to overfitting in the 

model. The assessments of hrQoL were not timed to specific interventions or changes in 

therapy. Residual measured and unmeasured confounding may account in part for the 

observed associations, and we cannot ascribe a direct causal effect for factors associated 

with hrQoL improvement; additionally, there may be some aspect of regression to the mean 

that contributed to our findings. Lastly, the definition of large improvement in hrQoL was 

empirically based on both the population distribution and other studies of observed hrQoL 

changes, and results may vary with different hrQoL change thresholds or in different AF 

cohorts.

Conclusions

Large improvement in hrQoL occurs in a significant proportion of AF patients at one year, 

however, we observed heterogeneity in improvement across domains of hrQoL. In addition 

to lower hrQoL at baseline, additional factors associated with large improvement at one year 

include potentially reversible risk factors (alcohol, elevated diastolic BP) and less likely 

among patients with difficult-to-treat comorbidities (prior stroke, COPD, PAD). 

Understanding the impact of comorbidities and therapeutic interventions on AF hrQoL can 

facilitate appropriate implementation to optimize these outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Waterfall plot of all patients in the analytic cohort, by absolute change in overall AFEQT 

score at 1 year, stratified by presence of large hrQoL improvement during follow-up.

AFEQT: Atrial Fibrillation Effect on QualiTy-of-Life
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Figure 2. 
Waterfall plots of AFEQT domain scores, for all analyzed patients, by absolute change in 

subdomain scores, stratified by presence of large hrQoL improvement at 1 year.

AF: atrial fibrillation; EHRA: European Heart Rhythm Association.
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Figure 3. 
Factors associated with large improvement in hrQoL (n=636) based on the multivariable 

model.

hrQoL: health-related quality of life; AFEQT: Atrial Fibrillation Effect on QualiTy-of-Life.
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