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Abstract
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Atrial fibrillation (AF) confers an independent increased risk of stroke and death. The stroke
risk is very heterogeneous and current risk stratification models based on clinical variables, such
as the CHADS2 and CHA2DS2VASc score, only offer a modest discriminating value.

The aims of this thesis were to study cardiac biomarkers, cardiac troponin and natriuretic
peptides e.g. N-terminal prohormone-B-type natriuretic peptide (NT-proBNP), and describe
levels in AF patients, investigate the association with stroke or systemic embolism,
cardiovascular event, major bleeding and mortality, and to assess how levels of cardiac
biomarkers change over time. Cardiac troponin was analyzed with contemporary assays and
high sensitivity assays. The study populations consisted of patients with atrial fibrillation and
one risk factor for stroke included in the RE-LY (n=6189) and the ARISTOTLE (n=14892)
biomarker substudies. Median follow-up time was 2.2 years and 1.9 years, respectively. In a
subset of participants (n=2514) data from repeated measurements was available at three months.

Cardiac troponin was detectable in 57.0% with the contemporary assay and 99.4% with
the high sensitivity assay. NT-proBNP was elevated in approximately three quarters of the
participants. In Cox models adjusted for established risk factors the cardiac biomarkers levels
was independently associated with stroke or systemic embolism, cardiovascular events, and
mortality. Only cardiac troponin was associated with major bleeding. In ROC analyses the
prediction of stroke or systemic embolism, cardiovascular events, and mortality increased
significantly by addition of cardiac troponin or NT-proBNP to the models. Persistent detectable
cardiac troponin (contemporary assay) and elevated NT-proBNP levels were found in a large
number of participants. Persistent detectable or elevated levels conferred significantly higher
risk for stroke or systemic embolism, cardiovascular events, and mortality. By using both cardiac
biomarkers simultaneously the risk stratification improved even further for all outcomes.

In conclusion the analyses for the first time display that elevation of troponin I and NT-
proBNP are common in patients with AF and independently related to increased risks of stroke,
cardiovascular events and mortality. Persistent elevation of troponin and NT-proBNP indicate
a worse prognosis than transient elevations or no elevations of either marker. The cardiac
biomarkers added substantial improvements to existing risk stratification models.
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“Absence of understanding does not warrant absence of existence” 
Avicenna, Ibn Sina (1025) 
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Introduction 

Atrial fibrillation (AF) is the most common sustained arrhythmia and confers 
an independent increased risk of stroke and death.1, 2 The prevalence of AF 
increases with age, is doubled for every decade after the age of 50 years, and 
reaches approximately 10% in persons ≥80 years.  Furthermore, it is project-
ed to increase in the coming decades.3, 4 Despite clinical differences in 
presentation, duration and AF type, the corner stone of the management of 
patients focuses on relief of symptoms and prevention of AF-associated 
stroke. Several clinical and echocardiographic risk factors have been identi-
fied that predict risk of stroke in AF. Systematic reviews have identified 
prior stroke/transient ischemic attack (TIA)/thromboembolism, older age, 
hypertension, diabetes, and structural heart disease as important risk fac-
tors.5, 6 Recently, vascular disease, age ≥65 years and female gender were 
also added and now constitute the variables in the widely used CHA2DS2-
VASc score (which assigns 1 point each for a history of Congestive heart 
failure, Hypertension, Diabetes mellitus, Vascular disease, Age 65-74 years, 
and Sex category [female gender], and 2 points for Age ≥75 years and prior 
Stroke/TIA).7, 8 Although easy to apply, the clinical risk scores including the 
CHA2DS2-VASc only seem to offer a modest discriminating value for the 
individual patients with C-statistic that range from 0.549 to 0.638, where 1.0 
is perfect discrimination and 0.5 is no better than random chance.8 Bi-
omarkers derived from the blood, such as markers of cardiovascular stress 
and myocardial injury, have an increasing body of evidence showing associ-
ation with clinical events and may help refine risk assessment in AF patients. 
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Background 

Historical perspective 
Irregular pulse and symptomatic palpitations, the characteristic findings of 
atrial fibrillation, has been described in several occasions throughout history. 
The earliest description may date from ancient China in The Yellow Emper-
or’s Classic of Internal Medicine in a version that arose around 400-200 
B.C.9 Among several scientific discoveries Hippocrates described “violent 
palpitations of the heart” around the year 400 B.C. and has been attributed to 
be the first person to use the word “pulse”.10 Because the diagnosis of atrial 
fibrillation requires measurement of the electrical activity of the heart, atrial 
fibrillation was not truly described until 1874, when the irregular atrial elec-
trical behavior in dog hearts was observed and termed "fremissement fibril-
laire" by Vulpian.9 In 1909 Lewis in London, almost simultaneously as 
Rothberger and Winterberg in Vienna, presented research based on electro-
cardiographic studies that described the connection between the anatomic 
and electrical manifestations of atrial fibrillation and the irregular pulse.9, 11. 
In 1935 Bouilland presented how digitalis reduced the ventricular rate even 
though irregularity of pulse persisted and in 1963 cardioversion of atrial 
fibrillation was demonstrated by Lown.9, 12 

Epidemiology and pathophysiology 
Atrial fibrillation is the most common sustained arrhythmia encountered in 
clinical practice. The prevalence increases with age and is doubled for every 
decade after the age of 50 years. In persons ≥80 years the prevalence approx-
imately reaches 10% and is projected to increase further in the coming dec-
ades.3, 4 It is characterized by disorganized atrial electrical activation and 
uncoordinated atrial contraction. The surface electrocardiogram has a char-
acteristic appearance with rapid fibrillatory waves with changing morpholo-
gy and a distinctive irregular ventricular rhythm. For the most common type 
of atrial fibrillation related to aging, the process involves a structural remod-
eling in which connective tissue deposition and fibrosis are the hallmarks, as 
well as altered atrial electrophysiological properties due to ionic remodeling. 
13-15 The remodeling decreases the atrial effective refractory period and pro-
motes atrial reentry facilitating the initiation and perpetuation of AF.13, 15 In 
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addition, left ventricular dysfunction and elevated ventricular filling pres-
sures contribute to atrial remodeling and may produce a substrate and a trig-
ger for AF as well.16, 17 Moreover, the significant role of the myocardial 
sleeves clothing the pulmonary veins as one of the key trigger sites for the 
onset of AF has also been well described.18 Evidence is also accumulating 
concerning the involvement of genetic defects, mainly affecting ionic cur-
rents, in its development with a significant heritable component predomi-
nantly in early onset AF.19-21 

Symptomatology and classification 
The clinical manifestation is heterogeneous since AF may cause a wide spec-
trum of symptoms ranging from completely asymptomatic (silent AF) to 
severe hemodynamic deterioration.7 The clinical classification of AF type is 
currently based on the presentation and duration of the arrhythmia.7 Five AF 
types are distinguished: first diagnosed, paroxysmal, persistent, long-
standing persistent and permanent AF (Table 1). In addition to AF-related 
symptoms this classification is clinically useful for the management of AF 
patients. 

Table 1. Classification of atrial fibrillation. 

 
Classification 

 

First diag-
nosed AF 

Paroxysmal 
AF 

Persistent AF 

Long-
standing 
persistent 

AF 

Permanent 
AF 

 
Description 

 
Every pa-
tient who 
presents 
with AF for 
the first time 
irrespective 
of the dura-
tion of the 
arrhythmia 
or the pres-
ence and 
severity of 
AF-related 
symptoms. 

 
Self-
terminating, 
usually 
within 48 h. 
Although AF 
paroxysms 
may continue 
for up to 7 
days. 

 
AF episode 
either lasts 
longer than 7 
days or re-
quires termina-
tion by cardio-
version, either 
with drugs or 
by direct 
current cardio-
version. 

 
Lasted for 
≥1 year 
when it is 
decided to 
adopt a 
rhythm 
control 
strategy. 

 
The presence 
of the ar-
rhythmia is 
accepted by 
the patient 
and physician. 
Rhythm 
control inter-
ventions are, 
by definition, 
not pursued in 
patients with 
permanent 
AF. 
 

Management 
Two principal strategies are available for management of atrial fibrillation: 
rate control and rhythm control. Heart rate control in atrial fibrillation aims 
to minimize symptoms associated with excessive heart rates and to prevent 
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tachycardia-associated cardiomyopathy.7 Rhythm control aims to achieve 
normal sinus rhythm and involves the use of electrical or pharmacological 
cardioversion or electrophysiological/surgical interventions to convert the 
arrhythmia. Patients who have been successfully cardioverted are generally 
given antiarrhythmic drugs to help prevent the recurrence of atrial fibrilla-
tion. For many clinicians maintenance of sinus rhythm has been the main 
therapeutic goal. With the findings from the PIAF (Pharmacological Inter-
vention in Atrial Fibrillation) trial this approach was however questioned.22 
In a randomized fashion it compared rate versus rhythm control, in patients 
with symptomatic AF. The results indicated similar results in terms of im-
provement in AF related symptoms. In the wake of the RACE (Rate Control 
versus Electrical Cardioversion for Persistent Atrial Fibrillation) and AF-
FIRM (Atrial Fibrillation Follow-up Investigation of Rhythm Management) 
trials focus has shifted towards rate control when suitable. The RACE and 
AFFIRM studies established that the risk of complications and death were 
similar in patients with atrial fibrillation receiving rate-control therapy and in 
those receiving rhythm-control therapy.23, 24 Importantly, these studies also 
reinforced the need for continued anticoagulation. Therefore, beyond a rate 
or rhythm control strategy, an appropriate assessment of stroke risk is crucial 
in individuals with AF irrespective of AF type. 

Atrial fibrillation and stroke risk 
Atrial fibrillation was proposed as a risk factor for stroke based on epidemio-
logical studies from the Framingham Study cohort in the 1970s.25 The fol-
lowing decade AF was established as an independent risk factor for stroke.2 
It increased the risk of stroke by a 5-fold, and doubled the risk of death.1, 2 
Beyond rheumatic valve disease, increasing age and cardiovascular comor-
bidity were early associated with higher stroke risk in patients with AF.2, 26-28 
Continued research further identified and, in systematic reviews, validated 
clinical variables such as prior stroke/transient ischemic attack/thrombo-
embolism, age, hypertension, diabetes, structural heart disease, vascular 
disease, and female gender as important risk factors for stroke in AF.6, 7, 29, 30  

Preventing thromboembolism 
In the early 1990s several randomized trials demonstrated the efficacy of 
warfarin for the prevention of stroke in patients with non-valvular atrial fi-
brillation.31-35 The stroke risk reduction achieved was substantial. The effica-
cy of warfarin for stroke prevention has thereafter been validated in meta-
analyses of randomized trials as well as in large cohorts of AF patients in 
clinical practice yielding relative risk reductions of 64% to 68%.36-38 Warfa-
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rin treatment also confers a 26% reduction in all-cause mortality. However, 
warfarin has several limitations. It was approved for use as a medication in 
1954. Warfarin, although referred to as a vitamin K antagonist, interferes 
with the vitamin K recycling, depleting active vitamin K and inhibits the 
vitamin K dependent synthase of coagulation factor II, VII, IX, and X.39 Due 
to a small therapeutic window regular monitoring is required.39 A sub thera-
peutic value confers poor stroke prevention while supra therapeutic values 
increase major bleeding risk substantially.40 Moreover, warfarin metabolism 
is easily affected by other medication as well as herbs and food rich in K-
vitamin.39 The association with increased major bleeding rates, ranging from 
1.0% up to 7.4% per year, necessitates an individual risk-benefit assessment 
before initializing treatment in the individual AF patient.41 Several of the 
limitations of warfarin have been successfully addressed in the development 
of new oral anticoagulants such as dabigatran, apixaban and rivaroxaban in 
the landmark trials presented in 2009 and 2011, respectively. Apart from 
substantially less potential treatment interactions and predictable pharmaco-
dynamics with no need for anticoagulation monitoring, they have all dis-
played at least similar efficacy concerning stroke prevention and significant-
ly less intracranial hemorrhages as compared to warfarin.42-44 Moreover, 
apixaban and dabigatran in the higher dose (150 mg bid) even achieved sig-
nificantly lower rates of strokes as compared to warfarin in patients with 
non-valvular AF and at least one risk factor.42, 43 
Antiplatelet therapy in AF with acetylsalicylic acid (ASA) has mainly been 
attractive due to a fixed dosage and a perceived lower risk of major bleeding 
complications. It provides an estimated 22% relative risk reduction in stroke 
as compared to control.37 However, recent analyses have unveiled important 
findings in this aspect indicating attenuated effectiveness for stroke preven-
tion in elderly and, of equal significance, major bleeding rates in parity with 
warfarin.45, 46 In addition, the AVERROES trial which compared apixaban 
with ASA in patients considered unsuitable for vitamin K antagonist treat-
ment was stopped early because of clear benefits in regard to stroke reduc-
tion favoring apixaban.47 Moreover, apixaban was associated with major 
bleeding rates similar to ASA. In the latest European guidelines for man-
agement of atrial fibrillation oral anticoagulation is recommended over an-
tiplatelet therapy and the new oral anticoagulants are broadly preferable to 
warfarin therapy in the majority of patients with non-valvular AF.7 

Risk stratification and risk scores for thromboembolism 
in atrial fibrillation  
The AF population is very heterogeneous regarding stroke risk. To address 
these observations development of risk stratification schemes in AF patients 
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emerged in the 1990s.29, 48, 49 Shortly thereafter advances in research concern-
ing risk assessment led to the development of predictive risk scores in AF. In 
2001 Gage et al presented the CHADS2 score derived from a Medicare popu-
lation without ongoing anticoagulation treatment.50 The CHADS2, an acro-
nym for the constituting variables, assigns 1 point each for a history of Con-
gestive heart failure, Hypertension, Age ≥75 years, Diabetes mellitus, and 2 
points for prior Stroke/transient ischemic attack).50 The CHADS2 schemata 
provided clinicians with a structured and rather uncomplicated tool to assess 
the risk for stroke and the indication for anticoagulant treatment in AF. 
Based on present guidelines, an individual with AF is recommended treat-
ment with oral anticoagulants if a CHADS2 score ≥1 is accumulated.7 
Apart from the well-established CHADS2 score several other risk scores for 
predicting stroke and thromboembolic events have been constructed during 
the last decades e.g. the Framingham, ACCP, and CHA2DS2-VASC scores.8, 

51, 52 The Framingham risk score has for instance yielded predictive infor-
mation at least equal to the CHADS2 score but due to a more complicated 
formula not seen a widespread use.8, 53 The CHA2DS2-VASc (Table 2) 
which adds 2 points for age ≥75 years and 1 additional point for vascular 
disease, age 65-74 years, and female gender to the previously used CHADS2 
mainly provides a more accurate identification of true low risk patients and 
was incorporated to the European guidelines of atrial fibrillation manage-
ment in 2010.7, 8 However, depending on risk stratification models used there 
are considerable differences in the proportion of patients classified as low- or 
high risk, respectively, as well as large variances in the predictive power 
concerning stroke outcomes. Fang et al for the ATRIA Study Group assessed 
five risk stratification schemes, including the CHADS2 and Framingham 
scores, in 13559 adults with AF and a median follow-up of 6 years.53 The 
proportion of patients categorized as low risk ranged from 12% to 37% 
across schemes, and the proportion considered high risk ranged from 16% to 
80%. The risk schemes only yielded fair discriminating ability with C statis-
tics ranging from 0.56 to 0.62. In similar analysis Hart et al for The Stroke 
Risk in Atrial Fibrillation Working Group compared 12 published risk strati-
fication schemes, including the CHA2DS2-VASc, in a representative sample 
from SPAF III (Stroke Prevention in Atrial Fibrillation) participants.54 De-
pending on the scheme used the proportion of those classified as low risk 
varied from 9% to 49% and as high risk from 11% to 77%. Observed stroke 
rates for those categorized as low risk ranged from 0% to 2.3% per year and 
those categorized as high risk ranged from 2.5% to 7.9% per year. In 2011 
van Staa et al compared a total of 19 risk stratification schemes in up to 
79884 AF patients in general practice in the United Kingdom with a 4 year 
average follow-up and concluded that all risk schemes only provided modest 
discriminatory ability, with C statistics for predicting stroke events ranging 
from 0.55 to 0.69.55 Similar results were displayed in an even larger nation-
wide Swedish cohort study by Friberg et al in 2012.56 
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Table 2. Stroke and bleeding risk stratification with the CHA2DS2-VASc and HAS-
BLED scores. 

CHA2DS2-VASc Score HAS-BLED Score 

Congestive heart failure/left ventricu-
lar dysfunction 

1 Hypertension 1 

Hypertension 1 Abnormal renal or liver function 1 or 2 

Age ≥75 years 2 Stroke 1 

Diabetes mellitus 1 
Bleeding tendency or predisposi-
tion 

1 

Stroke/TIA 2 Labile INRs (if on warfarin) 1 

Vascular disease (prior MI, PAD, or 
aortic plaque) 

1 Elderly (≥65 years) 1 

Age 65–74 years 1 
Drugs (e.g. ASA or NSAID) or 
alcohol excess/abuse 

1 or 2 

Sex category (female gender) 1   

Maximum score 9  9 

Assessing bleeding risk 
Due to the inherent increased risk of bleeding with antithrombotic treatment 
several risk stratification models in AF for major bleeding risk have been 
proposed such as the HEMORR2HAGES, HAS-BLED and ATRIA scores.57-

59 An approach to risk assessment that incorporates both risk for thrombo-
embolism and risk for major bleeding provides an improved basis for the 
decision on antithrombotic therapy in patients with AF. The bleeding risk 
scores perform rather similar in predictive models with some advantages for 
the HAS-BLED score in addition to simplicity which led to incorporation in 
the latest European guidelines for management of AF.7, 56, 60 The HAS-BLED 
score (Table 2) assigns 1 point for Hypertension, Abnormal renal or liver 
function, Stroke, Bleeding history/predisposition, Labile international nor-
malized ratio, Elderly (≥65 years), and Drugs or alcohol use. It was derived 
in the Euro Heart survey atrial fibrillation population and presented in 2010 
by Pisters et al.59 The score displayed rising annual bleeding rates with in-
creasing risk factors and yielded a C statistic of 0.72 for major bleeding 
events during 1-year follow-up in the derivation population. In an evaluation 
in the Swedish atrial fibrillation cohort study with a median follow-up of 1.4 
years C statistics of 0.61 and 0.60, at best, was achieved for major bleeding 
and intracranial hemorrhages, respectively, in 127253 patients on ASA, oral 
anticoagulation, or on both ASA and oral anticoagulation.56 However, bleed-
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ing risk assessment in AF is complicated since many risk factors for bleed-
ing are also risk factors for ischemic stroke which entails a complex balanc-
ing of stroke and bleeding risk and make the decision process less straight-
forward. A HAS-BLED score ≥3 indicates high risk of major bleeding and 
guidelines recommend caution and regular review if antithrombotic therapy 
is initiated but does not propose the score to be used to exclude patients from 
oral anticoagulation therapy.7 

Biomarkers in atrial fibrillation 
Biological substances, enzymes, hormones, and other markers of stress and 
malfunction collectively referred to as biomarkers appear to have growing 
clinical importance. Biomarkers derived from the blood, such as markers of 
inflammation, coagulation, renal function, myocardial injury and cardiovas-
cular stress, have an increasing body of evidence showing significant associ-
ation with clinical events and may help increase the understanding of the 
pathophysiology as well as refine risk assessment in AF patients. Biomarkers 
reflect different pathophysiological mechanisms and are grouped according-
ly in Figure 1. 

 
Figure 1. Illustration of the pathophysiological mechanisms in atrial fibrillation and 
associated biomarkers.61 
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Based on the knowledge regarding mechanisms for thrombogenesis encom-
passed in the modern definition of Virchow's triad; endothelial dam-
age/dysfunction, stasis, and hypercoagulability; biomarker research in AF 
early focused on markers of coagulation and inflammation. By analyzing 
myocardial biopsies of patients with AF in the 1990s Fruscati et al was able 
to identify inflammatory changes in the samples.14, 62 Around the same time 
elevated markers of coagulation and the prothrombotic state in AF was first 
described.63-66 Among the markers most frequently studied in AF represent-
ing these two pathways are C-reactive protein (CRP) and interleukin 6 (IL-
6), both robust markers reflecting inflammation, and plasma D-dimer as an 
index of thrombogenesis.67-70 During the following decades growing evi-
dence associated inflammation with AF as well as the pathogenesis of the 
arrhythmia.71-74 Elevated levels of biomarkers of inflammation and coagula-
tion were displayed in patients with AF as compared to control.63-65, 71, 74-77 
Biomarkers of both pathways also seem to rise along with the accumulation 
of clinical risk factors for thromboembolism.77-79 Moreover, inflammatory 
markers display a correlation with AF burden,71 poorer sinus rhythm mainte-
nance,80-87 and even confers an independent risk for incident AF in subjects 
with no history of AF.71, 88-91 Inflammation and coagulation activity further 
seem to have prognostic importance in AF populations as elevated levels 
have been associated with increased risks of mortality and thromboembolic 
events.92-98 More recently also impaired renal function has been associated 
with a higher prevalence of AF and an increased risk of thromboembolic, 
cardiovascular, and major bleeding events in patients with non-valvular 
AF.99-105 Together, these results indicate that biomarkers may provide addi-
tional understanding of the development, perpetuation, thrombogenesis, 
stroke risk and adverse outcomes in AF. However, less is known about the 
cardiac biomarkers in this setting. 

Cardiac biomarkers 
Myocyte injury 
Troponin together with tropomyosin forms a regulatory protein complex that 
when combined with calcium ions permits muscular contraction.106 Three 
types of troponin can be found in the muscle; Troponin I, troponin T, and 
troponin C. When calcium ions bind to troponin C, the troponin change 
shape and enables contractions to occur. Both cardiac and skeletal muscles 
contain troponins, although the amino acid sequences of troponin I and T in 
the two types of muscle differ. Cardiac troponin was in the early 1990s iden-
tified as a sensitive indicator of myocardial damage and myocardial infarc-
tion.107, 108 Subsequent reports displayed cardiac troponin as an indicator of 
increased risk of reinfarction and mortality in patients with acute coronary 
syndromes.109, 110 Slight elevations of troponin were then observed in a pro-
portion of patients with stable coronary artery disease, heart failure, and also 
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in elderly apparently healthy individuals and associated with worse out-
comes and increased mortality independent of conventional major coronary 
risk factors.111-113 The continuous development of more sensitive troponin 
methods has made it possible to detect and measure troponin in almost all 
individuals when utilizing the most sensitive methods currently available.114, 

115 Information from the high sensitivity assays have improved the prognos-
tic information not only in patients with chest pain and acute coronary syn-
dromes but also in conditions such as congestive heart failure, stable athero-
sclerotic disease, and even in  apparently healthy elderly subjects.112, 116-121 
The impact of troponin levels in patients with atrial fibrillation concerning 
stroke and cardiovascular events is however not known. 

Myocyte stress 
Natriuretic peptides was described in 1981 by de Bold et al after infusing 
extracts of atrial tissue into rats and observing copious natriuresis.122 Subse-
quent research rapidly expanded the knowledge and understanding of the 
natriuretic peptides and their physiologic functions. B-type natriuretic pep-
tide (BNP) is a neurohormone secreted from the myocytes mainly in re-
sponse to increased wall tension such as volume or pressure overload. The 
levels also increases during states of hemodynamic stress e.g. left ventricular 
hypertrophy, ventricular dilatation, in heart failure, acute coronary syn-
dromes and AF as well as with ageing, renal dysfunction and female 
gender.123-126 BNP is synthesized as an inactive prohormone. It is cleaved in 
equimolar amounts into the bioactive hormone, BNP, which have an im-
portant role in cardiovascular remodeling and volume homeostasis, and the 
inactive N-terminal fragment (NT-proBNP).127 Initial studies described ele-
vated levels of natriuretic peptides in patients with AF as compared to 
matched controls in sinus rhythm.128-130 It was thereafter reported that levels 
of natriuretic peptides fall rapidly following restoration of sinus rhythm.131-

133 The usefulness of levels of natriuretic peptides to predict maintenance of 
sinus rhythm after successful cardioversion so far is controversial.134-136 
However, from a community-based population of older adults it was recently 
shown that elevated NT-proBNP levels predicts an increased risk for devel-
opment of AF independent of other risk factors including echocardiographic 
parameters.137, 138  
The role of natriuretic peptides as powerful prognostic markers for cardio-
vascular outcomes and mortality was initially established in heart failure 
cohorts, thereafter in patients with acute coronary syndromes and later in 
stable coronary artery populations and in asymptomatic community-based 
elderly subjects.138-142 Although previous studies have described elevated 
natriuretic peptide levels in AF patients the prognostic value of this infor-
mation in regards to cardiovascular events have not been described. 
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Aims 

The general purpose of this thesis was to assess the clinical usefulness of 
cardiac biomarkers in a non-valvular AF population at increased risk for 
stroke based on two large prospectively randomized trials evaluating new 
oral anticoagulants, dabigatran and apixaban respectively, versus warfarin. 
Describe the distribution of cardiac biomarkers in atrial fibrillation and in-
vestigate the relation to stroke, cardiovascular events and major bleeding and 
thereby enhance the understanding of the pathophysiology in AF. 

The specific aims were: 
-To investigate the distribution of cardiac troponin and NT-proBNP levels in 
patients with atrial fibrillation. 

 
-To evaluate the association and discriminatory value of baseline cardiac 
biomarkers to stroke, cardiovascular events and major bleeding in atrial fi-
brillation. 

 
-To assess treatment effect of novel oral anticoagulants according to cardiac 
biomarker levels. 

 
-Describe how troponin and NT-proBNP change over time and to evaluate if 
serial measurements of cardiac biomarkers improve risk stratification in a 
population with atrial fibrillation. 
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Material and methods 

Study population and trial design 

Paper I 
The Randomized Evaluation of Long-Term Anticoagulation Therapy (RE-
LY) trial was a prospective, multicenter, randomized trial comparing two 
blinded doses of dabigatran with open label warfarin for a minimum of 12 
months in 18113 patients. Patients were randomized in a 1:1:1 fashion to 
dabigatran 110 mg bid (n=6015), dabigatran 150 mg bid (n=6076) or warfa-
rin (n=6022) titrated to a target INR range of 2.0 to 3.0. Median follow-up 
was 2.0 years. Inclusion criteria were documented atrial fibrillation and at 
least one of the following risk factors for stroke: previous stroke or TIA; 
congestive heart failure or reduced left ventricular ejection fraction (<40%); 
at least 75 years of age; or at least 65 years of age with diabetes mellitus, 
hypertension, or coronary artery disease (Table 3). Exclusion criteria includ-
ed severe heart valve disorder, recent stroke, increased risk of hemorrhage, 
creatinine clearance less than 30 mL/min, or active liver disease (Table 3). 
A total of 6189 (out of 18113) patients participated in the RE-LY biomarker 
study. The 6189 patients represented 446 out of 951 sites in 38 out of 44 
countries in the RE-LY trial. Median follow-up was 2.2 years for the bi-
omarker study population. The final number composed of 2561 patients par-
ticipating in a comprehensive RE-LY biomarker substudy program with 
serial blood sampling and 3628 consecutively enrolled patients from the 
same sites with blood sampling only at randomization as part of the main 
RE-LY study. 
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RE-LY inclusion criteria
1.) AF documented as follows: 
There is ECG documented AF on the day of screening or randomization 
The patient has had a symptomatic episode of paroxysmal or persistent 
AF documented by 12-lead ECG within 6 m before randomization 
There is documentation of symptomatic or asymptomatic paroxysmal or 
persistent AF on 2 separate occasions, at least 1 day apart, one of which 
is within 6 m before randomization. In this case, AF may be documented 
by 12 lead ECG, rhythm strip, pacemaker/ICD electrogram, or Holter 
ECG. The duration of AF should be at least 30 s. Electrograms (not 
marker channels or mode switch episodes) from pacemakers and 
defibrillators can be used to document only 1 episode of paroxysmal or 
persistent AF 
2.) In addition to documented AF, patients must have one of the following: 
a. History of previous stroke, TIA, or systemic embolism 
b. Ejection fraction b40% documented by echocardiogram, radionuclide 
or contrast angiogram in the last 6 m 
c. Symptomatic heart failure, New York Heart Association class 2 or 
higher in the last 6 m 
d. Age ≥75 y 
e. Age ≥65 y and one of the following: 
i) Diabetes mellitus on treatment 
ii) Documented coronary artery disease (any of: prior myocardial 
infarction, positive stress test, positive nuclear perfusion study, prior 
CABG surgery or PCI, angiogram showing ≥75% stenosis in a major 
coronary artery 
iii) Hypertension requiring medical treatment 
3.) Age >18 y at entry 
4.) Written, informed consent 
  
RE-LY exclusion criteria 
1. History of heart valve disorders (ie, prosthetic valve or hemodynamically 
relevant valve disease) 
2. Severe, disabling stroke within the previous 6 m, or any stroke within the 
previous 14 d 
3. Conditions associated with an increased risk of bleeding: 
a. Major surgery in the previous month 
b. Planned surgery or intervention in the next 3 m 
c. History of intracranial, intraocular, spinal, retroperitoneal or 
atraumatic intra-articular bleeding 
d. Gastrointestinal hemorrhage within the past year 
e. Symptomatic or endoscopically documented gastroduodenal ulcer 
disease in the previous 30 d 
f. Hemorrhagic disorder or bleeding diathesis 
g. Need for anticoagulant treatment of disorders other than AF 
h. Fibrinolytic agents within 48 h of study entry 
i. Uncontrolled hypertension (systolic blood pressure >180 mm Hg and/ 
or diastolic blood pressure >100 mm Hg) 
j. Recent malignancy or radiation therapy (≤6 m) and not expected to 
survive 3 y 
4. Contraindication to warfarin treatment 
5. Reversible causes of atrial fibrillation (eg, cardiac surgery, pulmonary 
embolism, untreated hyperthyroidism). 
6. Plan to perform a pulmonary vein ablation or surgery for cure of the AF 
7. Severe renal impairment (estimated creatinine clearance ≤30 mL/min) 
8. Active infective endocarditis 
9. Active liver disease, including but not limited to 
a. Persistent ALT, AST, Alk Phos >2× ULN 
b. Known active hepatitis C (positive HCV RNA) 
c. Active hepatitis B (HBs antigen +, anti HBc IgM+) 
d. Active hepatitis A 
10. Women who are pregnant or of childbearing potential who refuse to 
use a medically acceptable form of contraception throughout the study 
11. Anemia (hemoglobin level <100g/L) or thrombocytopenia (platelet 
count <100 × 109/L) 
12. Patients who have developed transaminase elevations upon exposure to 
ximelagatran. 
13. Patients who have received an investigational drug in the past 30 d 
14. Patients considered unreliable by the investigator or have a life 
expectancy less than the expected duration of the trial because of 
concomitant disease, or has any condition which in the opinion of the 
investigator, would not allow safe participation in the study (eg, drug 
addiction, alcohol abuse). 

Table 3. Inclusion and exclusion criteria for the RE-LY trial. 
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Paper II and III 
The Apixaban for Reduction in Stroke and Other Thromboembolic Events in 
Atrial Fibrillation (ARISTOTLE) trial was a multicenter, double-blind, ran-
domized clinical trial that enrolled 18201 patients with AF ≥18 years and at 
least one CHADS2 risk factor for stroke or systemic embolism. Patients were 
randomized in a 1:1 fashion to apixaban (n=9120) or warfarin (n=9081) ti-
trated to a target INR range of 2.0 to 3.0. Median follow-up was 1.8 years. 
The criteria for enrollment in the trial are described in Table 4. Key exclu-
sion criteria were atrial fibrillation due to a reversible cause, moderate or 
severe mitral stenosis, conditions other than atrial fibrillation that required 
anticoagulation (e.g., a prosthetic heart valve), persistent uncontrolled hyper-
tension (SBP >180mmHg or DBP >100mmHg) stroke within the previous 7 
days, a need for aspirin at a dose of >165 mg a day or for both aspirin and 
clopidogrel, planned major surgery or AF/atrial flutter ablation procedure, 
severe comorbid condition with life expectancy ≤1 year, active alcohol or 
drug abuse or psychosocial reasons that make study participation impracti-
cal, liver dysfunction, hemoglobin level <9 g/dL, and severe renal insuffi-
ciency (serum creatinine level of >221 μmol/L (>2.5 mg/dl) or calculated 
creatinine clearance of <25 ml per minute). For the ARISTOTLE biomarker 
substudy plasma samples for central biomarker analyses were planned to be 
collected at baseline for as many of the 18,201 patients as possible, finally 
samples were available from 14,892 patients with a median follow-up of 1.9 
years. 
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ARISTOTLE inclusion criteria
Age ≥18 y 
Permanent or persistent AF or atrial flutter on ECG at enrollment; or AF 
or atrial flutter documented by ECG or as an episode ≥1 min on 
rhythm strip, Holter monitor, or intracardiac recording on 2 
separate occasions at least 2 wk apart in 12 mo before enrollment 
One or more of the following risk factors for stroke 
Age ≥75 y 
Prior stroke, TIA, or systemic embolus 
Symptomatic CHF within 3 mo or LV dysfunction with LVEF ≤40% by 
echocardiography, radionuclide study, or contrast angiography 
Diabetes mellitus 
Hypertension requiring pharmacologic treatment 
Women of childbearing potential must use contraception to avoid 
pregnancy during treatment period or for 2 wk after last dose of 
study medication, whichever is longer 
All subjects must provide signed written informed consent 
 
ARISTOTLE exclusion criteria 
AF or atrial flutter due to reversible causes (eg, thyrotoxicosis, pericarditis) 
Clinically significant (moderate or severe) mitral stenosis 
Increased bleeding risk believed to be a contraindication to oral 
anticoagulation (eg, previous intracranial hemorrhage) 
Conditions other than AF that require chronic anticoagulation 
(eg, prosthetic mechanical heart valve) 
Persistent uncontrolled hypertension (SBP N180mmHg or DBP N100mmHg) 
Active infective endocarditis 
Planned major surgery 
Planned AF or atrial flutter ablation procedure 
Use of unapproved investigational drug or device in past 30 d 
Required aspirin N165 mg/d 
Simultaneous treatment with both aspirin and a thienopyridine 
(eg, clopidogrel, ticlopidine) 
Severe comorbid condition with life expectancy ≤1 y 
Active alcohol or drug abuse or psychosocial reasons that make study 
participation impractical 
Recent stroke (within 7 d) 
Severe renal insufficiency (serum creatinine level N2.5 mg/dL or calculated 
creatinine clearance b25 mL/min) 
ALT or AST N2 × ULN or a total bilirubin ≥1.5 × ULN (unless an alternative 
causative factor [eg, Gilbert's syndrome] is identified) 
Platelet count ≤100,000/mm3 
Hemoglobin level b9 g/dL 
Inability to comply with INR monitoring 
 
ECG, Electrocardiogram; CHF, congestive heart failure; LV, left ventricular; LVEF, left 
ventricular ejection fraction; SBP, systolic blood pressure; DBP, diastolic blood 
pressure; 
ALT, alanine transaminase; AST, aspartate transaminase; ULN, upper limit of 
normal; 
wk, weeks; mo, months. 

Table 4. Inclusion and exclusion criteria for the ARISTOTLE trial. 
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Paper IV 
Within the RE-LY trial subjects were asked to participate in a serial sample 
biomarker substudy. A total of 2561 patients were included in the biomarker 
substudy based on the inclusion and exclusion criteria as described above 
(Paper I). 2514 had cardiac biomarkers available at both screening and 3 
month follow-up after exclusion of patients with events between these two 
time points (n=19). Median follow-up in this population was 2.0 years. 

Endpoints and outcome assessment 
For both the RE-LY and ARISTOTLE trials the primary study outcome was 
stroke or systemic embolism.143, 144 The primary safety outcome was major 
hemorrhage. Secondary outcomes were stroke, systemic embolism, and 
death. Other outcomes were myocardial infarction, pulmonary embolism, 
transient ischemic attack, and hospitalization. Stroke was defined as the sud-
den onset of a focal neurologic deficit in a location consistent with the terri-
tory of a major cerebral artery and categorized as ischemic, hemorrhagic, or 
unspecified. Hemorrhagic transformation of ischemic stroke was not consid-
ered to be hemorrhagic stroke. Intracranial hemorrhage consisted of hemor-
rhagic stroke and subdural or subarachnoid hemorrhage. Systemic embolism 
was defined as an acute vascular occlusion of an extremity or organ, docu-
mented by means of imaging, surgery, or autopsy. Major bleeding was de-
fined as a reduction in the hemoglobin level of at least 20 g per liter, transfu-
sion of at least 2 units of blood, or symptomatic bleeding in a critical area or 
organ (intracranial, intraspinal, intraocular, pericardial, intraarticular, intra-
muscular with compartment syndrome, retroperitoneal). The baseline hemo-
globin level was defined as the closest hemoglobin level value before the 
bleeding event. An international team of adjudicators unaware of the treat-
ment assignments reviewed documents in local languages after blinding, or 
documents were translated by an independent group and were centrally 
blinded. The definitions and adjudication process were similar for both trials. 
In RE-LY all transient ischemic attacks were reviewed to ensure that strokes 
had not been missed. To detect possible unreported events, symptom ques-
tionnaires were regularly administered to patients, and adverse-event and 
hospitalization reports were scrutinized for unreported primary or secondary 
outcomes. 

Laboratory methods 
Venous blood was drawn at randomization, before initiation of study treat-
ment, using a 21/22 gauge needle into vacutainer tubes containing EDTA. 
The blood was centrifuged within 30 minutes at 2000 G for 10 minutes in 
room temperature. The tubes were thereafter immediately frozen at -20 de-
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grees Celsius or colder. Aliquots were stored at -70 degrees Celsius to allow 
batch analysis. All plasma samples were sent to and centrally analyzed in 
Uppsala Clinical Research Center (UCR) - laboratory, Sweden. Regarding 
patients included in the RE-LY serial biomarker substudy (Paper IV) plasma 
samples were also obtained at 3, 6 and 12 months follow-up and handled as 
described above. 

 
Cardiac troponin I (cTnI) in the RE-LY study (Papers I and IV) was ana-
lyzed with the Access AccuTnI assay (Beckman Coulter, Inc., Fullerton, CA, 
USA), a two-site sandwich immunoassay. The lower limit of detection with 
this assay is 0.006 µg/L with 0.014 µg/L as the lowest concentration measur-
able with a coefficient of variation of <10% and 0.02 µg/L as the 99th per-
centile upper reference limit for subjects aged <60 years145 and 0.04 µg/L as 
the 99th percentile upper reference limit regardless of age.146 The instrument 
calibration reports all troponin I concentrations below 0.010 µg/L as <0.010 
µg/L and considered undetectable; levels equal or above 0.010 are regarded 
as detectable and reported with two significant figures; levels equal or above 
0.020 µg/L are considered elevated. 
 
NT-proBNP in both RE-LY and ARISTOTLE (Paper I and II) was analyzed 
using the Sandwich Immunoassay, Elecsys, Roche Diagnostics. The analyti-
cal range extends from 20 to 35 000 ng/L according to the manufacturer. The 
upper reference level (97.5th percentile) in men and woman aged 40-65 years 
is 184 and 268 ng/L, respectively, and age 66 to 76 years, 269 and 391 ng/L, 
respectively.125 The lowest concentration with a coefficient of variation 
<10% is 30 ng/L.147 
 
High sensitivity troponin T (hs-TnT) levels in ARISTOTLE (Paper III) 
were determined with sandwich immunoassays on the Cobas® Analytics 
e601 Immunoanalyzers (Roche Diagnostics, Germany) according to the in-
structions of the manufacturer. According to the manufacturer the limit of 
blank with this assay is 3 ng/L, and the limit of detection is 5 ng/L. The coef-
ficient of variation is below 10% at 14 ng/L, the 99th percentile upper refer-
ence limit for healthy subjects. 

Statistical methods 
Patient baseline characteristics were summarized using frequencies for cate-
gorical variables and median and 25th and 75th percentiles for continuous 
variables. For tests of differences among groups, the chi-square test was used 
for categorical variables and Kruskal-Wallis test was used for continuous 
variables. 
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The risk of event is reported as percentage per year, which was calculated by 
dividing the total number of patients with events by the total number of pa-
tient-years of follow-up. The relations between levels of biomarkers (tro-
ponin or NT-proBNP) at randomization and events were investigated using 
Cox proportional-hazards regression adjusted for established risk factors. 
The effects of randomized treatment on outcome in relation to level of bi-
omarker was evaluated with Cox proportional hazards model with treatment 
group, biomarker and their interaction as dependent variables.  
The increased discriminative values of troponin and NT-proBNP were inves-
tigated by estimating the difference in C statistics between models with and 
without respective cardiac biomarker148 and also the integrated discrimina-
tion improvement measure (IDI) as described by Pencina et al149. The rela-
tive IDI was calculated to facilitate interpretation of the IDI150.  

A p value of less than 0.05 from two-sided tests was considered to indicate 
statistical significance. The statistical software package SAS, for Windows 
(SAS institute, Cary, NC, USA) was used for all analyses (version 9.2 in 
Paper I, version 9.3 in Paper II, III and IV). 

Specific statistics 
Paper I 
The adjusted Cox regression model included the following covariates: 
study treatment, use of (pre-study) anticoagulant treatment at randomization 
and established risk factors for cardiovascular disease (age, sex, body mass 
index, smoking status, sitting systolic blood pressure, sitting heart rate, AF 
duration, AF type, creatinine clearance, diabetes, coronary artery disease, 
previous stroke/systemic embolism/TIA, heart failure, hypertension, treat-
ment at randomization with aspirin, angiotensin converting enzyme inhibi-
tors or angiotensin II receptor blockers, and statins), moreover in a second 
step addition of troponin/NT-proBNP. 

Paper II and III 
The adjusted Cox regression model included the following covariates: 
randomized treatment, age, sex, body mass index, smoking status, systolic 
blood pressure, heart rate, AF type, diabetes, heart failure, previous 
stroke/systemic embolism/transient ischemic attack, hypertension, previous 
myocardial infarction, previous peripheral arterial disease, coronary artery 
bypass grafting/percutaneous coronary intervention, treatment at randomiza-
tion with aspirin, ACE inhibitors or ARB and amiodarone), region, use of 
warfarin within 7 days before randomization, use of statin medication within 
30 days before randomization and biomarkers (cystatin C and NT-
proBNP/hs-TnT). For the major bleeding endpoint; history of anemia and 
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history of spontaneous or clinical relevant bleeding were also included to the 
established risk factors and the multivariable analysis. 

Paper II and IV 
In addition to IDI continuous (category-free) net reclassification improve-
ment (NRI) was analyzed as a measure of probability of better reclassifica-
tion minus probability of worse reclassification with the new model. The 
NRI among events and among non-events as well as the total NRI were ana-
lyzed. 

Paper IV 
Multivariable analysis for association of demographic variables affecting 3 
month levels of the cardiac biomarkers was performed. The probability of 
detectable cTnI or high NT-proBNP at month 3 was analyzed using logistic 
regression and model-adjusted odds ratios were calculated for comparisons 
between categories of independent variables. The models included in addi-
tion to the demographic variables, screening biomarker value as independent 
variable. Patients with events before the month 3 sample dates were exclud-
ed from analysis (6 participants with strokes and 13 composite thromboem-
bolic outcomes). The Cox models was adjusted for the following covariates: 
biomarker, study treatment, CrCl class, congestive heart failure, hyperten-
sion, age, diabetes, prior stroke/systemic embolism/TIA, prior myocardial 
infarction/ peripheral artery disease/coronary artery disease, and gender. 
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Results 

Troponin I (Paper I) 

Baseline characteristics 
Patient characteristics are summarized in Table 5. Median troponin I values 
were 0.011, 25th and 75th percentile values of 0.010 and 0.019 ug/L. Detect-
able levels of troponin I (≥0.010 ug/L) were found in 3526 (57.0%), elevated 
levels of troponin I (≥0.020 ug/L) in 1520 (24.6%), and highly elevated lev-
els (≥0.040 ug/L) in 497 (8%) patients. 

Table 5. Baseline characteristics according to Troponin I group. 

Groups All  <0.010 (µg/L) 0.010-0.019 0.020-0.039 ≥0.040 p-value 

N in substudy 6189 2663 2006 1023 497  

Age (yrs)* 72 (67, 77)  71 (66, 76) 73 (67, 78)  73 (67, 78) 72 (65, 78) <0.0001 

Male sex, n (%)  3944 (63.7)  1631 (61.2)  1288 (64.2)  685 (67.0)  340 (68.4)  0.0008 

Heart rate* 72 (62, 82) 72 (63, 82) 72 (62, 82) 72 (63, 82) 72 (62.5, 81) 0.9794 

AF rhythm at baseline (%) 4519 (73.2) 1867 (70.3) 1490 (74.5) 783 (76.8) 379 (76.4) <0.0001 

Type of AF, n (%)  Paroxysmal 1848 (29.9)  871 (32.7)  580 (28.9)  259 (25.3)  138 (27.8)  <0.0001 

                                Persistent  1609 (26.0) 726 (27.3) 474 (23.6) 285 (27.9) 124 (24.9)  

                                Permanent  2731 (44.1)  1066 (40.0)  951 (47.4)  479 (46.8)  235 (47.3)   

Heart failure, n (%) 1859 (30.0) 618 (23.2)  588 (29.3)  436 (42.6)  217 (43.7)  <0.0001 

Hypertension, n (%) 4852 (78.4)  2112 (79.3)  1575 (78.5)  791 (77.3)  374 (75.3)  0.1773 

Age ≥ 75 years, n (%) 2356 (38.1) 883 (33.2) 838 (41.8) 426 (41.6) 209 (42.1) <0.0001 

Diabetes mellitus, n (%) 1322 (21.4)  519 (19.5)  447 (22.3)  239 (23.4)  117 (23.5)  0.0153 

Previous stroke/TIA, n (%) 1216 (19.6)  538 (20.2)  387 (19.3)  183 (17.9)  108 (21.7)  0.2560 

CHADS2-score, n (%)    0-1 2025 (32.7) 992 (37.3) 636 (31.7) 271 (26.5) 126 (25.4) <0.0001 

                                       2 2197 (35.5) 932 (35.0) 710 (35.4) 371 (36.3) 184 (37.0)  

                                       ≥3 1967 (31.8) 739 (27.8) 660 (32.9) 381(37.2) 187 (37.6)  

Prior myocardial infarction,n(%) 1078 (17.4)  330 (12.4)  375 (18.7)  241 (23.6)  132 (26.6)  <0.0001 

Coronary artery disease, n (%) 1540 (24.9)  578 (21.7)  516 (25.7)  293 (28.6)  153 (30.8)  <0.0001 

CrCL baseline (mL/min)* 69(54.2,87.1) 73(58.1, 90.3) 68(53.6, 85.4) 64(50.1, 82.0) 63(49.3, 81.1) <0.0001 

Aspirin  2214 (35.8)  900 (33.8)  722 (36.0)  394 (38.5)  198 (39.8)  0.0093 

Beta-blocker  4102 (66.3) 1762 (66.2) 1352 (67.4) 656 (64.1) 332 (66.8) 0.3445 

ACE inhibitor and/or ARB 4313 (69.7)  1761 (66.1)  1447 (72.1)  737 (72.0)  368 (74.0)  <0.0001 

Statin  2670 (43.1)  1198 (45.0)  851(42.4)  409 (40.0)  212 (42.7)  0.0396 

*median (25th and 75th percentile) 
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Cardiac troponin I in relation to stroke 
cTnI was significantly and independently associated with increased risk of 
stroke or systemic embolism, adjusted hazard ratios (95% confidence inter-
vals) ranged from 1.79 (1.23-2.59) to 1.99 (1.17-3.39) based on these groups 
and remained after further adjustments for NT-proBNP (Table 6). Moreover, 
in comparison with CHADS2 and CHA2DS2-VASc, when adding infor-
mation about cTnI measurements to a predictive model for stroke outcomes, 
the cTnI provided significant improvements of the prognostic information 
with 70% and 59% relative IDI (p<0.05), respectively (Table 7). 

Table 6. Adjusted Cox proportional hazards model with troponin I at randomization 
in relation to stroke or systemic embolism events. 

Outcome 
Troponin I 

group (ug/L) 
Total no of 

events HR(95% CI) p-value 
Adjustment for 

NT-proBNP p-value 

Stroke or 
systemic 
embolism 

<0.010 48 (0.84)  0.0040  0.0232 

0.010-0.019 73 (1.72) 1.79 (1.23-2.59)  1.71 (1.18-2.48)  

0.020-0.039 41 (1.99) 1.97 (1.28-3.04)  1.76 (1.13-2.73)  

≥0.040 21 (2.09) 1.99 (1.17-3.39)  1.68 (0.97-2.89)  

Table 7. Receiver operating characteristics for stroke or systemic embolism, and the 
composite of stroke, systemic embolism, pulmonary embolism, myocardial infarc-
tion, vascular death (excl hemorrhagic death). 

 Stroke and systemic embolism Composite thromboembolic outcome 

Model 
C-
statistic 

p-value IDI* 
Relative 
IDI 

C-
statistic  

p-value IDI* 
Relative 
IDI 

Troponin I 0.605    0.640    

         

CHADS2 0.614 Referent   0.596 Referent   

+Troponin I 0.646 0.0398 0.0033 70% 0.667 <0.0001 0.0200 239% 

         
CHA2DS2-
VASc 

0.618 Referent   0.612 Referent   

+Troponin I 0.647 0.0492 0.0033 59% 0.674 <0.0001 0.0195 152% 

* All p<0.01 
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Cardiac troponin I in relation to cardiovascular outcomes, mortality 
and bleeding 
The association of cTnI with other cardiovascular events including all-cause 
and vascular mortality was significant as well (Table 8). The patients with 
highly elevated cTnI levels displayed up to a 3-fold increased risk for myo-
cardial infarctions and for a composite of thromboembolic events (3.04 
(1.64–5.64) and 3.43 (2.57–4.56), respectively), and a 4-fold increased risk 
for vascular death (4.38 (3.05–6.29)). The cTnI groups were also significant-
ly associated with major bleed outcomes (p=0.0009). The results for all out-
comes remained after adjusting for NT-proBNP levels in the Cox model, 
although slightly attenuated (Table 8). In the predictive models concerning 
the composite thromboembolic outcome cTnI alone yielded higher C statis-
tics than either CHADS2 or CHA2DS2-VASc (Table 7). Addition of cTnI to 
both clinical risk stratification models improved the relative IDI with 239% 
and 152%, respectively. cTnI also provided substantial information to risk 
assessment based on the CHADS2 risk stratification model for the composite 
of thromboembolic events (Figure 2). In patients classified as low risk ac-
cording to CHADS2 any increase in troponin I (≥0.020 ug/L) doubled the 
risk, and highly elevated troponin I levels (≥0.040 ug/L) raised the risk 5-
fold, surpassing the annual risk of patients with a CHADS2 score of 2 and 
undetectable cTnI levels. 
 
 
 
 
Figure 2. 
Composite throm-
boembolic events 
in relation to tro-
ponin I levels and 
CHADS2-score. 
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Table 8. Cox proportional hazards model with troponin I at randomization in rela-
tion to cardiovascular events, mortality and major bleeding. 

Outcome 
Troponin I 

group 

Total no of 
events 

(%/year) HR(95% CI) p-value 

Adjustment for 
NT-proBNP  
HR(95% CI) p-value 

Vascular 
death 

<0.010 (ug/L) 59 (1.04)  <0.0001  <0.0001 

0.010-0.019 102 (2.40) 1.94 (1.40-2.69)  1.75 (1.26-2.42)  

0.020-0.039 70 (3.39) 2.31 (1.61-3.30)  1.88 (1.31-2.70)  

≥0.040 66 (6.56) 4.38 (3.05-6.29)  3.20 (2.20-4.65)  

Non-
vascular 
death 

<0.010 49 (0.86)  0.0127  0.0150 

0.010-0.019 52 (1.22) 1.19 (0.80-1.77)  1.18 (0.79-1.75)  

0.020-0.039 42 (2.04) 1.92 (1.25-2.93)  1.87 (1.21-2.88)  

≥0.040 10 (0.99) 0.89 (0.45-1.77)  0.83 (0.41-1.67)  

Myocardial 
infarction 

<0.010 28 (0.49)  0.0052  0.0122 

0.010-0.019 37 (0.87) 1.59 (0.97-2.62)  1.56 (0.95-2.57)  

0.020-0.039 21 (1.02) 1.77 (0.99-3.17)  1.72 (0.95-3.09)  

≥0.040 17 (1.69) 3.04 (1.64-5.64)  2.88 (1.53-5.42)  

Composite 
thrombo-
embolic 
outcome* 

<0.010 114 (2.00)  <0.0001  <0.0001 

0.010-0.019 167 (3.93) 1.73 (1.36-2.21)  1.63 (1.28-2.08)  

0.020-0.039 112 (5.43) 2.11 (1.61-2.76)  1.83 (1.39-2.41)  

≥0.040 89 (8.85) 3.43 (2.57-4.56)  2.77 (2.06-3.72)  

Major bleed <0.010 98 (1.72)  0.0009  0.0040 

0.010-0.019 125 (2.94) 1.48 (1.13-1.93)  1.45 (1.11-1.90)  

0.020-0.039 67 (3.25) 1.50 (1.09-2.07)  1.45 (1.05-2.01)  

≥0.040 44 (4.38) 2.01 (1.39-2.90)  1.89 (1.30-2.75)  

* Stroke, systemic embolism, pulmonary embolism, myocardial infarction, vascular death 
(excluding hemorrhagic death). 
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High sensitivity troponin T (Paper III) 
Baseline characteristics 
The hs-TnT distribution showed the following levels – mean 14.5; median 
11.0 (25th percentile 7.5, 75th percentile 16.7) ng/L in the total study popu-
lation. A total of 99.4% of the patients had measurable hs-TnT, 50% levels 
above 11.0 ng/l and 25% levels above 16.7 ng/L. Baseline characteristics 
and medications according to quartiles of hs-TnT are shown in Table 9. 

Table 9. Baseline characteristics according to hs-TnT levels. 

hs-TnT quartiles ≤7.5 ng/L >7.5-11.0 ng/L >11.0-16.7 ng/L >16.7 ng/L  p-value 

N 3771 3747 3682 3697  

Age, median 64 (58.0, 70.0) 70 (63.0, 75.0) 72 (66.0, 77.0) 74 (67.0, 79.0) <0.0001 

Sex male 2027 (53.8%) 2352 (62.8%) 2455 (66.7%) 2758 (74.6%) <0.0001 

Permanent/persist AF 2962 (78.5%) 3161 (84.4%) 3224 (87.6%) 3294 (89.1%) <0.0001 
CrCL (ml/min) median 87 (68.8,109.8) 77 (60.9, 97.7) 70 (54.2, 89.4) 62 (46.8, 80.9) <0.0001 

CHADS2-risk factors  

Heart failure or 1066 (28.3%) 1160 (31.0%) 1377 (37.4%) 1742 (47.1%) <0.0001 

Hypertension  3315 (87.9%) 3276 (87.4%) 3225 (87.6%) 3222 (87.2%) 0.7960 

Age ≥75 years  472 (12.5%) 989 (26.4%) 1399 (38.0%) 1709 (46.2%) <0.0001 

Diabetes Mellitus 693 (18.4%) 852 (22.7%) 945 (25.7%) 1189 (32.2%) <0.0001 

Prior Stroke or TIA 618 (16.4%) 673 (18.0%) 728 (19.8%) 776 (21.0%) <0.0001 

CHA2DS2VASc  

Age 65-74 years 1371 (36.4%) 1642 (43.8%) 1507 (40.9%) 1319 (35.7%) <0.0001 

Sex female 1744 (46.2%) 1395 (37.2%) 1227 (33.3%) 939 (25.4%) <0.0001 

Myocardial infarction 249 (6.6%) 415 (11.1%) 545 (14.8%) 705 (19.1%) <0.0001 

Previous PCI/CABG 264 (7.0%) 469 (12.5%) 542 (14.7%) 746 (20.2%) <0.0001 

Peripheral arterial 88 (2.3%) 146 (3.9%) 203 (5.5%) 287 (7.8%) <0.0001 

CHA2DS2VASc  

CHA2DS2VASc ≤1 627 (16.6%) 329 (8.8%) 200 (5.4%) 143 (3.9%)

<0.0001 
CHA2DS2VASc =2 1082 (28.7%) 885 (23.6%) 669 (18.2%) 463 (12.5%)

CHA2DS2VASc =3 947 (25.1%) 994 (26.5%) 962 (26.1%) 968 (26.2%)

CHA2DS2VASc =4 644 (17.1%) 821 (21.9%) 912 (24.8%) 926 (25.0%)

CHA2DS2VASc ≥5 471 (12.5%) 718 (19.2%) 939 (25.5%) 1197 (32.4%)

Medications baseline  

Aspirin  1073 (28.5%) 1103 (29.4%) 1166 (31.7%) 1262 (34.1%) <0.0001 

ACE inhibitor or ARB 2519 (66.8%) 2597 (69.3%) 2622 (71.2%) 2802 (75.8%) <0.0001 

Beta blocker  2431 (64.5%) 2388 (63.7%) 2310 (62.7%) 2288 (61.9%) 0.1056 

Calcium blocker  1206 (32.0%) 1180 (31.5%) 1144 (31.1%) 1023 (27.7%) 0.0002 

Digoxin  904 (24.0%) 1081 (28.8%) 1316 (35.7%) 1528 (41.3%) <0.0001 
LVEF= Left ventricular ejection fraction; TIA=Transient ischemic attack; PCI=percutaneous 
coronary intervention; CABG=Coronary artery bypass grafting; ACE= Angiotensin-
converting-enzyme inhibitor; ARB= Angiotensin II receptor blockers. Median (25th and 75th 
percentile) 
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High sensitivity troponin T in relation to outcomes 
In this substudy cohort the following numbers (rates) of events were ob-
served: stroke or systemic embolism 397 (1.40 %/year), total deaths 1075 
(3.69 %/year) cardiac deaths 547 (1.88 %/year), myocardial infarctions 150 
(0.52 %/year and 674 (2.61 %/year) major bleedings. Higher hs-TnT levels 
were strongly and significantly associated with a higher rate of all outcome 
events even after adjustment for baseline characteristics and indicators of 
myocardial and renal dysfunction (NT-proBNP and cystatin C, respectively) 
in the multivariable model (Table 10). In regard to stroke the risk was sig-
nificantly higher in patients with hs-TnT >11.0 ng/L and almost doubled in 
the group with hs-TnT >16.7 ng/L as compared to the group with hs-TnT 
<7.5 ng/L with adjusted HR 1.94 (1.35-2.78). This increased stroke risk was 
driven mainly by higher rates of ischemic stroke. Cardiac mortality increased 
gradually by higher hs-TnT levels reaching an adjusted HR 4.31 (2.91-6.37) 
in the group with hs-TnT >16.7 ng/L versus the lowest quartile hs-TnT 
group. Despite the overall low event rates there was a similar association 
between hs-TnT levels and subsequent myocardial infarction with a signifi-
cantly raised risk by higher hs-TnT and adjusted HR 5.57 (2.56-11.92) in the 
group with hs-TnT >16.7 ng/L versus the lowest quartile hs-TnT group. The 
rates of the composite of the individual events demonstrated correspondingly 
strong significant associations with increasing hs-TnT levels. Also the rate of 
major bleeding displayed a gradual relationship to increased hs-TnT levels 
and an adjusted HR 1.91 (1.43-2.56) in the group with the highest versus 
lowest quartile hs-TnT levels. 
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Table 10. Relations between hs-troponin T level at baseline and outcomes. Cox 
proportional hazards model including adjustments for established risk factors, ran-
domized treatment, and biomarkers (cystatin C and NT-proBNP). 
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Risk stratification for stroke in relation to CHA2DS2-VASc 
For stroke or systemic embolism outcomes hs-TnT and the CHA2DS2-VASc 
score provided statistically significant independent prognostic information; 
the C statistic was 0.620 (0.592-0.647) for CHA2DS2-VASc score alone and 
not significantly different 0.590 (0.562-0.618) (p=0.1009) for hs-TnT alone 
and increased significantly to 0.634 (0.608-0.661), corresponding to a rela-
tive IDI improvement of 23.0% (p=0.0010) by adding hs-TnT to the 
CHA2DS2-VASc model. The risk stratification achieved in relation to the 
CHA2DS2-VASc model concerning stroke or systemic embolism is illustrat-
ed in Figure 3. The rate increased with both increasing CHA2DS2-VASc 
score and higher hs-TnT level. The highest annual rate of stroke and system-
ic embolism, ≥2%/year, was found in the groups with CHA2DS2VASc >4 or 
hs-TnT level >11.0 ng/L, compared with an average annual rate of <0.4% in 
the groups with CHA2DS2-VASc score ≤2 and hs-TnT levels ≤11.0 ng/L. 

 
Figure 3. Event rates for stroke and systemic embolism in relation to levels of hs-
troponin T and the CHA2DS2-VASc risk score. 
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Mortality in relation to CHA2DS2-VASc 
For cardiac mortality increasing hs-TnT level had substantially larger impact 
on outcomes than the CHA2DS2VASc score (Figure 4). C statistic for the 
CHA2DS2VASc-score alone was 0.592 (0.567-0.616). hs-TnT alone yielded 
a significantly higher C statistic of 0.700 (0.679-0.721) (p<0.0001). Adding 
hs-TnT to the CHA2DS2VASc-score increased the C statistic significantly to 
0.713 (95%CI 0.692-0.734), corresponding to a relative IDI improvement of 
314.9% (p<0.0001) by adding hs-TnT to the CHA2DS2VASc score. 

 
Figure 4. Event rates for cardiac death in relation to levels of hs-troponin T and the 
CHA2DS2-VASc risk score. 
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NT-proBNP (Paper I and II) 
General findings 
NT-proBNP levels were elevated in three quarters of patients with AF and at 
least one risk factor for stroke. The median level was 801 ng/L with 25th and 
75th percentile values of 387 and 1403 ng/L in the RE-LY substudy (Paper I) 
and 714 ng/L (25th and 75th 363 and 1250 ng/L) in ARISTOTLE (Paper II). 
Baseline characteristics and medications according to quartiles of ARISTO-
TLE NT-proBNP are shown in Table 11. 

Table 11. Baseline characteristics according to NT-proBNP levels. 

NT-proBNP ≤363 ng/L 364-713 ng/L 714-1250 ng/L >1250 ng/L p-value 

n 3725 3721 3724 3722  

Age, median 66.0 (59.0,73.0) 69.0(62.0,75.0) 71.0 (65.0, 77.0) 73.0 (66.0, 79.0) <0.0001 

Sex male 2522 (67.7%) 2519 (67.7%) 2339 (62.8%) 2210 (59.4%) <0.0001 
Weight (kg), median 85.0 (73.4, 85.0 (72.0, 82.0 (70.0, 95.0) 76.4 (65.0, 89.1) <0.0001 

Permanent/persist AF 2215 (59.5%) 3384 (91.0%) 3516 (94.4%) 3522 (94.7%) <0.0001 
CrCL (ml/min), median 85 (66.9,109.7) 79 (62.0,101.0) 72 (56.8,90.5) 60 (45.6,78.0) <0.0001 

CHADS2-risk factors  

CHF or LVEF ≤40% 964 (25.9%) 1158 (31.1%) 1370 (36.8%) 1848 (49.7%) <0.0001 

Hypertension  3320 (89.1%) 3273 (88.0%) 3277 (88.0%) 3165 (85.0%) <0.0001 

Age ≥ 75 years  718 (19.3%) 1006 (27.0%) 1293 (34.7%) 1549 (41.6%) <0.0001 

Diabetes Mellitus 829 (22.3%) 986 (26.5%) 1173 (31.5%) 1620 (43.5%) <0.0001 

Prior Stroke or TIA 641 (17.2%) 692 (18.6%) 687 (18.4%) 775 (20.8%) 0.0009 

CHA2DS2VASc   

Myocardial infarction 368 (9.9%) 396 (10.6%) 497 (13.3%) 652 (17.5%) <0.0001 

Previous PCI/CABG 394 (10.6%) 478 (12.8%) 549 (14.7%) 599 (16.1%) <0.0001 

Peripheral arterial 128 (3.4%) 159 (4.3%) 204 (5.5%) 234 (6.3%) <0.0001 

Age 65 – 74 years 1402 (37.6%) 1509 (40.6%) 1549 (41.6%) 1378 (37.0%) <0.0001 

Sex female 1203 (32.3%) 1202 (32.3%) 1385 (37.2%) 1512 (40.6%) <0.0001 

CHA2DS2VASc - score  

CHA2DS2VASc ≤1 524 (14.1%) 370 (9.9%) 227 (6.1%) 178 (4.8%)

<0.0001 
CHA2DS2VASc =2 1002 (26.9%) 895 (24.1%) 689 (18.5%) 513 (13.8%)

CHA2DS2VASc =3 973 (26.1%) 944 (25.4%) 1022 (27.4%) 929 (25.0%)

CHA2DS2VASc =4 685 (18.4%) 765 (20.6%) 889 (23.9%) 961 (25.8%)

CHA2DS2VASc ≥5 541 (14.5%) 747 (20.1%) 897 (24.1%) 1141 (30.7%)

Medications baseline  

ACE inhibitor or ARB 2575 (69.1%) 2600 (69.9%) 2650 (71.2%) 2710 (72.8%) 0.0028 

Beta blocker  1962 (52.7%) 2253 (60.5%) 2517 (67.6%) 2684 (72.1%) <0.0001 

Calcium blocker 1242 (33.3%) 1269 (34.1%) 1139 (30.6%) 902 (24.2%) <0.0001 

Digoxin  795 (21.3%) 1191 (32.0%) 1317 (35.4%) 1523 (40.9%) <0.0001 
 LVEF= Left ventricular ejection fraction; TIA=Transient ischemic attack; PCI=percutaneous 
coronary intervention; CABG=Coronary artery bypass grafting; ACE= Angiotensin-
converting-enzyme inhibitor; ARB= Angiotensin II receptor blockers. Median (25th, 75thperc) 
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NT-proBNP in relation to outcomes 
In the RE-LY substudy the level of NT-proBNP was associated with the risk 
of thromboembolic events and cardiovascular mortality with higher rates at 
rising levels. Despite adjustment for known risk factors and cTnI, the risk for 
stroke or systemic embolism was doubled (2.09 (1.22-3.58)) and for cardio-
vascular mortality five-fold higher (5.07 (2.95-8.71)) in patients with the 
highest quartile levels of NT-proBNP in comparison to patients with normal 
NT-proBNP levels. The addition of NT-proBNP to the CHADS2 and 
CHA2DS2-VASc risk stratification models resulted in significant improve-
ments in the discrimination performance with relative IDI ranging from 63% 
to 76% for stroke or systemic embolism outcomes (p<0.05). The results from 
the larger ARISTOTLE biomarker study verified and extended these find-
ings to several events and subgroups after an even more extensive adjust-
ment in the Cox analysis (Table 12). Thereby in the ARISTOTLE cohort the 
NT-proBNP level was investigated also to both subtypes of stroke (ischemic 
or hemorrhagic). A particular strong association between elevated risk of 
ischemic stroke and rising NT-proBNP levels was displayed (p=0.0013). 
Further, there was a substantial improved risk stratification achieved by add-
ing information of NT-proBNP levels to the clinically used CHA2DS2-VASc 
score concerning stroke or systemic embolism outcomes as is illustrated in 
Figure 5. NT-proBNP level carried most prognostic information concerning 
cardiovascular mortality and was not significantly associated with major 
bleed outcomes (Figure 6). In addition to significant improvements in both 
C statistics and IDI analysis for stroke/systemic embolism and cardiac death, 
NT-proBNP improved the category-free (continuous) net reclassification 
improvement (NRI) analysis as well (Table 13). 
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Table 12. Relations between NT-proBNP level at baseline and outcomes. Cox pro-
portional hazards model including adjustments for established risk factors, random-
ized treatment, and biomarkers (cystatin C and hs-TnT). 
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Table 13. Category-free net reclassification improvement. 

 
 
 
Figure 5. 
Stroke or systemic 
embolism in relation 
to NT-proBNP levels 
and CHA2DS2-VASc 
score. 

 
 
 
 
 
 

 
 

Figure 6.  
Cardiac death in 
relation to NT-
proBNP levels and 
CHA2DS2-VASc 
score. 

 
 
 
 

  

Outcome  n 
Reclass 

up 
Reclass 
down 

NRI 
NRI total 
(95% CI) 

p-value 

Stroke or 
systemic 
embolism 

Event subjects 397 261 136 0.315 
0.289 

(0.195-0.384) 
<0.0001 Non-event 

subjects 
14495 7432 7063 -0.025 

Cardiac death Event subjects 543 302 241 0.112 
0.508 

(0.423-0.593) 
<0.0001 Non-event 

subjects 
14349 4336 10013 0.396 
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Combined cardiac biomarkers (Paper I) 
By using both cardiac biomarkers, cTnI and NT-proBNP, simultaneously the 
C statistics for stroke or systemic embolism outcomes was significantly im-
proved as compared to only one cardiac biomarker (from 0.605 to 0.631, 
p=0.0228, relative IDI 67%). Addition of both cardiac biomarkers simulta-
neously to the CHADS2 and CHA2DS2-VASc risk scores in the RE-LY bi-
omarker substudy for stroke or systemic embolism outcomes yielded signifi-
cant improvements of C statistics as well with relative IDI improvements of 
124% and 103%, respectively. The different prognostic properties of the 
cardiac biomarkers in relation to the composite thromboembolic endpoint are 
illustrated in Figure 7. The improvements of simultaneous use of cardiac 
biomarkers were even greater for the composite thromboembolic outcomes 
with IDI improvements of 425% and 230% for the CHADS2 and CHA2DS2-
VASc risk scores, respectively (Table 14). 

 
Figure 7. Stroke, systemic embolism, pulmonary embolism, myocardial infarction, 
vascular death (excl hemorrhagic death) in relation to NT-proBNP levels and tro-
ponin I group. 
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Table 14. Receiver operating characteristics for stroke or systemic embolism, and 
the composite of stroke, systemic embolism, pulmonary embolism, myocardial in-
farction, vascular death (excl hemorrhagic death). 

* All p<0.01 

Serial measurements of cardiac biomarkers (Paper IV) 
General findings and change over time 
The added value of repeated measurements of cTnI and NT-proBNP at 3 
months follow-up regarding risk of stroke or systemic embolism, composite 
thromboembolic events, and vascular mortality were evaluated in 2514 pa-
tients from the RE-LY biomarker study. As compared to randomization the 
proportion of patients with detectable cTnI increased from 1455 (58.2%) to 
1683 (67.3%) at 3 month follow-up. Median levels of NT-proBNP decreased 
slightly from 788ng/L to 744 ng/L. Demographics and baseline characteris-
tics according to cardiac troponin and NT-proBNP groups based on cardiac 
biomarker levels at screening and at 3 month follow-up are displayed in Ta-
ble 15. 

In order to assess the association of demographic variables to the increas-
ing levels of cardiac biomarkers at follow-up multivariable analysis was per-
formed. Concerning detectable levels of cTnI at follow-up, male gender (odds 
ratio (OR) (95% CI) 1.42 (1.15-1.74), renal impairment (GFR <50 mL/min) 
(OR 1.74 (1.28-2.37)), coronary artery disease (OR 1.42 (1.12-1.80)), and 
hypertension (OR 1.32 (1.03-1.69)) were the most influential variables. For 
NT-proBNP, renal impairment (GFR <50 mL/min) (OR 2.64 (1.88-3.72), AF 
type (permanent vs. paroxysmal) (OR 2.49 (1.82-3.41)), and AF rhythm at 
screening (OR 1.69 (1.22-2.35)) were the most influential variables. 

 Stroke and systemic embolism Composite thromboembolic outcome 

Model C-
statistic 

p-value IDI* Relative 
IDI 

C-
statistic 

p-value IDI* Relative 
IDI 

Troponin I 0.605 Referent   0.640 Referent   

NT-proBNP 0.598    0.640    
Troponin I 
+NT-proBNP 

0.631 0.0228 0.0027 67% 0.676 <0.0001 0.0126 57% 

         

CHADS2 0.614 Referent   0.596 Referent   

+Troponin I 0.646 0.0398 0.0033 70% 0.667 <0.0001 0.0200 239% 

+NT-proBNP 0.637 0.1157 0.0036 76% 0.662 <0.0001 0.0177 211% 
+Troponin I 
+NT-proBNP 

0.658 0.0141 0.0059 124% 0.691 <0.0001 0.0355 425% 

         

CHA2DS2-VASc 0.618 Referent   0.612 Referent   

+Troponin I 0.647 0.0492 0.0033 59% 0.674 <0.0001 0.0195 152% 

+NT-proBNP 0.633 0.2393 0.0035 63% 0.668 <0.0001 0.0160 125% 
+Troponin I 
+NT-proBNP 

0.654 0.0279 0.0058 103% 0.696 <0.0001 0.0295 230% 
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Serial cardiac biomarker in relation to outcomes 
In relation to cardiovascular events, multivariable Cox analysis displayed 
significant association for cTnI groups to all outcomes with the highest risk 
in patients having persistent cTnI elevations with a HR of 2.64 (1.23-5.69) 
and 5.93 (2.57-13.68) for stroke/systemic embolism and vascular death, re-
spectively (Table 16). NT-proBNP groups based on serial measurements 
were also significantly associated with the outcomes (Table 16). Combining 
the cardiac biomarkers yielded improved risk stratification with up to a 4.54 
(1.34-15.41) and 8.42 (2.59-27.43) increased risk for stroke/systemic embo-
lism and vascular death, respectively. The prognostic information gained by 
the addition of serial measurements improved for all outcomes by simulta-
neous addition of both cardiac biomarkers (p<0.05); C statistics of 0.668, 
0.769, and 0.726 was achieved for stroke/systemic embolism, vascular death 
and the composite thromboembolic events, respectively. For comparison C 
statistics was assessed for the CHADS2 risk score in this cohort which yield-
ed values of 0.610, 0.601 and 0.596, respectively. Figure 8 illustrates the 
substantial improvements provided by serial measurements of cardiac bi-
omarkers in relation to the clinically used CHADS2-risk score. 

Table 16. Cox proportional hazards model with troponin I and NT-proBNP groups 
in relation to stroke or systemic embolism and vascular death. 

Biomarkers 
Group 

(No of pts) 
Outcome

Total 
events 

(%/year) 

HR 

(95% CI) 
p-value Outcome

Total 
events 

(%/year)

HR 

(95% CI) 
p-value 

Troponin I None-None 
(577) 

S
tr

ok
e 

or
 s

ys
te

m
ic

 e
m

b
ol

is
m

 

8 (0.67)  0.0045 

V
as

cu
la

r 
d

ea
th

 

6 (0.50)  <0.0001 

Transient   
(243) 

11 (0.77) 1.08    
(0.43-2.70) 

 17 (1.19) 2.36        
(0.93-6.00) 

 

Detect-Detect 
(1217) 

45 (1.96) 2.64    
(1.23-5.69) 

 85 (3.70) 5.93        
(2.57-13.68) 

 

NT-
proBNP 

Low-Low 
(1053) 

23 (1.11)  0.0464 15 (0.72)  <0.0001 

Transient   
(461) 

5 (0.55) 0.51    
(0.19-1.35) 

 19 (2.09) 2.66        
(1.35-5.26) 

 

High-High 
(996) 

36 (1.87) 1.53    
(0.87-2.69) 

 74 (3.83) 4.11        
(2.31-7.31) 

 

Combined 

(Troponin I 
and NT-
proBNP) 

Low-Low  
(311) 

3 (0.47)  0.0046 3 (0.47)  <0.0001 

Intermediate 
(1605) 

34 (1.08) 2.08    
(0.64-6.83) 

 45 (1.42) 2.89        
(0.89-9.33) 

 

High-High 
(591) 

27 (2.45) 4.54    
(1.34-15.41)

 60 (5.41) 8.42        
(2.59-27.43) 
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Figure 8A. 
Stroke or systemic 
embolism rates in 
relation to serial 
measurements of 
combined cardiac 
biomarker levels 
and CHADS2 
score. 

 
 
 
 
 
 
 
 
 
 
 

Figure 8B. 
Vascular death rates 
in relation to serial 
measurements of 
combined cardiac 
biomarker levels and 
CHADS2 score. 
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Study treatment (Paper I-IV) 
There were no significant interactions between cardiac biomarkers (cTnI, hs-
TnT or NT-proBNP) groups and effects of study treatment with warfarin or 
any of the novel oral anticoagulants (dabigatran or apixaban) concerning 
stroke, cardiovascular events or major bleeding. Thus the effect of 
dabigatran or apixaban was consistent across the range of cardiac biomarker 
groups. Table 17 (hs-TnT) and Table 18 (NT-proBNP) illustrates study 
treatment interaction in the ARISTOTLE trial in relation to the cardiac bi-
omarkers. 

Table 17. Efficacy of Apixaban relative Warfarin for quartiles of hs-TnT level at 
baseline. 

 
Cox proportional hazards model with biomarker level, treatment and interaction between 
treatment and biomarker level as covariates 
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Table 18. Efficacy of Apixaban relative Warfarin for quartiles of NT-proBNP level 
at baseline. 

 
Cox proportional hazards model with biomarker level, treatment and interaction between 
treatment and biomarker level as covariates. 
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Discussion 

Patients with atrial fibrillation constitute a significant healthcare problem 
and the prevalence is projected to grow even further in the coming decades.3, 

4 Risk of stroke is increased 5-fold and the mortality risk is doubled.1, 2 How-
ever, the AF population is very heterogeneous regarding risk of adverse 
events which constitute a concrete clinical dilemma. At present, risk stratifi-
cation models, although easy to apply, only provide modest predictive mod-
est discriminating value for the individual patients with AF.8, 53, 55 Moreover, 
depending on risk stratification models used there are considerable differ-
ences in the proportion of patients classified as low- or high risk.54 The car-
diac biomarker studies from the RE-LY and ARISTOTLE trials have dis-
played that elevations of troponin I and NT-proBNP are common in patients 
with AF and for the first time demonstrated cardiac biomarkers to be inde-
pendent and powerful predictors of stroke, cardiovascular events, and mor-
tality in AF populations. Despite treatment with oral anticoagulants utiliza-
tion of cardiac biomarkers identified patients at high risk for stroke and car-
diovascular events. 

Cardiac troponin 
Based on the RE-LY biomarker study a high prevalence of detectable and 
elevated troponin I levels in patients with non-valvular AF and a raised risk 
of stroke were for the first time demonstrated in a well-defined, large, and 
systematically analyzed AF cohort. Further important and novel findings 
were that the degree of troponin I elevation was independently related to a 
raised risk of stroke or systemic embolism, mortality, and other cardiovascu-
lar events including major bleeding. The cTnI levels added prognostic in-
formation beyond currently used clinical risk scores, e.g. the CHADS2 and 
CHA2DS2-VASc, and improved the risk stratification. The use of high sensi-
tivity assays in the ARISTOTLE population demonstrated that troponin can 
be detected in almost all, 99.4%, patients with AF and at least one clinical 
risk factor for stroke. Further, the larger number of participants permitted 
analyses of several outcomes such as stroke subtypes and displayed that the 
association to stroke mainly was due to ischemic events. The larger number 
of participants with available troponin measurements also permitted classifi-
cation into several subgroups according to both hs-TnT quartile levels and 
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CHA2DS2-VASc score groups and displayed improvements to the extended 
risk stratification model as well. 
Cardiac troponin also displayed an association to major bleeding and may 
play a similar role in refining bleeding risk scores and improving identifica-
tion of AF patients at increased risk for major bleeding. This is unfortunately 
the difficulty with several of the established stroke risk factors in AF; many 
of them also confer increased risk for major bleeding. Despite that troponin 
has been used for many years in routine clinical care in the setting of acute 
coronary syndromes there is very limited data in this aspect. It is possible 
that elevated troponin levels contribute to the identification of a more fragile 
AF subpopulation more likely to bleed during anticoagulation. 
The mechanism for the prognostic value of elevated troponin levels in pa-
tients with AF concerning thromboembolic events is currently only an area 
for speculation. In acute coronary syndromes troponin levels is believed to 
reflect necrosis of myocytes as a consequence of acute myocardial ischemia. 
In patients with chronic heart failure, stable coronary disease, apparently 
healthy elderly individuals, or as in this cohort of stable AF patients, there 
might be alternative explanations such as the increased ventricular rate 
which might lead to oxygen demand/mismatch and myocardial ischemia, 
volume and pressure overload, changes in microvascular blood flow, atrial 
calcium overload, oxidative stress, or alterations in tissue structure.151-153 The 
pathogenesis of thrombi in AF involves poorly contractile atrium154, hyper-
coagulable state63 and endothelial dysfunction155. Troponin release in AF 
patients may be connected to several of these mechanisms associated with 
myocardial dysfunction, apoptosis, inflammation and fibrosis as well in the 
atrial as ventricular musculature. The higher proportion of patients with tro-
ponin elevation in permanent AF as an indicator of increased AF burden and 
a more advanced cardiac disease supports this hypothesis and also the rela-
tion to major bleeding events. Further, the use of high sensitivity assays 
which detects and measures very low levels of cardiac troponin in patient 
with stable coronary artery disease, and even in the general population, have 
generated interest and contributed to formulation of alternative mechanisms 
for low-level troponin release in stable patients in contrast to myocyte necro-
sis. The proposed mechanisms give more support to potential cardiomyocyte 
apoptosis, increased physiological myocyte turnover, cellular release, and 
perhaps even reversible increase in cell wall permeability to cardiac tro-
ponins or troponin fragments.156-158  

NT-proBNP 
In both the RE-LY and ARISTOTLE trials a majority, three quarters, of the 
participants had elevated NT-proBNP levels. Based on quartile groups high-
er levels of NT-proBNP displayed an independent association to a raised risk 
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of stroke or systemic embolism, mortality, and other cardiovascular events. 
Similar to cardiac troponin, the NT-proBNP levels added prognostic infor-
mation beyond currently used clinical risk scores, e.g. the CHADS2 and 
CHA2DS2-VASc, and improved the risk stratification substantially. The 
prognostic value of natriuretic peptides is established in elderly community-
based subjects and in patients with coronary artery disease, and heart fail-
ure.138-142 The consistent findings in the RE-LY and ARISTOTLE studies 
extend these observations to a novel population by demonstrating the prog-
nostic importance of NT-proBNP in patients with AF. 
Apart from constituting a reliable marker of ventricular dysfunction there are 
arguments for NT-proBNP being of atrial origin in AF. Elevated natriuretic 
peptides reflect the myocytes response to increased wall tension. This is 
usually seen in settings of left ventricular systolic or diastolic dysfunction, 
ventricular hypertrophy, increasing age and female gender.126, 159 An acute 
coronary syndrome, renal dysfunction, inflammation and high output states 
may cause elevation of NT-proBNP as well.123, 160 In accordance with the 
present results levels of NT-proBNP have previously been shown to be ele-
vated in patients with AF, either with or without structural heart disease.129 
Following restoration of sinus rhythm, by cardioversion or ablation therapy, 
levels of natriuretic peptides falls rapidly.132, 133 It is therefore believed that 
NT-proBNP may be of atrial origin in AF, in contrast to the pathophysiology 
of heart failure where it is derived mainly from the ventricles.161, 162 Some 
studies support this by indicating that atrial stretch is a source of BNP in 
patients with AF.163 The level of natriuretic peptides in AF may therefore to 
some extent reflect atrial dysfunction. The proposed model is appealing 
since atrial dysfunction is an established risk factor for thrombus formation 
in atrial fibrillation and thereby represents a plausible pathophysiologic 
mechanism for the relation between elevated NT-proBNP levels and throm-
boembolic events as shown in the both the RE-LY and ARISTOTLE stud-
ies.164   

Serial measurements of cardiac biomarkers 
In Paper IV serial measurements of the cardiac biomarkers cTnI and NT-
proBNP were analyzed to describe how levels change over time and to eval-
uate if repeated measurements of cardiac biomarkers improve risk stratifica-
tion beyond screening sampling. The analyses displayed that persistent ele-
vations of troponin I or NT-proBNP were common and seen in respectively 
49% and 40% of patients with AF. Persistent elevation of cardiac biomarker 
levels in an AF population were strongly related to factors such as AF type, 
AF rhythm, renal function, and male gender. Persistent elevation of troponin 
and/or NT-proBNP indicated a worse prognosis than transient elevations or 
no elevations of either marker. Simultaneous elevation of both markers in-
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creased the prognostic discrimination further. The information from repeated 
cardiac biomarker determinations had an incremental value for the prognos-
tication of the risk of stroke, vascular death and all thromboembolic events 
when added to the conventional CHADS2 score. Accordingly, in addition to 
the substantial information concerning risk stratification achieved by meas-
urement of cardiac biomarkers at one time point, as presented in Paper I-III, 
the added value of repeated measurements was displayed in Paper IV and 
may have important clinical implication. The present results are in accord-
ance with previous studies in which serial measurement of cardiac bi-
omarkers have demonstrated to be powerful prognostic markers of mortality 
and morbidity in several patient populations such as acute coronary syn-
dromes, stable coronary artery disease, in acute and chronic heart failure and 
in apparently healthy community dwelling adults.117, 145, 165-169 Our findings in 
the RE-LY serial cardiac biomarker substudy extended these observations to 
a novel population by displaying the prognostic importance of serial meas-
urements of cardiac biomarkers in patients with AF. 

Combining cardiac biomarkers 
Beyond displaying independent association with stroke or systemic embo-
lism and cardiovascular events the cardiac biomarkers, cardiac troponin and 
NT-proBNP, seem to provide different information in their utility as risk 
predictors, illustrated in Figure 7, probably attributable to their different 
mechanistic properties as outlined above. The use of one of these biomarkers 
improves clinical risk assessment substantially. The results from Paper I and 
IV support using the combination of both cardiac biomarkers for additional 
improvements to risk stratification in AF patients. The combination of both 
cardiac biomarkers without addition of other data in the ROC analyses in the 
RE-LY substudy even seem to outperform the CHADS2 and CHA2DS2-
VASc risk scores. The results give firm support to the improvements gained 
in regards to risk assessment by the cardiac biomarkers. 

Treatment effect of novel oral anticoagulants based on 
cardiac biomarkers 
In the RE-LY trial dabigatran 110 mg bid as compared with warfarin was 
associated with similar rates of stroke and systemic embolism and lower 
rates of major hemorrhage, and the 150 mg dose of dabigatran was associat-
ed with lower rates of stroke and systemic embolism, lower rates of cardiac 
death, and with similar rates of major hemorrhage.42 In the ARISTOTLE 
trial apixaban as compared to warfarin was associated with lower rates 
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stroke or systemic embolism, caused less bleeding, and resulted in lower 
mortality.43 Despite these favorable properties there was no added beneficial 
treatment effect for any of the outcomes according to cardiac biomarker 
groups with dabigatran (both doses) nor apixaban. Thus the benefits of 
dabigatran and apixaban were consistent irrespective of cardiac biomarker 
levels. 

Limitations 
The present findings derived from a clinical trial population with AF and at 
least one risk factor for stroke and may therefore not be immediately extrap-
olated to a the general AF population. The design of the RE-LY and ARIS-
TOTLE trials does not permit final conclusions about the optimal cut-off 
value of cardiac troponin or NT-proBNP as a decisive tool to select patients 
for different antithrombotic strategies, since all study participants received 
oral anticoagulants. The exact mechanisms behind the release and origin of 
NT-proBNP in atrial fibrillation patients without congestive heart failure 
need further clarification as well as the mechanisms behind troponin eleva-
tions and their relations to events such as stroke in AF. Even without a com-
plete understanding of the mechanisms, the firm evidence and the general 
availability of cardiac troponin and NT-proBNP measurements for routine 
care in most hospitals worldwide makes it a very attractive candidate for use 
to improve prognostication of patients with AF, in addition to the currently 
recommended clinical risk stratification. 
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Conclusions 

Elevations of cardiac troponin and NT-proBNP are common in patients with 
atrial fibrillation and at least one risk factor for stroke. In patients with atrial 
fibrillation treated with oral anticoagulation the levels of cardiac troponin 
and NT-proBNP are gradually and independently related to the risk of 
stroke, cardiovascular events and mortality. Cardiac troponin but not NT-
proBNP was associated with major bleeding events. The combination of 
cardiac biomarkers with the CHADS2 or CHA2DS2VASc risk scores allows 
improved and safer identification of patients both at very low risk and at 
higher risk of stroke while cardiac biomarkers alone carries most of the in-
formation on the risk of other ischemic events and cardiac mortality. The use 
of repeated measurements of cardiac biomarkers significantly improved the 
risk assessment and displayed that persistent elevations of cardiac bi-
omarkers were common. The benefits of dabigatran or apixaban as compared 
with warfarin were consistent regardless of the cardiac biomarkers. The 
combination of cardiac biomarkers with the clinical based risk scores might 
provide improved decision support concerning anticoagulant and other 
treatments in patients with atrial fibrillation. 
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Clinical implications 

The impact of cardiac biomarkers in patients with atrial fibrillation seems to 
be substantial as they constitute powerful predictors of increased risk and 
provide significant improvements to the clinically based risk stratification 
models used at present. “The Value of Nothing - The consequence of a nega-
tive troponin test” was the title of an editorial by Dr. Frank Peacock in the 
Journal of the American College of Cardiology 2011 regarding a publication 
using high sensitivity troponin T for screening patients with chest pain.170, 171 
The title is interesting as well as striking and may, based on the work in this 
thesis, be extended to encompass measurements of cardiac biomarkers in AF 
patients. The consequence of non-detectable or low levels of cardiac bi-
omarkers may improve tailoring of treatment and amend personalized medi-
cine. In the wake of the present results it is reasonable to ask if patients with 
a solitary intermediate clinical risk factor and negative cardiac biomarkers 
benefit from treatment with oral anticoagulation. Further, there is clinical 
utility in measuring cardiac biomarkers in anticoagulated AF patients for 
whom there are concerns about major bleeding risk, if the levels are low 
there is very low risk for stroke events or for cardiac death regardless of their 
clinical risk score, information that may aid the clinicians. In the opposite 
end, and perhaps more importantly, AF patients classified as low risk based 
on current risk stratification models that have elevated levels of cardiac bi-
omarkers seem to be in substantially higher risk than previously thought and 
would probably benefit from such treatments. The current research also vis-
ualize unmet needs concerning patients with high CHADS2 or CHA2DS2-
VASc risk scores and elevated cardiac biomarkers. Despite preventive 
treatment with effective oral anticoagulants they remain at very high risk for 
thromboembolic and cardiovascular events. Such patients might be consid-
ered for intensified pharmacological treatment with angiotensin converting 
enzyme inhibitors, angiotensin receptor blockers or statins, ablation therapy, 
left atrial appendage closure devices, left atrial volume reduction – and per-
haps also myocardial perfusion stress test or coronary angiogram for further 
risk stratification and potential percutaneous coronary interventions. Based 
on the serial measurements of cardiac biomarkers in AF patients valuable 
information has been gained concerning determinants and contributing fac-
tors for elevation of cardiac biomarkers. Elevations of cTnI levels were as-
sociated with male gender, coronary artery disease, renal impairment and 
hypertension indicating an association with myocardial ischemia and cardio-
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vascular dysfunction. Sustained elevations of NT-proBNP were associated 
with renal impairment, AF type, and AF rhythm. In a clinical setting some of 
these factors might be possible to modify by pharmacological and/or inter-
ventional treatments. Identification of individuals at risk based on transient 
or persistent elevations might therefore be useful for instituting specific 
treatment to lower the risk of future cardiovascular events. This cardiac bi-
omarker approach might therefore be a new innovative way to tailor the in-
dividual treatment in patients with AF. Such a strategy has recently been 
advocated in patients with chronic heart failure as those randomized to NT-
proBNP level guided treatment had improved outcomes compared with 
standard care.172-174 
 
  



 58 

Future perspective 

A multitude of biomarkers are available and new ones are constantly being 
identified and assessed. Biomarkers may increase the understanding of the 
pathogenesis of AF as well as refine future risk prediction. Some markers 
appear to reflect the pathophysiologic process for development of AF while 
others may simply be suited as markers of risk for future cardiovascular 
events. It is typically difficult to draw firm conclusions concerning the in-
volvement of a biomarker in the etiology of a disease. Often a biomarker 
may simply be a marker of disease severity or comorbidity that relate to risk. 
However, biomarkers have increasing clinical importance and will probably 
play a key role in refining clinical risk assessment in patients with AF as 
presented in this thesis. In regards to troponin, similar findings have recently 
been reported from a registry cohort of stable chronically anticoagulated AF 
patients indicating that the interest concerning the cardiac biomarkers in AF 
may be increasing.96 The implementation of a multimarker strategy will like-
ly further improve risk stratification as have been described for coronary 
artery disease populations.109, 110 Therefore the forthcoming testing and veri-
fication of multimarker based risk stratification in the large clinical trial co-
horts and other materials are eagerly awaited. Biomarkers may further have a 
role in predicting treatment response and treatment selection as indicated by 
results concerning pulmonary vein isolation outcomes, the use of renal 
markers regarding assessment of bleeding risk with new oral anticoagulation 
drugs, or data supporting genetic markers for tailoring of warfarin dosage.105, 

175-180 It is also likely that as proteomics evolves and the field of studying 
biological systems improves, an even greater number of useful biomarkers 
will be identified that may enhance the understanding of the pathophysiolo-
gy in AF, treatment monitoring, potential drug targets and possibly even 
early disease detection. 
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Summary in Swedish      
(Sammanfattning på svenska) 

Förmaksflimmer är den vanligaste ihållande arytmin och förekomsten ökar 
med stigande ålder för att uppskattningsvis drabba ungefär 10% av alla per-
soner över 80 års ålder. Vid förmaksflimmer är den elektriska aktiviteten i 
förmaken oordnad vilket leder till att förmaken inte drar ihop sig ordentligt 
under hjärtcykeln. Detta ger en nedsatt cirkulation av blodet i förmaket, sär-
skilt förmaksörat, vilket ökar risken för bildning av blodproppar. Den oord-
nade aktiviteten minskar även förmakens bidrag till hjärtats pumpfunktion 
som kan orsaka besvär. Symptomen vid förmaksflimmer varierar stort mel-
lan olika personer. Vissa märker ingenting, så kallat tyst förmaksflimmer, 
medan rytmrubbningen kan leda till uttalade besvär med bl.a. kraftiga hjärt-
klappningar, andnöd och svimning hos andra. Det är därför viktigt att dels 
behandla rytmrubbningen med lämpliga hjärtmediciner men också behandla 
med blodförtunnande mediciner i de fall stroke risken bedöms vara ökad. 
Risken för stroke är dock väldigt heterogen. För att underlätta identifikation-
en av de patienter med förmaksflimmer som löper en ökad risk för stroke 
används olika riskvärderings instrument. Idag baseras dessa huvudsakligen 
på kliniska kriterier såsom ålder (≥65 år), förekomst av hjärtsvikt, högt blod-
tryck, diabetes, tidigare stroke, kön och förekomst av kärlsjukdom. Dessa 
sammanfattas i akronymerna CHADS2 och CHA2DS2-VASc som ger olika 
riskpoäng vid närvaro av en eller flera riskfaktorer. Dessa verktyg ger en 
möjlighet till enkel och standardiserad riskvärdering men tyvärr erhålles 
endast en medelmåttig möjlighet att förutsäga risken för stroke på individ-
nivå.  De senaste tio åren har användandet av biomarkörer tilltagit kraftigt 
och blivit en del av vardagen inom kardiologin. Biomarkörer, såsom kar-
diellt troponin och natriuretiska peptider (t.ex. NT-proBNP) ingår idag i 
rutinerna för diagnosticering och prognostisering av akut kranskärlssjukdom 
och hjärtsvikt. Troponin är en välbeskriven markör som används kliniskt för 
att detektera skada i hjärtcellerna. BNP är ett neurohormon med betydelse-
full roll i hemostasen som utsöndras från hjärtceller huvudsakligen på grund 
av ökad väggspänning. 

I denna avhandling undersöktes för första gången nivåerna av de kardiella 
biomarkörer troponin och NT-proBNP i en stor förmaksflimmer population 
samt dess betydelse för risken att drabbas av stroke, kardiovaskulära händel-
ser eller död. Dessutom analyserades möjligheten att användanda kardiella 
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biomarkörer för att förbättra de riskmodeller som används idag. I avhand-
lingsarbetet har blodprover från fler än 21000 patienter med förmaksflimmer 
och en risk faktor för stroke analyserats vid Uppsala Clinical research center 
(UCR). 
 

Resultaten visade att troponin är detekterbart hos en majoritet av patien-
terna med förmaksflimmer och minst en riskfaktor för stroke. Med högkäns-
liga metoder var troponin mätbart hos nästan alla individer. Därutöver var 
troponin starkt associerat till en ökad risk för det primära utfallet stroke och 
systemiska embolier samt för kardiovaskulär mortalitet, med upp till en dub-
blering och fyrfaldig ökning för respektive utfall. Analyserna visade även ett 
stort tilläggsvärde till de kliniskt använda modellerna, där patienter med lågt 
poäng men förhöjda nivåer av troponin uppvisade årlig incidens av stroke 
och kardiovaskulära händelser motsvarande patienter med högre CHADS2 
poäng med icke detekterbart troponin. 

NT-proBNP nivåerna förhöjda hos en majoritet av patienterna, ca 75%. 
NT-proBNP nivåerna var starkt associerade till ökad risk för stroke och 
systemiska embolier, upp till en dubblering för gruppen med de högsta nivå-
erna. Även risken för kardiovaskulär mortalitet ökade i takt med stigande 
NT-proBNP nivåer, upp till en femfaldig risk i gruppen med de högsta nivå-
erna. Även denna biomarkör visade ett starkt tilläggsvärde till de kliniskt 
använda modellerna avseende riskvärdering för stroke och kardiovaskulära 
händelser. 

 
Ihållande stegrade eller detekterbara nivåer av båda hjärtmarkörerna speg-

lade en högre risk jämfört med övergående eller ingen stegring vid tremåna-
ders kontroll. Båda hjärtmarkörerna visade förbättrade möjligheter att pre-
diktera risken för stroke och död vid tillägg till CHADS2 och CHA2DS2-
VASc modellerna. Vid addering av båda hjärtmarkörerna samtidigt förbätt-
rades prediktionen ytterligare. 
 

Sammanfattningsvis visar undersökningarna i denna avhandling för första 
gången att hjärtmarkörerna troponin och NT-proBNP är vanligt förekom-
mande i en population med förmaksflimmer samt att de utgör ett viktigt 
verktyg för att förbättra den prognostiska bedömningen.  

 
Klinisk innebörd - Hjärtmarkörerna tycks signalera en ökad risk som inte 
uppfattas med de konventionella kliniska variablerna ingående i CHADS2 
eller CHA2DS2-VASc modellerna. Apparaturen för dessa analyser är dessu-
tom väl utbredd i Sverige, de finns på alla sjukhus och till och med lokalt på 
en del vårdcentraler. Förhoppningsvis kan dessa viktiga fynd bidraga till 
utvecklandet av nya riskmodeller och implementeras i den patientnära hand-
läggningen för en mer individualiserad och förbättrad behandling av patien-
ter med förmaksflimmer. 
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