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Abstract

Aims Atrial fibrillation (AF) increases the risk of heart failure (HF); however, little focus has been placed on the prevention of
HF in patients with AF. Left ventricular ejection fraction (LVEF) is an established echocardiographic parameter in HF patients.
We sought to investigate the association of LVEF with HF events in AF patients without pre-existing HF.
Methods and results The Fushimi AF Registry is a community-based prospective survey of AF patients in Fushimi-ku, Japan.
In this analysis, we excluded patients with pre-existing HF (defined as having one of the following: prior HF hospitalization,
New York Heart Association class ≥ 2 in association with heart disease, or LVEF < 40%). Among 3233 AF patients without
pre-existing HF, we investigated 2459 patients with the data of LVEF at enrolment. We divided the patients into three groups
stratified by LVEF [mildly reduced LVEF (40–49%), below normal LVEF (50–59%), and normal LVEF (≥60%)] and compared the
backgrounds and incidence of HF hospitalization between the groups. Of 2459 patients [mean age: 72.4 ± 10.5 years, female:
917 (37%), paroxysmal AF: 1405 (57%), and mean CHA2DS2-VASc score: 3.0 ± 1.6], the mean LVEF was 66 ± 8% [mildly reduced
LVEF: 114 patients (5%), below normal LVEF: 300 patients (12%), and normal LVEF: 2045 patients (83%)]. Patients with lower
LVEF demonstrated lower prevalence of female and paroxysmal AF (both P < 0.01), but age and CHA2DS2-VASc score were
comparable between the three groups (both P > 0.05). During the median follow-up period of 6.0 years, 255 patients
(10%) were hospitalized for HF (annual incidence: 1.9% per person-year). Multivariable Cox regression analysis demonstrated
that lower LVEF strata were independently associated with the risk of HF [mildly reduced LVEF (40–49%): hazard ratio = 2.98,
95% confidence interval = 1.99–4.45 and below normal LVEF (50–59%): hazard ratio = 2.01, 95% confidence interval = 1.44–
2.82, compared with normal LVEF (≥60%)] after adjustment by age, sex, type of AF, and CHA2DS2-VASc score. LVEF < 60% was
significantly associated with the higher risk of HF hospitalization across all major subgroups without significant interaction
(P for interaction; all P > 0.05). LVEF had an independent and incremental prognostic value for HF hospitalization in addition
to natriuretic peptide levels in AF patients without pre-existing HF.
Conclusions Lower LVEF was significantly associated with the higher incidence of HF hospitalization in AF patients without
pre-existing HF, leading to the future risk stratification for and prevention of incident HF in AF patients.
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Introduction

Atrial fibrillation (AF) is associated with the higher risk of mor-
tality and morbidities including thrombo-embolism and heart
failure (HF).1 In themodern anticoagulation era, HF represents

the most common cardiovascular complication in patients
with AF, developing at a rate nearly twice that of thrombo-
embolism.2,3 Furthermore, HF accounted for a substantial pro-
portion of deaths among patients with AF, which far exceeds
that of death due to thrombo-embolism.4,5 Although the
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incidence of thrombo-embolism has been decreasing, that of
HF has not significantly improved over a period of decades.3,6

These findings underscore the importance for prevention of
incident HF among AF patients. We previously reported the
utility of natriuretic peptide levels for predicting HF events in
AF patients without pre-existing HF7; however, further risk
stratification is warranted for the management of AF patients.

Left ventricular ejection fraction (LVEF) measured by echo-
cardiography remains the cornerstone for quantification of
the left ventricular systolic performance in clinical practice.
In patients with HF, LVEF is known to be a potent predictor
of poorer outcomes including all-cause death or HF
rehospitalization.8,9 Thus, LVEF has an essential role in classi-
fication and guiding therapy among HF patients.10 We re-
cently demonstrated that LVEF might also be a useful predic-
tor for incident HF in patients with AF using machine learning
technique.11 Nonetheless, the study focusing on the associa-
tion between LVEF strata and incident HF has, to the best of
our knowledge, never been conducted in a population of AF
patients without pre-existing HF.

Accordingly, the aim of the present study was to investi-
gate the relationship between LVEF and the risk of HF events
among AF patients without pre-existing HF, using the data
from a large-scaled community-based prospective survey of
Japanese AF patients, the Fushimi AF Registry.

Methods

Data source

The Fushimi AF Registry is a community-based multicentre
prospective observational cohort of patients with AF who vis-
ited the participating medical institutions in Fushimi-ku,
Kyoto, Japan. The detailed study design, patient enrolment,
and the definition of the measurements of the registry
were previously described (UMIN Clinical Trials Registry:
UMIN000005834).12 In brief, the inclusion criterion for the
registry is the documentation of AF on a 12-lead electrocar-
diogram or Holter monitoring at any time. There were no
exclusion criteria. A total of 81 institutions participated in
the registry, comprising 2 cardiovascular centres (Kyoto
Medical Center and Ijinkai Takeda Hospital), 10 small- and
medium-sized hospitals, and 69 primary care clinics. We
started to enrol patients from March 2011 and enrolment
ended at May 2017. We attempted to enrol all consecutive
patients with AF under regular outpatient care or under
admission. Annual collection of the follow-up information
was mainly conducted through review of the electronic
and/or paper medical records, and additional follow-up infor-
mation was collected through contact with patients, relatives,
and/or referring physicians by mail or telephone at the dis-
cretion of the investigators.

Clinical data of the patients were registered on an Internet
Database System (https://edmsweb16.eps.co.jp/edmsweb/
002001/FAF/top.html) by the doctors in charge at each insti-
tution. Data were automatically checked for missing or
contradictory entries and values out of the normal range.
Additional checks of variables were performed by clinical
research co-ordinators at the general office of the registry.
The study protocol conformed to the ethical guidelines of
the 1975 Declaration of Helsinki and was approved by the
ethics committees of the Kyoto Medical Center and Ijinkai
Takeda Hospital.

Study population and definitions

In the present analysis, we excluded AF patients with
pre-existing HF, which was defined as the presence of one
of the following at enrolment: (i) history of hospitalization
for HF prior to enrolment, (ii) presence of symptom due to
HF (New York Heart Association functional class ≥ 2) in asso-
ciation with heart disease, or (iii) reduced LVEF < 40%.13

Then, we investigated patients with the data of LVEF among
AF patients without pre-existing HF. Data of transthoracic
echocardiography including LVEF, left ventricular diameter,
thickness and asynergy, and left atrial diameter were col-
lected at the time of enrolment in the registry. The decision
to perform echocardiography was at the discretion of the at-
tending physicians. LVEF was calculated using the biplane
Simpson method or the Teichholz method at each participat-
ing institutions according to the guidelines.14 Considering the
classification of LVEF in the HF guidelines and previous stud-
ies among cardiovascular diseases,15–18 we divided the pa-
tients into three groups stratified by LVEF [mildly reduced
LVEF (40–49%), below normal LVEF (50–59%), and normal
LVEF (≥60%)].

B-type natriuretic peptide (BNP) and N-terminal pro-
BNP (NT-proBNP) levels were obtained at the discretion
of the attending physicians and measured using the clini-
cal assay of each participating site. For standardization
purposes, BNP was converted to NT-proBNP using the fol-
lowing conversion formula: ‘log10(NT-proBNP) is equal to
1.1 × log10(BNP) + 0.570’ based on previous reports.7,19 The
type of AF was classified into two groups: paroxysmal AF
and sustained AF, which was defined as the combination of
persistent AF and permanent AF.12 Antiarrhythmic drugs in
this study were defined as class I or class III drugs categorized
by the Vaughan Williams classification.

Outcomes

The endpoint in this study was HF hospitalization during the
follow-up period. HF hospitalization was determined based
on history, clinical presentation (symptoms and physical
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examinations), natriuretic peptide levels, imaging findings
including chest X-ray and echocardiography, cardiac catheter-
ization findings, response to HF therapy, and in-hospital
course judged by the attending physicians according to the
appropriate guidelines.20,21 We continued follow-up until
death and we defined clinical outcomes as the time to first
event.

Statistical analysis

Continuous variables are presented as the mean ± standard
deviation when normally distributed and as the median and
interquartile range when non-normally distributed. Distribu-
tion was assessed using histogram. Comparisons of differ-
ences among groups were performed by the unpaired Stu-
dent’s t-test, Mann–Whitney U test, one-way analysis of
variance, or Kruskal–Wallis test for continuous variables and
χ2 test for dichotomous variables as appropriate. The
relationship between the variables was determined by
Spearman’s correlation analysis. The Kaplan–Meier method
was used to estimate the cumulative incidences of outcomes
and log-rank testing was performed to assess differences
among groups. Univariable and multivariable Cox regression
analyses were used to investigate the association between
LVEF and the incidence of HF hospitalization. The covariates
selected to be included in multivariable Model 1 were age,
sex, type of AF (paroxysmal or sustained), and the CHA2DS2-
VASc score. Multivariable Model 2 was adjusted for
covariates included in Model 1 and the prescription of
angiotensin-converting enzyme inhibitors/angiotensin recep-
tor blockers, beta-blockers, and mineralocorticoid receptor
antagonists. The unadjusted and adjusted risks of two LVEF
groups [mildly reduced LVEF (40–49%) and below normal
LVEF (50–59%)] relative to the normal LVEF group (≥60%)
for the incidence of HF hospitalization were expressed as haz-
ard ratios (HRs) and their 95% confidence intervals (CIs). We
also calculated HR per 5% decrease in LVEF as continuous var-
iable. Subgroup analyses stratified by age, sex, type of AF,
prescription of antiarrhythmic drugs, and history of cardio-
vascular diseases (coronary artery disease, valvular heart dis-
ease, and hypertension) were also performed. As the optimal
cut-off value of ‘normal’ LVEF has been under debate,22–24

we investigated the association of LVEF < 60% relative to
LVEF ≥ 60% with the incident HF in this subgroup analysis.
The P-values for interaction were calculated by multivariable
Cox regression analysis with adjustment by the covariates
mentioned above (age, sex, type of AF, and the CHA2DS2-
VASc score) in order to examine the heterogeneity in the sub-
groups. Lastly, we specifically investigated the association of
LVEF with HF hospitalization among patients with the data
of natriuretic peptide levels. We performed multivariable
Cox regression analysis adjusted by covariates included in
Model 1 and NT-proBNP levels (multivariable Model 3). The

levels of NT-proBNP were transformed to a log scale in the
model. In addition, we stratified the patients into four
groups according to LVEF (≥60% or <60%) and NT-proBNP
levels (≥ or <median value) and examined the outcomes
between these four groups. All tests were two-tailed, and
a value of P < 0.05 was considered significant. All analyses
were performed using JMP Version 14.2.0.

Results

A study flowchart of this analysis is presented in Figure 1A. As
an exploratory analysis, the backgrounds and incidence of HF
hospitalization stratified by LVEF among AF patients with pre-
existing HF (N = 1256) are shown in Supporting Information,
Table S1 and Figure S1. In brief, LVEF was significantly associ-
ated with the higher risk of incident HF in AF patients with
pre-existing HF.

Among 3233 AF patients without pre-existing HF, LVEF
data at enrolment were available for 2459 patients (76% of
the total). Baseline characteristics and incidence of HF hospi-
talization were almost comparable between patients with
LVEF data and those without it (Supporting Information,
Table S2 and Figure S2).

Baseline characteristics of atrial fibrillation
patients without pre-existing heart failure

Among 2459 AF patients without pre-existing HF and with the
data of LVEF [mean age: 72.4 ± 10.5 years, women: 917
(37%), paroxysmal AF: 1405 (57%), and mean CHA2DS2-VASc
score: 3.0 ± 1.6], the distribution of LVEF is shown in Figure
1B. The mean LVEF at enrolment was 66 ± 8% [mildly reduced
LVEF (40–49%): 114 patients (5%), below normal LVEF (50–
59%): 300 patients (12%), and normal LVEF (≥60%): 2045 pa-
tients (83%)]. Median LVEF at enrolment (interquartile range)
was 67% (62%, 72%). Baseline characteristics according to the
three LVEF strata are shown in Table 1. Patients with lower
LVEF demonstrated lower prevalence of women and paroxys-
mal AF (both P < 0.001). Age and CHA2DS2-VASc score were
comparable between the three groups. NT-proBNP levels
were higher and left ventricular and left atrial diameters were
larger in patients with lower LVEF strata (all P < 0.001).

Association of left ventricular ejection fraction
with the incidence of heart failure among atrial
fibrillation patients without pre-existing heart
failure

During a median follow-up period of 6.0 years (interquartile
range: 3.1–9.0 years), a total of 255 cases of HF hospitaliza-
tion occurred in AF patients without pre-existing HF and with
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the data of LVEF, corresponding to an annual incidence of
1.9% per person-year. Patients with lower LVEF strata had
a higher incidence of HF hospitalization during follow-up
period (Table 2). The Kaplan–Meier curves demonstrated
that the three LVEF strata could stratify the risk of HF hos-
pitalization during follow-up period (log-rank; P < 0.001)
(Figure 2). Cox regression analyses revealed that LVEF was
independently associated with the increased risk of HF
hospitalization even after adjustment by the confounders
(multivariable Model 1) (mildly reduced LVEF: HR = 2.98,
95% CI = 1.99–4.45 and below normal LVEF: HR = 2.01,

95% CI = 1.44–2.82, compared with normal LVEF). LVEF
remained an independent determinant of HF hospitalization
after adjustment by the prescription data (multivariable
Model 2) and when analysed as continuous variables
(Table 2).

The association between LVEF < 60% and incidence of HF
hospitalization stratified by major patients’ characteristics is
shown in Figure 3. LVEF < 60% was significantly associated
with the higher risk of HF hospitalization across all major sub-
groups without significant interaction (P for interaction; all
P > 0.05).

Figure 1 (A) Study flowchart. (B) Distribution of left ventricular ejection fraction (LVEF) at enrolment in atrial fibrillation (AF) patients without
pre-existing heart failure (HF).
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Patients with natriuretic peptide levels

Among 2459 AF patients without pre-existing HF and with
the data of LVEF, natriuretic peptide levels were available
for 1017 patients (330 with BNP and 687 with NT-
proBNP). The LVEF was mildly correlated with NT-proBNP
levels (Spearman’s ρ = �0.12, P < 0.001) (Figure 4A). The
three LVEF strata were significantly associated with the

increased risk of HF hospitalization even after adjustment
by multivariable analysis including NT-proBNP levels (multi-
variable Model 3) (Table 2). The Kaplan–Meier curves among
the patients divided by LVEF (≥60% or <60%) and
NT-proBNP levels [≥521 or <521 ng/L (median value)] re-
vealed that these four groups could stratify the risk of HF
hospitalization during follow-up period (log-rank;
P < 0.001) (Figure 4B).

Table 1 Baseline characteristics according to left ventricular ejection fraction strata in atrial fibrillation patients without pre-existing heart
failure

Variables

Mildly reduced
LVEF (40–49%)

Below normal
LVEF (50–59%)

Normal LVEF
(≥60%)

P-value

No. of
patients
analysedn = 114 n = 300 n = 2045

Baseline characteristics
Age (years) 73.4 ± 11.0 71.7 ± 11.7 72.4 ± 10.3 0.30 2459
Age ≥ 75 years, n (%) 55 (48%) 130 (43%) 937 (46%) 0.61 2459
Women, n (%) 23 (20%) 75 (25%) 819 (40%) <0.001 2459
Body mass index (kg/m2) 23.0 ± 3.9 23.4 ± 4.1 23.2 ± 3.7 0.72 2089
Body weight (kg) 60.8 ± 13.0 61.3 ± 12.7 60.2 ± 12.6 0.40 2180
Systolic blood pressure (mmHg) 122 ± 19 125 ± 20 126 ± 19 0.031 2442
Pulse rate (beats/min) 78 ± 16 79 ± 17 77 ± 15 0.080 2426
Paroxysmal AF, n (%) 43 (38%) 147 (49%) 1215 (59%) <0.001 2459
History of ablation, n (%) 2 (2%) 11 (4%) 184 (9%) <0.001 2459

Co-morbidities
CHADS2 score 1.9 ± 1.3 1.7 ± 1.3 1.7 ± 1.2 0.30 2459
CHA2DS2-VASc score 3.1 ± 1.6 2.8 ± 1.6 3.0 ± 1.5 0.13 2459
Coronary artery disease, n (%) 26 (23%) 50 (17%) 198 (10%) <0.001 2459
Valvular heart disease, n (%) 25 (22%) 43 (14%) 252 (12%) 0.009 2459
AS/AR/MS/MR/TR, n 1/7/2/10/6 2/12/2/22/15 33/54/13/139/65 2453

Cardiomyopathy, n (%) 4 (4%) 9 (3%) 35 (2%) 0.15 2459
Hypertension, n (%) 80 (70%) 180 (60%) 1275 (62%) 0.16 2459
Dyslipidaemia, n (%) 55 (48%) 122 (41%) 927 (45%) 0.24 2459
Diabetes mellitus, n (%) 34 (30%) 67 (22%) 471 (23%) 0.23 2459
History of stroke/SE, n (%) 24 (21%) 66 (22%) 403 (20%) 0.63 2459
Peripheral artery disease, n (%) 4 (4%) 9 (3%) 72 (4%) 0.90 2459
Chronic kidney disease, n (%) 49 (43%) 96 (32%) 601 (29%) 0.007 2459
COPD, n (%) 10 (9%) 20 (7%) 105 (5%) 0.16 2459

Prescription at enrolment
Oral anticoagulants, n (%) 72 (63%) 148 (50%) 1094 (54%) 0.044 2446
Warfarin, n (%) 52 (46%) 106 (35%) 776 (38%) 0.16 2446
DOAC, n (%) 20 (18%) 42 (14%) 318 (16%) 0.65 2446

Antiplatelet therapy, n (%) 43 (38%) 69 (23%) 512 (25%) 0.007 2446
ACEi/ARB, n (%) 59 (52%) 115 (38%) 821 (40%) 0.039 2446
Beta-blocker, n (%) 36 (32%) 78 (26%) 502 (25%) 0.24 2446
MRA, n (%) 11 (10%) 12 (4%) 76 (4%) 0.008 2446
Loop diuretics, n (%) 25 (22%) 35 (12%) 207 (10%) <0.001 2446
Antiarrhythmic drugs, n (%) 13 (11%) 30 (10%) 496 (24%) <0.001 2446
Class I/class III, n 13/0 30/0 490/6 2446

Laboratory data
BNP (ng/L) 167 (105, 321) 94 (44, 197) 86 (39, 180) 0.11 330
NT-proBNP (ng/L) 817 (569, 1596) 585 (248, 1192) 438 (151, 959) <0.001 687
Calculated CrCl (mL/min) 51.5 (31.8, 71.1) 59.5 (40.3, 79.2) 58.3 (41.0, 77.8) 0.060 2308
Haemoglobin (g/dL) 13.2 ± 1.9 13.1 ± 2.2 13.2 ± 1.9 0.81 2317

Echocardiography
LV end-diastolic diameter (mm) 49.7 ± 7.5 47.2 ± 5.9 45.2 ± 5.1 <0.001 2435
LVEF (%) 46.0 ± 2.7 55.5 ± 2.8 68.7 ± 5.4 <0.001 2459
LV asynergy, n (%) 88 (78%) 97 (32%) 119 (6%) <0.001 2451
Left atrial diameter (mm) 45.7 ± 8.0 42.8 ± 7.9 42.0 ± 7.5 <0.001 2415

ACEi, angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; AR, aortic regurgitation; ARB, angiotensin receptor blocker; AS,
aortic stenosis; BNP, B-type natriuretic peptide; COPD, chronic obstructive pulmonary disease; CrCl, creatinine clearance; DOAC, direct oral
anticoagulants; LV, left ventricular; LVEF, left ventricular ejection fraction; MR, mitral regurgitation; MRA, mineralocorticoid receptor
antagonist; MS, mitral stenosis; NT-proBNP, N-terminal pro-BNP; SE, systemic embolism; TR, tricuspid regurgitation.
Categorical data are presented as numbers (%). Continuous data are presented as the mean ± standard deviation, or median and inter-
quartile range (25%, 75%).
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Discussion

The major findings of the present study are the following.
First, LVEF could stratify the incidence of HF hospitalization
in AF patients without pre-existing HF. Second, even below
normal LVEF (<60%) was significantly associated with the
higher risk of HF hospitalization across major subgroups.
Third, LVEF had independent and incremental prognostic
value for HF hospitalization in addition to natriuretic peptide
levels in AF patients without pre-existing HF.

The association of left ventricular ejection
fraction with heart failure hospitalization in atrial
fibrillation patients without pre-existing heart
failure

Once AF patients develop HF, they have an approximately
two- to three-fold higher risk of death than those without.25

Thus, risk stratification for and prevention of HF events in
AF patients without pre-existing HF is of clinical importance.
LVEF is an important descriptor of cardiac function and the-
oretically can be a significant predictor of future HF events.
Indeed, HF readmission rates were higher in HF patients
with reduced LVEF and mildly reduced LVEF than in those
with HF and preserved LVEF.26 Even when LVEF was
analysed as continuous variables, composite of cardiovascu-
lar mortality and HF rehospitalization was more frequent in
lower LVEF quartiles among HF patients.9 However, to date,
there is a paucity of literature regarding the association be-
tween LVEF and incident HF among AF patients without
pre-existing HF.

One previous study demonstrated that low-normal LVEF
(50–54%) was significantly associated with the incident HF
in AF patients without structural heart disease.27 Besides,
we recently suggested that LVEF could be a useful predictor
for future HF events using machine learning technique.11

Using our large-scaled AF registry with no exclusion criteria
over the 5 year follow-up period, the present results dem-
onstrated that LVEF was an important quantification param-
eter with respect to the risk stratification for future HF
events among AF patients even without pre-existing HF.
Our study suggested the importance of measuring LVEF in
all AF patients irrespective of pre-existing HF. Indeed,
European guidelines for AF recommend transthoracic echo-
cardiography as a ‘standard package’ for the evaluation of
all patients with AF,28 and our results support this
recommendation.

AF patients with mildly reduced or below normal LVEF are
at high risk of developing HF (annual incidences were 5% and
3% in our registry, respectively) and are considered to be in
pre-HF stage.29 Recently, catheter ablation and/or new HF
drugs have been available in daily practice and might be anTa
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Figure 2 Kaplan–Meier curves for the incidences of heart failure (HF) hospitalization according to the left ventricular ejection fraction (LVEF) strata
among atrial fibrillation patients without pre-existing HF.

Figure 3 Association of left ventricular ejection fraction (LVEF) < 60% with heart failure (HF) hospitalization among major subgroups in atrial fibrilla-
tion (AF) patients without pre-existing HF. CI, confidence interval; HR, hazard ratio; PAF, paroxysmal AF; SAF, sustained AF.
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attractive option in these patients. However, there has been
no robust evidence that ablation or HF drugs reduced the risk
of all-cause mortality and/or HF events in patients without
HF. In the present study, the number of patients who
underwent catheter ablation was so low that we were unable
to perform subgroup analysis. At the moment, indications for
these treatments should be determined on a case-by-case
basis.

Optimal threshold of left ventricular ejection
fraction for predicting outcomes in atrial
fibrillation patients without heart failure

Our analyses suggested that the risk for HF increases even
when LVEF is below normal (<60%), which was observed
across major subgroups. Several previous studies demon-
strated that the risk of mortality extends well beyond

Figure 4 (A) Relationship between left ventricular ejection fraction (LVEF) and N-terminal pro-B-type natriuretic peptide (NT-proBNP) levels in atrial
fibrillation patients without pre-existing heart failure (HF). (B) Kaplan–Meier curves for the incidences of HF hospitalization stratified by the LVEF and
NT-proBNP levels. CI, confidence interval; HR, hazard ratio.
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currently accepted levels of LVEF (50–55%), with a nadir
around an LVEF of 60–65%.23,24 The nadir of the risk for inci-
dent HF was also close to 60% in the large-scaled cohort
study.30 Indeed, revised nomenclature is recently proposed
defining HF with ‘reduced’ (<40%), ‘mildly reduced’, and
‘normal’ (>55% in men and >60% in women) LVEF.22 Taken
together with previous studies and ours, we should revisit
the optimal cut-off value of LVEF for risk stratification of HF
in patients with AF, in whom LVEF of 50–59% may not be
regarded as normal.

Left ventricular ejection fraction and natriuretic
peptide levels for predicting heart failure in atrial
fibrillation patients

Natriuretic peptide levels such as BNP or NT-proBNP are im-
portant prognostic parameter in HF patients as well as LVEF.
We previously reported the prognostic significance of natri-
uretic peptide levels in AF patients without pre-existing HF.7

Of note, natriuretic peptide levels could be a confounder
regarding the association between LVEF and incident HF.
Nevertheless, LVEF was independently associated with the
higher risk of HF hospitalization even taking into account
the NT-proBNP levels in this analysis. Besides, we found that
LVEF had the incremental prognostic value for the incidence
of HF hospitalization in addition to natriuretic peptide levels,
suggesting that the combination of LVEF and NT-proBNP
levels may be used for predicting future HF in AF patients
without pre-existing HF. Measurement of both LVEF and
NT-proBNP might be part of the overall characterization and
evaluation of AF patients, given that the contemporary man-
agement of AF has moved towards a more holistic or inte-
grated approach considering the improved clinical outcomes
with such an approach.31

Limitations

The present study has several limitations. First, this was an
observational study and provides only associative evidence,
not causative. We cannot rule out the possibility of unmea-
sured or residual confounding. In addition, the definition of
pre-existing HF was not based on the recent universal defini-
tion of HF,29 because we started the enrolment of this registry
from 2011. Second, the decision to measure LVEF was entirely
at the discretion of the attending physicians. Therefore, there
was unavoidable selection bias, even though baseline charac-
teristics and incidence of HF were comparable between
patients with and without LVEF data. In addition, we did not
obtain the data about diastolic dysfunction, speckle tracking,
right heart function, or cardiac magnetic resonance imaging
in the registry. Third, LVEF data were collected only at enrol-
ment, and we neither obtained the echocardiographic data

at the incidence of HF hospitalization nor obtained those
during follow-up period. Thus, we were unable to classify
the type of HF hospitalization according to LVEF. Besides,
we neither collected the data about aetiology nor collected
those about exacerbation factor of HF hospitalization in the
registry. The relationship between LVEF and incident HF may
vary depending on the cause of HF, and lack of these impor-
tant data was a major limitation of this study. In addition,
both AF and HF are multifactorial entities and HF onset in
patients with AF could not only be explained by LVEF. There-
fore, our results should be interpreted cautiously. Fourth, the
numbers of the patients with mildly reduced or below normal
LVEF were small, limiting the robustness of our analysis. Fifth,
we had no data about the cardiac rhythm at the time of index
echocardiography. Especially in patients with paroxysmal AF,
LVEF can fluctuate depending on the cardiac rhythm. Sixth,
we did not obtain the calculation method of LVEF and echo-
cardiographic data were site reported. In fact, there could
be some intra- and inter-observer variabilities for LVEF
measurements.32,33 Thus, we cannot deny the possibility of
measurement error and variations in echocardiographic
measurements.

Conclusions

LVEF at enrolment could stratify the incidence of HF hospital-
ization in AF patients without pre-existing HF, suggesting the
importance of measuring LVEF in all AF patients. Even below
normal LVEF (<60%) was independently associated with the
risk of HF. LVEF had an incremental prognostic value for inci-
dent HF in addition to natriuretic peptide levels in AF patients
without pre-existing HF.
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