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Summary 

English Summary 

Background: Atrial fibrillation (AF) is the most common sustained cardiac arrhythmia, and the number 

of AF patients is estimated to double until 2060. Current thinking indicates that AF frequently 

progresses from short episodes to longer and more frequent attacks. Over years, a number of patients 

develop sustained forms that are less amenable to treatment and are thought to be associated with a 

worse outcome. However, the concept of AF progression is poorly understood and data on this 

important issue are mainly based on small studies in selected patients or studies with short follow-up. 

Based on those gaps in knowledge, the general aim of this PhD thesis was to systematically assess the 

incidence and predictors of AF progression. The specific aims were 1) to summarize the current 

evidence on the incidence of AF progression in a systematic review and meta-analysis of the previous 

literature, 2) to assess the incidence and predictors of AF progression in our own cohorts, taking into 

account the potential effect of rhythm control interventions (RCIs), and 3) to compare the incidence 

of adverse outcome events in patients with paroxysmal, persistent and permanent AF. 

Methods: For the meta-analysis, we searched PubMed, EMBASE and the Cochrane Library. Random 

effect models were used to calculate cumulative incidence rates. Predictors related to between study 

variability were assessed using meta-regression analyses. The second and third manuscripts of the PhD 

thesis were based on two ongoing prospective cohort studies (BEAT-AF and Swiss-AF) in whom 3,968 

patients with documented AF have been enrolled. At baseline and during yearly follow-up we assessed 

AF type, RCIs and adverse outcome events. We defined clinical AF progression as progression from 

paroxysmal to non-paroxysmal AF or as progression from persistent to permanent AF at the latest 

follow-up as compared to the baseline AF type. RCIs included electrical cardioversions (ECVs), 
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pulmonary vein isolation (PVI) or initiation of amiodarone treatment. Multivariable adjusted Cox 

regression analyses were performed to assess potential predictors for clinical AF progression and RCIs. 

Prespecified adverse outcome events for the third manuscript were stroke/systemic embolism, 

incident hospitalization for heart failure (HF), bleeding, all-cause mortality and a combined outcome 

of ischemic stroke, myocardial infarction or cardiovascular death (MACE). Multivariable adjusted time-

dependent Cox regression analyses were performed to compare hazard ratios (HRs) across patients 

with paroxysmal, persistent and permanent AF. 

Results: For the meta-analysis, we identified 47 studies with 27,266 patients who were followed for 

105,912 patient-years. The pooled incidence of AF progression was 8.1 per 100 patient-years (95% 

confidence interval [CI], 7.1; 9.1). Higher age and prevalence of hypertension were associated with a 

higher AF progression rate, follow-up duration and prevalence of paroxysmal AF with a lower AF 

progression rate. In the second analysis we found that 458 (15.9%) of 2,882 patients had clinical AF 

progression in our own cohorts (incidence 5.2 per 100 patient-years), and 613 (27.1%) had at least one 

RCI (incidence 10.9 per 100 patient-years) during a median (IQR) follow-up of 3 (2; 5) years. Increasing 

BMI (HR 1.03, [95% CI 1.00; 1.05], p=0.02) and higher blood pressure (HR 1.03 [95% CI 1.00; 1.05], 

p=0.05) were associated with a higher AF progression rate, whereas an inverse association was found 

for regular physical activity (HR 0.80 [95% CI 0.66; 0.98], p=0.03) and previous PVI (HR 0.68 [95% CI 

0.52; 0.89], p=0.005). Important factors associated with a RCI were regular physical activity (HR 1.43 

[95%CI 1.21; 1.69], p<0.001), presence of AF related symptoms (HR 1.83 [95%CI 1.46; 2.29], p<0.001) 

and younger age (HR per 5 years 0.89 [95%CI 0.85; 0.92], p<0.001). In the third project we found an 

incidence of stroke/systemic embolism of 1.0 per 100 patient-years. The incidence was 0.8, 1.0 and 

1.5 per 100 patient-years for patients with paroxysmal, persistent and permanent AF, respectively. 

Compared with patients with paroxysmal AF, the HRs (95% CI) for stroke/SE were 1.26 [95%CI 0.79; 

2.01], p=0.34) and 1.35 ([95% CI 0.88; 2.07], p=0.17) for persistent and permanent AF in age and sex 
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adjusted time-updated models. After multivariable adjustment, the HRs were 1.16 ([95% CI 0.70; 1.91], 

p=0.57) and 1.29 ([95% CI 0.84; 2.00], p=0.25), respectively. Patients with permanent AF had a higher 

risk of heart failure (HR 1.68 [95% CI 1.31; 2.15[, p<0.001), MACE (HR 1.70 [95% CI 1.33; 2.17], p<0.001), 

all-cause mortality (HR 1.72 [95% CI 1.34; 2.21], p<0.001), clinically relevant non-major bleeding (HR 

1.31 [95% CI 1.04; 1.66], p=0.02) and any bleeding (HR 1.23 [95% CI 1.00; 1.51], p=0.046)  in age/sex 

adjusted models. In multivariable time-updated models, permanent AF remained significantly 

associated with MACE (HR 1.37 [95% CI 1.06; 1.78], p=0.02) and all-cause mortality (HR 1.38 [95% CI 

1.07; 1.80], p=0.01), but not with heart failure (HR 1.24 [95% CI 0.96; 1.60], p=0.10), clinically relevant 

non-major bleeding (HR 1.00 [95% CI 0.78; 1.28], p=1.00) and any bleeding (HR 0.97 [95% CI 0.78; 1.20], 

p=0.76). 

Discussion: Current evidence suggests that the incidence of AF progression is relatively low, and these 

numbers were confirmed in our own data. Our findings suggest that a healthy lifestyle with a lower 

BMI and regular physical activity may reduce the rate of AF progression. RCIs were commonly used, 

mainly predicted by symptoms, physical activity and lower age. There was no significant association 

between AF type and risk of stroke/systemic embolism, but patients with permanent AF had an 

increased risk of all-cause mortality and MACE. Co-morbidities and risk-factors seem to have an 

important influence on these relationships. The residual effect of AF type seems to be smaller than 

estimated previously.  

   



Summary 

12 

 

Deutsche Zusammenfassung 

Hintergrund: Vorhofflimmern (VHF) ist die häufigste anhaltende Herzrhythmusstörung, und die Anzahl 

an VHF Patienten wird sich nach Schätzungen bis 2060 verdoppeln. Das aktuelle Konzept geht davon 

aus, dass VHF häufig von kurzen Episoden zu länger anhaltenden Episoden fortschreitet. Über die Zeit 

entwickelt ein Teil der Betroffenen eine anhaltende Form der Erkrankung, die für Behandlungen 

weniger zugänglich ist und vermutlich mit einem erhöhten Risiko für einen schlechten Ausgang 

vergesellschaftet ist. Nichtsdestotrotz ist das Konzept der Progression von VHF zurzeit nur 

unzureichend verstanden und die aktuell vorliegende Evidenz basiert zu einem grossen Teil auf kleinen, 

selektionierten Patientenkollektiven oder Studien mit mehrheitlich kurzer Nachverfolgungszeit. 

Basierend auf den vorhandenen Wissenslücken war das allgemeine Ziel dieses PhD-Projektes, die 

Inzidenz sowie Risikofaktoren für die Progression von VHF systematisch zu erfassen. Spezifische Ziele 

waren 1) die aktuelle Evidenz basierend auf einem Systematic Review und Metaanalyse zu Inzidenz 

sowie Prädiktoren zur Progression von VHF zusammenzufassen, 2) die klinische VHF Progression sowie 

Prädiktoren in unseren Kohorten zu erheben unter Berücksichtigung von Interventionen zur 

Rhythmuskontrolle sowie 3) die Inzidenz von negativen Endpunkten in Patienten mit paroxysmalem, 

persistierendem und permanentem VHF zu vergleichen. 

Methoden: Für die Metaanalyse wurden PubMed, EMBASE und die Cochrane Library systematisch 

durchsucht. Random-effect Modelle wurden benutzt, um kumulative Inzidenzraten zu berechnen. 

Prädiktoren, die mit der Variabilität zwischen den Studien assoziiert waren, wurden mit 

Metaregressionsanalysen erfasst. Das zweite und dritte Manuskript der PhD-Arbeit basierte auf zwei 

prospektiven Kohortenstudien (BEAT-AF und Swiss-AF), in denen 3.968 Patienten mit VHF 

eingeschlossen wurden. Bei Studieneinschluss und in der jährlichen Verlaufskontrolle wurde der 

aktuelle Vorhofflimmertyp bestimmt, rhythmologische Interventionen und klinische Endpunkte 

erfasst. Für das zweite Manuskript definierten wir VHF-Progression als Progression von paroxysmalem 
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zu nicht-paroxysmalem bzw. von persistierendem zu permanentem VHF bei Studieneinschluss im 

Vergleich zur letzten Verlaufskontrolle. Rhythmologische Interventionen beinhalteten 

Elektrokardioversionen, Pulmonalvenenisolation (PVI) sowie den Neubeginn einer medikamentösen 

antiarrhythmischen Therapie mit Amiodaron. Multivariat adjustierte Cox Regressionsmodelle wurden 

verwendet, um potentielle Prädiktoren für VHF-Progression sowie rhythmologische Interventionen zu 

erfassen. Endpunkte, die für das dritte Manuskript validiert wurden, beinhalteten 

Schlaganfälle/systemische Embolien, Hospitalisierungen für Herzinsuffizienz, Blutungen, 

Gesamtmortalität und einen kombinierten Endpunkt aus ischämischem Schlaganfall, Myokardinfarkt 

oder kardiovaskulärem Tod (MACE). Multivariate Cox-Regressionsanalysen mit zeitabhängigen 

Prädiktorvariablen wurden verwendet, um das Risiko (Hazard-Ratio [HR]) entsprechend dem 

zeitabhängig aktualisiertem VHF-Typ zu erfassen. 

Resultate: Für die Metaanalyse wurden 47 Studien mit 27.266 VHF-Patienten identifiziert, die über 

einen Zeitraum von 105.912 Patientenjahren nachverfolgt wurden. Die kumulative Inzidenz für die 

Progression von VHF lag bei 8.1 (95% Konfidenzintervall [KI], 7.1; 9.1] Fällen pro 100 Patientenjahren. 

Höheres Alter und eine höhere Prävalenz an Hypertonie waren assoziiert mit einer höheren VHF 

Progressionsrate. Nachbeobachtungszeit und Vorhandensein von paroxysmalem VHF waren assoziiert 

mit niedrigerer VHF Progression. Im zweiten Manuskript fanden wir heraus, dass 458 (15.9%) von 2.882 

Patienten mit paroxysmalem oder persistierenden VHF Progression hatten (Inzidenz 5.2 pro 100 

Patientenjahren), und 613 (27.1%) Patienten hatten zumindest eine rhythmologische Intervention 

(Inzidenz 10.9 pro 100 Patientenjahren) während einer medianen (IQR) Nachbeobachtungszeit von 3 

(2; 5) Jahren. Höherer BMI (HR 1.03, 95% KI 1.00; 1.05, p=0.02) sowie höherer Blutdruck (HR 1.03, 95% 

CI 1.00; 1.05, p=0.05) waren assoziiert mit einer höheren Progressionsrate, wohingegen eine inverse 

Assoziation für regelmässige körperliche Aktivität (HR 0.80, 95% CI 0.66; 0.98, p=0.03) und 

vorangehende PVI (HR 0.68, 95% CI 0.52; 0.89, p=0.005) beobachtet wurde. Relevante Faktoren, die 
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mit einer rhythmologischen Intervention assoziiert waren, beinhalteten regelmässige körperliche 

Aktivität (HR 1.43 [95%CI 1.21; 1.69], p<0.001), Vorhandensein von VHF assoziierten Symptomen (HR 

1.83 [95%CI 1.46; 2.29], p<0.001) sowie jüngeres Alter (HR pro 5 Jahre 0.89 [95%CI 0.85; 0.92], 

p<0.001). In dem dritten Projekt konnten wir eine Inzidenz für Schlaganfälle/systemische Embolien von 

1.0 pro 100 Patientenjahre feststellen. Die Inzidenz war 0.8, 1.0 bzw. 1.5 für Patienten mit 

paroxysmalem, persistierenden bzw. permanentem VHF. In Modellen, die für Alter und Geschlecht 

korrigiert waren, war die zeitabhängig aktualisierte HR für Schlaganfälle/systemische Embolien 1.26 

(95% KI 0.79; 2.01], p=0.34) und 1.35 ([95% KI 0.88; 2.07], p=0.17) für persistierendes bzw. 

permanentes VHF. Nach multivariater Korrektur war die HR 1.16 ([95% KI 0.70; 1.91], p=0.57) sowie 

1.29 ([95% KI 0.84; 2.00], p=0.25) für persistierend bzw. permanentes VFH. Das Vorhandensein von 

permanentem Vorhofflimmern war assoziiert mit einem erhöhten Risiko von Herzinsuffizienz (HR 1.68, 

95% KI 1.31; 2.15, p<0.001), MACE (HR 1.70 [95% KI 1.33; 2.17], p<0.001), Gesamtmortalität (HR 1.72 

[95% KI 1.34; 2.21], p<0.001), klinisch relevanten nicht schwerwiegenden Blutungen (HR 1.31 [95% KI 

1.04; 1.66], p=0.02) sowie Gesamtblutungen (HR 1.23 [95% KI 1.00; 1.51], p=0.046) in Modellen, die 

adjustiert für Alter und Geschlecht waren. Nach multivariater zeitabhängiger Adjustierung zeigte sich 

eine relevante Abschwächung der Assoziation, wobei das Vorhandensein von permanentem VHF 

weiterhin mit MACE (HR 1.37 [95% KI 1.06; 1.78], p=0.02) sowie Gesamtmortalität (HR 1.38 [95% KI 

1.07; 1.80], p=0.01), jedoch nicht mehr mit Herzinsuffizienz (HR 1.24 [95% KI 0.96; 1.60], p=0.10), 

klinisch relevanten nicht schwerwiegenden Blutungen (HR 1.00 [95% KI 0.78; 1.28], p=1.00) sowie 

Gesamtblutungen (HR 0.97 [95% KI 0.78; 1.20], p=0.76)  assoziiert war. 

Schlussfolgerung: Die vorliegende Evidenz zeigt somit auf, dass die Inzidenz für klinische VHF 

Progression relativ gering zu sein scheint, und diese Zahlen wurden durch unsere eigenen Daten 

bestätigt. Unsere Daten deuten an, dass eine gesunde Lebensweise mit niedrigerem BMI sowie 

regelmäßiger körperlicher Aktivität die Progression des VHF verringern könnte. Rhythmologische 
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Interventionen wurden häufig durchgeführt und die Hauptprädiktoren waren VHF assoziierte 

Symptome, körperliche Aktivität und niedrigeres Lebensalter. Es gab keine signifikante Assoziation des 

Vorhofflimmertypes mit Schlaganfällen/systemischen Embolien, wobei Patienten mit permanentem 

VHF ein erhöhtes Risiko für Gesamtmortalität sowie MACE hatten. Komorbiditäten sowie 

Risikofaktoren scheinen einen relevanten Einfluss auf diese Assoziationen zu haben, wobei der 

verbleibende und unabhängige Effekt des VHF-Typs kleiner als erwartet war. 
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1. Introduction 

Atrial fibrillation (AF), first described in humans by Einthoven in 1906 (1), is the most common 

sustained cardiac arrhythmia, occurring in 1-2% of the general population. Today, over six million 

Europeans suffer from AF and due to the demographic shift and several additional factors this number 

is estimated to at least double in the upcoming decades (2). While approximately 1% of the population 

under 60 years of age have AF, the prevalence is up to 12% among those aged between 75 to 84 years 

(3). The lifetime risk for new-onset AF at age 40 is about 25 percent for both men and women (4). 

Patients suffering from AF are at high increased risk of ischemic stroke, dementia, heart failure, 

repetitive hospitalizations, poor quality of life, and mortality (5-12). Accordingly, AF is associated with 

substantial health care costs (13). 

The underlying mechanisms for AF development include structural changes of the left atrium such as 

alterations in the extracellular matrix, myocyte alterations, microvascular changes or endocardial 

remodeling, as well as electrophysiological alterations, genetic predisposition and hemodynamic 

changes (2). AF requires a trigger initiating the arrhythmia and a susceptible substrate for promoting 

its perpetuation (14). Ca2+ plays a multidimensional role in AF pathophysiology. Delayed 

afterdepolarizations resulting from abnormal diastolic leak of Ca2+ from the sarcoplasmic reticulum 

with consecutive cytosolic Ca2+ overload constitute an important mechanism of atrial arrhythmias (15).  

In clinical practice, AF is classified into the three main types paroxysmal, persistent or permanent AF 

(16). Current thinking indicates that AF is not a stable and static disease but usually progresses from 

short, rare episodes to longer and more frequent attacks. Over the years, many patients are supposed 

to develop sustained forms of the disease (2).  

Previous data on the AF progression rate and incidence are very heterogeneous. The number of AF 

progression cases in previous publications varied from as low as 4.7% during a mean follow-up of 6 



Introduction 

18 

 

years (17) to 77.2% after 14 years (18). Although some authors assume an inevitable AF progression 

(16), there seems to be a substantial number of AF patients who do not progress to more sustained 

forms over decades. For example, Jahangir et al. investigated the very long-term progression in a small 

cohort of 71 patients with paroxysmal or persistent AF. They found that the cumulative probability of 

AF progression over 25 years was 29% (either from paroxysmal to persistent or from persistent to 

permanent) (19). Padfield et al. used data from the Canadian Registry of Atrial Fibrillation where the 

probability of progression after first electrocardiographic diagnosis of AF was 8.6% at one year and 

24.7% at five years of follow up (20). Hence, there seems to be a substantial number of patients who 

do not have AF progression over many years, but detailed data on the long-term incidence are not 

readily available. Furthermore, published studies are difficult to compare as they differed markedly in 

follow-up duration and other relevant criteria. 

In addition, previous studies did not take into account that the AF type may regress after an initial 

phase of progression (16). Secondly, the progression of AF is partly dependent on the use of effective 

rhythm control interventions (RCIs). The most effective RCIs currently available include antiarrhythmic 

treatment with amiodarone, direct electrical cardioversion (ECV) and pulmonary vein isolation (PVI) 

(16). While RCI partly overlaps with the definition of the clinical AF type (16), it does constitute an 

independent entity that may be worthwhile to be investigated separately 

Data on risk factors for AF progression are currently limited. In previous studies, traditional co-

morbidities and risk factors including history of heart failure (18, 20, 21), history of stroke (11), 

increasing age (11, 18, 20, 22-26) and higher baseline heart rate (26) were described as risk factors of 

AF progression. Sandhu et al. showed that in women without AF at baseline, increasing age, adiposity 

and higher hemoglobin A1c levels were preferentially associated with the early development of non-

paroxysmal AF (27). However, the generalizability of the previous work is limited, as many studies had 
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a short follow-up, were performed in selected populations (e.g. in patients after catheter ablation) or 

the investigators did not perform extensive multivariable adjustment. 

AF progression is important from a clinical perspective. It is well established that in patients with 

sustained forms of AF, medical and/or invasive strategies to restore sinus rhythm are less successful 

(28, 29). Therefore, preventing AF progression may facilitate rhythm control strategies in clinical 

practice. Much less evidence is available on the possible association of the clinical AF type and adverse 

outcome events. While earlier studies showed comparable risk of stroke among patients with 

paroxysmal compared to non-paroxysmal AF (30-35), different studies performed within the last years 

suggest that patients with more sustained forms of AF have a higher risk of adverse events (36-38). 

Even though the pathophysiological mechanisms are not completely understood, several mechanisms 

seem to be involved. Reduced blood flow during AF with consecutive stasis in the left atrium and its 

appendage is thought to be one of the main factors (39). Moreover, a greater electrical burden of AF 

has been shown to promote dysfunction of the left atrium, with a negative impact on the structure of 

the left atrium (40). In addition, a functional endothelium is essential for maintaining hemostasis and 

prevention of thrombosis (41). AF promotes endothelial dysfunction (42) and some studies suggest 

that the effect is more serious in persistent AF (43). Therefore, a greater burden of arrhythmia in non-

paroxysmal seems to increase the risk of thrombus formation.  

On the other hand, a global survey of almost 10,000 AF patients showed an increased prevalence co-

morbidities with a similar increase in mean CHADS2-Score when disease progressed from paroxysmal 

AF more sustained forms (36). Whether non-paroxysmal AF is an independent risk factor by itself or 

just a marker of more co-morbidities is currently unknown.  To the best of our knowledge, none of the 

previous studies updated AF type or co-morbidities. This might exacerbate the problem of residual 

confounding and could lead to an overestimation of the effect of AF type. 
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2. Aims 

The overall aim of this project was to evaluate the incidence and risk factors of AF progression and to 

assess the outcomes of patients at different stages of the AF disease continuum.  

Specific aims were to: 

1. Summarize the current knowledge on the incidence and risk factors of AF progression using a 

systematic review and meta-analysis. 

2. To assess the incidence and predictors of AF progression in our own cohorts, taking into 

account the potential effect of rhythm control interventions. 

3. To compare the risk of adverse outcome events among AF patients at various stages of the AF 

disease continuum. 

 

Ad Aim1) 

Using a systematic literature search, we aimed to summarize the evidence on the incidence of AF 

progression and on potential predictors explaining differences in AF progression rates using the 

between-study heterogeneity. Results of aim 1 are summarized in the manuscript Incidence and 

Predictors of Atrial Fibrillation Progression: A Systematic Review and Meta-Analysis, which has been 

published in “Heart Rhythm” (44). I also presented the findings as a Poster at the Joint Annual Meeting 

of the Swiss Society of Cardiology 2018 in Basel, Switzerland. 

 

Ad Aim 2) 

We aimed to assess the long-term incidence and predictors of AF progression in our cohorts. As clinical 

AF progression partly overlaps with rhythm control interventions (RCIs) and RCIs could modify AF 
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progression, we also assessed the incidence and predictors for RCI. RCIs included direct electrical 

cardioversions (ECV), new antiarrhythmic treatment with amiodarone, or pulmonary vein isolations 

(PVIs). The results of aim 2 are presented in the manuscript “Incidence and predictors of atrial 

fibrillation progression”. Parts of the analysis were presented as a Poster at the Scientific Sessions of 

the American Heart Association (AHA) 2017 in Anaheim, CA, USA. The manuscript is currently in 

submission. 

 

Ad Aim 3) 

The objective of the third project was to compare the hazards of various adverse outcome events 

across different AF types. To take into account the dynamic process of AF type and associated risk 

factors, we constructed time-updated Cox regression models. The results of aim 3 are presented in the 

manuscript “Atrial fibrillation type, co-morbidities and risk of adverse outcomes”. Parts of the 

analysis were presented as a Poster at the Congress of the European Society of Cardiology (ESC) 2017 

in Barcelona, Spain. The manuscript is currently in submission.  
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3. Methods 

Systematic Review and Meta-Analysis - Manuscript I 

Searches, study selection  

We performed a systematic review and meta-analysis following the Preferred Reporting Items for 

Systematic Reviews and Meta-Analysis (PRISMA) statement (45). With the assistance of an 

experienced research librarian, we established a search strategy for publications using MeSH terms 

and keywords to systematically search three electronic databases from inception to August 2017: 

MEDLINE via PubMed, the Cochrane Library and EMBASE via Ovid. Publications were considered as 

relevant if they 1) classified the current AF type at baseline and at follow-up, 2) reported incidence of 

AF progression as the main or a secondary outcome and 3) reported the (mean/median) follow-up 

period. Studies were excluded if any of the following criteria applied: 1) duplicate publication, overlap 

of patients or a subgroup population of a main study that has already been included. In this case, we 

selected the study with the larger sample size and/or longer follow-up duration 2) including a 

significant sample of patients without AF; 3) AF type or AF progression not clearly reported or 

impossible to calculate from published results; 4) no follow-up period reported, 5) studies including 

exclusively patients after catheter ablation. Records identified from the initial search were screened 

at title and abstract level by two independent reviewers. In case of inconsistency, a third reviewer was 

consulted to make a final decision. We applied no geographical restrictions to the search and we did 

not impose any restrictions on the publication date, language or sample size. Reference lists of studies 

fulfilling inclusion criteria were screened manually for additional articles. The detailed search strategy 

and the flowchart on details of the selection process can be found in the Supplement of the first 

publication. 



Methods 

24 

 

Data synthesis and analysis 

The main outcome for our meta-analysis was the incidence of AF progression. AF progression was 

defined as progression from paroxysmal to either persistent or permanent AF or as progression from 

persistent to permanent AF. We pre-specified separate analyses on the incidence of AF-progression 

from paroxysmal to non-paroxysmal AF versus progression from persistent to permanent AF. 

In studies that reported only crude percentages of AF progression, we calculated the incidence rates 

for AF progression by dividing the number of AF progression cases by the mean follow-up period in 

years multiplied with the total number of patients. If the study included patients with permanent AF 

at baseline, they were subtracted from the total number of patients. We calculated the standard errors 

for incidence rates assuming a Poisson-distribution (46, 47).  The accuracy of this assumption was 

verified by comparing the calculated 95% CI with those available in some of the manuscripts. 

To take into account between-study heterogeneity, we pooled all incidence rates for AF-progression 

using random effect models as described by DerSimonian and Laird (48). Heterogeneity across studies 

was tested using the Q statistic and quantified by the I-square (I2) statistic. We considered an I2 value 

between 0% and 30% to represent low, 30% and 60% moderate, and ≥60% considerable heterogeneity 

(49). We used meta-regression analysis to identify covariates associated with the variability of the AF-

progression rate across the included studies. For ease of presentation, we categorized meta-regression 

covariates in two or more strata. Significant univariable predictors that were available in more than 

85% of the included studies were entered in a multivariable model. 
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Basel Atrial Fibrillation Cohort Study (BEAT-AF) and Swiss Atrial Fibrillation Cohort 

Study (Swiss-AF) – Manuscript II and III 

Design and Participants 

The second and third manuscript of this PhD thesis used data from two ongoing prospective cohort 

studies. The Basel AF (Beat-AF) Cohort Study was initiated in 2010 and assembled 1553 patients across 

7 centers in Switzerland. Recruitment into this cohort was stopped in 2014 after the initiation of the 

Swiss Atrial Fibrillation Cohort Study (Swiss-AF), which recruited 2415 AF patients between 2014 and 

2017. The detailed study methodology of Swiss-AF has been published previously (50).  

Inclusion Criteria 

Main inclusion criteria are summarized in Table 1 

Table 1: Inclusion criteria for BEAT-AF and Swiss-AF 

BEAT-AF Swiss-AF 

 - Age ≥65 years 

- Documented (by electrocardiogram, rhythm 

strip or device interrogation) paroxysmal AF, 

persistent AF or permanent AF 

- Documented (by electrocardiogram, rhythm 

strip or device interrogation) paroxysmal AF, 

persistent AF or permanent AF 

 

Exclusion Criteria 

Exclusion criteria for both cohorts are presented in Table 2 
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Table 2: Exclusion criteria for BEAT-AF and Swiss-AF 

BEAT-AF Swiss-AF 

- Inability to provide informed consent - Inability to provide informed consent  

- Patients who exclusively have short episodes of 

reversible forms of AF (e.g. AF post cardiac 

surgery, thyrotoxicosis) 

- Patients who exclusively have short episodes of 

reversible forms of AF (e.g. AF post cardiac 

surgery, thyrotoxicosis)  

- Any acute illness within the last 4 weeks. These 

patients could be enrolled after stabilization of 

their acute episode 

- Any acute illness within the last 4 weeks. These 

patients could be enrolled after stabilization of 

their acute episode  

 - Participating in BEAT-AF  

 

Study Procedures 

At baseline, all Swiss-AF and BEAT-AF patients were asked to complete a questionnaire on personal 

characteristics, socio-economic data, physical activity, nutrition, co-morbid conditions, medical history 

and current medication.  

The following information was also obtained during the baseline clinical visit: 

Body weight was obtained from each participant in light clothing and without shoes, using a calibrated 

device. 

Body height was obtained from each participant in light clothing and without shoes, using a calibrated 

device.  

Heart rate was obtained through pulse palpation during at least 30 seconds. 
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Blood pressure was measured in an upright position after at least five minutes of rest using a validated 

oscillometric device. At least two consecutive measures were obtained. 

Resting electrocardiogram: Standardized resting electrocardiogram (ECG) recordings (10 seconds, 12-

leads in BEAT-AF, 5 minutes, 16-leads in Swiss-AF) were obtained in all participants. 

Blood sampling: Non-fasting venous blood samples were collected from each patient at baseline from 

trained study personnel. Serum, plasma, whole blood (for genetic analyses) and gene expression 

samples were obtained, processed immediately, centrifuged if necessary and stored at minus 80 

degree Celsius. 

Follow-up examinations: Yearly follow-up examinations were performed for BEAT-AF in all patients by 

mail and phone interviews. All Swiss-AF patients were invited for yearly clinical follow-up visits. 

Patients completed information about personal factors on paper-based, mailed questionnaires. 

Trained study personnel subsequently updated co-morbidities, medication, medical interventions and 

intercurrent adverse events. 

Figure 1 summarizes the study procedures. 
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Figure 1: study procedures in Swiss-AF and Beat-AF 
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Definitions and Outcome Events 

Classification of AF: At all visits, in all patients AF was classified according to the most recent guidelines 

of the European Society of Cardiology into the three main categories paroxysmal AF (self-terminating, 

usually within 48 hours), persistent AF (episodes lasting longer than 7 days or requiring termination by 

electrical or medical cardioversion) or permanent AF (AF is accepted by the patient and the physician 

and no further attempts to restore sinus rhythm are performed) (16). 

Atrial fibrillation progression: Clinical AF progression was defined as AF progression from paroxysmal 

AF at baseline to non-paroxysmal AF (persistent or permanent AF) at the latest follow-up or as AF 

progression from persistent AF at baseline to permanent AF at the latest follow-up. Patients, who 

intermittently progressed to higher clinical AF categories but then at the latest follow-up were 

classified in the same or a lower clinical category than at baseline were not counted as AF progression.  

Rhythm Control Intervention (RCI): RCI was defined as the need for ECV, PVI or initiation of treatment 

with amiodarone during prospective follow-up. 

Outcome events: The following outcome events were pre-specified: stroke, systemic embolism (SE), 

myocardial infarction, hospitalization for heart failure (HF), bleeding, death and major adverse 

cardiovascular events (MACE). Every event was confirmed by two independent physicians. In case of 

disagreement, a third physician was consulted. 

Stroke: Ischemic stroke was defined as an acute focal neurologic deficit of vascular origin, confirmed 

by imaging or pathological evidence. Intracerebral hemorrhage was defined as a rapid onset of focal 

or global neurological dysfunction and/or headache attributable to a focal collection of blood within 

the brain parenchyma or ventricular system that is not caused by trauma. If strokes fulfilled the above 

criteria but could not be assigned to an ischemic or hemorrhagic stroke, those events were classified 

as undetermined stroke.  
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Systemic embolism (SE): SE was considered as an abrupt occlusion of a systemic artery with objective 

evidence supporting the diagnosis. All deaths were assumed to be of cardiovascular origin unless a 

non-cardiovascular cause could be clearly established. 

Myocardial Infarction was defined according to the third universal definition of myocardial infarction 

(51) as a rise and/or fall of cardiac troponin with at least one value above the 99th percentile of the 

upper reference limit in a clinical setting consistent with myocardial ischemia with at least symptoms 

of ischemia, new ST-elevation, new horizontal or down sloping ST-depression, new left bundle brunch 

block, development of pathological Q waves, imaging evidence of new loss of viable myocardium or 

identification of an intracoronary thrombus.  

Major bleeding: Major bleedings were defined according to the ISTH criteria as symptomatic bleeding 

that were fatal and/or a bleeding in a critical organ and/or a bleeding causing a fall in hemoglobin of 

20g/l or more, or leading to transfusion of two or more units of red blood cells (52).  

Clinically relevant non-major bleeding: Clinically relevant non-major bleeding was defined according 

to the ISTH criteria as sign or symptoms of hemorrhage that did not fulfil criteria for major bleeding 

but either required medical intervention, lead to hospitalization or prompted a face-to-face medical 

evaluation (53). 

Hospitalization for acute HF: Hospitalization for acute HF was defined as any hospitalization for acute 

HF that was associated with at least one overnight stay. 

Death: Deaths were classified as cardiovascular or non-cardiovascular origin. All deaths were assumed 

to be of cardiovascular origin unless a non-cardiovascular origin could be clearly established.  

Major adverse cardiovascular event (MACE): MACE was defined as either ischemic stroke, myocardial 

infarction or cardiovascular death. 



Methods 

31 

 

Statistical Analysis 

Categorical variables were presented as numbers (percentages) and compared using 2-tests. The 

distribution of continuous variables was checked using kurtosis, skewness and visual inspection of the 

histogram. Continuous variables were presented as means ± standard deviation or median 

(interquartile range) and compared depending on number of strata using t-tests/analysis of variance 

or Wilcoxon rank sum/Kruskal-Wallis tests, as appropriate.  

To assess the relationships of clinical predictors and outcome, we constructed Cox regression models 

to assess hazard ratios (HR) and 95% confidence intervals (95%CI) and to adjust for potential 

confounders. All regression models were adjusted for a pre-defined set of potential confounders. 

Analysis-specific statistical methods are explained in detail in the respective manuscripts. 

A p-value of <0.05 was pre-specified as level of statistical significance. All analyses were performed on 

an available data basis and conducted using R version 3.5.1 (R Core Team, 2018), SAS version 9.4 (SAS 

Institute Inc, Cary, North Carolina, USA) or STATA software version 12.0 (StataCorp, College Station, 

TX, USA). 
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4. Manuscripts 

a. Manuscript I - Incidence and Predictors of Atrial Fibrillation 

Progression: A Systematic Review and Meta-Analysis     

 

This manuscript has been published in Heart Rhythm (44). 
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Abstract 

BACKGROUND: More sustained forms of atrial fibrillation (AF) are less amenable to treatment and 

associated with worse outcomes, but the incidence and predictors of AF-progression are not well 

defined.  

OBJECTIVE: To perform a systematic review and meta-analysis assessing the incidence and predictors 

of AF-progression. 

METHODS: PubMed, EMBASE and the Cochrane Library were searched from inception to August 2017. 

AF-progression was defined as progression from paroxysmal to persistent/permanent or from 

persistent to permanent AF. Random effect models were used to calculate pooled cumulative 

incidence rates. Predictors related to between-study variability were assessed using meta-regression 

analyses. 

RESULTS: We identified 47 studies with 27,266 patients who were followed for 105,912 patient-years 

(py). The pooled incidence of AF-progression was 8.1 per 100 py of follow-up (95% confidence interval 

[CI], 7.1; 9.1; I2=98%, p<0.0001). The incidence was 7.1 ([95%CI 6.2; 8.0], 42 studies) for progression 

from paroxysmal to non-paroxysmal AF, compared to 18.6 ([95%CI 8.9;28.3], 5 studies) for progression 

from persistent to permanent AF. Higher age (β=5.4, [95%CI 1.4; 9.4], p=0.01, R214.3%) and prevalence 

of hypertension (β=5.2, [95%CI 1.0;9.4], p=0.02, R218.0%) were associated with a higher AF-

progression rate. Follow-up duration (β=-4.5, [95%CI -5.8; -3.3], p<0.0001, R2 68.0%) and prevalence of 

paroxysmal AF (β=-9.5, [95%CI -18.7; -0.3], p=0.04, R2 4.4%) were inversely associated with AF-

progression. Together these variables explained 73.8% of the observed between-study heterogeneity.  

CONCLUSION: The incidence of AF-progression appears to be relatively low, and the incidence seems 

to go down with longer follow-up. Age, hypertension, baseline AF type and follow-up duration 

explained a high proportion of the observed between-study heterogeneity.  
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Introduction 

Atrial fibrillation (AF) is the most common sustained cardiac arrhythmia.1 Due to the increasing age in 

the general population and other factors, the number of AF patients is estimated to double until 2060.2 

Patients with AF have an increased risk of death, stroke, heart failure (HF) and cognitive dysfunction2-

6 underscoring the public health importance of the arrhythmia.  

AF is not a static disease but may evolve over time. AF is classified in three main clinical types: 

paroxysmal, persistent or permanent.1 Even though this classification poorly reflects the temporal 

persistence of AF,7 the clinical classification is still internationally applied in daily medical practice.  

Current thinking indicates that AF frequently progresses from short episodes to longer and more 

frequent attacks,1 but the incidence of AF-progression is not well defined, and there is a substantial 

number of patients who do not progress clinically over a long follow-up time. In a small cohort of 71 

patients with paroxysmal or persistent AF, the cumulative probability of AF-progression over 30 years 

was only 29% (95% confidence interval [CI] 16; 42).8 Kerr et al. used data from the Canadian Registry 

of Atrial Fibrillation where the probability of progression after first electrocardiographic diagnosis of 

AF was 8.6% at one year and 24.7% at five years of follow-up.9 A better understanding of the AF-

progression rate is important from a clinical perspective as more sustained forms of AF are less 

amenable to treatment and associated with even worse outcomes.3, 10, 11 For example, patients 

persistent or long-standing persistent AF have higher recurrence rates after catheter ablation,12 and 

patients with non-paroxysmal AF have a significantly higher risk of thromboembolism and death than 

patients with paroxysmal AF.13 

Improving our knowledge in this area may help clinical decision-making and improve our knowledge 

on pathophysiological mechanisms. We therefore performed a systematic review and meta-analysis 

of published studies to quantify the incidence of and identify risk factors for AF-progression. 
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Methods 

Data Sources and Searches 

We report our systematic review and meta-analysis following the Preferred Reporting Items for 

Systematic Reviews and Meta-Analysis (PRISMA) statement.14 With the assistance of an experienced 

research librarian, we established a search strategy for publications using MeSH terms and keywords 

to systematically search three electronic databases from inception to August 2017: MEDLINE via 

PubMed, the Cochrane Library and EMBASE via Ovid. Detailed search terms are available in 

Supplemental Figure 1. 

Study Selection 

Articles of interest were retrospective or prospective studies that included patients with paroxysmal 

or persistent AF, and that reported data on the incidence of AF-progression or sufficient data to 

calculate it. Duplicate publications were excluded. Studies including only patients after catheter 

ablation were also excluded. If there were multiple studies from the same study population, we 

selected the study with the larger sample size and/or longer follow-up duration. 

Figure 1 illustrates the study selection process. Title and abstracts of all publications retrieved during 

the initial search were screened by two independent reviewers (SB,PM) to identify potentially eligible 

studies. In case of discrepancies, a third reviewer (SeB) made the final decision. We did not impose any 

restrictions on language, publication date or sample-size. Reference lists of studies fulfilling the 

inclusion criteria were screened manually for additional articles. 
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Data extraction and Quality Assessment 

We extracted first author, journal, publication year, country, number of patients, number of 

progression cases, number of progression cases from paroxysmal to persistent, number of progression 

cases from paroxysmal to permanent, number of progression cases from persistent to permanent, 

mean/median age, sex, mean/median follow-up period, HATCH score (Hypertension, Age>75, stroke 

or transient ischaemic attack [TIA], chronic obstructive pulmonary disease, HF), CHADS Score (HF, 

hypertension, Age>75, diabetes, history of stroke/TIA), CHA2DS2-Vasc Score (HF, hypertension, age>75, 

diabetes, stroke/TIA, vascular disease, age 65-74, female sex), blood pressure, heart rate, relevant 

cardiovascular comorbidities and medication at baseline. All extracted data were entered in a 

Microsoft Access database (Microsoft Corp., Redmond, WA, USA). 

First-detected AF, if reported separately, was counted as paroxysmal and long-standing persistent AF 

was counted as persistent AF. AF-progression was defined as progression from paroxysmal to either 

persistent or permanent AF, or as progression from persistent to permanent AF. 

The methodological quality of included studies was assessed using a modified Newcastle Ottawa 

Scale.15 We specifically assessed the representativeness of the study population, any standardization 

of the outcome assessment, and losses to follow-up. 

Data Synthesis and Analysis 

The main outcome for our meta-analysis was the incidence of AF-progression. We pre-specified 

separate analyses on the incidence of AF-progression from paroxysmal to non-paroxysmal AF versus 

progression from persistent to permanent AF.  

If missing in the original publication, we calculated the incidence rates for AF-progression by dividing 

the number of AF-progression cases by the mean follow-up period in years multiplied with the total 
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number of patients. If the study included patients with permanent AF at baseline, they were subtracted 

from the total number of patients. We calculated the standard errors for incidence rates assuming a 

Poisson-distribution.16, 17 The accuracy of this assumption was verified by comparing the calculated 

95%CIwith those available in some of the manuscripts. 

To take into account between-study heterogeneity, we pooled all incidence rates for AF-progression 

using random effect models as described by DerSimonian&Laird.18 Heterogeneity across studies was 

tested using the Q statistic and quantified by the I2 statistic. We considered an I2 value between 0% 

and 30% to represent low, 30% and 60% moderate, and ≥60% considerable heterogeneity.19 We used 

meta-regression analysis to identify covariates associated with the variability of the AF-progression 

rate across studies. For ease of presentation, we categorized meta-regression covariates in two or 

more strata. Significant univariable predictors that were available in more than 40 (85%) studies were 

entered in a multivariable model. We focused on potential predictors that were plausible from a 

clinical and mechanistic perspective. All statistical analyses were performed with STATA software 

version 12.0 (StataCorp, College Station, TX, USA), and a two-sided alpha <0.05 was considered to 

indicate statistical significance. 
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Results 

Our search revealed 8,102 potential articles. After removal of duplicates and screening of titles and 

abstracts, we checked 134 full text articles for eligibility, and found 44 to be eligible. We identified 3 

additional studies from reference lists of included studies, leading to a total of 47 studies (Figure 1). 

Forty-five studies were cohort studies and 2 were randomized trials. The number of patients included 

was 27,266, and the median (IQR) follow-up duration was 4.0 (1.6; 6.7) years. Nineteen studies were 

conducted in Asia, 16 in Europe, 11 in the Americas and 1 was international. Further details are 

provided in Table 1. Thirty-four (72%) studies fulfilled at least 2 of 3 assessed quality criteria 

(Supplemental Table 1).  

The incidence of AF-progression ranged from 0.8 to 35.6 per 100 py of follow-up, as shown in Figure 

2. The pooled incidence was 8.1 per 100 py of follow-up (95%CI 7.1; 9.1). We found considerable 

between-study heterogeneity (I2=97.6%, p<0.0001). The incidence of progressing from paroxysmal to 

non-paroxysmal AF was 7.1 per 100 py of follow-up (95%CI, 6.2;8.0; [I2=95.7%, p<0.0001]) across 42 

studies with a total of 18,468 patients, and was 18.6 (95%CI, 8.9;28.3; [I2=97.1%, p<0.0001]) for 

progressing from persistent to permanent AF across 5 studies including 464 patients (Supplemental 

Figures 2a&b). 

We observed a higher incidence of AF-progression in studies with shorter follow-up duration. Among 

23 studies with a follow-up shorter than the median of 4 years, the incidence was 13.5 per 100 py of 

follow-up (95%CI, 11.3;15.8) compared to 4.7 per 100 py of follow-up (95%CI, 3.9;5.5) in the 24 studies 

with a follow-up of 4 years and above, p for difference <0.0001 (Supplemental Figure 3). The incidence 

of AF-progression was similar across different continents. The incidence was 8.2 (95%CI, 6.7;9.8) across 

16 European studies, 8.4 (95%CI, 5.9;10.9) across 11 American studies and 6.6 (95%CI, 5.5;7.6) across 

19 Asian studies, p for difference 0.44 (Supplemental Figure 4). The cumulative incidence of AF-
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progression in studies that enrolled primarily patients with new-onset AF did not differ from studies 

that enrolled AF patients independent of the disease duration (7.6 per 100 py of follow-up (95%CI, 

5.7;9.4) versus 8.2 per 100 py of follow-up (95%CI, 7.1;9.3)), p for difference 0.66. 

Table 2 shows the results of the meta-regression analyses. Sex, geographical region, study quality, 

diabetes, AF-progression as the primary study outcome, history of coronary artery diasease and new-

onset AF were not significantly associated with the between-study variability. Significant univariable 

predictors were history of hypertension (β=5.2, [95%CI 1.0;9.4], p=0.02) frequency of paroxysmal AF 

at baseline (β=-9.5 [95%CI -18.7;-0.3], p=0.04), age (β=5.4, [95%CI 1.4;9.4], p=0.01), mean follow-up 

duration (β=-4.5 [95%CI -5.8;-3.3], p<0.0001) and history of heart failure (β=7.9 [95%CI 1.4;14.5], 

p=0.02). When hypertension, AF type, follow-up duration and age were entered in a single 

multivariable model, these variables explained 73.8% of the observed heterogeneity across 43 studies. 

When assessing these predictors among studies enrolling only patients with paroxysmal AF, the results 

remained similar (Supplemental Table 2). 
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Discussion 

This systematic review and meta-analysis on the incidence of AF-progression and associated risk 

factors found that the overall incidence of AF-progression appears to be lower than expected, and it 

further decreased with longer follow-up time. The between-study heterogeneity was considerable, but 

a small number of risk factors including age, hypertension, follow-up duration and AF type explained 

68% of the observed between-study variability. 

Current thinking indicates that most AF patients initially have short, intermittent episodes, and 

subsequently develop more sustained forms, such that only a small proportion remains in paroxysmal 

AF during long-term follow-up.1 This is in contrast with our finding of a relatively low incidence of AF-

progression and a declining progression rate over time. In addition, registries of patients with newly 

diagnosed AF suggest that many patients directly present with non-paroxysmal AF.20, 21 For example, 

in the GLORIA-AF registry, 46% of the participants had non-paroxysmal AF at study inclusion.20 It is 

currently unclear whether these patients previously had subclinical paroxysmal AF episodes or 

whether they represent an individual AF subpopulation.  

Mean follow-up explained a significant part of the between-study heterogeneity, with longer follow-

up being associated with lower AF-progression rates. This finding is important for the planning and 

interpretation of future studies on AF-progression. Studies reporting data on patients with new-onset 

AF reported similar incidence rates as studies including patients independent of disease duration. 

Therefore, disease duration does not seem to explain these differences. An alternative explanation 

may be that patients enrolled in clinical studies on AF get closer arrhythmia follow-up, such that the 

high number of progression in the first year may represent the late diagnosis of patients who may have 

had clinically unrecognized progression in the past.  
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Additional univariable predictors that significantly explained between-study heterogeneity were age, 

hypertension, heart failure and AF type at baseline. Previous studies have shown that patients with 

non-paroxysmal AF were older than patients with paroxysmal AF.22 This suggests that structural and 

electrophysiological changes occurring in ageing individuals also promote AF-progression. These 

changes may include atrial dilation, increased myocardial fibrosis associated with impaired left atrial 

(LA) function, increased LA stiffness, electro-anatomical changes or age-dependent conduction 

disturbances.23-26  

High blood pressure and hypertension are major risk factors for the development of incident AF,27 

underscoring the importance of tight blood pressure control for the prevention of AF. Our data extend 

these findings by showing that a higher prevalence of hypertension seems to be associated with a 

higher AF-progression rate. Hypertension is one of the key drivers of LA dilation in the general 

population,28 which may explain both the increased risk of new-onset AF and AF-progression. 

Uncontrolled hypertension increased the risk of AF recurrence in a catheter ablation cohort.29 These 

studies therefore suggest that tight blood pressure control among patients with established AF may 

prevent AF-progression, improve treatment success rates and reduce the occurrence of adverse 

events. The optimal blood pressure target in patients with intermittent AF should ideally be 

determined in a randomized trial. Whether specific antihypertensive drug classes are associated with 

a reduced risk of new-onset AF is still debated.30  

AF-progression was less common in patients with paroxysmal as compared to persistent AF. Patients 

who progressed from paroxysmal to persistent AF have already demonstrated their ability for 

progression and therefore may have a higher risk for further progression. Patients with persistent AF 

had a larger LA volume index, a smaller LA emptying fraction and a worse LA expansion index compared 

to patients with paroxysmal AF.31 These structural components could promote arrhythmia recurrence 

and maintenance. Together with electrical remodeling, characterized by changes in refractoriness of 
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the atria and atrial conduction changes,32 these factors might further induce the self-perpetuation of 

AF.33 Additionally, structural heart disease is more common in patients with more sustained forms of 

AF,34 suggesting that both structural and electro-pathophysiological parameter contribute to the 

higher AF-progression rate among patients with persistent AF. 

In conclusion, this comprehensive systematic review and meta-analysis found that the incidence of AF-

progression appears to be lower than expected, the majority of AF patients do not progress over 

several years of follow-up, and the incidence rate decreases after the first year of follow-up. A small 

set of risk factors explained a large proportion of the between-study heterogeneity. Based on our 

finding that the prevalence of hypertension was significantly associated with AF-progression, studies 

are needed to assess whether optimal blood pressure control may help to reduce AF-progression in AF 

patients.  

  



Manuscript I - Incidence and Predictors of Atrial Fibrillation Progression: A Systematic 
Review and Meta-Analysis 

46 

 

References 

[1] Camm AJ, Kirchhof P, Lip GY, et al. Guidelines for the management of atrial fibrillation: the 
Task Force for the Management of Atrial Fibrillation of the European Society of Cardiology (ESC). Eur 
Heart J 2010; 31: 2369-2429. 

[2] Krijthe BP, Kunst A, Benjamin EJ, Lip GY, Franco OH, Hofman A, Witteman JC, Stricker BH, 
Heeringa J. Projections on the number of individuals with atrial fibrillation in the European Union, 
from 2000 to 2060. Eur Heart J 2013; 34: 2746-2751. 

[3] de Vos CB, Pisters R, Nieuwlaat R, Prins MH, Tieleman RG, Coelen RJ, van den Heijkant AC, 
Allessie MA, Crijns HJ. Progression from paroxysmal to persistent atrial fibrillation clinical correlates 
and prognosis. J  Am Coll Cardiol 2010; 55: 725-731. 

[4] Bunch TJ, Weiss JP, Crandall BG, May HT, Bair TL, Osborn JS, Anderson JL, Muhlestein JB, 
Horne BD, Lappe DL, Day JD. Atrial fibrillation is independently associated with senile, vascular, and 
Alzheimer's dementia. Heart Rhythm 2010; 7: 433-437. 

[5] Conen D, Chae CU, Glynn RJ, Tedrow UB, Everett BM, Buring JE, Albert CM. Risk of death and 
cardiovascular events in initially healthy women with new-onset atrial fibrillation. JAMA 2011; 305: 
2080-2087. 

[6] Wolf PA, Abbott RD, Kannel WB. Atrial fibrillation as an independent risk factor for stroke: 
the Framingham Study. Stroke 1991; 22: 983-988. 

[7] Charitos EI, Purerfellner H, Glotzer TV, Ziegler PD. Clinical classifications of atrial fibrillation 
poorly reflect its temporal persistence: insights from 1,195 patients continuously monitored with 
implantable devices. J Am Coll Cardiol 2014; 63: 2840-2848. 

[8] Jahangir A, Lee V, Friedman PA, Trusty JM, Hodge DO, Kopecky SL, Packer DL, Hammill SC, 
Shen WK, Gersh BJ. Long-term progression and outcomes with aging in patients with lone atrial 
fibrillation: a 30-year follow-up study. Circulation 2007; 115: 3050-3056. 

[9] Kerr CR, Humphries KH, Talajic M, Klein GJ, Connolly SJ, Green M, Boone J, Sheldon R, Dorian 
P, Newman D. Progression to chronic atrial fibrillation after the initial diagnosis of paroxysmal atrial 
fibrillation: results from the Canadian Registry of Atrial Fibrillation. Am Heart J 2005; 149: 489-496. 

[10] Kannel WB, Abbott RD, Savage DD, McNamara PM. Epidemiologic features of chronic atrial 
fibrillation: the Framingham study. N Engl J Med 1982; 306: 1018-1022. 

[11] Patton KK, Page RL. New-onset paroxysmal atrial fibrillation: is permanence inevitable? Am 
Heart J 2005; 149: 388-390. 

[12] Bhargava M, Di Biase L, Mohanty P, et al. Impact of type of atrial fibrillation and repeat 
catheter ablation on long-term freedom from atrial fibrillation: Results from a multicenter study. 
Heart Rhythm 2009; 6: 1403-1412. 

[13] Ganesan AN, Chew DP, Hartshorne T, Selvanayagam JB, Aylward PE, Sanders P, McGavigan 
AD. The impact of atrial fibrillation type on the risk of thromboembolism, mortality, and bleeding: a 
systematic review and meta-analysis. Eur Heart J 2016; 37: 1591-1602. 

[14] Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic reviews 
and meta-analyses: the PRISMA statement. BMJ 2009; 339: b2535. 



Manuscript I - Incidence and Predictors of Atrial Fibrillation Progression: A Systematic 
Review and Meta-Analysis 

47 

 

[15] Wells G, Shea B, O'Connell D, Peterson j, Welch V, Losos M, Tugwell P. The Newcastle–
Ottawa Scale (NOS) for Assessing the Quality of Non-Randomized Studies in Meta-Analysis 2000. 
Available from:URL:http://www.ohri.ca/programs/clinical_epidemiology/oxford.htm [cited 2018 
April 06]. 

[16] Anscombe FJ. The Transformation of Poisson, Binomial and Negative-Binomial Data. 
Biometrika 1948; 35: 246-254. 

[17] Garwood F. (i) Fiducial Limits for the Poisson Distribution. Biometrika 1936; 28: 437-442. 

[18] DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials 1986; 7: 177-188. 

[19] Higgins J, Green S, (editors). Cochrane Handbook for Systematic Reviews of Interventions 
Version 5.1.0 [updated March 2011]. The Cochrane Collaboration 2011; Available 
from:URL:www.cochrane-handbook.org [cited 2018 April 06]. 

[20] Huisman MV, Rothman KJ, Paquette M, et al. Antithrombotic Treatment Patterns in Patients 
with Newly Diagnosed Nonvalvular Atrial Fibrillation: The GLORIA-AF Registry, Phase II. Am J  Med 
2015; 128: 1306-1313.e1301. 

[21] Ruperti-Repilado FJ, Doerig L, Blum S, et al. Prevalence and Predictors of Atrial Fibrillation 
Type Among Individuals With Recent Onset of Atrial Fibrillation. Swiss Med Wkly. 2018;148:w14652. 

[22] Hohnloser SH, Pajitnev D, Pogue J, Healey JS, Pfeffer MA, Yusuf S, Connolly SJ. Incidence of 
Stroke in Paroxysmal Versus Sustained Atrial Fibrillation in Patients Taking Oral Anticoagulation or 
Combined Antiplatelet Therapy: An ACTIVE W Substudy. J Am Coll Cardiol 2007; 50: 2156-2161. 

[23] Kistler PM, Sanders P, Fynn SP, Stevenson IH, Spence SJ, Vohra JK, Sparks PB, Kalman JM. 
Electrophysiologic and electroanatomic changes in the human atrium associated with age. J Am Coll 
Cardiol 2004; 44: 109-116. 

[24] Thomas L, Levett K, Boyd A, Leung DY, Schiller NB, Ross DL. Compensatory changes in atrial 
volumes with normal aging: is atrial enlargement inevitable? J Am Coll Cardiol 2002; 40: 1630-1635. 

[25] Boyd AC, Schiller NB, Leung D, Ross DL, Thomas L. Atrial dilation and altered function are 
mediated by age and diastolic function but not before the eighth decade. JACC Cardiovasc Imaging 
2011; 4: 234-242. 

[26] Spach MS, Heidlage JF, Dolber PC, Barr RC. Mechanism of Origin of Conduction Disturbances 
in Aging Human Atrial Bundles: Experimental and Model Study. Heart Rhythm 2007; 4: 175-185. 

[27] Conen D, Tedrow UB, Koplan BA, Glynn RJ, Buring JE, Albert CM. Influence of systolic and 
diastolic blood pressure on the risk of incident atrial fibrillation in women. Circulation 2009; 119: 
2146-2152. 

[28] Vaziri SM, Larson MG, Lauer MS, Benjamin EJ, Levy D. Influence of blood pressure on left 
atrial size. The Framingham Heart Study. Hypertension 1995; 25: 1155-1160. 

[29] Santoro F, Di Biase L, Trivedi C, et al. Impact of Uncontrolled Hypertension on Atrial 
Fibrillation Ablation Outcome. JACC Clin Electrophysiol 2015; 1: 164-173. 

[30] Schaer BA, Schneider C, Jick SS, Conen D, Osswald S, Meier CR. Risk for incident atrial 
fibrillation in patients who receive antihypertensive drugs: a nested case-control study. Ann Intern 
Med 2010; 152: 78-84. 

[31] Gupta DK, Shah AM, Giugliano RP, et al. Left atrial structure and function in atrial fibrillation: 
ENGAGE AF-TIMI 48. European heart journal 2014; 35: 1457-1465. 



Manuscript I - Incidence and Predictors of Atrial Fibrillation Progression: A Systematic 
Review and Meta-Analysis 

48 

 

[32] Cohen M, Naccarelli GV. Pathophysiology and disease progression of atrial fibrillation: 
importance of achieving and maintaining sinus rhythm. J Cardiovasc Electrophysiol 2008; 19: 885-
890. 

[33] Wijffels MC, Kirchhof CJ, Dorland R, Allessie MA. Atrial fibrillation begets atrial fibrillation. A 
study in awake chronically instrumented goats. Circulation 1995; 92: 1954-1968. 

[34] Levy S, Maarek M, Coumel P, Guize L, Lekieffre J, Medvedowsky JL, Sebaoun A. 
Characterization of different subsets of atrial fibrillation in general practice in France: the ALFA study. 
The College of French Cardiologists. Circulation 1999; 99: 3028-3035. 

  



Manuscript I - Incidence and Predictors of Atrial Fibrillation Progression: A Systematic 
Review and Meta-Analysis 

49 

 

Figure Legend 

Figure 1: Flow diagram of study selection 

Figure 2: Forest plot of the cumulative incidence of atrial fibrillation progression per 100 patient-years 

of follow-up. Small black boxes represent the incidence of atrial fibrillation progression for the 

individual study with the corresponding 95%CI denoted by black lines. The blue diamond and the red 

dotted vertical line represent the pooled incidence rate. 
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Table 1: Baseline characteristics of included studies  

Authors Year Design Country Sample Size FU in years 

mean±SD 

or median (IQR) if 
reported 

No. progression 
cases (%)‡ 

Age 

mean ± SD 

or median (IQR) 

% males % paroxysmal AF 
at baseline 

% hypertension 

Petersen et al. 1986 retrospective 
cohort 

Denmark 426 9 141 (33.1) 66 (20-89) 50 100 N/R 

Sakamoto et al.  1995 retrospective 
cohort 

Japan 137 1 30 (21.9) 64 ± 10 75 100 N/R 

Rostagno et al.  1995 retrospective 
cohort 

Italy 106 6.1 5 (4.7) 65 ± 14 41 100 0 

Abe et al.  1997 prospective 
cohort 

Japan 122 2.2 14 (11.5) 61 ± 12 63 100 12 

Bugueno et al.  1998 prospective 
cohort 

Chile 68 5 9 (13.2) 65 ± 2 N/R 100 41 

Scardi et al.  1999 prospective 
cohort 

Italy 125* 10.4 ± 8 29 (23.2) 43 ± 9† 81† 86 0† 

Levy et al.  1999 prospective 
cohort 

France 357* 0.7 ± 0.3 78 (18.5) 67 ± 12 54 46 39 

Al-Khatib et al.  2000 retrospective 
cohort 

USA 231 4 42 (18.2) 60 ± 13 61 100 34 
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Katoh et al.  2001 prospective 
cohort 

Japan 193 2.1 ± 0.7 21 (10.9) 63 ± 11  68 100 N/R 

Koide et al.  2001 prospective 
cohort 

Japan 102 5.1 ± 1.1 36 (35.3) 55 ± 10 74 100 28 

Nakao et al.  2002 prospective 
cohort 

Japan 96 8.1 ± 1.8 17 (17.7) 57 ± 13 67 100 N/R 

Kato et al.  2004 retrospective 
cohort 

Japan 171 14.1 ± 8.1 132 (77.2) 58 ± 12 73 100 35 

Ruigomez et al.  2005 retrospective 
cohort 

UK 418 2.7 70 (16.7) 70 ± 11 49 100 38 

Jahangir et al.  2007 prospective 
cohort 

USA 71 25.2 ± 9.5 24 (33.8) 44 ± 12 76 45 0 

Budeus et al.  2007 prospective 
cohort 

Germany 180 1.9 ± 0.8 38 (21.1) 64 ± 10 75 100 61 

Saksena et al.  2007 prospective 
cohort 

USA 330 1.1 ± 0.3 78 (23.6) 70 ± 10 61 100 61 

Pappone et al.  2008 prospective 
cohort 

Italy 106 5 24 (22.6) 58 ± 12 64 100 45 

Maruyama et al.  2008 prospective 
cohort 

Japan 59 8 ± 2.4 13 (22.0) 63 ± 13 66 100 100 

Tsang et al.  2008 retrospective 
cohort 

USA 3248 5.1 1049 (32.3) 71 ± 15 54 100 79 
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Koide et al.  2009 prospective 
cohort 

Japan 204 5.5 ± 0.7 72 (35.3) 55 ± 10 74 100 28 

Hirayama et al.  2009 retrospective 
cohort 

Japan 125 7.7 ± 3.1 76 (60.8) 63 ± 10 70 100 60 

Sakabe et al.  2009 prospective 
cohort 

Japan 42 2.7 ± 2 12 (28.5) 73 ± 8 55 100 26 

Pillarisetti et al.  2009 retrospective 
cohort 

USA 437 6.7 ± 4.9 142 (32.5) 67.7 58 100 67 

Nakamura et al.  2009 prospective 
cohort 

Japan 56 1.6 ± 1.8 9 (16.1) 65 ± 11 75 100 54 

De Vos et al.  2010 prospective 
cohort 

Internat. 
(Europe) 

1219 1 178 (14.6) 64 ± 13 57 100 62 

García-Castelo et al.  2010 prospective 
cohort 

Spain 249* 0.6 53 (26.5) 75 ± 9† 53† 80 77† 

Suzuki et al.  2011 RCT Japan 286 1 37 (12.9) 65 ± 10 68 100 100 

Veasey et al.  2011 RCT UK 66 1.4 ± 0.7 17 (25.8) 75 ± 8 56 100 44 

De Vos et al.  2012 prospective 
cohort 

International 2137 1 318 (14.9) 65 ± 12 53 100 70 

Smit et al.  2012 prospective 
cohort 

Netherlands 100 1 29 (29.0) 65 ± 9 74 0 67 

Komatsu et al.  2012 retrospective 
cohort 

Japan 459 4.2 ± 2.9 82 (17.9) 66 ± 12 67 100 44 
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Kubota et al.  2012 prospective 
cohort 

Japan 28 3.1 (2.8 ; 3.3) 7 (25.0) 60 ± 14 86 100 54 

Barrett et al.  2013 retrospective 
cohort 

USA 253 1 61 (24.0) 67 [55; 78] 62 100 65 

Akutsu et al.  2013 prospective 
cohort 

Japan 71 4.2 ± 3.4 30 (42.3) 67 ± 13 63 100 52 

Potpara et al.  2013 prospective 
cohort 

Serbia 890 9.9 ± 6.1 321 (36.1) 53 ± 12† 75† 75 50† 

Mirza et al.  2013 retrospective 
cohort 

USA 373 2.8 (1.3; 4.2) 108 (29.0) 69 ± 11 65 77 78 

De Sisti et al.  2014 prospective 
cohort 

France 460 13.2 ± 6.5 230 (50.0) 62 ± 13 63 73 27 

Senoo et al.  2014 retrospective 
cohort 

Japan 1176 3.3 ± 2.5 115 (9.8) 61 ± 13 74 100 42 

Im et al.  2015 retrospective 
cohort 

South Korea 421 6.1 ± 4.8 168 (39.9) 63 ± 11 61 100 57 

Yoon et al.  2015 prospective 
cohort 

South Korea 313 2.2 (1.3; 3.01) 52 (16.6) 57 ± 14 62 100 48 

Veasey et al.  2015 retrospective 
cohort 

UK 356 7.2 ± 3.1 158 (44.4) 80 ± 9 52 88 47 

Thacker et al.  2015 prospective 
cohort 

USA 1317 3.8 304 (23.1) 70 ± 11 51 100 55 
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Mietla et al.  2016 prospective 
cohort 

Poland 23 5.5 ± 0.9 13 (56.5) 66 ± 7 57 100 74 

Gundlund et al.  2016 prospective 
cohort 

USA 6745 2 (1.5; 2.5) 1585 (23.5) 75 [66; 82] † 58† 75 83† 

Cho et al.  2017 retrospective 
cohort 

South Korea 1556 7.4 ± 4.4 806 (51.8) 62 ± 11† 90† 100 55† 

Proietti et al.  2017 prospective 
cohort 

Internat. 
(Europe) 

603 1 88 (14.6) 67 [59; 74] 58 100 70 

Padfield et al.  2017 prospective 
cohort 

Canada 755 6.4 (2.9; 10.0) 232 (30.7) 61 ± 14 62 100 37 

AF= atrial fibrillation; pts=patients; FU=follow-up; N/R=not reported; RCT=randomized controlled trial; SD= standard deviation; IQR=interquartile range; Internat=international; *patients with 
permanent AF at baseline were subtracted from the sample size; †proportion of characteristics includes patients with permanent AF at baseline; ‡AF-progression from paroxysmal to non-
paroxysmal and/or from persistent to permanent 
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Table 2: Meta-regression on the incidence of atrial fibrillation progression stratified according to 

potential sources of heterogeneity 

Variable* Studies 

(no. of patients) 

Incidence (95% CI)  p-value for 
difference† 

R-squared‡ 

Mean age     

   < 65 24 (8,796)   5.9 (4.9;6.8) 0.01 14.3% 

   ≥ 65 23 (18,470) 11.1 (9.2;13.1)   

Mean follow-up     

  < 1.5 years 11 (5,737) 20.2 (17.0;23.3) <0.0001 68.0% 

  ≥ 1.5 and <4 years 12 (10,963)   8.3 (5.7;11.0)   

  ≥ 4 and < 6.5 years 12 (5,794)   5.3 (3.9;6.6)   

  ≥ 6.5 years 12 (4,772)   4.2 (3.1;5.3)   

Proportion of males     

   < 65% 26 (20,811) 9.6 (8.0;11.1) 0.20  

   ≥ 65% 20 (6,387) 6.4 (5.2;7.7)   

Geographical region     

  Americas 11 (13,828) 8.4 (5.9;10.9) 0.44  

  Asia 19 (5.617) 6.6 (5.5;7.6)   

  Europe 16 (5.684) 8.2 (6.7;9.8)   

Proportion of paroxysmal AF     

   < 50% 3 (528) 20.2 (-3.3;43.7) 0.04 4.4% 

   ≥ 50%  44 (26.738) 7.8 (6.8;8.8)   

Proportion of hypertension     

   < 50% 20 (5,708)   5.3 (4.2;6.4) 0.01 18.0% 

   ≥ 50% 23 (20,706) 10.9 (9.3;12.5)   

Proportion of diabetes     

   < 15% 16 (5,640)   7.2 (5.8;8.6) 0.33  

   ≥ 15% 18 (18,966) 11.0 (9.3;12.8)   

Study type     

  Retrospective 16 (9,893) 9.2 (7.7;10.8) 0.29  

  Prospective 31 (17,373) 6.4 (5.3;7.6)   

AF progression primary outcome     
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   Yes 35 (14,098)   7.3 (6.4;8.2) 0.56  

   No 12 (13,168) 9.7 (6.7;12.7)   

Proportion of CAD     

   < 20% 18 (8,250)   7.6 (6.0;9.2) 0.36  

   ≥ 20% 14 (14,787) 11.7 (9.3;14.0)   

Proportion of heart failure     

   < 12% 13 (4,440)   6.2 (4.4;8.0) 0.02 19.4 

   ≥ 12% 14 (16,144) 13.8 (11.1;16.4)   

New-onset AF     

   Yes 17 (17,318) 7.6 (5.7;9.4) 0.66  

   No 30 (9,948) 8.2 (7.1;9.3)   

Quality     

   <2 criteria fulfilled 13 (2.369) 6.6 (4.7;8.5) 0.52  

   ≥2 criteria fulfilled 34 (24,897) 8.6 (7.4;9.8)   

*the stratification was based on the study-level frequency of the respective predictor 
†the p-values were based on meta-regression analyses; ‡R2 only displayed if p-value was <0.05; 
AF=atrial fibrillation; No.=number; CAD= coronary artery disease; CI=confidence interval; New-onset AF=studies that 
included patients within ≤2 years after first atrial fibrillation diagnosis  
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Figure 1: Flow diagram study selection 
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Figure 2: Forest plot of the cumulative incidence of atrial fibrillation progression per 100 patient-

years of follow-up 
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Figure Legend 

Supplemental Figure 1: Literature search strategy 

Supplemental Figure 2a and b: Forest plot of the cumulative incidence of atrial fibrillation progression 

per 100 patient-years of follow-up from paroxysmal to non-paroxysmal atrial fibrillation (a) and from 

persistent to permanent atrial fibrillation (b). Small black boxes represent the incidence of atrial 

fibrillation progression for the individual study with the corresponding 95% confidence interval 

denoted by black lines. The blue diamond and the red dotted vertical line represent the pooled 

incidence rate. 

Supplemental Figure 3: Forest plot of the cumulative incidence of atrial fibrillation progression per 100 

patient-years of follow-up stratified by follow-up duration. Small black boxes represent the incidence 

of atrial fibrillation progression for the individual study with the corresponding 95% confidence interval 

denoted by black lines. The blue diamonds represent the pooled incidence rates across the strata, the 

blue diamond at the bottom and the red dotted vertical line represent the pooled incidence rate across 

all studies. 

Supplemental Figure 4: Forest plot of the cumulative incidence of atrial fibrillation progression per 100 

patient-years of follow-up stratified by geographical region. Small black boxes represent the incidence 

of atrial fibrillation progression for the individual study with the corresponding 95% confidence interval 

denoted by black lines. The blue diamonds represent the pooled incidence rates across the strata, the 

blue diamond at the bottom and the red dotted vertical line represent the pooled incidence rate across 

all studies.
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Supplemental Table 1: Quality Assessment 

Authors  Quality assessment based on a modified Newcastle Ottawa Scale  

Representativeness of the 

population 

Standardized 

Outcome 

Assessment 

Losses to FU 

(in %) 

Criteria for definition of AF type Follow-up interval 

Petersen et al.  (consecutive pts. with 

paroxysmal AF) 

  (N/R) chronic AF defined by serial ECGs 3 years after closing the 

entry 

Sakamoto et 

al. 

(pts. treated for chronic disease 

with new onset AF) 

  (N/R) chronic AF defined as no return of sinus rhythm for at least 6 months N/R 

Rostagno et 

al.  

 (lone AF cohort)  (N/R)  (N/R) N/R N/R 

Abe et al.   (consecutive pts. with 

paroxysmal AF) 

  (N/R) chronic AF defined as AF sustained ≥6 months at least every month 
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Bugueno et al.  not assessable as only abstract available not assessable as only abstract available 

Scardi et al.   (lone AF cohort)   (N/R) chronic AF defined if AF appeared on more than 1 routine periodic 

examination and when clinic data confirmed its persistence 

periodically follow-up 

Levy et al.   (consecutive pts. with AF)   (9%) chronic AF defined as AF present for >1 month; Recent onset AF was 

defined as persistent AF lasting >7 days and <1 month 

Follow-up visit was 

required withon 6 to 12 

months after inclusion 

Al-Khatib et al.  (pts. with documented AF)   (N/R) permanent AF defined when sinus rhythm was subsequently never 

recorded 

N/R 

Katoh et al.   (rhythm control cohort)  (N/R)  (20.9%) N/R patients were monitored 

for 2 years 

Koide et al.   (consecutive pts. with AF)  (N/R)  (2.3%) persistent AF defined as AF sustained for ≥6 months patients were followed up 

at least every 2 weeks 
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Nakao et al.   (although pts. with heart disease 

excluded) 

  (N/R) chronic AF defined as AF present in at least two successive ECGs obtained 

in a period of 6 months 

patients were followed up 

at least once a month 

Kato et al.   (pts. with first AF episode)   (N/R) chronic AF defined when defibrillation of PAF was unsuccessful (permanent 

AF) or AF was continuously observed for more than 6 months (persistent 

AF) 

patients were followed up 

monthly 

Ruigomez et 

al.  

 (pts. with first AF episode)   (20.4%) chronic AF  defined as persistence of the arrhythmia, with the episode of 

AF not converting to sinus rhythm within 1 week 

n/r (one follow up) 

Jahangir et al.   (lone AF cohort)   (3.9%) persistent AF defined  if medication or electrical intervention was required 

to restore sinus rhythm, permanent if sinus rhythm could not be restored 

or maintained. 

follow up visits were 

scheduled as needed 

Budeus et al.   (pts. with documented AF)   (3.2%) permanent AF defined as sustained AF at least 7 days and at least two 

unsuccessful cardioversions 

patients were followed up 

every month 

Saksena et al.   (PM cohort with AF and 

bradyarrhythmias) 

  (N/R) persistent AF defined based on device data showing 7 or more consecutive 

days with >23h of AF 

patients were followed up 

at 1, 4, 7 and 13 months 
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Pappone et al.   (consecutive pts. with first 

paroxysmal AF) 

 (N/R)  (N/R) persistent AF defined as recurrent AF that was not self-terminating with 

episode duration greater than 7 days. Permanent AF defined as AF that had 

been present for at least 6 months without intervening spontaneous 

episodes of sinus rhythm for which cardioversion was unsuccessful and 

subsequently not attempted. 

patients were followed up 

at 1, 3, and 6 months 

and once annually 

thereafter for 5 years. 

Maruyama et 

al.  

 (essential hypertension cohort)  (N/R)  (6.3%) permanent AF defined according to the Guidelines for the management of 

patients with AF of the American College of Cardiology/American Heart 

Association 

N/R 

Tsang et al.   (community based AF cohort)   (N/R) persistent AF defined by recurrent, sustained AF that had been previously 

terminated by pharmacological or electrical intervention. Permanent AF 

referred to continuous AF that could not be converted to normal sinus 

rhythm by pharmacological or electrical techniques 

patients were followed up 

in medical records 

Koide et al.   (consecutive pts. with AF)   (3.2%) persistent AF defined as AF sustained for ≥6 months. patients were followed up 

at least every 2 weeks 



Manuscript I - Incidence and Predictors of Atrial Fibrillation Progression: A Systematic Review and Meta-Analysis 

65 

 

 

 

Hirayama et 

al. 

 (pts. with paroxysmal AF)   (N/R) chronic AF was defined if all subsequent ECGs at the clinical visits showed 

AF for longer than 3 months. 

medical records or ECGs 

were reviewed in order to 

evaluate the cardiac 

rhythm every 2-6 weeks 

during follow-up visits 

Sakabe et al.   (lone AF cohort)   (7.1%) chronic AF defined if AF did not terminate spontaneously without 

pharmacological or electrical cardioversion and had generally lasted more 

than 6 months 

patients were followed 

every 1 to 2 months 

Pillarisetti et 

al.  

 (pts. with paroxysmal AF)   (N/R) persistent and permanent AF defined according to the ACC/ AHA guidelines N/R 

Nakamura et 

al.  

 (pts. with documented AF)   (N/R) chronic AF defined as AF that was impossible to defibrillate by direct 

current or by pharmacological cardioversion or that continued more than 1 

year 

N/R 
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De Vos et al.   (pts. with documented AF)   (N/R) persistent AF defined as AF episodes that are sustained longer than 7 days 

and are not self-terminating 

patients were followed-

up after 1 year 

García-Castelo 

et al. 

 (although not described if AF was 

documented) 

  (N/R) persistent defined as recurrent AF with an arrhythmic event of duration 7 

or more days, or who needed electrical or pharmacological cardioversion 

to restore sinus rhythm, and permanent as long duration established AF (>1 

year) or the GP managed to rate control 

N/R (one follow up) 

Suzuki et al.  (although exclusive pts. with 

hypertension) 

  (9.5%) persistent AF defined with duration >1 week patients were provided 

with a transtelephonic 

monitoring device and 

were requested to 

transmit ECG recordings 

at least once daily 
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Veasey et al.   (PM cohort with AF and 

bradyarrhythmias) 

  (N/R) ACC/AHA/ESC recognized definitions of persistent AF used patients were reviewed 

after 1 month, then every 

6 months 

De Vos et al.   (pts. with recent diagnosed 

documented AF) 

  (38.1% of 

total cohort) 

non–self-terminating AF, that is, persistent or permanent AF. AF type was 

determined according to the clinical judgment 

patients were followed up 

after 6 and 12 months 

Smit et al.   (persistent AF cohort)   (N/R) permanent AF defined if rhythm control interventions were no longer 

pursued 

patients were followed up 

after 1, 3, 6, 9, and 12 

months 

Komatsu et al.   (rhythm control cohort)   (N/R) permanent AF defined as long-standing AF in which pharmacologic agents 

and/or electrical cardioversion had failed to maintain sinus rhythm for at 

least 6 months. 

patients were followed up  

at after 1, 6, 12 and 24 

months 

Kubota et al.  (N/R how AF at baseline has been 

assessed) 

  (N/R) persistent AF defined as AF that was sustained >7 days or lasts <7 days but 

necessitates pharmacologic or electrical cardioversion 

monthly ECG 

examinations 
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Barrett et al.  (pts. with documented AF)   (N/R) sustained AF defined  as AF episodes that lasted longer than 7 days and did 

not self-terminate; thus, encompassing both persistent and permanent AF 

subtypes 

follow up after 12 months 

Akutsu et al.  (pts. with documented AF; 

although hist. of ischaemic heart 

disease excluded) 

  (N/R) persistent AF defined as a first episode of non-self-termination of AF for 

more 

than 7 days without direct current cardioversion and/or pharmacological 

therapy 

patients were followed up 

every 1 month 

Potpara et al.   (consecutive pts. with 

documented AF) 

  (22.8%) persistent and permanent AF defined according to the ESC guidelines patients were followed up 

annually 

Mirza et al.   (sleep apnea cohort)   (N/R) persistent AF defined as AF episodes lasting for more than 7 days or 

requiring electrical or chemical cardioversion for termination or an 

antiarrhythmic agent for prevention of recurrence and permanent if ECV 

failed, was not attempted or the patient remained in AF for more than a 

year 

follow up information 

obtained from medical 

record system 
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De Sisti et al.  (pts. with documented AF)   (N/R) persistent AF defined as recurrent AF that was not self-terminating with an 

episode duration greater than 7 days before cardioversion. Permanent AF 

defined as AF that had been present on three consecutive ECGs and a 24- 

hour Holter recording for at least 6 months without intervening 

spontaneous episodes of sinus rhythm for which  cardioversion was 

unsuccessful and subsequently not attempted. 

patients were followed up 

at 3 months, 6 months, 

and 12 months and on a 

yearly basis 

afterwards 

Senoo et al.  (pts. with documented AF)   (N/R) persistent AF defined as the first time in which all ECG indicated AF after ≥3 

consecutive ECG at an interval ≥1 week after the initial examination. When 

ECV was performed after >7 days continuing from AF onset, it was also 

considered as AF progression 

linking to the medical 

records of the hospital 

and by mailings sent to 

patients approximately 

once or twice per year 

Im et al.  (pts. with documented AF)   (N/R) onset of persistent AF defined as the first time in which all ECGs indicated 

AF after ≥ 3 consecutive ECGs at intervals of ≥ 1 week after the initial 

examination, and permanent AF was defined as AF that was present for at 

least 6 months without intervening spontaneous episodes of sinus rhythm 

N/R 
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for which cardioversion was unsuccessful and subsequently not attempted. 

When ECV was performed after > 7 days from AF onset, it was also 

considered as AF progression 

Yoon et al.   (although hist. of ischaemic heart 

disease excluded) 

  (13.8%) persistent AF defined as recurrent AF that was not self-terminating with 

episode durations of >7 days, and permanent AF was defined as AF that had 

been present for ≥6 months without intervening spontaneous episodes of 

sinus rhythm for which cardioversion was unsuccessful and subsequently 

not attempted. 

patients were followed up 

for ≥1 year: 12-lead ECG 

was repeated at every 6-

month visit, and 24-h ECG 

monitoring once annually 

Veasey et al.   (PM cohort)   (N/R) persistent AF defined as AF episodes lasting longer than 7 days or requiring 

chemical or electrical cardioversion. Permanent AF defined as AF accepted 

by patient and physicians or where attempts to restore sinus rhythm have 

proven unsuccessful. At study census, patients were categorised into 

paroxysmal or persistent AF subtypes if AF episodes were predominantly 

less than or greater than 7 days, respectively. If AF episodes were not 

continuous cardiac 

rhythm monitoring for the 

duration of follow-up 
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interrupted by sinus rhythm in the prior 12 months, their AF subtype was 

categorised as long-standing persistent/ permanent. 

Thacker et al.   (although AF/A-flutter 

population) 

  (8.5) longstanding persistent AF defined as AF present after the initial AF episode 

terminated, on two separate occasions 6–36 months apart with no 

documented sinus rhythm in the interim.  

N/R 

Mietla et al.  (pts. with documented AF)   (N/R) permanent AF was defined as arrhythmia, which did not give up 

cardioversion or, in the opinion of the treating physician, did not promise a 

longer maintenance of sinus rhythm or rhythm control strategy was, in his 

opinion, more risky than a rate control strategy. 

one follow up after on 

average 6 years 

Gundlund et 

al.  

 (pts. with documented AF)   (N/R) persistent AF defined as recurrent AF not terminating spontaneously within 

7 days, and permanentAF was defined as continuous AF accepted by both 

the patient and the physician. 

patients were followed up 

every 6 months for a 

minimum of 2 years 

Cho et al.  (medical record based study of AF 

pts.) 

  (N/R) persistent AF defined as the first time in which all ECGs indicated AF after 

≥3 consecutive ECGs at intervals of ≥1 week after the initial observation. 

Permanent AF was defined as AF that was present for at least 6 months 

N/R 
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without intervening spontaneous episodes of sinus rhythm for which 

cardioversion was unsuccessful and subsequently not attempted. When an 

ECG could not be obtained 3 times during the period, physicians made a 

clinical decision regarding the onset time of AF progression. When electrical 

cardioversion was performed after >7 days from AF onset, it was 

considered AF progression 

Proietti et al.   (consecutive AF patients)   (3.2%) N/R patients were followed up 

after 1 year 

Padfield et al.  (pts. with newly diagnosed AF)   (13%) persistent AF defined as the ECG documentation of AF on 2 consecutive 

ECGs separated by a minimum of 1 week or an episode of AF requiring 

electrical or pharmacological cardioversion. Patients were classified as 

persistent AF if they remained in AF at 3 months from the initial diagnosis 

and remained in AF for the next annual visit without documentation of 

sinus rhythm in the interim. 

patients were followed up 

annualy 

pts=patients; AF=atrial fibrillation; N/R=not reported; FU=follow-up; PM=pacemaker; hist=history
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Supplemental Table 2: Meta-regression on the incidence of atrial fibrillation progression stratified 

according to potential sources of heterogeneity among studies with paroxysmal AF only at baseline 

Variable* Studies  

(no. of patients) 

Incidence (95% CI)  p-value for 
difference† 

R-squared 

Mean age     

   < 65 21 (7,375) 6.4 (5.3; 7.5) 0.2 2.4% 

   ≥ 65 17 (10,290) 8.8 (7.1; 10.4)   

Mean follow-up     

  < 1.5 years 8 (5,031) 16.7 (14.5; 19.0) <0.0001 62.5% 

  ≥ 1.5 and <4 years 10 (3,845) 6.5 (5.7; 7.3)   

  ≥ 4 and < 6.5 years 12 (5,794) 5.3 (3.9; 6.6)   

  ≥ 6.5 years 8 (2,995) 4.5 (3.0; 6.0)   

Proportion of hypertension     

   < 50% 16 (4,464) 5.1 (3.9; 6.2) 0.004 29.5% 

   ≥ 50% 18 (12,349) 9.8 (8.5; 11.1)   

Proportion of heart failure     

   < 12% 11 (3,996)   6.3 (4.4; 8.1) 0.2 6.5% 

   ≥ 12% 10 (8,693) 10.1 (8.0; 12.2)   

* the stratification was based on the study-level frequency of the respective predictor 
† the p-values were based on meta-regression analyses; No.=number; CI=confidence interval; 
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Supplemental Figure 1 Literature search strategy 

Literature search in Pubmed: 

Concept 1 

Atrial Fibrillation 

MeSH 

"Atrial Fibrillation"[Mesh] 

 

OR 

 

Keywords 

atrial fibrillation*[Title/Abstract] OR AF[Title/Abstract] OR 

AFib[Title/Abstract] OR auricular fibrillation[Title/Abstract]  

 

AND 

 

Concept 2 

Progression 

MeSH 

"Disease Progression"[Mesh]  

 

OR 

 

Keywords 
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Disease Progression*[Title/Abstract] OR Progression*[Title/Abstract] OR 

Progress[Title/Abstract] OR develop[Title/Abstract] OR sustained  

[Title/Abstract] OR development[Title/Abstract] 

 

AND 

Concept 3 

Risk factors 

MeSH 

"Risk Factors"[Mesh]  

 

OR 

 

Keywords 

Risk factor[Title/Abstract] OR risk factors[Title/Abstract] OR 

riskfactor[Title/Abstract] OR riskfactors[Title/Abstract] OR 

factor[Title/Abstract] OR factors[Title/Abstract] OR 

predictor[Title/Abstract] OR predictors[Title/Abstract] OR 

predicting[Title/Abstract] OR predict[Title/Abstract] OR 

predicts[Title/Abstract] OR cause[Title/Abstract] OR 

determinant[Title/Abstract] OR determinants[Title/Abstract] 

 

Filter: Subject Human 
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Literature search in EMBASE: 

Concept 1 

Atrial Fibrillation 

Emtree term 

"Atrial Fibrillation" 

 

OR 

 

Keywords 

'atrial fibrillation':ti,ab,kw OR 'af':ti,ab,kw OR 'afib':ti,ab,kw OR 'auricular 

fibrillation':ti,ab,kw 

 

AND 

 

Concept 2 

Progression 

Emtree Term 

“disease course”  

 

OR 

 

Keywords 

'disease course':ti,ab,kw OR 'disease progression':ti,ab,kw OR 

'progression':ti,ab,kw OR 'progress':ti,ab,kw OR 'develop':ti,ab,kw OR 

'development' ti,ab,kw OR ‘sustained ‘ti,ab,kw 
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AND 

 

Concept 3 

Risk factors 

Emtree Term 

"Risk Factor"  

 

OR 

 

Keywords 

'risk factor':ti,ab,kw OR 'risk factors':ti,ab,kw OR 'riskfactor':ti,ab,kw OR 

'riskfactors':ti,ab,kw OR 'factor':ti,ab,kw OR 'factors':ti,ab,kw OR 

'predictor':ti,ab,kw OR 'predictors':ti,ab,kw OR 'predicting':ti,ab,kw OR 

'predicts':ti,ab,kw OR 'cause':ti,ab,kw OR 'determinant':ti,ab,kw OR 

'determinants':ti,ab,kw 

 

Filter: human; clinical trial or cohort analysis or observational study or prospective study 
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Literature search in Cochrane: 

Concept 1 

Atrial Fibrillation 

MeSH 

"Atrial Fibrillation"[Mesh] 

 

OR 

 

Keywords 

'atrial fibrillation':ti,ab,kw OR 'af':ti,ab,kw OR 'afib':ti,ab,kw OR 'auricular 

fibrillation':ti,ab,kw 

 

AND 

 

Concept 2 

Progression 

MeSH 

“Progression, disease”  

 

OR 

 

Keywords 

'disease course':ti,ab,kw OR 'disease progression':ti,ab,kw OR 

'progression':ti,ab,kw OR 'progress':ti,ab,kw OR 'develop':ti,ab,kw OR 

'development'/exp OR development OR sustained 
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AND 

 

Concept 3 

Risk factors 

MeSH  

"Risk Factor"  

 

OR 

 

Keywords 

'risk factor':ti,ab,kw OR 'risk factors':ti,ab,kw OR 'riskfactor':ti,ab,kw OR 

'riskfactors':ti,ab,kw OR 'factor':ti,ab,kw OR 'factors':ti,ab,kw OR 

'predictor':ti,ab,kw OR 'predictors':ti,ab,kw OR 'predicting':ti,ab,kw OR 

'predicts':ti,ab,kw OR 'cause':ti,ab,kw OR 'determinant':ti,ab,kw OR 

'determinants':ti,ab,kw 

 

Filter: clinical trial or cohort analysis or observational study or prospective study  
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Supplemental Figure 2a: Forest plot atrial fibrillation progression from paroxysmal to non-

paroxysmal atrial fibrillation per 100 patient-years of follow-up 
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Supplemental Figure 2b: Forest plot atrial fibrillation progression from persistent to permanent 

atrial fibrillation per 100 patient-years of follow-up 
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Supplemental Figure 3: Forest plot atrial fibrillation progression stratified by follow-up duration per 

100 patient-years of follow-up 
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Supplemental Figure 4: Forest plot atrial fibrillation progression stratified by geographical region per 

100 patient-years of follow-up 
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Abstract 

Background: The incidence and predictors of atrial fibrillation (AF) progression are currently not well 

defined, and they depend in part on rhythm control interventions (RCIs). 

Methods: We assessed AF type and intercurrent RCIs during yearly follow-ups in 2882 prospectively 

followed patients with paroxysmal or persistent AF. Clinical AF progression was defined as progression 

from paroxysmal to non-paroxysmal AF or from persistent to permanent AF. A RCI was defined as 

pulmonary vein isolation (PVI), electrical cardioversion (ECV), or new treatment with amiodarone.  

Results: During a median follow-up of 3 years, we found an incidence of clinical AF progression of 5.2 

per 100 patient-years, and of 10.9 per 100 patient-years for any RCI. Significant predictors for AF 

progression were body mass index (Hazard ratio [HR] 1.03, 95% confidence interval [CI] 1.00; 1.05), 

regular physical activity (HR 0.80 [95%CI 0.66; 0.98]), previous PVI (HR 0.68 [95%CI 0.52; 0.89]), heart 

rate (HR per 5 beats increase 1.05 [95%CI 1.02; 1.07], age (HR per 5 years 1.18, [95%CI 1.12; 1.26]), 

systolic blood pressure (HR per 5mmHg 1.03, [95%CI 1.00; 1.05]), and history of hyperthyroidism (HR 

1.71 [95% CI [1.16; 2.52), stroke (HR 1.50 [95%CI [1.20; 1.89]) or heart failure (HR 1.69 [95% CI 1.34; 

2.14]). Significant risk factors for a RCI were physical activity (HR 1.42 [95%CI 1.20; 1.68]), AF related 

symptoms (HR 1.86 [95%CI 1.49; 2.32]), younger age (HR per 5 years 0.89 [95%CI 0.85; 0.92]) and 

paroxysmal AF (HR 0.62 [95% CI0.52; 0.73]. 

Conclusion: Cardiovascular risk factors and co-morbidities were key predictors of clinical AF 

progression. A healthy lifestyle may therefore reduce the risk of AF progression.  
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Introduction 

Current thinking indicates that AF usually progresses from short, rare episodes to longer and 

more frequent attacks.1 Patients who develop more sustained forms of the disease are less amenable 

to treatment and thought to have a worse outcome.2, 3 A recent meta-analysis again suggested a higher 

risk of thromboembolism and death among patients with sustained compared to intermittent forms 

of AF.4  

In clinical practice, AF is classified into paroxysmal, persistent or permanent AF.1 Even though the 

classification poorly reflects temporal persistence of the arrhythmia,5 it is very commonly used in daily 

clinical practice. In a recent meta-analysis, the cumulative incidence of AF progression was 8.1 per 100 

patient-years. Main predictors explaining between-study heterogeneity were age, hypertension, 

follow-up duration and baseline AF typ.6  

However, previous studies did not take into account at least two important issues. First, the change in 

AF type is not exclusively uni-directional, as AF may also regress to less sustained forms, and prior 

studies have not acknowledged this. Second, the progression of AF may be partly dependent on the 

use of effective rhythm control interventions (RCIs). The most effective RCIs currently available include 

antiarrhythmic treatment with amiodarone, direct electrical cardioversion (ECV) and pulmonary vein 

isolation (PVI).7 While RCI partly overlaps with the definition of the clinical AF type, it does constitute 

an independent entity that needs to be taken into account separately. 

A better understanding of clinical AF progression and its associated risk factors will improve risk 

prediction and help to plan specific intervention studies to prevent AF progression. In the current 

study, we aimed to assess the incidence and associated predictors of clinical AF progression and RCIs 

in a large cohort of patients with paroxysmal and persistent AF. 
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Methods 

To increase sample size and power, we combined data from two ongoing prospective, 

observational, multicenter cohort studies of AF patients in Switzerland. Both cohorts used similar 

enrollment criteria, outcome definitions and case report forms. 

Between 2010 and 2014, the Basel Atrial Fibrillation (BEAT-AF) cohort study recruited 1553 patients 

with documented AF across 7 centers in Switzerland. The Swiss Atrial Fibrillation (Swiss-AF) study 

enrolled 2415 AF patients between 2014 and 2017 across 14 centers in Switzerland. The detailed 

methodology for Swiss-AF has been described earlier.8 In both cohorts all patients were required to 

have previously documented AF. Main exclusion criteria for both cohorts were the inability to sign 

informed consent and secondary forms of AF (e.g. AF after cardiac surgery). Patients with an acute 

illness within the last 4 weeks could only be enrolled once the acute episode had resolved. Patients 

enrolled in BEAT-AF were not eligible for participation in Swiss-AF and vice versa. 

From the combined dataset, we excluded 942 (23.7%) patients with permanent AF at baseline. From 

the remaining 3026 patients, we excluded 144 (4.8%) patients without follow-up information on AF 

type, such that 2882 patients remained in the final analyses. For the present analysis, we used available 

data up to October 12th 2018.  

The study protocols of both studies were approved by the local ethics committees, and informed 

written consent was obtained from each participant. 

Assessments 

In both cohorts, patients completed similar questionnaires about personal, medical, nutritional 

and lifestyle factors on a yearly basis. Smoking status was categorized in current smokers and non-

current smokers (past or never smokers). Body mass index (BMI) was calculated as weight in kg divided 

by height in meters squared. AF was classified according to the guidelines of the European Society of 

Cardiology into paroxysmal AF (self-terminating, usually within 48 hours), persistent AF (episodes 
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lasting longer than 7 days or requiring termination by electrical or medical cardioversion) or permanent 

AF (AF is accepted by the patient and the physician and no further attempts to restore sinus rhythm 

are performed).7 Coronary artery disease was defined as either a history of myocardial infarction 

and/or percutaneous transluminal coronary angioplasty and/or coronary bypass graft. 

After a face-to-face baseline examination, all yearly follow-up examinations in BEAT-AF were 

performed by mail and phone interviews. In Swiss-AF, all patients were assessed yearly by clinical 

follow-up visits. Patients completed information about personal factors and trained study personnel 

subsequently updated co-morbidities, medication, medical interventions and intercurrent adverse 

events. The current AF type was assessed in both cohorts during each baseline and follow-up visit into 

paroxysmal, persistent or permanent based on clinical information and medical reports.  

Definitions and Outcomes 

Clinical AF progression was defined as AF progression from paroxysmal AF at baseline to non-

paroxysmal AF (persistent or permanent AF) at the latest follow-up or as AF progression from 

persistent AF at baseline to permanent AF at the latest follow-up. In order to take into account AF 

regression, intermittent classification into higher clinical AF categories with subsequent regression to 

the same or a lower clinical category by the latest follow-up were not counted as AF progression.  

Intercurrent RCI was defined as undergoing either ECV, PVI or treatment with amiodarone during 

prospective follow-up. For all RCI analyses we excluded all patients (n=599, 20.8%) who where 

receiving amiodarone at baseline.  

Statistical analysis 

Baseline characteristics were stratified by baseline AF type (paroxysmal vs. persistent). 

Categorical variables were presented as numbers (percentages) and compared using 2-tests. The 

distribution of continuous variables was checked using kurtosis, skewness and visual inspection of the 
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histogram. They were presented as means ± standard deviation (SD) or median (interquartile range 

[IQR]) and compared using Student-t tests or Wilcoxon-Rank-Sum tests, as appropriate.  

To identify independent predictors of clinical AF progression or RCI, we constructed Cox 

regression models to calculate hazard ratios (HR) and 95% confidence intervals (CI). All models 

included a pre-defined set of covariates: age, sex, BMI, heart rate, systolic blood pressure, history of 

diabetes, history of coronary artery disease, history of hypertension, history of heart failure, history of 

stroke and/or transient ischaemic attack (TIA), history of hyperthyroidism, history of renal failure, 

regular physical activity, smoking (current vs. history/never smoker), AF type at baseline (paroxysmal 

vs. persistent), history of PVI and presence of AF related symptoms. Regression models on clinical AF 

progression were additionally adjusted for amiodarone treatment at baseline.  

We constructed Kaplan-Meier Cumulative Incidence Curves for clinical AF progression and 

RCIs. Differences in incidence rates for AF progression from paroxysmal AF to non-paroxysmal AF 

versus AF progression from persistent AF to permanent AF we compared using a log-rank test. 

We also performed sensitivity analyses for RCI and clinical AF progression among patients 

without a history of PVI or ECV at baseline. 

Statistical analyses were performed using SAS 9.4 (SAS Corporation, Cary, North Carolina, USA) 

or STATA software version 12.0 (StataCorp, College Station, TX, USA). A two-sided p value < 0.05 was 

considered to indicate statistical significance.  
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Results 

 We included 1863 (65%) patients with paroxysmal and 1019 (35%) patients with persistent AF 

in the analysis. Baseline characteristics stratified by baseline AF type are shown in Table 1. Age was 

similar in patients with paroxysmal and persistent AF (70 ± 11 vs. 70 ± 9 years, p=0.3). Patients with 

paroxysmal AF had a lower BMI (27.0 ± 4.7 vs. 27.8 ± 4.7, p<0.001), engaged more often in regular 

physical activity (998 [54%] vs. 492 [48%], p=0.005) and reported more AF related symptoms (1377 

[75%] vs. 666 [66%], p<0.001), while they had a lower prevalence of heart failure (287 [15%] vs. 280 

[28%], p<0.001) and hypertension (1190 [64%] vs. 711 [70%], p<0.001) (Table 1).  

Clinical atrial fibrillation progression 

During a median (IQR) follow-up of 3.0 (2.0; 5.0) years, 458 of 2882 (15.9%) patients had clinical 

AF progression (incidence 5.2 per 100 patient-years of follow-up). The corresponding Kaplan-Meier 

estimates are presented in Figure 1. The incidence per 100 patient-years was 4.9 for AF progression 

from paroxysmal to non-paroxysmal vs. 5.8 for AF progression from persistent to permanent AF (p for 

difference = 0.08). When excluding patients with a history of ECV or PVI at baseline and those with any 

RCI during follow-up, 151 of the remaining 970 patients (15.6%) had clinical AF progression, 

corresponding to an incidence of 5.4 per 100 patient-years. 

Predictors for clinical AF progression are presented in Table 2. BMI (HR 1.03 [95% CI 1.00; 1.05], 

p=0.02), heart rate (HR per 5 beats/minute increase 1.05 [95% CI [1.02; 1.07, p<0.001], age (HR per 5 

years 1.18, 95% CI [1.12; 1.26], p<0.001), systolic blood pressure (HR per 5mmHg 1.03, 95% CI [1.00; 

1.05], p=0.05), history of hyperthyroidism (HR 1.71, 95% CI [1.16; 2.52], p=0.007), history of stroke/TIA 

(HR 1.50, 95% CI [1.20; 1.89], p<0.001) and history of heart failure  (HR 1.69, 95% CI [1.34; 2.14], 

p<0.001) were associated with a higher incidence of AF progression. Regular physical activity (HR 0.80 

[95% CI 0.66; 0.98], p=0.03) and previous PVI (HR 0.68 [95% CI 0.52; 0.89], p=0.005) showed and inverse 

association with AF progression. 

Rhythm control interventions 
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During follow-up, 618 of 2283 patients (27.1%) not on amiodarone treatment at baseline were 

treated with a RCI (incidence 10.9 per 100 patient-years of follow-up) (Figure 2). There were 200 (8.8%) 

patients receiving newly prescribed amiodarone (incidence 2.8 per 100 patient-years), 282 (12.4%) 

having one or more ECVs (incidence 4.2 per 100 patient-years), and 358 (15.7%) having one or more 

PVI (incidence 5.6 per 100 patient-years). Among 1229 patients without any history of RCI at baseline, 

259 (21.1%) had any RCI during follow-up. The corresponding incidence was 8.0 per 100 patient-years 

of follow-up. 

Table 3 shows the association of covariates with any RCI during follow-up. Variables 

independently associated with RCI were regular physical activity (HR 1.42 [95% CI 1.20; 1.68], p<0.001), 

AF related symptoms at baseline (HR 1.86 [95% CI 1.49; 2.32], p<0.001), age (HR per 5 years increase 

0.89 [95% CI 0.85; 0.92], p<0.001) and paroxysmal AF at baseline (HR 0.62 [95% CI 0.52; 0.73], p<0.001). 

Exclusion of patients with a history of PVI and/or ECV at baseline did not influence the results 

(Supplemental Table 1).   
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Discussion 

 In this large prospective cohort of patients with paroxysmal or persistent AF, we found that 

the incidence of clinical AF progression was relatively low, and independent of baseline AF type. 

Several risk factors and comorbidities potentially amenable to therapeutic or lifestyle interventions 

were significantly associated with AF progression. The incidence of RCI was twice as high as the 

incidence of clinical AF progression, and main determinants were symptoms, younger age, and physical 

activity. The incidence of clinical AF progression was similar to the overall cohort among patients who 

did not receive any RCI during.  

With 5.2 progression cases per 100 patient-years of follow-up the incidence of clinical AF 

progression was relatively low. In a recent meta-analysis we found a cumulative incidence of clinical 

AF progression of 8.1 per 100 patient-years of follow-up.6 This finding seems to be in contrast with the 

overall prevalence of non-paroxysmal AF. When looking at the baseline data of large AF registries a 

substantial number of patients has non-paroxysmal AF. For example, in the GARFIELD registry, which 

enrolled more than 17,000 patients with newly diagnosed AF almost 30% of the study participants had 

non-paroxysmal AF at baseline.9 We observed a comparable prevalence of 38% non-paroxysmal AF 

among patients with recent-onset AF.10 This raises the question whether there is a specific population 

of AF patients in which persistent or permanent AF might indeed be the first clinical manifestation of 

the arrhythmia whereas a substantial number of patients with initially paroxysmal AF will remain in 

paroxysmal AF. Furthermore our slightly revised definition of AF progression might partly explain the 

lower incidence. 

 Interestingly, patients without a history of RCI at baseline and not needing any RCI during 

follow-up had a similar incidence of AF progression than the overall cohort.  The impact of RCI on the 

incidence of AF progression is unclear. While a history of ECV has been incorporated in the definition 

of AF type, the other two interventions are independent of it. In our study, PVI was associated with a 

lower AF progression rate. These data are in line with previous studies showing that PVI is more 
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effective than antiarrhythmic medication in restoring and maintaining sinus rhythm in symptomatic AF 

patients.11-13 Moreover a meta-analysis assessing the rate of AF progression showed a significantly 

lower AF progression rate among patients with catheter ablation compared to patients from the 

general population.14  While these data suggest that PVI may successfully halt the natural history of AF 

progression, causality can’t be proven in observational studies, and patient selection may play an 

important role in this association. Our multivariable models suggest that younger and active individuals 

with less comorbidities are more likely to receive a RCI.  

Regular physical activity, lower BMI and lower systolic blood pressure showed an inverse 

association with clinical AF progression. Although the relationship between physical activity and new-

onset AF is not clear and may not be linear15-17, our study suggests that regular physical activity might 

prevent the risk of AF progression. Overweight and obesity have been described as risk factors for new-

onset AF in different cohorts,18-20 possibly mediated by left atrial dilation.21 In a retrospective analysis 

of the Olmsted County population-based study, BMI was also associated with AF progression from 

paroxysmal to permanent, and the hazard ratio was very similar to the one we observed in our study.22 

Blood pressure is closely related to physical activity and BMI. Hypertension explained 18% of the 

heterogeneity in a recent published meta-analysis on risk factors for AF progression.6 In a previous 

study by De Vos et al., prevalence of hypertension was significantly associated with AF progression. 

The association of hypertension and new-onset AF has been described earlier and hypertension is 

thought to account for 22% of incident AF cases.23, 24 The pathophysiological mechanism explaining the 

association with both, new-onset AF and AF progression might be the influence of blood pressure on 

the left atrium, which has already been shown in the general population.25 Left atrial diameter and 

volume have previously been described to be associated with clinical AF progression, supporting this 

hypothesis. 26, 27 
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Taken together, our study reemphasizes the importance of lifestyle not only in the primary 

prevention of AF, but also in the prevention of AF progression. The most suitable intervention and its 

effect should ideally be tested in a randomized trial. 

We are in line with previous studies that history of heart failure28-30, history of stroke,2 and 

increasing age,2, 29-35 are associated with clinical AF progression. It is well known that heart failure is an 

important comorbidity associated with AF, and both entities frequently coexist.36 Moreover older age 

is strongly and independently associated with AF.37, 38 There seems to be an overlap of risk factors for 

AF progression with predisposing factors for new-onset AF. The factors might lead to structural and 

electrical changes in the atria that may explain the increased risk for AF progression. Possible changes 

could include atrial dilation, stiffness of the left atrium, increased myocardial fibrosis, but also electro-

anatomical changes and conduction disturbances.39-42 An additional independent predictor in our 

analysis was a history of hyperthyroidism. Subclinical and clinical hyperthyroidism have been 

associated with incident AF. 43, 44 Possible mechanisms explaining the association with AF include  

elevated left atrial pressure secondary to impaired left ventricular relaxation45, ectopic atrial activity 45 

and increased supraventricular ectopic activity 46, shortening of action potential duration 47 or changes 

in the expression of ion channels in the left atrium.48 Another pathophysiological concept suggests an 

autoimmune/endocrine disorder. In animal studies, activating autoantibodies to the β1-adrenergic 

and M2 muscarinic receptors have shown to induce AF. 49  

Strengths and Limitations 

Yearly standardized assessments of AF type in a large number of patients with AF is one of the key 

strengths of this analysis. On the other hand, some potential limitations need to be taken into account 

in the interpretation of our findings. Due to the observational study design, we are unable to prove 

causality and residual confounding may persist despite multivariable adjustment. As we did not have 

continuous electrocardiogram monitoring, our analysis can’t provide an assessment of AF burden, but 

is a reflection of the clinical AF type that is currently used in daily clinical practice to classify AF patients. 
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Conclusion 

In this large, prospective study of AF patients, the incidence of clinical AF progression was 

rather low. On the other hand a substantial number of patients had a RCI, mainly predicted by 

symptoms, physical activity and younger age. Our data suggest that adopting a healthy lifestyle with a 

normal BMI and regular physical activity might reduce the risk for clinical AF progression. 
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Figure Legends 

Figure 1: Kaplan Meier Estimates for Clinical Atrial Fibrillation Progression.  

The x-axis represents the time of follow-up in years. The y-axis represents the freedom form clinical 

atrial fibrillation progression. 

Figure 2: Kaplan Meier Estimates for Rhythm Control Intervention.  

The x-axis represents the time of follow-up in years. The y-axis represents the freedom from rhythm 

control intervention. 
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Table 1: Baseline characteristics stratified by baseline atrial fibrillation type 

Characteristic Paroxysmal Persistent p-value 

 (n=1863) (n=1019)  

Age [years ] 70 ± 11 70 ± 9 0.28 

Female sex, No. (%) 601 (32.3) 255 (25.0) <0.001 

Body mass index [kg/m2] 27.0 ± 4.7 27.8 ± 4.7 <0.001 

Heart rate [beats/min] 63 [56; 72] 68 [59; 80] <0.001 

Systolic blood pressure [mmHg] 135 ± 19 134 ± 19 0.03 

History of coronary heart disease, No. (%) 434 (23.3) 251 (24.6) 0.42 

History of stroke/TIA, No. (%) 329 (17.7) 144 (14.2) 0.02 

History of hypertension, No. (%) 1190 (63.9) 711 (69.8) 0.001 

History of heart failure, No. (%) 287 (15.4) 280 (27.5) <0.001 

History of diabetes mellitus, No. (%) 235 (12.6) 148 (14.5) 0.15 

History of renal failure, No. (%) 267 (14.3) 181 (17.8) 0.02 

History of hyperthyroidism, No. (%) 56 (3.0) 58 (5.7) <0.001 

Current Smoker, No. (%) 153 (8.2) 86 (8.4) 0.83 

Regular physical activity, No. (%) 998 (53.8) 492 (48.4) 0.005 

History of pulmonary vein isolation, No. (%) 476 (25.6) 271 (26.6) 0.55 

History of electrical cardioversion, No. (%) 338 (18.2) 679 (66.7) <0.001 

AF related symptoms, No. (%) 1377 (75.4) 666 (66.1) <0.001 

TIA= transient ischaemic attack 

P values are based on 2-tests, Student-t tests or Wilcoxon-Rank-Sum tests as appropriate 
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Table 2: Predictors for clinical atrial fibrillation progression 

Characteristic 

(n=2882) 

Age/sex adjusted p-value Multivariable adjusted p-value 

Age 1.25 [1.19; 1.31] <0.001 1.18 [1.12; 1.26] <0.001 

Female Sex 0.85 [0.70; 1.05] 0.12 0.88 [0.71; 1.09] 0.24 

BMI 1.04 [1.02; 1.06] 0.0004 1.03 [1.00; 1.05] 0.02 

Heart rate 1.05 [1.03; 1.08] <0.001 1.05 [1.02; 1.07] <0.001 

Systolic blood pressure 1.01 [1.00; 1.04] 0.44 1.03 [1.00; 1.05] 0.05 

History of diabetes 1.15 [0.88; 1.49] 0.31 0.92 [0.70; 1.22] 0.56 

History of coronary artery disease 1.14 [0.92; 1.42] 0.23 0.98 [0.77; 1.24] 0.85 

History of hypertension 1.15 [0.93; 1.41] 0.20 0.95 [0.75; 1.19] 0.64 

History of stroke and/or TIA 1.51 [1.21; 1.89] 0.001 1.50 [1.20; 1.89] <0.001 

History of heart failure 1.83 [1.49; 2.25] <0.001 1.69 [1.34; 2.14] <0.001 

History of hyperthyroidism 1.71 [1.17; 2.51] 0.006 1.71 [1.16; 2.52] 0.007 

History of renal failure 1.31 [1.4; 1.67] 0.03 1.10 [0.84; 1.42] 0.49 

Regular physical activity 0.72 [0.60; 0.87] <0.001 0.80 [0.66; 0.98] 0.03 

Current smoking 1.17 [0.83; 1.66] 0.37 1.03 [0.72; 1.48] 0.88 

Paroxysmal AF 0.84 [0.69; 1.01] 0.07 0.99 [0.80; 1.21] 0.89 

History of pulmonary vein isolation 0.62 [0.48; 0.80] <0.001 0.68 [0.52; 0.89] 0.005 

AF related symptoms at baseline 0.81 [0.66; 1.00] 0.05 0.86 [0.69; 1.06] 0.15 

Amiodarone use at baseline 0.97 [0.78; 1.222] 0.82 0.89 [0.70; 1.14] 0.35 

Data are hazard ratios (HR) (95% confidence intervals [CI]).  
Age per 5 years increase; Heart Rate per 5 beats/min increase, Systolic blood pressure per 5mmHg increase; 
Multivariable models included all variables from the table. 
A maximum of 85 (2.9%) observations were deleted due to missing variables.  
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Table 3: Predictors for rhythm control interventions 

Characteristic 

(n=2283) 

Age/sex adjusted p-value multivariable 
adjusted 

p-value 

Age 0.86 [0.84; 0.89] <0.001 0.89 [0.85; 0.92] <0.001 

Female Sex 1.12 (0.94; 1.33) 0.20 1.05 [0.88; 1.26] 0.59 

BMI 1.01 [1.00; 1.03] 0.20 1.01 [1.00; 1.03] 0.11 

Heart Rate 1.03 [1.01; 1.06] 0.009 1.02 [1.00; 1.05] 0.07 

Systolic blood pressure 1.01 [0.99; 1.04] 0.24 1.02 [1.00; 1.04] 0.14 

History of diabetes 0.94 [0.73; 1.22] 0.65 1.01 [0.77; 1.33] 0.92 

History of coronary artery disease 0.74 [0.59; 0.94] 0.01 0.79 [0.62; 1.00] 0.05 

History of hypertension 1.04 [0.88; 1.24] 0.64 1.03 [0.85; 1.23] 0.79 

History of stroke/TIA 0.85 [0.67; 1.08] 0.18 0.91 [0.71; 1.16] 0.45 

History of heart failure 1.07 [0.85; 1.35] 0.58 1.16 [0.91; 1.48] 0.24 

History of hyperthyroidism 1.22 [0.85; 1.76] 0.29 1.08 [0.75; 1.57] 0.68 

History of renal failure 0.80 [0.61; 1.01] 0.12 0.81 [0.60; 1.08] 0.14 

Regular physical activity 1.32 [1.12; 1.55] <0.001 1.42 [1.20; 1.68] <0.001 

Current smoking 0.98 [0.74; 1.28] 0.86 1.04 [0.79; 1.37] 0.77 

Paroxysmal AF 0.62 [0.53; 0.73] <0.001 0.62 [0.52; 0.73] <0.001 

AF related symptoms at baseline 1.71 [1.38; 2.13] <0.001 1.86 [1.49; 2.32] <0.001 

Data are hazard ratios (HR) (95% confidence intervals [CI]). 
Rhythm control intervention was defined as either pulmonary vein isolation, electrical cardioversion and/or 
new amiodarone. 
Age per 5 years increase; Heart Rate per 5 beats/min increase, Systolic blood pressure per 5mmHg increase; 
Multivariable models included all variables from the table. 
A maximum of 60 (2.6%) observations were deleted due to missing variables 
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Figure 1: Freedom from clinical atrial fibrillation progression.  

 

Figure 2: Freedom from rhythm control interventions. 
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Supplemental Table 1: Factors associated with rhythm control interventions among patients without a 

history of pulmonary vein isolation and/or electrical cardioversion 

Characteristic 

n=1229 

 

HR (95% CI) 

age/sex adj. 

p-value HR (95% CI) 

multivariable adj. 

p-value 

Age 0.83 [0.79; 0.87] <0.001 0.86 [0.81; 0.91] <0.001 

Female Sex 1.10 (0.85; 1.42) 0.49 0.98 [0.75; 1.28] 0.87 

BMI 1.00 [0.97; 1.03] 0.96 1.01 [0.98; 1.04] 0.50 

Heart Rate 1.05 [1.01; 1.08] 0.009 1.05 [1.02; 1.09] 0.003 

Systolic blood pressure 1.03 ][1.00; 1.06] 0.10 1.04 [1.00; 1.07] 0.05 

History of diabetes 0.77 [0.52; 1.15] 0.20 0.83 [0.54; 1.27] 0.38 

History of coronary artery disease 0.61 [0.43; 0.87] 0.006 0.67 [0.47; 0.97] 0.03 

History of hypertension 1.05 [0.80; 1.38] 0.74 1.06 [0.80; 1.42] 0.68 

History of heart failure 0.97 [0.66; 1.41 0.85 1.25 [0.84; 1.86] 0.28 

History of stroke/TIA 0.75 [0.53; 1.07] 0.11 0.76 [0.53; 1.08] 0.12 

History of hyperthyroidism 1.14 [0.54; 2.43] 0.73 1.25 [0.59; 2.67] 0.56 

History of renal failure 0.83 [0.55; 1.26] 0.38 0.92 [0.60; 1.41] 0.70 

Regular physical activity 1.57 [1.22; 2.02] <0.001 1.67 [1.29; 2.17] <0.001 

Current smoking 0.93 [0.60; 1.45] 0.75 1.05 [0.67; 1.64] 0.82 

Paroxysmal AF 0.82 [0.59; 1.14] 0.24 0.81 [0.58; 1.15] 0.24 

AF related symptoms at baseline 1.84 [1.30; 2.61] <0.001 1.81 [1.27; 2.58] 0.001 

     

Data are hazard ratios (HR) (95% confidence intervals [CI]). 
PVI=pulmonary vein isolation; ECV=electrival cardioversion; 
Rhythm control intervention was defined as either pulmonary vein isolation, electrical cardioversion and/or 
new amiodarone. 
Age per 5 years increase; Heart Rate per 5 beats/min increase, Systolic blood pressure per 5mmHg increase; 
Multivariable models included all variables from the table. 
A maximum of 32 (2.6%) observations were deleted due to missing predictor variables 
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Abstract 

Background: Sustained forms of atrial fibrillation (AF) are associated with a higher risk of adverse 

outcomes, but at least part of this risk may be mediated by differences in risk factors or co-morbidities.  

Methods:  We prospectively followed 3848 AF patients and collected information on AF type and co-

morbidities during yearly follow-ups. The primary outcome was a composite of stroke or systemic 

embolism (SE). Secondary outcomes included myocardial infarction, heart failure, bleeding and all-

cause mortality. Multivariable adjusted time-updated Cox-regression analyses were performed to 

compare hazard ratios (HR) according to AF type. 

Results: At baseline 1898 (49%), 1045 (27%) and 905 (24%) patients had paroxysmal, persistent and 

permanent AF; 3236 (84%) were anticoagulated. After a median (IQR) follow-up of 3.0 (1.9; 4.2) years, 

the incidence of stroke/SE was 1.0 per 100 patient-years. The incidence of myocardial infarction, heart 

failure, bleeding and all-cause mortality were 0.7, 3.0, 2.9 and 2.7 per 100 patient-years, respectively. 

The multivariable adjusted HRs (95% CI) for stroke/SE were 1.16 (95% CI 0.70; 1.91) and 1.29 (95% CI 

0.84; 2.00) for persistent and permanent AF, respectively. Presence of permanent AF was significantly 

associated with all-cause mortality (HR 1.41 [95% CI 1.09; 1.83]), but not with heart failure (HR 1.24 

[95% CI 0.96; 1.60]), myocardial infarction (HR 0.95 [95% CI 0.55; 1.62]) or bleeding (HR 0.97 [95% CI 

0.78; 1.20]). 

Conclusion: After comprehensively adjusting for risk factors, comorbidities and their changes over 

time, time-updated AF type was not associated with most outcomes. These results suggest that the 

effect of the arrhythmia itself on cardiovascular events is smaller than previously estimated.  
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Introduction 

In clinical practice, atrial fibrillation (AF) is classified into paroxysmal AF, persistent AF or 

permanent AF.1 This classification into different AF types is useful, as more sustained forms of the 

arrhythmia are less amenable to treatment. For example, catheter ablation is less successful among 

patients with persistent AF compared to paroxysmal AF.2  

All patients with atrial fibrillation face an increased risk of stroke, heart failure and death.3-5 

Whether the risk of these and other outcome events is influenced or partly explained by AF type is still 

debated. A recent meta-analysis found a higher risk of thromboembolism and death in patients with 

non-paroxysmal AF compared to patients with paroxysmal AF.6 This raises the possibility that the 

arrhythmia itself is involved in the disease process and may at least in part explain the increased risk 

for adverse outcome events. On the other hand, patients with non-paroxysmal AF are usually older 

and have a higher burden of risk factors and comorbidities than patients with paroxysmal AF,7, 8 

suggesting that co-morbidities and not the AF type could be the key driver for the increased risk of 

adverse outcome events. Current evidence does not allow to distinguish between these two reasons. 

Importantly, to our knowledge no previous study took into account potential changes over time of AF 

type together with changes in the associated co-morbidities. This is important because AF type changes 

over time in a relevant number of patients.9 In addition, co-morbidities also increase over time, in 

particular in patients who progress from paroxysmal AF to more sustained forms of the arrhythmia.7 

In this study we aimed to assess the risk of stroke/systemic embolism (SE) and other adverse 

outcome events according to the current clinical AF type, while considering changes in co-morbidities 

along time in time-updated models. 
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Methods 

To increase sample size and power, we combined data from two ongoing prospective, 

observational, multicenter cohort studies with similar inclusion and exclusion criteria. 

Between 2010 and 2014 a total of 1553 patients with documented AF were included in the 

Basel Atrial Fibrillation (BEAT-AF) study across 7 centers in Switzerland. The Swiss Atrial Fibrillation 

(Swiss-AF) study enrolled 2415 AF patients between 2014 and 2017 across 14 centers in Switzerland.10 

In both cohorts, patients were required to have previously documented AF. Main exclusion criteria for 

both cohorts were the inability to sign informed consent, the presence of exclusively short transient 

episodes of AF (e.g., secondary after cardiac surgery, thyrotoxicosis or severe sepsis), as well as any 

acute illness within the last 4 weeks. Patients enrolled in BEAT-AF were not eligible for participation in 

Swiss-AF and vice versa. 

For the present study, we excluded 85 (2.1%) patients from the combined dataset, who did not have 

any follow-up visit, and 35 (0.9%) because of missing baseline AF type or co-morbidities, leaving 3848 

(97.0%) patients for this analyses, which used follow-up data up to the 1st of October 2018. The study 

protocols of both studies were approved by the local ethics committees, and informed written consent 

was obtained from all participants. 

Baseline and Follow-up Assessments 

Patients completed detailed questionnaires about personal, medical, nutritional and lifestyle 

factors in both cohorts. Smoking status was categorized as current smokers or non-current smokers 

(past or never smokers). Body mass index (BMI) was calculated as weight in kg divided by height in 

meters squared. AF was classified according to the guidelines of the European Society of Cardiology 

into the three main categories paroxysmal AF (self-terminating, usually within 48 hours), persistent AF 

(episodes lasting longer than seven days or requiring termination by electrical or medical 

cardioversion) or permanent AF (AF is accepted by the patient and the physician and no further 

attempts to restore sinus rhythm are performed).1 Stroke risk was categorized using the CHA2DS2-VASc 
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score as recommended by current guidelines.1 In detail, one point was scored for a history of 

hypertension, heart failure (HF), diabetes, vascular disease, age between 65 and 74 years and female 

sex, and two points for a history of stroke/TIA or an age ≥75 years. Coronary artery disease was defined 

as either a history of myocardial infarction, percutaneous transluminal coronary angioplasty and/or 

coronary bypass graft surgery. 

After a face-to-face baseline examination in both cohorts, yearly follow-up examinations in 

BEAT-AF were performed by mail and phone interviews, while in Swiss-AF all patients had yearly clinical 

follow-up visits. During these yearly follow-ups, all information about risk factors, co-morbidities and 

AF type was updated, and intercurrent adverse outcome events assessed. 

Outcome events and definitions 

The same definitions for all outcome events were used in both cohorts. Definitions of all 

outcomes are provided in supplementary table 1. Each event in each cohort was independently 

validated by two physicians. In case of discrepancy, a third physician was consulted for a final 

statement. The primary outcome for this analysis was a composite of stroke or SE. Secondary outcomes 

were myocardial infarction, hospitalization for HF, bleeding, major adverse cardiovascular events 

(MACE) and all-cause mortality.  

Statistical analysis 

Baseline characteristics were stratified by baseline AF type. Categorical variables were 

presented as numbers (percentages) and compared using 2-tests. The distribution of continuous 

variables was checked using kurtosis, skewness and visual inspection of the histogram. Continuous 

variables were presented as means ± standard deviation or median (interquartile range) and compared 

using analysis of variance or Kruskal-Wallis tests, as appropriate.  

To assess the association of clinical predictors with adverse outcome events, we constructed 

time-updated Cox regression models to estimate hazard ratios (HR) and 95% confidence intervals (95% 

CI) and to adjust for potential confounders. All regression models were adjusted for a pre-defined set 
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of baseline covariates, including age, sex, and heart rate, and time-updated information on smoking 

(current vs. history/never smoker), BMI, diabetes, coronary artery disease, hypertension, HF, 

stroke/transient ischemic attack (TIA), renal failure, oral anticoagulation, antiplatelet therapy, 

electrical cardioversion and pulmonary vein isolation.  

A sensitivity analysis was performed using a binary AF type classification of paroxysmal vs. non-

paroxysmal (persistent or permanent) AF. As information on BMI has not been collected consistently 

during the first BEAT-AF follow-ups, we imputed weight, whenever missing, based on a linear mixed 

effects model which included age, sex, height and a natural spline for time since recruitment as fixed 

effects, and patient ID as random intercept. The assumption of proportional hazards was inspected 

visually by plotting log(-log(survival)) against log(time) for categorical variables. Schoenfeld residuals 

were plotted for continuous variables. With regards to AF type, indications for some violation of the 

proportional hazard assumption, potentially weakening the results, were found in the analyses of 

major bleeding and clinically relevant non-major bleeding. All analyses were performed on an available 

data basis and conducted using R version 3.5.1 (R Core Team, 2018). A two-sided p value < 0.05 was 

considered to indicate statistical significance. 
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Results 

 Baseline characteristics stratified by baseline AF type are shown in Table 1. Mean (±SD) 

age of the total population was 71±10 years and 1081 (28%) were females. Overall, 1898 (49%) patients 

had paroxysmal AF, 1045 (27%) persistent AF and 905 (24%) permanent AF. Patients with persistent 

or permanent AF were older, less often women, and more often had a history of coronary artery 

disease, hypertension, HF, diabetes and renal failure than patients with paroxysmal AF (all p<0.001). 

Mean (±SD) CHA2DS2-Vasc Score was 3.0 (±1.8), 3.1 (±1.7) and 3.9 (±1.6) among patients with 

paroxysmal, persistent and permanent AF respectively (p<0.001). At baseline, 76% of patients with 

paroxysmal compared to 91% and 94% of patients with persistent and permanent AF received oral 

anticoagulation (p<0.001).  

During 11,925 patient-years of follow-up we observed a total of 1,175 (14.6%) changes in the 

AF type. AF progression was observed among 488 (12.7%) patients, AF regression in 342 (8.9%) 

patients. The overall incidence of stroke/SE was 1.0 per 100 patient-years, and it was 0.8, 1.0 and 1.5 

per 100 patient-years in patients with paroxysmal, persistent and permanent AF (Table 2). In age and 

sex adjusted models, the HR (95% CI) for stroke/SE was 1.26 (95% CI 0.79; 2.01, p=0.34) for time-

updated persistent and 1.35 (95% CI 0.88; 2.07, p=0.17) for time-updated permanent AF. The 

multivariable adjusted HRs were 1.16 (95% CI 0.70; 1.91), p=0.57 and 1.29 (95% CI 0.84; 2.00), p=0.25, 

respectively.  

Table 3 shows the results for the associations between AF type and secondary outcome events. 

The incidence per 100 patients-years was higher among patients with persistent and permanent AF for 

all outcome events. In age and sex adjusted models, presence of permanent AF was significantly 

associated with a higher risk of HF hospitalization (HR 1.68 [95% CI 1.31; 2.15], p<0.001), MACE (HR 

1.70 [95% CI 1.33; 2.17], p<0.001), all-cause mortality (HR 1.72 [95% CI 1.34; 2.21], p<0.001) and 

clinically relevant non-major bleeding (HR 1.31 [95% CI 1.04; 1.66], p=0.02). The associations were 

markedly attenuated in multivariable models that additionally adjusted for time-updated co-
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morbidities, but permanent AF remained significantly associated with MACE (HR 1.37 [95% CI 1.06; 

1.78], p=0.02) and all-cause mortality (HR 1.38 [95% CI 1.07; 1.80], p=0.01) (Table 3). 

Independent predictors for the primary outcome stroke/SE were history of stroke/TIA (HR 2.55 

[95% CI 1.76; 3.70], p<0.001), increasing age (HR 1.05 [95% CI 1.03; 1.08], p<0.001), history of HF (HR 

1.51 [95% CI 1.01; 2.25], p=0.05) and oral anticoagulation (HR 0.53 [95% CI 0.32; 0.89], p=0.02). HRs 

and 95% Cis for all covariates of primary and secondary outcomes are presented in the Supplementary 

Table 2. 

The incidence for stroke/SE was 0.8 and 1.2 per 100 patient-years for patients with paroxysmal 

and non-paroxysmal AF, respectively. In age and sex adjusted models, the HR for non-paroxysmal AF 

was 1.31 (95% CI 0.91; 1.90), p=0.15. After multivariable adjustment, the HR for stroke/SE was 1.30 

(95% CI 0.86; 1.95), p=0.21. Non-paroxysmal AF was significantly associated with HF hospitalization 

(HR 1.26 [95% CI 1.00; 1.59], p=0.05), MACE (HR 1.29 [95% CI 1.01; 1.63], p=0.04), and all-cause 

mortality (HR 1.32 [95% CI 1.03 1.68], p=0.03) in multivariable time-updated models (Supplementary 

Table 3).  
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Discussion 

 In this large study of well-treated patients with AF, the unadjusted incidence of stroke/SE 

among patients with permanent AF was almost twice as high compared with patients with paroxysmal 

AF. However, after taking into account the effect of risk factors, co-morbidities and their changes over 

time, AF type was not significantly associated with stroke/SE. Similar findings were observed for most 

of the secondary endpoints. These results suggest that the arrhythmia itself has only a modest effect 

on the risk of adverse outcomes.  

With an incidence of 1.0 cases per 100 patient-years the risk of stroke/SE was low and overall 

comparable to stroke rates in well controlled randomized trials, which reported an annual stroke risk 

of about 1.5%.11-14 Overall, stroke rates in cohorts are highly heterogeneous.15 The low incidence in our 

study can be explained by the high prevalence of oral anticoagulation. At baseline more than 84% of 

the whole study population and more than 90% of patients classified as having non-paroxysmal AF 

received oral anticoagulation, and this prevalence tends to go up over time.16  

In multivariable time-updated models, persistent and permanent AF were not significantly 

associated with stroke/SE and the results did not change when persistent and permanent AF were 

combined as non-paroxysmal AF. A recent meta-analysis found a pooled adjusted HR for 

thromboembolism in patients with non-paroxysmal AF of 1.38 (95% CI 1.91; 1.61), p<0.001. The effect 

was strongest among patients without oral anticoagulation. It is important to note that none of the 

studies, that has been included in the meta-analysis, updated AF type nor co-morbidities. This might 

exacerbate the problem of residual confounding and may lead to an overestimation of the effect of AF 

type. Our results suggest that the effect of AF type on stroke risk is modest at best.  

On the other hand several risk factors of the CHA2DS2-VASc Score were independently 

associated with stroke/SE in our study. Yoon et al. assessed dynamic changes of the CHA2DS2-VASc 

Score and the risk of ischemic stroke in a nationwide cohort of more than 160,000 AF patients. They 

found an annual increase of the CHA2DS2-VASc Score of 0.14 points and rates of stroke increased when 
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patients accumulated risk factors.17 Another study on changes in risk factors over time among AF 

patients showed that 52% of the whole cohort and 90% of patients who experienced a stroke during 

follow-up developed at least one new CHA2DS2-VASc risk factor. The most common new-onset risk 

factor was hypertension, followed by heart failure.18 Therefore clinicians should be aware of the clinical 

importance to account for dynamic changes of the co-morbidities when assessing the stroke risk in AF 

patients. Nevertheless, presence of non-paroxysmal might be a mirror of a higher burden of relevant 

risk factors and is therefore still helpful in risk assessment. 

In multivariable models, presence of permanent AF was significantly associated all-cause 

mortality and MACE. The underlying mechanisms could include more severe strokes among patients 

with non-paroxysmal AF19, 20 or new-onset or worsening HF.4 However, traditional cardiovascular risk 

factors including history of renal failure, diabetes, history of HF and increasing age showed a stronger 

association than the updated AF type for all of the secondary outcome events. In age and sex adjusted 

models, presence of permanent AF was significantly associated with clinically relevant non-major 

bleeding and any bleeding. However, after multivariable adjustment the HRs were closely to 1.0 

suggesting a comprehensive adjustment for relevant co-morbidities in our study as we would not 

expect that the clinical AF type is independently associated with an outcome, which is mainly induced 

by the treatment. 

The absolute risks of HF hospitalizations, all-cause mortality and bleeding were much higher 

than the risk of stroke/SE. While better risk prediction and effective treatment with oral 

anticoagulation led to a significant decline of stroke risk over the last decades,21  the improvement in 

mortality was only modest.21, 22 It is well known that AF is an independent risk factor for all-cause, 

cardiovascular and non-cardiovascular death5 and the majority of deaths among anticoagulated AF 

patients were not related to stroke.23 Worsening HF with consecutive cardiac death might be a key 

underlying cause given the strong association of all-cause mortality and MACE with history of HF. 

Previous data showed that modifiable risk factors, including obesity, smoking, hypertension and 
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diabetes accounted for the majority of HF risk in AF patients.24 Importantly, once AF patients 

developed HF, the risk of death significantly increased.24          

One of the key strengths of this cohort is that all outcome events were centrally and 

independently validated by two physicians. We updated co-morbidities on a yearly basis and had yearly 

follow-up visits to update the current AF type based on history and medical reports. On the other hand, 

some potential limitations need to be taken into account in the interpretation of our results. Due to 

the observational study design, we are not able to prove causality and residual confounding may 

persist despite comprehensive multivariable adjustment. The assessment of the clinical AF type is 

challenging, and does not well correlate with AF burden.25 However, assessment of AF type is very 

commonly performed in clinical practice and our results therefore are of clinical interest.  

Conclusion 

In this large, prospective study of AF patients, presence of persistent or permanent AF was not 

associated with stroke/SE in models that accounted for changes in the AF type and changes in co-

morbidities. Co-morbidities and risk factors seem to remain the main driver of stroke/SE, whereas the 

residual effect of the arrhythmia itself was lower than expected. The incidence of secondary 

cardiovascular outcome events was much higher than the incidence of stroke/SE. All outcome events 

were mainly predicted by co-morbidities and risk factors, whereas the clinical AF type was not 

independently associated with most secondary outcome events. Better risk-factor control might help 

to reduce the incidence of cardiovascular outcomes and mortality among AF patients. 
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Table 1 Baseline characteristics stratified by baseline atrial fibrillation type 

Characteristic Paroxysmal 

(n=1898) 

Persistent 

(n=1045) 

Permanent 

(n=905) 

p-value 

     

Age, [years ] 70 ±11 70 ±1 0  76 ± 8 <0.001 

Female sex, No. (%) 607 (32.0) 263 (25.2) 211 (23.3) <0.001 

Body mass index, [kg/m2] 27 ± 5 28 ± 5 28 ± 5  <0.001 

Heart rate, [beats/min] 63 [56; 72] 67 [59; 80] 73 [63; 85] <0.001 

Systolic blood pressure, [mmHg] 135 ± 18 133 ± 19 132 ± 19 <0.001 

History of coronary heart disease, No. (%) 249 (13.1) 145 (13.9) 180 (20.0) <0.001 

History of stroke/TIA, No. (%) 333 (17.5) 147 (14.1) 177 (19.6) 0.004 

History of hypertension, No. (%) 1221 (64.3) 728 (69.7) 694 (76.7) <0.001 

History of heart failure, No. (%) 299 (15.8) 292 (27.9) 321 (35.5) <0.001 

History of diabetes mellitus, No. (%) 252 (13.3) 156 (14.9) 196 (21.7) <0.001 

History of renal failure, No. (%) 287 (15.1) 188 (18.0) 240 (26.5) <0.001 

History of hyperthyroidism, No. (%) 57  (  3.0) 61  (  5.8) 54  (6.0) <0.001 

Current smoker, No. (%) 154  (  8.1) 86  (  8.2) 58  (6.4) 0.22 

Regular physical activity, No. (%) 998 (52.8) 499 (48.0) 370 (40.9) <0.001 

History of pulmonary vein isolation, No. (%) 474 (25.0) 275 (26.3) 64  (7.1) <0.001 

History of electrical cardioversion, No. (%) 342 (18.0) 692 (66.2) 296 (32.7) <0.001 

CHA2DS2-VASc score 3.0 ± 1.8 3.1 ± 1.7 3.9 ± 1.6 <0.001 

Oral anticoagulation, No. (%) 1442 (76.0) 946 (90.5) 848 (93.7) <0.001 

Antiplatelet therapy, No. (%)  457 (24.1)  183 (17.5) 194 (21.4) <0.001 

Abbreviations: TIA= transient ischemic attack; 
Data are means ± SD, medians (IQR) or counts (percentages); p-values were based on ANOVA, Kruskal-Wallis-Tests or 
Chi-Square tests as appropriate. 
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Table 2: Risk of stroke/systemic embolism according atrial fibrillation type 

 
 

 
Hazard Ratio (95% CI) 

Outcome No. of events 
Incidence 
per 100py 

Age and sex 
adjusted p-value 

Multivariable 
adjusted p-value 

Stroke/systemic 
embolism 

      

Paroxysmal 50 0.8 Ref.  Ref.  

Persistent 27 1.0 1.26 (0.79; 2.01) 0.34 1.16 (0.70; 1.91) 0.57 

Permanent 41 1.5 1.35 (0.88; 2.07) 0.17 1.29 (0.84; 2.00) 0.25 

Data are hazard ratios (HR) (95% confidence intervals [CI]). p-values were based on Cox regression models. 

Abbreviations: No.=number; Ref.=reference; py=patient years.  

P-values are based on Cox regression models. Multivariable models were adjusted for age, sex, heart rate and time 

updated: smoking status (current vs. history/never smoker), BMI, history of diabetes, history of coronary artery disease, 

history of hypertension, history of heart failure, history of stroke and/or transient ischemic attack, history of renal 

failure, oral anticoagulation, antiplatelet therapy and history of electrical cardioversion. 
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Table 3: Risk of secondary endpoints according to atrial fibrillation type 

   Hazard Ratio (95% CI) 

Outcome No. of events 
Incidence, 
per 100py 

Age and sex 
adjusted p-value 

Multivariable 
adjusted p-value 

Heart failure       

Paroxysmal 132 2.1 Ref.  Ref.  
Persistent 83 3.0 1.42 (1.08; 1.87) 0.01 1.30 (0.96; 1.76) 0.09 
Permanent 136 5.1 1.68 (1.31; 2.15) <0.001 1.24 (0.96; 1.60) 0.10 

Myocardial infarction       

Paroxysmal 40 0.6 Ref.  Ref.  
Persistent 15 0.5 0.83 (0.46; 1.51) 0.54 0.94 (0.49; 1.79) 0.85 
Permanent 26 0.9 1.05 (0.63; 1.74) 0.85 0.95 (0.55; 1.62) 0.84 

MACE       

Paroxysmal 131 2.1 Ref.  Ref.  

Persistent 71 2.5 1.21 (0.91; 1.62) 0.19 1.14 (0.83; 1.55) 0.43 

Permanent 138 5.1 1.70 (1.33; 2.17) <0.001 1.37 (1.06; 1.78) 0.02 

All-cause mortality       

Paroxysmal 120 1.9 Ref.  Ref.  

Persistent 66 2.3 1.25 (0.92; 1.68) 0.15 1.19 (0.86; 1.64) 0.31 

Permanent 141 5.0 1.72 (1.34; 2.21) <0.001 1.38 (1.07; 1.80) 0.01 

Major bleeding        

Paroxysmal 97 1.5 Ref.  Ref.  

Persistent 50 1.8 1.19 (0.85; 1.68) 0.31 1.11 (0.76; 1.62) 0.58 

Permanent 69 2.5 1.16 (0.84; 1.59) 0.37 0.98 (0.70; 1.36) 0.90 

Non-major bleeding       

Paroxysmal 174 2.8 Ref.  Ref.  

Persistent 83 3.0 1.08 (0.83; 1.41) 0.55 0.87 (0.65; 1.16) 0.34 

Permanent 128 4.9 1.31 (1.04; 1.66) 0.02 1.00 (0.78; 1.28) 1.00 

Any bleeding       

Paroxysmal 239 4.0 Ref.  Ref.  

Persistent 111 4.1 1.04 (0.83; 1.31) 0.71 0.88 (0.69; 1.13) 0.31 

Permanent 170 6.7 1.23 (1.00; 1.51) 0.05 0.97 (0.78; 1.20) 0.76 

Data are hazard ratios (HR) (95% confidence intervals [CI]). p-values were based on Cox regression models. 

Abbreviations: No.=number; Ref.=reference; py=patient years; MACE=major adverse cardiovascular event (Ischaemic 

stroke/myocardial infarction/cardiovascular death). P-values are based on Cox regression models. Multivariable models 

were adjusted for age, sex, heart rate and time-updated: smoking status (current vs. history/never smoker), BMI, history 

of diabetes, history of coronary artery disease, history of hypertension, history of heart failure, history of stroke and/or 

transient ischemic attack, history of renal failure, oral anticoagulation, antiplatelet therapy and history of electrical 

cardioversion. 
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Supplementary Table 1: Definition of outcome events 

 

Stroke Stroke was further subdivided into ischemic stroke, intracerebral hemorrhage or 

undetermined strokes. Ischemic stroke was defined as an acute focal neurologic 

deficit of vascular origin, confirmed by imaging or pathological evidence. 

Intracerebral hemorrhage was defined as a rapid onset of focal or global neurological 

dysfunction and/or headache attributable to a focal collection of blood within the 

brain parenchyma or ventricular system that is not caused by trauma. If strokes 

fulfilled the above criteria but could not be assigned to an ischemic or hemorrhagic 

stroke, those events were classified as undetermined stroke. SE was considered as an 

abrupt occlusion of a systemic artery with objective evidence supporting the 

diagnosis 

Death Deaths were classified as cardiovascular or non-cardiovascular origin. All deaths were 

assumed to be of cardiovascular origin unless a non-cardiovascular cause could be 

clearly established. 

Myocardial Infarction Myocardial infarction was defined according to the universal definition of MI1 as rise 

and/or fall of cardiac troponin with at least one value above the 99th percentile of 

the upper reference limit in a clinical setting consistent with myocardial ischemia, and 

with at least one of the following: 

- Symptoms of ischemia 

- New ST elevation at the J point in two contiguous leads >0.1 mV except for V2-V3. 

For leads V2-V3 the following cut points apply: ≥0.2 mV in men ≥40 years, ≥0.25 mV 

in men <40 years and ≥0.15 mV in women 

- New horizontal or down-sloping ST depression ≥0.05 mV in two contiguous leads 

and/or T inversion ≥0.1 mV in two contiguous leads with prominent R wave or R/S 

ratio >1 

- new left bundle brunch block on ECG 

- Development of pathological Q waves in the ECG 

- Imaging evidence of new loss of viable myocardium or new regional wall motion 

abnormality 

- Identification of an intracoronary thrombus by angiography or autopsy  

Bleeding Bleedings were classified as major bleedings2 or clinically relevant non-major 

bleedings3 according to the ISTH criteria. 

Major bleeding was defined as 1.) fatal bleeding or 2.) a symptomatic bleeding in a 

critical organ or 3.) a bleeding leading to a reduction in hemoglobin ≥ 20 g/L (2.0 g/dL) 

within the first 7 days after hospital admission or requiring transfusion of at least 2 

units of blood or packed red blood cells 

Clinically relevant non-major bleeding was defined as a bleeding event that has been 

clinically overt, that satisfies none of the additional criteria required for the event to 
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be adjudicated as a major bleeding event, that leads to either: 1) hospital admission 

for bleeding or  

2) physician guided medical or surgical treatment for bleeding or  

3) a change in antithrombotic therapy. 

Hospitalization for 

hear failure 

Hospitalization for HF was defined as any hospitalization for acute HF that was 

associated with at least one overnight stay 

Major adverse 

cardiovascular event 
Major adverse cardiovascular event was defined as a combined endpoint consisting 

of either ischemic stroke, myocardial infarction or cardiovascular death. 

Systemic embolism 
A systemic arterial embolism was considered to have occurred where there was a 

clear evidence of abrupt occlusion of a systemic artery consistent with an embolic 

event. 

Requirements were: 

1. Clinical signs and symptoms consistent with embolic arterial occlusion 

2. At least one of the following objective findings: 

- Surgical report indicating evidence of arterial embolism 

- Pathological specimens related to embolism removal 

- Imaging evidence consistent with arterial embolism 

- Autopsy reports 
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Supplementary Table 2: Full table of predictors and various outcomes 

Predictor Stroke/SE Heart Failure Myocardial Infarction MACE All cause death 

 HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value 

Paroxysmal AF Ref.  Ref.  Ref.  Ref.  Ref.  

Persistent AF 1.16 (0.70; 1.91) 0.57 1.30 (0.96; 1.76) 0.09 0.94 (0.49; 1.79) 0.85 1.14 (0.83; 1.55) 0.43 1.19 (0.86; 1.64) 0.31 

Permanent AF 1.29 (0.84; 2.00) 0.25 1.24 (0.96; 1.60) 0.10 0.95 (0.55; 1.62) 0.84 1.37 (1.06; 1.78) 0.02 1.38 (1.07; 1.80) 0.01 

Age 1.05 (1.03; 1.08) <0.001 1.04 (1.03; 1.06) <0.001 1.05 (1.01; 1.08) 0.004 1.05 (1.03; 1.06) <0.001 1.05 (1.04; 1.07) <0.001 

Female sex 1.03 (0.70; 1.52) 0.89 1.00 (0.78; 1.27) 0.98 0.94 (0.56; 1.57) 0.80 0.82 (0.63; 1.06) 0.13 0.68 (0.52; 0.89) 0.005 

Current smoking 1.26 (0.67; 2.38) 0.48 1.22 (0.82; 1.82) 0.32 1.01 (0.43; 2.37) 0.98 1.10 (0.73; 1.66) 0.64 1.51 (1.03; 2.23) 0.04 

History of heart failure 1.51 (1.01; 2.25) 0.04 2.37 (1.89; 2.97) <0.001 0.95 (0.58; 1.57) 0.85 2.17 (1.72; 2.74) <0.001 2.51 (1.98; 3.19) <0.001 

Heart rate 1.00 (0.99; 1.01) 0.51 1.01 (1.00; 1.01) 0.007 1.00 (0.98; 1.01) 0.66 1.01 (1.00; 1.01) 0.07 1.01 (1.00; 1.02) 0.002 

BMI 0.98 (0.94; 1.02) 0.32 1.02 (0.99; 1.04) 0.14 1.06 (1.01; 1.11) 0.01 1.00 (0.98; 1.03) 0.75 0.99 (0.97; 1.02) 0.52 

History of CAD 0.91 (0.55; 1.49) 0.70 1.36 (1.05; 1.75) 0.02 2.99 (1.82; 4.91) <0.001 1.43 (1.11; 1.85) 0.006 1.23 (0.95; 1.59) 0.12 

History of  stroke/TIA 2.55 (1.76; 3.70) <0.001 1.08 (0.83; 1.04) 0.58 1.32 (0.78; 2.23) 0.29 1.35 (1.05; 1.75) 0.02 1.06 (0.80; 1.39) 0.49 

History of hypertension 1.07 (0.69; 1.65) 0.77 0.94 (0.71; 1.25) 0.69 1.27 (0.68; 2.37) 0.46 1.10 (0.82; 1.46) 0.53 0.97 (0.72; 1.29) 0.81 

History of diabetes 1.53 (0.99; 2.36) 0.06 1.61 (1.26; 2.05) <0.001 1.79 (1.09; 2.92) 0.02 1.81 (1.42; 2.31) <0.001 1.95 (1.53; 2.49) <0.001 

History of cardioversion 1.17 (0.78; 1.75) 0.44 0.81 (0.63; 1.05) 0.11 0.94 (0.55; 1.58) 0.81 0.96 (0.74; 1.23) 0.73 0.92 (0.71; 1.19) 0.53 

Oral anticoagulation 0.53 (0.32; 0.90) 0.02 1.34 (0.88; 2.02) 0.17 0.59 (0.30; 1.14) 0.12 0.75 (0.53; 1.06) 0.10 0.56 (0.39; 0.79) 0.001 

History of renal failure 1.03 (0.67; 1.59) 0.88 2.37 (1.88; 2.98) <0.001 1.41 (0.86; 2.31) 0.17 1.46 (1.15; 1.86) 0.002 2.02 (1.60; 2.56) <0.001 

History PVI 0.95 (0.57; 1.58) 0.83 0.53 (0.36; 0.79) 0.002 0.34 (0.14; 0.83) 0.02 0.72 (0.50; 1.03) 0.07 0.51 (0.34; 0.77) 0.001 

Antiplatelet medication 0.96 (0.58; 1.57) 0.86 0.87 (0.65, 1.17) 0.37 0.97 (0.55; 1.72) 0.92 1.05 (0.79; 1.41) 0.72 0.77 (0.56: 1.05) 0.10 

Data are hazard ratios (HR) (95% confidence intervals [CI]). p-values were based on Cox regression models. No.=number; Ref.=reference; py=patient years. Multivariable models were adjusted for 
age, sex, heart rate and (*time updated): smoking status (current vs. history/never smoker), BMI, history of diabetes, history of coronary artery disease, history of hypertension, history of heart 
failure, history of stroke and/or transient ischemic attack, history of renal failure, oral anticoagulation, antiplatelet therapy and history of electrical cardioversion 
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Supplementary Table 2 continued 

Predictor Major bleeding Non-major bleeding Any bleeding 

 HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value 

Paroxysmal AF Ref.  Ref.  Ref.  

Persistent AF 1.11 (0.76; 1.62) 0.58 0.87 (0.65; 1.16) 0.34 0.88 (0.69; 1.13) 0.31 

Permanent AF 0.98 (0.70; 1.36) 0.90 1.00 (0.78; 1.28) 1.00 0.97 (0.78; 1.20) 0.76 

Age 1.04 (1.02; 1.06) <0.001 1.04 (1.02; 1.05) <0.001 1.04 (1.03; 1.06) <0.001 

Female sex 1.03 (0.77; 1.38) 0.84 0.77 (0.61; 0.98) 0.03 0.83 (0.68; 1.01) 0.06 

Current smoking 1.34 (0.82; 2.16) 0.24 1.41 (0.99; 2.01) 0.05 1.39 (1.02; 1.89) 0.04 

History of heart failure 1.32 (0.97; 1.78) 0.08 1.24 (0.99; 1.56) 0.07 1.29 (1.06; 1.57) 0.01 

Heart rate 1.00 (1.00; 1.01) 0.27 1.01 (1.00; 1.01) 0.003 1.01 (1.00; 1.01) 0.007 

BMI 0.96 (0.93; 0.99) 0.02 1.00 (0.98; 1.03) 0.82 1.00 (0.98; 1.02) 0.90 

History of CAD 0.85 (0.58; 1.25) 0.41 0.82 (0.61; 1.09) 0.18 0.83 (0.65; 1.06) 0.14 

History of  stroke/TIA 1.16 (0.83; 1.60) 0.38 1.11 (0.86; 1.42) 0.42 1.18 (0.96; 1.46) 0.12 

History of hypertension 1.33 (0.93; 1.89) 0.11 1.27 (0.98; 1.65) 0.07 1.26 (1.00; 1.57) 0.05 

History of diabetes 1.27 0.90; 1.78) 0.17 0.89 (0.68; 1.17) 0.40 0.98 (0.78; 1.24) 0.89 

History of cardioversion 0.97 (0.71; 1.33) 0.86 1.12 (0.89; 1.40) 0.35 1.07 (0.87; 1.30) 0.53 

Oral anticoagulation 1.52 (0.92; 2.52) 0.10 2.83 (1.86; 4.31) <0.001 2.43 (1.70; 3.47) <0.001 

History of renal failure 1.45 (1.06; 1.98) 0.02 1.26 (0.99; 1.61) 0.06 1.15 (0.93; 1.43) 0.18 

History PVI 0.56 (0.36; 0.87) 0.01 0.75 (0.56; 1.01) 0.06 0.71 (0.54; 0.92) 0.009 

Antiplatelet medication 1.10 (0.74; 1.64) 0.63 1.45 (1.09; 1.92) 0.01 1.32 (1.03; 1.69) 0.03 

Data are hazard ratios (HR) (95% confidence intervals [CI]). p-values were based on Cox regression models. No.=number; Ref.=reference; py=patient years. Multivariable models were adjusted for 
age, sex, heart rate and (*time updated): smoking status (current vs. history/never smoker), BMI, history of diabetes, history of coronary artery disease, history of hypertension, history of heart 
failure, history of stroke and/or transient ischemic attack, history of renal failure, oral anticoagulation, antiplatelet therapy and history of electrical cardioversion 
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Supplemental Table 3: Risk of outcome events according to paroxysmal vs. non-paroxysmal atrial 
fibrillation 

Outcome No. of 

events  

Incidence HR (95% CI)  

age and sex 

adjusted 

 

p-value HR (95% CI) 

multivariable 

adjusted 

 

p-value 

Stroke/SE       

paroxysmal 50 0.8/100py Ref.  Ref.  
non-paroxysmal 68 1.2/100py 1.31 [0.90; 1.90] 0.15 1.30 [0.86; 1.95] 0.21 

Heart failure       

paroxysmal 132 2.1/100py Ref.  Ref.  
permanent 219 4.1/100py 1.56 (1.26; 1.95) <0.001 1.26 (1.00; 1.59) 0.05 

Myocardial infarction       

paroxysmal 40 0.6/100py Ref.  Ref.  
permanent 41 0.7/100py 0.95 (0.61; 1.48) 0.83 0.94 (0.58; 1.53) 0.81 

MACE       

paroxysmal 131 2.1/100py Ref.  Ref.  

permanent 209 3.8/100py 1.49 (1.19; 1.85) <0.001 1.29 (1.01; 1.63) 0.04 

All-cause death       

paroxysmal 120 1.9/100py Ref.  Ref.  

permanent 206 3.6/100py 1.52 (1.21 1.91) <0.001 1.32 (1.03; 1.68) 0.03 

Major bleeding        

paroxysmal 97 1.5/100py Ref.  Ref.  

permanent 119 2.2/100py 1.17 (0.89; 1.54) 0.25 1.03 (0.77; 1.38) 0.86 

Non-major bleeding       

paroxysmal 174 2.8/100py Ref.  Ref.  

permanent 211 3.9/100py 1.21 (0.98; 1.48) 0.07 0.95 (0.76; 1.18) 0.63 

Any bleeding       

paroxysmal 239 4.0/100py Ref.  Ref.  

permanent 281 5.3/100py 1.15 (0.96; 1.36) 0.13 0.93 (0.77; 1.13) 0.47 

Data are hazard ratios (HR) (95% confidence intervals [CI]). p-values were based on Cox regression models. SE=systemic 
embolism; No.=number; Ref.=reference. py=patient years. MACE=major adverse cardiovascular event (Ischaemic 
stroke/myocardial infarction/cardiovascular death). Multivariable models were adjusted for age, sex, heart rate and time 
updated smoking status (current vs. history/never smoker), BMI, history of diabetes, history of coronary artery disease, 
history of hypertension, history of heart failure, history of stroke and/or transient ischemic attack, history of renal failure, 
oral anticoagulation, antiplatelet therapy and history of electricalt cardioversion 
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5. Discussion and Outlook 

The primary aim of this PhD thesis was to improve our understanding of AF progression in terms of 

incidence, associated risk factors and adverse outcomes. In the following paragraph, our findings will 

be compared with the existing literature and potential underlying mechanisms will be described. 

Additionally, methodological and technical aspects will be critically highlighted, which will help to avoid 

misunderstandings in the interpretation of the results. The relevance of this project and potential 

implications for further research will be outlined. Finally, I will highlight my own contributions to the 

success of these projects. 

Definition of AF progression and AF regression 

Currently, there is no official definition for AF progression. All identified studies in our meta-analysis 

defined AF progression by comparing the baseline AF type with the AF type at follow-up. All of these 

studies stopped reporting follow-up results once AF progression has occurred. Thus, none of the 

studies considered that AF might regress after an initial AF progression. This approach is imprecise 

given the dynamic process of AF episodes. We introduced a modified definition. To take advantage of 

the yearly follow-ups in our cohorts, we compared the baseline AF type with the most recent follow-

up. Using this definition we could take into account that there is not only unidirectional AF progression, 

but AF might also regress after an initial progression.  Besides this, the repetitive yearly classification 

reduces the risk of misclassifications.  

A previous study in patients with implantable devices did not show uniform arrhythmia progression 

over time in AF patients. While some patients had stable AF burden, others had AF progression or AF 

regression (54). Repetitive assessment of the AF type is therefore needed for a more precise 

classification. One has to emphasize though that despite this, the classification of the AF type remains 

challenging. However it is widely used in clinical practice and has implications in the treatment of 
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patients with AF. It is important to emphasize though that this clinical classification poorly reflects the 

temporal persistence of AF (55) and is not to be confounded with the assessment of AF burden.   

Incidence of Atrial Fibrillation Progression 

Based on 47 included studies in our meta-analysis, the pooled incidence of AF progression was 8.1 

cases per 100 patient-years of follow-up (95% CI, 7.1; 9.1), and therefore a substantial number of AF 

patients did not have AF progression. In our cohorts we found an incidence of 5.2 per 100 patient-

years. The slightly lower AF progression rate in our cohorts is probably mainly based on our modified 

definition of AF progression as described above. Other reasons might be differences in comorbidities 

or age, as studies with higher incidence rates included older patients (56, 57) and patients with a higher 

prevalence of co-morbid conditions (56, 58, 59). 

Interestingly, exclusion of patients with a history of ECV or PVI at baseline and those with any RCI 

during follow-up, did not influence the incidence of AF progression (5.4 per 100 patient-years). Medical 

or interventional rhythm control strategies have shown to be highly effective in reducing AF-related 

symptoms and quality of life, but the effect on morbidity and mortality remains unclear (60). History 

of PVI was inversely associated with clinical AF progression and may therefore help to slow AF 

progression in selected patients. A recently published meta-analysis assessing the rate of AF 

progression showed a significantly lower AF progression rate among patients with catheter ablation 

compared to patients from the general population (61).  

One of our major findings is therefore that a substantial number of patients did not have AF 

progression over several years of follow-up. This finding is in contrast to the current assumption that 

most of the AF patients will have AF progression (16). This results in the necessity to advance the early 

detection of those patients at increased risk for AF progression. This finding seems to be in contrast 

with the overall prevalence of non-paroxysmal AF. When looking at the data of large AF registries a 
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substantial number of patients has non-paroxysmal AF. For example, in the GARFIELD registry, where 

more than 17,000 patients with newly diagnosed AF were enrolled, almost 30% of the study 

participants had persistent and permanent AF at baseline (62). We observed a comparable prevalence 

of 38% among BEAT-AF participants with recent-onset AF (63). This raises the question whether there 

is a specific population of AF patients in which persistent or permanent AF might indeed be the first 

clinical manifestation of the arrhythmia, whereas a substantial number of patients with initially 

paroxysmal AF will remain in paroxysmal AF. 

Predictors of Atrial Fibrillation Progression 

The independent predictors for AF progression described by us and in previous publications may help 

to identify patients at risk for AF progression. Increasing age seems to be one of the major non-

modifiable factors associated with AF progression. Age was associated with AF progression in several 

cohorts (11, 18, 19, 64-66) and additionally in a BEAT-AF subgroup analysis in which we assessed 

predictors for non-paroxysmal AF among patients with recent-onset AF (63). Furthermore, age 

explained 14.3% of the heterogeneity in our meta-analysis (44), suggesting that older patients are 

more susceptible to clinical AF progression. 

Additional risk factors that have previously been described by other authors included history of HF (18, 

20, 21), history of stroke (11) and higher baseline heart rate (26). It is well known that HF is an 

important comorbidity associated with AF, and both entities frequently coexist (67). From a 

pathophysiological point of view, these co-morbidities and factors might lead to structural and 

electrical changes in the atria that may explain the increased risk for AF progression. An additional 

independent predictor in our analysis was a history of hyperthyroidism. Subclinical and clinical 

hyperthyroidism have been associated with incident AF (68, 69). The underlying pathophysiological 

mechanisms are not completely understood and many hypotheses are based on preclinical research. 
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Possible mechanisms include elevated left atrial pressure secondary to impaired left ventricular 

relaxation (70), ectopic atrial activity (70) and increased supraventricular ectopic activity (71), 

shortening of action potential duration (72) or changes in the expression of ion channels in the left 

atrium (73). Another pathophysiological concept suggests an autoimmune/endocrine mechanism. In 

animal studies activating autoantibodies to the β1-adrenergic and M2 muscarinic receptors have 

shown to induce AF, and these autoantibodies are prevalent in AF patients and in patients with Graves’ 

disease (74). 

Higher blood pressure and BMI as potentially modifiable factors were independently associated with 

AF progression. Hypertension explained 18% of the heterogeneity in the meta-analysis and there was 

a trend for an association of baseline blood pressure and clinical AF progression in manuscript II of the 

PhD project (multivariable HR 1.03 [95% CI 1.00; 1.05], p=0.05), whereas no significant association was 

found for history of hypertension (multivariable HR 0.95 [95% CI 0.75; 1.19], p=0.64). In a previous 

study, prevalence of hypertension was associated with AF progression (multivariable odds ratio 1.52, 

95% CI 1.05; 2.20, p=0.05). Therefore, the current evidence suggests a relationship between blood 

pressure and AF progression. The association of hypertension and new-onset AF has been described 

earlier and hypertension is thought to account for 22% of incident AF cases (75, 76). The 

pathophysiological mechanism explaining the association with both, new-onset AF and AF progression, 

might be the influence of blood pressure on the left atrium, which has already been shown in the 

general population (77). Left atrial diameter and volume have previously been described to be 

associated with clinical AF progression, supporting this hypothesis (78, 79).  

BMI and regular physical activity were also significantly associated with a clinical AF progression in our 

dataset. In a retrospective analysis of the Olmsted County population-based study, a graded risk 

relationship between BMI and AF progression from paroxysmal to permanent AF was described (80). 

The LEGACY study evaluated the impact of weight loss on rhythm control in obese AF patients and 
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showed that long-term sustained weight loss was associated with a reduction of AF burden and sinus 

maintenance (81). Additionally, a risk factor management program among patients undergoing PVI 

including blood pressure control, weight management, lipid management, glycemic control, sleep-

disordered breathing management, smoking and alcohol control improved the long-term success of 

PVI (82). Importantly, the authors found a significant reverse modelling of the left atrium and the left 

ventricular septum.  

The relationship between physical activity and AF seems to be more complex and seems to be non-

linear. There has been controversial data whether physical activity decreases or increases the risk of 

new-onset AF. Some studies reported an increased risk among athletes (83) whereas another 

population-based study suggested a modestly reduced risk of new-onset AF (84). A systematic review 

and meta-analysis could not show a significant association between intensive physical activity and AF 

(85). In a more recent small trial, AF patients assigned to aerobic interval training had a decrease in AF 

burden, a reduction in AF related symptoms and an increase in quality of life (86). 

In summary many of the factors associated with AF progression therefore overlap with risk factors for 

new-onset AF. Importantly, the body of evidence suggests a positive effect of risk factor management. 

Hypertension and BMI are amenable both to lifestyle modifications. There is clear evidence that 

regular physical activity has a positive effect on weight and blood pressure. Moreover, physical activity 

has been an independent predictor for a lower AF progression rate by itself. Increased physical activity 

and weight reduction are both class IA recommendations to reduce blood pressure among adults with 

hypertension (87). Our data strongly suggest that lifestyle modifications can help to reduce the risk of 

AF progression. The causal relationship between lifestyle modification and reduced risk of AF 

progression should ideally be tested in a randomized trial.   
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Outcome Events according to Atrial Fibrillation Type 

Current therapeutic concepts to prevent stroke justify the decision whether oral anticoagulation is 

recommended not on the presence or absence of AF episodes and clinical AF type, but on the presence 

or absence of certain risk factors. These risk factors are included in the CHA2DS2-VASC risk stratification 

scheme introduced in 2010 and more likely reflect a patient’s global cardiovascular risk (88). If the 

presence of AF per se was an important reason for thrombus formation, more AF episodes (i.e. a higher 

AF burden reflected by the clinical classification into non-paroxysmal AF) would result in more 

thromboembolisms.  

Our data showed a non-significant trend for a higher risk of stroke/systemic embolism in mostly 

anticoagulated patients with persistent and permanent AF. One reason might be the low number of 

strokes and systemic embolisms with consecutive wide confidence intervals. During a median follow-

up of 3 years 118 cases of stroke/SE occurred, corresponding to an incidence of 1.0 per 100 patient-

years. This is probably a consequence of the very high prevalence of oral anticoagulation in our cohorts 

(89). A recent meta-analysis found a pooled adjusted HR for thromboembolism in patients with non-

paroxysmal AF of 1.38 (95% CI 1.91; 1.61), p<0.001 (90). However, the effect was strongest among 

patients without oral anticoagulation and in the subgroup where all patients received oral 

anticoagulation the unadjusted risk ratio was 1.27 ([95% CI: 1.14; 1.41] p<0.001) comparable to the HR 

we found (90). It is important to note that none of the studies included in the meta-analysis, updated 

AF type or co-morbidities. This might exacerbate the problem of residual confounding. Yoon et al. 

assessed dynamic changes of the CHA2DS2-VASc Score and the risk of ischaemic stroke in a nationwide 

cohort of more than 160.000 AF patients. They found an annual increase of the CHA2DS2-VASc Score 

of 0.14 points and rates of stroke increased when patients accumulated risk factors (91). This finding 

underscores the clinical importance to account for dynamic changes when assessing the association of 
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AF type and outcome in multivariable models. Not taking into account that further co-morbidities can 

evolve over time could therefore lead to an overestimation of the effect of AF type. 

In multivariable time-updated models age (HR 1.05 [95% CI 1.03; 1.08], p<0.001), history of HF (HR 

1.51 [95% CI 1.01; 2.25], p=0.04)), history of stroke/TIA (HR 2.55 [95% CI 1.76; 3.70], p<0.001) and oral 

anticoagulation (HR 0.53 [95% CI 0.32; 0.90], p=0.02) were predictors for stroke/SE. Additionally, 

history of diabetes showed borderline significance (HR 1.53 [95% CI 0.99; 2.36], p=0.06).  

In age and sex adjusted models that have been time-updated for AF type, permanent AF was 

associated with an increased risk for HF hospitalizations (HR 1.68, 95% CI 1.31; 2.15, p<0.001), MACE 

(HR 1.70, 95% CI 1.33; 2.17, p<0.001), clinically relevant non-major bleeding (HR 1.31, 95% CI 1.04; 

1.66, p=0.02), any bleeding (HR 1.23 [95% CI 1.00; 1.51], p=0.046)  and all-cause mortality (HR 1.72, 

95% CI 1.34; 2.21, p<0.001). In the multivariable time-updated models the associations of HF 

hospitalizations (HR 1.24, 95% CI 0.96; 1.60, p=0.10), any bleeding (HR 0.97 [95% CI 0.78; 1.20], p=0.76)  

and clinically relevant non-major bleeding (HR 1.00, 95%CI 0.78; 1.28, p=1.00) lost significance. The 

association for MACE (HR 1.37, 95% CI 1.06; 1.78, p=0.02) and all-cause mortality (HR 1.38, 95% CI 

1.07; 1.80, p=0.01) were significantly attenuated but remained statistically significant. In addition, 

cardiovascular risk factors or comorbidities including history of renal failure, diabetes, history of HF 

and increasing age showed a stronger association than the updated AF type.  

The underlying mechanism for the increased risk of all-cause mortality and MACE among patients with 

permanent AF remains unclear. Previous studies have shown that the majority of deaths among 

anticoagulated AF patients was not related to strokes whereas cardiovascular deaths were common 

(92). Worsening HF with consecutive cardiac death might be one underlying cause given the strong 

association of all-cause mortality and MACE with history of HF. Furthermore, several investigators 

described history of HF as a risk factor for AF progression (11, 21, 25, 58) and HF explained a large 

amount of the observed heterogeneity in our meta-analysis on AF progression. This confirms the close 
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relationship of HF with development of non-paroxysmal AF and cardiovascular outcome events. Given 

the strong association this finding opens a new window for targeted studies. Another strong predictor 

for MACE (multivariable HR 1.81, 95% CI 1.42; 2.31, p<0.001) and all-cause mortality (multivariable HR 

1.95, 95% CI 1.53; 2.49, p<0.001) was updated history of diabetes. In a previous study, presence of 

diabetes was associated with approximately 50% increases in long-term risks of all-cause mortality 

among more than 15,000 AF patients (93). 

In summary, our data therefore suggest that co-morbidities and risk-factors seem to have an important 

effect on the relationships with stroke and other outcome events. The residual and independent effect 

of AF type seems to be smaller than estimated previously. 

Strengths and Limitations 

Meta-Analysis: 

One of the strengths of our meta-analysis was that we established a reproducible search strategy using 

MeSH terms together with an experienced research librarian. All titles and abstracts of the initial 

search were screened by two independent researches and in case of discrepancies, a third reviewer 

made the final decisions. 

As most of the included studies did not report incidence rates or patient-years of follow-up, we had to 

calculate both values. This might lead to imprecise incidence rates. However, we compared the 

calculated to the provided values in studies with this information available and did not find major 

differences. In addition, patient-level data were not available for this analysis. Finally, as in any meta-

analysis we had to rely on the quality of the original studies.  

BEAT-AF and Swiss-AF: 

Major strengths of the Swiss-AF and BEAT-AF cohort are the large and unselected cohort of AF patients, 

who were followed-up for up to eight years. During yearly follow-ups, we reassessed the current AF 
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type and updated comorbidities, based on the clinical history and medical reports. All outcome events 

have been centrally validated by at least two independent reviewers. All patients were extensively 

phenotyped, baseline biomarkers and baseline ECG data are provided. 

Some limitations need to be taken into account in the interpretation of our findings. Due to the 

observational study design, we are not able to prove causality. It is not possible to show a causal effect 

based on the results of a cohort study. This is a very important issue to consider in order to avoid 

misunderstandings when interpreting our results. Confounding is one of the major challenges in 

(clinical) observational research and confounding might lead to false associations or false conclusions. 

All participants enrolled in BEAT-AF and Swiss-AF are very well phenotyped and this allowed us to 

adjust for many potential confounders. However, residual confounding may persist despite 

multivariable adjustment. These residual confounders might be factors the researchers were not 

aware of and/or factors that have not been measured. Furthermore, the definition for AF progression 

(comparison of baseline AF type with the last follow-up AF type) has not been validated. Given the 

dynamic nature of the AF type, further cases of AF progression and AF regression will occur. This might 

lead to a different incidence of AF progression if we repeat the analysis after a longer follow-up 

duration. The overall number of stroke/SE cases was lower than expected, which led to broader than 

expected confidence intervals. Furthermore, the assessment of the clinical AF type remains challenging 

as we did not have continuous ECG monitoring and were therefore unable to quantify AF burden.  

Future planned directions 

Yearly follow-ups for both cohorts BEAT-AF and Swiss-AF are ongoing. In future studies we will 

therefore be able to assess the very long-term incidence of AF progression. Based on our results 

targeted studies should assess whether modification of risk factors might help to reduce AF 

progression and will therefore be helpful in reducing the risk of adverse outcome events, improve the 
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quality of live and reduce the symptom burden among AF patients. Furthermore, we are currently 

recruiting patients for the Swiss-AF burden sub-study in which patients receive a 7-day Holter EKG at 

baseline and after one year of follow up and a cardiac magnetic resonance imaging is performed. 

Holter monitoring provides a more precise tool to quantify the time in which an individual is in AF than 

the clinical classification alone. An additional sub-population of the Swiss-AF Burden participants will 

receive an implantable loop recorder for continuous rhythm monitoring. In the near future we will 

therefore be able to compare the clinical AF type with the AF burden and will be able to perform 

outcome analyses based on the arrhythmia burden.   Based on the current concept on AF progression 

one would expect that frequency and duration of AF episodes will increase over time at least in some 

of the patients. However, as discussed above it is probably a false assumption that there is only uni-

directional progression of AF. Patient can have AF regression, either spontaneously or after RCI and 

some patients will remain stable over a long period of time. The clinical data, together with AF burden 

and structural information based on the MRI scans will provide further evidence towards a better 

understanding of the involved mechanisms in AF progression. 

From a personal perspective, my future long-term goals are to combine clinical practical medicine with 

research. The PhD project has provided me with a profound training in performing clinical research. 

After the completion of my residency in internal medicine and the basic training in cardiology, I would 

like to do a fellowship abroad to further strengthen my research knowledge and maybe start my own 

first projects as a principal investigator. 

Contributions by the PhD student 

During the first year of my PhD I have been introduced to the BEAT-AF and Swiss-AF cohort and study 

teams, I communicated with and visited several other study centers and received a deeper insight in 

conducting a prospective cohort study. Moreover, I spent a lot of time with collecting data and cleaning 
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data to improve our study results. I have been fully integrated into our two major ongoing studies and 

have been given the opportunity to take responsibility on major parts of the studies by being one of 

the contact persons for the external study centers for BEAT-AF. I actively recruited new patients for 

our studies and performed many study visits (consisting of: taking the history, physical examination, 

performing neurocognitive tests and writing the study-ECG). Further important assignments were to 

optimize workflows at our study center. One milestone in the data-management has been the 

migration of BEAT-AF data to a new database system. In preparation for this, rigorous data cleaning 

and optimization of workflow had to be fulfilled. I regularly reviewed scientific literature regarding AF 

in general and AF progression specifically for drafting the PhD proposal and further specifying my 

research question. I participated in the weekly study meetings. I had the chance to write several 

manuscripts outside the PhD project. Throughout the PhD time, I actively participated in regular 

interactive Journal Clubs at the cardiovascular research institute Basel (CRIB) with residents and 

research fellows of the department of cardiology of the University Hospital of Basel and presented our 

own and other research data.  I was able to present my data on several national (SGAIM, SGK) and 

international (ESC, AHA) scientific meetings. Furthermore, I had the opportunity to be part of a Swiss-

AF sub-study (Swiss-AF Burden) from the onset and could contribute from the planning phase onward 

to the design and implementation. I helped drafting the study protocol, the ethics proposal and grants 

to the Swiss National Science Foundation and the Swiss Heart Foundation. I was also involved in writing 

the standard operating procedures. 

As part of our research team, I was involved in the supervision of MD-candidates and Masters students.  

I have learned many important aspects during my time as a PhD study concerning analysis of data and 

drafting of manuscripts by direct teaching from my supervisors as well as close collaboration with other 

excellent researchers from our group and from international experts. 
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