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Introduction

InTRoduCTIon

Atrial fibrillation (AF) is one of the cardiovascular epidemics of the Western world.1 
Millions of Europeans suffer from AF and this number will continue to rise during the 
next years, mainly due to ageing of the population and lifestyle.2,3 Not only is AF the 
most frequent sustained cardiac arrhythmia, AF is not benign. AF is associated with 
substantial morbidity and mortality, due to an increased risk of heart failure, stroke, 
decreased quality of life, cognitive dysfunction, dementia, and death.1,4-7 Therefore, AF 
has an enormous impact on public health.

The pathophysiologic processes that underlie AF are complex and poorly understood. 
Atrial remodeling occurs as a consequence of multiple interacting mechanisms trig-
gered by underlying conditions such as hypertension, heart failure, valvular disease, 
chronic kidney disease and/or diabetes, but also as a consequence of AF itself (AF begets 
AF).8-10 Due to progressive remodeling it is challenging to maintain sinus rhythm in the 
long term. Progression of AF to more sustained forms of the disease is deleterious, since 
it is associated with significant cardiovascular morbidity, increased hospitalizations and 
mortality, among others due to heart failure, stroke, or myocardial infarction.9,11,12

Multiple interacting mechanisms, including electrical remodeling and continuous 
structural remodeling of the atria are thought to play a key role in the pathophysiologic 
processes that set the stage for AF and AF progression.13-15 The process of remodeling 
is marked by activation of renin-angiotensin-aldosterone system, cellular calcium 
overload, increased release of endothelin-1, heath shock proteins, natriuretic peptides, 
adipokines, and inflammation and oxidative stress, leading to structural remodeling 
as a consequence of fibrosis, cellular hypertrophy, dedifferentiation, fatty infiltration, 
apoptosis and myolysis, and enlarged atria (Figure 1).5,16 Structural remodeling results in 
electrical dissociation of the cardiac muscle bundles and local conduction heterogene-
ities, which helps to the initiation and perpetuation of AF.10,13,14,17,18 This electro-anatom-
ical substrate allows multiple small re-entry circuits to occur, leading to stabilization of 
AF. The process of remodeling is initiated by underlying conditions long before the first 
episode of AF occurs (Figure 2).17 Once AF is present, the remodeling processes in the 
atria progress further to constitute a vicious circle.10,16,19

Risk markers for incident atrial fibrillation
The amount of risk factors that are identified to be associated with an increased AF risk 
is growing and varies over time.20 It is important to distinguish between non-modifiable 
risk factors, such as advancing age, sex, and genetic and ethnic background, and 
modifiable risk factors, because of the possibility to interfere in these modifiable risk 
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factors creating a window for new treatment strategies (table 1).5,21, 27 Moreover, there 
are important diff erences between men and women as women with AF are in general 

Figure 1. Hypothetical scheme of stretch induced by hypertension, heart failure and possibly extreme 
endurance exercise leading to calcium overload, activation of the renin–angiotensin–aldosterone system 
(RAAS) and release of diff erent factors, resulting in structural remodeling and finally in AF. Reprinted with 
permission from de Jong et al.16

Figure 2. Time-dependent atrial remodeling and development of atrial fibrillation. Adapted from Cosio et 
al.17
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older, have a higher prevalence of hypertension, valvular heart disease and HF-PEF. 
Modifiable risk factors include hypertension, heart failure with preserved and reduced 
ejection fraction, diabetes mellitus, chronic kidney disease, obesity, lifestyle including 
excessive alcohol consumption, smoking, caffeine consumption, drug use, psychosocial 
factors, air pollution, (sub)clinical hyperthyroidism, (sub)clinical vascular disease, 
valvular disease, cholesterol levels, length, a high normal blood pressure, inflamma-
tory diseases, and chronic kidney disease (table 1).4,22-26,28 Of these associated diseases, 
among others hypertension, heart failure and obesity, cause atrial stretch, leading to 
calcium overload, activation of RAAS, inflammation and oxidative stress and release of 
several other factors, which cause structural remodeling setting the stage for AF (Figure 
1).16 Once AF eventually occurs, AF itself also increases the risk for AF to occur (Figure 
2). A vicious circle is born.

Assessment of remodeling of the atrium
The severity of structural remodeling and subsequent substrate for initiation and 
progression of AF is time dependent and is influenced by the normal aging process as 
well as underlying conditions.29 Assessing the severity of atrial remodeling is difficult 
and challenging, but it is necessary to improve personalized AF therapy and ideally 
subsequently improve outcome. In addition, blood biomarkers may help to identify 
the severity of atrial remodeling and the patients at risk for incident AF.30 Yet, limited 

Table 1. Risk factors associated with development of atrial fibrillation. Adapted from Wyse et al.22

Established risk factors new and less validated risk factors

Advancing age Subclinical atherosclerosis

Male Borderline hypertension

Coronary heart disease Chronic kidney disease

Hypertension (above 140/90mmHg) Subclinical hyperthyroidism

Heart failure Inflammatory diseases

Valvular heart disease Widened pulse pressure

Diabetes Mellitus Excessive exercise/endurance training

Hyperthyroidism Excessive alcohol intake

Obstructive sleep apnea syndrome Length

Heart failure with preserved ejection fraction Increased birth weight

Chronic obstructive pulmonary disease Smoking

Left atrial function/dilatation Excessive caffeine intake

Obesity Ethnicity

Atrial conduction delay/ PR interval Psychological determinants

Left ventricular hypertrophy

Genetic factors/ familial predisposition
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data is available but AF progression has been associated with higher levels of fibrotic 
and inflammatory markers, such as transforming growth factor β1.31,32 Further, through 
measuring small-molecule metabolites in various biological systems, metabolomics 
may offer the potential for including metabolic pathways responsible for the initiation 
and progression of AF linking several exposures like dietary intake and the microbiota 
with cardiometabolic traits.25,33,34 Quantification of atrial fibrosis may be possible with 
late gadolinium enhancement magnetic resonance imaging. However, it is so far only 
done by limited centers since this technique still is challenging.35-37 Therefore, clinical 
and echocardiographic are predominantly used to evaluate the extent of the atrial 
substrate in clinical practice. For years electrocardiographic (ECG) parameters have 
been used to predict incident AF, with P-wave duration and PR-interval being the most 
frequently studied parameters.38 A longer P wave duration predicted incident AF in 
previously undiagnosed patients but unfortunately did not add predictive power over 
clinical parameters associated with AF development.5, 6 The P wave duration is a sur-
rogate parameter for the total atrial activation time. Prolongation of the P wave duration 
and PR-interval indicate a global conduction slowing and can be assessed by measuring 
the total atrial conduction time (TACT).39 This may be an additional tool to assess the 
severity of atrial remodeling. TACT is measured by using 12-lead electrocardiogram and 
Tissue Doppler Imaging (TDI) in the 4-chamber view and defined as the interval of time 
from initiation of the ECG P-wave (lead II) until the peak of the local lateral left atrial Tis-
sue Doppler imaging (TDI). Recent development in the noninvasive surface electrocar-
diographic mapping and computers processing have made it possible to noninvasively 
map atrial activation.40,41 This technique may help to assess P-wave parameters looking 
at irregularities within the P-wave or at alternative lead positions, and may detect subtle 
regional conduction disturbances further contributing to the quantification of the sever-
ity of atrial remodeling.42-45 Another possibility to assess severity of atrial remodeling 
is measuring the left atrial function.37 The contraction of the left atrium can be divided 
in three functional phases: reservoir, conduit and active atrial contraction function. 
Those three phases of atrial contraction can be measured mechanically by strain. This 
is a 2-dimensional speckle tracking echocardiography that measures the deformation 
of the atrial myocardium (Figure 3a).46 Further, a volumetric assessment of the atrium 
can also be useful in providing information about the atrial function (Figure 3b). The 
atrial volumetric assessment can be obtained from atrial volume at his maximum (just 
before mitral valve opens), at his minimum (when mitral valves close) and immediately 
before atrial contraction (before electrocardiographic P-wave). This can be used for the 
calculation of the atrial total, passive and active ejection.46
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Figure 3a. 2-dimensional speckle tracking echocardiography that measures the deformation of the atrial 
myocardium.

Figure 3b. A volumetric assessment of the atrium providing information about the atrial function.
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Risk markers for progression of atrial fibrillation.
Risk markers associated with progression of AF are less well studied but likely include 
comparable markers as for incident AF. The HATCH score, which stands for hyperten-
sion, age >75 years, stroke or transient ischemic attack (2 points), chronic obstructive 
pulmonary disease and heart failure (2 points), is currently the only risk-score to predict 
progression of AF.11 For example, patients with a low HATCH score of 1 already had 10% 
progression rate a year (from paroxysmal to persistent AF). In validation cohorts, the 
HATCH score has shown only to have modest predictive value of AF progression with a C-
statistic of 0.6 and 0.62, respectively.47,48 This indicates that the current risk-stratification 
for AF progression is far from optimal. This low c-statistic may be attenuated by the com-
plex process of AF progression in which often subclinical cardiovascular diseases, such as 
borderline hypertension and subclinical coronary or peripheral artery disease will have 
an influence in the course of the disease.49,50 Besides the clinical factors incorporated 
in the HATCH score, different blood biomarkers are associated with atrial remodeling 
and could potential refine the risk scores. Inflammatory biomarkers (high-sensitivity C-
reactive protein, interleukin 6, tumor necrosis alpha, adiponectin, transforming growth 
factor beta) and fibrotic biomarkers (procollagen, procollagen type I carboxy-terminal 
propeptide, I collagen telopeptide, connective tissue growth factor, matrix metallopro-
teinase-9) have been associated with atrial remodeling.31,51,52 For clinical practice, it is 
interesting to predict AF progression (as longer duration of AF is associated with failure 
of rhythm control therapy) as this may affect the individual treatment strategy.

AIM oF ThIs ThEsIs

This thesis focuses on the risk markers for incident AF and progression of AF. In chapter 
2 we assess the relation of renal dysfunction with incident AF and the association with 
cardiovascular morbidity and mortality by using the Prevention of Renal and Vascular 
End-stage Disease (PREVEND) study. In chapter 3 we evaluate metabolic profiling in the 
relation to new-onset AF in the Framingham Heart Study. In chapter 4 we continue to 
search for a new technique assessing the severity of the atrial remodeling using body 
surface mapping to assess p-wave complexity. In chapter 5, 6 and 7 we focus on AF 
progression. In Chapter 5 we focus on the incidence and risk factors of AF progression 
in a population with young onset AF. Chapter 6 the incidence and clinical and echo-
cardiographic factors and blood biomarkers associated with AF progression in patients 
with a short history of AF is investigated. Chapter 7 focuses on sex differences in clinical 
profile, AF progression incidence and risk factors. Finally, in chapter 8 the thesis will be 
summarized and put in perspective.
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Risk markers for incident atrial fibrillation

ABsTRACT And KEywoRds

Aims. Renal dysfunction is a risk factor for cardiovascular disease, including atrial 
fibrillation (AF) and mortality. However, the exact pathobiology linking different renal 
dysfunction measures, such as albumin excretion or glomerular filtration rate (GFR), to 
cardiovascular- and AF risk are unclear. In this study we investigated the association 
of several renal function measures and incident AF, and whether the relation between 
renal measures and outcomes is modified by AF.

Methods. We examined 8,265 individuals (age 49±13 years, 50% women) included in the 
PREVEND study. We used albumin excretion (morning void and 24-hours urine samples), 
serum creatinine, cystatin C, and Cystatin C-based, creatinine-based, and creatinine-
cystatin C-based GFR as renal function measures.

Results. During a follow-up of 9.8±2.3 years, 267 participants (3.2%) developed AF. In 
the multivariate-adjusted model, GFR, estimated by creatinine, cystatin C, or the com-
bination was not associated with incident AF. However, increased albumin excretion 
was strongly associated with incident AF; urine albumin concentration and excretion 
(HRmorning void 1.10, P=0.005, and HR24-hr collection 1.05, P=0.033) and albumin creatinine ratio 
(HRmorning void 1.05, P=0.010, and HR24-hr collection 1.06, P<0.001). Interaction-terms of incident 
AF and renal measures were not significant for incident cerebrovascular events, periph-
eral vascular events, ischemic heart disease, heart failure and mortality.

Conclusion. In this community-based cohort, increased albumin excretion, and not 
GFR, was associated with incident AF, independent of established cardiovascular risk 
factors. Incidence of AF did not largely alter the association of renal dysfunction and 
cardiovascular outcomes.

Keywords. Atrial fibrillation; Renal function; Epidemiology; Risk factor
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CondEnsEd ABsTRACT

In 8,265 individuals from the community-based PREVEND study, albuminuria was asso-
ciated with incident AF, independent of established cardiovascular risk factors. The as-
sociation between albumin excretion and incident AF was not found for GFR. Incidence 
of AF did not significantly alter the association of renal dysfunction and cardiovascular 
outcomes.
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what’s new
•	 Albuminuria,	a	measure	of	renal	dysfunction,	but	not	GFR,	is	related	to	incidence	of	

AF, independent from other cardiovascular risk factors in the general population.
•	 Albuminuria	can	be	measured	in	first	morning	void	or	24-hour	urine	collection,	the	

association with incident AF was comparable for both methods.
•	 Albumin	 excretion	 can	 be	 used	 in	 those	 with	 and	 without	 incident	 AF	 to	 predict	

cardiovascular events, since the association of renal measures and incident cere-
brovascular events, peripheral vascular events, ischemic heart disease, heart failure, 
and all-cause mortality, was largely similar in those with and without incident AF.
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InTRoduCTIon

Atrial fibrillation (AF) is a common cardiac arrhythmia and is a major public health prob-
lem with an incidence of 1 in 4 for persons over the age of 55 years in the Netherlands.1 
Individuals with AF are at increased risk for cardiovascular complications such as stroke, 
dementia, heart failure, and death.2, 3 Known risk factors and conditions associated with 
AF are advancing age, male sex, diabetes mellitus, hypertension, valve disease, myo-
cardial infarction, heart failure, and obesity.2 More recently, renal dysfunction has also 
been related to incident AF.4, 5 Renal dysfunction is casually related to hypertension, left 
ventricular hypertrophy, inflammation, hypercoagulability, and may activate the renin-
angiotensin-aldosterone system.6 All these mechanisms also increase the susceptibility 
of the development of AF. Thus far, no studies have studied different measures of renal 
function such as serum creatinine or cystatin C, estimated glomerular filtration rates, 
and albumin excretion, in relation to development of AF.

There is abundant data that reduced renal function is associated with increased cardio-
vascular events, in both populations with and without prevalent AF.7, 8 Also in prevalent 
AF populations, renal dysfunction has been associated with increased stroke risk.9 
Whether the relation of renal function and outcomes is modified by AF has not been 
investigated. It has been postulated that in the setting of AF, the associated potential de-
creased cardiac output, potential electrolyte disturbances, changed pharmacokinetics 
of medication used in AF, or associated comorbidities,10 may influence renal measures 
in AF, and potentially its relation with cardiovascular outcome.

Although the exact pathobiology linking renal dysfunction to cardiovascular and AF 
risk are unknown; both albumin excretion and glomerular filtration rates were dem-
onstrated independent markers of cardiovascular risk.11 Albumin excretion is mainly a 
consequence of glomerulus damage, and is considered a marker of systemic vascular 
damage or microvascular disease. The above led to the idea that there may be differ-
ences between renal measures and the association with AF, and that the magnitude of 
effect of renal measures and cardiovascular outcome may be influenced by AF.

METhods

Population. The PREVEND was founded in 1997, and includes a cohort of 8,592 individu-
als, enriched with individuals with a urinary albumin excretion >10ml/L in their morning 
void, since the purpose study was to investigate the natural course of increased levels 
of albuminuria and its relation to cardiovascular and kidney disease.12 In total, 7,786 
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individuals with an urinary albumin excretion >10mg/L and 3,395 individuals with an 
urinary albumin excretion <10mg/L were invited to the PREVEND outpatient clinic. The 
final cohort consisted of 8,592 individuals. At the baseline visit, in addition to detailed 
information about demographics, health behaviours, anthropometric measurements, 
cardiovascular and metabolic risk factors, also blood samples and two 24-hour urine 
samples on 2 consecutive days were collected. For present analysis, we excluded par-
ticipants without any ECG (n=248), and those with prevalent AF (n=79), leaving 8,265 
individuals for analysis. Characteristics and outcomes of the excluded individuals were 
comparable to the included population. The PREVEND study was approved by the insti-
tutional medical Ethics Committee and conducted in accordance with the Declaration of 
Helsinki. All individuals provided written informed consent.

Follow up. The follow-up duration was calculated as the time between the baseline visit 
to the last contact date, death, or December 31, 2008, whichever came first.

Covariate definitions. Systolic and diastolic blood pressures were measured by using 
an automatic Dinamap XL Model 9300 series device, and were calculated as the mean of 
the last two measurements of the two visits. Hypertension was defined as systolic blood 
pressure ≥140 mmHg, diastolic blood pressure ≥90 mmHg, or self-reported use of anti-
hypertensive medication. The ratio of weight to height squared (kg/m2) was used for 
calculation of body mass index (BMI). Obesity was defined as a BMI >30 kg/m2. Diabetes 
mellitus was defined as a fasting plasma glucose >7.0 mmol/L (126 mg/dL), a nonfasting 
plasma glucose >11.1 mmol/L, or use of anti-diabetic medication. Hypercholesterolemia 
was defined as total serum cholesterol above 6.5 mmol/l (251 mg/dl), or serum choles-
terol above 5.0 mmol/l (193 mg/dl) in those with previous myocardial infarction or when 
lipid-lowering medication was used. Smoking was defined as using nicotine within the 
previous year. Alcohol consumption was defined as 2 or more alcoholic drinks per week. 
Previous myocardial infarction or stroke was defined as hospitalization for myocardial 
infarction or stroke for at least 3 days. A committee of heart failure experts adjudicated 
all individuals with heart failure at baseline according to previously published criteria.12 
Peripheral artery disease was defined as an ankle-brachial index <0.9.

Renal measures. Serum cystatin C were determined by nephelometry (BNII, Dade 
Behring Diagnostics, Marburg, Germany). Intra- and interassay coefficients of variation 
were <4.1% and 3.3% for cystatin C. Serum and urine creatinine were determined by 
Kodak Ektachem dry chemistry (Eastman Kodak, Rochester, New York, USA) using an 
automated enzymatic method. The intra- and interassay coefficients of variation of 
serum creatinine were 0.9% and 1.1%.13 The intra- and interassay coefficients of varia-
tion of urine creatinine were 0.9% and 2.9%.14 We defined several GFR measures. The 
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GFR based on serum concentration of creatinine (eGFR-creatinine) was estimated using 
the Simplified Modification of Diet in Renal Disease formula (MDRD). The GFR based on 
serum concentration of cystatin C (eGFR-cystatin C) was estimated with the Chronic Kid-
ney Disease (CKD) Epidemiology Collaboration equation for cystatin C. The GFR based 
on serum concentrations of both creatinine and cystatin C (eGFR-creatinine-cystatin C) 
was estimated using the Epidemiology Collaboration equation for creatinine-cystatin 
C. Urinary albumin was determined by a commercial immunoturbidimetry assay with 
a sensitivity of 2.3 mg/L and interassay and intra-assay coefficients of variation of 4.4% 
and 4.3%, respectively (BNII, Dade Behring Diagnostics, Marburg, Germany). Urine 
albumin concentration was measured in the first morning void. Urine albumin excretion 
was measured in two consecutive 24-hour urine collections, and the average value was 
calculated. Urine albumin-creatinine ratio was calculated based on both the first morn-
ing void and 24-hour urine collections.

Atrial Fibrillation and cardiovascular events during follow up. Incident AF ascertain-
ment has been described in detail previously.2 Briefly, incident AF was diagnosed if 
either atrial flutter or AF was present on a 12-lead ECG obtained at 1 of the 3 PREVEND 
follow-up visits or at an outpatient visit or hospital admission in the 2 hospitals in the 
city of Groningen. For the date of incident AF, the date of the first ECG with a definite 
diagnosis of AF or atrial flutter was used. Information on cardiovascular events was 
obtained from PRISMANT, the Dutch national registry of hospital discharge diagnoses. 
Ischemic heart disease consisted of acute myocardial infarction [ICD code 410], acute 
and subacute ischemic heart disease [ICD 411], coronary artery bypass grafting or percu-
taneous transluminal coronary angioplasty, cerebrovascular events consisted of occlu-
sion or stenosis of the precerebral (ICD 433) or cerebral arteries (ICD 434), subarachnoid 
haemorrhage (ICD 430), and peripheral vascular events consisted of other vascular 
interventions such as percutaneous transluminal angioplasty or bypass grafting of aorta 
and peripheral vessels. A committee of heart failure experts adjudicated all heart failure 
events according to previously published criteria. Data on mortality were obtained 
through the municipal registration.

statistical analysis. A statistical weighting method was used in the prespecified Cox 
proportional-hazards regression analyses, to adjust the overselection of individuals 
with microalbuminuria at baseline, and allow generalization of results to the general 
population. In the weighted Cox regressions, people with urinary albumin excretion <10 
mg/l had a weighing factor of 11.92 and people with urinary albumin excretion >10 mg/l 
had a weighing factor of 1.66. The numbers 11.92 and 1.66 were selected based on the 
unequal inclusion probabilities.
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Individual characteristics were presented as mean ± standard deviation or median 
(range) for continuous variables and counts with percentages for categorical variables. 
We performed 3 prespecified Cox proportional-hazards regression models to relate the 
renal measures to incident AF. Model 1 were univariate analyses, in Model 2, we adjusted 
for established AF risk factors (age, sex, BMI, antihypertensive treatment, previous 
stroke, heart failure, previous myocardial infarction, diabetes, peripheral artery disease, 
smoking, PR-interval duration, NT-proBNP).15 In Model 3 we adjusted for all covariates 
included in Model 2, plus interim myocardial infarction and heart failure, occurring after 
baseline before incident AF. The proportionality assumption was checked by calculat-
ing the Schoenfeld residuals, and where needed time-varying covariates were included 
to avoid proportionality violations. We used Cox time-dependent regression analyses, 
to study whether the association of renal measures and cardiovascular outcome, is 
modified by AF, by including interaction terms of renal measures and AF as time-varying 
covariate. We adjusted for age, sex, heart failure, antihypertensive drug use, diabetes, 
previous stroke, previous myocardial infarction, peripheral artery disease, N-terminal 
prohormone of brain natriuretic peptide (NT-proBNP). All analyses were performed us-
ing R package (version 3.03), and a p-value <0.05 was considered statistically significant.

REsulTs

Individual characteristics. The study sample consisted of 8,265 individuals with mean 
age of 49±13 years, half of them were women. Individual characteristics are shown in 
Table 1. In total, 466 individuals (5.7%) had an estimated creatinine-based GFR<60 ml/
min/1.73m², and 1762 (21.3%) had albuminuria (urinary albumin concentration ≥20 
mg/L).

Renal measures and incident atrial fibrillation. Total follow-up duration was 81,018 
person-years. During a mean follow-up of 9.8 years, 267 (3.2%) individuals developed 
incident AF. None of the GFR measures was associated with incident AF, with no differ-
ences between the GFR based on creatinine, cystatin C or combined method. Albumin 
excretion was strongly associated with incident AF (Table 2). Higher urine albumin con-
centration and albumin creatinine ratio, measured in first morning void samples, were 
associated with an increased risk of incident AF (multivariable-adjusted hazard ratio 
was 1.12 [95% confidence interval (CI) 1.04-1.20] and 1.05 [95% CI 1.00-1.11], respec-
tively). The association remained unchanged after adjustment for interim heart failure 
or myocardial infarction occurring after baseline but before incident AF. A Kaplan Meier 
curve for three groups based on urine albumin concentration (<20, 20-200, and >200 
mg/L) determined in first morning void samples is shown in Figure 1. Also, higher urine 
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albumin excretion and albumin creatinine ratio, determined from 24-hour urine collec-
tions, were associated with an increased risk of incident AF, also after adjustment for 
interim heart failure or myocardial infarction (multivariable-adjusted hazard ratio was 
1.07 [95% CI 1.02-1.11] for urine albumin concentration, and 1.07 [95% CI 1.04-1.10] for 
albumin creatinine ratio). The association remained also unchanged after adjustment 
for interim heart failure or myocardial infarction.

Table 1. Individual characteristics.

Clinical characteristics Total population (n=8265)

Age (years) 49±13

Male sex 4120 (49.8%)

Caucasian 7844 (94.9%)

Smoked 3670 (44.7%)

Alcohol consumption 4873 (59.3%)

Diastolic blood pressure (mmHg) 74±10

Systolic blood pressure (mmHg) 129±20

Peripheral artery disease 291 (3.7%)

BMI (kg/m²) 26±4

Antihypertensive therapy 1098 (16.1%)

NT-proBNP (ng/L) 37 (17-73)

High sensitive CRP (mg/L) 1.3 (0.6-2.9)

Previous stroke 57 (0.7%)

PR-interval duration (ms) 158 (143-172)

Diabetes 310 (3.8%)

Heart rate (bpm) 69±10

Hypercholesterolemia 361 (4.6%)

Hypertension 2237 (27.8%)

Previous myocardial infarction 251 (3.1%)

Heart failure 18 (0.2%)

Renal measures

Serum creatinine (umol/L) 82 (74-92)

Serum cystatin C (mg/dL) 0.77 (0.69-0.87)

eGFR creatinine-based(ml/min/1.73m²) 80 (71-90)

eGFR cystatin- C (ml/min/1.73m²) 100 (85-118)

eGFR creatinine-cystatin-C(ml/min/1.73m²) 91 (80-104)

Urinary albumin concentration(mg/L) 6.9 (4.16-13.03)

Urinary albumin excretion(mg/24hrs) 9.4 (6.3-17.63)

Albumin creatinine ratio(mg/g) 7.0 (4.8-13.0)

Abbreviations: BMI=body mass index; CRP=C-reactive protein; eGFR=estimated glomerular filtration rate; 
NT-proBNP=N-terminal prohormone of brain natriuretic peptide
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Relation between renal measures and cardiovascular outcome in atrial fibrillation. 
We studied whether the association of renal function and cardiovascular outcome is 
diff erent in individuals with incident AF versus those without incident AF. We included 
interaction terms of each renal measure and incident AF as time-varying covariate, into 
the regression model. Except for cystatin C, there were no significant interaction terms 
between renal function measures and outcome, implying no diff erent relation between 
renal measure and cardiovascular outcome (Table 3). There was one significant inter-
action between cystatin C and incident AF for the association with the combination of 
cerebrovascular events, peripheral vascular events, ischemic heart disease (hazard ratio 
0.72 [95% CI 0.57-0.91], p=0.007). The hazard ratio of cystatin C to predict the combina-
tion of cerebrovascular events, peripheral vascular events, ischemic heart disease is 
lower in individuals with incident AF compared to those without AF.

Figure 1. Kaplan-Meier estimates of the cumulative incidence of AF, according to three groups of urine 
albumin concentration (<20, 20-200, and >200 mg/L).



34 Part 1

Risk markers for incident atrial fibrillation

Ta
bl

e 
3.

 A
ss

oc
ia

tio
n 

of
 re

na
l f

un
ct

io
n 

m
ea

su
re

 a
nd

 in
ci

de
nt

 c
ar

di
ov

as
cu

la
r e

ve
nt

s,
 h

ea
rt

 fa
ilu

re
 a

nd
 d

ea
th

, m
od

ifi
ed

 b
y 

tim
e-

va
ry

in
g 

AF
.1

In
te

ra
ct

io
n 

te
rm

 o
f r

en
al

 m
ea

su
re

 a
nd

 ti
m

e-
va

ry
in

g 
AF

Co
m

bi
na

tio
n 

of
 

ce
re

br
ov

as
cu

la
r e

ve
nt

s,
 

pe
ri

ph
er

al
 v

as
cu

la
r 

ev
en

ts
, i

sc
he

m
ic

 h
ea

rt
 

di
se

as
e

h
ea

rt
 fa

ilu
re

3
de

at
h

M
ul

tiv
ar

ia
te

h
R2  (9

5%
 C

I)
P-

va
lu

e
M

ul
tiv

ar
ia

te
h

R2  (9
5%

 C
I)

P-
va

lu
e

M
ul

tiv
ar

ia
te

h
R2  (9

5%
 C

I)
P-

va
lu

e

Cr
ea

tin
in

e 
(p

er
 0

.0
5u

ni
ts

)*
AF

0.
77

(0
.5

2-
1.

13
)

0.
18

6
1.

42
(0

.8
7-

2.
32

)
0.

16
2

1.
08

(0
.8

3-
1.

40
)

0.
57

8

Cy
st

at
in

 C
 (p

er
 0

.1
un

its
)*

AF
0.

72
(0

.5
7-

0.
91

)
0.

00
7

0.
74

(0
.3

7-
1.

46
)

0.
38

6
0.

78
(0

.5
6-

1.
08

)
0.

12
8

eG
FR

 c
re

at
in

in
e 

(p
er

 0
.1

un
its

)*
AF

1.
41

(0
.6

2-
3.

23
)

0.
41

5
0.

57
(0

.2
9-

1.
11

)
0.

09
7

0.
80

(0
.5

0-
1.

28
)

0.
34

2

eG
FR

 c
ys

ta
tin

 C
 (p

er
 0

.1
un

its
)*

AF
1.

15
(0

.7
3-

1.
80

)
0.

54
8

1.
01

(0
.6

2-
1.

65
)

0.
96

7
1.

27
(0

.9
0-

1.
78

)
0.

17
8

eG
FR

 c
re

at
in

in
e-

cy
st

at
in

 C
 (p

er
 0

.1
un

its
)*

AF
1.

40
(0

.6
5-

3.
00

)
0.

38
9

0.
66

(0
.3

3-
1.

33
)

0.
24

6
1.

06
(0

.6
1-

1.
84

)
0.

82
6

U
rin

e 
al

bu
m

in
 c

on
ce

nt
ra

tio
n 

in
 fi

rs
t-m

or
ni

ng
 v

oi
d 

sa
m

pl
e 

(p
er

 1
.0

 u
ni

ts
)*

AF
1.

24
(0

.6
3-

2.
43

)
0.

53
1

0.
80

(0
.2

7-
2.

42
)

0.
69

5
0.

69
(0

.3
1-

1.
53

)
0.

36
1

Al
bu

m
in

 c
re

at
in

in
e 

ra
tio

 in
 fi

rs
t-m

or
ni

ng
 v

oi
d 

sa
m

pl
e 

(p
er

 1
.0

 u
ni

ts
)*

AF
1.

28
(0

.6
4-

2.
57

)
0.

48
6

1.
58

(0
.6

2-
4.

07
)

0.
34

0
0.

97
(0

.3
9-

2.
41

)
0.

95
3

U
rin

e 
al

bu
m

in
 e

xc
re

tio
n 

in
 2

4-
hr

s u
rin

e 
co

lle
ct

io
n 

(p
er

 0
.5

 u
ni

ts
)*

 A
F

1.
20

(0
.8

9-
1.

63
)

0.
24

0
0.

86
(0

.5
1-

1.
44

)
0.

56
9

0.
91

(0
.6

5-
1.

28
)

0.
58

5

Al
bu

m
in

 c
re

at
in

in
e 

ra
tio

 in
 2

4-
hr

s u
rin

e 
co

lle
ct

io
n 

(p
er

 1
.0

 u
ni

ts
)*

AF
1.

56
(0

.8
7-

2.
81

)
0.

13
9

0.
69

(0
.2

2-
2.

15
)

0.
51

8
0.

77
(0

.3
9-

1.
54

)
0.

46
6

N
o 

si
gn

ifi
ca

nt
 in

te
ra

ct
io

n 
m

ea
ns

 n
o 

di
ffe

re
nc

e 
in

 th
e 

as
so

ci
at

io
n 

be
tw

ee
n 

re
na

l f
un

ct
io

n 
m

ea
su

re
 a

nd
 c

ar
di

ov
as

cu
la

r o
ut

co
m

e 
fo

r t
he

 A
F 

ve
rs

us
 n

o 
AF

 g
ro

up
. A

 s
ig

ni
fi-

ca
nt

 in
te

ra
ct

io
n 

m
ea

ns
 th

at
 th

e 
as

so
ci

at
io

n 
be

tw
ee

n 
re

na
l f

un
ct

io
n 

an
d 

ca
rd

io
va

sc
ul

ar
 o

ut
co

m
e 

is
 d

iff
er

en
t f

or
 th

os
e 

w
ith

 A
F 

ve
rs

us
 n

o 
AF

. W
he

n 
th

e 
ha

za
rd

 ra
tio

 o
f t

he
 

in
te

ra
ct

io
n-

te
rm

 is
 g

re
at

er
 th

an
 1

, t
he

 a
ss

oc
ia

tio
n 

be
tw

ee
n 

th
e 

re
na

l f
un

ct
io

n 
m

ea
su

re
 a

nd
 c

ar
di

ov
as

cu
la

r e
ve

nt
 st

ro
ng

er
 fo

r t
he

 A
F 

gr
ou

p 
th

an
 it

 is
 fo

r t
he

 n
o 

AF
 g

ro
up

.
1 Al

l r
en

al
 fu

nc
tio

n 
m

ea
su

re
s w

er
e 

lo
ga

rit
hm

ic
al

ly
 tr

an
sf

or
m

ed
 a

nd
 c

en
te

re
d 

ar
ou

nd
 th

ei
r m

ea
ns

.
2 Ad

ju
st

ed
 fo

r s
ex

, a
ge

, A
F,

 N
T-

pr
oB

N
P,

 a
nt

ih
yp

er
te

ns
iv

e 
dr

ug
 u

se
, d

ia
be

te
s,

 p
er

ip
he

ra
l a

rt
er

y 
di

se
as

e,
 p

re
vi

ou
s 

m
yo

ca
rd

ia
l i

nf
ar

ct
io

n,
 p

re
va

le
nt

 h
ea

rt
 fa

ilu
re

, p
re

vi
ou

s 
st

ro
ke

 a
nd

 th
e 

re
na

l f
un

ct
io

n 
m

ea
su

re
 v

ar
ia

bl
e 

(a
s i

nc
lu

de
d 

in
 th

e 
in

te
ra

ct
io

n-
te

rm
) i

ts
el

f.
3 In

 th
e 

an
al

ys
is

 w
ith

 o
ut

co
m

e 
he

ar
t f

ai
lu

re
, i

nd
iv

id
ua

ls
 w

ith
 p

re
va

le
nt

 H
F 

w
er

e 
ex

cl
ud

ed
.

Ab
br

ev
ia

tio
ns

: A
F=

at
ria

l f
ib

ril
la

tio
n;

 C
I=

co
nf

id
en

ce
 in

te
rv

al
; e

GF
R=

es
tim

at
ed

 g
lo

m
er

ul
ar

 fi
ltr

at
io

n 
ra

te
; H

R=
ha

za
rd

 ra
tio

; N
T-

pr
oB

N
P=

N
-te

rm
in

al
 p

ro
ho

rm
on

e 
of

 b
ra

in
 

na
tr

iu
re

tic
 p

ep
tid

e



Chapter 2

Renal measures and incident AF

dIsCussIon

In present community-based cohort we found that albumin excretion was associated 
with incident AF, and not plasma markers of renal function or GFR. These associations 
were independent of established cardiovascular risk factors, and not mediated via the 
development of heart failure or myocardial infarction during follow up. Furthermore, the 
association of renal measures and incident cerebrovascular events, peripheral vascular 
events, ischemic heart disease, heart failure and all-cause mortality, was largely similar 
in those with and without incident AF.

Renal dysfunction and incident AF. We used both first morning void samples and 24-
hour urine collections, and albumin excretion was predictive for AF, independent of the 
sampling method. The relation between renal dysfunction and risk of AF has been estab-
lished in several cohorts, albeit that not all studies found an association. This may be the 
result of different populations studied, and different measures of renal function used. 
Especially in high-risk populations such as coronary heart disease, or hypertension; 
loss of GFR, measured mainly using creatinine, but also cystatin C has been used, was 
associated with prevalent AF.16 In longitudinal, community-based cohorts the relation 
between GFR and incident AF was less prominent. In elderly included in the Cardiovas-
cular Health Study no relation was found.17 In the Atherosclerosis Risk in Communities 
(ARIC) study and Reasons for Geographic and Racial Differences in Stroke (REGARDS) 
study, however, a relation between GFR and incident AF was found.4, 5 Those studies, 
and others also found a positive relation between albumin excretion measured in the 
first morning void sample and incident AF.4, 5 From prior studies it is known that GFR is 
especially predictive in populations with chronic kidney disease,18 and less predictive 
in the general population with predominantly healthy individuals with normal renal 
function. In the general population, however, albumin excretion is more predictive than 
GFR of future cardiovascular events.19 So, both albumin excretion and GFR are markers 
of renal dysfunction, and as recently demonstrated in a large meta-analysis, both have 
additional value when predicting future cardiovascular events.11 More mechanistically, 
albumin excretion is considered a marker of systemic vascular damage or microvascular 
disease, where GFR is more a marker of kidney disease.11 This may explain our divergent 
findings on albumin excretion and GFR in our community-based cohort. The mechanisms 
underlying the association between renal dysfunction and incident AF, may relate to the 
association of renal dysfunction, and especially albumin excretion, and endothelial dys-
function and hypertension, and is considered a marker of generalized vascular disease.6 
Both clinical and subclinical vascular disease are associated with incident AF. Also, renal 
dysfunction is associated with inflammation and hypercoagulability, and both are a 
known pathophysiological mechanisms involved in development and progression of 
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AF.20 Furthermore, renal dysfunction may activate the renin-angiotensin-aldosterone 
system and lead to salt and water retention, causing left ventricular hypertrophy, and 
subsequent diastolic dysfunction with volume overload of the atria, which in turn may 
lead to AF by atrial dilatation. More studies are needed to determine whether there is a 
direct causal link between renal dysfunction and incident AF.

Renal dysfunction and cardiovascular outcomes. Several studies have shown that 
renal disease measured by a decrease in GFR or increase in albumin excretion are associ-
ated with increased risk of death and cardiovascular events in patients with coronary 
artery disease and in general population.8 There are also studies performed solely in 
patients with AF. In those studies renal dysfunction is associated with an increased risk 
of stroke.9 However, it is unknown whether effect modification by incident AF is present. 
We found no significant interaction between each renal measures and AF when studying 
the combination of cerebrovascular events, peripheral vascular events, ischemic heart 
disease, heart failure and mortality, with one exception. So, we found no robust evi-
dence that the relation between renal measures and cardiovascular outcome is different 
when AF occurs. Therefore, we cannot confirm the postulation by Boriani et al. that in 
AF, the decreased cardiac output, electrolyte disturbances, changed pharmacokinet-
ics, or associated comorbidities,10 may influence the relation between renal measures 
and cardiovascular outcome in AF. This may imply that specific risk prediction models 
including renal measures for populations with and without AF are not necessary.

strengths and limitations. Strengths of our study are the large and contemporary 
community-based cohort, with a detailed clinical and renal assessment and a strong 
validation of incident AF and cardiovascular events. We had in PREVEND a wide range 
of renal measures available; albumin excretion (morning void and 24-hours urine 
samples), serum creatinine, cystatin C, and Cystatin C-based, creatinine-based, and 
creatinine-cystatin C-based GFR.

Most limitations are the result of the observational design of the community-based 
cohort study. Despite the statistical weighting method to adjust for overselection of 
individuals with microalbuminuria at inclusion, our sample may not be completely 
similar to a randomly selected population cohort, and comparisons with other cohorts 
should be made carefully. We may have not captured all asymptomatic paroxysmal AF 
episodes because we did not have continuous ECG recordings. Further, treating physi-
cians were informed about the presence of AF or other undiagnosed cardiovascular 
diseases, treatment was left to the discretion of the physician. We did not have detailed 
information about the AF-related therapies. Data on obstructive sleep apnea, and val-
vular disease were widely captured in our cohort. Since the majority of patients were of 
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European ancestry, and had no or only mildly reduced renal dysfunction, results cannot 
be extrapolated to individuals with more impaired renal function, nor to other races 
and ethnicities. Furthermore, the number of individuals with incident AF was modest, 
which reduced our statistical power to detect significant interactions in the secondary 
analyses.

Conclusion. In this community-based cohort, increased albumin excretion, and not 
GFR, was associated with incident AF, independent of established cardiovascular risk 
factors. Presence of AF did not largely alter the association of renal dysfunction and 
cardiovascular outcomes.

Funding. The PREVEND study was supported by the Dutch Kidney Foundation (grant 
E0.13) and the Netherlands Heart Foundation (grant NHS2010B280). Dr. Rienstra is sup-
ported by a grant from the Netherlands Organization for Scientific Research (Veni grant 
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ABsTRACT

Previous studies have shown several metabolic biomarkers to be associated with 
prevalent and incident atrial fibrillation (AF), but the results have not been replicated. 
We investigated metabolite profiles of 2,458 European ancestry participants from the 
Framingham Heart Study without AF at the index exam and followed them for 10 years 
for new-onset AF. Amino acids, organic acids, lipids, and other plasma metabolites were 
profiled by liquid chromatography-tandem mass spectrometry using fasting plasma 
samples. We conducted Cox proportional hazard analyses for association between 
metabolites and new-onset AF. We performed hypothesis generating analysis to identify 
novel metabolites and hypothesis testing analysis to confirm the previously reported 
associations between metabolites and AF. Mean age was 55.1±9.9 years, and 53% were 
women. Incident AF developed in 156 participants (6.3%) in 10 years of follow-up. A total 
of 217 metabolites were examined, consisting of 54 positively charged metabolites, 59 
negatively charged metabolites, and 104 lipids. None of the 217 metabolites met our a 
priori specified Bonferroni corrected level of significance in the multivariable analyses. 
We were unable replicate previous results demonstrating associations between metabo-
lites that we had measured and AF. In conclusion, in our metabolomics approach, none 
of the metabolites we tested were significantly associated with the risk of future AF.

Keywords: Atrial fibrillation; Risk Factor; Metabolomics, Epidemiology
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Prior metabolomics investigations have focused on identifying metabolic pathways 
responsible for the initiation and maintenance of the arrhythmia in patients with 
known atrial fibrillation (AF) or post-operative AF.1-13 Recently the Atherosclerotic Risk in 
Communities Study identified bile acids glycolithocoholate sulfate and glycocholenate 
sulfate as markers of increased risk of new-onset AF.14 In the present study, we aimed to 
identify novel metabolic markers, and to confirm the association between previously 
reported metabolites in relation to new-onset AF.

METhods

We studied participants from the Framingham Heart Study Offspring cohort, which was 
initiated in 1971. Participants (n=5,124) underwent medical and laboratory evaluation 
every 4 to 8 years. Our study involved the 5th examination, consisting of 3,799 partici-
pants evaluated between 1991 and 1995. Metabolites were measured on 2,526 partici-
pants, among whom 49 were excluded due to prevalent AF, and 19 were excluded due to 
missing covariates. Institutional Review Boards at Boston University Medical Center and 
Massachusetts General Hospital approved the study protocols. All participants provided 
written informed consent.

Fasting EDTA plasma metabolites were analyzed using targeted liquid chromatography-
tandem mass spectrometry using 3 methods focusing on amino acids and amines15,16, 
organic acids,17 and lipids.18 Data were acquired using either an AB SCIEX 4000 QTRAP 
triple quadrupole mass spectrometer (positively charged polar compounds and lipids) 
or an AB SCIEX 5500 QTRAP triple quadrupole mass spectrometer (negatively charged 
polar compounds). Briefly, polar, positively charged metabolites were separated using 
hydrophobic interaction liquid chromatography and analyzed using multiple reaction 
monitoring in the positive ion mode. Polar, negatively charged compounds, including 
central and polar phosphorylated metabolites, were separated using a Luna NH2 column 
(150 × 2 mm, Luna NH2, Phenomenex) and analyzed using multiple reaction monitoring 
in the negative ion mode. Lipids were separated on a Prosphere C4 HPLC column and 
underwent full scan mass spectrometer analysis in the positive ion mode. MultiQuant 
software (Version 1.2, AB SCIEX) was used for automated peak integration and manual 
review of data quality prior to statistical analysis. For all 3 profiling platforms, a pooled 
plasma sample also was run following every 20 samples, and the peak areas in samples 
were normalized to metabolite peak areas in the nearest pooled plasma. We have previ-
ously published that CVs for ~80% of the analytes are <20%.15,17-19
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Physicians measured systolic and diastolic blood pressures twice in seated participants. 
Medications and tobacco use were ascertained by self-report. Tobacco use was defined 
as routine smoking of 1 or more cigarettes per day within the year prior to the Framing-
ham Heart Study clinic visit. Diabetes was defined by fasting serum glucose of equal to 
or greater than 126 mg/dL, or use of insulin or oral hypoglycemic agents. Serum lipid 
and glucose concentrations were collected after an overnight fast. Myocardial infarction 
and heart failure were determined by a panel of 3 physicians who examined hospital and 
outpatient records of the participants, using previously reported criteria.20

The presence of AF was determined from participant records from the Framingham Heart 
Study clinic, as well as both other ambulatory clinic and inpatient hospital records and 
Holter monitoring. Participants were diagnosed with AF if either AF or atrial flutter was 
noted on electrocardiogram. Cardiologists at the Framingham Heart Study confirmed 
the incident AF electrocardiographic diagnoses.

We present baseline characteristics as mean ± standard deviation for continuous covari-
ates and counts (%) for dichotomous covariates. Each metabolite was rank normalized 
before the analysis using Blom’s method.21 For the 209 metabolites, we used the cor-
rected p values of less than or equal to 0.00024 (0.05/209) for hypothesis generating. For 
the 8 metabolites previously reported in the literature to be associated with AF (beta 
hydroxybuterate,1 glycine,1 phosphocreatine,3 glucose,1 creatine,2 alanine,2 glutamine,2 
betaine2) we used the Bonferroni corrected significance level of p less than or equal to 
0.00625 (0.05/8) for hypothesis testing. We conducted Cox proportional hazard analyses 
for association between baseline metabolite (rank normalized values) and incident AF, 
adjusting for age and sex. We additionally adjusted for height, weight, systolic and dia-
stolic blood pressure, current tobacco use, antihypertensive medication use, diabetes, 
myocardial infarction, heart failure, and statin use.22 We analyzed 10-year risk of AF by 
censoring on death, last contact, or 10-year from examination 5 date, whichever came 
first. Hazard ratios (HR) are expressed per standard deviation of the metabolites. Analy-
ses were conducted with SAS version 9.4 software (SAS Institute, Cary, NC)

REsulTs

Baseline characteristics of the study sample are shown in Table 1. Among 2,458 partici-
pants, incident AF developed in 156 participants (6.3%) during 10 years of follow-up. A 
total of 217 metabolites were identified from the baseline samples of the entire cohort, 
consisting of 54 positively charged metabolites, 59 negatively charged metabolites, and 
104 lipids (esuppl Table).
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In our Cox proportional analysis for association between previously reported baseline 
metabolites and incident AF, only fructose/glucose/galactose met our a priori specified 
Bonferroni corrected level of significance when adjusted for age and sex (Table 2). None 
of the metabolites met our corrected level of significance with additional adjustments.

None of the 217 metabolites met our a priori specified Bonferroni corrected level of 
significance with multivariable adjustments (esuppl Table).

Given our sample size (n=2458) and number of participants with incident AF, there was 
80% of power to replicate previously reported metabolites with HR 1.37 or greater at 
alpha=0.00625 level; there was 80% of power to discover metabolites with HR 1.49 or 
greater at alpha=0.00024 level.

Table 1. Baseline characteristics of study sample.

Variable Total population (n=2,477)

Age (years) 55.1±9.9

Women 1296 (53%)

Height (cm) 168±9.3

Weight (kg) 78±16

Current smoker 459 (19%)

Systolic blood pressure (mmHg) 126±19

Diastolic blood pressure (mmHg) 75±10

Antihypertensive medication use 482 (20%)

Statin use 96 (4%)

Diabetes mellitus 169 (7%)

Prevalent heart failure 7 (0.3%)

Prevalent myocardial infarction 51 (2%)

Values are n (%), or mean ± SD

Table 2. Age- and sex-adjusted associations of candidate metabolites with incident AF.

Metabolite hazard ratio (95% confidence interval)† p value*

Beta hydroxybuterate 1.07 (0.88-1.29) 0.50

Glycine 1.05 (0.87-1.26) 0.63

Phosphocreatine 0.87 (0.72-1.05) 0.15

Creatine 0.91 (0.77-1.08) 0.28

Alanine 1.16 (0.98-1.36) 0.08

Glutamine 1.01 (0.87-1.18) 0.86

Betaine 1.03 (0.87-1.22) 0.03

Glucose/fructose/galactose 1.39 (1.17-1.65) 0.0002

†Hazard ratio expressed per standard deviation of the metabolite
*Significance level of p ≤0.00625 (0.05/8) for hypothesis testing
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dIsCussIon

In our longitudinal analysis of participants of the Framingham Heart Study, we found no 
plasma metabolites to be associated with the risk of future AF at our a priori specified 
level of significance. Both metabolomics and non-metabolomics studies have examined 
associations between biomarkers and the risk of AF (Table 3). Recently, the community-
based Atherosclerotic Risk in Communities Study reported associations between serum 
metabolites identified through nontargeted metabolomics approach and the risk of 
new-onset AF.14 In their analysis, bile acids, glycolithocholate sulfate and glycocholenate 
sulfate, were significantly associated with the risk of new-onset AF after multivariable 
adjustments.14 Our targeted liquid chromatography-tandem mass spectrometry plat-
form did not detect either of the metabolites; it detected bile salts, glycocholate, and 
glycodeoxycholate, which were not significantly associated with the risk of new-onset 
AF. Prior to the Atherosclerotic Risk in Communities Study, Mayr et al. identified several 
metabolites using human atrial tissues as potential markers of increased risk of AF after 
cardiac surgery1 and De Souza et al. found various metabolites using canine atrial tissues 
as markers of increased risk of heart failure-induced AF (Table 3).2 Our metabolomics 
profiling did not confirm the results of the 3 studies.

Additional non-metabolomics studies have focused on specific metabolites and demon-
strated significant variation by AF status in the circulating and tissue concentrations of 
several metabolites in both animals and humans (Table 3).3-5,8-10 The molecules studied 
include phosphocreatine, cyclic guanosine monophosphate, uric acid, 3-nitrotyrosine, 
myofibrillar creatine kinase, glutathione, and peroxide. Phosphocreatine was detected 
in our study but was not significantly associated with the risk of new-onset AF.

Several reasons may explain inconsistency between our results compared to the prior 
literature. First, in our liquid chromatography-tandem mass spectrometry approach, 
we may have missed metabolites outside the targeted platform.23 Second, use of a 
strict threshold for corrected p values may have masked subtle associations.23 Finally, 
the participants, tissues, and study designs were heterogeneous. Our study examined 
participants of European ancestry free of AF at baseline. The studies by Mayr et al. and 
De Souza et al. were both cross-sectional in design. The Atherosclerotic Risk in Com-
munities Study analyzed African-Americans free of AF at baseline. The study by Mayr 
et al. examined the risk of post-operative AF among the individuals undergoing cardiac 
surgery. De Souza et al. used an animal model to investigate heart failure-induced AF.

There are several limitations to our study. First, metabolite profiles may be tissue 
specific; sampling from the plasma may have failed to detect metabolite associations 
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in other samples such as serum or at the atrial tissue level.23 Second, we may have 
underestimated new onset AF, because AF is frequently clinically unrecognized. Third, 
the CVs of some of the metabolites may have led to a substantial misclassification which 
may have biased the results towards the null. Fourth, we may have had modest power to 
detect small effect sizes. Fifth, our study predominantly included middle-aged to older 
individuals of European ancestry, which may not generalize to other ethnicities or age 
groups. There is some evidence that metabolomics patterns differ by race24,25. Finally, 
our AF population includes all types of AF, and we may have missed association between 
the metabolites with specific AF subtypes such as atrial flutter, paroxysmal, persistent, 
or permanent AF.

Funding. Dr. Ko is supported by 5T32HL007224-38 and UL1-TR000157. Dr. Benjamin is sup-
ported in part through NIH/NHLBI HHSN268201500001I; N01-HC25195, 2R01HL092577, 

Table 3. Metabolites previously studied

First author, year
Metabolite source

Main findings

Metabolomics studies

Alonso, 201514

Human serum
Higher incident AF risk associated with higher concentrations of glycolithocholate 
sulfate and glycocholenate sulfate

Mayer, 20081

Human atrial tissue
Higher concentrations of β-hydroxybuterate and glycine in the AF group compared to 
the sinus rhythm group

de souza, 20102

Canine atrial tissue
After 2 weeks of ventricular-tachypacing, ADP+ATP, alanine, betaine, glucose, 
glutamate, NAD+NADH, and taurine levels were increased and α-ketoisovalerate level 
was decreased

non-metabolomics studies

Ausma, 20003

Goat atrial tissue
Phosphocreatine level dropped during the first 8 weeks of AF induction and then 
returned to normal at 16 weeks; levels of creatine, ATP, ADP, AMP, GDP, GTP, and NAD 
did not change significantly.

uno, 19864

Canine plasma
cGMP concentration increased significantly with AF induction; cAMP concentration did 
not change

Tamariz, 20115

Human serum
Higher risk of AF associated with higher uric acid concentration

Mihm, 20018

Human atrial tissue
MM-CK activity was reduced and 3-nitrotyrosine concentration was increased in the AF 
group compared to control

neuman, 20079

Human plasma
Increased oxidation of glutathione and derivatives of reactive oxygen metabolites in 
the AF group compared to control

Ramlawai, 200710

Human atrial tissue, 
serum

Tissue: Higher peroxide level in the AF group compared to control
Serum: Higher peroxide level in the AF group at 6 hours after surgery but not at post-
operative day 4

AF: atrial fibrillation; ADP: adenosine diphosphate; ATP: adenosine triphosphate; cAMP: cyclic (c) adenos-
ine monophosphate (AMP); cGMP: cyclic (c) guanosine monophosphate (GMP); GDP: guanosine diphos-
phate; GTP: guanosine triphosphate; NADH: nicotinamide adenine dinucleotide (NAD) + hydrogen (H); MM-
CK: myofibrillar creatine kinase
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ABsTRACT

Background: Early detection and treatment of atrial fibrillation (AF) can potentially pre-
vent cardiovascular complications. Unfortunately, current clinical, echocardiographic, 
and electrocardiographic (ECG) parameters fail to discriminate between patients with 
and without a history of AF.

objective: To identify new ECG-derived parameters recorded during sinus rhythm that 
differentiate between patients with and without AF history.

Methods: Body surface potential mapping was performed for 10 minutes in patients 
with and without AF history. We computed several known P-wave parameters on signal 
averaged P-waves and compared them with newly developed parameters. Furthermore, 
we investigated which leads showed the highest discriminating power.

Results: We included 123 patients with a history of AF from the AF-RISK Study (62% 
male with a mean age of 59 ± 9 years) and 137 individuals without AF from the Maastricht 
Study (62% male with a mean age of 60 ± 8 years). A higher average number of discern-
ible peaks in the P-wave and larger P-wave terminal force in lead V1 were independently 
associated with a history of AF (P=0.004 and P=0.016 respectively). The number of peaks 
in each P-wave and its discriminative power were not equally distributed over the body 
surface. The highest discriminative power was found on the high left posterior side of 
the thorax.

Conclusion: A higher number of peaks in the P-wave and larger P-wave terminal force 
in lead V1 can differentiate between patients with and without an AF history. Especially 
leads located on the high left posterior side of the thorax show prominent differences.

Keywords: Atrial fibrillation, Electrocardiography, P-wave
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CondEnsEd ABsTRACT

Body surface potential mapping was performed in patients with and without an atrial 
fibrillation (AF) history. A higher number of peaks in the P-wave and larger P-wave ter-
minal force in lead V1 can differentiate between these patients. Especially leads on the 
high left posterior side of the body surface show prominent differences.
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what’s new?
•	 Peaks	within	the	P-wave	can	distinguish	between	patients	with	and	without	a	history	

of atrial fibrillation.
•	 Leads	located	on	the	high	left	posterior	side	of	the	thorax	discriminate	best	between	

patients with and without AF.
•	 Leads	located	cranially	of	the	leads	V7-V8	contain	information	about	the	late	activa-

tion of the left atrium.
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InTRoduCTIon

Atrial fibrillation (AF) is associated with an increased mortality and morbidity, for ex-
ample due to an increased stroke risk.1 Many AF episodes are asymptomatic and remain 
undetected, but still increase stroke risk. As a consequence, stroke can be the first clini-
cal manifestation of AF.2 Early detection together with adequate treatment might reduce 
stroke and other cardiovascular complications.3 Several electrocardiographic (ECG) 
parameters have been used to predict AF, with P-wave duration (PWD) and PR-interval 
being the most frequently studied. A longer PWD predicted incident AF in previously 
undiagnosed patients but unfortunately did not add predictive power over clinical pa-
rameters associated with AF development.4,5 The PWD is a surrogate parameter for the 
total atrial activation time. Prolongation of the PWD and PR-interval indicate a global 
conduction slowing but ignore possible subtle (regional) conduction disturbances. A 
parameter that incorporates local irregularities within the P-wave on standard or alter-
native lead positions might pick up these more subtle regional conduction disturbances 
and help to identify patients likely to develop AF.

The main objective of this study was to compare a wide variety of P-wave parameters in 
patients with and without a history of AF to identify P-wave parameters that might be 
associated with prevalent AF. We hypothesised that parameters that are able to detect 
more subtle conduction slowing are associated with a history of AF. Furthermore, we 
compared leads from the entire surface of the chest to identify the optimal lead position 
to quantify these abnormalities.

METhods

Patient population
Patients with a history of AF were recruited from the AF-RISK study, an observational, 
prospective, multicentre study to identify risk factors associated with success of rhythm 
control therapy in patients with short-lasting symptomatic paroxysmal or persistent 
AF. Short-lasting paroxysmal AF was defined as AF spontaneously terminating within 
7 days, with a total AF history <2 years or <3 years in case of ≤2 episodes of ≤48 hours 
per month. Short-lasting persistent AF was defined as AF lasting between 7 days and 
1 year with a total AF history <2 years. Patients had no contraindications for oral anti-
coagulation. Exclusion criteria included: postoperative AF, acute coronary syndrome or 
coronary intervention within the last month, severe valvular disease and a total history 
of heart failure >3 years. For the present study we included patients between 40 and 75 
years of age with a complete body surface potential map (BSPM) and excluded patients 
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with a previous AF ablation, with (partial) atrial pacing during the recordings, or poor 
quality BSPM.

Individuals without AF were recruited from the Maastricht Study, an observational, 
prospective, population-based cohort study. The rationale and methodology have been 
described in detail previously.6 In brief, the study focuses on the aetiology, pathophysi-
ology, complications, and comorbidities of type 2 diabetes. Individuals aged between 
40 and 75 years in whom data was available for analysis were eligible for inclusion. In 
the present study we only included individuals without a history of AF and without AF 
on a recent 24-hour Holter. We included patients with a complete BSPM, which was 
not available in all patients for logistical or technical reasons. Poor quality recordings 
were excluded. Both studies have been approved by the local ethic committees and all 
patients provided written informed consent.

BsPM recording and analysis of signal averaged P-waves
The BSPM was recorded with 184 surface electrodes recorded using a Biosemi ActiveTwo 
amplifier (Biosemi, Amsterdam, The Netherlands). The Wilson Central Terminal was used 
as reference for each electrode. Signals were low-pass filtered at 419Hz and digitized 
with a 2048Hz sampling frequency and 0.03µV resolution. A 50Hz notch filter was used 
to suppress power-line interference. No high-pass filter was used during the recording or 
signal processing. The analyses were performed using custom-made MATLAB software 
(R2013b, MathWorks Inc. Natick, MA, USA). Signal quality was inspected visually and 
electrodes with poor contact were removed. After R-peak detection a patient specific 
P-wave detection interval preceding the R-peak was selected. Baseline wandering was 
removed by linear interpolation. All individual P-wave intervals were aligned in time us-
ing Pearson correlation. Intervals with a correlation coefficient with the average P-wave 
below 0.9. This procedure was repeated until the average P-wave converged and no 
intervals were discarded. Alignment was performed on the sum of the squared electrode 
signals to further reduce the effect of noise in individual leads.7 For each subject, a mean 
number of 601 ± 114 P-waves were averaged. A median of 12 [5 – 37] P-waves did not 
meet the 0.9 correlation threshold. The P-wave parameters were computed on these 
signal averaged P-waves.

P-wave parameters
The PWD and PR-interval were computed on the average root mean squared P-wave of 
all included leads. The annotation of the start and end of the unfiltered averaged P-wave 
was done manually. The area of the averaged P-wave was computed within this interval, 
as well as the amplitude, which was defined as the difference between the minimum 
and maximum value of the averaged P-wave. As a measure of P-wave complexity, peaks 
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were detected and counted on the averaged P-wave of each electrode separately. A peak 
was defined as a positive or negative separate notch in the P-wave with a minimum 
amplitude of 10% of a reference amplitude, calculated as the mean amplitude of the av-
erage P-wave at each electrode of all patients combined. P-wave complexity, area, and 
amplitude were computed both as a single value for each electrode and as a mean value 
over the whole body surface. The P-wave terminal force in lead V1 (PTFV1) is a frequently 
studied parameter derived from the 12 lead ECG and was computed as the integral of the 
terminal negative part of the P-wave, only in lead V1.

Orthogonal lead parameters
The X, Y and Z leads were constructed using the BSPM. Three distinct morphological P-
wave patterns can be identified using these orthogonal leads.8 Type 1 with a positive P-
wave in leads X and Y and a negative P-wave in the Z-lead. Type 2 with a positive P-wave 
in the X and Y leads but a biphasic P-wave in the Z-lead. Type 3 with positive P-wave in 
the X-lead and a biphasic P-wave in the Y and Z-leads.8 The P-wave morphology was 
considered atypical if it did not fit any of these definitions.8 Furthermore, the absolute 
areas of the X, Y and Z-leads as well as their combined area were calculated.

Electrocardiographic imaging
To study how differences between P-waves on different locations on the surface of the 
chest relate to the atrial activation pattern, we compared atrial epicardial activation 
maps that were estimated by non-invasive electrocardiographic imaging (ECGI) with 
the P-wave morphology. ECGI can reconstruct electrograms at the epicardium from a 
large set of body-surface electrograms combined with accurate heart and body-surface 
geometries. The relation between electrical heart activity and its projection on the body 
surface depends on the torso-heart geometry and thoracic conductivities. By reversing 
this relationship in an inverse procedure, the cardiac source potentials are calculated 
from the recorded body-surface potentials. From these reconstructed epicardial elec-
trograms activation isochrone maps are created by defining the moment of activation 
as the maximum negative slope for each epicardial electrogram.9 For the present study, 
we performed ECGI in three additional individuals without a history of AF. Body surface 
potentials were recorded with the same system as described earlier, and computed 
tomography (CT) was performed to create a patient-specific torso-heart geometry. The 
averaged body-surface P-waves were used to compute epicardial activation isochrones 
on the atria.
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sTATIsTICAl AnAlysIs

Continuous variables are reported as mean ± standard deviation or median and range. 
Comparison between groups was performed using a Student’s t-test or Mann-Whitney 
U test, the latter for non-normally distributed data. Categorical variables are reported 
as number and percentage and are compared using the chi-square test. Multivariable 
analysis was performed using backward logistic regression analysis. All parameters 
with a P-value of <0.1 between the two groups were considered to be included in the 
multivariate analysis. If – based on pathophysiological reasoning - an effect on the ECG 
parameters appeared to be reasonable they were included in the multivariate model. 
Clinical characteristics included in the multivariate model were diabetes mellitus, hy-
pertension, β-blocker therapy and anti-arrhythmic drugs (AAD). Both diabetes mellitus 
and hypertension can induce structural changes in the atrial tissue (i.e. fibrosis and 
cellular hypertrophy). β-blockers and AADs influence conduction and therefore alter 
P-wave parameters. Statistical analyses were performed with IBM SPSS statistics 21. A 
P-value of <0.05 was considered statistically significant.

REsulTs

We included 123 patients with a history of AF (62% male with a mean age of 59 ± 9 years) 
and a control group of 137 individuals (62% male with a mean age of 60 ± 8 years) with 
no known AF history. Baseline characteristics are reported in table 1. Overall patients 
had a low clinical cardiovascular risk profile, patients without AF more frequently had 
diabetes mellitus because of the nature of the control cohort. Patients with AF more 
frequently used beta-blockers, AADs and ACE-inhibitors/angiotensin receptor blockers 
as part of their AF treatment. AF patients had higher left atrial volumes and lower but 
still normal left ventricular ejection fractions.

univariate differences
Averaged P-wave characteristics
Table 2 shows differences in P-wave parameters between AF patients and the controls. 
Discussed are the P-wave parameters with highly significant differences between the 
groups. The averaged P-wave was longer in patients with AF compared to the control 
population (p<0.001). The PTFV1 was larger in patients with a history of AF (p<0.001). The 
mean number of peaks of all surface electrodes was higher in patients with a history of 
AF (p<0.001).
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A longer PWD predicted a history of AF with an area under the receiver operating charac-
teristic (ROC) curve (AUC) of 0.72. The optimal cut-off, determined from the ROC curve, 
was 116ms and discriminated between AF and SR with a 68% sensitivity and 69% speci-
ficity. The commonly used cut-off of 120ms had a 59% sensitivity and 77% specificity. 
The PTFV1 had an AUC of 0.64, with a 56% sensitivity and 72% specificity at 2.13mVms. 
The mean number of peaks over the body surface predicted an AF history with an AUC 
of 0.65. The optimal cut-off of a mean of 2.61 peaks had a 63% sensitivity with a 58% 
specificity.

Orthogonal leads
The area of the three orthogonal leads combined was larger in patients with an AF 
history (p<0.001, AUC: 0.63). Furthermore, the morphology differed between the two 
groups. A type 2 morphology was most common in both groups, but a type 1 morphol-

Table 1. Baseline characteristics

AF history
n=123

no AF history
n=137

P-value

Age (y) 59±9 60±8 0.677

Male 76 (62%) 85 (62%) 0.966

Body mass index Kg/M2 27.6±4.5 27.5±4.4 0.786

hypertension 56 (46%) 77 (56%) 0.086

diabetes 6 (5%) 42 (31%) <0.001

stroke 8 (7%) 3 (2%) 0.084

Myocardial infarction 6 (5%) 12 (9%) 0.218

Peripheral artery disease 3 (2%) 3 (2%) 0.894

ChA2ds2-VAsc 1.5±1.2 1.8±1.3 0.054

AF-type

Paroxysmal 111 (90%) NA

Persistent 12 (10%) NA

Medication

Beta-blocker 71 (58%) 23 (17%) <0.001

diuretics 20 (16%) 22 (16%) 0.965

ACEI/ARB 54 (44%) 38 (28%) 0.006

Calciumantagonist 11 (9%) 15 (11%) 0.590

statin 41 (33%) 50 (37%) 0.593

AAd 20 (16%) 0 (0%) <0.001

Echocardiographic parameters

lVEF (%) 58 [55 -60] 60 [59-62] <0.001

left atrial volume (ml) 69 ± 23 59 ± 14 <0.001

Abbreviations: AAD: anti-arrhythmic drug , ACEI: ACE-inhibitors , ARB: angiotensin receptor blockers, LVEF: 
left ventricular ejection fraction.
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ogy was more frequently present in patients without a history of AF and a type 3 or 
atypical P-wave morphology in patients with a previous AF episode (p=0.017).

Spatial heterogeneity
Besides differences in averaged P-wave parameters we also observed regional differ-
ences in the discriminative power of the P-wave parameters. Figure 1 shows the spatial 
distribution of the color-coded AUC values for the discrimination between patients with 
and without a history of AF based on the number of peaks in the P-wave. The leads 
located around V5-V6 and cranially of leads V7-V8 show the highest AUC. Lead V6 had 
an AUC 0.68 with a 63% sensitivity and 71% specificity for the optimal cut-off. The lead 
cranially of lead V7 had an AUC 0.74 with a 65% sensitivity and a 73% specificity.

Multivariate analysis of averaged P-wave characteristics
After correction for covariates known to influence atrial conduction or P-wave pa-
rameters (diabetes mellitus, hypertension, β-blocker therapy and AAD) a larger mean 
number of peaks and larger PTFV1 remained independently associated with a history 
of AF (table 3). Left atrial volume (LAV) was only available in a subset of 205 individuals 
(103 AF patients). By also correcting for LAV only a larger PTFV1 remained independently 
associated with AF (p=0.02; OR 1.768 CI 1.082 – 2.889).

Table 2. P-wave parameters

AF history
n=123

no AF history
n=137

P-value

heart rate (bpm) 57 ± 8 64 ± 10 <0.001

P-waves used (n) 574 ± 107 626 ± 115 <0.001

Body surface leads

P-wave duration (ms) 123 ± 13 113 ± 12 <0.001

PR-interval (ms) 176 ± 25 170 ± 24 0.065

P-wave area (mV*ms) 3.09 ± 0.79 2.79 ± 0.66 0.001

P-wave terminal force V1 (mV*ms) 2.35 ± 1.0 1.87 ± 0.7 <0.001

Amplitude (mV) 0.073 ± 0.015 0.068 ± 0.014 0.011

Mean number peaks (n) 2.93 ± 0.80 2.51 ± 0.64 <0.001

orthogonal leads

P-wave area (mV*ms) 9.51 ± 2.40 8.37 ± 1.86 <0.001

Morphology 0.017

Type 1 17 (14%) 35 (26%)

Type 2 67 (55%) 75 (55%)

Type 3/ atypical 39 (32%) 27 (20%)
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Epicardial activation isochrones
ECGI consistently showed epicardial activation starting at the high right atrium (figure 
2). The latest atrial activation was found on the left atrial lateral wall. The figure also 
shows the surface P-waves of leads V1, V6 and V8. In all three examples the amplitude 
of the P-wave during right atrial activation was large in lead V1, smaller in lead V6 and 
hardly distinguishable from the zero-line in lead V8. Vice-versa, during left atrial activa-
tion the amplitude was largest in V8, suggesting that the lead V8 primarily reflects late 
left atrial activation.

dIsCussIon

We demonstrated that a higher number of peaks in the P-wave and a larger PTFV1 are 
independently associated with a history of AF. Importantly, not all surface locations 
harboured the same predictive information. Especially leads located on the back cranial 
to leads V7-V8 contain information discriminating between patients with or without a 
history of AF.

Figure 1. shows the distribution of the AUC for the number of peaks per electrode between patients with 
and without an AF history. The anterior thorax and abdomen is shown on the left and the posterior side on 
the right.

Table 3. Independent P-wave parameters

P-wave parameter unadjusted P-value oR 95% CI Adjusted P-value oR 95% CI

Peaks mean (n) <0.001 2.258 1.565 – 3.257 0.004 1.990 1.239 – 3.196

PTFV1 (mV) <0.001 1.901 1.397 – 2.588 0.016 1.701 1.105 – 2.617
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P-wave peak detection
We showed that patients with a history of AF have more complex P-waves than patients 
without known AF. Although one small previous study has shown more fractionated 
P-waves in patients with a history of AF,10 our understanding of the pathophysiological 
meaning of complex P-waves is very limited. A previous study showed more fractionated 
P-waves in patients with more atrial fatty infiltrations.11 Pericardial atrial fat can pro-
mote atrial fibrosis.12 Atrial fibrosis results in heterogeneities in conduction favouring 
re-entry and perpetuation of AF. A P-wave with a more complex pattern illustrated by 
more peaks might reflect a higher degree of (regional) atrial conduction disturbances. 
Atrial conduction disturbances could explain the higher likelihood of AF.

Added diagnostic value of leads besides the standard 12-lead ECG
A potential advantage of a BSPM over a standard 12-lead ECG is the additional spatial 
information that can be used to examine which regions of the chest surface differs most 
between patients. For example, although we showed that the mean number of peaks 

Figure 2. shows the epicardial activation of three individuals without a history of AF. The left panel shows 
the reconstructed atrial epicardial activation and corresponding surface P-waves of leads V1, V6 and V8. 
The right panel shows the posterior-anterior view from lead V8 of the second individual. Predominately the 
left atrium is located towards the electrode.
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from all electrodes combined identified patients with a previous AF episode, the predic-
tive performance did not outperform the PWD. However, leads located cranially to the 
leads V7-V8 performed better in the identification of patients likely to have experienced 
AF. Atrial fibrosis, epicardial fat, and conduction slowing are especially present in the 
left atrial posterior wall in AF.13,14 Our ECGI data demonstrate that P-waves in lead V8 pre-
dominantly reflect left atrial activation. This may well explain the discriminating power 
of the number of peaks in this body surface location. Others also found additional value 
of leads located on the back.15 However, there is a need for prospective studies on the 
predictive value of leads located on the back or the entire BSPM for incident AF.

Comparison with classic P-wave parameters
PWD is the most frequently studied P-wave parameter and is correlated with the left 
atrial activation time and low voltage.16 We confirm that a longer unfiltered signal 
averaged PWD identifies patients with an AF history.17 However, we used information 
from leads located all over the body surface which might have increased sensitivity and 
specificity. In longitudinal studies, a longer PWD also predicts new onset AF.4,18 However, 
the hazard ratios for AF development were small and provided no contribution beyond 
traditional risk factors for AF development.4 More advanced stages of interatrial block, 
i.e. a PWD > 120 ms and increasing number of biphasic P-waves in the inferior leads, 
improve risk prediction of atrial fibrillation.19 Another frequently studied parameter is 
the PR-interval. A long PR-interval is associated with development of AF.20 Surprisingly 
we found no significant difference in PR duration between patients with and without AF.

A recent study showed that the PTFV1 is increased by left atrial hypertrophy.21 In the pres-
ent study we showed that a higher PTFv1 is independently associated with a history of AF, 
possibly due to a thicker left atrium making it more vulnerable for AF.

orthogonal leads
Orthogonal leads can be used to describe the P-wave morphology in three dimensions.8 
In our study a type 1 ECG was more common in patients without AF history whereas a 
type 3 or atypical ECG morphology was more common in patients with a previous AF 
episode. A previous study showed that an abnormal P-wave ECG (other than type 1) 
was associated with an increased the risk for incident AF.8 This could be explained by a 
higher degree of interatrial conduction defects.

Clinical implications and future directions
As demonstrated by this and other studies characteristics of the P-wave might be useful 
to discriminate between patients with a known history of AF and patients without AF 
even in a population with a low cardiovascular risk profile. However, the main clinical 
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question is whether patients likely to develop AF can be identified using this technique, 
possibly in combination with clinical characteristics and serum biomarkers. Identifica-
tion of patients at risk for AF may result in more intense monitoring for AF episodes and 
thus potentially in earlier initiation of antithrombotic therapy. Our study also clearly in-
dicates that leads representing the left atrium and that are not included in the standard 
12-lead ECG might be of added value for the identification of these patients over a con-
ventional 12-lead ECG. These alternative P-wave parameters and leads should be used 
to test its power to predict AF development in future prospective studies. Furthermore, 
it would be worthwhile to study their predictive performances for either AF progression 
or response to treatment in a population with paroxysmal AF.

limitations
The most important limitation of the study is that the cases and controls in this study are 
from two different cohorts. As a result, unknown factors might have influenced the out-
come of this study. On the other hand, most clinical characteristics for which an effect 
on ECG parameters have been documented were included in our study and corrected 
for. Therefore, we believe that the differences between the groups are significant and 
plausible.

The control study mainly focuses on diabetes mellitus a known risk factor for AF and 
atrial conduction abnormalities. Despite the larger number of patients with diabetes in 
the control population, patients with AF had more profound atrial conduction distur-
bances.

A limitation is the need for signal-averaging and recording systems with a high sampling 
frequency to acquire the P-waves suitable for the peak detection. The recording of an 
averaged ECG is more time-consuming and therefore not frequently used in daily clinical 
practice. However, this technique might be worthwhile exploring if it shows to provide 
a more accurate identification of individuals who will develop AF over conventional 
10 seconds 12-lead ECGs. We used 184-lead BSPMs, this technique obviously requires 
longer and more dedicated preparation than a 12-lead ECG.

We used individuals without a known AF history and without AF on a 24 hour Holter 
monitor as a control population.

The ultimate goal is to identify patients likely to develop AF, but we do not have follow-
up data on the patients without an AF history. Therefore, we can only speculate on the 
ability of the parameters identified in this study for the development of AF. To overcome 



Chapter 4

P-wave complexity in atrial fibrillation

the limitations of this study, there is a need for further research with patients from a 
large single cohort with a high likelihood of developing AF.

Conclusions
A higher irregularity of the P-wave, measured by the number of peaks within the P-wave, 
identifies patients with a previous history of AF. Particularly the number of peaks mea-
sured in leads located cranially of leads V7-V8 seem useful to identify these patients and 
outperform commonly used parameters such as the PWD.
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ABsTRACT.

Aims. Clinicians increasingly encounter patients with young-onset atrial fibrillation (AF). 
Aim is to study clinical profile, AF progression and outcome of patients with young-onset 
AF.

Methods and results: A total of 468 patients with paroxysmal or persistent AF starting 
<60 years of age were included. Clinical profile, AF progression, defined as development 
of permanent AF, and cardiovascular events were prospectively collected. Onset of AF 
was at 46±10 years, 354 (76%) were men, 329 (70%) had paroxysmal AF, 50 (11%) had 
AF without risk factors or comorbidities and 118 (25%) had familial AF. Hypertension 
was present in 207 (44%), heart failure in 44 (9%). During 7.2 (2.7-10.0) years, 56 (11%) 
had AF progression (2.0%/year). Progression rate in patients receiving antiarrhythmic 
drugs or pulmonary vein isolation during follow-up was not different from patients who 
did not. Multivariable determinants of AF progression included diastolic blood pressure 
(HR 1.031 [(95% CI 1.007-1.055], p=0.010) and left atrial size (HR 1.055 [1.012-1.099], 
p=0.012). Cardiovascular events occurred in 61 patients (13%; 2.4%/year). Multivariable 
determinants of cardiovascular events were PR interval (HR 1.015 [1.005-1.024], p=0.002) 
and left ventricular hypertrophy (HR 3.429 [1.712-6.868], p=0.001). Yearly event rate was 
higher in patients who had developed AF progression, compared to patients without 
progression (4.9 [2.3-9.0]% vs. 1.9 [1.4-2.6]%, p=0.006).

Conclusion. Nine out of 10 patients with young-onset AF had risk factors and comor-
bidities, 25% had familial AF. AF progression to permanent AF and cardiovascular events 
occurred in 2.0% and 2.4% per year, respectively. Cardiovascular events increased after 
AF progression had occurred.

Key words: atrial fibrillation; young-onset; atrial fibrillation progression; cardiovascular 
outcome
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CondEnsEd ABsTRACT.

Of the total of 468 patients with young-onset AF, 9 out of 10 had risk factors and comor-
bidities, 25% had familial AF. AF progression to permanent AF and cardiovascular events 
occurred in 2.0% and 2.4% per year, respectively. Cardiovascular events increased after 
AF progression had occurred.
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what’s new?
•	 Most	patients	with	young-onset	AF	had	AF	in	the	setting	of	comorbidities	and	AF	risk	

factors. Only 11% had AF without known comorbidities or risk factors;
•	 Long	term	AF	progression	rate	to	permanent	AF	was	low	with	2.0%	a	year;
•	 Long	term	prognosis	was	good	with	an	yearly	cardiovascular	event	rate	of	2.4%;
•	 Event	rates	were	higher	after	AF	had	progressed	to	permanent	AF.
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InTRoduCTIon

Atrial fibrillation (AF) often occurs at an older age, and most commonly in the presence 
of concomitant cardiovascular risk factors or diseases.(1) Yet, AF incidence at young age 
is increasing.(2) This may relate to changes in life-style, including consumption pattern, 
obesity and lack of physical activity, which may lead to earlier development of cardio-
vascular risk factors and comorbidities.(2,3) The relative contribution of heritability 
may also be of greater importance in younger individuals.(1) Data on the exact clinical 
phenotype of young-onset AF, however, is sparse.(3) The general notion often is that 
many young-onset AF patients have AF without comorbidities, i.e. AF occurring in the 
absence of AF risk factors, but also that data is sparse.(4)

AF frequently emerges as a progressive disease that starts off as simple, paroxysmal 
self-terminating AF and eventually progresses to persistent and permanent non-self-
terminating AF. Underlying clinical and subclinical diseases guide the process of ongo-
ing structural atrial remodeling and thus progression of AF. Atrial remodeling is thought 
to start years before the first AF episode.(5) Yearly progression rates that have been 
reported vary between <1% to >30%, depending on the severity of underlying cardiovas-
cular diseases, and AF progression definition.(6) AF progression is of clinical importance 
because it has been associated with worse cardiovascular outcome.(7-9) Therefore, it is 
of importance to predict the patients at risk for AF progression. Current risk-stratification 
for AF progression is limited. Even less is known on AF progression in young patients.

In the present single-center, observational study we aim to describe the clinical profile, 
AF progression to permanent AF, and cardiovascular outcome of patients with young-
onset paroxysmal and persistent AF.

METhods

study population. The Phenotyping Young-Onset Atrial Fibrillation Patients study 
(YOUNG AF) is a prospective, single-center, observational study that was performed at 
the University Medical Center Groningen, The Netherlands. A total of 500 patients were 
included between August 2012 and December 2013. The institutional review board ap-
proved the study protocol, and all patients provided written informed consent. At the 
outpatient clinic patients with AF onset <60 years, who were at least 18 years at time of 
inclusion were asked to participate. Patients with post-operative AF, myocardial infarc-
tion or acute coronary syndrome <1 month prior to onset of AF were non-eligible. Also, 
patients with AF due to another acute trigger (e.g. infection) and patients with hyperthy-
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roidism <3 months before AF onset were non-eligible. In total, 3 patients were excluded 
because not meeting the inclusion criteria (1 hyperthyroidism <3 months before AF 
onset, 2 aged >60 years at AF onset). Of the 497 patients, no follow-up data was avail-
able of 9 patients and 20 had permanent AF at baseline. All analyses were performed 
using the remaining 468 patients. Data regarding clinical profile was collected closest 
to the moment of the diagnosis of AF (index-visit). Information regarding family history, 
cardiovascular risk factors and diseases, life style-related risk factors for AF, physical 
examination, 12-lead electrocardiogram, laboratory analyses, and echocardiography 
was also collected prospectively. The follow-up frequency and follow-up investigations, 
after the index-visit, were led to the discretion of the treating physician. In the majority 
at least yearly follow-up visits were planned. Information regarding these visits was col-
lected from the electronic medical records.

definitions. AF progression was defined as development of permanent AF (i.e. sinus 
rhythm that cannot be restored or is no longer pursued by the treating physician). Type 
of AF was defined according to the 2016 European Society of Cardiology AF guidelines 
into paroxysmal (<7 consecutive days of AF), persistent (>7 consecutive days of AF) 
and permanent AF.(1) Heart failure was defined as the presence of signs or symptoms 
associated with heart failure (New York Heart Association functional class II or III), 
previous hospitalization for heart failure or left ventricle ejection fraction (LVEF) ≤45% 
as assessed by echocardiography or any other imaging modality. Left ventricular 
hypertrophy (LVH) was classified using echocardiographic left ventricular mass index 
(LVMI) >95 g/m2 in women and >115 g/m2 in men. Hypertension was defined as systolic 
blood pressure >140mmHg, diastolic blood pressure >90mmHg, or by use of medica-
tion prescribed for hypertension. Coronary heart disease was defined as a history of 
myocardial infarction, percutaneous coronary intervention or coronary artery bypass 
grafting. Peripheral artery disease was defined on the basis of a clinical diagnosis by a 
vascular specialist or observed with Doppler ultrasonography or other imaging modal-
ity. Estimated glomerular filtration rate (eGFR) was calculated using the Modification of 
Diet in Renal Disease formula. Chronic kidney disease was defined as an eGRF <60 mL/
min. Body mass index (BMI) was calculated by dividing weight to height squared (kg/
m2). Obesity was defined as BMI >30 kg/m2. Familial AF was defined as a history of AF <60 
years in >1 first-degree family members. AF without comorbidities was diagnosed in the 
absence of congenital heart disease, cardiomyopathies, hypertension, coronary artery 
disease, peripheral artery disease, pulmonary diseases, heart failure, diabetes mellitus, 
chronic kidney disease, obesity, LVH, diastolic dysfunction (e’<8 cm/sec and/or lateral 
e’<10 cm/sec), moderate or severe valvular disease, subclinical hypertension (systolic 
blood pressure >130-140 mmHg or diastolic blood pressure >80-90 mmHg), smoking, 
excessive sports practice and excessive alcohol use. The stroke risk-score CHA2DS2-VASc 
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was calculated by counting points for congestive heart failure, hypertension, age >75 
years (2 points), diabetes mellitus, stroke or transient ischemic attack (TIA; 2 points), 
vascular disease, age 65-74 years and female sex. The HATCH score, an AF progression 
score, was calculated by counting points for hypertension, age >75 years, stroke or TIA (2 
points), chronic obstructive pulmonary disease and heart failure (2 points).

Follow-up. We used electronic medical records to obtain information on development of 
AF progression and cardiovascular events. Rhythm control including atrial ablation was 
first choice therapy.(1) During follow-up data on AF therapies was collected, including use 
of class I and III anti-arrhythmic drugs (AAD) and atrial ablation. Cardiovascular events 
included cardiovascular death and heart transplantation, heart failure hospitalization, 
stroke, systemic embolism, major bleeding, syncope, life-threatening adverse effects of AF 
drugs, sustained ventricular tachycardia, cardiac arrest and implantation of a pacemaker or 
implantable cardiac defibrillator (ICD). Cardiovascular death was defined as death occur-
ring due to any cardiovascular disease. Stroke was defined as the sudden onset of a focal 
deficit with permanent damage and categorized as either ischemic (occlusion of a major 
cerebral artery documented by means of imaging) or hemorrhagic. Systemic embolism was 
defined as an acute vascular occlusion of an extremity or organ documented by any imaging 
modality, operative report or autopsy report. Major bleeding was defined as a reduction 
in the hemoglobin level by more than 2g/dL, requiring transfusion of ≥2 units of blood or 
symptomatic bleeding in a critical area or organ necessitating hospitalization. Syncope was 
defined as a transient loss of consciousness potentially to be caused by a rhythm disorder. 
Life-threatening adverse effects of AF drugs included conduction disturbances and ventricu-
lar arrhythmias necessitating hospitalization. Sustained ventricular tachycardia was defined 
as ventricular tachycardia lasting >30 seconds or necessitating termination by electrical 
cardioversion because of hemodynamic instability. Cardiac arrest was defined as circula-
tory arrest necessitating resuscitation and hospitalization. Follow-up started at index-visit 
and was continued until February 2016 with a maximum of 10 years, or until death.

statistical analysis. Descriptive statistics of the total population, and subgroups with 
and without AF progression, were presented as mean±standard deviation or median 
(interquartile range [IQR]) for continuous variables, depending on normality of the data. 
Categorical variables are presented as numbers with percentages. Yearly event rates were 
calculated by dividing the number of follow-up years by the number of events, with cen-
soring post first event. Additionally, repeated events analyses were performed as well. In 
an individual patient differences in event rates and 95% confidence interval (CI) were cal-
culated by the incidence rate comparison tool using MedCalc for Windows version 17.6. 
Differences in patient characteristics between patients with and without AF progression 
were evaluated using Fisher’s exact test (2 categories) and Chi-square test (>2 categories) 
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for categorical data, and the student’s T-test and Mann-Whitney-U test for continuous 
data, depending on the normality of the data. Univariable Cox proportional hazard re-
gression was used to find determinants of AF progression and cardiovascular outcome. 
Results are given as hazard ratios (HR) with 95% CI. All covariates with a P<0.1, excluding 
those with significant correlations with other covariates, were used to create a stepwise 
multivariable Cox proportional hazard regression model. Only statistically significant 
(P<0.05) remained in the final model. As secondary analyses, we additionally adjusted 
the multivariable model for sex and treatment during follow-up. Variables included in the 
final regression model were tested for significant interactions. The proportionality haz-
ards assumption was evaluated by testing the correlation coefficient between survival 
time and the scaled Schoenfeld residuals. A P-value <0.05 was considered statistically 
significant. Kaplan Meier curves were created to illustrate the course of AF progression 
and cardiovascular events during follow-up. Statistical analyses were performed using 
IBM SPSS Statistics version 23.0 (Armonk, NY, USA) unless otherwise mentioned.

REsulTs

Clinical characteristics. Table 1 shows the baseline characteristics. Mean age at onset 
of AF was 46±10 years, and 354 (76%) were men. On average, there was an approximate 
3-year difference between the index-visit and AF onset. The majority had paroxysmal AF 
(329 [70%]). Overall, patients had a low number of comorbidities. A total of 50 (11%) pa-
tients had AF without comorbidities. Familial AF was present in 118 (25%). Patients with 
AF without comorbidities had a higher percentage of familial AF (40% vs. 23%, p=0.015). 
Despite their low stroke risk, 27 (6%) had a history of stroke or TIA.

Atrial fibrillation progression. During a median follow-up of 7.2 [2.7-10.0] years, 56 
(12%) out of 468 patients had AF progression to permanent AF, equivalent to 2.0%/year 
(Figure 1-a). There was no difference in progression rate in patients who underwent 
pulmonary vein isolation (PVI) or received class I or III AAD during follow-up, compared 
to patients who did not (26 [10.1%] vs 30 [14.3%], p=0.197). Patients with AF progression 
were more often men, had persistent AF at the index-visit, valvular disease and heart 
failure (Table 1). Both systolic and diastolic blood pressure were higher in patients with 
AF progression. Echocardiographic differences included a larger left atrial size and a 
higher LVMI. The HATCH score was significantly higher in patients with AF progression 
(HR 1.273 [95% CI 1.024-1.584], p = 0.029). Multivariable determinants of AF progression 
included diastolic blood pressure (HR 1.031 [95% CI 1.007-1.055], p=0.01) and left atrial 
size (HR 1.055 [95% CI 1.012-1.099], p=0.012) (Table 2). After adjustment for sex and 
treatment during follow-up, this effect remained present.
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Table 1. Patient characteristics at index-visit of total population, with and without AF progression.

All patients
(n=468)

AF progression
(n=56)

no AF 
progression
(n=412)

P-value

Age at index-visit (years) 49 ± 9 50 ± 9 49 ± 9 0.41

Age at AF-onset (years) 46 ± 10 47 ± 9 46 ± 10 0.46

Men 354 (76%) 49 (84%) 305 (74%) 0.03

Type of AF <0.001

Paroxysmal 329 (70%) 25 (45%) 304 (74%)

Persistent 139 (30%) 31 (55%) 108 (26%)

Heart failure 44 (9%) 10 (18%) 34 (8%) 0.02

Hypertension 207 (44%) 30 (54%) 177 (43%) 0.21

Diabetes mellitus 21 (5%) 2 (4%) 19 (5%) 0.72

COPD 17 (4%) 1 (2%) 16 (4%) 0.57

Coronary artery disease 45 (10%) 5 (9%) 40 (10%) 0.85

Peripheral artery disease 8 (2%) 2 (4%) 6 (2%) 0.25

Stroke or TIA 27 (6%) 5 (9%) 22 (5%) 0.28

Chronic kidney disease 10 (2%) 2 (4%) 8 (2%) 0.43

Hypercholesterolemia 175 (41%) 26 (50%) 149 (40%) 0.18

History of hyperthyroidism 10 (2%) 2 (4%) 8 (2%) 0.43

AF without comorbidities 50 (11%) 6 (11%) 44 (11%) 1.00

Familial AF 118 (25%) 13 (23%) 105 (26%) 0.87

CHA2DS2VASc 1 (0-2) 1 (0-2) 1 (0-2) 0.20

HATCH score 1 (0-1) 1 (0-2) 1 (0-1) 0.04

EHRA symptom class <0.001

I 39 (9%) 14 (26%) 25 (7%)

II 325 (74%) 35 (65%) 290 (76%)

III 69 (16%) 4 (7%) 65 (17%)

IV 4 (1%) 1 (2%) 3 (1%)

Physical examination

Height (cm) 182 ± 10 182 ± 10 182 ± 10 0.99

Weight (kg) 91 ± 17 88 ± 15 92 ± 18 0.08

BMI (kg/m2) 27 (24-30) 26 (24-28) 27 (24-30) 0.05

Obesity (BMI>30) 86 (26%) 6 (15%) 80 (27%) 0.17

Systolic blood pressure (mmHg) 131 ± 20 136 ± 20 130 ± 20 0.02

Diastolic blood pressure (mmHg) 82 ± 12 86 ± 12 81 ± 11 <0.001

Electrocardiography

Heart rate (bpm; in sinus rhythm) 65 (57-72) 64 (57-70) 65 (58-73) 0.46

PR interval (ms) 160 (146-176) 165 (157-188) 160 (144-174) 0.05

Echocardiography

Moderate or severe valve disease 35 (7%) 8 (14%) 27 (7%) 0.04
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Table 1. Patient characteristics at index-visit of total population, with and without AF progression. (con-
tinued)

All patients
(n=468)

AF progression
(n=56)

no AF 
progression
(n=412)

P-value

Left ventricular hypertrophy 50 (11%) 8 (14%) 42 (10%) 0.35

Left ventricular mass index (g/m2) 80 (69-93) 88 (81-98) 79 (69-92) 0.01

LA volume (mL) 54 (42-68) 60 (50-70) 53 (41-65) 0.02

LA volume index (mL/m2) 25 (20-31) 28 (24-33) 24 (20-31) 0.07

LA parasternal long axis (mm) 41 ± 6 43 ± 6 40 ± 6 0.002

LVEF (%) 60 (55-60) 60 (50-60) 60 (58-60) 0.05

Laboratory results

Creatinine (µmol/L) 85 (73-95) 91 (79-102) 84 (72-95) 0.01

eGFR (mL/min) 81 ± 17 76 ± 20 81 ±16 0.27

Total cholesterol (mmol/L) 5.3 ± 1.1 5.0 ± 1.1 5.3 ± 1.1 0.13

HDL cholesterol (mmol/L) 1.2 (1.0-1.4) 1.1 (0.9-1.3) 1.2 (1.0-1.5) 0.23

LDL cholesterol (mmol/L) 3.3 (2.7-4.0) 3.2 (2.4-4.0) 3.3 (2.7-4.0) 0.52

Data is expressed as mean ± standard deviation ± SD, median (IQR) or numbers (%).
Abbreviations: AF=atrial fibrillation; BMI=body mass index; CHA2DS2-VASc=acronym for congestive heart 
failure, hypertension, age >75 years, diabetes mellitus, stroke or transient ischemic attack, vascular dis-
ease, age 65-74 years and female sex; COPD=Chronic obstructive pulmonary disease; eGFR=estimated 
glomerular filtration rate; EHRA=European Heart Rhythm Association; HATCH=acronym for hyperten-
sion, age >75 years, stroke or transient ischemic attack, chronic obstructive pulmonary disease and heart 
failure; HDL=high density lipoprotein; ICD=implantable cardiac defibrillator; LA=left atrial; LDL=low den-
sity lipoprotein; LVEF=left ventricular ejection fraction; PM=pacemaker; TIA=transient ischemic attack; 
VF=ventricular fibrillation; VT=ventricular tachycardia.

Figure 1 a-b. A –  Kaplan Meier curve showing the cumulative AF progression rate to permanent AF 
during follow-up.

 B –  Kaplan Meier curve illustrating the cumulative incidence of cardiovascular events during 
follow-up.
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Cardiovascular outcome. During 7.2 [2.7-10.0] years of follow-up, 61 (11%; 2.4% per 
follow-up year) patients had at least 1 cardiovascular event (Figure 1-b). A total of 20 
patients had >1 event and the total number of events was 90 during follow-up. Including 
the repeated events, event rate was 3.0% per year.

Patients who developed AF progression had higher yearly cardiovascular event rates 
(Table 3). Sixteen patients with AF progression had a total of 25 events. Ten of those 
events occurred before AF had progressed to permanent AF. Ten patients had 15 events 
after progression of AF. After AF progression, patients had a higher event rate (4.9 [2.3-
9.0]% vs. 1.9 [1.4-2.6]% a year, p=0.006, Figure 2). Including repeated events, this effect 
remained significant (6.3 [3.5-10.4]% vs. 2.0 [1.5-3.2], p<0.001). AF progression had a 
HR of 2.222 (1.114-4.430, p=0.023) for cardiovascular events. This effect remained after 
adjusting for differences in diastolic blood pressure, heart failure, sex and LVH (HR 2.347 
[1.109-4.968], p=0.026).

Pacemaker implantation, heart failure hospitalization, syncope and ICD implantation 
were most frequently observed. A total of 7 (2%) ischemic strokes were observed. Four 
patients used anticoagulation therapy at the time of stroke, 3 not because a CHA2DS2-
VASc was 0 or 1. Heart failure hospitalizations and ICD implantations were more com-
mon in patients with AF progression. No differences in other individual components 
were observed.

Table 2. Univariable and multivariable determinants of AF progression.

univariable Multivariable

hR 95% CI P value hR 95% CI P value

Diastolic blood pressure 1.036 1.015-1.058 0.001 1.031 1.007-1.055 0.010

LA parasternal long axis (mm) 1.056 1.014-1.098 0.008 1.055 1.012-1.099 0.012

Creatinine (µmol/L) 1.088 1.001-1.015 0.020

HATCH 1.273 1.024-1.584 0.029

PR interval (ms) 1.011 1.000-1.021 0.050

Heart failure 1.963 0.990-3.891 0.053

Male 2.580 1.361-4.891 0.081

LVEF (%) 1.273 1.024-1.584 0.082

Total cholesterol (mmol/L) 0.794 0.605-1.043 0.097

Cox proportional hazards regression on determinants associated with AF progression.
Abbreviations: CI=confidence interval; HATCH=acronym for hypertension, age >75 years, stroke or transient 
ischemic attack, chronic obstructive pulmonary disease and heart failure; HR=hazard ratio; LA=left atrial; 
LVEF=left ventricular ejection fraction.



86 Part 3

Risk markers for progression of atrial fibrillation

Table 4 shows the univariable and multivariable determinants of cardiovascular 
outcome. Multivariable determinants included a longer PR interval (HR 1.015 [95% CI 
1.005-1.024], p=0.002) and presence of LVH (HR 3.429 [95% CI 1.712-6.868], p=0.001).

Table 3. Cardiovascular events in patients after AF progression had occurred (i.e. were in permanent AF) 
and without AF progression.

After AF
progression
(n=56)

no AF
progression
(n=412)

P-value

Composite endpoint 4.87%/year 1.93%/year 0.006

Endpoint components

Death from cardiovascular cause or heart transplantation 0.42%/year 0.04%/year 0.039

Heart failure hospitalization 1.79%/year 0.40%/year 0.005

Ischemic stroke - 0.27%/year 0.419

Systemic embolism - -

Major bleeding - 0.08%/year 0.667

Syncope 0.86%/year 0.27%/year 0.132

Life-threatening adverse effect of rate- or rhythm-control drugs - 0.12%/year 0.598

Sustained ventricular tachycardia 0.87%/year 0.24%/year 0.088

Cardiac arrest 0.42%/year 0.16%/year 0.353

ICD implantation 0.86%/year 0.24%/year 0.090

Pacemaker implantation 1.37%/year 0.77%/year 0.352

Data is expressed as yearly event rates. P value is given for the difference between patients after AF progres-
sion had occurred (i.e. were in permanent AF) and without AF progression.
Abbreviations: AF=atrial fibrillation; ICD=implantable cardiac defibrillator.
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Figure 2. Yearly event rate in patients with permanent AF versus patients without AF progression.
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dIsCussIon

The present study shows that 9 out of 10 patients with young-onset AF had risk factors 
and comorbidities. AF without comorbidities occurred in a minority of patients, but 
familial AF was present in one out of four. AF progression to permanent AF and cardio-
vascular events occurred at a low yearly rate. Of importance, the cardiovascular event 
rate increased after AF progression to permanent AF.

Clinical profile. The clinical profile in the young-onset AF patients was comparable to 
patients in whom AF started at an older age.(7,9) In the present cohort, patients with 
young onset AF, however, were more often men compared to older AF cohorts.(7,10) 
This may be partly explained by electrophysiological differences between pre- and 
post-menopausal women. Among other factors, protective effects of estrogens on 
cardiovascular diseases may have accounted for the lower percentage of women with 
young-onset AF.(11)

Most patients had comorbidities despite their age. Hypertension was most often 
prevalent. Obesity, considered a more novel risk-factor, was present in one out of four.
(2) More and more data become available that identifying and treating risk factors and 
comorbidities is key in AF treatment, preventing progression of atrial remodeling. This 
includes subclinical vascular diseases and subclinical hypertension.(1,12) Identifying 
and implementing these factors in risk-stratification models may improve prognosis in 
AF patients.

Familial AF was present in 25%, which is consistent with earlier findings that familial 
AF is a risk factor for developing AF. Its incidence varies widely, ranging from 5 to 46%.
(13,14) Weng et al. described the long-term probability of developing AF considering 

Table 4. Univariable and multivariable determinants of cardiovascular events.

univariable Multivariable

hR 95% CI P value hR 95% CI P value

PR interval (ms) 1.015 1.006-1.024 0.001 1.015 1.005-1.024 0.002

LVH 2.312 1.277-4.184 0.006 3.429 1.712-6.868 0.001

LVMI (g/m2) 1.016 1.003-1.029 0.019

Heart rate (bpm) 0.975 0.949-1.001 0.063

COPD 2.365 0.857-6.520 0.096

Cox proportional hazards regression on determinants associated with cardiovascular events during follow-
up.
Abbreviations: bpm=beats per minute; CI=confidence interval; COPD=Chronic obstructive pulmonary dis-
ease; HR=hazard ratio; LVH=left ventricular hypertrophy; LVMI=left ventricular mass index.
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genetic predisposition.(15) In those within the lowest tertile of genetic predisposition 
for developing AF, the incidence was 22.3%, compared to 48.2% in patients within the 
highest tertile. Thus genetics can play a substantial role in AF development , which may 
play a role in daily practice in the future. For now, the role of genetics in daily AF man-
agement is limited and was therefore not included in the analyses.

It is generally believed that many young patients have AF without comorbidities. The 
prevalence of AF without comorbidities varies between <1% to 68%, depending on type 
of AF, age of AF onset and lone AF definition. Wyse et al. advocate limiting the use of the 
term lone AF, since comorbidities are often underdiagnosed and its definition is used in-
consistently.(4) Our data shows that only 11% had young-onset AF without a risk-factor 
or comorbidity, which may still be an overestimation since this definition did not include 
subclinical vascular diseases. Thorough work-up is needed to identify cardiovascular 
diseases or risk-factors and treat them accordingly.(1)

Atrial fibrillation progression. During follow-up, our young-onset AF patients showed 
a progression rate to permanent AF of 2.0% per year. In patients with self-terminating 
AF the progression rate varies with the population studied and the means and duration 
of rhythm monitoring and follow-up, ranging from <1% to >30% per year. Potpara et al. 
examined 242 patients (age 43±10) with newly diagnosed AF without known comorbidi-
ties.(16) A 26.9% progression rate was observed during 12.1 years of follow-up, equiva-
lent to yearly AF progression rate of 2.2%, thus comparable to our data.

Treatment during follow-up could potentially influence AF progression. We did not ob-
serve any difference in AF progression rate in patients receiving AAD and/or PVI during 
follow-up, compared to patients who did not.

Multiple clinical factors have been associated with AF progression. De Vos et al. devel-
oped the previously mentioned AF progression risk score HATCH.(7) They showed a 
yearly progression rate of 15% in older patients (mean age 64±13 years). We also could 
show that the HATCH score was associated with AF progression. Independent factors 
associated with AF progression in our cohort were diastolic blood pressure and left atrial 
size. High diastolic blood pressure might indicate inadequate treatment of underlying 
hypertension, enhancing the atrial remodeling processes and thus enabling the arrhyth-
mia to become permanent. Larger left atrial dimensions are also considered as marker 
of more advanced atrial remodeling, further contributing to AF progression.(17)

Cardiovascular outcome. We observed a cardiovascular event rate of 2.4%/year. De 
Vos et al. reported data from the Euro Heart Survey on several major adverse cardio-
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vascular events during 1 year follow-up, including a combined event rate of stroke and 
death of 3%.(7) Our data shows that after progression to permanent AF, the event rate 
is higher compared to patients without AF progression. We observed a very low yearly 
stroke and death rate. Camm et al. showed that, in a cohort of over 5000 patients with 
recent-onset AF (mean age 66±12 years) 18% had a clinical outcome event in 1 year 
of follow-up – including stroke (2%), and death (3%).(10) Vannasche et al. observed a 
worse cardiovascular outcome in patients with persistent or permanent AF compared 
to paroxysmal AF.(9) Our current data shows that this is also the case in young-onset 
AF patients. After patients had progressed to permanent AF, the event rate was much 
higher. This could partly be explained by expression of more advanced atrial remodeling 
due to more severe underlying risk factors and cardiovascular diseases, and the higher 
burden of AF itself. After adjusting for differences in some characteristics, AF progression 
itself remained significantly associated with cardiovascular events. However, whether 
AF progression is just a marker of more severe underlying cardiovascular disease, or also 
a cause cannot be concluded form our data. PR interval and LVH assessed by echocar-
diography were associated with cardiovascular events, both being markers of severity 
of associated diseases and cardiac remodeling. The relation of AF and PR interval is well 
known and a longer PR interval has been associated with adverse events, i.e. pacemaker 
implantations, thromboembolism and mortality(18) LVH can be considered a result of 
increased workload of the left ventricle due to several underlying conditions, and has 
been associated with cardiovascular morbidity and mortality.(19) One could hypoth-
esize that the association of LVH and cardiovascular events may be due to diastolic 
dysfunction that is highly prevalent in these patients, resulting in heart failure with a 
preserved ejection fraction.(20)

study strengths and limitations. Strengths of present study include the well character-
ized cohort and the unique large young onset AF population. Associations that have been 
found do not necessarily reflect a cause-effect relationships, which may be considered 
a limitation. Treatment of AF was led to the discretion of the treating physician, which 
may have influenced our final results. We did not implement dynamic risk profiling in 
our analyses. Sleep apnea syndrome was not routinely screened for and was therefore 
not included in our analyses.

Conclusion. The present study demonstrates that the large majority of patients with 
young-onset AF had AF in the setting of risk factors. One in four had familial AF. Yearly 
event rates for AF progression and cardiovascular events in these patients were low. Pa-
tients with AF progression had a higher yearly event rate compared to patients without 
AF progression in our study population.
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CondEnsEd ABsTRACT

We aimed to assess atrial fibrillation (AF) progression in 392 patients. During 1 year, 13% 
had AF progression (11% in paroxysmal and 26% in persistent AF). Left atrial volume, 
NT-proBNP and PAI-1 were associated with AF progression. Patients with AF progression 
had a higher event rate (12.4%/year versus 2.3%/year, P<0.001).
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InTRoduCTIon

Atrial fibrillation (AF) is a dynamic disease.(1) Atrial remodelling due to cardiovascular 
risk factors and comorbidities are associated with progression of AF to more advanced 
forms, e.g. paroxysmal AF transcending into persistent AF.(2) Adequately treating risk 
factors and comorbidities can, however, prevent AF progression.(3) Depending on the 
exact definition and characteristics of the population studied, AF progression rates 
range from <1% to 30% per year.(4) Identifying patients at risk for AF progression is of 
importance, because its association with worse cardiovascular outcome.(5-8)

Our current knowledge on AF progression is based on registries with limited rhythm 
monitoring (4-6,8) and AF progression is often defined by transition from self-terminat-
ing to non-self-terminating AF on the basis of repeated ECGs and clinical evaluation. 
This misclassifies patients who progress from low-burden paroxysmal AF to high-burden 
paroxysmal AF as having no progression. The American Heart Association recently re-
leased a statement which advocates more research on AF beyond a binary entity (either 
present or absent).(9) This also includes a more refined definition of AF progression, its 
determinants, pathophysiological mechanisms and outcome.

In the present multicenter, prospective study, we aimed to assess AF progression rate, 
clinical, echocardiographic factors and blood biomarkers associated with AF progres-
sion in patients with a short history of AF, and the association of AF progression with 
cardiovascular morbidity and mortality.

METhods

study design.
The identification of a risk profile to guide atrial fibrillation therapy (AF-RISK) study 
was a prospective, observational, multicenter study. Primary aim was to assess AF 
progression. The study was performed in The Netherlands (University Medical Centre 
Groningen and the Maastricht University Medical Centre +). The study was performed in 
concordance with the Declaration of Helsinki, was approved by the institutional review 
boards, and was registered on ClinicalTrials.gov (identifier NCT01510197). All patients 
gave written informed consent.

Patient population.
Between May 2011 and March 2016, 499 patients were included. Patients aged ≥18 years 
who presented at either the inpatient or outpatient cardiology clinic with recent-onset 
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paroxysmal AF (total AF history <2 years, or total AF history <3 years in case of ≤2 AF 
episodes of ≤48 hours per month terminating spontaneously) or with a short history 
of persistent AF (total AF history <2 years, and total persistent AF duration >7 days and 
<1 year) in whom a rhythm control strategy was preferred, were eligible. Patients with 
history of heart failure >3 years; severe valvular disease; contra-indication for oral anti-
coagulation; acute coronary syndrome <1 month; or post-operative AF were not eligible. 
Heart failure was defined as one of the following: 1) history of heart failure admission, 
regardless of the left ventricular ejection fraction (LVEF); 2) LVEF <45%; 3) LVEF >45%, a 
history of elevated N-terminal pro B-type natriuretic peptide (NT-proBNP) with either 
structural heart disease and/or diastolic dysfunction.(3)

study procedures.
All patients were treated according to the European Society of Cardiology AF manage-
ment guidelines.(1) At inclusion, patients’ demographic and clinical characteristics 
concerning underlying disease, cardiovascular risk factors, lifestyle, AF triggers, symp-
tomatology and medication use were carefully collected. All patients underwent physi-
cal examination, electrocardiogram, echocardiography, and exercise test. Patients were 
seen at the outpatient clinic at 1, 3, 6 and 9 months and at 1 year. Detailed study related 
activities are shown in the Supplementary file 1. All patients with persistent AF were in 
sinus rhythm at baseline, either by scheduled cardioversion or spontaneous conversion.

Rhythm monitoring was done by a 24-hour Holter at baseline and 6 months, a 48-hour 
Holter at 1 year follow-up, and 2-week event monitor (Vitaphone 100IR, Vitagroup, 
Mannheim, Germany) at baseline and 1 year. In a subset of 76 patients, only baseline 
information was collected, including blood sampling, and were therefore not included 
in the current analysis (Figure 1).

Echocardiography
A two-dimensional transthoracic echocardiogram was performed according to the rec-
ommendations of the European Society of Cardiology.(10) For speckle tracking analysis 
of atrial strain, the endocardial surface was manually traced. A point-and-click approach 
was used and the additional tracing was automatically generated (GE, EchoPac BT12), 
and manually checked for accuracy. Values of reservoir, conduit and contraction strain 
for the left atrium were measured in all patients who were in sinus rhythm during the 
echo.

Blood biomarkers
At baseline, blood samples were collected. Multiplex immunoassay by proximity ex-
tension assay technology (Olink Bioscience, Uppsala, Sweden) was used to assess 92 
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cardiovascular biomarkers from the Cardiovascular III panel in EDTA plasma. Values of 
4 biomarkers had >10% of the values below the limit of detection and were therefore 
excluded from the analysis. Data are presented as arbitrary units on a Log2-scale. The 
total list of available biomarkers is shown in Supplementary file 2.

AF Progression
Type of AF was defined as paroxysmal (≤7 days of continuous AF), persistent (>7 days 
of continuous AF), and permanent AF (inability to restore sinus rhythm or sinus rhythm 
is no longer pursued by the treating physician).(1) AF progression was defined as one 
of the following: 1) a doubling in AF burden at 1-year follow-up compared to baseline 
with a minimum AF burden of 10%, in patients with paroxysmal AF; 2) progression from 
paroxysmal to either persistent or permanent AF; 3) progression from persistent to 
permanent AF. The AF burden was calculated by the amount of time of AF divided by the 
total monitoring time.

Figure 1. Flowchart of all patients included in the AF-RISK study. Primary analyses included 392 patients.
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Cardiovascular morbidity and mortality
Cardiovascular events and all-cause mortality were prospectively collected after AF 
progression was assessed through electronic patient records. All-cause mortality, 
heart failure hospitalization, stroke, systemic embolism, major bleeding, syncope, life-
threatening adverse effects of AF drugs, sustained ventricular tachycardia, myocardial 
infarction, and implantation of a pacemaker or implantable cardiac defibrillator were 
events of interest.

sTATIsTICAl AnAlysIs.

Descriptive data of continuous variables are presented as mean ± standard deviation in 
normally distributed data or median (interquartile range) in non-normally distributed 
data. Categorical variables are presented as numbers with percentages. Differences 
between groups were evaluated by Student’s T-test or Mann-Whitney U test for continu-
ous variables, and Fisher’s exact test (2 categories) or χ2 (>2 categories) for categorical 
variables. Univariable logistic regression analysis was performed to identify factors 
associated with AF progression. A multivariable model of AF progression was made by 
stepwise logistic regression. Odds ratios (OR) were presented with a 95% confidence 
interval (CI). The final model was tested for significant interactions and collinearity. The 
multivariable regression model found for AF progression was additionally adjusted for 
type of AF at baseline (either paroxysmal or persistent AF; model 1) and type of AF at 
baseline, pulmonary vein isolation during study period and anti-arrhythmic drug use 
(model 2).

After assessment of AF progression at one year, cardiovascular events were collected. 
Yearly event rates were calculated by dividing the number of follow-up years after as-
sessing AF progression by the number of events, with censoring after the first event. 
Differences in event rates and 95% CI were calculated using MedCalc (version 18.2, 
MedCalc Software, Belgium). Differences in event rates in patients with and without AF 
progression was illustrated by a Kaplan-Meier made using GraphPad Prism version 7.02 
(GraphPad Software, La Jolla, USA), and was tested by log-rank test. Cox proportional 
hazards regression was performed and hazard ratio (HR) and 95% CI was given and 
additionally adjusted for age, sex, CHA2DS2-VASc score and left atrial volume. All other 
analyses were performed using SPSS (IBM, Armonk, NY) statistical software, version 23. 
A P-value <0.05 was considered statistically significant.
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REsulTs

Figure 1 shows the study profile. Baseline characteristics are shown in Table 1 (not 
different from the total AF-RISK population, data not shown). Patients with persistent 
AF were older (63±10 versus 59±12 years, P=0.016), more often men (77% versus 58%, 
P=0.004) and had more comorbidities (2.6±1.4 versus 1.7±1.3, P<0.001), as well as larger 
left atrial volume (89±25 versus 67±21, P<0.001) and lower left atrial reservoir (34±13 
versus 26±13, P<0.001) and contraction strain (16±7 versus 10±7, P<0.001) compared to 
paroxysmal AF (Supplementary file 3). During 1-year follow-up, 177 (45%) patients had 
no documented AF recurrence. Patient with paroxysmal AF on baseline had a higher 
proportion of patients without recurrence (48% versus 32%, P<0.001).

Table 1. Baseline characteristics.

Characteristic Total 
population
(n=392)

AF progression in 
1 year
(n=52)

no AF progression 
in 1 year
(n=340)

P-value

Age(years) 60±11 64±10 60±12 0.015

History of AF(months) 5(2-15) 6(3-17) 5(2-15) 0.139

Male sex 241(62%) 29(55%) 212(62%) 0.364

Type of AF 0.001

Paroxysmal AF 323(82%) 34(65%) 289(85%)

Persistent AF 69(18%) 18(35%) 51(15%)

Heart failure 205(52%) 24(46%) 181(53%) 0.373

Hypertension 201(51%) 30(58%) 161(47%) 0.182

Diabetes mellitus 39(10%) 6(12%) 33(10%) 0.624

Coronary artery disease 33(8%) 4(8%) 29(9%) 1.000

Peripheral artery disease 10(3%) 5(10%) 5(2%) 0.005

Stroke or TIA 26(7%) 4(8%) 21(6%) 0.759

COPD 27(7%) 5(10%) 22(7%) 0.381

CHA2DS2-VASc score* 1.7±1.4 2.2±1.5 1.6±1.4 0.007

Number of comorbidities† 1.9±1.3 2.3±1.4 1.8±1.3 0.013

EHRA class 0.294

I 109(28%) 11(21%) 98(29%)

II 217(55%) 34(65%) 183(54%)

III 66(17%) 7(14%) 59(17%)

Height(cm) 178±10 177±9 178±10 0.544

Weight(kg) 89±17 91±20 88±17 0.368

BMI(kg/m2) 28±5 29±5 28±5 0.236

Obesity(BMI>30) 108(28%) 15(29%) 93(27%) 0.868
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AF progression
AF progression occurred in 52 of 392 patients (13%), 34 of 323 (11%) with paroxysmal 
AF (Figure 2), and in 18 of 69 (26%) persistent AF patients. Twenty-three (7%) patients 
with paroxysmal AF had a significant increase in AF burden during follow-up, and 11 

Table 1. Baseline characteristics. (continued)

Characteristic Total 
population
(n=392)

AF progression in 
1 year
(n=52)

no AF progression 
in 1 year
(n=340)

P-value

Blood pressure(mmHg)

Systolic 131±17 132±18 130±17 0.529

Diastolic 78±10 79±10 78±9 0.845

Medications

β-Blocker 243(62%) 31(60%) 212(62%) 0.760

Verapamil/Diltiazem 39(10%) 9(17%) 20(9%) 0.078

Digoxin 16(4%) 1(2%) 15(4%) 0.706

ACE-inhibitor 115(29%) 17(33%) 98(29%) 0.624

Angiotensin Receptor Blocker 53(14%) 9(17%) 44(13%) 0.386

Anticoagulant 265(68%) 41(79%) 224(66%) 0.050

Class Ic AAD 34(9%) 2(4%) 32(9%) 0.287

Class III AAD 23(6%) 3(6%) 20(6%) 1.000 

PQ time(ms) 168±27 176±30 167±27 0.054

Echocardiographic variables

Left atrial volume(mL) 71±23 85±27 69±22 <0.001

Left atrial volume index(mL/m2) 34±11 41±12 33±10 <0.001

LV ejection fraction(%) 57±5 55±6 57±5 0.096

LV mass(g) 170±46 178±56 169±44 0.191

LV mass index(g/m2) 83±19 85±22 82±18 0.334

LV hypertrophy 35(9%) 5(10%) 30(9%) 0.792

Left atrial strain(%)

Reservoir 33.5±12.6 31.0±13.1 33.7±12.5 0.325

Conduit 17.9±9.1 16.8±8.2 18.0±9.2 0.553

Contraction 15.6±7.2 14.2±6.4 15.7±7.3 0.334

Data are mean (standard deviation), number of patients (%), or median (interquartile range). AAD=anti-
arrhythmic drug; ACE=angiotensin-converting enzyme; AF=atrial fibrillation; BMI=body mass index; 
COPD=chronic obstructive pulmonary disease; ECG=electrocardiogram; EHRA= European Heart Rhythm 
Association class for symptoms; HF=heart failure. LV=left ventricular; NOAC=novel oral anticoagulant drugs; 
TIA=transient ischemic attack. *The CHA2DS2-VASc score assesses thromboembolic risk. C=congestive 
heart failure/LV dysfunction, H=hypertension; A2=age ≥75 years; D=diabetes mellitus; S2=stroke/transient 
ischemic attack/systemic embolism; V=vascular disease; A=age 65-74 years; Sc (sex category (female sex); 
†The number of comorbidities was calculated by awarding a point for hypertension, age >65 years, diabe-
tes, coronary artery disease, body mass index >25, kidney dysfunction and moderate or severe mitral valve 
regurgitation.
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patients (3%) progressed from paroxysmal to persistent or permanent AF. A total of 18 
(26%) patients with persistent AF on baseline developed permanent AF. We observed no 
sex differences in progression rate (OR for women versus men 1.314, 95% CI 0.728-2.369; 
P=0.365). A total of 3 clinical variables were univariably associated with AF progression, 
including age (OR 1.037 per year, 95% CI 1.007-1.069, P=0.016), type of AF (OR 3.000 for 
persistent AF versus paroxysmal AF, 95% CI 1.575-5.713, P<0.001) and left atrial volume 
(OR 1.328 per 10 mL, 95% CI 1.168-1.511, P<0.001). Additionally, two risk scores were 
also univariably associated with AF progression: CHA2DS2-VASc (OR 1.293 per point, 95% 
CI 1.070-1.562, P=0.008) and the HATCH score (OR 1.300 per point, 95% CI 1.002-1.685, 
P=0.048). We observed no differences in progression rate on individual components of 
the HATCH score, except for age, including heart failure (OR 0.753, 95% CI 0.419-1.352; 
P=0.342), COPD (OR 1.538, 95% CI 0.555-4.257; P=0.407) or prior stroke or transient 
ischemic attack (OR 1.266, 95% CI 0.419-1.352; P=0.678). A total of 17 biomarkers were 
univariably associated with AF progression (Supplementary file 4). Multivariable analysis 
revealed that left atrial volume (OR per 10mL 1.251, 95% CI 1.078-1.450, P<0.001), NT-

Figure 2. Change in type of AF from baseline to 1 year. Red arrows and numbers represent patients with AF 
progression and grey arrows and numbers represent patients without AF progression.
*Increase in AF burden was defined according to the AF progression definition: a doubling in AF burden at 
one year with at least an AF burden of 10%. Abbreviations: AF=atrial fibrillation. †All patients with persis-
tent AF underwent a cardioversion at baseline.
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proBNP (OR per standard deviation 1.583, 95% CI 1.099-2.281, P=0.014) and plasmino-
gen activator inhibitor-1 (PAI-1; OR per standard deviation 0.660, 95% CI 0.472-0.921, 
P=0.015) were associated with AF progression (Table 2). Changes in therapy during 
follow-up included pulmonary vein isolation in 59 (15%); 51 (16%) in paroxysmal AF and 
8 (12%) in persistent AF. In 40 (10%) patients, anti-arrhythmic drugs were initiated or 
dosage was increased; 31 (10%) in paroxysmal AF and 9 (13%) in persistent AF (Supple-
mentary file 5). In patients with AF progression, 2 (4%) had an ablation during follow-up, 
compared to 57 (17%) of patients without AF progression (P=0.012). Factors included 
in the multivariable regression model remained significant after adjusting for type of 
AF (model 1); and type of AF, pulmonary vein isolation during study period and anti-
arrhythmic drug use (model 2). During follow-up, patients with AF progression had an 
average weight gain of 1±4kg, which was comparable to patients without AF progression 
(1±4 kg, P=0.971). There was also no difference in the proportion of patients who had 
significant (≥5%) weight loss (5 [10%] patients with AF progression and 29 [9%] without 
AF progression, P=0.815).

Cardiovascular morbidity and mortality
Additional follow-up to assess events was 1.9 (0.9-3.3) years. A total of 32 events oc-
curred in 27 (8%) patients (Table 3). The yearly event rate in patients with AF progression 
was 12.4%/year (95% CI 6.4%-21.6%) versus 2.3%/year (95% CI 1.3%-3.8%) in patients 
without AF progression (HR 5.764, 95% CI 1.820-18.258, P<0.0001; Figure 3). Excluding 
patients with pulmonary vein isolation during follow-up or initiation or dose-change of 
anti-arrhythmic drugs did not affect results (HR 5.966, 95% CI 2.612-13.627, P<0.0001), 
nor did adjustment for differences in age, sex, CHA2DS2-VASc and left atrial volume (HR 
3.591, 95% CI 1.401-9.206, P=0.008).

Table 2. Multivariable factors associated with AF progression. Model 1 was adjusted for type of AF at base-
line (paroxysmal or persistent). Model 2 was adjusted for type of AF at baseline, pulmonary vein isolation 
during study period and the use of anti-arrhythmic drugs.

unadjusted model Adjusted model 1 Adjusted model 2

oR (95% CI) P-value oR (95% CI) P-value oR (95% CI) P-value

LA volume (per 10mL) 1.251
(1.078-1.450)

0.003 1.248
(1.070-1.456)

0.005 1.242
(1.062-1.452)

0.007

NT-proBNP (per SD) 1.583
(1.099-2.281)

0.014 1.575
(1.071-2.315)

0.021 1.588
(1.075-2.345)

0.020

PAI-1 (per SD) 0.660
(0.472-0.921)

0.015 0.660
(0.472-0.921)

0.015 0.680
(0.487-0.950)

0.024

Abbreviations: CI=confidence interval; LA=left atrium; NT-proBNP= N-terminal pro-B-type natriuretic pep-
tide; OR=odds ratio; PAI-1= plasminogen activator inhibitor; SD=standard deviation.
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Also in patients with paroxysmal AF on baseline only the event rate was higher in those 
with AF progression (HR 5.880, 95% CI 2.235-15.467, P=0.0003; Supplementary file 3).

Figure 3. Kaplan Meier estimates showing the composite of cardiovascular events and all-cause mortality 
for patients with and without AF progression during additional follow-up.
*follow-up duration began aft er AF progression assessment at 1-year.
Abbreviations: AF=atrial fibrillation; CI=confidence interval.

Table 3. Cardiovascular event and all-cause mortality aft er 1-year, including yearly event rates during ad-
ditional follow-up.

Total
(n=350)

AF progression
(n=49)

no AF progression
(n=301)

P-value*

Patients with an event 27(8%) 12(24%) 15(5%) <0.001

Total number of events 32 15 17

Cardiovascular event 3.6%/year 12.4%/year 2.3%/year <0.001

All-cause mortality 7(0.9%/year) 2(1.8%/year) 5(0.8%/year) 0.287

HF hospitalization 4(0.5%/year) 2(1.9%/year) 2(0.3%/year) 0.040

Stroke 3(0.4%/year) 1(0.9%/year) 2(0.3%/year) 0.347

Systemic embolism - - -

Major bleeding 4(0.5%/year) 2(1.9%/year) 2(0.3%/year) 0.038

Syncope 4(0.5%/year) 3(2.8%/year) 1(0.2%/year) <0.001

Life-threatening AE of AF drugs - - -

Sustained Ventricular Tachycardia 1(0.1%/year) - 1(0.2%/year) 0.681

Myocardial infarction 3(0.4%/year) 3(2.8%/year) - <0.001

PM implant 5(0.7%/year) 2(1.9%/year) 3(0.5%/year) 0.095

ICD implant 1(0.1%/year) - 1(0.2%/year) 0.679

Abbreviations: AE=adverse events; AF=atrial fibrillation; HF=heart failure; ICD=implantable cardiac defi-
brillator; PM=pacemaker. *P-value is given for diff erences in yearly event rate between patients with and 
without AF progression.
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dIsCussIon

In patients with recent-onset of AF we observed an AF progression rate of 13% in 1-year 
follow-up, with higher AF progression rates in persistent (26%), compared to paroxysmal 
AF (11%). Larger left atrial volume, higher levels of NT-proBNP and lower levels of PAI-1 
were associated with AF progression. Patients with AF progression had a higher all-cause 
mortality and cardiovascular event rate.

AF progression
Assessment of AF progression is limited by the amount of rhythm monitoring. A uni-
formly accepted definition is lacking, but most often the transition from self-terminating 
to non-self-terminating AF is used.(4,5) Our definition also included increase in AF bur-
den, to avoid misclassifying patients who progress from low to high burden paroxysmal 
AF.(9) By using a threshold of 10% burden, we tried to prevent misclassifying patients as 
having progression with minimal absolute increase in burden (e.g. 1% at baseline and 
2.5% at 1-year). Using the traditional definition a yearly progression rate of 15% was 
found in the Euro Heart Survey (5). However, using the same definition, Padfield et al. 
only found 8.6% progression in 1-year in patients who were slightly younger and had 
less underlying cardiovascular conditions.(11) And in patients with young-onset AF (<60 
years) with few comorbidities, a yearly AF progression rate to permanent AF as low as 
2% was observed.(6) In AF-RISK, 3% had progression to persistent or permanent AF in 1 
year follow-up. This relatively lower number can be explained by the low-risk profile of 
our patients. Using our definition, including progression from low to higher AF burden 
of paroxysmal AF, we found a progression rate of 13%, with higher AF progression rates 
in persistent (26%), compared to paroxysmal AF (11%). Different AF progression rates 
for paroxysmal and persistent AF were also found in a recent meta-analysis, with AF 
progression rates of 7.1% (paroxysmal to non-paroxysmal) and 18.6% (persistent to per-
manent AF), which is comparable to our progression rates.(4) Higher progression rates 
in patients with persistent AF could be explained by more structural remodelling, due 
to more comorbidities and a higher age. This is supported by lower left atrial reservoir 
and contract strain and larger left atrial size, that we found in persistent AF, compared 
to paroxysmal AF.

Factors associated with AF progression
Left atrial volume, NT-proBNP and PAI-1 were associated with AF progression. Treat-
ment differences during follow-up that interfere with assessing the true AF progression 
rate remain an important limitation in studies on AF progression. Yet, the same factors 
remained associated with progression after correction for type of AF and treatment dur-
ing follow-up. Increased left atrial volume has often been associated with AF incidence, 
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recurrence and cardiovascular events.(12) An enlarged left atrium is a sign of an atrial 
myopathy due to progressive atrial remodelling caused by risk factors and comorbidi-
ties including ageing, stretch from pressure and volume overload, inflammation, and 
oxidative stress.(2) This results in atrial fibrosis, loss of atrial contractile function, and 
formation of both an arrhythmogenic and thrombogenic substrate.(13)

Multiple blood biomarkers, including interleukin-6, C-reactive protein and troponin have 
previously been associated with incident and recurrent AF. Yet, limited data is available 
on blood biomarkers in AF progression. Progression from persistent to permanent AF 
has been associated with higher levels of fibrotic and inflammatory markers, such as 
transforming growth factor β1.(14) In a small study, Akutsu et al. linked baseline el-
evated levels of BNP with AF progression to persistent AF.(15) In our cohort, NT-proBNP 
was also associated with AF progression. NT-proBNP, a cardiac specific marker, has been 
associated with incident AF and increased risk of mortality.(16) Secretion of NT-proBNP 
is promoted by cardiac myocyte stretch. Since atrial stretch also causes release of NT-
proBNP, it reflects a degree of atrial dysfunction.

PAI-1 serves as marker of fibrinolysis with its main function being inhibition of tissue 
plasminogen activator and urokinase, thereby attenuating fibrinolysis. The role of PAI-1 
in AF is less known. In a large community-based study no clear association of PAI-1 with 
incident AF was found.(17) Despite being a marker of increased fibrinolysis, low PAI-1 
levels do not necessarily reflect hypocoagulability or a reduced atherothrombotic risk, 
as thrombin and/or fibrin formation might be normal, or even increased. Hypercoagu-
lability has previously been linked to atrial remodelling, promoting AF.(13) Promotion 
of fibrosis has been demonstrated in PAI-1 deficient mice.(18) One explanation for this 
latter observation could be increased inflammation and chemotaxis inducted by fibrin 
degradation products. Indeed, fibrin degradation products, including D-dimer, have 
been shown to cause an inflammatory response.(19) This can in turn enhance atrial 
substrate formation and explain our observed association between lower PAI-1 levels 
and AF progression.

In the recent meta-analysis, Blum et al found history of hypertension, frequency of 
paroxysmal AF at baseline, age, history of heart failure and duration of follow-up to be 
predictors of AF progression.(4) This is partly in agreement with earlier findings of De 
Vos et al., who developed the HATCH AF-progression risk-score, which is an acronym 
for Hypertension, Age >75 years, previous Transient ischemic attack or stroke, Chronic 
obstructive pulmonary disease or Heart failure.(5) Both indicate that underlying (cardio-
vascular) disease and number of comorbidities underlie AF progression and should be 
treated accordingly in order to prevent AF progression.(3)
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Cardiovascular events and mortality
Patients with AF progression showed a higher rate of cardiovascular events and all-
cause mortality as has been demonstrated before.(5-8) This effect was observed in 
both paroxysmal AF and persistent AF, and remained after adjusting for several factors, 
including left atrial size and CHA2DS2-VASc score. However, most definitions did not 
include progression from low to high burden paroxysmal AF. Increased morbidity and 
mortality associated with AF progression has been shown in patients with progression 
of subclinical AF episode duration.(7) AF progression defined as prolongation to atrial 
high rate episodes >24 hours was associated with a higher rate of heart failure hospital-
izations. In ECG-detected AF this has been demonstrated as well. Vanassche et al. found 
type of AF being one of the strongest predictors of stroke.(8) Go et al. found a 3-fold in-
crease in stroke risk in patients within the highest tertile of AF burden.(20) These results 
signify that the amount of AF itself may have prognostic value. Yet, whether this is due 
to a causal relation of AF burden with events or that these patients have more severe 
underlying diseases, being therefore more challenging to treat, cannot be concluded 
from our data.

Future perspectives
More data is needed to clarify the relation of cardiovascular events and the amount of 
AF and whether preventing AF progression also leads to a more favorable prognosis. 
The Reappraisal of Atrial Fibrillation: Interaction Between HyperCoagulability, Electrical 
Remodeling, and Vascular Destabilisation in the Progression of Atrial Fibrillation (RACE 
V; Clinicaltrials.gov identifier NCT02726698) registry is currently enrolling patients with 
paroxysmal AF and aims to elucidate the factors associated with AF progression, with 
special emphasis on the role of hypercoagulability. This is done by deep phenotyping 
patients with paroxysmal self-terminating AF and the use of continuous rhythm moni-
toring through an implantable loop recorder or a pacemaker, and will be able to validate 
the present findings and provide in the process of AF progression in a population with 
continuous rhythm monitoring.

strengths and limitations
Strengths of the present analysis include the prospective study design with AF pro-
gression as primary aim, the well-phenotyped population with frequent study-related 
outpatient clinic visits on top of rhythm monitoring by Holter and event recording at 
several time points during 1 year. Continuous rhythm monitoring was not used, which 
may be considered an important limitation. Yet, the combination of Holter monitoring 
and event recording as rhythm monitoring strategy during follow-up may have provided 
more accurate data on AF progression compared to other studies.
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Although the study population consisted of both paroxysmal and persistent AF, adding 
the type of AF to the regression model did not affect results, as well as differences in 
treatment during follow-up between patients. And indeed, higher progression rates 
were found in more advanced forms of AF (e.g. persistent AF compared to paroxysmal 
AF). The AF-RISK population was a relatively low risk AF population, limiting the number 
of AF progression events and cardiovascular events during follow-up. Therefore, our 
data cannot be translated to higher risk AF patients. And finally, the associations that 
have been found do not necessarily reflect causal relation.

Conclusion
AF is a progressive disease. We found a 13% progression rate during 1-year follow-up 
with higher progression rates in persistent (26%) compared to paroxysmal AF (11%). 
A larger left atrial volume, higher NT-proBNP plasma levels and a lower PAI-1 plasma 
level were associated with AF progression, also after adjusting for type of AF at baseline. 
Patients with AF progression had a higher morbidity and mortality rate.
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ABsTRACT

Background. Women are underrepresented in major atrial fibrillation (AF) trials. In ad-
dition, data clinical profile and outcome in young AF patients is limited. Therefore we 
aimed to investigate the clinical profile, AF progression rate and cardiovascular outcome 
between sexes in patients with young-onset AF.

Methods. A total of 497 patients with AF-onset <60 years of age were included. Data on 
clinical profile and cardiovascular outcome were prospectively collected.

Results. Of 497 patients, 125 (25%) patients were women. Women had more often 
familial AF (34% versus 22%, P=0.012) and obesity (26% versus 18%, P=0.03). Men had 
more often coronary artery disease (11% versus 5%, P=0.04), a longer PR interval [163 
(148-180) versus 150 (138-167) ms, P<0.001] and higher left ventricular mass index [82 
(71-96) versus 72 (61-83) g/m2, P<0.001]. During a median follow-up of 7.0 (2.7-10.0) 
years AF progression rate was comparable (HR 2.03 for men versus women, 95%CI 0.92-
4.48; P=0.08), and no difference in cardiovascular events was observed between women 
and men (Log rank P-value = 0.07).

Conclusions. In young patients with AF, clinical patient profile is different between the 
sexes but did not result in differences in cardiovascular outcome.

word count: 190 (max. 200)

Key words: atrial fibrillation; young-onset; sex; cardiovascular outcome
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InTRoduCTIon

Atrial fibrillation (AF) is strongly associated with morbidity and mortality.(1) Most data 
on AF is obtained from clinical trials, yet women are often underrepresented.(2-4) Lim-
ited data suggest that women are generally older and have different comorbidities, i.e. 
more often hypertension and less often coronary artery disease.(2-4) Additionally, sex 
is an independent stroke risk modifier that increases the risk of AF associated stroke 
in women. On top of higher stroke risk, stroke in women with AF have worse long-term 
outcome.(5-7)

Data regarding underlying diseases in young patients with AF is rare, and may be dif-
ferent compared to older patients.(8) One would ideally like to identify underlying 
comorbidities early on in order to potentially prevent disease progression.(9) It has 
been shown that familial history of AF is often present in young-onset AF.(8) Whether 
there are risk factors that specifically affect women or men in young-onset AF has not yet 
been reported. Therefore we aimed to investigate sex-differences in clinical profile, AF 
progression rate and cardiovascular outcome in young-onset AF patients.

METhods

study population
The protocol of the Phenotyping Young-Onset Atrial Fibrillation Patients study (YOUNG-
AF) has been published previously.(10) In brief, YOUNG-AF was a partly prospective, 
partly retrospective, observational study performed at the University Medical Center 
Groningen, The Netherlands. Between August 2012 and December 2013, 500 patients 
were included. The study was performed in compliance to the Declaration of Helsinki 
and the institutional review board approved the study protocol. All patients provided 
written informed consent. At the outpatient clinic patients with AF onset <60 years, ≥18 
years at time of inclusion were asked to participate. Patients with an overt triggered 
AF were excluded (i.e. post-operative). A total of 120 patients had first-detected AF, the 
remaining 377 patients had recurrent AF. In those patients, data regarding clinical pro-
file was collected closest to the moment of the diagnosis of AF (index-visit). Follow-up 
frequency after the index-visit was led to the discretion of the treating physician and 
all patients received treatment according to the guidelines.(11) Three patients were 
excluded because of violation of the inclusion and exclusion criteria.
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definitions
The majority of definitions have been previously published.(10) Familial history of AF, 
sudden cardiac death, coronary artery disease or heart failure was defined as >1 first-
degree family member affected <60 years of age. Atrial fibrillation progression was 
defined as development of permanent AF (i.e. sinus rhythm that cannot be restored or is 
no longer pursued). The number of comorbidities was calculated by awarding a point for 
hypertension; heart failure; diabetes mellitus; coronary artery disease; body mass index 
>25 kg/m2; kidney dysfunction (estimated glomerular filtration rate <60 ml/min/1.73m2); 
and moderate to severe mitral valve regurgitation.

Follow-up
Data from electronic medical records were used to obtain information on AF progression 
and cardiovascular events, including cardiovascular death, heart failure hospitalization, 
stroke, systemic embolism, major bleeding, syncope, life-threatening adverse effects of 
AF drugs, sustained ventricular tachycardia, cardiac arrest and implantation of a pace-
maker or implantable cardiac defibrillator. All cardiovascular events were adjudicated 
by physicians. Follow-up started at index-visit and was continued until February 2016 
with a maximum of 10 years, or until death. Follow-up data was available in 488 out 
of 497 patients (98%). Data on AF progression was available in 468 (94%) patients with 
paroxysmal or persistent AF at the index visit.

statistical analysis
Descriptive statistics of the total population and between sexes were presented as mean 
and standard deviation or median (interquartile range) for continuous variables, de-
pending on normality. Categorical variables are presented as numbers with percentages. 
AF progression rate differences between sexes were calculated using univariable Cox 
proportional hazards regression, indicated as hazard ratios (HR) with 95% confidence in-
terval (CI). Yearly event rates were calculated by dividing the number of follow-up years 
by the number of events, with censoring post first event. Differences in event rates and 
95% CI were calculated by the MedCalc incidence rate comparison tool. Differences in 
patient characteristics between sexes were evaluated using χ2 for categorical data, and 
Student’s T-test and Mann-Whitney-U for continuous data, depending on the normality. 
A P-value <0.05 was considered significant. Kaplan Meier analysis was performed to 
illustrate cardiovascular events during follow-up. Statistical analyses were performed 
using IBM SPSS Statistics version 23.0 (Armonk, NY, USA) unless otherwise mentioned.
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REsulTs

Clinical patient profile
Out of 497 patients, 125 (25%) were women. Most conventional risk factors , including 
age, hypertension, heart failure and diabetes mellitus, were not different between sexes 
(Table 1). Women had more often familial AF and obesity. Men had more often coronary 
artery disease, a longer PR interval and higher left ventricular mass index. As expected, 
men were taller and heavier. There were no sex differences in familial history of sud-
den cardiac death, early-onset coronary artery disease or heart failure. Thirty patients 
were diagnosed with a cardiomyopathy, which was not different between sexes [12 (2%) 
hypertrophic; 17 (3%) dilated; and 1 (<1%) arrhythmogenic].

AF progression
AF progression to permanent AF was assessed in 468 patients with paroxysmal or persis-
tent AF at the index visit [114 (24%) women]. Fifty-six patients (12%) had AF progression. 
Without correcting for underlying diseases, there was a trend towards more AF progres-
sion in men compared to women (14% in men, 7% in women; HR 2.02, 95%CI 0.92-4.48, 
P=0.08). There were no differences in class I or III antiarrhythmic drug use during follow 
up between sexes [114 (31%) in men versus 42 (35%) in women, P=0.500], nor in pulmo-
nary vein isolations performed during follow-up [150 (41%) in men versus 51 (42%) in 
women, P=0.832]. Corrected for antiarrhythmic drug use and pulmonary vein isolation 
performed during follow-up, progression rate remained similar between sexes (HR 1.93, 
95% CI 0.88-4.28, P=0.10).

Cardiovascular outcome
During follow-up of 7.0 [2.7-10.0; in men 7.6 (2.9-10.0) versus 6.4 (2.5-10.0) in women, 
P=0.160] years, 66 cardiovascular events occurred (yearly event rate 2.24%, 95%CI 
1.73-2.85%). No difference between sexes in the composite of cardiovascular events was 
observed [yearly event rate 2.76% (95%CI 1.71-4.22) in women; 2.01% (95%CI 1.46-2.70) 
in men, P=0.07; Figure 1]. Corrected for treatment during follow up, including the use of 
antiarrhythmic drugs and pulmonary vein isolation, the results remained (HR 1.91, 95% 
0.86-4.24, P=0.11). Occurrence of ventricular tachycardia was more frequent in women 
[yearly event rate 0.57% (95%CI 0.18-1.32%) versus 0.12% (95% CI 0.03-0.37%), P=0.02]. 
Two out of 5 women used antiarrhythmic drugs at the time of VT. Also, a trend towards 
more pacemaker implantations in women was observed [1.34% (95%CI 0.67-2.39) ver-
sus 0.65% (95%CI 0.36-1.07); P=0.06]. Sick sinus syndrome (50%), atrioventricular node 
conduction disorders (19%) and therapy resistant AF (31%) were causes for pacemaker 
implantation.
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Table 1. Patient characteristics at index-visit of total population, and per sex category.

All patients
(n=497)

women
(n=125)

Men
(n=372)

P-value

Age at index-visit (years) 49 ± 9 51 ± 8 49 ± 9 0.057

Age at AF-onset (years) 46 ± 9 47 ± 9 46 ± 10 0.128

Type of AF 0.249

Paroxysmal 337 (68%) 89 (71%) 248 (67%)

Persistent 140 (28%) 29 (23%) 111 (30%)

Permanent 20 (4%) 7 (6%) 13 (4%)

Heart failure 53 (11%) 10 (8%) 43 (12%) 0.317

Cardiomyopathy 30 (6%) 5 (4%) 25 (7%) 0.269

Hypertension 218 (44%) 52 (42%) 166 (45%) 0.603

Diabetes mellitus 25 (5%) 7 (6%) 18 (5%) 0.813

Coronary artery disease 47 (10%) 6 (5%) 41 (11%) 0.040

Peripheral artery disease 9 (2%) 2 (2%) 7 (2%) 0.838

Stroke or transient ischemic attack 30 (6%) 8 (6%) 22 (6%) 0.844

COPD 19 (4%) 7 (6%) 12 (3%) 0.279

Family history

Familial AF 124 (25%) 42 (34%) 82 (22%) 0.012

Familial sudden cardiac death 48 (10%) 14 (11%) 34 (9%) 0.520

Familial coronary artery disease 109 (22%) 31 (25%) 78 (21%) 0.369

Familial heart failure 25 (5%) 7 (5%) 18 (5%) 1.000

CHA2DS2VASc score 1 (0-2) 2 (1-2) 1 (0-1) <0.001

Number of comorbidities 1.3 ± 1.1 1.3 ± 1.1 1.4 ± 1.1 0.328

EHRA symptom class (n=460) 0.508

I 46 (10%) 12 (10%) 34 (10%)

II 337 (73%) 82 (69%) 255 (75%)

III 73 (16%) 22 (18%) 51 (15%)

IV 4 (<1%) 2 (2%) 2 (<1%)

Height (cm) 182 ± 10 171 ± 7 185 ± 8 <0.001

Weight (kg) 92 ± 17 83 ± 20 94 ± 15 <0.001

BMI (kg/m2) 27 (24-30) 28 (23-32) 27 (25-30) 0.446

Obesity (BMI>30) 98 (20%) 33 (26%) 65 (18%) 0.030

PR interval (ms) 160 (144-176) 150 (138-167) 163 (148-180) <0.001

Class I antiarrhytmic drug use 68 (14%) 22 (18%) 46 (13%) 0.131

Class III antiarrhytmic drug use 88 (18%) 20 (17%) 68 (18%) 0.684

Echocardiography
Moderate or severe valve disease 39 (8%) 8 (6%) 31 (8%) 0.568

Left ventricular mass index (g/m2) 80 (69-93) 72 (61-83) 82 (71-96) <0.001

LA volume index (mL/m2) 31 (25-31) 19 (23-32) 26 (21-32) 0.261

LVEF (%) 60 (55-60) 60 (55-60) 60 (55-60) 0.673

Data is expressed as mean and standard deviation, median (IQR) or numbers (%).
Abbreviations: AF=atrial fibrillation; BMI=body mass index; EHRA=European Heart Rhythm Association; 
LA=left atrial; LVEF=left ventricular ejection fraction. The number of comorbidities was calculated by 
awarding points for a history of hypertension, heart failure, diabetes, coronary artery disease, body mass 
index >25 kg/m2, kidney dysfunction and moderate or severe mitral valve disease.



Chapter 7

Young-Onset Atrial Fibrillation

dIsCussIon

We studied sex diff erences in clinical profile and cardiovascular outcome in young-
onset AF patients. Women with young-onset AF had more oft en familial AF and obesity, 
whereas men had more coronary artery disease, a longer PR interval and higher left  
ventricular mass. We observed no diff erence in AF progression rate nor in cardiovascular 
outcome between sexes during 7-year follow-up.

In our prospective cohort, one out of four patients were women. AF is a rare disease 
in the young, and the probable misnomer ‘lone AF’ remains a diagnosis of exclusion.
(8-10) Careful evaluation for cardiovascular risk factors should therefore be performed. 
Women had more oft en a family history of AF. Familial AF has been reported in 5-30% 
of patients.(8) Besides the genetic risk of AF itself, genetic susceptibility to other car-
diovascular diseases may also play a role in the high rate of familial AF in young-onset 
AF.(12) Yet, many risk factors may remain subclinical and therefore untreated for years. 
In fact, AF might be the first clinical presentation of an underlying cardiomyopathy. The 
number of cardiomyopathies was, however, still low in our population. Of interest is the 
relatively high number of reported familial sudden cardiac death, which may be due to 
underlying cardiomyopathies or other untreated cardiovascular (genetic) diseases.

Figure 1. Kaplan Meier curve illustrating the cumulative incidence of cardiovascular events during follow-
up.
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Identification and treating risk factors and comorbidities is important in AF treatment, 
and preventing progression of atrial remodeling.(9,13) We observed no difference in 
AF progression rate between sexes. AF progression is a complex process mainly driven 
by comorbidity and ageing related atrial remodeling.(14) The equal number of comor-
bidities and similar age between men and women in our cohort may have contributed in 
finding similar progression rate.

Obesity, a modifiable risk factor for AF, was observed more often in women.(15, 16) 
Obesity has been associated with a prothrombotic state.(17, 18) On top of that, obesity-
related cardiac remodeling, including epicardial adipose tissue infiltration, inflamma-
tion and fibrosis, enhances AF substrate formation, also causing AF to progress and 
sustain.(18) The higher incidence of coronary artery disease in men is well known. It 
should therefore always be considered causal factor associated with AF – especially in 
men. Even in patients diagnosed with idiopathic AF, half showed coronary artery disease 
as assessed by noninvasive imaging.(19) PR interval and left ventricular mass were both 
higher in men compared to women. Both have previously been associated with cardio-
vascular outcome in patients with AF.(10)

Women with AF may have worse cardiovascular outcome, yet women tend to be older 
and have more comorbidities.(3) We found no sex difference in cardiovascular outcome 
in our young-onset AF cohort, which can be partially accounted to the relatively low 
number of events in general due to the young age. Yet, a trend was observed towards a 
higher event rate in women, especially after 3 years of follow-up, which could be related 
to differences in underlying disease in men and women.

limitations
Strengths of present study include a well-characterized cohort and unique dataset of 
young-onset AF patients. Whether the associations that were found reflect cause-effect 
relationships cannot be concluded from our data, which may be considered a limitation, 
as well as the limited number of cardiovascular events. A time-to-event analysis was 
performed for AF progression to permanent AF without structured rhythm monitoring 
during follow-up, limiting its accuracy. Because of this, we were also unable to determine 
progression from paroxysmal to persistent AF. Furthermore we did not have follow-up 
data on blood pressure and weight, limiting our knowledge on risk factor management 
in our population.
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Conclusion
The clinical profile between men and women with young-onset AF is different. We ob-
served no differences in AF progression rate between men and women, nor differences 
in cardiovascular outcome.



120 Part 3

Risk markers for progression of atrial fibrillation

REFEREnCEs
 1. Vermond RA, Geelhoed B, Verweij N, et al. Incidence of atrial fibrillation and relationship with car-

diovascular events, heart failure, and mortality: A community-based study from the netherlands. 
J Am Coll Cardiol. 2015;66:1000-7.

 2. Ko D, Rahman F, Schnabel RB, Yin X, Benjamin EJ, Christophersen IE. Atrial fibrillation in women: 
Epidemiology, pathophysiology, presentation, and prognosis. Nat Rev Cardiol. 2016;13:321-32.

 3. Linde C, Bongiorni MG, Birger±otter-Green U, et al. Sex differences in cardiac arrhythmia: A 
consensus document of the european heart rhythm association, endorsed by the heart rhythm 
society and asia pacific heart rhythm society. Europace. 2018;20:1565-1565ao.

 4. Magnussen C, Niiranen TJ, Ojeda FM, et al. Sex differences and similarities in atrial fibrillation epi-
demiology, risk factors, and mortality in community cohorts: Results from the BiomarCaRE con-
sortium (biomarker for cardiovascular risk assessment in europe). Circulation. 2017;136:1588-97.

 5. Lang C, Seyfang L, Ferrari J, et al. Do women with atrial fibrillation experience more severe 
strokes? results from the austrian stroke unit registry. Stroke. 2017;48:778-80.

 6. Mikkelsen AP, Lindhardsen J, Lip GY, Gislason GH, Torp-Pedersen C, Olesen JB. Female sex 
as a risk factor for stroke in atrial fibrillation: A nationwide cohort study. J Thromb Haemost. 
2012;10:1745-51.

 7. Wang TJ, Massaro JM, Levy D, et al. A risk score for predicting stroke or death in individuals with 
new-onset atrial fibrillation in the community: The framingham heart study. JAMA. 2003;290:1049-
56.

 8. Gourraud JB, Khairy P, Abadir S, et al. Atrial fibrillation in young patients. Expert Rev Cardiovasc 
Ther. 2018;16:489-500.

 9. Wyse DG, Van Gelder IC, Ellinor PT, et al. Lone atrial fibrillation: Does it exist? J Am Coll Cardiol. 
2014;63:1715-23.

 10. De With RR, Marcos EG, Van Gelder IC, Rienstra M. Atrial fibrillation progression and outcome in 
patients with young-onset atrial fibrillation. Europace. 2018;20:1750-7.

 11. Camm AJ, Lip GY, De Caterina R, et al. 2012 focused update of the ESC guidelines for the manage-
ment of atrial fibrillation: An update of the 2010 ESC guidelines for the management of atrial 
fibrillation--developed with the special contribution of the european heart rhythm association. 
Europace. 2012;14:1385-413.

 12. De With RR, Rienstra M, Van Gelder IC. The link between atrial fibrillation and hereditary chan-
nelopathies: Authors’ reply. Europace. 2018;20:1872.

 13. Rienstra M, Hobbelt AH, Alings M, et al. Targeted therapy of underlying conditions improves sinus 
rhythm maintenance in patients with persistent atrial fibrillation: Results of the RACE 3 trial. Eur 
Heart J. 2018;39:2987-96.

 14. Blum S, Meyre P, Aeschbacher S, et al. Incidence and predictors of atrial fibrillation progression: 
A systematic review and meta-analysis. Heart Rhythm. 2018.

 15. Abed HS, Wittert GA, Leong DP, et al. Effect of weight reduction and cardiometabolic risk factor 
management on symptom burden and severity in patients with atrial fibrillation: A randomized 
clinical trial. JAMA. 2013;310:2050-60.

 16. Middeldorp ME, Pathak RK, Meredith M, et al. PREVEntion and regReSsive effect of weight-loss 
and risk factor modification on atrial fibrillation: The REVERSE-AF study. Europace. 2018;20:1929-
35.

 17. Rosito GA, D’Agostino RB, Massaro J, et al. Association between obesity and a prothrombotic 
state: The framingham offspring study. Thromb Haemost. 2004;91:683-9.



Chapter 7

Young-Onset Atrial Fibrillation

 18. Mahajan R, Lau DH, Brooks AG, et al. Electrophysiological, electroanatomical, and structural 
remodeling of the atria as consequences of sustained obesity. J Am Coll Cardiol. 2015;66:1-11.

 19. Weijs B, Pisters R, Haest RJ, et al. Patients originally diagnosed with idiopathic atrial fibrillation 
more often suffer from insidious coronary artery disease compared to healthy sinus rhythm 
controls. Heart Rhythm. 2012;9:1923-9.





Chapter 8

discussion and future perspectives.





Chapter 8

Discussion and future perspectives

dIsCussIon And FuTuRE PERsPECTIVEs

This general aim of the present thesis was to improve risk prediction of incident AF and 
progression of atrial fibrillation (AF). First we investigated markers to predict incident 
AF. In chapter 2 we showed the relation of renal dysfunction with incident AF and the as-
sociation with cardiovascular morbidity and mortality by using the Prevention of Renal 
and Vascular End-stage Disease (PREVEND) study. Our analyses showed that increased 
albumin excretion and not estimated glomerular filtration rate, as is most often used in 
clinical practice, was associated with incident AF. In chapter 3 we evaluated metabolic 
profiling in the relation to incident AF in the Framingham Heart Study. In contrast to 
previous studies, we observed no relation between small-molecule metabolites in 
diverse biological systems and incident AF. For prediction of incident AF but even more 
for progression of AF assessment of the actual severity of structural remodelling is es-
sential. In chapter 4 we aimed to improve assessment of the severity of atrial structural 
remodelling using body surface ECG mapping to measure P wave complexity. We showed 
that a higher number of peaks in the P-wave and larger P-wave terminal force in lead V1 
can differentiate between patients with and without a history of AF, i.e. help to assess 
severity of atrial remodelling. In the last part of this thesis we assessed the prevalence 
and predictors of AF progression in different patient populations. In Chapter 5 (Young 
AF cohort) we investigated young onset AF patients (mean age 49 years). Interestingly, 
even in this young population risk factors and comorbidities were present in 89% of 
the patients. AF progression to permanent AF and cardiovascular events occurred in 2% 
and 2.4% per year, respectively. Cardiovascular events increased after AF progression 
had occurred. Predictors in this population included PR interval and left ventricular hy-
pertrophy. In Chapter 6 (AF-Risk cohort) we included patients (mean age 60 years) with 
short-lasting AF. AF progression occurred in 13% of patients in this group during 1-year 
follow-up. An increased left atrial volume, elevated NT-proBNP and lower PAI-1, possibly 
as sign of inflammation, were associated with AF progression. Also in this study patients 
with AF progression had a higher event rate during follow-up. Finally, since nowadays 
there is an increasing awareness that sex is a major determinant of the incidence, etiol-
ogy, and clinical presentation of AF, one chapter was about sex differences. Until now, 
women are not only underrepresented in major AF trials, in addition, data on clinical 
profile and outcome in young AF patients is limited. Therefore we aimed to investigate 
the clinical profile, AF progression rate and cardiovascular outcome between sexes in 
patients with young-onset AF in Chapter 7 (Young AF cohort).

The atrial fibrillation epidemic
AF is the most frequent arrhythmia in men and women and its incidence is continuously 
rising reflected by a population with increasing comorbidities and risk factors, a seden-
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tary lifestyle, and longer life expectancy.1 The prevalence of AF increases with age and is 
doubled for every decade after the age of 50, reaching approximately 10% in persons ≥ 
80 years.2 AF itself is associated with an increased risk for stroke, heart failure, cognitive 
dysfunction, dementia and for mortality,3-9 which is further increased in the presence of 
more comorbidities and risk factors.1 AF is a complex disease associated with electrical, 
mechanical, and structural abnormalities of the atria due to AF but also due to its risk 
factors and comorbidities.10 In the last few decades knowledge on the pathophysiologi-
cal substrate of AF and the role of comorbidities, risk factors, biomarkers and genetics 
has increased substantially.

I. Risk markers for incident atrial fibrillation
Population-based studies have identified numerous cardiovascular and non-cardio-
vascular comorbidities and risk factors that individually, as well as in combination with 
each other, increase AF susceptibility.11,12 As there are so many conditions link to AF, the 
historical term ‘lone AF’ should rarely be used.13 The best known classical risk factors 
for AF include age, male sex, hypertension, left ventricular hypertrophy, coronary artery 
disease, heart failure (HF), and valve disease.6,14-19 Elevated blood pressure is the single 
most important contributor to AF and the population-attributable risk has been estimat-
ed at 14-20%, reaching almost 25% if borderline hypertension is also included.16,20 HF is 
an outcome associated with AF, as well as a risk factor. AF and HF are closely intertwined, 
share common risk factors, influence each other, and together carry a poorer prognosis 
than either condition alone.18,21-23 Other demographic and lifestyle factors include age, 
male sex, alcohol consumption, and body mass index (BMI).6,14,16,24 BMI is linearly related 
to the incidence of AF. Obesity accounted for 9% of incident AF in the contemporary Pre-
vention of Renal and Vascular End-Stage Disease (PREVEND) study population and per 
every 5 kg/m2 increase in BMI the hazard ratio increased with 1.45.24 In the ARIC study 
having overweight was the second-most important risk for AF, contributing to 17.9% of 
the population-attributable risk of AF.16 Other conditions include diabetes mellitus, ob-
structive sleep apnea syndrome (OSAS), chronic obstructive pulmonary disease (COPD), 
metabolic syndrome, chronic kidney disease (CKD) based on the different established 
CKD stadia, hyperthyroidism, and genetic factors.14,25-30 Again, lone AF seems not to ex-
ists.13 Diabetes is present in up to 19% of patients with AF. OSAS and COPD are general 
cardiovascular risk factors associated with HF, hypertension and AF. The clustering of 
risk factors included in the metabolic syndrome may exponentially increase the risk of 
developing AF.31,32 Patients with reduced renal function are at risk of developing AF, inde-
pendently from other risk factors.33,34 AF and CKD share cardiovascular risk factors sug-
gesting a common pathophysiologic substrate.35 Nevertheless, in the absence of these 
risk factors and hemodynamic factors there are CKD-associated non-hemodynamic 
factors that may contribute to the greater burden of AF in those with renal dysfunction. 
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These include activation of the renin-angiotensin system, stimulant iron-dependent 
oxidative stress, increased sympathetic activation, chronic inflammation, and stimula-
tion of pro-hypertrophic and pro-fibrogenic factors.36,37 Different studies used different 
methods to assess renal function. We assessed in different populations (Framingham, 
PREVEND, AF-Risk) risk factors for incident AF. In chapter 2 the association of several 
renal function measures and incident AF, cardiovascular morbidity and mortality was 
studied in 8265 participant included in in a community-based prospective cohort in-
cluded in the PREVEND study.38 We showed that in this cohort increased albumin excre-
tion, and not estimated glomerular filtration rate (eGFR), was associated with incident 
AF, even after adjustments for established cardiovascular risk factors. While eGFR is a 
measurement of kidney function, albumin excretion reflects kidney damage which may 
be an early sign of kidney disease before kidney function deteriorates. In PREVEND only 
5.7% had an estimated GRF <60 ml/min/1.73m2 while 21.3% had albuminuria. Addition-
ally, besides being associated with incident AF, albumin excretion confers an increased 
risk of death or cardiovascular events at any level or stage of eGFR.39 Despite these well-
known associations the exact pathophysiological mechanisms linking renal dysfunction 
to AF risk is unknown and it remains unclear whether CKD precedes AF or is AF induced. 
More likely, both could be a marker of underlying vascular disease.40 CKD is now not part 
of risk schemes in the treatment of AF but may potentially be useful for assessment of 
the risk for incident AF and AF progression.

Another pathway to assess the risk for incident AF is by means of metabolomics. 
Metabolomics serve as a reflection of genes’ and proteins’ functional activity. By this 
mechanism, it is possible to collect information before the start of a disease phenotype. 
This happens while straddling the field from genetic sequence to cellular physiology.41 
Previous metabolomics investigations have focused on identifying metabolic pathways 
responsible for the initiation and maintenance of the arrhythmia in patients with known 
AF or postoperative AF.32 Studies have examined circulating biomarkers representing 
distinct pathophysiological pathways including inflammation (CRP, IL-6), neurohumoral 
activation (ANP, BNP), oxidative stress and endothelial dysfunction (homocysteine), 
renin-angiotensin-aldosterone dysfunction (renin and aldosterone), thrombosis (D-
dimer, vWF, plasminogen activator inhibitor type 1), and endothelial/vascular dysfunc-
tion ([micro]albuminuria), as potential new way to enhance AF risk prediction and to 
provide new insights into the pathophysiology of AF which may help identify novel 
therapy targets.42,43 We assessed metabolomics in chapter 3, in which a targeted liquid 
chromatography-tandem mass spectrometry method was used to identify novel meta-
bolic markers and confirm previously reported metabolites in relation to new-onset AF 
by investigating metabolite profiles of 2458 ancestry participants from a prospective 
cohort the Framingham Heart Study.42,44 We assessed in total 217 metabolomic markers: 
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several amino acids, organic acids, lipids, and other plasma metabolites to assess the 
risk for AF. Only fructose, glucose, and/or galactose met our a priori specified Bonferroni 
corrected level of significance when adjusted for age and gender.44 None of the metabo-
lites met our corrected level of significance with additional adjustments. This in direct 
contradiction with the results of the ARIC study which identified bile acids glycolithoco-
late sulphate and glycocholenate sulphate as markers of increased risk of new-onset AF. 
The mechanism responsible for the association of these higher levels of bile acids with 
the risk of AF is unknown. While increased levels of liver enzymes have been associated 
with AF the identified bile acids in the ARIC study were increased independent from 
other markers of liver function.42 The latter stresses the significant role of heterogeneity 
that often seems to play a role in participant profiles, tissue specific biomarker profiles, 
and study designs.

The focus has traditionally been to identify biomarkers that can predict AF outcome 
remote from the ‘scene of calamity’, i.e. the atria themselves. Blood collected in the atria 
may be a stronger predictor for AF than blood collected peripherally. When sampled 
locally in the atria biomarkers – including novel ones with short half-lives or low levels 
- may be found which are not detectable anymore more peripheral. Lim et al. previously 
described differences in coagulation markers in patients undergoing pulmonary vein iso-
lation.45 Prothrombotic activation occurred to a greater extent in the human left atrium 
compared with systemic circulation.45 In the Reappraisal of Atrial Fibrillation: Interac-
tion between hypercoagulability, Electrical remodeling, and Vascular Destabilization in 
the Progression of AF (RACE V) Study (Clinicialtrials.gov Identifier: NCT02726698) acute 
(time of calamity) and situational (scene of calamity) phenotyping will be performed. 
Higher risk patients for AF progression and cardiovascular morbidity and mortality 
may be distinguished from true low-risk patients by applying these different diagnostic 
approaches. Additionally, it may further elucidate the relationship between local bio-
marker release triggered by AF versus biomarker assessment obtained from a peripheral 
vene and differences in biomarker profiles during AF versus during sinus rhythm.

Despite knowledge on all these risk factors it remains difficult to predict the risk of 
developing AF for individual subjects. There have been many risk prediction models for 
incident AF with only moderate discriminatory ability and still a substantial proportion 
of AF risk remains unexplained.15,46 Vice versa, it remains unclear why some patients 
never develop AF. It may be that certain genes or other mechanisms could help the body 
to maintain the normal rhythm and/ or repair itself. Therefore, even if some individu-
als are exposed to high levels of stressors, their bodies may help them to cope with it , 
thereby preventing the development of AF.47
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II. Assessment of remodeling of the atrium
The severity of structural remodeling and subsequent substrate for initiation and 
progression of AF is time dependent and is influenced by the normal aging process as 
well as comorbidities and risk factors.48 Assessing the severity of atrial remodeling is 
difficult and challenging.49 This can be done by electrocardiographic parameter or by 
assessing severity of atrial remodeling by means of echocardiography.50 The abnormal 
propagation of atrial impulses may become reflected in electrocardiographic findings, 
such as PR interval and P wave duration.51-53 AF also induces ultrastructural changes that 
modify cardiomyocyte electrophysiology and conduction disturbances.54 Over the years 
several electrocardiographic (ECG) parameters have been used to predict incident AF, 
with P-wave duration and PR-interval being the most studied parameters.55,56 The risk 
score for atrial fibrillation from the Framingham Heart Study, as well as long-term follow 
up in the Framingham study showed that P wave duration was associated with the risk 
of developing AF making it a possible valuable long-term risk indicator.15,57 In chapter 
4, we compared a wide variety of P-wave parameters in patients with and without a 
history of AF to identify subtle (regional) P-wave conduction disturbances associated 
with prevalent AF using body surface mapping. We demonstrated that a higher number 
of peaks in the P-wave, especially in leads located on the back cranial to leads V7-V8, are 
associated with a history of AF. These P-waves with complex activation patterns might 
reflect a higher degree of (regional) atrial conduction disturbances and activation delays 
due to atrial fibrosis and epicardial fat.58-60

III. Risk markers for progression of atrial fibrillation.
Progression of AF is in general considered as AF being transformed from paroxysmal epi-
sodes to more sustained episodes of AF. This progression is associated with an increased 
cardiovascular morbidity and mortality.61,62 The 2016 European Society of Cardiology 
guidelines for the management of atrial fibrillation distinguish 4 different phases of 
AF: first diagnosed, paroxysmal, persistent, long-standing persistent and permanent 
AF.11 Generally, AF acts as a disease that advances over time to more complex phases 
of AF (figure 1). This transition is referred to as AF progression. Electrical and structural 
atrial remodelling create a substrate for AF to initiate and maintain supported by the 
underlying comorbidities and risk factors. In many patients atrial remodelling starts 
years before the first clinical manifestation of AF (figure 1). One main driving risk factors 
of AF progression is atrial size, developed due to underlying comorbidities and risk fac-
tors. Larger atria likely reflect more atrial stretch, a known pro-fibrosis phenomenon.63-65 
Progression rates range roughly from 3 to over 30% a year.12,66,67 Data from the Euro 
Heart Survey assessed AF progression from paroxysmal, self-terminating to non-self-
terminating, persistent AF, and observed a progression rate of 15% in 1-year of follow 
up.62,68 In patients without detected comorbidities, the AF progression numbers are in 
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general lower. A 30-year progression rate of 29% (which implies a very low progression 
percentage per year) has been described in a young population without demonstrable 
associated conditions.69 A recent meta-analysis showed a progression rate of 8.1% per 
100 patients years.67 Clearly more data are needed as type of patients, definition of AF 
progression, and follow-up duration differed among those trial included in that meta-
analysis. Chapter 6 describes preliminary results of the identification of a risk profile to 
guide atrial fibrillation (AF-Risk) study (Clinicaltrials.gov identifier NCT01510210). An AF 
progression rate of 13% was found during 1 year of follow up in patients with paroxysmal 
AF. Left atrial volume, NT-proBNP and PAI-1 were associated with AF progression in this 
study and patients who had AF progression had a higher event rate. Table 1 shows the 
differences between patients included in chapter 5 and 6. Predicting patients at risk 
for AF progression is difficult. Patients with limited clinical cardiovascular disease may 
progress quickly, while others may remain in paroxysmal AF for decades even with 
more advanced cardiovascular comorbidities.70 The RACE V trial is currently enrolling 
patients to study clinical factors and (blood) biomarkers related to progression of AF 
in patients diagnosed with self-terminating AF with special reference to hypercoagu-
lability. Several coagulation factors, including thrombin, stimulate protease activated 
receptors that promote pro-fibrotic, pro-inflammatory and vascular alterations which 
causes structural atrial changes that enhances susceptibility for AF.71 It subsequently 
enables the arrhythmia to progress. Gaining insight in the role of hypercoagulability 
in the progression of AF and incorporating this into AF-progression risk models, might 
improve risk-stratification.

Figure 1. Conceptual framework of atrial fibrillation initiation, maintenance, and progression. Modified 
with permission of 76.



Chapter 8

Discussion and future perspectives

AF progression is relevant as it has prognostic value. Vanassche et al. reported a higher 
stroke rate in patients with permanent AF (4.2%), compared to persistent (3.0%) and 
paroxysmal AF (2.1%).72 Also in a post-hoc analysis of The Rivaroxaban Once Daily Oral 
Direct Factor Xa Inhibition Compared with Vitamin K Antagonism for Prevention of 
Stroke and Embolism Trial in Atrial Fibrillation (ROCKET-AF) it was shown that in 11548 
patients, paroxysmal AF was associated with lower rates of stroke, thromboembolic 
events and mortality, compared to patients with persistent AF.73 This is in accordance 
with the findings in chapter 5. In patients with young-onset AF (patients age 49 years, 
age of onset 46 years), the incidence of cardiovascular events was higher after AF pro-
gressed to permanent AF compared to patients without AF progression. The other way 
around, is that incident AF in older patients is associated with a high risk of mortality in 
the first 5 years after the diagnosis, especially due to bleeding events and stroke.74 Also 
heart failure was common, however, not being associated with mortality.74 In Young AF 
(Chapter 5) Overall progression rate was low (2.0%/year) and with only a median of 7.2 
years of follow up, prognosis was relatively mild with an incidence rate of cardiovascular 
events of 2.4%/year. In the AF-risk study (chapter 6) we found a 13% progression rate 
during 1-year follow up in patients with paroxysmal AF. Important predictors in chapter 
5 (where we studied Young AF patients) for AF progression were increased PR interval 
(an electrical phenomenon reflecting an increased atrial size) and left ventricular 
hypertrophy. Chapter 6 furthermore showed that left atrial volume, increased level 
of NT-proBNP and PAI-1 were associated with AF progression (all reflections of more 
severe underlying comorbidities).The patients who had progression of AF had a signifi-
cant higher event rate as compared to those without progression of AF. To what extent 
these biomarkers will be useful in clinical practice remains uncertain, nevertheless left 
atrial volume is easily obtained and interpreted for the individual patient. In chapter 7 
a sex specific analysis was performed as women with AF may have worse cardiovascular 
outcome, but also tend to be older and have more comorbidities.75 In this chapter we 
found no sex differences in cardiovascular outcome in our young-onset AF cohort, which 
can be partially accounted to the relatively low number of events in general due to the 
young age. Yet, a trend was observed towards a higher event rate in women, especially 

Table 1. Differences between patients included in chapter 5 (Young AF) and chapter 6 (AF-Risk).

Chapter 5 (young AF) Chapter 6 (AF-Risk)

Mean age (years) 49 60

Men 76% 62%

Predictors for AF progression Diastolic blood pressure NT-proBNP

Left atrial size Left atrial volume

Plasminogen activator inhibitor-1

AF progression rate 2.0% per year 13% at 1 year
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after 3 years of follow-up, which could be related to differences in underlying disease in 
men and women. Future research should therefore be tailored towards individual and 
sex specific drivers of progression.75

FuTuRE PERsPECTIVEs

The causes of AF are very diverse.13 AF should be considered as the final product of a 
wide range of clinical conditions.65 The exact combination of individual pathophysi-
ological processes contributing to the onset of incident AF and AF progression is likely 
distinct for the individual patient and also depends on race and sex.65,75-77 Further un-
derstanding of the connection between risk factors and comorbidities for incident and 
AF progression is required to provide enhanced patient tailored therapy is the different 
patient categories.65,76 Many data are available that optimal risk factor management in 
patients with increased CV risk, like our AF patients, results in better prognosis.78-80 This 
was also tested in RACE 3 and it showed that by addressing the underlying conditions 
and risk factors it is possible to maintain a higher percentage of sinus rhythm at one 
year.81 This concept of focused therapy on underlying conditions should be extended in 
future studies.

In conclusion, early identification of patients who are at risk for incident AF and associ-
ated complications is still not perfect. However, early identification of AF and underlying 
comorbidities with therapy focused not only on the ECG but also on the comorbidities 
could eventually lead to slower progression of AF and improvement of cardiovascular 
outcomes.
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FIGuRE lEGEnds:
Figure 1. A. In patients with a sufficiently large genetic predisposition, AF onset may occur at a relatively 
young age. AF-induced remodeling helps to maintain the arrhythmia, as well as promoting AF progression. 
B. In most patients, the genetic substrate alone does not provide sufficient susceptibility for AF. Additional 
disease-related remodeling may increase vulnerability and allow the initiation of paroxysmal AF episodes. 
Over time, some patients with paroxysmal AF may progress to longer-lasting persistent AF forms. C. Be-
cause of the composition of substrate and trigger, some patients have a first AF episode lasting >7 d and 
may progress to permanent AF due either to progression of underlying disease or to a medical decision 
to leave the patient in AF. (Note that for convenience the time scale for AF episodes, in grey, is expanded 
compared with the lower axis providing a sense of lifetime time course.) Adapted with permission from 
Heijman et al.76
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nEdERlAndsE sAMEnVATTInG (PoPulAR duTCh suMMARy)

Van alle hartritmestoornissen is boezemfibrilleren de meest voorkomende hartrit-
mestoornis. De verwachting is dat boezemfibrilleren alleen maar zal toenemen in de 
komende jaren. Dit komt deels omdat de bevolking ouder wordt en dat de leefstijl aan 
het veranderen is. Boezemfibrilleren gaat gepaard met verschillende complicaties zoals 
herseninfarcten, hartfalen, dementie, mortaliteit, verminderde kwaliteit van leven en 
hogere ziektekosten. In de afgelopen jaren is het duidelijk geworden dat de behandel-
ing van risicofactoren zoals hypertensie, ischemie en hartfalen zeer belangrijk is in de 
behandeling van boezemfibrilleren. Bij sommige patiënten is het na het starten van 
de behandeling het lastig om sinusritme, het normale hartritme, voor lange tijd te be-
houden. Daarnaast zien we bij een behoorlijk aantal patiënten progressie (verergering) 
van het boezemfibrilleren. Er is meer inzicht nodig in het remodeleringsproces van de 
boezems om de behandeling van boezemfibrilleren te kunnen verbeteren. De afgelopen 
jaren zijn er steeds meer aanwijzingen dat de remodelering in de boezems vaker te 
maken heeft met onderliggende vaatziekten. Het is daarom van essentieel belang om 
de pathofysiologische factoren die een rol spelen bij de vaatproblemen om die goed in 
kaart te brengen met als doel om de behandeling bij boezemfibrilleren beter te kunnen 
sturen. Daarbij is het ook belangrijk om de factoren bij progressie van boezemfibrilleren 
beter te begrijpen om de behandeling hierop aan te kunnen passen.

Het doel van dit proefschrift is om te zoeken naar risicofactoren bij nieuw ontstaan 
boezemfibrilleren en naar factoren die bijdragen aan progressie van boezemfibrilleren. 
Tevens beoordelen we met nieuwe niet-invasieve technieken de ernst van het boezem-
fibrilleren.

In hoofdstuk 1 werd gestart met een algemene introductie op het thema van dit proef-
schrift.

In hoofdstuk 2 hebben we uit een groot cohortstudie, de PREVEND-studie, gekeken naar 
de relatie tussen renale dysfunctie met boezemfibrilleren en cardiovasculaire morbidit-
eit en mortaliteit. Bij dit onderzoek was duidelijk dat vasculaire schade gemeten door 
albumine excretie in de urine geassocieerd is met nieuw ontstaan boezemfibrilleren. 
Dit was onafhankelijk van bestaande cardiovasculaire risicofactoren. Veder was de 
cardiovasculaire mortaliteit onafhankelijk van het incident boezemfibrilleren. Dit laat 
zien dat onderliggend vaatprobleem een belangrijke rol speelt bij het ontstaan van 
boezemfibrilleren.



In hoofdstuk 3 hebben we uitgebreid gekeken naar verschillende metabolieten (bio-
markers) in het bloed en of ze het ontstaan van boezemfibrilleren kunnen voorspellen. 
Hiervoor is een populatie gebruikt van 2458 gezonde mensen. In totaal hebben we 217 
metabolieten die in het bloed voorkomen onderzocht. Van geen enkele metaboliet kon 
een relatie worden aangetoond met nieuw boezemfibrilleren. 

In hoofdstuk 4 hebben we gekeken naar verschillende karakteristieken van de p-golf 
bij patiënten die kort bekend zijn met boezemfibrilleren. We hebben dit vergeleken met 
een groep patiënten die geen boezemfibrilleren hebben, maar wel risicofactoren voor 
het ontwikkelen van boezemfibrilleren hebben (bijvoorbeeld diabetes). We zien geen 
verschil in de PR-tijd, iets wat gemakkelijk met een ECG gemeten kan worden. Als je met 
meerdere electroden (door middel van body surface mapping) gaat kijken naar de P-golf 
dan zie je dat de groep die bekend is met boezemfibrilleren meer pieken heeft in de p-
golf en een hogere P-wave terminal force heeft dan de groep zonder boezemfibrilleren.

In hoofdstuk 5 hebben wij gekeken naar de progressie van boezemfibrilleren. Hiervoor 
hebben we een populatie van jonge patiënten met nieuw boezemfibrilleren gevolgd. 
Gedurende 7 jaar heeft 11% van de populatie progressie laten zien. Er was geen verschil 
in progressie van boezemfibrilleren te zien tussen patiënten die medicatie kregen of ab-
latie ondergingen. Diastolisch bloeddruk en linker atrium grootte waren de bepalende 
factoren voor progressie van boezemfibrilleren. Patiënten met progressie van boezemfi-
brilleren hadden per jaar een hogere kans op cardiovasculair events.

In hoofdstuk 6 hebben we in de AF-RISK-studie (cohortstudie) gekeken naar de klinische, 
echocardiografisch en biomarkers voor de progressie van boezemfibrilleren. Patiënten 
met nieuw boezemfibrilleren werden in de studie gevolgd. Progressie van boezemfibrill-
eren binnen 1 jaar gebeurd in 13% van de populatie. Een grotere linker atrium volume, 
verhoogde cardiale stressmakers (NT-proBNP) en een lager fibrinolyse biomarker 
(PAI-1) waarde waren geassocieerd met voor progressie van boezemfibrilleren. Tot slot, 
in hoofdstuk 7 onderzochten we of er verschil zit tussen mannen en vrouwen bij de 
progressie van boezemfibrilleren. We hebben hiervoor een populatie onderzoek gedaan 
en de patiënten vervolgd in de tijd. Wij observeerden wel een verschil in klinisch profiel 
tussen de geslachten, maar er is geen verschil in de mate van progressie van boezemfi-
brilleren. 

Concluderend beschrijven wij in dit proefschrift nieuwe risicofactoren bij nieuw ontsta-
an boezemfibrilleren. Tevens beoordeelden we met nieuwe niet-invasieve technieken 
afwijkingen aan de p-golf van patiënten met boezemfibrilleren. Daarnaast hebben we 



143Chapter 8

Dankwoord

verschillen in factoren die bijdragen aan de progressie van boezemfibrilleren in zowel 
mannen als vrouwen onderzocht. 
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Allereerst wil ik mijn promotor prof. dr. I.C. van Gelder bedanken: beste Isabelle, ik wil je 
bedanken dat ik de mogelijkheid heb gehad om een mooi onderzoek te mogen verrich-
ten bij jou en je team. Daarnaast voor je begeleiding, je kritische blik op de artikelen en 
alle onderwijsmomenten. Verder wil ik je ook hartelijk bedanken voor de mogelijkheid 
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