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Objective. We evaluated the prognostic role of circulat-
ing cardiovascular biomarkers in patients with a his-
tory of recent atrial fibrillation (AF).

Background. Predicting long-term maintenance of sinus
rhythm in patients with AF is difficult.

Methods. Plasma concentrations of three specific car-
diac markers [high-sensitivity troponin T (hsTnT),
N-terminal probrain natriuretic peptide (NT-proBNP)
and mid-regional proatrial natriuretic peptide (MR-
proANP)] and three stable fragments of vasoactive
peptides [mid-regional proadrenomedullin (MR-
proADM), copeptin (CT-proAVP) and CT-proendoth-
elin-1 (CT-proET-1)] were measured at baseline and
after 6 and 12 months in 382 patients enrolled in the
GISSI-AF study, a prospective randomized trial to
determine the effect of valsartan to reduce the recur-
rence of AF. The association between these markers,
clinical characteristics and recurrence of AF was
tested by univariate and multivariate Cox models.

Results. Mean patient age was 68 + 9 years (37.2%
females). A total of 84.8% of patients had a history of
hypertension. In total, 59.7% qualified for history of
AF because of successful cardioversion, 11.8% be-
cause of two or more episodes of AF in the 6 months
preceding randomization and 28.5% because of both.
Patients in AF at 6 or 12 months (203 (53.1%) with
first recurrence) had significantly higher concentra-
tions of most biomarkers. Despite low baseline levels,
higher concentrations of hsTnT {adjusted hazard ra-
tio (HR) [95% confidence intervals (Cls) for 1 SDincre-
ment] (1.15 [1.04-1.28], P=0.007), MR-proANP
(1.15[1.01-1.30], P= 0.04), NT-proBNP (1.24 [1.11-
1.39], P= 0.0001) and CT-proET-1 (1.16[1.01-1.33],
P=0.03) independently predicted higher risk of a first
recurrence of AF. Changes over time of MR-proANP
tended to predict subsequent recurrence (adjusted
HR[95%CI]) (1.53[0.98-2.37], P = 0.06).

Conclusion. Circulating markers of cardiomyocyte in-
jury/strain and endothelin are related to recurrence
of AF in patients in sinus rhythm with a history of re-
centAF.

Keywords: atrial fibrillation, natriuretic peptides, prog-
nosis, troponin T.

Abbreviations: AF, atrial fibrillation; ARB, angiotensin
receptor blocker; CT-proAVP, copeptin or C-terminal
provasopressin; CT-proET-1, C-terminal proendoth-
elin-1; hsTnT, high-sensitivity cardiac troponin T;
MR-proADM, mid-regional proadrenomedullin; MR-
proANP, mid-regional proatrial natriuretic peptide;
NT-proBNP, N-terminal probrain natriuretic peptide.

*A completelist of the studyinvestigatorsis presented
inthe Appendix.
SRL and SM contributed equally to the study.
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Introduction

Atrial fibrillation (AF) recurs within the first year after
successful cardioversion in about 50% of patients [1].
Predictors of recurrence may help in planning the fre-
quency of planned clinical visits, in modulating ther-
apy and in better understanding the pathophysiology
of the disease. Whilst several studies have reported
increased concentrations of cardiovascular markers
in patients with AF [2-7], few studies have assessed
the predictive roles of these markers in patients in si-
nus rhythm at high risk of AF [8, 9]. Given the com-
plexity of studies in this field because of the heteroge-
neity of populations and the limitations in terms of
sample size, it can be concluded that in general natri-
uretic peptides are elevated during AF and predict AF
recurrence or first occurrence in patients with vari-
ous comorbidities [3], hypertension [10] and heart
failure [11], or those who have undergone cardiac
surgery [12]. Major limitations of these studies in-
clude small sample size (<100 patients) and/or retro-
spective design.

GISSI-AF, a trial to determine the effect of valsartan
in preventing recurrence of AF in patients in sinus
rhythm [13], appeared to be a suitable setting to
investigate how different biomarkers would predict
recurrence of AF. Accordingly, six different cardiovas-
cular markers were assayed in 382 patients enrolled
in the GISSI-AF trial. High-sensitivity cardiac tropo-
nin T (hsTnT) and N-terminal probrain natriuretic
peptide (NT-proBNP) were measured as sensitive and
specific markers of cardiac injury/strain/filling pres-
sures. Mid-regional proatrial natriuretic peptide
(MR-proANP) was assayed as it is considered to best
reflect atrial strain, a determinant of AF. Amongst the
three vasoactive peptides, C-terminal proendothelin-
1 (CT-proET-1) was measured because of the relation
between endothelin and new-onset AF in heart failure
[12] and because of its possible role in the pathogene-
sis of AF [14, 15]. Mid-regional proadrenomedul-
lin (MR-proADM) and C-terminal provasopressin
(copeptin) have been found to be related to the
altered haemodynamics and volume load in heart
failure[16, 17].

Patients and methods

The GISSI-AF trial was a randomized, double-blind,
placebo-controlled, multicentre study that enrolled
1442 patients who were in sinus rhythm but had had
either two or more documented episodes of AF in the
previous 6 months or successful cardioversion for AF
in the previous 2 weeks (qualifying history of AF). To

be eligible for the study, patients also had to have
underlying cardiovascular disease, diabetes orleft at-
rial enlargement. The aim of the trial was to determine
whether valsartan could reduce the recurrence of AF
[13, 18]. In a subset of 382 patients recruited in 36
clinical centres (see Appendix), blood samples were
drawn at randomization and after 6 and 12 months
of follow-up. Patients remained supine for at least
15 min before blood was collected using an indwell-
ing venous cannula. Blood was centrifuged at 4 °C
within 10 min, and plasma aliquots were sent, on dry
ice, to a central laboratory. Samples were stored for
upto 2 yearsat—70 °Cuntilrequired for assay.

Study visits were scheduled at weeks 2, 4, 8, 24 and
52. Aroutine clinical examination, including electro-
cardiography (ECG) and laboratory testing, was per-
formed at each study visit. To increase the likelihood
of AF detection, all patients were provided with a
transtelephonic monitoring device (Cardiobios 1;
Telbios, Milan, Italy). Patients were asked to activate
the device, which would transmit a 30-s electrocar-
diogram to both the coordinating centre and the
responsible physician, if symptoms occurred and at
least once a week whether or not symptoms occurred.
If a recurrence of AF was detected, patients were
asked to come in for an office visit to confirm the find-
ings. Each AF episode during the trial was adjudi-
cated blindly by a central reader and verified by an ad
hocvalidation committee.

Determination of biomarker concentrations

The six biomarkers were assayed in a central labora-
tory in a blinded fashion in EDTA-anticoagulated
plasma. Measurements of B-type natriuretic peptide
and endothelin-1 were prespecified in the protocol
[18]. Plasma concentrations of MR-proANP, MR-
proADM, CT-proET-1 and copeptin were measured
with chemiluminescence immunoassays (BRAHMS
AG, Henningsdorf, Germany). The limits of detection
of these assays were 6 pmol L' for MR-proANP,
0.08 nmol L™! for MR-proADM, 0.4 pmol L™ for CT-
proET-1 and 1.7 pmol L™! for copeptin. The sensitiv-
ity of the functional assay, defined as the concentra-
tion at which the interassay coefficient of variation
(CV) was 10%, was 65 pmol L' for MR-proANP,
0.4 nmol L' for MR-proADM, 10 pmol L™! for CT-
proET-1 and 9 pmol L™! for copeptin. The normal
reference ranges for the four biomarkers have been
published previously and are expressed as median
[2.5th-97.5th percentiles] as follows: MR-proANP, 45
[18.4-163.9] pmol L™!; MR-proADM, 0.33 [0.17-
0.49] nmol L™'; CT-proET-1, 44.3 [24.8-66.6]

© 2010 The Association for the Publication of the Journal of Internal Medicine Journal of Internal Medicine 269; 160-171 161



R. Latini et al. Biomarkers of AF recurrence

pmol L™'; copeptin, 4.2 [1.7-11.25] pmol L™ .
NT-proBNP and hsTnT were measured using an
electrochemiluminescence immunoassay method
(Elecsys 2010 analyzer; Roche Diagnostics, Rotk-
reuz, Switzerland), as previously described [19, 20].
The 99th percentile cut-off for hsTnT from 616
healthy reference subjects was 13.5 pg mL™!, and
the CVwas 9%[21].

Statistical methods

Baseline characteristics of study patients by first AF
recurrence were compared by chi-square test or by ¢-
test. Concentrations of the biomarkers were ex-
pressed as median [quartile 1-quartile 3]. Median
concentrations of the biomarkers were compared by
nonparametric Wilcoxon rank-sum test or Kruskal-
Wallis test when appropriate.

The association between biomarker concentrations
and firstrecurrence of AF was evaluated over a follow-
up period of 1 year. The association between baseline
concentration of each biomarker and first recurrence
of AF was assessed by univariate Cox proportional
hazards models. Biomarkers were modelled as con-
tinuous variables (expressed as 1 SD increment) as
linearity of the hazard was tested by appropriate
transformation using restricted cubic splines to
account for possible nonlinear relationships. Cox
multivariate models were performed to evaluate the
independent prognostic value of each biomarker sep-
arately; adjusting for baseline covariates emerged as
statistically significant from the stepwise selection
procedure (P < 0.05), i.e. qualifying history of AF,
smoking, documented coronary artery disease and
history of lone AF with atrial dilatation. The prognos-
tic discrimination of each biomarker for first AF
recurrence was evaluated by the area under the recei-
ver operating characteristic curve (AUROC). We also
investigated whether the addition of different combi-
nations of the biomarkers improved the discrimina-
tion of the model. Estimates of the C-statistic for the
Cox regression models were calculated according to
the method of Pencina et al [22]. Kaplan-Meier
curves for the probability of first recurrence of AF
were plotted for baseline concentrations of the six bio-
markers according to their median cut-off value and
compared by the log-rank test. Similarly, the inde-
pendent prognostic value of each biomarker on all-
cause and cardiovascular hospitalizations was as-
sessed by univariate and multivariate Cox models.

Concentrations of all biomarkers in patients who
were in sinus rhythm compared with those in AF at

the 6-month and 12-month scheduled ECG record-
ings were compared by Wilcoxon rank-sum test.

Each biomarker measured at baseline, 6 and 12
months was analysed in terms of within-patient
changes over time for first AF recurrence. A repeated-
measures analysis of variance (anova) was performed
on the biomarker concentrations transformed on a
logarithmic scale.

To evaluate the prognostic value of changes in bio-
marker concentrations over 6 months on the risk of
AF recurrence, relative changes of each marker
[(6 months-baseline)/baseline] were calculated. For
those patients in sinus rhythm at 6 months’ follow-
up, univariate and multivariate Cox models were
used to assess the association between changes
(median value cut-off) in the biomarkers and the first
occurrence of AF within the next 6 months (6—
12 months).

All probability values are two-tailed, and 95% confi-
dence intervals (Cls) were calculated. Because of the
exploratory nature of this study, adjustments for the
multiplicity of statistical analyses have not been
made. Statistical analyses were performed with sas
software, version 9.1 (SAS Institute, Cary, NC, USA)
and with the program R and the package rms (http://
CRAN.R-project.org/package=rms).

Results
Baseline characteristics

Baseline characteristics of the study patients overall
and by first recurrence of AF are shown in Table 1.
The only statistically significant differences between
patients who did and did not have a recurrence of AF
were sex and qualifying history of AF: males and pa-
tients with two or more episodes of AF in the previous
6 months were more likely to have a recurrence of
AF.

The characteristics of the 382 patients in the biomar-
ker substudy were almost identical to those of the
main GISSI-AF trial (data not shown, [13]). Accord-
ingly, 53.1% (203/382) of patients had a first recur-
rence of AF over 1 year of follow-up in the substudy,
compared to 51.7% (746/1442) in the main study.
Similar consistency of outcomes was also found for
the coprimary end-point, more than one recurrence
of AF, and for the secondary end-points of GISSI-AF.
The rate of all-cause deaths was 0.26% (1/382) in the
substudy and 1.0% (15/1442) in the main study, and
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Table 1 Baseline patient characteristics according to first recurrence of AF

Patients with >1 Patients without

All patients recurrence of AF recurrence of AF
Characteristics (n=2382) (n=203) (n=179) Pvalue
Females, n (%) 142 (37.2) 65 (32.0) 77(43.0) 0.03
Age, mean + SD (years) 68.1 £9.1 67.8 £9.2 68.4 £9.0 0.54
BMI, mean * SD (kg m ) 27.9+4.3 27.9+39 27.8+4.7 0.84
Systolic blood pressure, mean + SD (mmHg) 138.3 £ 16.5 137.4 £ 16.2 139.2 + 16.8 0.29
Diastolic blood pressure, mean + SD (mmHg) 81.2+84 80.6 + 8.7 81.8+8.1 0.15
Estimated GFR, mean + SD (ml min~* 1.73 m™2) 72+ 18 73 £ 17 71+18 0.39
Inclusion criteria
>2 episodes of AF in previous 6 months, n (%) 154 (40.9) 93(46.3) 61(34.7) 0.02
Cardioversion in previous 2 weeks, n (%)* 336(88.0) 174 (85.7) 162 (90.5) 0.15
Heart failure, LVEF <40%, or both, n (%) 42(11.0) 25(12.3) 17(9.5) 0.38
History of hypertension, n (%) 324 (84.8) 167 (82.3) 157 (87.7) 0.14
Diabetes mellitus, n (%) 50(13.1) 28(13.8) 22(12.3) 0.66
History of stroke, n (%) 15(3.9) 7(3.5) 8(4.5) 0.61
Peripheral artery disease, n (%) 22(5.8) 15(7.4) 7(3.9) 0.15
Documented CAD, n (%) 41(10.7) 25(12.3) 16(8.9) 0.29
Single AF episode with LA dilatation, n (%) 52(13.6) 33(16.3) 19(10.6) 0.11
Duration oflast qualifying episode of AF >7 days, n (%) 151(39.95) 80(39.4) 71(39.7) 0.94
Comorbidities
Peripheral embolism, n (%) 4(1.1) 3(1.5) 1(0.5) 0.38
Renal dysfunction, n(%) 10(2.6) 5(2.5) 5(2.8) 0.84
COPD, n (%) 33(8.6) 21(10.3) 12(6.7) 0.21
Neoplasia, n (%) 12(3.1) 4(2.0) 8(4.5) 0.16
Current smoking, n (%) 36(9.4) 20(9.9) 16(8.9) 0.21
Alcohol abuse, (%) 4(1.1) 1(0.5) 3(1.7) 0.26
Electrocardiography findings at randomization
Heartrate, mean + SD (bpm) 62.2 £9.7 61.9+£9.8 62.6 £ 9.6 0.50
QRS > 120 ms, n(%) 43(11.3) 23(11.4) 20(11.2) 0.95
LVH, n (%) 34(8.9) 19(9.4) 15(8.4) 0.74
Pathological Q waves, n(%) 11(2.9) 6(3.0) 5(2.8) 0.92
Concomitant cardiovascular therapies
Amiodarone, n (%) 148(38.7) 74 (36.5) 74(41.3) 0.33
Sotalol, (%) 28(7.3) 18(8.9) 10(5.6) 0.22
Classlantiarrhythmics, n (%) 127(33.3) 68(33.5) 59(33.0) 0.91
ACE inhibitors, n (%) 206 (53.9) 115(56.7) 91(50.8) 0.26
CCBs, n(%) 108 (28.3) 54(26.6) 54(30.2) 0.44
f-Blockers, n (%) 114(29.8) 58(28.6) 56(31.3) 0.56
Digitalis, n (%) 16(4.2) 10(4.9) 6(3.4) 0.44
Diuretics, n (%) 149(39.0) 85(41.9) 64 (35.8) 0.22
Aldosterone blockers, n (%) 20(5.2) 8(3.9) 12(6.7) 0.23
Statins, n (%) 98 (25.7) 53(26.1) 45(25.1) 0.83
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Table1 (Continued)

Patients with >1 Patients without
All patients recurrence of AF recurrence of AF
Characteristics (n=2382) (n=203) (n=179) Pvalue
Oral anticoagulants, n (%) 233(61.0) 126 (62.1) 107 (59.8) 0.65
Aspirin, n (%) 101 (26.4) 55(27.1) 46(25.7) 0.76
Randomized treatment, valsartan, n (%) 186 (48.7) 106 (52.2) 80 (44.7) 0.14

AF, atrial fibrillation; ACE, angiotensin-converting enzyme; BMI, body mass index; CCB, calcium channel blocker; COPD,
chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration rate; LVH, left ventricular hypertrophy.

#109 patients had both entry criteria.

all-cause hospitalizations occurred at a rate of 18.3%
(70/382) in the substudy and 20.3% (292/1442) in
the main study.

Biomarker concentrations in sinus rhythm and in AF

Baseline levels of the biomarkers are shown in
Table 2. Concentrations of all biomarkers were higher
at the 6- and 12-month follow-up visits in patients
who were in AF, compared to those who were in sinus
rhythm (Table 2).

NT-proBNP and MR-proANP significantly decreased
over the 1-year follow-up, although the decrease was
more marked over the first 6 months (Table 3).
Whereas copeptin did not change significantly, MR-
proADM and CT-proET1 slightly but significantly in-
creased. The decrease in NT-proBNP and MR-proANP
was significantly attenuated in patients with at least
one recurrence of AF over 1 year (Table 3: interaction
time x AF recurrence, P=0.0005 and 0.0007,
respectively).

Baseline NT-proBNP, MR-proANP and hsTnT were
higher in patients older than 70 years, in those with
heart failure and/or left ventricular ejection fraction
<40%, and those with coronary artery disease (data
not shown). Reduced renal filtration (estimated glo-
merular filtration rate <60 ml min~! 1.73 m?) was
associated with significantly higher concentrations
of all six biomarkers (all P < 0.01). The six biomar-
kers significantly correlated with each other
(P < 0.001), with Spearman nonparametric correla-
tion coefficients ranging from 0.20 to 0.78 (the high-
est value was between NT-proBNP and MR-pro-
ANP).

When the concentrations of biomarkers were analy-
sed by time, in days from the last qualifying cardiover-
sion before randomization, lower concentrations of
biomarkers were associated with longer time inter-

vals from cardioversion. The most remarkable rela-
tion was observed for NT-proBNP: 1-7 days, 246
pg mL™'; 7-16 days, 209 pg mL™}; >16 days, 151
pg mL™! (Kruskal-Wallis test, P < 0.0001). Similar
relations were found for hsTnT (P = 0.04) and MR-
proANP (P = 0.02), but not for the other markers.

Biohumoral predictors of recurrence of AF

Kaplan-Meier curves for probability of first recur-
rence of AF by medianlevels of baseline hsTnT started
to diverge after the first 30 days of follow-up (Fig. 1;
log-rank test, P= 0.04). Similar trends were also
found for NT-proBNP (P=0.08) and MR-proANP
(P=0.07), whereas no differences were observed for
the other three vasoactive peptides.

For those patients who experienced a recurrence of
AF (n = 203), an inverse relation was found between
the baseline concentration of the two natriuretic pep-
tides (NT-proBNP and MR-proANP), but not of other
markers, and the time to develop the first AF recur-
rence (Fig. 2).

Baseline concentrations of the three specific cardiac
biomarkers (hsTnT, NT-proBNP and MR-proANP)
independently predicted recurrence of first AF, after
adjustment for patient characteristics (Cox multivar-
iate model, Table 4). Adjusted hazard ratios (HRs)
[95% Clfor 1 SDincrement]were 1.15[1.04-1.28] for
hsTnT (P = 0.007), 1.24 [1.11-1.39] for NT-proBNP
(P=0.0001) and 1.15 [1.01-1.30] for MR-proANP
(P=0.04). CT-proET-1 was also associated with the
risk of first recurrence of AF (1.16 [1.01-1.33],
P = 0.03). The risk of having more than one episode
over the 1-year follow-up period was not predicted by
any of the six biomarkers (data not shown). ROC anal-
ysis for hsTnT, NT-proBNP and MR-proANP yielded
specificities ranging from 0.49 to 0.57 and sensitivi-
ties ranging from 0.50 to 0.65, with optimal cut-off
values of 7.3 pg mL™!, 206 pg mL™! and 165 pmol
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Fig. 1 Kaplan-Meier curves for probability of first recurrence of atrial fibrillation by median of baseline concentrations of (a)
hsTnT, (b) NT-proBNP, (c) MR-proANP, (d) MR-proADM, (e) CT-proET, and (f) copeptin.

L™}, respectively. Except for hsTnT (P = 0.01), none of
the biomarkers had a C-statistic significantly differ-
ent from the line of no discrimination. The C-statistic
increased for the prediction of first AF recurrence
when all six biomarkers were incorporated into a
model with clinical risk factors and NT-proBNP (AU-
ROCfrom0.590t00.602, P = 0.02).

Patients were then divided according to relative
changes of biomarker concentrations (above or below
median) over the first 6 months of follow-up. Recur-
rence of AF within the subsequent 6 months was
more frequent in patients with above the median
changes in MR-proANP (141 patients with relative

changes from —9% to +1380%; 60.9% of these pa-
tients had an episode of AF recurrence) than in those
with below the median changes (141 patients with
relative changes from —82% to —9%; 39.1% of patients
with AF recurrence, P = 0.01), with a univariate HR of
1.77[1.15-2.72] (P = 0.009). After adjustment for rel-
evant clinical risk factors, the risk of recurrence of AF
in patients with above the median 6-month changes
in MR-proANP was still moderately elevated but no
longer significant (HR 1.53 [0.98-2.37], P= 0.06).
Similarly, recurrence of AF tended to be more
frequent in patients with above the median changes
in NT-proBNP (142 patients with relative changes
from -21% to +786%; 58.1% of patients with AF
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Fig. 2 Time to first recurrence of atrial fibrillation by tertiles
of baseline concentrations of the natriuretic peptides, N-termi-
nal proBNP and mid-regional proANP. P value determined by
Kruskal-Wallis test. T, tertile.

recurrence) than in those with below the median
changes (142 patients with relative changes from
-99% to —21%;41.9% of patients with AF recurrence,
P=0.07). Univariate HR was 1.57 [1.02-2.41]
(P = 0.04) but was no longer significant after adjust-
ment (P = 0.29). Relative changes over time for the
other four biomarkers were not associated with sub-
sequent AF recurrence.

Biohumoral predictors of all-cause and cardiovascular hospitalizations

One-year incidences of hospitalizations for any cause
and for cardiovascular reasons were 20.2% and
15.4%, respectively, in the main study, and 18.7%
and 16.3%, respectively, in the 382 patients in the
substudy. The three cardiac biomarkers were inde-
pendently associated with the outcomes of hospital-
ization for any reason or for cardiovascular reasons,
after adjustment for patient characteristics (Cox mul-
tivariate models, Table 4). MR-proADM and CT-
proET-1 predicted hospitalization for any reason.

Discussion

Predicting recurrence of AF in patients in sinus
rhythm with a history of AF is a difficult task [23]. Few
prospective studies to address this issue have identi-
fied a limited set of clinical variables [24]. Amongst
the biomarkers tested in small groups of patients, C-
reactive protein, brain natriuretic peptide and NT-
proBNP were found to predict recurrence of AF in pa-

Biomarkers of AF recurrence

tients with comorbidities [3-7]. We showed in 382 pa-
tients, with 53% 1-year incidence of a first recurrence
of AF, that: (i) several cardiovascular markers are ele-
vated during episodes of AF, when compared to sinus
rhythm; (ii) markers of cardiac injury and/or strain
(hsTnT, MR-proANP and NT-proBNP) and endothelin
(CT-proET-1) have a modest but statistically signifi-
cant predictive power of recurrence of AF; (iii) the
higher the concentration of NT-proBNP, the earlier
the onset of AF; and (iv) changes over time in the con-
centration of one of these biomarkers (MR-proANP)
were also associated with subsequent recurrence of
AF.

To our knowledge, data on the prognostic value of cir-
culating cardiac troponin assayed using a highly sen-
sitive method and of a stable fragment of a precursor
of atrial natriuretic peptide have not been previously
reported in patients with a history of AF.

The finding that modestly elevated concentrations (in
almost 50% of cases within the accepted normal
range) of three specific cardiac markers and endo-
thelin predict recurrence of AF suggests that even a
subclinical chronic condition of cardiac strain/injury
may influence AF recurrence. The use of angiotensin-
converting enzyme inhibitors (53.9%) and f-blockers
(29.8%) in these patients with hypertension (84.8%)
and heart failure (11%) may have contributed to low-
ering the concentrations of natriuretic peptides [25,
26].

The finding that the more recent the last cardiover-
sion, the higher the concentration of cardiac markers
at randomization supports the association of the lat-
ter with cardiac stress induced by or facilitating AF. A
pathophysiological difference between predictors of
recurrent AF and markers of ongoing AF is suggested
by more elevated concentrations of several markers
during episodes of AF as shown by scheduled ECG
recordings together with blood sampling at the 6- and
12-month visits. Endothelin-1 was found to be signif-
icantly more elevated in patients with chronic heart
failure who had a new episode of AF in the subsequent
23 months in the Val-HeFT trial [11] and was found
to play arolein AF pathogenesis [14, 15].

In general, either previous or concomitant AF at any
time over 1 year of follow-up (Table 2) was associated
with higher concentrations of cardiovascular biomar-
kers. This suggests thatindeed neurohumoral activa-
tion induced/sustained by AF was still present after
recent conversion to sinus rhythm. By contrast, the
remarkable stability of the concentrations of markers
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in patients in sinus rhythm supports the lack of bio-
humoral activation in these patients.

Several studies have shown elevations of cardiac bio-
markers in patients with AF and subsequent de-
creases once sinus rhythm has been restored [2, 4,
27, 28], but the underlying pathophysiology may be
different in the case of recurrence of AF in patients in
sinus rhythm with a history of AF, as in the present
study. Although only markers of cardiac strain/in-
jury were found to have predictive value, MR-proANP
that is considered to be a more specific marker of at-
rial remodelling [29] showed a predictive power as
modest as that of a ‘ventricular’ marker such as NT-
proBNP.

Study limitations

This study enrolled mostly (84.8%) hypertensive pa-
tients with other diseases being under-represented;
thus, the possible effects of comorbidities on the pre-
dictive power of these biomarkers cannot be as-
sessed. Although the number of patients was larger
than in any other published study in a similar set-
ting, we may still have missed a relationship between
biomarkers and outcomes. We estimated that we
had at least 80% power (at o = 0.05) to detect an ef-
fect size of 1.34, 1.39 and 1.38 (expressed as HR) for
>median versus <median NT-proBNP, hsTnT and
MR-proANP, respectively, and first recurrence of AF.
Indeed, the relatively weak association of these bio-
markers to risk of first recurrence of AF, as evidenced
by Cox multivariate analysis and by low AUROC val-
ues, is not surprising because of the scarcity of pre-
dictive markers (either clinical or instrumental) in
this field, and the concentrations of these biomar-
kers in our patients being in the normal range or only
slightly elevated. The fact that risk of hospitalization
for any cause or for cardiovascular reasons was
predicted by the three cardiac markers supports
the internal consistency of the sample studied. In
other words, the sample size appears to be adequate
to detect a predictive role of the cardiac biomarkers
for clinical events, even at almost normal baseline
levels.

Conclusions

Cardiovascular biomarkers are weakly associated
with recurrent AF in patients in sinus rhythm who
had either two or more documented episodes of AF in
the previous 6 months or successful cardioversion
for AF in the previous 2 weeks. Considering that the
number of patients studied was higher than in most

previously published studies to date, the weak pre-
dictive power observed is probably a better estimate
than the previously reported more striking associa-
tions in smaller populations. The temporal relation
between AF occurrence or recurrence and levels of bi-
omarkers supports the pathophysiological consis-
tency of the observed associations. Consistent with
this is the paucity of predictors of AF recurrence,
including ECG variables, in a post hoc analysis of all
1442 patients included in the GISSI-AF trial [30].
Even considering the number of patients and the
duration of follow-up, the high incidence of outcome
events (53.1%) in this study enabled identification of
three cardiac markers for testing in future ad hoc
studies in this relatively unexplored field.
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Appendix

Participating centres and investigators

Switzerland — Lugano (MG Rossi). Italy — Bagno a Ri-
poli (A Fazi), Bari Carbonara (O Pierfelice), Bergamo
(A Gavazzi, F Taddei), Bovolone (G Rigatelli, S Boni),
Bussolengo (R Trappolin), Casarano (A Muscella),
Caserta (A Vetrano), Catania (M Gulizia, GM Fran-
cese), Catanzaro (F Perticone), Citta di Castello (D
Severini), Cremona (S Pirelli, A Spotti, M Mariani), Fi-
denza (P Pastori), Firenze (GM Santoro, C Minneci),
Napoli Federico II (P Perrone Filardi), Palermo Cerv-
ello (L Buffa), Palermo Villa Sofia (F Ingrilli), Pavia (L
Tavazzi, C Belvito), Pesaro (A Pierantozzi), Pietra

© 2010 The Association for the Publication of the Journal of Internal Medicine Journal of Internal Medicine 269; 160171



R. Latini et al. Biomarkers of AF recurrence

Ligure (A Nicolino), Reggio Calabria (G Pulitano, A Trieste ASL 1 (C Mazzone, D Radini), Trieste Ospedali

Ruggeri, G Cutrupi), Roma (M Volpe), Saluzzo (S Rey- Riuniti (A Aleksova).

naud), San Bonifiacio (R Rossi, E Carbonieri, E
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