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Background: Atrial fibrillation (AF) is common in heart failure (HF). It is unclear whether AF has an independent
prognostic role in HF. The aim of the present study was to assess the prognostic role of AF in HF patients with
reduced ejection fraction (EF).
Methods:HFpatientswere followed in17 centers for 3.15 years (1.51–5.24). Study endpointswere the composite
of cardiovascular (CV) death and heart transplant (HTX) and all-cause death. Data analysis was performed
considering the entire population and a 1 to 1match between sinus rhythm (SR) and AF patients. Match process
was done for age ± 5, gender, left ventricle EF ± 5, peakVO2 ± 3 (ml/min/kg) and recruiting center.
Results: A total of 3447 patients (SR = 2882, AF = 565) were included in the study. Considering the entire pop-
ulation, CV death and HTX occurred in 114 (20%) AF vs. 471 (16%) SR (p = 0.026) and all-cause death in 130
(23%) AF vs. 554 (19.2%) SR patients (p = 0.039). At univariable Cox analysis, AF was significantly related to
prognosis. Applying a multivariable model based on all variables significant at univariable analysis (EF, peakVO2,

ventilation/carbon dioxide relationship slope, sodium, kidney function, hemoglobin, beta-blockers and digoxin)
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AF was no longer associated with adverse outcomes. Matching procedure resulted in 338 couples. CV death and
HTX occurred in 63 (18.6%) AF vs. 74 (21.9%) SR (p=0.293) and all-cause death in 71 (21%) AF vs. 80 (23.6%) SR
(p = 0.406), with no survival differences between groups.
Conclusion: In systolic HF AF is a marker of disease severity but not an independent prognostic indicator.
© 2015 European Federation of Internal Medicine. Published by Elsevier B.V. All rights reserved.
1. Introduction

Atrial fibrillation (AF) is common in patients affected by chronic
heart failure (HF) [1,2]. Data from theEuroHeart Failure Survey reported
that about 20% of patients with HF exhibit AF and that its prevalence
reaches 40% in patients with advanced disease [3,4]. HF patients with
AF show a more adverse prognosis compared to patients with HF in
sinus rhythm (SR) [5–7]. Occurrence of AF in patients with HF worsens
symptoms and complicates therapeutic management, due to several
detrimental effects including heart rate increase, reduced left ventricu-
lar (LV) loading, irregular periods of ventricular filling and decreased
cardiac output [8]. Yet, it remains unclear whether the association of
AF and prognosis in HF is due to the consequences of the arrhythmia it-
self or to the fact that AF is usually associatedwith amore severe clinical
status. Conflicting results on the prognostic role of AF in HF patients
have been recently reported [9–13].

In this study we investigated the prognostic role of AF in a large,
multicenter Italian population of patients with chronic HF and reduced
LVejection fraction (EF) that underwent cardiopulmonary exercise test-
ing (CPET). All patients are part of theMetabolic Exercise test data com-
bined with Cardiac and Kidney Indexes (MECKI) score database
[14–16]. To this aim, we compared the outcome of HF patients with
andwithout AF in the overall study population, as previously done in lit-
erature. Moreover, using a novel approach, we performed a matching
analysis for established HF prognostic parameters to assess, indepen-
dently of confounding factors, the prognostic role of AF in patients
with systolic HF.

2. Methods

2.1. Population and study procedures

We performed a cohort study on 3447 patients with a history of HF
with reduced LVEF, enrolled and prospectively followed in 17 Italian HF
centers.Most of the patients (2716)were derived from a previous study
that validated a newprognostic HF riskmodel, theMECKI score [14]. Re-
maining patients derived from a recruitment extension of the MECKI
score database.

As previously reported [14], patients needed to fulfill the following
criteria to be included in the study: previously recorded or present HF
symptoms (NYHA classes I–III, stage C of ACC/AHA classification) and
former certification of LV systolic impairment (LVEF b40%), stable HF
therapy for at least three months, ability to perform a CPET at maximal
effort and no major cardiovascular (CV) intervention or invasive treat-
ment scheduled. Exclusion criteria were moderate to severe mitral
and aortic stenosis, active pericardial disease, history of pulmonary em-
bolism and severe obstructive pulmonary disease. At enrollment, inclu-
sion and exclusion criteria were evaluated and clinical history was
recorded. Then, physical examination, laboratory, ECGand transthoracic
echocardiography were performed [14]. CPETs were performed, de-
pending on the enrolling center's equipment, using a ramp protocol
on electronically braked cycle-ergometer or a Bruce modified protocol
on treadmill technology. Peak oxygen uptake (VO2) data measured at
treadmill exercise were reduced by 10% to allow comparison with
cycle-ergometer [17]. CPET protocol was set to reach peak exercise be-
tween 8 and 12 minutes but tests were stopped as patients reported
maximal effort [18]. Exercise parameters were calculated as previously
described [14]. Patients were classified as having AF or not according
to the rhythm present on the baseline ECG [19–21]. Patients with
sinus rhythm at baseline, but with a history of AF were considered to
have paroxysmal AF and so included in the no-AF group. The study com-
plieswith the Declaration of Helsinki, the local ethics committee has ap-
proved the research protocol and informed consent has been obtained
from patients.
2.2. Follow-up and study endpoints

Patients' follow-up and procedures of data management were per-
formed as previously described [14]. In brief follow-up was carried out
according to the local HF program and ended with the last clinical
evaluation or with patients' death, heart transplantation or LV assist de-
vice implantation. If a patient died outside the hospital where he/she
was followed up, medical records of the event and reported cause of
death were considered. The primary study endpoint was the composite
of CV death and heart transplantation. In addition, a survival analysis
considering the endpoint of all-cause death was also performed.
2.3. Data analysis

Data analysis was performed in two steps. For the first we consid-
ered the entire population and divided patients into two groups
according to the presence or not of AF. Demographic, laboratory, echo-
cardiographic, CPET and follow-up data were compared between
groups, and Cox univariable and multivariable regression analysis and
Kaplan-Meier analysis were performed for the previously described
study endpoints. In the second step, as a confirmation of the first analy-
sis, we performed a 1:1 statisticalmatching between SR andAF patients.
Groupswerematched for the following variables: age±5 years, gender,
LVEF ± 5, peak VO2 ± 3 (ml/min/kg) and recruiting center. Three hun-
dred thirty-eight couples were found in whom demographic, laborato-
ry, echocardiographic, CPET and follow-up data were compared. Then,
Kaplan Meir survival analysis was repeated as previously described.
2.4. Statistical analysis

Numerical variables were reported as mean ± SD or as median and
interquartile range when non-normally distributed. Unpaired t-test or
non-parametric Wilcoxon tests were used when appropriate for
between-group comparison. Categorical variables, expressed as per-
centage or frequency, were compared by chi-square test. Potential pre-
dictors of the study outcomes were identified by univariable Cox
regression analysis. A multivariable Cox proportional hazard model
was used for assessing the independent prognostic value of AF adjusted
for the variables significant at the univariable analysis. AF patients were
matchedwith SR patients through a 1:1 statistical matching. Thismeth-
od consists of searching in the “control” group patients with conditions
similar to the ones of the “test” group, in order to reduce the presence of
confounding factors that may affect the comparison between groups.
Hazard ratios and 95% confidence intervals were calculated. Survival
analysis was evaluated through Kaplan Meier analysis and compared
by Log-Rank test. A p value b0.05 was used to define statistical signifi-
cance. All analyses were performed using SAS 9.2 statistical package
(SAS Institute Inc., Cary, NC, USA) and IBM SPSS Statistics version 20.
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3. Results

We studied 3447 HF patients (85% males) with mean age of 61.5 ±
11.8 years and median LVEF of 34.9% (interquartile range 25–37). Pa-
tients were followed for a median period of 3.15 years (interquartile
range 1.51–5.24) and 513 CV deaths and 72 heart transplantations
were recorded.

3.1. Comparison of AF vs. SR in the overall population

Of the 3447 patients, 16% (565) had AF and 84% (2882) were in
SR. Patients' demographic, laboratory, echocardiographic, CPET and
follow-up data are reported in Table 1. As in previous studies [15,22,
23], AF patients were older, showed lower peakVO2, more severe
NYHA class and were more often treated with oral anticoagulant thera-
py, digoxin and amiodarone. In particular, 77% of AF patients were on
treatment with oral anticoagulants, while the remaining 23% were ex-
cluded from this kind of therapy due to the presence of contraindica-
tions to anticoagulants or to patients' inability to manage them based
on referring cardiologist judgment. In the AF group, idiopathic dilated
cardiomyopathy was more often the etiology of HF than in SR patients,
and a worse renal function was observed. CV death and cardiac trans-
plantation occurred in 114 (20%) AF patients compared to 471 (16%)
SR patients (p = 0.026). In patients with AF, 130 (23%) deaths from
Table 1
Heart failure patients' characteristics considering overall study population divided in the
two groups of AF and SR.

AFa

(n = 565)
SRb

(n = 2882)
p Value

Age (yrs) 65.7 ± 10.7 60.7 ± 11.8 b0.001
Gender (males,%) 486 (86) 2431 (84) ns
Body mass index (kg/m2) 26.8 ± 4.3 26.7 ± 4.3 ns
NYHAc class 2.4 ± 0.6 2.2 ± 0.7 b0.001
Ischemic dilated cardiomyopathy
(n,%)

226 (40) 1505 (52) b0.001

Idiopathic dilated cardiomyopathy
(n,%)

262 (47) 1150 (40) b0.001

Other etiology (n,%) 74 (13%) 225 (8) b0.001
ICDd (n,%) 118 (21) 734 (26) 0.012
CRTe (n,%) 55 (10) 267 (10) ns
LVEFf (%) 31.9 (25–38.1) 30 (25–37) 0.022
Creatinine (mg/dl) 1.2 (0.97–1.46) 1.1 (0.91–1.32) b0.001
MDRDg 65.5 ± 22 71.1 ± 23.1 b0.001
Sodium (mEq/l) 139.3 ± 3.5 139.4 ± 3.3 ns
Potassium (mEq/l) 4.3 ± 0.4 4.2 ± 0.5 b0.01
Hemoglobin (g/dl) 13.5 ± 1.7 13.5 ± 1.6 ns
Peak VO2

h (ml/kg/min) 13.0 (10.4–16) 14.2 (11.6–17.3) b0.001
ACEi-inhibitor (n, %) 407 (72) 2271 (79) b0.001
Angiotensin II receptors blocker
(n, %)

94 (17) 439 (15.3) ns

Beta-blocker (n, %) 415 (73) 2412 (84) b0.001
Diuretics (n, %) 487 (86) 2312 (80) 0.001
Anti-aldosteronic drugs (n, %) 320 (57) 1523 (53) ns
Digoxin (n, %) 252 (45) 588 (20) b0.001
Amiodarone (n, %) 178 (32) 720 (25) 0.001
Aspirin (n, %) 136 (24) 1687 (59) b0.001
Anticoagulant oral therapy (n, %) 435 (77) 648 (23) b0.001
Follow-up (yrs) 3.01 (1.53–5.31) 3.20 (1.50–5.24) ns
All-cause death (%) 130 (23) 554 (19.2) 0.039
CVj death + cardiac transplant (%) 114 (20) 471 (16) 0.026

Data are expressed asmean value± SD,median values and interquartile range or number
(%) of patients.

a AF = atrial fibrillation.
b SR = sinus rhythm.
c NYHA= New York Heart Association.
d ICD = implantable cardioverter defibrillator.
e CRT = cardiac resynchronization therapy.
f LVEF = left ventricular ejection fraction.
g MDRD = modification of diet in renal disease.
h VO2 = oxygen uptake.
i ACE = Angiotensin Converting Enzyme.
j CV = cardiovascular.

Fig. 1.Kaplan–Meier analysis in the overall study population divided into two groups of AF
(n = 565) and SR (n = 2882) patients. A. Kaplan–Meier analysis for the composite out-
come of CV death + cardiac transplantation. B. Kaplan–Meier analysis for the endpoint
of all-cause death.
any cause were recorded compared to 554 (19.2%) in the SR group
(p= 0.039). Kaplan–Meier analysis showed a significantly worse prog-
nosis of the AF group for the composite outcome of CV death + cardiac
transplantation (Log-Rank p=0.045; Fig. 1A), while differences did not
reach statistical significance for any-cause death (Log-Rank p = 0.065;
Fig. 1B).

3.2. Prognostic value of AF in the overall study population:
multivariable model

In all patients, at univariable Cox analysis, the presence of AF was
significantly related to prognosis, both for the composite outcome of
CV death and heart transplantation (HR 1.235, 95% CI 1.017–1.5;
ProbChiSq = 0.032) and all-cause death (HR 1.284, 95% CI 1.047–
1.574; ProbChiSq=0.016). In addition, several of the analyzed variables
resulted significantly related to prognosis. When variables were ana-
lyzed in a multivariable Cox model, AF was no longer associated with
adverse outcome (Table 2, Table 3).
Table 2
Multivariable Cox regression analysis in overall study population for the primary compos-
ite outcome of cardiovascular death and heart transplantation.

HR Lower CI Upper CI ProbChiSq

Gender 1.640 1.205 2.232 0.001
LVEFa 0.966 0.952 0.980 b0.001
VO2

b peak (ml/Kg/min) 0.929 0.899 0.960 b0.001
VE/VCO2

c slope 1.030 1.017 1.043 b0.001
Sodium 0.955 0.927 0.983 0.001
MDRDd 0.989 0.984 0.994 b0.001
Hemoglobin 0.876 0.820 0.936 b0.001
Beta-blockers 0.750 0.596 0.943 0.014
Digoxin 1.611 1.276 2.034 b0.001

a LVEF = left ventricular ejection fraction.
b VO2 = oxygen uptake.
c VE/VCO2 = minute ventilation/carbon dioxide production slope.
d MDRD = modification of diet in renal disease.



Table 3
Multivariable Cox regression analysis in overall study population for the study endpoint of
all-cause death.

HR Lower CI Upper CI ProbChiSq

Gender 1.706 1.278 2.277 b0.001
LVEFa 0.973 0.960 0.986 b0.001
VO2

b peak (ml/Kg/min) 0.936 0.908 0.964 b0.001
VE/VCO2

c slope 1.030 1.018 1.042 b0.001
Sodium 0.955 0.930 0.982 0.001
MDRDd 0.991 0.986 0.996 b0.001
Hemoglobin 0.870 0.817 0.925 b0.001
Beta-blockers 0.791 0.638 0.981 0.032
Digoxin 1.492 1.201 1.854 b0.001

Abbreviations:
a LVEF = left ventricular ejection fraction.
b VO2 = oxygen uptake.
c VE/VCO2 = minute ventilation/carbon dioxide production slope.
d MDRD = modification of diet in renal disease.

Fig. 2. Kaplan–Meier analysis in the matched groups (338 couples) of AF and SR patients.
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3.3. Comparison of AF vs SR in matched groups

Using matching criteria, 338 couples of AF and SR patients were
identified. Patients' demographic, laboratory, echocardiographic, CPET
and follow-up data are reported in Table 4. As expected, AF patients
were more treated with oral anticoagulant therapy and digoxin, and,
as observed in the overall population, they showed worse functional
NYHA class and idiopathic dilated cardiomyopathy as more frequent
etiology of HF. CV death and cardiac transplantation occurred in 63
(18.6%) AF patients compared to 74 (21.9%) SR patients (p = 0.293).
Table 4
AF and SR patients' characteristics after matching for age gender, LVEF, peak VO2 and
enrolling center (338 couples).

AFa

(n = 338)
SRb

(n = 338)
p

Body mass index (kg/m2) 26.6 ± 4 26.7 ± 4 ns
NYHAc class 2.3 ± 0.6 2.1 ± 0.6 b0.001
Ischemic dilated cardiomyopathy
(n, %)

141 (42) 202 (60) b0.001

Idiopathic dilated cardiomyopathy
(n, %)

158 (47) 108 (32) b0.001

Other etiology (n, %) 37 (11%) 28 (8) b0.001
ICDd (n, %) 78 (23) 93 (28) ns
CRTe (n, %) 37 (12) 37 (12) ns
Creatinine (mg/dl) 1.2 (1–1.51) 1.2 (0.98–1.44) ns
MDRDf 64.7 ± 22.4 66.3 ± 23.7 ns
Sodium (mEq/l) 139.2 ± 3.5 139.3 ± 3.4 ns
Potassium (mEq/l) 4.3 ± 0.5 4.4 ± 0.5 0.005
Hemoglobin (g/dl) 13.6 ± 1.6 13.4 ± 1.7 ns
ACEg-inhibitor (n, %) 248 (73) 266 (79) ns
Angiotensin II receptors blocker
(n, %)

51 (15) 45 (13) ns

Beta-blocker (n, %) 250 (74) 272 (80) 0.044
Diuretics (n, %) 288 (85) 291 (86) ns
Anti-aldosteronic drugs (n, %) 191 (57) 182 (54) ns
Digoxin (n, %) 133 (39) 64 (19) b0.001
Amiodarone (n, %) 107 (32) 103 (31) ns
Aspirin (n, %) 92 (27) 208 (62) b0.001
Anticoagulant oral therapy (n, %) 257 (76) 70 (21) b0.001
Follow-up (yrs) 2.84 (1.6–5.31) 3.04 (1.27–5.07) ns
All-cause death (%) 71 (21) 80 (23.6) ns
CVh death + cardiac transplant (%) 63 (18.6) 74 (21.9) ns

Data are expressed asmean value± SD,median values and interquartile range or number
(%) of patients.
Abbreviations:

a AF = atrial fibrillation.
b SR = sinus rhythm.
c NYHA= New York Heart Association.
d ICD = implantable cardioverter defibrillator.
e CRT = cardiac resynchronization therapy.
f MDRD = modification of diet in renal disease.
g ACE = Angiotensin Converting Enzyme.
h CV = cardiovascular.

A. Kaplan–Meier analysis for the composite outcome of CV death + cardiac transplanta-
tion. B. Kaplan–Meier analysis for the endpoint of all-cause death.
In patients with AF, 71 (21%) deaths from any cause were recorded
compared to 80 (23.6%) events in SR patients (p = 0.406). Kaplan–
Meier analysis showed no differences between AF and SR patients
both for CV death + cardiac transplantation (Log-rank p = 0.382;
Fig. 2A) and all-cause death (Log-Rank p = 0.556; Fig. 2B).

4. Discussion

The present study confirms that persistent or permanent AF is fre-
quent in chronic HF with reduced LVEF and supports the hypothesis
that AF is not independently associated with adverse HF prognosis, ei-
ther in the whole cohort, or in a subgroup of patients with AF or SR
matched for clinical characteristics and follow-up.

Novelties of the present study are represented by the examined HF
population and by the statistical approach used to investigate the prog-
nostic role of AF in HF. Concerning the study population, we analyzed
relatively young patients with, in particular, 77 moderate systolic im-
pairment, mean II NYHA class and ability to perform a CPET at maximal
effort. Still contrasting data are available about the prognostic role of AF
in HF patients with modest functional impairment and moderate to se-
vere LV dysfunction. However, no data about exercise capacity were re-
ported in previous studies and exercise related variables were not
included in regression models, despite their well-known prognostic
value inHFpatients. About the statistical approach, a standardmultivar-
iable model and a case-matching process, which aimed to match pa-
tients with AF and SR for potential confounding characteristics, were
performed to assess the prognostic role of AF in HF. Despite the applica-
tion of these two approaches might appear as a repetition, we per-
formed both analyses to overcome methods' limitations and to add a
novel methodology compared to previous reports in which only a mul-
tivariable model wad applied [9,13,19–21,25].

4.1. Previous studies

To date, there is no consensus on the prognostic role of AF in patients
affected by chronic, systolic HF. Two meta-analyses [6,7], including
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53,969 and 32,946 patients, reported that the presence of AF in chronic
HF is associated with a 30–40% increased risk of mortality. However, in
both studies, significant demographic and clinical differences were ob-
served between patients with AF or SR, although the analyses were
not adjusted for potential confounders. An independent prognostic
role of AF has been reported in a retrospective analysis of the SOLVD
study [19], which included 6517 patients with reduced LVEF. Similarly,
in a CHARMstudy subanalysis [20], the presence of AFwas associated, at
multivariate analysis, with an increased risk of all-cause mortality and
CV death/hospitalization. On the contrary, data from 3029 chronic HF
patients enrolled in the COMET study [21] revealed that, after adjusting
for other predictors of prognosis, AF was no longer an independent pre-
dictor of mortality. However, new onset AF was indpendently associat-
ed with a worse prognosis. Data from V-HeFT I and II trials [24]
demonstrated that the presence of AF in patients withmild tomoderate
systolic HF does not affect morbidity and mortality rates.

More recently, Tveit et al. [25] analyzed data from 4048 patients re-
ferred to Norwegian HF outpatient clinics, 1391 of which were in AF
and 2657 in SR, followed-up for 28 months, and found that AF was asso-
ciatedwith an increased risk of death at univariate analysis (HR=1.181;
p=0.008), but that this effect disappearedwhen adjusted for confound-
ing variables, such as age, NYHA class and ischemic HF etiology (HR =
1.037; p = 0.619). Similar results were reported from the Japanese
Cardiac Registry on HF in Cardiology (JCARE-CARD) [13], where AF was
non independently associatedwith all-cause death aswell as with hospi-
talization for HF. Raunso et al. [11] followed up to 7 years 2881 patients
hospitalized for HF and found that AF was associated with an increased
risk of death only in presence of an underlying ischemic etiology, where-
as, Linssen et al. [12] reported that AF was an independent predictor of
the composite outcome of death or HF hospitalization only in patients af-
fected by HFwith preserved LVEF (HR=1.49; p=0.03) but not in those
with reduced systolic function (HR=1.05; p=0.72). Finally it should be
noticed that the population analyzed in the present study is characterized
by HF patients able to perform a symptom limited CPET. Accordingly our
population differs from all the previous ones.

In the entire study population of the present study, univariable anal-
ysis showed a more frequent occurrence of the composite outcome of
CV death and heart transplantation (20% vs. 16%; p=0.026) and higher
rates of all-cause mortality (23% vs. 19.2%; p = 0.039) in patients with
AF. Nevertheless, HF patients with AF, compared to SR patients, signifi-
cantly differed for several characteristics that are associated with ad-
verse prognosis, including age, NYHA class, peak VO2 and renal
function, making it difficult to distinguish an independent prognostic
influence of AF on adverse outcomes. To overcome these differences,
we analyzed the independent impact of AF using two different statisti-
cal models: 1) a multivariate, Cox regression model assessing the inde-
pendent role of AF in the whole study cohort; and 2) a matching
analysis considering demographic data (age and gender), HF severity
parameters (LVEF, peakVO2) in a subgroup of patients with either AF
or SR. Notablymatching analysis included the center where the patients
were recruited. This is particularly important because it allowed us to
overcome possible differences in treatment and follow-up strategies
aswell as in referred population,which are likely to occur inmulticenter
studies, and might have affected patients' outcome. To our knowledge,
this is the first analysis matching AF and SR patients with chronic HF
that enables more accurately to investigate the independent role of AF
in chronic HF patients. Both models showed that AF was not an inde-
pendent predictor of adverse outcome in our patients with systolic HF.

4.2. Study limitations

The results of the present study are in linewith theMECKI score [14],
where only 6 out of the almost 200 variables analyzed resulted related
to prognosis — specifically peak VO2, LVEF, hemoglobin, plasma Na+,
kidney function as assessed byMDRD, and ventilation efficiency during
exercise as assessed by the minute ventilation vs. carbon dioxide
production slope. In further studies of the MECKI score research
group, the only variable that adds a prognostic power to the MECKI
score was the non-identification of anaerobic threshold [16]. In this re-
gard, a relevantmethodological study limitationmust be recognized. In-
deed, our population, albeit much larger, included HF patients used for
the MECKI score calculation. This is a strength, but at the same time a
potential weakness of the study, which selected patients with specific
criteria [14], including the ability to perform a cardiopulmonary stress
test. In addition, MECKI score study was not designed to prospectively
assess the importance of AF in HF, so the importance of AF may be
underestimated in this analysis. Although we did not identify a specific
prognostic role of AF in HF, our observation does not add any informa-
tion about the management of AF in HF, including the opportunity/
need for cardioversion or to the debate between rhythm control and
rate control. Interestingly, it is unknown at present if SR restoration is
associated with changes of parameters such as LVEF or peak VO2 that
offset the direct role of AF in HF prognosis. About the effects of antiar-
rhythmic drugs on study outcomes, we also repeated the multivariable
analysis including drugs and no effects on the study outcomes were ob-
served for HF treatments or for reported antiarrhythmic drugs (data not
shown). Notably in the first MECKI score study [14] amiodarone, the
most used antiarrhythmic drug in HF patients, was significantly related
to prognosis only at univariate analysis. The likely explanation is that
this drug is useful but given usually to patients with most severe HF.

Other study limitations must be considered. First of all, no data are
available about the prognostic role of new onset AF in HF patients and
no analysis for AF subtypes was performed. In addition, our follow-up
was particularly long— an average of 3.15 years. Again, this is a strength
of the present study, but also aweakness. Indeed, during follow-up, clin-
ical, laboratory and therapeutic changes may have occurred; also AF
may have shown up in some cases and disappeared in others — albeit
unlikely for persistent and permanent AF. Also, we recognize that we
have considered only 5 of the several confounding factors in the
matching analyses. Indeed, although ours was a large population with
a prolonged follow-up, adding other matching categories would have
reduced the couples available and therefore reduced the significance
of our study. However, because also considering 5 matching variables
the prognostic significance of AF in HF was lost, we believe that this is
a negligible limitation. Among analyzed variables, we did not include
QRS duration because of lack of this data from some of the recruiting
centers. However, in an ongoing update of our database we are also try-
ing to collect information on this parameter in order to assess its prog-
nostic value in AF and SR patients. Finally, in the present study as well
as in others [19], AF was more frequently observed in patients with id-
iopathic cardiomyopathy. We have not a definite explanation for this
finding. Moreover, due to the small number of patients with idiopathic
cardiomyopathy we couldn't analyze these patients separately.

5. Conclusion

This large,multicenter study showed that AF is amarker of advanced
disease, but it is not independently associated to adverse prognosis in
chronic HF patients with reduced LVEF.

Learning points

• Atrial fibrillation is common in patients affected by chronic heart fail-
ure, however it remains unclear whether the association of atrial fi-
brillation and prognosis in heart failure is due to the consequences
of the arrhythmia itself or to the fact that atrial fibrillation is usually
associated with a more severe clinical status.

• The results of the current study confirm that persistent or permanent
atrial fibrillation is frequent in chronic heart failure with reduced sys-
tolic function and demonstrates that it is not independently associat-
ed with adverse heart failure prognosis, either in the whole analyzed
population, or in a subgroup of patients with atrial fibrillation or
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sinus rhythm matched for clinical characteristics and follow-up,
whereas should be considered as a marker of advanced disease.
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Appendix A

Other members of the MECKI score group are:

– Centro Cardiologico Monzino, IRCCS, Milano: Fabrizio Veglia, Anna
Apostolo, Pietro Palermo, Stefania Farina, Mauro Contini, Valentina
Mantegazza, Erika Bertella;

– Department of Clinical and Molecular Medicine, Azienda
Ospedaliera Sant'Andrea, “Sapienza” Università degli studi di
Roma, Italy: Damiano Magrì, Matteo Casenghi;

– Cardiac Rehabilitation Unit, Fondazione Salvatore Maugeri, IRCCS,
Scientific Institute of Milan, Milan, Italy: Maurizio Bussotti, Giovanni
Marchese;

– Fondazione Salvatore Maugeri, IRCCS, Istituto Scientifico di Veruno:
Pantaleo Giannuzzi, Andrea Giordano, Alessandro Mezzani;

– Cardiology Division, Santo Spirito Hospital, Roma, Italy: Alessandro
Ferraironi, Roberto Ricci;

– Cardiologia Riabilitativa, Ospedali Riuniti, Ancona: Francesca
Pietrucci;

– Istituto Auxologico Italiano: Gabriella Malfatto;
– Istituto Mediterraneo per i Trapianti e Terapie ad Alta

Specializzazione, ISMETT, Palermo, Italy: Chiara Minà;
– Cardiologia SUN, Ospedale Monaldi, Napoli: Teo Roselli, Andrea

Buono, Raffaele Calabrò;
– CNR-Milano: Renata De Maria;
– “S. Maugeri” Foundation, IRCCS, CassanoMurge: Andrea Passantino,

Daniela Santoro, Saba Campanale, Domenica Caputo;
– “S. Maugeri” Foundation, Tradate: Raffaella Vaninetti, Donatella

Bertipaglia;
– Ospedali Riuniti and University of Trieste: Marco Confalonieri,

Emanuela Berton, Chiara Torregiani;
– Dipartimento Cardiologico “A. De Gasperis”, Ospedale Cà Granda-

A.O. Niguarda, Milano, Italy: Fabrizio Oliva;
– Fondazione Gabriele Monasterio, CNR-Toscana, Pisa: Luigi E

Pastormerlo;
– Cardiology, University of Civil Hospital, Brescia: Livio Dei Cas,

Valentina Carubelli;
– Section of Cardiology, Department of Medicine, University of

Verona: Elisa Battaia, Corrado Vassanelli;
– Division of Cardiology, Salvatore Maugeri Foundation, IRCCS,

Institute of Milan: Giovanni Marchese;
– Southampton Statistical Sciences Research Institute & School of

Mathematics, University of Southampton, Southampton, United
Kingdom; Department of Public Institutions, Economy and Society,
Università “Roma Tre”, Roma, Italy: Antonello Maruotti;

– Department of Cardiology, University of Foggia: Antonio Totaro,
Armando Ferraretti, Tommaso Passero.
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