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Aim To investigate the characteristics long-term prognostic implications (up to �2.2 years) of atrial fibrillation (AF)
compared to sinus rhythm (SR), between acute and chronic heart failure (HF) with reduced (HFrEF < 40%), mid-
range (HFmrEF 40–49%), and preserved (HFpEF >_ 50%) ejection fraction (EF).

...................................................................................................................................................................................................
Methods
and results

Data from the observational, prospective, HF long-term registry of the European Society of Cardiology were ana-
lysed. A total of 14 964 HF patients (age 66 ± 13 years, 67% male; 53% HFrEF, 21% HFmrEF, 26% HFpEF) were
enrolled. The prevalence of AF was 27% in HFrEF, 29% in HFmrEF, and 39% in HFpEF. Atrial fibrillation was associ-
ated with older age, lower functional capacity, and heightened physical signs of HF. Crude rates of mortality and
HF hospitalization were higher in patients with AF compared to SR, in each EF subtype. After multivariable adjust-
ment, the hazard ratio of AF for HF hospitalizations was: 1.036 (95% CI 0.888–1.208, P = 0.652) in HFrEF, 1.430
(95% CI 1.087–1.882, P = 0.011) in HFmrEF, and 1.487 (95% CI 1.195–1.851, P < 0.001) in HFpEF; and for combined
all-cause death or HF hospitalizations: 0.957 (95% CI 0.843–1.087, P = 0.502), 1.302 (95% CI 1.055–1.608,
P = 0.014), and 1.365 (95% CI 1.152–1.619, P < 0.001), respectively. In patients with HFrEF, AF was not associated
with worse outcomes in those presenting with either an acute or a chronic presentation of HF.
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Conclusions The prevalence of AF increases with increasing EF but its association with worse cardiovascular outcomes,
remained significant in patients with HFpEF and HFmrEF, but not in those with HFrEF.
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Introduction

Heart failure (HF) is a leading cause for morbidity and hospital
readmissions.

With the ageing of the population, atrial fibrillation (AF) often
coexists with HF; they are mechanistically linked to each other, can
adversely impact cardiovascular outcomes and mortality, and to-
gether are expected to increase in prevalence in future years because
of the ageing of the population.1,2 Improvements in thrombo-embolic
risk prediction and anticoagulation therapy in recent years have led
to a reduction in stroke and thromboembolism-related mortality in
patients with AF, and cardiac complications are now the leading cause
of adverse events, with a significant HF burden in patients with AF.3,4

Therefore, the inter-relationship of these frequently co-existing con-
ditions will have a significant impact on future healthcare economics
and there is a need for a better understanding of the clinical features
and prognostic relevance of AF across the recognized sub-
populations with HF.

A new distinct HF category of mid-range ejection fraction heart
failure (HFmrEF) was recently designated in order to stimulate re-
search into the underlying characteristics, pathophysiology, and po-
tential for treatment of this population with ejection fraction (EF)
between 40% and 49%.5 The optimal HFmrEF treatment potential
remains uncertain; but similar to preserved ejection fraction heart
failure (HFpEF), it is increasing in prevalence and is associated with
older age, non-cardiac comorbidities, higher rates of AF, and more
limited treatment options. In contrast, heart failure with reduced
ejection fraction (HFrEF) is more commonly associated with coron-
ary artery disease and has gained solid evidence-based therapies.5

Although there is a close association between AF and HF, there is
heterogeneity in research evidence regarding the clinical features and
prognostic significance of AF in HFpEF compared to HFrEF sub-
types,6–13 with some contrasting findings reported, even in meta-
analyses.14–16

Therefore, the purpose was to investigate the clinical characteris-
tics and prognostic impact of AF compared to sinus rhythm (SR) in
patients with both with both acute heart failure (AHF) and chronic
heart failure (CHF), within the three subtypes of HF defined by left
ventricular EF in.

Methods

Study design
The HF Long-Term Registry of the European Society of Cardiology
(ESC) is a prospective, multicentre, observational study of inpatients and
outpatients at 211 diverse cardiology centres in 21 European and
Mediterranean countries that are members of the ESC. The names of the
countries, their geographical area, and patient distribution have been pre-
viously reported.17,18 We analysed the ESC-HF Long-Term Registry,

offering a unique opportunity to investigate a large, contemporary, and
multinational prospective cohort of HF patients around Europe, outside
of randomized clinical trials, with comparative data on long-term out-
comes (up to 800 days; �2.2 years) of survival or HF hospitalizations in
both outpatients with CHF and inpatients admitted for AHF. Enrolment
period continued from May 2011 to April 2013. The EURObservational
Research Programme (EORP) Department of the ESC was appointed to
co-ordinate the project operationally, provide support to the commit-
tees, National Coordinators, and participating centres, and to oversee
the methodological concepts of the survey and statistical analysis.

Patient population and clinical setting
Enrolment was based on a 1 day per week recruitment for 12 consecutive
months. On the screening day, entering to the registry were: (i) all outpa-
tients with CHF diagnosed according to the clinical judgement of the re-
sponsible cardiologists at the participating centres; and (ii) all inpatients
admitted to the hospital’s Cardiology Ward or Intensive Cardiac Care
Unit for AHF, for whom an intravenous therapy (inotropes, vasodilators,
or diuretics) was needed. There were no specific exclusion criteria, with
the exception that all patients must be aged over 18 years. The registry
was approved by each local Institutional Review Board according to the
rules of each participating country. No data were collected for the regis-
try purposes before detailed information was provided to the patient,
and a signed informed consent was obtained. Patients were followed up
in accordance with the usual practice of the centres, with the exception
of a mandatory follow-up visit at 12 months to collect information on
morbidity and mortality. In cases where the patient was unable to reach
the clinical centre, a phone call replaced this follow-up clinical visit
(Supplementary material online, Table S1).

Biochemical blood measurements were determined using local stand-
ard laboratory procedures. Conventional trans-thoracic echocardiogram
was used to measure left ventricular EF according to international stand-
ard criteria. Patients were categorized into three EF groups: HF with
reduced (HFrEF < 40%), mid-range (HFmrEF 40–49%), and preserved
(HFpEF >_ 50%) EF. The presence of AF was defined according to the
rhythm documented by a 12-lead electrocardiogram performed most ad-
jacent to the time of the patient’s enrolment, as determined by the
screening cardiologist in each centre. Study outcomes included 1-year
follow-up data from the ESC-HF Long-Term Registry regarding all-cause
mortality and/or HF hospitalizations. Data on mortality were available for
94% of the whole cohort (n = 14 061), whereas data on HF hospitaliza-
tions were available for 84% (n = 12 555) of the study participants.

Statistical analysis
Categorical variables are reported as numbers and percentages and com-
pared using the v2 test or a Fisher’s exact test in cases of small numbers.
Continuous variables are reported as means ± standard deviation or me-
dian and interquartile range (IQR) as appropriate. Among group compari-
sons were made using a non-parametric test (Kruskal–Wallis). Baseline
characteristics, laboratory tests, and types of treatments are reported
stratified by EF groups and the presence of AF rhythm compared to SR.
Age- and sex-adjusted logistic regression models were applied to esti-
mate the association between baseline AF and baseline clinical
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characteristics in each of the HF EF subtypes. Plots of Kaplan–Meier
curves for time to all-cause death and/or HF hospitalizations according to
the presence of AF and EF groups were performed and survival distribu-
tions compared using the log-rank test. Missing baseline or follow-up
covariate data were considered as missing values and no imputation was
performed.

The descriptive statistics for the long-term outcome in patients with
and without missing data, demonstrated the excluded patients to be
older, with lower BMI, less often HFpEF and more often AF
(Supplementary material online, Tables SA1–SA3).

A Cox regression was used to determine the hazard ratio of all-cause
death and HF hospitalizations associated with AF in each of the HF EF
subtypes. The first model was adjusted for age and sex. The covariates
included in the second multivariable regression model (detailed in the
Supplementary material online, Appendix) were chosen based on their
clinical relevance and the significance in univariable analyses with a P-value
of <0.10 and with at least 80% of data available, entered into the model
with an automatic stepwise selection.

As HFpEF vs. HFmrEF vs. HFrEF, are well-established three distinct
clinical syndromes, we performed three separated models as we found a
significant interaction between HF group and rhythm (<0.001)
(Supplementary material online, Table SB).

A two-sided P-value <0.05 was considered to be statistically signifi-
cant. All analyses were performed with SAS statistical software version
9.4 (SAS Institute, Inc., Cary, NC, USA).

Results

Patients’ characteristics
Enrolled in the ESC-HF Long-Term Registry were 19 134 patients giv-
ing informed consent. We excluded from current analysis patients
with missing information on EF or documented heart rhythm other
than AF or SR. Study population flowchart is presented in Figure 1.
Final study population included 14 964 patients. Mean age was
66± 13 years and 67% were male. Of the total study population, 26%
had HFpEF, 21% had HFmrEF, and 53% HFrEF. The corresponding
rates of AF were 39%, 29%, and 27%, respectively. The prevalence of
AF was generally age dependent in both genders, reaching 50% in HF
patients above 80 years of age (Figure 2).

Association of clinical features with atrial
fibrillation according to ejection fraction
subtypes
Compared to SR, AF was associated in each of the three EF subtypes
with older age, reduced functional capacity, previous HF hospitaliza-
tions, higher heart rates, as well as more significant HF signs of con-
gestion such as peripheral oedema and elevated jugular venous
pressure. Medical history of patients with AF was characterized by
less ischaemic heart disease in contrast to higher prevalence of stroke
and more significant mitral regurgitation on echocardiogram
(Supplementary material online, Table S1a). Atrial fibrillation was
associated with higher representation of women in HFpEF and
HFmrEF but not in HFrEF. Baseline treatment with mineralocorticoid
receptor inhibitors, oral diuretics, digoxin, and anticoagulation was
more prevalent in patients with AF, different from angiotensin-con-
verting enzyme inhibitors (ACEI) or angiotensin receptor blockers
(ARBs), statins, and antiplatelets, which were less common in those

with AF in each of the EF groups (Supplementary material online,
Table S1b).

N-terminal pro-brain natriuretic peptide test results were available
in only 30% of the patients; levels were elevated in AF compared to
SR in each of the EF groups and were generally higher in patients with
HFrEF. The age- and sex-adjusted odds ratios for the association of
baseline characteristics with the presence of AF according to EF sub-
types are presented in Supplementary material online, Table S1.

Outcomes associated with atrial
fibrillation according to ejection fraction
subtypes
All-cause death and HF hospitalization rates during the long-term
follow-up were worse in patients with AF compared to SR in each of
the three EF groups, as shown in Supplementary material online,
Table S2 presenting crude outcomes and events per 100 patient-
years. The Kaplan–Meier event free survival curves are presented in
Figure 3, showing consistently worse outcomes over time in patients
with AF compared to SR in each of the three EF groups. The gap in
outcomes between HFrEF and the two subgroups with more pre-
served EF was wider in patients in SR than in patients with AF; this
was observed for both all-cause death (Figure 3A) and HF hospitaliza-
tions (Figure 3B), and the combined outcome of all-cause mortality or
HF hospitalizations (Figure 3C).

Adjusted KM curves based on the COX multivariate regression in
each of the three HF groups are presented in Supplementary material
online, Figures S4a–c, respectively.

The age- and sex-adjusted vs. multivariable-adjusted association
between AF and all-cause death and/or HF hospitalizations is shown
in Supplementary material online, Table S3. After multivariable adjust-
ment, the long-term hazard ratio of AF for all-cause death was: 0.923
(95% confidence interval (CI) 0.782–1.091, P = 0.347) in HFrEF, 1.296
(95% CI 0.993–1.691, P = 0.057) in HFmrEF, and 1.198 (95% CI
0.954–1.504, P = 0.120) in HFpEF; and for HF hospitalizations: 1.036
(95% CI 0.888–1.208, P = 0.652), 1.430 (95% CI 1.087–1.882,
P = 0.011), and 1.487 (95% CI 1.195–1.851, P < 0.001), respectively.
Following this multivariable adjustment, the combined endpoint of
long-term all-cause death or HF hospitalizations in the HFrEF,
HFmrEF, and HFpEF groups was: 0.957 (95% CI 0.843–1.087,
P = 0.502), 1.302 (95% CI 1.055–1.608, P = 0.014), and 1.365 (95% CI
1.152–1.619, P < 0.001), respectively.

Comparison between ambulatory and
hospitalized heart failure patients
Of the overall study population, 8273 were outpatients with CHF
and 6691 were inpatients hospitalized with AHF. Compared to CHF,
patients with AHF were older (68 ± 13 vs. 64± 13 years), more were
females (37% vs. 30%), their heart rate was elevated (92.3± 25.7 vs.
73.3 ± 16.3 beats/min), and the functional class significantly reduced
[New York Heart Association Grade III/IV 84% vs. 26%] with more
prevalent physical signs of HF congestion. In addition, patients with
AHF had increased burden of cardiovascular risk factors and comor-
bidities. The prevalence of AF was higher in AHF compared to CHF
patients, in each of the EF groups (43% vs. 35% HFpEF, 34% vs. 25%
HFmrEF, and 31% vs. 23% HFrEF). The baseline characteristics of
patients with AHF and CHF according to the heart rhythm and EF
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subgroups are shown in Supplementary material online, Table S2a,b.
The corresponding age and sex adjusted odds ratios for the associ-
ation of baseline characteristics with AF rhythm according to the EF
subgroups are presented in Supplementary material online, Table
S3a,b. The odds ratio distribution across EF subtypes associated with
AF was similar between AHF and CHF patients for most clinical char-
acteristics. However, stroke was associated with AF in each of the EF
subgroups presenting with CHF but not AHF. In addition, treatment

with ACEI or ARBs was inversely associated with AF in CHF but not
in AHF patients.

After multivariable adjustment, the hazard ratio for long-term total
mortality or HF hospitalizations associated with AF was not increased
in HFrEF patients presenting with either AHF or CHF as shown in
Figure 4. This was in contrast to the statistically significant increase in
the hazard ratio for the same outcome event associated with AF in
both AHF and CHF presentations of patients with HFpEF, while in
those with HFmrEF AF was associated with increased risk for mortal-
ity or HF hospitalization that was statistically significant in AHF and
borderline in those with a CHF presentation (Figure 4).

Discussion

In this large multinational European registry of HF patients stratified
by EF subtypes, AF was progressively more common with the in-
crease in EF and associated with clinical signs and symptoms of HF.
Additionally, worse long-term cardiovascular outcomes were seen in
HF patients with AF compared to SR in each of the EF subtypes.
Nevertheless, after multivariable adjustment, the independent associ-
ation of AF with either HF hospitalizations by itself or combined with
mortality remained significant only in patients with HFpEF and
HFmrEF. In contrast to the ‘common belief’, AF in HFrEF was not
related to worse outcomes compared to SR either in chronic presen-
tation or in acute decompensation of these patients.

Atrial fibrillation is common in patients with HF and often coexists,
emerging in recent years into a dual epidemic.19 The prevalence of

Figure 1 Study population flowchart.

Figure 2 Age-dependent prevalence of atrial fibrillation accord-
ing to sex and ejection fraction groups.
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Figure 3 The Kaplan–Meier curves stratified by the three ejection fraction groups and rhythm for: (A) long-term total mortality, (B) long-term
heart failure hospitalizations, and (C) long-term mortality or heart failure hospitalizations.
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..AF in HF varies according to study design and criteria used for defin-
ing both variables. In the current study, a progressive increase in the
prevalence of AF was observed in HFpEF and HFmrEF compared to
HFrEF. Similar findings were recently observed in other large cohorts
with data on heart rhythm across the three HF subtypes.10,20,21 AF is
commonly reported to be more prevalent in HFpEF, associated with
comorbidities and older age while modifiable risk factors such as dia-
betes, obesity, hypertension, and smoking were shown to be ac-
countable for the significant portion of population risk of incident HF
in patients with new-onset AF.22 Similar to previous reports, we also
observed that AF prevalence in HFrEF patients increases with age, in
both genders, except for the oldest-old. Albeit in the current study,
we may not directly link AF to HF acute clinical deterioration, we
noted a higher prevalence of AF in AHF compared to CHF presenta-
tion and with clinical manifestations of HF in each of the EF subtypes,
including significant mitral regurgitation.

The prognostic significance of AF may vary according to the type
of HF. In our study, the independent association between AF and risk
for both long-term HF hospitalizations per se and its combination
with total mortality was observed only in patients with HFpEF and
HFmrEF. However, no similar independent significant association be-
tween AF and these adverse outcomes was observed after multivari-
able adjustment in patients with HFrEF, irrespective of presentation,
i.e. with AHF or CHF. Over the years, the clinical and prognostic rele-
vance of AF in HFpEF vs. HFrEF was investigated in several studies of
various HF populations, with conflicting results, as clinical studies and
meta-analyses suggested higher, lower, or similar mortality rates in
HFpEF comparing to HFrEF patients.6–16

Interestingly, recent data from an open-label randomized trial of
AF ablation in HFrEF patients with EF < 35% showed that patients
who were assigned to ablation had reduced incidence of death or HF
admissions with a rising trend in EF level post-ablation.23 The benefit
was seen with a decrease in the burden of AF from 60% of time with
medical therapy to 25% with ablation, suggesting that a reduction in
the amount of time in AF may be sufficient for clinical benefit. These
data may seem in contrast to the current study results. However, it
was an open-label study with a relatively small number of participants,

and a relatively high number of drop-outs and patients lost to
follow-up. In addition, the survival curves started to separate only
after 3 years, whereas our follow-up data were shorter. It is also pos-
sible that ablation for AF may have additional beneficial effects
improving outcomes in HFrEF irrespective of AF response, such as an
effect on the autonomic nervous system.24 In addition, recent retro-
spective data support similar effects of catheter ablation in AF
patients with HFpEF compared to HFrEF, with similar arrhythmia-
free survival, and a trend towards greater symptomatic improvement
post-ablation in patients with HFpEF.25

As both AF and HFpEF share similar pathophysiological mecha-
nisms, common predisposing risk factors, and comorbidities, and are
associated with structural and functional remodelling of the left
atrium, it is difficult to assess the potential interaction between these
two entities.22 HFpEF in AF is associated with impaired relaxation,
loss of atrial kick, shorter diastolic filling time, and elevated filling pres-
sures, related to rapid ventricular response. Moreover, irregular ven-
tricular rhythm with loss of atrioventricular synchrony as well as an
increase in prevalence of mitral regurgitation and pulmonary hyper-
tension may worsen HF clinical manifestation. The haemodynamic
consequences of AF in HFpEF may be more significant as it is associ-
ated with increased left atrial stiffness and higher wall stress compar-
ing to HFrEF patients.22

A plausible explanation for the differential association of AF with
adverse cardiovascular outcome between the EF subtypes might be
that with higher EF, AF may contribute to progression of HF and wor-
sen outcomes, whereas with lower EF, the HF disease itself and its se-
verity determines the outcomes, and not primarily AF, which may be
more of a bystander. The particularly greater role of AF in HFpEF
may also be related to the lesser response to HF therapy. Indeed, in
recent analyses from a beta-blocker meta-analysis26 and from
CHARM,27 beta-blockers and candesartan were found to be much
less effective in HFpEF compared to HFrEF patients.

Of note, the lack of a significant association between AF and mor-
tality in HFpEF patients may be at least partially explained by masking
of such potential association by our meticulous multivariate adjust-
ments in which we actually may have neutralized potential

Figure 4 Multivariable hazards ratios for long-term total mortality or heart failure hospitalizations associated with atrial fibrillation, according to
ejection faction groups in acute and chronic heart failure presentation.
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contributions of mortality mechanisms related to AF. Indeed, in the
HFpEF patients, significant mitral regurgitation, a known prognostic
parameter for mortality by itself in HF, was almost twice as common
in the AF patients compared to patients with SR.28

The new ESC terminology HFmrEF is defined by left ventricular EF
in the range of 40–49%,5 a grey area in phenotype and outcomes be-
tween HFrEF and HFpEF, aiming to stimulate research into the
underlying characteristics, pathophysiology, and treatment of this
group of patients who were usually excluded from HFrEF clinical tri-
als and variably included in HFpEF trials.20,21,27 A call for further study
of AF patients with HFmrEF before particular treatment strategies
can be recommended, was recently noted in the 2016 ESC
Guidelines for the management of AF.29

A recent analysis of the Swedish HF registry showed that AF was
progressively more common with increasing EF and associated with
similar clinical characteristics in HFmrEF compared to HFpEF and
HFrEF.10 Differing from the Swedish registry concluding that AF was
associated with similarly increased risk of death and HF hospitaliza-
tion in all three EF groups, our data suggest that at least in regard to
the clinical adverse implications of AF in HF, HFmrEF has a similar
pattern to HFpEF, which is very different from that of HFrEF. These
two registries’ dissimilar conclusions may be a reflection of the differ-
ent nature of cohorts as in the Internet-based registry Swedish regis-
try, participating centres online HF patient’s records were reordered
and transferred. In the Swedish HF registry, patients were significantly
older than in our registry and the prevalence of AF was significantly
higher – 53%, 60%, and 65% in HFrEF, HFmrEF, and HFpEF, respect-
ively.10 To the contrary, in the present ESC-HF Long-Term registry
analysis, AF prevalence in HFrEF, HFmrEF, and HFpEF was 27%, 29%,
and 39%, respectively, similar to the prevalence of recent analysis
from the CHARM trial database, 26.2%, 25.6%, and 31.3%,
respectively.27

The strengths of this study include the large multinational sample
that is representative of many European and Mediterranean coun-
tries, which is important for the generalization of the results. Of note,
the diagnosis of AF was determined according to a 12-lead electro-
cardiogram interpreted by a cardiologist, different than electronic-
based code diagnosis often used in studies to identify AF. This
ensures a more accurate assessment of heart rhythm. The ESC Long-
Term HF Registry is also novel in analysing comparable data of AF
patients with both AHF and CHF presentations. That said, several
limitations of the present study should be acknowledged. Albeit the
requirements for diagnosis of AF in our study were firm, it may have
omitted patients with previous episodes of paroxysmal AF who were
not noted as AF patients. It is also possible that there are additional
potential confounders that were not accounted for in our study,
although the ESC-HF Long-Term registry consists of numerous
variables including medical history, signs and symptoms of HF, labora-
tory examinations, medications, and device therapy. We acknow-
ledge that our registry reflects variable rates of recruitment per
centre/country as it was conducted on a voluntary basis. Of note,
consecutiveness of enrolment was not validated. Moreover, as
patients were recruited in cardiology clinics and hospital wards, our
findings may be relevant to this specific population rather ‘real ward’
HF population.

It should be noted that the associations between AF and adverse
outcomes described in this registry analysis do not prove causation.

Conclusions

In a multinational European registry of HF patients, AF was progres-
sively more common with the increase in EF and associated with signs
and symptoms of HF regardless of EF subtype. Compared to SR, AF
was associated with worse long-term cardiovascular outcomes
across the EF subtypes. Nevertheless, the independent association of
AF with HF hospitalizations, with or without total mortality, was sig-
nificant only among patients with either HFmrEF or HFpEF. In con-
trast, AF in HFrEF patients was not related to worse outcomes in
either AHF or CHF presentation.

Supplementary material

Supplementary material is available at European Heart Journal online.
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4. Gómez-Outes A, Lagunar-Ruı́z J, Terleira-Fernández AI, Calvo-Rojas G, Suárez-
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