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Data regarding the relation of the type of atrial fibrillation (AF) to the incidence of cardiac
events remain scarce. This study sought to investigate the association of AF type with the inci-
dences of cardiac death and heart failure (HF) hospitalization between paroxysmal and sus-
tained (persistent/permanent) AF in the overall population and in age subgroups (≤74, 75 to
84, and ≥85 years), using the data from a Japanese community-based prospective survey, the
Fushimi AF Registry. The participants started to be enrolled since March 2011, and follow-
up data were available for 4,304 patients by the end of November 2017. Patients with sus-
tained AF (n = 2,187, 50.8%) had more co-morbidities with higher mean CHA2DS2-VASc
score than those with paroxysmal AF (n = 2,117, 49.2%) (sustained vs paroxysmal: 3.57 §
1.69 vs 3.17 § 1.67, p <0.001). During a median follow-up of 1,307 (interquartile range: 709
to 2,156) days, the composite of cardiac death and HF hospitalization occurred more fre-
quently in those with sustained AF (event rate: 5.1 vs 2.8 per 100 person-years; p <0.001). On
multivariate analysis, sustained AF was independently associated with higher incidence of
this composite end point (adjusted hazard ratio [HR]: 1.35, 95% confidence interval [CI]:
1.12 to 1.63, p = 0.002). In age subgroups, this association was observed only in the younger
AF patients (≤74 years) (adjusted HR: 2.03, 95% CI: 1.44 to 2.86, p <0.001), but not in the
older subgroups (p = 0.018 for interaction). In conclusion, sustained AF was associated with
higher incidence of the composite of cardiac death and HF hospitalization than paroxysmal
AF, with different relations seen depending on age subgroups. © 2019 Elsevier Inc. All
rights reserved. (Am J Cardiol 2019;124:1420−1429)
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Atrial fibrillation (AF) is the most common cardiac arrhyth-
mia and increases the risks of ischemic stroke and death. Sev-
eral studies have shown higher risks of sustained (persistent/
permanent) AF for both thromboembolism and all-cause mor-
tality, compared with paroxysmal AF.1−4 Heart failure (HF)
has been focused as a main cause of cardiovascular (CV)
death in AF patients.5−8 In the Framingham Heart Study,9 the
subsequent development of HF was associated with about
threefold increased mortality in AF patients. However, there
are limited data regarding how differently AF type affects HF
worsening, depending on the age of each patient, especially in
Asian cohorts where the burden of AF is greatly increasing
due to an aging society.10 The objective of this study was to
examine the prognostic impacts of paroxysmal versus sus-
tained AF on cardiac death and HF hospitalization, and its dif-
ferences among age subgroups, in a community-based cohort
of Japanese AF patients.
Methods

The detailed study design, patient enrollment, the def-
inition of the measurements, and the subjects’ baseline
clinical characteristics of the Fushimi AF Registry were
previously described (UMIN Clinical Trials Registry:
UMIN000005834).11 The inclusion criterion for the reg-
istry is the documentation of AF on a 12-lead electro-
cardiogram or Holter monitoring at any time. There
were no exclusion criteria. A total of 81 institutions par-
ticipated in the registry of Fushimi district, Kyoto, Japan

http://crossmark.crossref.org/dialog/?doi=10.1016/j.amjcard.2019.07.048&domain=pdf
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(e-Appendix). We started to enroll patients from March
2011. Collection of follow-up information was mainly
conducted through review of the inpatient and outpatient
medical records, and additional follow-up information
was collected through contact with patients, relatives,
and/or referring physicians by mail or telephone. The study
protocol conforms to the ethical guidelines of the 1975
Declaration of Helsinki, and was approved by the ethical
committees of the National Hospital Organization Kyoto
Medical Center and Ijinkai Takeda General Hospital.

Type of AF was defined as the followings in accordance
with the 2019 AHA/ACC/HRS and 2016 ESC guidelines
for the management of patients with AF12,13: paroxysmal
AF was defined as self-terminating AF within 7 days; per-
sistent AF was defined as AF that lasts longer than 7 days,
including episodes that are terminated by cardioversion,
either with drugs or by direct current cardioversion, after
7 days or more; and permanent AF was defined as AF that
is accepted by the patient (and physician). Because distin-
guishing persistent and permanent type is sometimes diffi-
cult in daily clinical practice, we combined these 2
subtypes as sustained AF, as described in our previous
reports.4,14 Next, we compared baseline clinical characteris-
tics and outcomes between paroxysmal AF and sustained
AF, not only in the entire cohort but also among the 3
groups by age (≤74 years, 75 to 84 years, and ≥85 years),
as previously reported.15
Figure 1. The distributions of age between paroxysmal and sustaine
The definition of pre-existing HF used in this study was
having one of the following at enrollment: (1) history of hospi-
talization for HF before the enrollment, (2) symptomatic HF
(New York Heart Association class ≥2), or (3) decreased left
ventricular ejection fraction (<40%). Anemia was defined
according to theWorld Health Organization criteria (hemoglo-
bin level <13.0 g/dL in men and <12.0 g/dL in women).
Renal dysfunction was diagnosed as the estimated glomerular
filtration rate (eGFR) <60 mL/min/m2 at baseline. Oral antico-
agulant (OAC) included warfarin, dabigatran, rivaroxaban,
apixaban, and edoxaban. Antiplatelet drugs included aspirin,
clopidogrel, ticlopidine, and cilostazol. OAC and antiplatelet
drug usage were based on the prescription data at enrollment.

The primary end point in the analysis was the composite
of cardiac death and HF hospitalization during the follow-
up period. Causes of death including cardiac death due to
HF, acute coronary syndrome, or dysrhythmia were adjudi-
cated after consideration of all the available information as
reported previously.8 Admission for HF was determined by
the attending physician based on history, clinical presenta-
tion (symptoms and physical examination), response to HF
therapy, chest radiography, echocardiography, cardiac cath-
eterization findings, and in-hospital course.

Continuous variables were expressed as mean § stan-
dard deviation, or median and interquartile range according
to the distributions and compared using Student’s t test or
Wilcoxon rank-sum test on the basis of the distribution.
d AF groups in the overall population. AF = atrial fibrillation



Table 1

Baseline characteristics, co-morbidities, and prescription in patients with paroxysmal AF versus with sustained AF across age groups

Variable Overall ≤74 years 75 to 84 years ≥85 years

Paroxysmal AF Sustained AF p Value Paroxysmal AF Sustained AF p Value Paroxysmal AF Sustained AF p Value Paroxysmal AF Sustained AF p value

(n = 2,117) (n = 2,187) (n = 1,111) (n = 1,008) (n = 746) (n = 830) (n = 260) (n = 349)

Age (y) 72.4 § 11.6 74.7 § 10.0 <0.001 67 (61, 71) 68 (63, 71) <0.001 79 (77, 81) 79 (77, 81) 0.70 88 (86, 91) 88 (86, 90) 0.12

Female 890 (42%) 847 (39%) 0.026 377 (24%) 375 (37%) <0.001 338 (45%) 348 (41%) 0.18 175 (67%) 224 (64%) 0.42

BMI (kg/m2) 23.0 § 3.9 23.3 § 4.2 0.014 23.7 § 3.8 24.1 § 4.6 0.041 22.5 § 3.7 23.1 § 3.7 0.002 21.2 § 3.8 21.5 § 3.7 0.19

Prior catheter ablation 181 (9%) 93 (4%) <0.001 123 (11%) 71 (7%) 0.001 53 (7%) 18 (2%) <0.001 5 (2%) 4 (1%) 0.43

Estimated GFR (mL/min) 61.7 (48.0, 75.9) 59.3 (46.8, 71.2) <0.001 68.0 (54.6, 81.7) 63.9 (52.1, 75.6) <0.001 56.2 (44.2, 68.1) 57.6 (46.0, 68.8) 0.28 50.3 (37.0, 64.6) 47.8 (35.9, 61.1) 0.13

CHADS2 score 1.83 § 1.28 2.22 § 1.36 <0.001 1.22 § 1.07 1.51 § 1.15 <0.001 2.44 § 1.13 2.76 § 1.20 <0.001 2.74 § 1.12 2.99 § 1.23 0.010

CHA2DS2-VASc score 3.17 § 1.67 3.57 § 1.69 <0.001 2.24 § 1.42 2.56 § 1.43 <0.001 4.05 § 1.26 4.29 § 1.38 <0.001 4.59 § 1.29 4.75 § 1.39 0.073

Previous stroke/TIA 305 (14%) 473 (22%) <0.001 130 (12%) 170 (17%) <0.001 111 (15%) 193 (23%) <0.001 64 (25%) 110 (32%) 0.062

Pre-existing heart failure 379 (18%) 791 (36%) <0.001 135 (12%) 290 (29%) <0.001 155 (21%) 322 (39%) <0.001 89 (34%) 179 (51%) <0.001
Valvular heart disease 251 (12%) 488 (22%) <0.001 99 (9%) 170 (17%) <0.001 107 (14%) 210 (25%) <0.001 45 (17%) 108 (31%) <0.001
Cardiomyopathy 49 (2%) 71 (3%) <0.001 28 (3%) 44 (4%) 0.019 15 (2%) 25 (3%) 0.21 6 (2%) 2 (0.5%) 0.063

Hypertension 1,354 (64%) 1,353 (62%) 0.16 672 (60%) 606 (60%) 0.86 501 (67%) 539 (65%) 0.35 181 (70%) 208 (60%) 0.011

Diabetes mellitus 493 (23%) 520 (24%) 0.70 265 (24%) 253 (25%) 0.50 174 (23%) 195 (23%) 0.94 54 (21%) 72 (21%) 0.91

Dyslipidemia 1,042 (49%) 853 (39%) <0.001 550 (50%) 442 (44%) 0.009 385 (52%) 313 (38%) <0.001 107 (41%) 98 (28%) <0.001
Coronary artery disease 347 (16%) 285 (13%) 0.002 142 (13%) 102 (10%) 0.055 146 (20%) 137 (17%) 0.11 59 (23%) 46 (13%) 0.002

Prior myocardial infarction 162 (8%) 99 (5%) <0.001 66 (6%) 32 (3%) 0.002 68 (9%) 45 (5%) 0.005 28 (11%) 22 (6%) 0.047

Peripheral artery disease 93 (4%) 84 (4%) 0.36 34 (3%) 31 (3%) 0.98 43 (6%) 39 (5%) 0.34 16 (6%) 14 (4%) 0.23

Renal dysfunction 925 (47%) 1,075 (52%) 0.002 340 (34%) 376 (40%) 0.004 414 (58%) 450 (57%) 0.52 171 (68%) 249 (73%) 0.18

Chronic obstructive

pulmonary disease

95 (4%) 129 (6%) 0.037 39 (4%) 54 (5%) 0.039 45 (6%) 54 (7%) 0.70 11 (4%) 21 (6%) 0.33

Anemia 771 (39%) 727 (35%) 0.009 256 (25%) 200 (21%) 0.035 342 (48%) 313 (39%) <0.001 173 (69%) 214 (64%) 0.17

Prescription at baseline

Oral anticoagulant 918 (43%) 1,460 (67%) <0.001 461 (41%) 678 (67%) <0.001 378 (51%) 601 (72%) <0.001 79 (30%) 181 (52%) <0.001
Warfarin 643 (30%) 1,172 (54%) <0.001 312 (28%) 525 (52%) <0.001 274 (37%) 495 (60%) <0.001 57 (22%) 152 (44%) <0.001
NOAC 275 (13%) 288 (13%) 0.86 149 (13%) 153 (15%) 0.24 104 (14%) 106 (13%) 0.50 22 (8%) 29 (8%) 0.95

Antiplatelet drug 590 (28%) 590 (27%) 0.51 252 (23%) 236 (23%) 0.69 240 (32%) 244 (29%) 0.23 98 (38%) 110 (32%) 0.11

Diuretics 447 (21%) 778 (36%) <0.001 169 (15%) 289 (29%) <0.001 183 (25%) 317 (38%) <0.001 95 (37%) 172 (49%) 0.002

ACE-I/ARBs 914 (43%) 999 (46%) 0.10 454 (41%) 452 (45%) 0.065 339 (45%) 396 (48%) 0.36 121 (47%) 151 (43%) 0.42

Digitalis 109 (5%) 378 (17%) <0.001 44 (4%) 170 (17%) <0.001 44 (6%) 156 (18%) <0.001 21 (8%) 52 (15%) 0.010

Beta-blocker 595 (28%) 713 (32%) 0.001 312 (28%) 376 (37%) <0.001 217 (29%) 251 (30%) 0.61 66 (25%) 86 (25%) 0.83

Antiarrhythmic drugs 653 (31%) 191 (9%) <0.001 386 (34%) 113 (11%) <0.001 217 (29%) 60 (7%) <0.001 50 (19%) 18 (5%) <0.001
Statins 560 (26%) 488 (22%) 0.002 277 (25%) 242 (24%) 0.62 218 (29%) 194 (23%) 0.008 65 (25%) 52 (15%) 0.002

AF = atrial fibrillation; BP = blood pressure; NOAC = nonvitamin K oral anticoagulant; Renal dysfunction: estimated glomerular filtration rate <60 mL/min/m2, TIA = transient ischemic attack.

Categorical data are presented as number (%). Continuous data are presented as mean § standard deviation (SD), or median and interquartile range (25%, 75%) according to the distribution. Anemia was

defined according to the World Health Organization criteria (hemoglobin level <13.0 g/dL in men and <12.0 g/dL in women).
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Categorical variables are presented as numbers and percen-
tages and compared using the chi-square test when appro-
priate; otherwise, we used Fisher’s exact test. The
cumulative incidences of clinical outcomes were estimated
by the Kaplan-Meier method, and differences were assessed
with the log-rank test. We carried out a multivariate analy-
sis for the indicators of cardiac death, HF hospitalization,
and the composite of these events using the Cox propor-
tional hazards model. The covariates chosen to be included
were age (per 10 years for overall analysis, and not included
for each age subgroup analysis), female (vs male), body
mass index as the 3 categorical variable (<18.5 kg/m2, 18.5
to <25.0 kg/m2, ≥25.0 kg/m2), sustained AF (vs paroxys-
mal AF), pre-existing HF, hypertension, diabetes mellitus,
previous stroke or transient ischemic attack (TIA), periph-
eral artery disease, previous myocardial infarction, anemia,
valvular heart disease, cardiomyopathy, chronic obstructive
pulmonary disease, and renal dysfunction at baseline. p
value for interaction was also assessed to examine heteroge-
neity in subgroups of the prespecified factors. In addition, a
selection impact analysis was performed, describing the
hazard ratios (HR) of sustained AF (vs paroxysmal AF) in
the younger population under different age-based thresh-
olds for the incidence of the primary end point. We used
JMP version 14 (SAS Institute, Cary, NC) to perform all of
these analyses. Two-sided p values less than 0.05 were con-
sidered statistically significant.
Results

Of 4,760 patients who were enrolled by the end of
November 2016, follow-up data (collected annually)
were available for 4,325 patients as of November 2017
(follow-up rate: 90.9%). Of these 4,325 patients, 21
patients were excluded because their baseline prescrip-
tion data were unavailable. Finally, among 4,304
patients, 2,117 had paroxysmal AF and 2,187 had sus-
tained AF at enrollment of our registry. The median
Table 2

Causes of death in overall patients

Paroxysmal AF (n = 2,117)

Number Percentage Event rate

(/100 person-years) (e

All-cause death 358 100.0% 4.7

Cardiovascular causes 82 22.9% 1.1

Cardiac 55 15.4% 0.7

Heart failure 47 13.1% 0.6

Acute coronary syndrome 3 0.8% 0.04

Dysrhythmia 5 1.4% 0.07 0

Vascular 27 7.5% 0.35 0

Ischemic stroke 12 3.4% 0.16 0

Systemic embolism 0 0.0% 0

Hemorrhagic stroke 4 1.1% 0.05 0

Other intracranial hemorrhage 1 0.3% 0.01

Extracranial bleeding 4 1.1% 0.05 0

Other vascular/unknown 6 1.7% 0.08 0

Non-cardiovascular causes 206 57.5% 2.7

Undetermined causes 70 19.6% 0.9

CI = confidence interval.

Event rates of each specific cause of death are presented per 100 person-years.
follow-up period was 1,307 (interquartile range: 709 to
2,156) days.

The age distribution of paroxysmal and sustained AF
groups in the entire cohort is shown in Figure 1. The pro-
portion of sustained AF in each 5-year age subgroup
increased as age became older, and accounted for more
than a half at the age of ≥65 years. Baseline clinical charac-
teristics of patients with paroxysmal AF and sustained AF
in the overall population and age subgroups are summarized
in Table 1. The history of stroke or TIA and the prevalence
of pre-existing HF were higher in sustained AF than in par-
oxysmal AF group with a higher CHA2DS2-VASc score,
irrespective of age subgroups. The prevalence of anemia
and the history of myocardial infarction were lower in sus-
tained AF in the overall population. These differences were
consistent among every age subgroup except for anemia at
age of ≥85 years. As for medication, OAC, diuretics, and
digitalis were prescribed more frequently in sustained AF
than in paroxysmal AF group, irrespective of age sub-
groups. Beta-blockers were prescribed more frequently in
sustained AF group at the age of ≤74 years, but similarly
between the 2 groups among the other older age groups (75
to 84 years and ≥85 years). Antiarrhythmic drugs were pre-
scribed less frequently as age became older, and less fre-
quently in sustained AF than in paroxysmal AF group.

Cardiac death was mainly due to HF in the both 2 groups
(Table 2), and its event rate tended to be higher in the sus-
tained AF group than in paroxysmal AF. Figure 2 summa-
rizes the event rate of the cardiac death and HF
hospitalization in the 2 groups. The event rate of cardiac
death was significantly higher in sustained AF than in par-
oxysmal AF, only at the age of ≤74 years (sustained AF vs
paroxysmal AF, 0.6 vs 0.3 per 100 person-years; p = 0.021),
but comparable at the other older age subgroups (75 to 84
and ≥85 years). HF hospitalization occurred more fre-
quently in sustained AF than in paroxysmal AF with the
higher event rate as age became older. As shown in Figure 3,
the cumulative incidence of the composite of cardiac death
Sustained AF (n = 2,187) p value

95% CI

vent rate)

Number Percentage Event rate

(/100 person-years)

95% CI

(event rate)

4.2-5.2 452 100.0% 6.0 5.4-6.6 <0.001
0.9-1.3 120 26.5% 1.6 1.3-1.9 0.006

0.6-0.9 72 15.9% 1.0 0.8-1.2 0.11

0.5-0.8 67 14.8% 0.9 0.7-1.1 0.054

0.01-0.1 1 0.2% 0.01 0.0-0.07 0.38

.03-0.15 4 0.9% 0.05 0.02-0.14 0.77

.24-0.51 48 10.6% 0.6 0.5-0.8 0.014

.09-0.27 26 5.8% 0.34 0.23-0.50 0.022

0 1 0.2% 0.01 0.0-0.07 0.50

.02-0.13 9 2.0% 0.1 0.06-0.2 0.17

0.0-0.07 2 0.4% 0.03 0.01-0.1 0.62

.02-0.13 5 1.1% 0.07 0.03-0.1 0.74

.04-0.17 5 1.1% 0.07 0.03-0.1 0.79

2.4-3.1 240 53.1% 3.2 2.8-3.6 0.086

0.7-1.2 92 20.4% 1.2 1.0-1.5 0.073



Figure 2. Event rates of (A) cardiac death, (B) HF hospitalization, and (C) the composite of cardiac death and HF hospitalization between paroxysmal and

sustained AF groups across age subgroups (≤74 years, 75 to 84 years, and ≥85 years). CI = confidence interval; HF = heart failure; HR = hazard ratio.
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Figure 3. Kaplan-Meier curves for the incidences of the composite of cardiac death and HF hospitalization between paroxysmal and sustained AF groups (A)

in the overall population, (B) in patients at age of ≤74 years, (C) in those at age of 75 to 84 years, and (D) in those at age of ≥85 years.
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and HF hospitalization in the overall population was signifi-
cantly higher in sustained AF than in paroxysmal AF group.
That of the composite end point was higher in the sustained
AF group at both age of ≤74 years and 75 to 84 years.
On the other hand, at the age of ≥85 years, there was no sig-
nificant difference between paroxysmal and sustained
AF groups.
On the multivariate Cox regression analysis (Figure 4),
the incidence of the composite of cardiac death and HF hos-
pitalization was associated with AF type only in younger
AF patients (≤74 years; adjusted HR: 2.03, 95% CI: 1.44 to
2.86) but not in the other older age groups (75 to 84, and
≥85 years). Subgroup analysis on the relation of sustained
versus paroxysmal AF to the composite of cardiac death



Figure 4. Adjusted HR of sustained AF versus paroxysmal AF for cardiac death, HF hospitalization, and the composite of cardiac death and HF hospitaliza-

tion. Data are presented HR and 95% CI. HR was adjusted by age (not included for each age subgroup analysis), sex, body mass index as the 3 categorical

variable, sustained AF (vs paroxysmal AF), pre-existing HF, hypertension, diabetes mellitus, previous stroke or TIA, peripheral artery disease, previous myo-

cardial infarction, anemia, valvular heart disease, cardiomyopathy, chronic obstructive pulmonary disease, and renal dysfunction at baseline.

1426 The American Journal of Cardiology (www.ajconline.org)
and HF hospitalization indicated significantly relevant
interaction (p = 0.037), between patients with anemia
(adjusted HR: 1.46, 95% CI: 0.88 to 2.42) and those without
(adjusted HR: 3.09, 95% CI: 1.88 to 5.30) among younger
AF patients (≤74 years; Figure 5). For other major sub-
groups, there was no significance in the interaction between
the 2 groups. A selection impact analysis revealed that the
HR of sustained versus paroxysmal AF among the younger
group in the incidences of composite end points became
lower when the age threshold for the group was over
75 years (Figure S1).
Discussion

In a Japanese community-based AF cohort, we observed a
higher hazard risk of sustained AF for the incidence of the
composite end point of cardiac death and HF hospitalization,
compared with paroxysmal AF, that was apparent only in
younger AF patients (≤74 years) but not in the other older
age groups (75 to 84, and ≥85 years) on multivariate analy-
sis. Thus, the prognostic impacts of clinical backgrounds
including AF type on the composite end point varied sub-
stantially, depending on age.

Cardiac death, mainly due to HF, was the most common
cause of cardiovascular death among AF patients in some
recent studies.5−7 In our community-based Japanese cohort,
HF accounted for about 16% of all-cause death in each of
the age subgroups (≤74, 75 to 84, and ≥85 years), which
was higher than that of stroke, as we recently reported.8

Given the heterogeneity with respect to the causes and con-
ditions of HF, therapeutic strategies should be tailored to
each individual’s CV co-morbidities. Age itself is one of
the important clinical factors, and clinical characteristics
and prognostic indicators of mortality were different
between younger and older age groups with HF.16,17 In the
present study, the prognostic impacts of the AF type (parox-
ysmal AF vs sustained AF) on the composite of cardiac
death and HF hospitalization were different among age sub-
groups. This difference may be partly due to the higher
prevalence of other CV and non-CV co-morbidities, in
accordance with age. In fact, the present study population
includes elderly AF patients (75 to 84, and ≥85 years) with

www.ajconline.org


Figure 5. Adjusted HR for the composite of cardiac death and HF hospitalization in patients with age ≤74 years, according to major subgroups. Forest plots

show HR with error bars indicating 95% CI. PAF = paroxysmal atrial fibrillation; SAF = sustained atrial fibrillation.
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many co-morbidities who were not suitable for OAC or
rhythm- and/or rate-control therapy, because of the lack of
various exclusion criteria like randomized controlled trials.
These clinical backgrounds as well as the AF type are also
important indicators for cardiac death and HF hospitaliza-
tion, which may interact with each other, along with the dif-
ferential impact on outcomes, depending on age.

Recent studies, including subanalyses of randomized con-
trolled trials1−3 and real-world cohorts4,18 have sought to
investigate whether the AF type affects the risk of thrombo-
embolism and all-cause mortality, although these issues are
still controversial. According to the previous studies,19−22

evaluating the predictors of incident HF, the AF type was
listed as a risk factor for HF in an analysis from ORBIT-AF
(Outcomes Registry for Better Informed Treatment of Atrial
Fibrillation)22 and not in the others.19−21 The present study
demonstrated that sustained AF, especially in younger AF
patients (≤74 years), was associated with a higher incidence
of the composite of cardiac death and HF hospitalization than
paroxysmal AF, even after adjustment by multivariate
analysis. The differences in the predictors of subsequent HF
event among the previous studies19−22 and the present study,
may be partly due to differences in clinical backgrounds,
enrollment periods, and study designs. For instance, 1 report21

included AF patients with pre-existing HF; New York Heart
Association class 1; 14%, and class 2 to 4; 21% of the study
population. The others19,20,22 did not include patients with
pre-existing HF and evaluated the predictors of new-onset
HF. In the present study, the higher risk of sustained AF for
the composite of cardiac death and HF hospitalization, com-
pared with paroxysmal AF, may indicate the association of
increased AF burden with higher cardiac event. Recently, the
CASTLE-AF (Catheter Ablation vs Standard Conventional
Therapy in Patients With Left Ventricular Dysfunction and
Atrial Fibrillation) trial23 reported that catheter ablation was
associated with lower rates of death from any cause and lower
rates of hospital admission for heart failure along with reduc-
ing AF burden, on the basis of the data extracted from the
memory of the implanted devices. Rhythm-control strategies
aimed at the reduction of AF burden may be more beneficial
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for the prevention of adverse cardiac events in younger
patients (≤74 years) with sustained AF, compared with the
elderly.

The results of the present study have several limitations.
First, the results were derived from a prospective observa-
tional study; therefore, it only shows the association and
not causality with the limitations inherent to the design
such as selection bias and unmeasured confounders,
although we attempted to control confounders by adjust-
ment using multivariate analysis. Second, the present study
was conducted in an urban district in Japan. The results can-
not be easily extrapolated to other rural areas or countries.
Third, the currently used clinical AF classifications may
poorly reflect the AF temporal persistence, as demonstrated
in a recent study about patients with cardiac implantable
device.24 Our clinical classification of paroxysmal AF is
likely to reflect lower AF burden compared with sustained
AF, although accurate classification of AF type and evalua-
tion of AF burden may be difficult in the routine clinical
practice. Finally, the present study was based on cross-sec-
tional analyses with clinical details at the time of enroll-
ment, not just before the clinical adverse event. Changes of
clinical backgrounds during the follow-up such as AF pro-
gression from paroxysmal to sustained type, and treatments
including OAC and antiarrhythmic drug prescriptions as
well as the procedure of catheter ablation and cardiac
device implantation in each individual patient were also not
taken into consideration.
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