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BACKGROUND Long-term continuous monitoring detects short-lasting, subclinical atrial fibrillation (SCAF) in

approximately one-third of older individuals with cardiovascular conditions. The relationship between SCAF, its pro-

gression, and the development of heart failure (HF) is unclear.

OBJECTIVES This study examined the relationship between progression from shorter to longer SCAF episodes and HF

hospitalization.

METHODS Subjects in ASSERT (Asymptomatic Atrial Fibrillation and Stroke Evaluation in Pacemaker Patients and the

Atrial Fibrillation Reduction Atrial Pacing Trial) were $65 years old, had history of hypertension, no prior clinical AF, and

an implanted pacemaker or defibrillator. We examined patients whose longest SCAF episode during the first year after

enrollment was >6 min but #24 h (n ¼ 415). Using time-dependent Cox models, we evaluated the relationship between

subsequent development of SCAF >24 h or clinical AF and HF hospitalization.

RESULTS Over a mean follow-up of 2 years, 65 patients (15.7%) progressed to having SCAF episodes >24 h or clinical AF

(incidence8.8%peryear).Older age,greaterbodymass index, and longer SCAFdurationwithin thefirstyearwere independent

predictors of SCAF progression. The rate of HF hospitalization among patients with SCAF progression was 8.9% per year

compared with 2.5% per year for those without progression. After multivariable adjustment, SCAF progression was inde-

pendently associatedwithHFhospitalization (hazard ratio [HR]: 4.58; 95%confidence interval [CI]: 1.64 to 12.80; p¼0.004).

Similar resultswere observedwhenweexcludedpatientswith prior history of HF (HR: 7.06; 95%CI: 1.82 to 27.30; p¼0.005)

or when SCAF progression was defined as development of SCAF >24 h alone (HR: 3.68; 95% CI: 1.27 to 10.70; p ¼ 0.016).

CONCLUSIONS In patients with a pacemaker or defibrillator, SCAF progression was strongly associated with HF

hospitalization. (J Am Coll Cardiol 2018;71:2603–11) © 2018 by the American College of Cardiology Foundation.
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BMI = body mass index

CI = confidence interval
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ICD = implantable
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MI = myocardial infarction

SCAF = subclinical atrial

fibrillation

TIA = transient ischemic attack
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A trial fibrillation (AF) is a growing
global health problem and is associ-
ated with significant morbidity and

mortality (1–4). Landmark clinical trials
have led to significant advances in the pre-
vention of AF-related stroke (5–9); however,
other AF-related complications are impor-
tant and underappreciated (10–12). Heart
failure (HF) develops in up to 40% of pa-
tients with AF (13,14) and is the cause of
15% to 30% of all deaths in this patient pop-
ulation (10,15,16). However, most of our
knowledge of the relationship between AF
and HF are based on studies of overt clinical
AF, and limited data exist on the association
between asymptomatic, subclinical atrial fibrillation
(SCAF) and HF.
SEE PAGE 2612
SCAF refers to short-lasting, asymptomatic epi-
sodes of AF that are only detected with continuous,
long-term cardiac monitoring. Modern pacemakers
and implantable cardioverter-defibrillators (ICD)
allow for the accurate capture of SCAF episodes,
which have been shown in large cohort studies to be
associated with an increased risk of clinical AF and
stroke (17,18). Implanted cardiac devices also allow
for the precise quantification of AF episode duration.
Patients with paroxysmal AF may progress from
shorter episodes to more frequent, longer, and ulti-
mately sustained episodes, and this appears to be
associated with worse clinical outcomes (19–23).
However, prospective data examining the clinical
outcomes of AF progression have been limited, and it
remains unclear whether the evolution from shorter
episodes of SCAF to longer episodes is associated with
worse clinical outcomes (19–23).

In this analysis of data from the ASSERT
(Asymptomatic Atrial Fibrillation and Stroke Evalu-
ation in Pacemaker Patients and the Atrial Fibrilla-
tion Reduction Atrial Pacing Trial) (18), we
evaluated the predictors of SCAF progression,
defined as the development of at least 1 episode of
SCAF >24 h in duration or clinical AF in patients
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previously monitored for 1 year in which they only
experienced SCAF between 6 min and 24 h, as well
as the relationship between SCAF progression and
HF hospitalization.

METHODS

STUDY POPULATION. The ASSERT study has been
previously described (18,24). Briefly, ASSERT enrolled
2,580 participants age $65 years, who were on anti-
hypertensive therapy, and had undergone implanta-
tion of a dual-chamber pacemaker or ICD within
8 weeks of enrollment. Individuals with a history of
clinical AF or atrial flutter >5 min in duration or
treatment with a vitamin K antagonist were excluded.
All device-captured SCAF, defined as episodes lasting
>6 min in duration with an atrial rate >190 beats/min,
were adjudicated. Follow-up occurred at 6-month
intervals after enrollment. All participants provided
written informed consent.

For the purposes of this analysis, the study popu-
lation included all ASSERT participants who had ep-
isodes of SCAF lasting >6 min, but not longer than
24 h in the first year after enrollment (n ¼ 415)
(Figure 1). Participants who only had #6 min of SCAF
(n ¼ 125) were excluded because not all of these epi-
sodes were adjudicated, and the rate of false-positive
SCAF is high when episode duration is this brief (18).
The upper limit of 24 h was selected because episodes
of greater duration appear to be associated with an
increased risk of stroke (25) and are considered to be
clinically important by expert guidelines (26). SCAF
progression was defined as the development of SCAF
lasting >24 h or presentation with overt clinical AF in
a patient previously shown to have SCAF lasting from
>6 min to 24 h during the initial year of follow-up.
Clinical AF was defined as AF detected by 12-lead
electrocardiography or surface electrocardiography
rhythm strip >6 min.

ASSESSMENT OF COVARIATES. Pre-specified cova-
riates evaluated in this analysis were assessed at
study entry and included age, sex, weight, height,
body mass index (BMI), systolic and diastolic
blood pressure, heart rate, history of diabetes,
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FIGURE 1 Flow Diagram Depicting the Study Population Within ASSERT

ASSERT population (n = 2,580)

n = 2,384

Patients with follow-up time <1
year (n = 196)

Patients with no SCAF (n = 1824) or
SCAF ≤6 min (n = 16) in first year

Patients with SCAF >24 h in
first year (n = 129)

n = 544

n = 415

ASSERT ¼ Asymptomatic Atrial Fibrillation and Stroke Evaluation in Pacemaker Patients

and the Atrial Fibrillation Reduction Atrial Pacing Trial; SCAF ¼ subclinical atrial

fibrillation.
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hypercholesterolemia, HF, left ventricular ejection
fraction, prior stroke/transient ischemic attack (TIA),
prior myocardial infarction (MI), CHA2DS2-VASc
(stroke risk index [Congestive Heart Failure/Left
Ventricular Dysfunction, Hypertension, Age $75
Years (2 points), Diabetes, History of Stroke/TIA (2
points), Vascular Disease, Age 65 to 74 Years, and
Female Sex (if $65 years or other risk factor)]) scores,
presence of sinus node disease, left ventricular hy-
pertrophy, and medication use including use of ace-
tylsalicylic acid, statins, beta-blockers, angiotensin
antagonists, and antiarrhythmic drugs.

OUTCOMES FOR ANALYSIS. The incidence and
clinical predictors of SCAF progression were studied.
In this analysis, the primary outcome was the rela-
tionship between SCAF progression and HF hospi-
talization. HF hospitalization was defined as a
minimum of an overnight stay in hospital of an in-
dividual who presented with signs and symptoms of
HF and had radiologic evidence of HF or received
intravenous diuretics or inotropes. The association
between SCAF progression and stroke, cardiovascu-
lar death, and MI were assessed as secondary
outcomes.

STATISTICAL ANALYSIS. Continuous variables were
expressed as mean � SD, unless not normally
distributed, in which case medians and interquartile
ranges (IQR) were used. Categorical variables were
expressed as frequencies and proportions. Normally
distributed continuous variables were compared
using the independent Student’s t-test, otherwise
the Wilcoxon rank sum test was used. The chi-
square test or Fisher exact test was used to
compare categorical variables. Independent pre-
dictors of SCAF progression were identified using
Cox proportional hazards models, with all models
including age, systolic blood pressure, BMI, prior
stroke/TIA, and prior HF as they were clinically
suspected to be associated with SCAF progression
(see Methods in the Online Appendix).

The relationships between SCAF progression and
individual outcomes were examined by modeling
the occurrence of SCAF progression during the
study as a time-dependent covariate in multivari-
able Cox models. SCAF episodes were classified into
2 categories based on episode length (>6 min to 24
h, >24 h). All participants started as having SCAF
>6 min to 24 h, and if patients developed a SCAF
episode >24 h or clinical AF, participants would be
reclassified to the corresponding category and
remain there. Only clinical events occurring after
development of SCAF >24 h or clinical AF were
attributed to SCAF progression. Events occurring
prior to progression were counted toward the SCAF
progression absent group. Baseline covariates were
used for multivariable model adjustment on the
basis of prior literature (18) and included age, sex,
history of diabetes, HF, MI, and prior stroke/TIA as
well as the logarithm of the longest SCAF episode
duration within the first year of enrollment. To rule
out potential model overfitting in this setting, a
propensity score method to adjust for the above-
mentioned potential confounders was also used
(see Methods in the Online Appendix) (27). A
competing risk analysis using the method of Fine
and Gray was also performed to assess all-cause
mortality as a competing event for the clinical
outcomes of interest (28).

Several pre-specified sensitivity analyses were
also performed, evaluating the primary outcome:
1) after excluding all patients with a history of
HF; 2) after excluding all individuals with HF hos-
pitalization within the first year of enrollment; 3)
among patients whose longest SCAF was between
>6 min and 12 h in duration within the first year of
enrollment; and 4) among participants free of SCAF
or those who had #24 h of SCAF in year 1. In
addition, we examined the primary outcome using
different definitions for progression including
developing: 5) SCAF >24 h only; 6) clinical AF only;
and 7) SCAF >12 h or clinical AF among participants
whose longest SCAF was between >6 min and 12 h
in year 1. Two-tailed p values <0.05 were consid-
ered significant. SAS version 9.4 (SAS Institute,
Cary, North Carolina) was used for all statistical
analyses.
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TABLE 1 Study Participant Characteristics

Total Study
Population
(N ¼ 415)

Subclinical Atrial
Tachyarrhythmia Progression*

Yes (n ¼ 65) No (n ¼ 350) p Value

Age, yrs 76.7 � 6.6 76.6 � 7.2 76.7 � 6.5 0.91

Male 227 (54.7) 42 (64.6) 185 (52.9) 0.08

Systolic blood pressure, mm Hg 139.0 � 19.3 137.5 � 17.1 139.3 � 19.7 0.45

Diastolic blood pressure, mm Hg 75.7 � 10.5 73.9 � 10.0 76.1 � 10.6 0.11

Pulse pressure, mm Hg 63.3 � 17.4 63.6 � 16.3 63.2 � 17.6 0.86

Heart rate, beats/min 68.7 � 11.2 67.3 � 8.9 69.0 � 11.6 0.18

BMI, kg/m2 27.5 � 5.0 28.2 � 4.9 27.3 � 5.0 0.21

Prior stroke/TIA 42 (10.1) 5 (7.7) 37 (10.6) 0.48

History of HF 56 (13.5) 6 (9.2) 50 (14.3) 0.27

Diabetes mellitus 97 (23.4) 16 (24.6) 81 (23.1) 0.80

MI 64 (15.4) 12 (18.5) 52 (14.9) 0.46

Peripheral vascular disease 23 (5.5) 5 (7.7) 18 (5.1) 0.38

LVEF, % 60.0 (55.0–65.0) 60.0 (50.0–65.0) 60.0 (55.0–65.0) 0.77

CHA2DS2-VASc score 3.9 � 1.3 3.9 � 1.3 3.9 � 1.3 0.97

Pacing indication

Sinus-node disease alone 129 (31.1) 22 (33.8) 107 (30.6) 0.6

AV node disease alone 197 (47.5) 30 (46.2) 167 (47.7) 0.82

Both sinus and AV node disease 63 (15.2) 9 (13.8) 54 (15.4) 0.74

Hypertension history >10 yrs 185 (44.6) 33 (50.8) 152 (43.4) 0.27

ECG left ventricular hypertrophy
(Sokolow and Lyon index)

12 (2.9) 0 (0.0) 12 (3.4) 0.23

Device implanted

Pacemaker 398 (95.9) 63 (96.9) 335 (95.7) 1.0

ICD 15 (3.6) 2 (3.1) 13 (3.7)

Medications

Aspirin 235 (56.6) 39 (60.0) 196 (56.0) 0.55

Beta-blocker 138 (33.3) 27 (41.5) 111 (31.7) 0.12

ACE inhibitor/ARB 315 (75.9) 45 (69.2) 270 (77.1) 0.17

Statin 183 (44.1) 28 (43.1) 155 (44.3) 0.86

Antiarrhythmic drug 28 (6.7) 7 (10.8) 21 (6.0) 0.18

Longest SCAF episode,† h 2.5 (0.7–6.2) 6.7 (2.5–13.4) 2.0 (0.6–5.0) <0.001

Total SCAF duration,† h 4.0 (1.20–11.6) 14.8 (4.0–26.3) 3.2 (1.0–8.9) <0.001

Values are mean � SD, n (%), or median (IQR). *Defined as development of $1 episode of SCAF >24 h or overt
clinical AF during subsequent follow-up. †During the first year from enrollment.

ACE ¼ angiotensin-converting enzyme; ARB ¼ angiotensin receptor blocker; AV ¼ atrioventricular; BMI ¼ body
mass index; CHA2DS2-VASc ¼ stroke risk index (Congestive Heart Failure/Left Ventricular Dysfunction, Hyper-
tension, Age $ 75 Years [2 points], Diabetes, History of Stroke/Transient Ischemic Attack [2 points], Vascular
Disease, Age 65 to 74 Years, and Female Sex [if $ 65 years or other risk factor]); ECG ¼ electrocardiography;
HF ¼ heart failure; ICD ¼ implantable cardioverter-defibrillator; IQR¼ interquartile range; LVEF¼ left ventricular
ejection fraction; MI ¼myocardial infarction; SCAF ¼ subclinical atrial fibrillation; TIA ¼ transient ischemic attack.
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RESULTS

PATIENT CHARACTERISTICS. In the first year from
enrollment, 415 patients had SCAF lasting between
6 min and 24 h. Baseline characteristics are summa-
rized in Table 1. Mean age of the analysis population
was 76.7 � 6.6 years, and 13.5% had a prior history of
HF. During subsequent follow-up, 65 patients (15.7%)
progressed to episodes of SCAF >24 h or overt clinical
AF, corresponding to a rate of 8.8% per year. Among
the patients who progressed, 60 patients developed
SCAF >24 h, 25 patients developed clinical AF, and 20
patients developed both. Compared with patients
who did not progress, patients with SCAF progression
had greater median longest SCAF episode duration
within the first year of enrollment (6.7 [IQR: 2.5 to
13.4] h vs. 2.0 [IQR: 0.6 to 5.0] h; p < 0.001). Other-
wise, there were no significant differences between
the groups (Table 1). Figure 2 depicts the trends in the
median duration of the longest SCAF episode (on a log
scale) for both groups during the study period.
Among the patients who progressed, the median
duration of the longest SCAF episode steadily
increased from 6.7 h in the first year from enrollment
to a median of 153.2 h in the fourth year. In contrast,
the median duration of the longest SCAF episode
remained relatively stable during the study period
among those who did not progress (year 1: 2.0 h and
year 4: 3.3 h).

PREDICTORS OF SCAF PROGRESSION. Findings
from a multivariable Cox model identifying pre-
dictors of SCAF progression are shown in Table 2.
Every 10-year increase in age was associated with a
1.6-fold increase in the risk of SCAF progression
(hazard ratio [HR]: 1.59; 95% confidence interval
[CI]: 1.05 to 2.39; p ¼ 0.028). BMI was also an inde-
pendent predictor of SCAF progression, with each
10-kg/m2 increase being associated with an HR of
1.83, 95% CI of 1.14 to 2.94, and p ¼ 0.013. Each 1-h
increase in the duration of the longest SCAF
episode within the first year of enrollment was
independently associated with a 13% increase in the
risk of SCAF progression (HR: 1.13; 95% CI: 1.09 to
1.17; p < 0.001). None of the remaining variables,
including total cumulative SCAF duration during the
first year, were identified as independent risk factors
of SCAF progression (Table 2).

SCAF PROGRESSION AND HOSPITALIZATION FOR

HF. HF hospitalization occurred before and after
SCAF progression in 5 and 7 individuals, respec-
tively. The rate of HF hospitalization was 8.9% per
year after progression to episodes >24 h or clinical
AF compared with 2.5% per year among those who
did not progress. In univariate analysis, SCAF pro-
gression was associated with an increased risk of
subsequent HF hospitalization (HR: 4.10; 95% CI: 1.65
to 10.2; p ¼ 0.002) (Table 3). Following multivariable
adjustment, SCAF progression remained an inde-
pendent predictor of HF hospitalization (HR: 4.58;
95% CI: 1.64 to 12.8; p ¼ 0.004) (Table 3). Results
were similar when using a propensity score model for
covariate adjustment (Online Table 1) or following
competing risk analysis accounting for the competing

https://doi.org/10.1016/j.jacc.2018.03.519


FIGURE 2 Trends in the Duration of the Longest SCAF Episode Over the Study Period

in Patients With and Without SCAF Progression
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Longest SCAF episode duration was log-transformed. Data presented as median and

interquartile range. AF ¼ atrial fibrillation; SCAF ¼ subclinical atrial fibrillation.

TABLE 2 Independent Predictors of SCAF Progression to >24 h

or Clinical AF During Follow-Up, Among Patients With SCAF

Between >6 min and 24 h Within 1 Year of Enrollment

Multivariable Adjusted Risk

HR 95% CI p Value

Age, per 10-yr increment 1.59 1.05–2.39 0.028

BMI, per 10-kg/m2 increment 1.83 1.14–2.94 0.013

Longest SCAF episode within
1 yr, per 1-h increment

1.13 1.09–1.17 <0.001

Beta-blocker use 1.61 0.96–2.69 0.069

Antiarrhythmic drug use 2.08 0.88–4.94 0.096

Systolic blood pressure,
per 10-mm Hg increment

0.93 0.81–1.07 0.331

Prior stroke/TIA 0.48 0.17–1.35 0.164

History of HF 0.65 0.27–1.54 0.328

CI ¼ confidence interval; HR ¼ hazard ratio; other abbreviations as in Table 1.
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risk of mortality (Online Table 2). Table 4 summarizes
the relationship between the covariates used in the
multivariable-adjusted Cox model and the risk of HF
hospitalization. In addition to SCAF progression,
prior history of HF (HR: 6.34; 95% CI: 2.6 to 15.6;
p < 0.001) and prior MI (HR: 2.89; 95% CI: 1.2 to 7.2;
p ¼ 0.02) were independent predictors of HF hospi-
talization. In exploratory analysis, prior MI appeared
to be a significant predictor of HF hospitalization
among those who had SCAF progression compared
with those who did not (Online Table 3).

Several pre-specified sensitivity analyses were
performed (Online Table 4). Adjusted HR for HF
hospitalization were similar after excluding patients
with a history of HF at baseline (HR: 7.06; 95% CI:
1.82 to 27.30; p ¼ 0.005) or after exclusion of pa-
tients with HF hospitalization within the first year of
enrollment (HR: 4.18; 95% CI: 1.39 to 12.6; p ¼ 0.01).
Comparable results were also observed when exam-
ining SCAF progression among the subset of partic-
ipants with SCAF between 6 min and 12 h in the first
year (HR: 7.73; 95% CI: 2.52 to 23.80; p < 0.001) or
among participants who were either free of SCAF or
had SCAF #24 h in year 1 (HR: 3.48; 95% CI: 1.86 to
6.51; p < 0.001). Finally, adjusted HR were similar
when the definition for progression was SCAF >24 h
alone (HR: 3.68; 95% CI: 1.27 to 10.70; p ¼ 0.016),
development of clinical AF alone (HR: 3.99; 95% CI:
0.85 to 18.8; p ¼ 0.08), or development of SCAF
>12 h or clinical AF among those with SCAF between
6 min and 12 h in the first year of enrollment
(HR: 3.44; 95% CI: 1.15 to 10.30; p ¼ 0.027). There
was no apparent association between SCAF pro-
gression and stroke, vascular death, MI, or their
composite (Table 3).

DISCUSSION

This study demonstrates that progression of SCAF,
from shorter to longer episodes, is associated with a
5-fold increase in the risk of HF hospitalization
(Central Illustration). SCAF progression to episodes
>24 h was common, occurring at a rate of 9% per
year, and was more frequent among older in-
dividuals, those with greater BMI and those with
longer initial SCAF episodes. This study is the first to
demonstrate that progression of AF, even at its
asymptomatic, subclinical stage can be associated
with adverse outcomes. As prior studies using
implanted cardiac devices suggest that up to 85% of
AF is not clinically recognized (18,29), the current
analysis of SCAF adds significantly to our under-
standing of the relationship between AF and HF,
identifying a subgroup of patients who might benefit
from preventive strategies (30).

In this study, increasing age and BMI were in-
dependent predictors of SCAF progression, findings
consistent with prior studies of clinically overt AF
(31–35). In the Women’s Health Study, the risk of
having nonparoxysmal AF shortly after the diag-
nosis of AF increased by 30% per each 10-kg in-
crease in weight (36). Similarly, data from Olmsted
County suggest that obesity and severe obesity were
associated with a 30% to 50% increased risk of

https://doi.org/10.1016/j.jacc.2018.03.519
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TABLE 3 Risk of Clinical Outcomes Occurring in Patients With or Without SCAF Progression to the Combined Endpoint of SCAF >24 h or

Clinical AF, Among Patients With SCAF Between >6 min and 24 h Within 1 Year of Enrollment

Subclinical Atrial Tachyarrhythmia Progression

Unadjusted Risk*
Multivariable Adjusted

Risk*Present Absent

Events/Patients % per Year Events/Patients % per Year HR 95% CI p Value HR 95% CI p Value

HF hospitalization 7/60 8.9 18/355 2.5 4.10 1.65–10.2 0.002 4.58 1.64–12.8 0.004

Any stroke 0/65 0 8/350 1.1 0.00 — — 0.00 — —

Vascular death 4/65 4.5 17/350 2.3 1.99 0.66–6.02 0.23 1.71 0.53–5.58 0.37

MI 1/65 1.1 3/350 0.4 2.40 0.21–27.1 0.48 1.94 0.15–25.1 0.61

Stroke/MI/vascular death 5/65 5.7 24/350 3.3 1.55 0.58–4.15 0.38 1.51 0.53–4.35 0.44

All outcomes adjusted for age, sex, prior diabetes, congestive HF, MI, stroke/TIA and the logarithm of longest SCAF episode within the first year of enrollment. Dashes indicate
data were not available. *Where SCAF progression absent is the referent.

Abbreviations as in Tables 1 and 2.

Wong et al. J A C C V O L . 7 1 , N O . 2 3 , 2 0 1 8

Subclinical AF Progression and Heart Failure J U N E 1 2 , 2 0 1 8 : 2 6 0 3 – 1 1

2608
progression to permanent AF (33). Taken together,
these data support that weight loss and other life-
style interventions may be useful in reducing the
burden and progression of AF and the development
of HF, a hypothesis worth testing in a randomized
trial. Participants with longer episodes of SCAF
within the first year were also more likely to prog-
ress, a characteristic that potentially identifies
higher risk individuals in a patient population with
few apparent baseline differences. Indeed, clinical
characteristics at baseline were surprisingly not
altogether different between patients who had SCAF
progression and those who did not, suggesting that
SCAF progression may not be entirely predicted by
traditional risk factors for AF or cardiovascular
disease.

Our study is the first to use continuous, long-term
monitoring to prospectively examine the outcomes
of AF progression and addresses many of the limi-
tations of prior studies. Although several studies
have suggested that progression of paroxysmal to
nonparoxysmal AF is associated with worse
TABLE 4 Covariates Independently Associated With Congestive

HF Hospitalization in the Study Population

Multivariable-Adjusted Risk

HR 95% CI p Value

SCAF progression 4.58 1.64–12.8 0.004

History of HF 6.34 2.58–15.6 <0.001

Prior MI 2.89 1.16–7.21 0.022

Age, per 10-yr increment 0.98 0.53–1.82 0.96

Male 0.86 0.38–1.95 0.71

Prior diabetes 0.84 0.33–2.12 0.72

Prior stroke/TIA 0.26 0.03–2.00 0.20

Longest SCAF episode within
year 1, per 10% increment

1.02 0.99–1.04 0.27

Abbreviations as in Tables 1 to 3.
outcomes, these observations were primarily based
on cross-sectional analyses with few prospective
data available; raising concerns about residual con-
founding (19–22,31,33). Previous reports have also
been limited by small numbers of participants,
single-center design, short follow-up duration, and
incomplete ascertainment of AF (31,37). Finally, prior
studies are also based on a clinical classification for
the pattern of AF, which has been found to correlate
poorly with the temporal persistence of the
arrhythmia (38).

The mechanisms linking AF progression with HF
are incompletely understood. Patients pre-disposed
to HF may not tolerate prolonged, rapid ventricu-
lar rates during SCAF, leading to the clinical
unmasking of HF (39). Furthermore, tachycardia-
induced cardiomyopathy due to prolonged epi-
sodes of SCAF may be an important factor in some
patients (40). Atrial systole can contribute a
considerable proportion of the cardiac output in
patients pre-disposed to HF, and its loss during
episodes of SCAF might also account for some of
the observed increase in HF risk (39). There may
also be shared pathophysiology between these
conditions, with myocardial inflammation and
fibrosis pre-disposing to diastolic dysfunction, atrial
stiffness, and AF (41,42). Finally, abnormal calcium
handling, activation of the renin-angiotensin-
aldosterone system, and the modulation of natri-
uretic peptides during prolonged episodes of SCAF
may also pre-dispose to HF (40,41,43). Interestingly,
in exploratory analysis, prior MI was a strong pre-
dictor of HF hospitalization in the SCAF progression
group, whereas it was not an independent predictor
among those who did not progress. Whereas this
data suggest that prior MI, presumably via
ischemia-induced left ventricular dysfunction or
impaired left ventricular filling, may be more



CENTRAL ILLUSTRATION Subclinical Atrial Fibrillation Progression and the Risk of Heart Failure Hospitalization

Annual rate of heart failure (HF)
hospitalization:
2.5%/year

Annual rate of HF
hospitalization:
8.9%/year

(episodes lasting >6 minutes and ≤24 hours)
Subclinical atrial fibrillation (SCAF)

1-hour increase
in duration

13% increased risk
of SCAF progression

No progression of SCAF
to episodes >24 hours

SCAF progression associated with increased risk of HF hospitalization
[HR:  4.58; 95% CI: 1.64 - 12.8; p = 0.004]

Predictors of SCAF 
progression:

Older age

Greater BMI

SCAF episode duration:

SCAF progression
 (incidence 8.8%/year)
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important in the development of HF hospitalization
in patients with SCAF progression, the finding
should also be interpreted with caution given the
small number patients and events.

The finding that progression of SCAF is associated
with an increased risk of HF adds to a growing body
of published reports highlighting the clinical impor-
tance of the relationship between AF and HF. In an
analysis of the ENGAGE AF–TIMI 48 (Effective
Anticoagulation With Factor Xa Next Generation in
Atrial Fibrillation–Thrombolysis In Myocardial
Infarction 48) study (44), HF accounted for 23.4% of
deaths during the trial. Similarly, in the RE-LY
(Randomized Evaluation of Long-Term Anti-
coagulation Therapy) randomized trial, sudden car-
diac death and HF accounted for 37.4% of deaths
(15). Finally, in a prospective registry of 15,400 in-
dividuals in 47 countries who presented to the
emergency department with a diagnosis of AF, HF
was the most common cause of death, accounting
for 30%, and HF hospitalization was 3-fold greater
than the risk of stroke (10). The identification of
SCAF progression as a strong predictor of future HF
in patients with continuous cardiac monitoring gives
clinicians and researchers a way to identify patients
at risk of HF. The application of evidence-based HF
therapies and the evaluation of risk-factor modifi-
cation in this high-risk population could help pre-
vent the adverse consequences related to HF
development.

STUDY LIMITATIONS. First, our dataset contained
small numbers of patients with outcomes other than
HF, thus we did not have the statistical power to
show associations for outcomes such as stroke. Sec-
ond, our study population was composed of in-
dividuals who met criteria for pacemaker or ICD
implantation, and thus our results may not be appli-
cable to individuals who do not have cardiac device
indications. However, incidence of SCAF in our study
appears similar to that seen in PREDATE AF (Pre-
dicting Determinants of Atrial Fibrillation or Flutter
for Therapy Elucidation in Patients at Risk for
Thromboembolic Events) (45) and ASSERT II (29),
which examined patients with similar risk profiles
who did not meet cardiac device criteria (45). Third,
our results are based on a proposed definition for
SCAF progression, as there is currently no widely
accepted definition (46). However, this was defined a
priori, and our results were similar across a range of
sensitivity analyses using different definitions for
progression. Finally, despite our attempts to control
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COMPETENCY IN MEDICAL KNOWLEDGE: HF is

a leading cause of death in patients with AF. Progres-

sion of asymptomatic, subclinical AF to increasing du-

rations of the arrhythmia in patients with implanted

pacemaker or defibrillator devices is a strong predictor

of subsequent hospitalization for HF, even in patients

with no history of HF.

TRANSLATIONAL OUTLOOK: Randomized studies

are needed to assess whether strategies aimed at

reducing the progression of AF will avoid the need for

HF hospitalization and potentially decrease mortality.
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for confounders, we cannot exclude the existence of
residual confounding.

CONCLUSIONS

Among patients with SCAF, progression occurs at a
rate of 9% per year and is independently associ-
ated with an increased risk of HF hospitalization.
Progression of AF may be a suitable preventive
and therapeutic target and is worthy of future
studies.
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Wong, Population Health Research Institute, 237
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