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A B S T R A C T   

Atrial fibrillation (AF) is a progressive disease, and early recognition and management may reflect an important 
strategy to reduce its disease burden. In this study, we evaluated plasma levels of three biomarkers - N-terminal 
pro-brain natriuretic peptide (NTproBNP), Troponin-T, and growth differentiation factor-15 (GDF-15) - in pa-
tients with paroxysmal AF (pAF) (≤7 days of continuous AF, n = 323) and persistent AF ((AF duration > 7 days 
and < 1 year, n = 84) using patients from AF RISK study (NCT01510210). In this AF-RISK sub-study, patients 
with persistent AF experienced more symptoms (higher European Heart Rhythm Association class (p < 0.001)), 
had a higher comorbidity burden (p < 0.001), and had more unfavorable echocardiographic parameters (p <
0.001). All three biomarker levels were significantly higher in patients with persistent AF as compared to those 
with pAF (p < 0.001). Multivariate linear regression analyses showed that age (beta-coefficient for NTproBNP: 
0.21; GDF-15: 0.41; Troponin-T: 0.23) and CHA2DS2-VASc (beta-coefficient for NTproBNP: 0.20; GDF-15: 0.25; 
Troponin-T: 0.27) were determinants of all three biomarkers, and that persistent AF determined NTproBNP 
(beta-coefficient: 0.34), but not Troponin-T and GDF-15. More detailed analysis of CHA2DS2-VASc score showed 
that for all three biomarkers age, coronary artery disease and heart failure were determinants of plasma bio-
markers levels, whereas sex determined NTproBNP and Troponin T, and hypertension determined NTproBNP and 
GDF15. Overall, this study therefore suggests that in AF, Troponin T and GDF15, and especially NTproBNP could 
be used to detect those patients with more persistent form of AF that may warrant more aggressive treatment of 
AF and concomitant comorbidities. Future studies, however, are essential to evaluate if more aggressive AF 
treatment and risk factor management will reduce disease progression and holds a novel therapeutic intervention 
to reduce the burden of AF.   

Atrial fibrillation (AF) is the most common cardiac arrhythmia, with 
still increasing incidence and prevalence rate. It is expected that 6–12 
million people will suffer this condition in 2050 in the US, and 17.9 
million people in Europe by 2060 [1]. Patients with AF are known to 
have increased mortality and morbidity rates, including the develop-
ment of dementia, heart failure (HF) and stroke [2,3], and this causes an 
important economic and health care burden. AF is a progressive disease, 
and early recognition and management of increasing AF burden may 
reflect an important strategy to reduce its disease burden [4]. 

In this study, we therefore evaluated plasma levels of three 

biomarkers in patients with paroxysmal AF (pAF) and persistent AF 
(persistent AF) using patients from Identification of a risk profile to guide 
atrial fibrillation therapy (AF RISK) study (NCT01510210). Detailed study 
design and outcomes have been previously described [5]. In short, AF 
RISK was a multicenter, prospective, observational study, including 
patients aged ≥ 18 years, with pAF (total AF history < 2 years, or total 
AF history < 3 years in case of ≤ 2 AF episodes of ≤ 48 h per month 
terminating spontaneously) or persistent AF (total AF history < 2 years, 
and total persistent AF duration > 7 days and < 1 year) in whom a 
rhythm control strategy was preferred. AF RISK was performed in 

Abbreviations: AF, atrial fibrillation; HF, heart failure; pAF, paroxysmal atrial fibrillation; NTproBNP, N-terminal pro-brain natriuretic peptide; GDF-15, growth 
differentiation factor-15; EHRA, European Heart Rhythm Association; LVEF, left ventricular ejection fraction; LAVI, left atrial volume indices. 
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compliance of the Declaration of Helsinki. The institutional review 
board approved study protocol and all patients gave written informed 
consent. After inclusion, all patients underwent baseline assessment 
including peripheral venous blood sampling for biomarker analyses. 
Blood samples were processed and EDTA-plasma samples were stored at 
− 80C. For present analysis, we included pAF patients who had sinus 
rhythm during blood sampling (n = 323) and included persistent AF 
patients who were known with persistent AF, but were in sinus rhythm 
at baseline visit, either by scheduled cardioversion or spontaneous 
conversion, and had atrial fibrillation during blood sampling (n = 84). 
Patients with pAF and AF during blood sampling were excluded from 
this sub-study (n = 8). 

We analyzed plasma levels of two traditional cardiovascular bio-
markers - N-terminal pro-brain natriuretic peptide (NTproBNP) and 
Troponin-T – and one non-traditional cardiovascular biomarker -growth 
differentiation factor-15 (GDF-15).Troponin-T, NTproBNP and GDF-15 
were measured at baseline using electrochemiluminescence by a 
Cobase 411 analyser using a standard Roche Diagnostics GmbH method. 

Descriptive data of continuous variables are presented as mean ±
standard deviation in normally distributed data or median (interquartile 
range) in non-normally distributed data. Categorical variables are pre-
sented as numbers with percentages. Differences between groups were 
evaluated by Student’s t-test or Mann–Whitney U test for continuous 
variables, and Chi-square test was used for categorical variables. A p- 
value < 0.05 was considered statistically significant. Linear regression 
analyses were performed to determine risk indicators of NTproBNP, 
GDF15 and Troponin T levels. Biomarkers were logarithmically trans-
formed and standardized to realize constant variance. All patient char-
acteristics and biomarkers were tested using a stepwise approach: 
univariate variables with p < 0.1 were investigated in a multivariate 
model. In the multivariate model, a variable was excluded when p ≥
0.05. Since CHA2DS2-VASc is a surrogate parameter that is a composite 
score of several components (sex, age, hypertension, diabetes mellitus, 
coronary artery disease, HF, peripheral artery disease, thromboembolic 
events) association between three different biomarkers and individual 
components were tested separately for each biomarker using linear 
regression analysis. Statistical analyses were performed using R package 
(Version 3.1.3; R Foundation for Statistical Computing, Vienna, Austria) 
or STATA (Version 14.2; StataCorp LLC; Tx, USA). 

In this AF-RISK sub-study, patients with pAF were younger, more 
often women and had lower CHA2DS2-VASc scores (Table 1). Patients 
with persistent AF experienced more symptoms as reflected by higher 
European Heart Rhythm Association (EHRA) class (p < 0.001). They 
also had mildly impaired kidney function and suffered from more 
comorbidities, including hypertension, congestive heart failure and a 
history of coronary artery disease (Table 1). Transthoracic echocardi-
ography showed higher left ventricular ejection fraction (LVEF) in pa-
tients with pAF (LVEF %, median [IQR]: 58 [58–60]) and smaller left 
atrial volume indices (LAVI ml/m2, median [IQR]: 32 [25–39]) as 
compared to those patients with persistent AF (LVEF %, median [IQR]: 
55 [50–58], p < 0.001; LAVI ml/m2, median [IQR]: 39 [31–47], p <
0.001). 

All three biomarker levels were significantly higher in patients with 
persistent AF as compared to those with pAF: GDF-15, persistent AF: 
1152 pg/mL [843–1647] versus pAF: 882 pg/mL [663–1245], p <
0.001; NTproBNP, persistent AF: 709 pg/mL [321–1441] versus pAF: 
100 pg/mL [46–228], p < 0.001; Troponin T, persistent AF: 8 pg/mL 
[5–13] versus pAF: 5 pg/mL [3–9], p < 0.001 (Table 1). Multivariate 
linear regression analyses showed that age and CHA2DS2-VASc are de-
terminants of all three biomarkers, but that other determinants were 
biomarker-specific. For example, NTproBNP is determined by age, 
CHA2DS2-VASc, increasing EHRA category, LAVI LVEF and presence of 
persistent AF; GDF15 is determined by age, CHA2DS2-VASc, smoking 
and LVEF; Troponin-T is determined by age, CHA2DS2-VASc and sex 
(Table 2). Since CHA2DS2-VASc is a composite score of several variables 
components (sex, age, hypertension, diabetes mellitus, coronary artery 

disease, HF, peripheral artery disease, pulmonary embolism or deep 
venous thrombosis, or cerebrovascular incident) we analyzed the effect 
of individual components per biomarker in more detail and observed 
that with regards to CHA2DS2-VASc score NTproBNP is determined by 
age, sex, hypertension, coronary artery disease and HF, that GDF15 is 
determined by age, hypertension, diabetes mellitus, coronary artery 

Table 1 
Baseline characteristics of patients with paroxysmal AF (pAF) and persistent AF. 
Results are presented as mean ± standard deviation; median [Interquartile 
ranges] in case of continuous data. For categorical data results are presented as 
percentages. P < 0.05 is considered significant. Differences in continuous data 
were tested by Student’s t-test or Mann-Whitney U test depending on normality 
of data. Differences in categorical data were tested by χ2-test. HF = heart failure; 
CAD = coronary artery disease; TIA = transient ischemic attack; CVA = cere-
brovascular accident; EHRA = European heart rhythm association; eGFR =
estimated glomerular filtration rate; LVEF = left ventricular ejection fraction; 
LVEDD = left ventricular end diastolic dimension; LAVI = left atrial volume 
index; ACEi = angiotensin converting enzyme inhibitor; ARB = angiotensin 
receptor blocker; Ca = calcium; AAD = anti arrhythmic drug; OAC = oral 
anticoagulant; NOAC = novel oral anticoagulant.   

Paroxysmal AF (n =
323) 

Persistent AF (n 
= 84) 

p-value 

Age (years) (SD) 58 ± 12 63 ± 9 P <
0.001 

Female sex (%) 130 (40) 19 (23) P <
0.01 

Blood pressure (mmHg)    
systolic 131 ± 18 129 ± 17 P = NS 
diastolic 78 ± 9 80 ± 12 P = NS 
Smoking (%) 41 (13) 17 (22) P = NS 
Diabetes Mellitus (%) 32 (9) 9 (11) P = NS 
Hypertension (%) 146 (45) 51 (61) P <

0.05 
Hypercholesterolemia (%) 121 (38) 35 (42) P = NS 
Chronic HF (%) 17 (5) 24 (29) P <

0.001 
CAD (%) 18 (6) 17 (20) P <

0.001 
TIA/CVA (%) 20 (6) 6 (7) P = NS 
EHRA class (%) 

I 
II 
III  

101 (31) 
177 (55) 
44 (14)  

19 (23) 
46 (45) 
27 (32) 

P <
0.001 

CHA2DS2VASc 1 [1–2] 2 [1–3] P <
0.01 

eGFR (ml/min/1,73 m2) 
LVEF (%) 

86 [76–100] 
58 [55–60] 

75 [59–92) 
55 [50–58] 

P <
0.001 
P <
0.001 

LVEDD (mm) 49 [45–53] 50 [45–55] P = NS 
LAVI (ml/m2) 32 [25–39] 39 [31–47] P <

0.001 
Concomitant medication 

(%) 
Beta-blockers  
ACEi/ARB 

Ca-antagonists 
Digoxin 
Class IAAD 
Class IIIAAD 
(N)OAC 
Statin 
Diuretics  

186 (58) 
131 (40) 
67 (21) 
7 (2) 
35 (11) 
19 (6) 
194 (60) 
93 (29) 
51 (16)  

59 (70) 
46 (56) 
17 (20) 
11 (13) 
2 (2) 
7 (8) 
78 (93) 
33 (39) 
31 (37)  

P <
0.05 
P <
0.05 
P = NS 
P <
0.001 
P <
0.05 
P = NS 
P <
0.001 
P = NS 
P <
0.001 

NTproBNP (pg/mL) 100 [46–228] 709 [321–1441] P <
0.001 

Troponin T (pg/mL) 5 [3–9] 8 [5–13] P <
0.001 

GDF15 (pg/mL) 882 [663–1245] 1152 [843–1647] P <
0.001  
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disease and HF, and that Troponin T is determined by age, sex, coronary 
artery disease and HF. In spite of, the determining effect of CHA2DS2- 
VASc, for all biomarkers, there are some small biomarker-specific 
effects. 

In this multicenter, prospective study we showed that plasma levels 
of three biomarkers NTproBNP, Troponin-T and GDF-15 are higher in 
patients with persistent AF than in pAF. In those patients with higher 
biomarker levels, we observed higher co-morbidity burden and more 
unfavorable echo-parameters such as enlarged LAVI and slightly 
reduced LVEF. We furthermore observed that age and CHA2DS2-VASc 
(as surrogatefor higher comorbidity burden) are important determinants 
of all three biomarkers, and that progressive atrial disease, extrapolated 
from our findings of indicators of progressive atrial disease (higher 
EHRA category, increased LAVI, decreased LVEF and persistent AF) is a 
major determinant for plasma NTproBNP levels, but not for GDF15 or 
Troponin-T levels. Troponin-T and NTproBNP are both traditional car-
diovascular biomarkers that are widely used in clinical practice, while 
GDF15 is a more novel cardiovascular biomarker. Troponin-T reflects 
myocardial damage and typically increases when ischemia is present or 
in case of coronary artery disease. Increased levels of troponin-T are 
associated with increased risk of all-cause mortality and major adverse 
cardiac events in patients with AF [6]. GDF-15 belongs to the trans-
forming growth factor- β (TGF- β) cytokine superfamily [7] and circu-
lating levels of GDF-15 are influenced by acute and chronic cellular 
stressors including ageing and disease. In healthy humans, GDF-15 
levels are low throughout the entire body [8]. Increased plasma levels 
of GDF-15 are observed in various cardiovascular disease states such as 
HF and AF [9]. In this study we observed that plasma levels of Troponin- 
T and GDF-15 were not determined by persistent AF, but depended on 
other factors such as ageing, CHA2DS2-VASc, smoking, LVEF and sex. 
Therefore, these biomarkers may be useful to select those patients with 
higher co-morbidity burden and more unfavorable echo-measures, but 
not to assess more progressed AF disease states as persistent AF. 
NTproBNP, on the other hand, may reflect a biomarker that is helpful to 
identify those patients who are more likely to suffer from persistent AF 
than pAF. NTproBNP is a marker of myocardial stretch and is upregu-
lated when additional stress is assessed on the left ventricle such as in HF 
or AF [10]. In patients with AF, higher levels of NTproBNP are associ-
ated with worse outcome including death, independent of CHA2DS2- 
VASc score [10]. Results of our study demonstrate that progression of AF 
is associated with increased NTproBNP levels, and it may therefore 
reflect an additional tool to select those patients with more persistent 
AF. 

This study, however, is a cross-sectional study and results are thus 
descriptive and do not reflect causality of biomarker levels and AF 
burden. Because of its cross-sectional design this study cannot differ-
entiate if increased biomarker levels are results of more persistent forms 

of AF or due to increased comorbidity burden. The fact that there is little 
biomarker-specific variance in comorbidities suggests that increasing 
plasma biomarker levels are not a sole effect of comorbidity burden, but 
future studies are warranted to evaluate this in more detail. Of note, AF- 
RISK was designed to evaluate AF-progression in patients with AF and 
did not include participants without AF; we could therefore not compare 
biomarkers levels in patients with and without AF. Not all AF patients 
were in an AF episode when blood withdrawal took place. This study 
was therefore unable to explore the effect of an AF episode on biomarker 
levels in pAF and persistent AF. 

Overall, in this study we show that patients with persistent AF have 
higher plasma levels of NTproBNP, Troponin-T and GDF15, and that 
these higher plasma levels are accompanied by higher comorbidity 
burden and more unfavorable echocardiographic parameters. Addi-
tionally, we show that persistent AF determines NTproBNP levels, but 
not Troponin-T and GDF-15. We therefore suggest that NTproBNP is a 
better diagnostic biomarker than GDF15 and Troponin-T since 
NTproBNP is related to more AF, whilst GDF15 and Troponin-T are 
related to underlying conditions and not a specific AF phenotype. This 
study also suggest that in AF, Troponin T and GDF15, and especially 
NTproBNP could be used to detect those patients with high disease 
burden that may warrant more aggressive treatment of AF and 
concomitant comorbidities. Future studies, however, are essential to 
evaluate if more aggressive AF treatment and risk factor management 
will reduce disease progression and holds a novel therapeutic inter-
vention to reduce the burden of AF. 

Funding 

This work was supported by an unrestricted grant from Roche paid to 
the University Medical Center Groningen. AF RISK was supported by the 
Netherlands Heart Foundation (NHS2010B233). 

Trial Registration number: Clinicaltrials.gov NCT01510210. 

Declaration of Competing Interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

References 

[1] G. Lippi, F. Sanchis-Gomar, G. Cervellin, Global epidemiology of atrial fibrillation: 
An increasing epidemic and public health challenge, Int. J. Stroke. 16 (2) (2021) 
217–221. 

[2] W.B. Kannel, P.A. Wolf, E.J. Benjamin, D. Levy, Prevalence, incidence, prognosis, 
and predisposing conditions for atrial fibrillation: Population-based estimates, Am. 
J. Cardiol. 82 (8A) (1998) 2N–9N. 

[3] P.A. Wolf, R.D. Abbott, W.B. Kannel, Atrial fibrillation as an independent risk 
factor for stroke: The framingham study, Stroke 22 (8) (1991) 983–988. 

[4] P. Kirchhof, A.J. Camm, A. Goette, A. Brandes, L. Eckardt, A. Elvan, T. Fetsch, I. 
C. van Gelder, D. Haase, L.M. Haegeli, F. Hamann, H. Heidbüchel, G. Hindricks, 
J. Kautzner, K.-H. Kuck, L. Mont, G.A. Ng, J. Rekosz, N. Schoen, U. Schotten, 
A. Suling, J. Taggeselle, S. Themistoclakis, E. Vettorazzi, P. Vardas, 
K. Wegscheider, S. Willems, H.J.G.M. Crijns, G. Breithardt, Early Rhythm-Control 
Therapy in Patients with Atrial Fibrillation, N. Engl. J. Med. 383 (14) (2020) 
1305–1316. 

[5] R.R. De With, E.G. Marcos, E.A.M.P. Dudink, H.M. Spronk, H.J.G.M. Crijns, 
M. Rienstra, I.C. Van Gelder, Atrial fibrillation progression risk factors and 
associated cardiovascular outcome in well-phenotyped patients: Data from the AF- 
RISK study, Europace. 22 (3) (2020) 352–360. 

[6] Y. Fan, X. Zhao, X. Li, N. Li, X. Hu, Cardiac troponin and adverse outcomes in atrial 
fibrillation: A meta-analysis, Clin. Chim. Acta 477 (2018) 48–52. 

[7] M.R. Bootcov, A.R. Bauskin, S.M. Valenzuela, et al., MIC-1, a novel macrophage 
inhibitory cytokine, is a divergent member of the TGF-beta superfamily, Proc. Natl. 
Acad. Sci. U. S. A. 94 (21) (1997) 11514–11519. 

[8] A. Assadi, A. Zahabi, R.A. Hart, GDF15, an update of the physiological and 
pathological roles it plays: A review, Pflugers Arch. 472 (11) (2020) 1535–1546. 

[9] K.C. Wollert, T. Kempf, L. Wallentin, Growth differentiation factor 15 as a 
biomarker in cardiovascular disease, Clin. Chem. 63 (1) (2017) 140–151. 

[10] J.P. Goetze, B.G. Bruneau, H.R. Ramos, T. Ogawa, M.K. de Bold, A.J. de Bold, 
Cardiac natriuretic peptides, Nat. Rev. Cardiol. 17 (11) (2020) 698–717. 

Table 2 
Overview of risk indicators per biomarker. EHRA = European heart rhythm 
association; LAVI = left atrial volume index; LVEF = left ventricular ejection 
fraction; AF = atrial fibrillation.  

NTproBNP  GDF15  Troponin T 

Age 
Sex 
EHRA category  

Age 
Smoking 
LVEF (%)  

Age 
Sex 

CHA2DS2VASc 
- Age 
- Sex 
- Hypertension 
- Coronary artery 
disease 
- Chronic heart 
failure  

CHA2DS2VASc 
- Age 
- Hypertension 
- Diabetes mellitus 
- Coronary artery 
disease 
- Chronic heart 
failure  

CHA2DS2VASc 
- Age 
- Sex 
- Coronary artery 
disease 
- Chronic heart 
failure 

Persistent AF     
LAVI (mL/m2)     
LVEF (%)      
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