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Abstract

Background—Symptoms drive healthcare use among adults with atrial fibrillation, but limited 

data are available regarding which symptoms are most problematic and which patients are most at-

risk. The purpose of this study was to: 1) identify clusters of patients with similar symptom 

profiles, 2) characterize the individuals within each cluster, and 3) determine whether specific 

symptom profiles are associated with healthcare utilization.

Methods—We conducted a cross-sectional secondary data analysis of 1,501 adults from the 

Vanderbilt Atrial Fibrillation Registry. Participants were recruited from Vanderbilt cardiology 

clinics, emergency department, and in-patient services. Subjects included in our analysis had 

clinically verified atrial fibrillation and a completed symptom survey. Symptom and healthcare 

utilization data were collected with the University of Toronto Atrial Fibrillation Severity Scale. 

Latent class regression analysis was used to identify symptom clusters, with clinical and 

demographic variables included as covariates. We used Poisson regression to examine the 

association between latent class membership and healthcare utilization.
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Results—Participants were predominantly male (67%) with a mean age of 58.4 years (±11.9). 

Four latent classes were evident, including an Asymptomatic cluster (N=487, 38%), Highly 

Symptomatic cluster (N=142, 11%), With Activity cluster (N=326, 25%), and Mild Diffuse cluster 

(N=336, 26%). Highly Symptomatic membership was associated with the greatest rate of 

emergency department visits and hospitalizations (incident rate ratio 2.4, p<0.001).

Conclusions—Clinically meaningful atrial fibrillation symptom profiles were identified that 

were associated with increased rates of emergency department visits and hospitalizations.
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Introduction

The perception of symptoms is a major factor in the decision to utilize healthcare services. 

Symptom perception refers to both the detection of symptoms and the interpretation of 

symptom meaning.1–4 For individuals with atrial fibrillation (AF), symptoms may be 

interpreted as relatively harmless, resulting in a ‘wait and see’ approach, or might be 

interpreted as life-threatening and prompt a decision to seek immediate medical attention.5, 6

Limited data are available regarding the relationship between AF symptoms and healthcare 

utilization outcomes.7 Between 1993 and 2004 emergency department (ED) visits for AF 

increased 88% in the United States (U.S.), with almost 64% of ED visits for AF resulting in 

a subsequent hospitalization.8 Globally, hospitalizations for AF have consistently increased 

over time, with the most dramatic increases occurring in adults age 65 and older.9 Two 

studies using the Outcomes Registry for Better Informed Treatment of AF found that 

symptoms rated as severe with the European Heart Rhythm Association (EHRA) 

classification system were a major predictor of hospitalizations.10, 11 However, the 

relationship between specific AF symptoms and healthcare utilization outcomes has not 

been reported. There are a wide range of symptoms experienced by individuals with AF 

including palpitations, chest pain, shortness of breath, dizziness, exercise intolerance, and 

fatigue.12 It is likely that distinct AF symptoms are interpreted differentially, resulting in 

disparate utilization of healthcare services depending on the specific symptoms present.

Symptom clusters are groups of 2 or more co-occurring symptoms that are related due to a 

shared mechanism, covariance, or effect on patient outcomes.13–16 Symptom clusters likely 

have a unique impact on healthcare utilization due to the multiplicative effect of co-

occurring symptoms.2 There are two basic approaches to symptom cluster research: 1) 

clustering symptom variables and 2) clustering individuals into mutually exclusive groups 

with similar symptom profiles.15, 17 Prior work on AF symptom clusters used the approach 

of identifying clusters of symptom variables.18, 19 In this work, we use the approach of 

clustering AF patients in order to examine symptom profiles. Identifying symptom profiles 

associated with higher rates of healthcare utilization could improve our ability to risk stratify 

patients and provide individualized support to patients at highest risk for ED visits or 

hospitalizations. The purpose of this study was to: 1) identify clusters of patients with 

similar symptom profiles, 2) characterize the individuals within each cluster, and 3) 
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determine whether specific symptom profiles are associated with healthcare utilization (AF-

related hospitalizations and ED visits).

Methods

This was a cross-sectional secondary data analysis using de-identified data from the 

Vanderbilt AF Registry (VAFR), a single center clinical biorepository.20 VAFR prospectively 

enrolled AF patients and their family members between 2002 and 2015. Institutional Review 

Board (IRB) approval was obtained from Vanderbilt University for the registry, and from the 

University of Pennsylvania for this secondary data analysis. All VAFR participants provided 

written informed consent.

Study Population

Patients from Vanderbilt cardiology clinics, ED, and in-patient services were consecutively 

enrolled in VAFR between 2002 and 2015.20–22 Inclusion requirements were age 18 years or 

greater and AF or atrial flutter documented with an electrocardiogram, Holter monitor, 

rhythm strip, or event recorder. AF was defined as replacement of p-waves with rapid 

oscillations that varied in size, shape, and timing and were accompanied by irregular 

ventricular response when atrioventricular conduction was intact. Patients were excluded 

from VAFR if AF was only present within the first 90 days after cardiac surgery. Our study 

sample included the 1,501 adults from VAFR with a confirmed diagnosis of AF and a 

completed baseline symptom survey. We excluded individuals who had atrial flutter but not 

AF.

Measurement

Demographic and Clinical Characteristics—Participants in VAFR had a detailed 

sociodemographic, medical, and drug history taken upon enrollment. An investigator 

designed REDCap23 form was used to standardize data collection. A combination of patient-

reported and medical record review data were collected by trained study personnel 

(registered nurses). AF duration was determined by subtracting the reported age of AF onset 

from age at consent. Paroxysmal AF was defined as lasting for at least 30 seconds and 

terminating spontaneously, persistent AF as lasting for 7 days or longer and requiring 

electrical or chemical cardioversion, and permanent AF as continuous AF for which a 

decision was made not to restore sinus rhythm. The echocardiogram or magnetic resonance 

imaging performed closest to the time of enrollment was used to record the ejection fraction 

for all participants.

Atrial Fibrillation Symptoms—All participants were asked to complete the University of 

Toronto AF Severity Scale (AFSS) upon enrollment in VAFR.20, 24, 25 The third section of 

the AFSS is a symptom subscale that provides information regarding the presence and 

frequency of 7 common AF symptoms (palpitations, shortness of breath at rest, shortness of 

breath with activity, exercise intolerance, dizziness, fatigue at rest, and chest pain).25 

Specifically, participants are asked how often they have been bothered by (palpitations) in 

the past 4 weeks. Subjects respond separately for each symptom on a 6-point Likert scale 

ranging from none (1) to a great deal (6). Internal consistency and test-retest reliability for 
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the symptom subscale have not been reported. However, the AFSS has been used to validate 

the Canadian Cardiovascular Society Severity in AF scale, a physician-rated measure of 

symptom severity, correlation between arrhythmia and symptoms, and functional 

impairment, with scores ranging 0–4: Between class 0 and 4, the AFSS symptom subscale 

scores increased more than four-fold, demonstrating the ability of this subscale to discern 

clinically meaningful differences in symptoms.26

Healthcare Utilization—The second section of the AFSS measures if and how often 

participants were cardioverted, hospitalized, visited the ED, and/or had specialist clinic 

appointments in the past 12 months related to their AF.24 Trained study nurses collected the 

AFSS either by telephone or during clinic visits, which potentially reduced self-report bias 

during the collection of these variables. We examined two healthcare utilization variables, 

hospitalizations and ED visits, because we believe they could be safely reduced with 

interventions aimed at improving symptom management and self-care. The AFSS healthcare 

utilization section has low but acceptable 3-month test-retest reliability (0.71) and internal 

consistency (Cronbach’s α, 0.67).27

Statistical Analysis

Clusters were identified using latent class analysis, a type of finite mixture model.28 Latent 

class analysis allows for the simultaneous examination of relationships between multiple 

variables, covariates, and outcomes.17, 28 The goal of latent class modeling is to 

probabilistically group every observation (patient) into unobserved (latent) classes based on 

patterns in their observed (manifest) variables; resulting in expectations regarding how that 

patient group responds to each observed variable in the model. A latent class regression 

model extends the basic latent class model and allows for the inclusion of covariates, which 

predict class membership.28

We conducted a latent class regression analysis in R 3.3.0 using the poLCA package.28–30 

We used the 7 symptoms on the AFSS subscale as our manifest variables. We included 11 

sociodemographic and clinical covariates in our latent class model that were known a priori 
to be associated with AF symptoms or symptom clusters.7, 12, 19, 26, 31–33 Covariates were 

retained in our final adjusted model if they were statistically significant (p < 0.05) or if their 

removal changed the strength of the association between covariates and the latent classes by 

more than 10%. PoLCA automatically listwise deletes observations with missing values on 

any covariate, therefore the initial sample size of 1,501 was reduced during analysis due to 

our inclusion of 11 sociodemographic and clinical covariates. The poLCA package estimates 

the model by maximizing the log-likelihood function. To ensure we found the global 

maximum of the log-likelihood, we conducted 100 random start repetitions of our final 

model. The ideal number of latent classes was determined using statistical fit indices (BIC, 

AIC, and Pearson’s χ2) combined with evaluation of the model for theoretical and clinical 

meaningfulness.28 We defined probabilities by class for each manifest variable as high 

(>0.5), moderate (0.2 and 0.5), or low (<0.2).

Our final step was to conduct two separate Poisson regression analyses that used measures 

of healthcare utilization as the dependent variables and latent class membership as the 
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independent variable. The first regression analysis used AF-related ED visits as the 

dependent variable, and the second regression used AF-related hospitalizations. Because 

sociodemographic and clinical covariates that potentially affect symptoms and healthcare 

utilization (e.g. age, comorbidities) were entered into the latent class regression analysis as 

covariates, we did not use them again in these regression analyses. The healthcare utilization 

regression analyses and standard descriptive statistics were conducted in SAS version 9.4 

(Cary, North Carolina). We considered p-values of <0.05 statistically significant.

Results

Sample Characteristics

Participants were predominantly male (67%) and ranged in age from 18.9 and 88.5 years, 

with a mean of 58.4 years (±11.9). The sample primarily consisted of individuals with 

paroxysmal (51.1%) and persistent (43.6%) AF. Our analytic sample size was reduced to 

1,291 for our final model due to missing covariate values. We used the chi-square test to 

compare symptom severities of individuals that were and were not included in the analytic 

sample and found no statistically significant differences (p<0.05) in symptoms, gender, age, 

ejection fraction, and coronary artery disease. Individuals that were excluded had more 

permanent AF (14% vs. 5%), higher BMI (33 vs. 31), less anti-arrhythmic medication, more 

heart failure (19% vs. 14%), and less ablations (32% vs 55%). Sample characteristics are 

further detailed in Table 1.

Latent Class Regression Analysis

Model Selection—Our analyses indicated that the optimal solution consisted of four 

classes. In the initial unadjusted model, fit statistics indicated that either a 3 or 4 class 

solution could be selected. Therefore, we analyzed both the 3 and 4 class solutions when 

adjusting for covariates in the model. Fit statistics for the final models did not precisely 

indicate which solution was most appropriate. The BIC treats Type I and II errors as equally 

undesirable, whereas the AIC treats Type II errors as the most undesirable. As a result, the 

AIC is more likely to indicate an overfit model;34 therefore, the model indicated by the BIC 

was selected. The symptom profiles of the various solutions were compared, and the 4-class 

solution also made the most theoretical and clinical sense, and as such was the optimal 

solution.

Latent Class Symptom Characteristics by Cluster Membership—The 

Asymptomatic cluster consisted of individuals with a high probability of responding “none” 

for every symptom (Figure 1). This cluster had the highest membership (N=487, 38%). The 

Highly Symptomatic cluster (N=142, 11%) is characterized by a high probability to answer 

“a great deal” for the symptoms of shortness of breath with activity and exercise intolerance, 

along with a moderate probability of experiencing a “fair amount” to “a great deal” of 

palpitations, shortness of breath at rest, and fatigue at rest. The With Activity cluster 

(N=326, 25%) is characterized by a moderate probability of experiencing most symptoms in 

the “a little” to “a lot” range. However, the most probable symptoms/symptom ratings in the 

With Activity cluster are shortness of breath with activity and exercise intolerance rated as 

“a fair amount” and “a lot”. The Mild Diffuse cluster (N=336, 26%) is characterized by a 
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moderate probability of experiencing most of the symptoms “none”, “very little” or “a 

little”, and a high probability to report “none” for chest pain. In every class, chest pain was 

highly or moderately likely to be reported as “none”.

Latent Class Covariates by Cluster Membership—Eleven sociodemographic and 

clinical variables that are known to influence AF symptoms (e.g. age, gender, comorbidities, 

AF type, ablation)12, 19, 26, 31–33 or were theoretically likely to influence AF symptoms (e.g. 

ejection fraction)7 were entered into our initial latent class model as covariates. Nine of 

these covariates were retained in the final model (only AF duration and ethnicity were 

removed), several of which had statistically significant variation from the reference 

(Asymptomatic) class (Table 2). Across each cluster, gender and history of ablation were the 

most consistently associated with cluster membership. Males made up the majority (77%) of 

the Asymptomatic cluster, whereas the male/female split was 50/50 in the Highly 

Symptomatic cluster, and close to equally divided in the With Activity cluster (54.6% male/

45.4% female), despite the fact that the overall study population was 67% male and 33% 

female. The Asymptomatic cluster had the lowest percentage of patients with prior ablation. 

Individuals in the Highly Symptomatic cluster were less likely than those in the 

Asymptomatic cluster to have paroxysmal AF (32.4% versus 54.4%), and more likely to 

have persistent AF (61.3% versus 38%), a higher BMI (mean 33.8 versus 30), heart failure 

(33.8% versus 9.2%), and coronary disease (35.9% versus 17.3%). Individuals in the With 

Activity cluster were more likely than those in the Asymptomatic cluster to have a higher 

BMI (mean BMI 32 versus 30), be on anti-arrhythmic medication (69% versus 51%), and 

have coronary disease (28.2% versus 17.3%). The Mild Diffuse cluster was the only group 

that differed significantly by age, with a younger mean age of 56.9 compared to 58.6 for the 

Asymptomatic cluster (Table 3).

Impact of Symptom Clusters on Healthcare Utilization

Emergency Department Utilization—Next, we conducted regression analysis with 

latent class membership as the independent variable and AF-related ED visits as the 

dependent variable. We used the Asymptomatic cluster as the reference. Membership in the 

Highly Symptomatic cluster was associated with nearly two and a half times the rate of AF-

related ED visits as the Asymptomatic cluster (incident rate ratio (IRR) 2.37, p<0.001). The 

With Activity cluster also had an elevated rate of ED visits, with more than one and a half 

times the ED visits compared to the Asymptomatic cluster (IRR 1.7, p<0.001). The Mild 

Diffuse cluster was not associated with a significantly increased rate of ED visits compared 

to individuals in the Asymptomatic cluster (Table 4).

Hospitalizations—Next, we conducted a regression with latent class membership as the 

independent variable and AF-related hospitalizations as the dependent variable. The 

Asymptomatic cluster was again used as the class of reference. Results are similar to those 

for ED visits. Membership in the Highly Symptomatic cluster was associated with nearly 

two and a half times the rate of AF-related hospitalizations compared to the Asymptomatic 

cluster (IRR 2.36, p<0.001). The With Activity cluster had over one and a half times the rate 

of hospitalizations as the Asymptomatic cluster (IRR 1.67, p<0.001). Mild Diffuse cluster 

membership was also associated with an increased the rate of hospitalizations, although to a 
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lesser degree than the other clusters. Mild Diffuse cluster membership resulted in 1.22 times 

the rate of hospitalizations (p=0.03) compared to the Asymptomatic cluster (Table 4).

Discussion

We discovered 4 clusters of patients with unique symptom and covariate profiles. When we 

examined the 4 clusters for differences in rates of healthcare utilization, the results revealed 

that individuals in the Highly Symptomatic and With Activity clusters had statistically and 

clinically significant higher rates of both ED visits and hospitalizations compared to the 

Asymptomatic cluster. Individuals in the Highly Symptomatic cluster had the highest rates 

of healthcare utilization. Further, individuals in the Highly Symptomatic and With Activity 

clusters were fairly similar clinically in terms of the symptoms experienced and clinical 

covariates. The main clinical differences between the two clusters appear to be the higher 

probability of experiencing symptoms at rest (dyspnea and fatigue) and a greater proportion 

of patients with persistent AF, heart failure, and coronary artery disease in the Highly 

Symptomatic cluster.

The rate of healthcare utilization increased progressively starting with Asymptomatic, Mild 

Diffuse, With Activity, and Highly Symptomatic clusters. This could be interpreted as a 

reflection of overall symptom severity. These results align with prior research, which shows 

that a composite measure of physician-rated symptom severity, the EHRA severity scale, is a 

major predictor of hospitalization among adults with AF.10, 11 Our results expand on this 

prior knowledge by demonstrating that individuals with specific patient-reported symptom 

profiles have higher rates of ED visits and hospitalizations, with symptoms at rest (dyspnea 

and fatigue) being most probable in the Highly Symptomatic cluster. Our results have direct 

applicability to clinical practice in that patients can be taught to recognize concerning 

sympom profiles (e.g. seek prompt outpatient management before symptoms progress to 

occurring at rest).

The individuals with the highest rates of both ED visits and hospitalizations belong to the 

Highly Symptomatic cluster. Individuals in this cluster are likely to experience multiple 

symptoms, in particular shortness of breath with and without activity, exercise intolerance, 

palpitations, and fatigue at rest. These individuals are more likely to be obese and have 

persistent AF, heart failure, and coronary disease when compared to individuals in the 

Asymptomatic cluster. These results are congruent with prior research that identifies heart 

failure,33 coronary disease,7 and obesity35 as risk factors for AF symptoms. In contrast to 

our findings, prior research suggests that AF symptoms are more likely in individuals with 

paroxysmal (77% have symptoms) versus persistent AF (73%).36 An examination of specific 

symptoms by type of AF reveals that while some symptoms are more common in 

paroxysmal compared to persistent AF (palpitations, 79% versus 52% respectively), other 

symptoms are less likely (dyspnea, 23% versus 58% respectively).12 Heart failure has 

previously been shown to increase the risk of hospitalizations among patients with AF.10 

Results of prior studies have been inconsistent in regards to differences in hospitalizations 

by type of AF, with some demonstrating that patients with persistent AF have more 

hospitalizations for AF than patients with paroxysmal AF36, 37 and others revealing similar 

hospitalization rates across the two classifications.10, 38 Our results augment current 
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knowledge by providing a comprehensive and specific symptom and clinical profile of 

patients with an elevated rate of AF-related ED visits and hospitalizations.

Using the same data set (VAFR), two AF-specific symptom clusters (the At Rest and With 

Activity clusters) were previously identified using cluster analysis, an approach that clusters 

symptoms rather than individuals, resulting in mutually exclusive clusters of symptom 

variables.18 In the present latent class analysis, our approach was to cluster individuals, 

therefore the same symptom may be present in multiple clusters, but differ based on the 

probability of each Likert scale rating. The results of these two studies are complimentary, 

with both having a With Activity cluster, which is marked by the symptoms shortness of 

breath with activity and exercise intolerance. Further, the At Rest cluster from the cluster 

analysis is similar to the Highly Symptomatic cluster from the latent class analysis, with 

both including individuals who experience shortness of breath at rest, fatigue at rest, chest 

pain, and dizziness. The Highly Symptomatic cluster is additionally marked by shortness of 

breath with activity and exercise intolerance, which remains congruent with the cluster 

analysis findings, given that 51 out of the 56 individuals in the At Rest cluster also had the 

With Activity cluster.18 Neither the cluster analysis with VAFR18 nor the clusters identified 

in the present latent class analysis, align with the cluster analysis results conducted using 

SAFETY trial participants.19, 39 Reasons for the discrepancy likely include differences in 

sample recruitment (SAFETY recruited only from inpatient setting), inclusion criteria 

(SAFETY excluded patients with heart failure), and symptom measurement (SAFETY used 

a study specific tool whereas VAFR used the AFSS).19, 39

Gender Differences

The Highly Symptomatic cluster was equally split between males and females despite the 

fact that the overall study population was 67% male and 33% female. The With Activity 

cluster similarly had a greater proportion of females than the overall study population. These 

results are consistent with prior research which shows that women are more likely than men 

to experience a significant level of symptoms, negatively impacting their quality of life.40 

VAFR participants did not complete quality of life measures, so we were not able to explore 

the association of cluster membership with quality of life outcomes. Future research 

examining the relationship between specific AF symptom profiles and quality of life would 

be beneficial in determining which patients have the greatest potential to benefit from 

symptom management interventions.

Age-based Differences

Age was not a factor that influenced membership in the Highly Symptomatic or With 

Activity clusters, although members of the Mild Diffuse cluster were approximately 2 years 

younger than Asymptomatic cluster members. Consistent with our findings, prior research 

on AF symptom clusters showed that age may vary for some, but not all, symptom clusters.
19 In that study, AF patients with the cluster of chest pain and palpitations were younger 

than members of other clusters. These findings contradict the commonly held belief that AF 

symptoms are reduced with advancing age.
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Implications for Practice

Rhythm control strateties (i.e. antiarrhythmic medications and ablation) are a primary means 

through which AF symptoms are managed. Therefore, it is not surprising that individuals in 

the Highly Symptomatic and With Activity clusters were more likely to be on a rhythm 

control strategy compared to individuals in the Asymptomatic cluster. In addition to rhythm 

control, individuals in the Highly Symptomatic or With Activity cluster many benefit from 

self-care interventions that have the potential to improve AF symptoms and monitoring, 

thereby reducing ED visits and hospitalizations. The goal of self-care is for patients to 

adequately monitor, maintain, and manage their health.41 For example, weight reduction, 

cardio-respiratory fitness, and cardiometabolic risk factor management reduce AF symptom 

burden, symptom severity, and arrhythmia recurrence, making weight reduction and physical 

activity meaningful self-care goals for individuals with symptomatic AF.42–44 The standard 

versus AF specific management strategy (SAFETY) trial compared standard care to nurse 

managed home and telephone-based follow up for hospitalized patients with AF, which 

included elements related to self-care such as patient/caregiver education and medication 

management, and resulted in an increased proportion of days alive and out of the hospital.39 

Another important component of AF-specific self-care is heart rate monitoring, which can 

help patients identify the presence of AF when symptoms are vague or non-specific.6 

Individuals with clinical profiles associated with increased rates of healthcare utilization (i.e. 

those with heart failure, obesity, and/or coronary disease who are highly symptomatic) are 

ideal candidates for AF-specific self-care interventions. However, to date there is a gap in 

the literature related to comprehensive self-care measures or interventions specific to these 

individuals.

Chest pain and palpitations were uncommon symptoms in this sample, despite prior reports 

indicating they are common symptoms of AF.12, 19 Chest pain was likely to be reported as 

absent or infrequent by members of every symptom cluster in our study. Palpitations, a 

symptom commonly associated with AF, had only a low to moderate probability in every 

cluster we identified. These findings are important since chest pain and palpitations are 

classic cardiac symptoms and patients may have difficulty interpreting the less cardiac-

specific symptoms in this study (e.g. shortness of breath, fatigue). Lack of accurate symptom 

interpretation influences the response to symptoms, possibly delaying early intervention and 

prompt treatment.5, 6 Prompt recognition of symptoms and treatment in a non-urgent 

outpatient setting has the potential to reduce utilization of the ED and subsequent 

hospitalizations. Clinicians can apply this research to practice by ensuring that people with 

AF are educated and knowledgable about the non-specific symptoms that often occur with 

AF, and encouraged to seek early assistance with symptom management in order to avoid 

potentially avoidable ED visits and hospitalizations.6, 45 It is plausible that by seeking early 

outpatient treatment for symptoms, patients may be able to avoid progression to symptoms 

that occur at rest (shortness of breath at rest, fatigue at rest).

Limitations

Three limitations are worth noting. First, our AFSS healthcare utilization outcomes variables 

(AF-related ED visits and hospitalizations) were self-reported and were not verified with 

medical records. However, the AFSS was obtained by a trained study registered nurse either 
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by telephone or in person. Consequently, patients with questions regarding their history of 

AF-related ED visits and hospitalizations had access to study nurses for clarification 

regarding accurate completion of the AFSS. Second, history of ablation was increased for all 

latent classes (in comparison to the asymptomatic class). Because of limitations related to 

our cross-sectional study design and our de-identified data set, we do not know the timing of 

ablations and what proportion of the hospitalizations reported on the AFSS may be for these 

(typically) planned admissions. Third, compared with other large scale AF registries,46, 47 

our sample is younger, includes more males and Caucasians, and has lower rates of both 

heart failure and coronary artery disease. Some of these differences, such as heart failure and 

coronary disease, are likely related to the genetic focus of VAFR and the recruitment 

strategy of enrolling AF patients and their family members, which likely led to more 

individuals being enrolled in this registry who lack these particular AF risk factors.

Conclusion

We identified 4 AF-specific symptom clusters using latent class analysis and showed that 

membership in specific clusters is associated with increased ED visits and hospitalizations. 

Cluster membership is associated with several sociodemographic and clinical factors, most 

notably gender, AF type, heart failure, coronary disease, and BMI. The generalizability of 

these results remains unclear and an attempts to replicate the findings are warranted. Future 

research is warranted to verify whether symptom clusters can be used clinically to identify 

patients at an elevated risk for ED visits or hospitalizations, and whether interventions 

targeted towards these patients could reduce the rate of ED visits and unplanned 

hospitalizations, and improve quality of life.
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Figure 1. 
Graphical representation of manifest symptom variable probabilities by latent class 

membership. Scale represents probability between 0 and 1. SOB: shortness of breath.
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Table 1

Sample Characteristics

Variable N=1,291

Sociodemographic Profile

Age (years) 58.4 (±11.9)

Male 861 (67%)

Female 430 (33%)

Caucasian 1,239 (96%)

Clinical Profile

AF Sub-Type

 Paroxysmal 660 (51.1%)

 Persistent 563 (43.6%)

 Permanent 68 (5.3%)

AF Duration (years) 4.4 (±5.5)

Body Mass Index 30.9 (±6.4)

CHADS2 score 1.1 (±1.0)

Left Atrial Diameter 41.7 (±7.7)

Left Ventricular Ejection Fraction 55.5 (±9.9)

Heart Failure 177 (13.7%)

Hypertension 800 (62.2%)

Coronary Artery Disease 270 (20.9%)

History of AF Ablation 713 (55.2%)

Anti-Arrhythmic Medication 750 (58.1%)

Emergency Department Visits 0.7 (±1.1)

Hospitalizations 0.8 (±1.0)

Palpitation score 2.7 (±1.7)

Short of Breath at Rest score 2.1 (±1.5)

Short of Breath with Activity score 3.0 (±1.7)

Exercise Intolerance score 3.0 (±1.7)

Fatigue at Rest score 2.2 (±1.5)

Dizziness score 2.2 (±1.4)

Chest Pain score 1.8 (±1.3)

Values are expressed as N (%) or Mean (±SD). Symptom scores are derived from Likert scale ratings (range 1–6).
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Table 2

Latent Class Regression Model by Cluster Membership

Cluster β SE t

Highly Symptomatic Cluster vs Asymptomatic Cluster

Gender 1.77786 0.27261 6.522†

Age −0.01809 0.01321 −1.370

AF type 0.53518 0.13616 3.931†

Ejection Fraction −0.01776 0.01280 −1.387

Body Mass Index 0.07231 0.01837 3.936†

Anti-arrhythmic 0.37695 0.26663 1.414

Heart Failure 1.09543 0.33233 3.296*

Coronary Disease 1.02034 0.30692 3.324*

Ablation 1.01345 0.27692 3.660†

With Activity Cluster vs Asymptomatic Cluster

Gender 1.32675 0.20351 6.519†

Age −0.00975 0.00810 −1.204

AF type 0.09330 0.10016 0.932

Ejection Fraction −0.00359 0.01041 −0.345

Body Mass Index 0.04523 0.01489 3.038*

Anti-arrhythmic 0.54034 0.18991 2.845*

Heart Failure 0.39523 0.29892 1.322

Coronary Disease 0.81976 0.23296 3.519†

Ablation 0.99310 0.18785 5.287†

Mild Diffuse Cluster vs Asymptomatic Cluster

Gender 0.58792 0.21488 2.736*

Age −0.01562 0.00785 −1.989*

AF type 0.20739 0.10087 2.056*

Ejection Fraction −0.02074 0.01058 −1.960

Body Mass Index 0.00117 0.01522 0.077

Anti-arrhythmic 0.07400 0.18210 0.406

Heart Failure 0.09176 0.32246 0.285

Coronary Disease −0.18319 0.28213 −0.649

Ablation 0.81038 0.18568 4.364†

Covariates that are significantly different from reference (Asymptomatic Cluster) are marked with an asterisk (*) for p<0.05, and with a dagger sign 
(†) for p<0.001.
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Table 3

Covariates by Cluster Membership

Covariate
Asymptomatic Cluster 

(N=487)
Highly Symptomatic Cluster 

(N=142)
With Activity Cluster 

(N=326)
Mild Diffuse Cluster 

(N=336)

Gender † † *

 Male 377 (77.4%) 71 (50%) 178 (54.6%) 235 (69.9%)

 Female 110 (22.6%) 71 (50%) 148 (45.4%) 101 (30.1%)

Age 58.6 (±12.4) 59.8 (±10.5) 59.1 (±12.2) 56.9 (±11.6) *

AF Type † *

 Paroxysmal 265 (54.4%) 46 (32.4%) 181 (55.5%) 168 (50%)

 Persistent 185 (38%) 87 (61.3%) 135 (41.4%) 156 (46.4%)

 Permanent 37 (7.6%) 9 (6.3%) 10 (3.1%) 12 (3.6%)

Ejection Fraction 56.1 (±9) 52.8 (±12.1) 56.3 (±9.7) 54.8 (±10)

Body Mass Index 30 (±5.7) 33.8 (±7.3) † 32 (±6.9) * 30 (±5.9)

Anti-arrhythmic 251 (51.5%) 91 (64.1%) 225 (69%) * 183 (54.5%)

Heart Failure 45 (9.2%) 48 (33.8%) * 46 (14.1%) 38 (11.3%)

Coronary Disease 84 (17.3%) 51 (35.9%) * 92 (28.2%) † 43 (12.8%)

Ablation 202 (41.5%) 89 (62.7%) † 220 (67.5%) † 202 (60.1%) †

Values are expressed as N (%) or Mean (±SD);

*
p<0.05,

†
p<0.001.
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