
Mineralocorticoid Receptor Antagonism in Patients With Atrial
Fibrillation: Findings From the ORBIT-AF (Outcomes Registry for
Better Informed Treatment of Atrial Fibrillation) Registry
Marat Fudim, MD;* Peter R. Liu, MD;* Peter Shrader, BA; Rosalia G. Blanco, MBA; Larry A. Allen, MD, MHS; Gregg C. Fonarow, MD;
Bernard J. Gersh, MBChB, DPhil; Peter R. Kowey, MD; Kenneth W. Mahaffey, MD; Elaine Hylek, MD, MPH; Alan S. Go, MD; Laine Thomas,
PhD; Eric D. Peterson, MD, MPH; Jonathan P. Piccini, MD, MHS

Background-—Mineralocorticoid receptor antagonist (MRA) therapy may be beneficial to patients with atrial fibrillation (AF), but
little is known about their use in patients with AF and subsequent outcomes.

Methods and Results-—In order to better understand MRA use and subsequent outcomes, we performed a retrospective cohort
study of the contemporary ORBIT-AF (Outcomes Registry for Better Informed Treatment of Atrial Fibrillation) registry. AF
progression and cardiovascular outcomes were compared using propensity-matched Cox proportional hazards modeling according
to MRA use at baseline and new MRA use at follow-up versus patients with no MRA use. Among 7012 patients with nonpermanent
AF, 320 patients were taking MRA at enrollment, and 416 patients initiated MRA use during follow-up. The mean patient age was
72.5 years, 56.3% were men, and 70.4% had paroxysmal AF. Among all patients taking MRAs, 434 (59.0%) had heart failure, 655
(89.0%) had hypertension, and 380 (51.6%) had both. After adjustment, new MRA use was not associated with reduced AF
progression (hazard ratio, 1.18; 95% confidence interval, 0.88–1.58; P=0.27) but showed a trend towards lower risk of stroke,
transient ischemic attack, or systemic embolism (hazard ratio, 0.17; 95% confidence interval, 0.02–1.23; P=0.08). Results were
similar for a comparison of new MRA users and baseline MRA users compared with nonusers.

Conclusions-—In community-based outpatients with AF, the majority of MRA use was for heart failure and hypertension. MRA use
also trended towards lower adjusted stroke risk. Future studies should test the hypothesis that MRA use may decrease the risk of
stroke in patients with AF. ( J Am Heart Assoc. 2018;7:e007987. DOI: 10.1161/JAHA.117.007987.)
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T he renin-angiotensin-aldosterone system has long been
considered a potential upstream target for the treatment

and prevention of atrial fibrillation (AF). Renin-angiotensin-
aldosterone system activation leads to myocardial oxidative
stress, fibrosis, and electrical remodeling,1,2 and promotes
other profibrillatory conditions such as heart failure (HF) and
hypertension. Several meta-analyses of angiotensin-convert-
ing enzyme inhibitor (ACEI) and angiotensin receptor blocker
(ARB) therapy have suggested that these agents can improve

freedom from AF, both in the primary and secondary
prevention settings.3–5 However, results have been mixed
and seem to favor these agents mostly in the primary
prevention of AF. Consequently, current guidelines only
recommend ACEI or ARB therapy for primary prevention of
AF in systolic HF (class IIa) and hypertension (class IIb).6 In
other clinical settings, ACEI and ARB therapy has also been
shown to reduce the risk of stroke, such as in the LIFE
(Losartan Intervention for End Point Reduction in
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Hypertension),7 HOPE (Heart Outcomes Prevention
Evaluation),8 and PROGRESS (Perindopril Protection Against
Recurrent Stroke Study)9 trials. In the recently presented
RACE 3 (Routine versus Aggressive Upstream Rhythm Control
for Prevention of Early Persistent Atrial Fibrillation in Heart
Failure Study),10 upstream therapy with ACEIs/ARBs, statins,
mineralocorticoid receptor antagonists (MRAs), and cardiac
rehabilitation were more effective in maintaining sinus rhythm
at 1 year than standard therapy in patients with HF. This
study underlined the potential utility of upstream therapy on
the reduction of risk factors in patients with early persistent
AF and HF.

MRAs, which directly target the action of aldosterone, may
be a more effective target for renin-angiotensin-aldosterone
system inhibition than ACEIs and ARBs for the prevention and
treatment of AF for multiple reasons. First, AF is associated
with increased aldosterone levels,11,12 overexpression of
mineralocorticoid receptors,12 and aldosterone-mediated
electrical remodeling.13 Also, in the setting of HF, mecha-
nisms of aldosterone escape where aldosterone activity is
increased in the absence of detectable angiotensin irregular-
ities have also been described.14 In the SPIR-AF (Spironolac-
tone–b-Blocker�Enalapril Treatment on Occurrence of
Symptomatic Atrial Fibrillation Episodes in Patients With a
History of Paroxysmal Atrial Fibrillation) study,15 randomiza-
tion to spironolactone resulted in less frequent episodes of AF
in patients with paroxysmal AF. MRA therapy has also been
associated with decreased AF recurrence after catheter
ablation of persistent AF,16 improved success in cardioversion
of persistent AF,17 and lower rates of AF in patients with

HF.18,19 Yet, little is known about current MRA use in patients
with AF. In this analysis, we utilized the ORBIT-AF registry to
describe MRA use in a contemporary AF population and
subsequent outcomes. We hypothesized that MRA use would
be associated with slower AF progression, as well as
decreased mortality, stroke, new-onset HF, and cardiovascu-
lar hospitalization.

Methods

Study Population
The data, analytic methods, and study materials will not be
made available to other researchers for purposes of reproduc-
ing the results or replicating the procedure. The ORBIT-AF
(Outcomes Registry for Better Informed Treatment of Atrial
Fibrillation)20 is a contemporary registry of patients with AF
from 176 heterogeneous outpatient practices in the United
States. The rationale and design of the ORBIT-AF registry have
been previously published.20 Briefly, patients 18 years and
older with ECG-documented AF were eligible, while patients
with a life expectancy <6 months or AF secondary to reversible
conditions (eg, acute pulmonary embolism or thyroid storm)
were excluded. Baseline data including demographic informa-
tion, medical history, type of AF, HF history, and pharma-
cotherapy and treatment history were captured at enrollment.
Additionally, follow-up data including change in AF type, stroke
or other thromboembolism events, cardiovascular and all-
cause death, new-onset HF, and cardiovascular hospitalization
were also obtained every 6 months. Patients were enrolled
from June 2010 through August 2011. For the purpose of this
analysis, patients with information regarding MRA use at
baseline and with at least one 6-month follow-up were included
in the study. Because of concerns over the inability to modify
disease substrate, patients with permanent AF were excluded.
MRA use included spironolactone or eplerenone. Eligible
patients were further classified as baseline users of MRA
therapy (baseline use) or new initiators of MRA therapy (new
use) during follow-up. The ORBIT-AF registry was approved by
Duke’s institutional review board, and participating sites
obtained approval from local institutional review boards as
needed before entering patient data. Patients provided
informed consent as part of the ORBIT-AF registry.

Outcome Measures
The primary outcome was AF progression. Secondary out-
comes included all-cause death, cardiovascular death, new-
onset HF, first cardiovascular hospitalization and composite
stroke, transient ischemic attack (TIA), and systemic embo-
lism. All outcomes were ascertained at every 6-month follow-
up.

Clinical Perspective

What Is New?

• In patients with nonpermanent atrial fibrillation, mineralo-
corticoid receptor antagonist use in patients with atrial
fibrillation is common and is driven by heart failure and
hypertension.

• Neither new nor baseline use of mineralocorticoid receptor
antagonists was associated with reduction in atrial fibrilla-
tion progression.

• Despite a higher rate of comorbid diseases in patients with
MRA use, we observed a trend towards lower risk of stroke,
transient ischemic attack, and systemic embolism.

What Are the Clinical Implications?

• This raises the hypothesis that mineralocorticoid receptor
antagonist use may reduce thromboembolic events in
patients with atrial fibrillation, as has been observed with
renin-angiotensin-aldosterone system antagonism in other
disease states.
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Consistent with consensus nomenclature, paroxysmal AF
was defined as recurrent AF episodes that terminated
spontaneously within 7 days, persistent AF as recurrent AF
that was sustained for more than 7 days, and permanent AF
as continuous AF in which the presence of the AF was
accepted by patient and physician. Assessment of AF type
was made by the site investigator according to consensus
definitions and updated with each follow-up.21 As previously
mentioned, because the primary end point was AF progres-
sion, patients with either permanent AF or new-onset AF at
baseline were excluded. As previously described,21 AF
progression was defined as a binary outcome (“same or
better” and “worsening”), where any change in baseline AF
status from paroxysmal or persistent AF to a more advanced
status (persistent or permanent) was defined as “worsening.”

Statistical Analysis
Baseline characteristics of patients on and off MRA therapy
are presented as frequencies and percentages for categorical
variables, and median (25th percentile–75th percentile) for
continuous variables. Characteristics were compared using
chi-square tests for categorical variables and the Wilcoxon
rank-sum test for continuous variables. These comparisons
were made twice, once in patients with HF at baseline, and
once in those without HF at baseline (Table 1). The event
rates of each outcome were recorded. For AF progression, the
proportion of patients with worsening AF was compared using
pooled logistic regression, and an odds ratio was computed.
For all other outcomes, event rates were described per
100 patient-years and compared with Cox proportional haz-
ards modeling. In order to address site variance, in all models,

Table 1. Baseline Characteristics According to MRA Use, Stratified by HF Status in Patients With AF

Characteristic

No HF (n=4952) HF (n=2060)

No MRA (n=4850) MRA (n=102) P Value No MRA (n=1842) MRA (n=218) P Value

Age, y 73 (65–80) 74 (64–82) 0.5563 76 (67–82) 73 (64–82) 0.0242

Male 2686 (55.38) 47 (46.08) 0.0615 1083 (58.79) 130 (59.63) 0.8120

White 4399 (90.70) 95 (93.14) 0.8955 1629 (88.44) 191 (87.61) 0.4888

SBP, mm Hg 127 (118–138) 122 (110–139) 0.0721 123 (112–136) 120 (104–130) <0.0001

DBP, mm Hg 74 (68–80) 72 (66–80) 0.2211 70 (62–80) 70 (60–78) 0.0065

HR 69 (61–78) 72 (64–80) 0.0097 70 (63–80) 72 (64–80) 0.0758

BMI, kg/m2 29.0 (25.5–33.6) 30.1 (24.5–36.4) 0.2917 29.3 (25.1–34.9) 31.99 (9.40) 0.1261

CAD history 1340 (27.63) 31 (30.39) 0.5371 980 (53.20) 117 (53.67) 0.8961

Hypertension 3854 (79.46) 96 (94.12) 0.0003 1592 (86.43) 190 (87.16) 0.7660

Diabetes mellitus 1164 (24.00) 27 (26.47) 0.5634 699 (37.95) 95 (43.58) 0.1063

PVD 478 (9.86) 7 (6.86) 0.3142 343 (18.62) 38 (17.43) 0.6687

Hyperlipidemia 3355 (69.18) 70 (68.63) 0.9056 1401 (76.06) 170 (77.98) 0.5280

CKD 1364 (30.82) 42 (45.65) 0.0024 807 (46.11) 112 (52.83) 0.0642

NYHA functional status N/A <0.0001

Class I ��� ��� 643 (35.10) 49 (22.58)

Class II ��� ��� 817 (44.60) 95 (43.78)

Class III ��� ��� 342 (18.67) 67 (30.88)

Class IV ��� ��� 30 (1.64) 6 (2.76)

eGFR (MDRD), mg/dL 70.3 (56.7–85.1) 62.0 (50.2–72.7) 0.0003 62.4 (47.8–78.5) 58.7 (45.4–73.9) 0.0137

Hemoglobin, g/dL 13.7 (12.5–14.8) 13.8 (12.5–14.9) 0.7385 13.0 (11.7–14.2) 13.0 (11.5–14.2) 0.9382

LVEF 60 (55–65) 56 (50–62) 0.0479 50 (40–60) 40 (30–55) <0.0001

AAD use 1850 (38.14) 39 (38.24) 0.9851 634 (34.42) 64 (29.36) 0.1354

OAC (warfarin or dabigatran) use 3387 (69.84) 78 (76.47) 0.1479 1415 (76.82) 178 (81.65) 0.1071

Cardiologist as provider 3811 (78.58) 84 (82.35) 0.3571 1498 (81.32) 192 (88.07) 0.0141

Values are expressed as number (percentage) or median (25th percentile–75th percentile). AAD indicates antiarrhythmic drug; AF, atrial fibrillation; BMI, body mass index; CAD, coronary
artery disease; CKD, chronic kidney disease; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; HF, heart failure; HR, heart rate; LVEF, left ventricular ejection
fraction; MDRD, Modification of Diet in Renal Disease; MRA, mineralocorticoid antagonist; N/A, not available; NYHA, New York Heart Association; OAC, oral anticoagulation; PVD,
peripheral artery disease; SBP, systolic blood pressure.
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we included a robust covariance estimate to account for
correlation within each site. When specifically considering the
new-onset HF outcomes, only patients without HF at baseline
were compared.

Two models were run for each outcome. First, the
outcomes of new MRA users (no MRA use at baseline who
initiated MRA during follow-up) were compared against
outcomes of patients who did not receive MRA therapy at
baseline or through the duration of the study. A second
comparison was made between outcomes of a composite
group consisting of new and baseline use of MRA users
against outcomes of patients who did not receive MRA
therapy at baseline or through the duration of the study.

For each comparison, 2 analyses were constructed to
analyze the association between MRA use and each outcome.
First, an unadjusted model was constructed. Second, a
propensity-matched analysis was performed. Pooled logistic
regression was performed in order to determine the propensity
for MRA use at each 6-month visit. The list of covariates used to
model MRA use propensity included age, HF status and New
York Heart Association functional class, systemic blood
pressure, left atrial diameter, and AF type. We also included
interaction terms for HF and intraventricular conduction
pattern, HF and left atrial diameter, and HF and AF type. These
models were also used to describe factors associated with MRA
use at baseline and during follow-up. A full list of covariates is
shown in Table S1. For new MRA users, covariates were
updated as of the visit before the initiation of MRA use. For
baseline MRA users, only baseline data were used. Continuous
covariates were tested for linearity, and any nonlinear associ-
ations were accounted for using linear splines. Missing data for
baseline covariates were handled using single imputation, with
imputed values obtained by the Markov chain Monte Carlo
method. If a follow-up visit was missed but a subsequent visit
was not, data for the missing visit were imputed by carrying
forward the measurements from the previous visit. Propensity
matching was performed at each visit, aiming for a 5-to-1match
of nonusers to MRB users. The difference in propensities was
no larger than a caliper of 20% of a standard deviation. If 5
matches were not found, a minimum of 3 were required to
remain in the propensity-matched analysis. A table comparing
the standardized differences of covariates after matching is
shown in Tables S2 through S5.

All analyses were performed using SAS software (version
9.3, SAS Institute Inc).

Results

Cohort Formation
A total of 10 137 patients were enrolled from 176 sites in
ORBIT-AF. In total, 3125 patients were excluded from this

analysis: 2 were missing MRA use information at baseline,
2830 had permanent AF at baseline, and 293 patients did not
have follow-up. Thus, 7012 patients were included in the final
cohort, of which 320 patients were taking MRAs at baseline
and 416 patients had newly initiated MRA use during follow-
up. In outcomes analyses, 14 patients had missing informa-
tion on MRA use during follow-up and were excluded from
further analyses. For comparisons of AF progression, 438
patients with new-onset AF were excluded. For comparisons
of new-onset HF, 2060 patients with baseline HF were
excluded. Overall, the mean follow-up was 2.3�0.8 years for
all patients and 1.5�0.7 years for new MRA users after
initiation of therapy.

Baseline Characteristics
The baseline characteristics of patients according to MRA use
are presented in Table 1, stratified by HF status. The mean
age was 73 years and 56% were men. Among all patients
taking MRAs, 434 (59.0%) had HF, 655 (89.0%) had hyper-
tension, and 380 (51.6%) had both. Patients on MRA therapy
at baseline were more likely to have HF (68% versus 28%,
P<0.001). Predictors of MRA use are shown in Table S1.
Among those without HF, 94% of patients taking MRAs had
hypertension, compared with 79% of patients not on MRA
therapy (P<0.001). In patients without HF, MRA users were
observed to have higher heart rates (independent of rhythm),
more often had hypertension and chronic kidney disease, and
had lower left ventricular ejection fractions. In patients with
HF, MRA users at baseline were younger and had lower
systolic and diastolic blood pressure, better New York Heart
Association functional class, lower left ventricular ejection
fraction, and lower estimated glomerular filtration rate.

Propensity Matching and Predictors of MRA Use
For patients with baseline MRA use and patients who newly
initiated MRA, the propensity for MRA use was modeled
separately. Propensity-matched cohorts were generated for
new MRA users alone, and for new MRA users and baseline
MRA users combined. In the group of new MRA users, 258 of
416 patients were matched with 1287 patients not on MRA at
baseline or during follow-up. In these groups, roughly 52% of
patients had HF, 75% had paroxysmal AF, 56% were rate
controlled, and 74% were on oral anticoagulation. In the
combined group of baseline and new MRA users, 534 of 736
MRA users were matched with 2658 nonusers. In these
groups, roughly 58% had HF, 71% had paroxysmal AF, 59%
were rate controlled, and 76% were on oral anticoagulation.
Propensity-matched patients were well matched on numerous
covariates, including HF status, AF type, AF management, and
oral anticoagulation. A list of all matched covariates and
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standardized differences are reported in Tables S2 through
S5. Predictors of baseline and new MRA use are shown in
Tables S6 and S7.

Outcomes
In an unadjusted comparison of new MRA users and nonusers
(Table 2), MRA users had a higher incidence of all-cause
death, were more likely to develop new-onset HF during
follow-up, and were more likely to experience a cardiovascular
hospitalization. After an adjusted comparison using propen-
sity matching of new MRA users and nonusers (Table 3), all of
the observed associations weakened with the exception of the
outcome of stroke, TIA, or other embolic events, which
persisted in a trend favoring MRA use (hazard ratio, 0.17; 95%
confidence interval, 0.02–1.23 [P=0.079]) (Figure 1).

Similar results were seen in the comparison between
combined new and baseline MRA users versus nonusers
(Tables 4 and 5). In the unadjusted comparison of new and
baseline users combined, MRA users were more likely to have
progression of AF, more likely to experience death from any
cause as well as cardiovascular death, more likely to be
diagnosed with HF during follow-up, and more likely to

experience cardiovascular hospitalization (Figure 2). In the
propensity-matched comparison, all of these associations
weakened except for stroke, TIA, or other embolism, which
numerically continued to favor MRA use (hazard ratio, 0.60;
95% confidence interval, 0.31–1.16 [P=0.13]).

Discussion
In this contemporary analysis of MRA use in 7012 patients
with AF, there are 3 major findings. First, MRA use in patients
with AF was driven by HF and hypertension. Second, neither
new nor baseline MRA use was associated with reduction in
AF progression. Finally, despite a higher rate of comorbid
diseases in patients with MRA, we observed a trend towards
lower risk of stroke, TIA, or systemic embolism. This raises
the hypothesis that MRA may reduce thromboembolic events
in patients with AF, as has been observed with renin-
angiotensin-aldosterone system antagonism in other disease
states.

In this nationwide cohort, among patients taking MRA
therapy at baseline, 68% had HF. Of those on MRA therapy
without HF, almost all of the patients (94%) had hypertension.
These results suggest that these 2 conditions are the primary

Table 2. Incidence Rate of Outcomes in New MRA Users Compared With Nonusers

Outcome Overall (N=5650)

MRA Use

Never Used (n=5390) New Use (n=260)

AF progression, No. (%) (N=5620)* 1241 (22.08) 1186 (22.13) 55 (21.15)

All-cause death 372 (3.39) 351 (3.32) 21 (5.39)

Cardiovascular death 134 (1.22) 126 (1.19) 8 (2.06)

First stroke, non-CNS embolism, or TIA 142 (1.31) 141 (1.35) 1 (0.26)

New-onset HF (N=4174)† 79 (0.98) 75 (0.95) 4 (2.34)

First cardiovascular hospitalization 1376 (14.54) 1306 (14.28) 70 (22.08)

Event rates per 100 patient-years of follow-up. CNS indicates central nervous system; TIA, transient ischemic attack.
*Among the 5620 patients in the atrial fibrillation (AF) progression analysis, 260 were new mineralocorticoid antagonist (MRA) users and 5360 were not.
†

Among the 4174 patients in the new-onset heart failure (HF) analysis, 121 were new MRA users and 4053 were not.

Table 3. Unadjusted and Propensity-Matched Association Between New MRA Use and Outcomes

Outcome

Unadjusted Propensity-Matched

HR or OR (95% CI) P Value HR or OR (95% CI) P Value

AF progression* 1.36 (0.99–1.88) 0.0598 1.18 (0.88–1.58) 0.2731

All-cause death 1.82 (1.21–2.72) 0.0038 1.09 (0.67–1.79) 0.7303

Cardiovascular death 1.87 (0.90–3.87) 0.0941 0.97 (0.43–2.15) 0.9319

First stroke, non-CNS embolism, or TIA 0.19 (0.03–1.41) 0.1055 0.17 (0.02–1.23) 0.0792

New-onset HF 2.61 (1.02–6.66) 0.0443 1.73 (0.54–5.57) 0.3587

First cardiovascular hospitalization 1.49 (1.16–1.92) 0.0016 1.09 (0.85–1.39) 0.5020

AF indicates atrial fibrillation; CI, confidence interval; CNS, central nervous system; HF, heart failure; HR, hazard ratio; MRA, mineralocorticoid antagonist; TIA, transient ischemic attack.
*Odds ratio (OR) reported.
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drivers for MRA use in our population, consistent with current
guidelines. Additionally, patients taking MRAs were more
likely to have chronic kidney disease and higher heart rates.
All of these factors have been linked to worse outcomes in AF,
and likely account for the increased incidence of death, AF
progression, and cardiovascular hospitalization seen in our
unadjusted comparisons of MRA users and nonusers.

In the context of these results, our observed trend toward
lower incidence of stroke, TIA, and other embolic events with
MRA use would not be expected to be as a result of
confounding. Despite the many characteristics of MRA users
that portend poorer prognosis, a trend toward lower stroke
risk was seen even in unadjusted comparisons of MRA users
versus nonusers. In comparisons adjusted for MRA-use
propensity, while other associations were weakened, the

trend towards decreased stroke risk with MRA use was
strengthened and persisted across analyses of new MRA and
baseline MRA users. It is important to emphasize that the
trend towards decreased stroke risk with MRA use observed
in this study is hypothesis generating and should be tested in
future investigations. To our knowledge, there are few data on
the association between MRA use and stroke risk in patients
with AF, with only 2 prior studies on ACEI and ARB therapy in
AF. In the LIFE study, subgroup analysis of patients with
hypertension who developed new-onset AF were less likely to
have a stroke in the ARB group compared with the atenolol
group (hazard ratio, 0.49; 95% confidence interval, 0.29–0.86
[P=0.01]).22 However, in the SPORTIF (Stroke Prevention
Using an Oral Direct Thrombin Inhibitor in Atrial Fibrillation)
trial, ACEI and ARB therapy were not associated with a

Figure 1. Associations between new mineralocorticoid antagonist (MRA) use and outcomes in unadjusted
(blue, top line) and propensity-matched (orange, bottom line) patients. Ratios <1 (to the left) favor patients
on MRA therapy. Ratios >1 (to the right) favor patients never on MRA therapy. *Odds ratios are reported,
with others as hazard ratios. AF indicates atrial fibrillation; CV, cardiovascular; HF, heart failure; TIA,
transient ischemic attack.

Table 4. Incidents Rates of Outcomes by MRA Use (New and Baseline Use Combined)

Outcome Overall (N=7012)

MRA Use

Never Used (n=6432) Baseline+New Use (n=580)

AF progression, No. (%) (N=6442)* 1795 (27.86) 1635 (27.81) 160 (28.47)

All-cause death 785 (4.99) 701 (4.79) 84 (7.62)

Cardiovascular death 301 (1.92) 257 (1.76) 44 (4.02)

Frist stroke, non-CNS embolism, or TIA 209 (1.35) 198 (1.37) 11 (1.01)

New-onset HF (N=4947)† 135 (1.21) 123 (1.14) 12 (3.00)

First cardiovascular hospitalization 2146 (16.75) 1946 (16.30) 200 (22.94)

Event rates per 100 patient-years of follow-up. CNS indicates central nervous system; TIA, transient ischemic attack.
*Among the 6442 patients in the atrial fibrillation (AF) progression analysis, 562 were mineralocorticoid antagonist (MRA) users and 5880 were not.
†Among the 4947 patients in the new-onset heart failure (HF) analysis, 223 were MRA users and 4724 were not.
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reduction in stroke risk (hazard ratio, 0.95; 95% confidence
interval, 0.68–1.32).23 There were several differences
between these 2 trials. The LIFE study analyzed patients with
hypertension without AF who developed new-onset AF during
the study, while the SPORTIF analysis was performed in
patients with AF at high risk for stroke, who were all on oral
anticoagulation. In the current analysis, roughly three quarters
of our patients had paroxysmal AF, and roughly the same
proportion were on oral anticoagulation. This hypothesis
should be further explored as additional therapies are needed
to target residual stroke risk in patients who are already
receiving oral anticoagulation. For example, patients with a
CHA2DS2VASc score of ≥5 who were being actively treated
with an oral anticoagulant continued to have a high risk of
stroke at >5 events per 100 patient-years.24

Finally, the current study showed no association between
MRA use and slowing of AF progression, despite other clinical
evidencesuggesting improved rhythmcontrolwithMRA.10,15–17

There are several differences between this and other studies.
First, thecurrent study is theonlyoneperformed inanoutpatient
setting with inclusion of patients with HF. Other observational
studies have focused on patients after acute interventions for
AF, such as in patients with long-standing persistent AF
undergoing catheter ablation16 or in patients with persistent
AF undergoing cardioversion.17 In the SPIR-AF randomized
controlled trial, both inpatients and outpatients were included,
and patients with HF were excluded. Another difference
between this and other studies was the end point. Whereas
other studies tracked freedom from AF15–17,19 or hospitaliza-
tions for AF,25 we measured AF progression from changes in

Figure 2. Associations between combined (new and baseline) mineralocorticoid antagonist (MRA) use
and outcomes in unadjusted (blue, top line) and propensity-matched (orange, bottom line) patients. Ratios
<1 (to the left) favor patients on MRA therapy. Ratios >1 (to the right) favor patients never on MRA therapy.
*Odds ratios are reported, with others as hazard ratios. AF indicates atrial fibrillation; CV, cardiovascular;
TIA, transient ischemic attack.

Table 5. Unadjusted and Propensity-Matched Association Between All MRA Use and Outcomes

Outcome

Unadjusted Propensity-Matched

HR or OR (95% CI) P Value HR or OR (95% CI) P Value

AF progression* 1.36 (1.10–1.67) 0.0047 1.11 (0.92–1.34) 0.2685

All-cause death 1.86 (1.45–2.39) <0.0001 1.07 (0.84–1.37) 0.5791

Cardiovascular death 2.64 (1.81–3.84) <0.0001 1.29 (0.90–1.84) 0.1614

First stroke, non-CNS embolism, or TIA 0.75 (0.44–1.31) 0.3146 0.60 (0.31–1.16) 0.1300

New-onset HF 2.82 (1.46–5.46) 0.0020 2.40 (1.19–4.88) 0.0150

First cardiovascular hospitalization 1.42 (1.18–1.71) 0.0002 1.00 (0.86–1.18) 0.9551

AF indicates atrial fibrillation; CI, confidence interval; CNS, central nervous system; HF, heart failure; HR, hazard ratio; MRA, mineralocorticoid antagonist; TIA, transient ischemic attack.
*Odds ratio (OR) reported.
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physician-reported AF type over time. End points from other
studies may occur earlier in the natural progression of AF,
whereas the end point of AF progression may tend to be later in
the disease process. Consequently, the absence of any
apparent association with reduced AF progression may be
explained by the fact that disease substrate may already be too
advanced to harness any potential benefit of MRA therapy.
Despite this concern, some studies have shown reduction in
recurrent AF with MRA therapy in patients with persistent
AF.10,16,17

Limitations
The current observational study was performed in a voluntary
registry and may be subject to selection and reporting bias.
Also, study data were comprised primarily of chart-abstracted,
physician-documented study forms, and were dependent on
the accuracy and quality of this documentation. Additionally,
only a limited number of patients in the registry used MRA
therapy, limiting the power of our results. In the analysis of
stroke outcomes in particular, low event rates further limited
power. Finally, MRA use was not randomized in this study, and
associations may be subject to unmeasured confounding.
However, in the adjusted comparisons, adjustments for all
known confounders were made (Table S1). Moreover, the
association between MRA use and higher patient comorbidity
would be expected to confound towards increased stroke
rates rather than the trend in reduction that was observed.

Conclusions
MRA therapy in patients with AF is driven by HF and
hypertension. While there is no evidence that MRA use slows
AF progression in the current study, our results suggest that
MRA use may be associated with decreased risk of stroke.
Future clinical studies should explore the hypothesis that MRA
therapy may reduce residual stroke risk in patients with AF.
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SUPPLEMENTAL MATERIAL 



Table S1. Propensity Score Covariate List. 

 

Demographics: 

• Age 

• Sex 
Medical History: 

• Smoking 

• Cancer 

• Hypertension 

• Diabetes 

• Obstructive sleep apnea 

• CPAP 

• Dialysis 

• Hyperlipidemia 

• Anemia 

• Cognitive impairment/dementia 

• Frailty 

• COPD 
Cardiovascular history: 

• Peripheral vascular disease 

• History of stroke/TIA 

• HF, NYHA class 

• Significant valvular disease 

• Prior valve replacement/repair 
Coronary Artery Disease History: 

• History of CAD 

• Prior MI 

• History of PCI 
 

Vital Signs and AF Status: 

• Height 

• Weight 

• Heart rate 

• Systolic blood pressure 

• Diastolic blood pressure 

• Intraventricular conduction 
Echocardiographic Assessment: 

• LVEF type 

• LAD type 
Laboratory Data: 

• eGFR 

• Hematocrit 
Atrial Fibrillation Diagnosis: 

• AF type 

• EHRA score 

• Rhythm control 

• Prior antiarrhythmic drug use 

• Atrio ventricular node or his 
bundle ablation 

• AF duration 
Functional Status: 

• Functional status 
Device 

• Implanted device type 
Current Pharmacotherapy 

• Calcium channel blockers 

• Statin 

• Diuretic 

 

 

AF = atrial fibrillation, CAD = coronary artery disease, CKD = chronic kidney disease, COPD = 

chronic obstructive pulmonary disease, CPAP = continuous positive airway pressure, eGFR = 

estimated glomerular filtration rate, HF = heart failure, HR = heart rate, LVEF = left ventricular 

ejection fraction, LAD = left atrial dimension, EHRA = European heart rhythm association, 

NYHA = New York Heart Association, PCI = percutaneous coronary intervention, MI = 

Myocardial infarction. 

 

  



Table S2. Standardized differences of propensity matched pairs: New MRA use. 

Variable 

MRA 

(N=258) 

No MRA 

(N=1,287) 

Standardize

d difference P-value 

Age (SD) years 72.3 (10.8) 72.3 (11.0) 0.1% 0.9836 

Female (%) 128 (49.6) 632 (49.1) 1.0% 0.8821 

Smoking (%)   9.7% 0.3943 

Non-smoker 125 (48.4) 627 (48.7)   

Recent or former smoker 118 (45.7) 555 (43.1)   

Current Smoker 15 (5.8) 105 (8.2)   

Cancer (%) 51 (19.8) 241 (18.7) 2.6% 0.6965 

Hypertension (%) 227 (88.0) 1,113 (86.5) 4.5% 0.5156 

Diabetes (%) 93 (36.0) 470 (36.5) 1.0% 0.8855 

Obstructive sleep apnea (%) 50 (19.4) 261 (20.3) 2.3% 0.7421 

CPAP (%) 26 (10.1) 128 (9.9) 0.4% 0.9485 

Dialysis (%) 2 (0.8) 14 (1.1) 3.3% 0.6508 

Hyperlipidemia (%) 198 (76.7) 979 (76.1) 1.6% 0.8161 

Anemia (%) 44 (17.1) 228 (17.7) 1.7% 0.7991 

Cognitive impairment/dementia 5 (1.9) 27 (2.1) 1.1% 0.8692 

Frailty (%) 9 (3.5) 45 (3.5) 0.0% 0.9948 

COPD (%) 55 (21.3) 263 (20.4) 2.2% 0.7489 

Peripheral vascular disease (%) 40 (15.5) 213 (16.6) 2.9% 0.6785 

History of stroke/TIA (%) 37 (14.3) 189 (14.7) 1.0% 0.8864 

NYHA class (%)   4.5% 0.9810 

No HF 126 (48.8) 612 (47.6)   

Class I 39 (15.1) 213 (16.6)   

Class II 54 (20.9) 271 (21.1)   

Class III 36 (14.0) 174 (13.5)   

Class IV 3 (1.2) 17 (1.3)   

Etiology of cardiomyopathy   10.8% 0.2902 

No HF 126 (48.8) 611 (47.5)   

Ischemic 66 (25.6) 289 (22.5)   

Non-inschemic 66 (25.6) 387 (30.1)   

HF hospitalizations in past year 27 (10.5) 138 (10.7) 0.8% 0.9027 

Significant valvular disease (%) 72 (27.9) 360 (28.0) 0.1% 0.9830 



Variable 

MRA 

(N=258) 

No MRA 

(N=1,287) 

Standardize

d difference P-value 

Prior valve replacement/repair (%) 26 (10.1) 120 (9.3) 2.5% 0.7057 

History of CAD (%) 109 (42.2) 538 (41.8) 0.9% 0.8947 

Prior MI (%) 48 (18.6) 227 (17.6) 2.5% 0.7110 

History of PCI (%) 59 (22.9) 298 (23.2) 0.7% 0.9207 

Height (SD) 170 (12.2) 170 (12.2) 0.3% 0.9596 

Weight (SD) 90.7 (24.6) 91.8 (25.8) 4.4% 0.5270 

Heart Rate (SD) 70.8 (12.5) 71.2 (13.2) 2.7% 0.6966 

Systolic BP mmHg(SD) 128 (20.6) 126 (17.6) 9.7% 0.1344 

Diastolic BP mmHg(SD) 72.3 (12.1) 72.4 (10.7) 0.8% 0.9065 

Intraventricular conduction (%)   1.4% 0.9976 

None 174 (67.4) 869 (67.5)   

RBBB 18 (7.0) 91 (7.1)   

LBBB 15 (5.8) 78 (6.1)   

Non-specific IVCD or unknown 

ventricularly paced 

51 (19.8) 249 (19.3) 
  

LVEF type (%)   7.0% 0.7897 

Normal (≥50%) 156 (60.5) 765 (59.4)   

Mild dysfunction (>40%, <50%) 25 (9.7) 127 (9.9)   

Moderate dysfunction (≥30% to 

40%) 

48 (18.6) 269 (20.9)   

Severe dysfunction (<30%) 29 (11.2) 126 (9.8)   

Left atrial diameter type (%)   3.0% 0.9780 

Normal 67 (26.0) 346 (26.9)   

Mild enlargement 64 (24.8) 315 (24.5)   

Moderate enlargement 68 (26.4) 345 (26.8)   

Severe enlargement 59 (22.9) 281 (21.8)   

eGFR mg/dL (SD) 66.3 (23.1) 65.6 (22.7) 3.0% 0.6614 

Hematocrit (SD) 39.1 (4.8) 39.1 (4.9) 0.7% 0.9171 

AF type (%)   1.5% 0.8275 

Paroxysmal 193 (74.8) 971 (75.4)   

Persistent 65 (25.2) 316 (24.6)   

EHRA score   2.0% 0.9935 

No symptoms 101 (39.1) 516 (40.1)   

Mild 110 (42.6) 542 (42.1)   



Variable 

MRA 

(N=258) 

No MRA 

(N=1,287) 

Standardize

d difference P-value 

Severe 43 (16.7) 210 (16.3)   

Disabling 4 (1.6) 19 (1.5)   

AF management strategy   1.8% 0.7954 

Rate control 145 (56.2) 712 (55.3)   

Rhythm control 113 (43.8) 575 (44.7)   

Prior antiarrhythmic drug use (%) 152 (58.9) 770 (59.8) 1.9% 0.7847 

AV node/HIS bundle ablation (%) 4 (1.6) 26 (2.0) 3.5% 0.6177 

AF duration 59.6 (53.7) 59.4 (62.6) 0.2% 0.9753 

Functional status (%) 22 (8.5) 109 (8.5) 0.2% 0.9757 

Implanted device 100 (38.8) 490 (38.1) 1.4% 0.8359 

Calcium channel blockers (%) 69 (26.7) 366 (28.4) 3.8% 0.5808 

Diuretics (%) 179 (69.4) 896 (69.6) 0.5% 0.9392 

Statins (%) 150 (58.1) 770 (59.8) 3.4% 0.6138 

Currently on Dabigatran (%) 21 (8.1) 125 (9.7) 5.5% 0.4305 

Currently on Warfarin (%) 171 (66.3) 827 (64.3) 4.2% 0.5355 

Currently on OAC (%) 192 (74.4) 951 (73.9) 1.2% 0.8605 

 

AAD = antiarrhythmic drug, AF = atrial fibrillation, BMI = body mass index, CAD = coronary 

artery disease, CKD = chronic kidney disease, CPAP = continuous positive airway pressure, 

DBP = diastolic blood pressure, SBP = systolic blood pressure,  eGFR = estimated glomerular 

filtration rate, HR = heart rate, MDRD = Modification of Diet in Renal Disease Study, LVEF = left 

ventricular ejection fraction, NYHA = New York Heart Association, OAC = oral anticoagulation, 

PCI = percutaneous coronary intervention, PVD = peripheral artery disease, SD = standard 

deviation, RBBB, right bundle branch block, LBBB left bundle branch block. 



Table S3. Standardized differences of propensity matched pairs: New MRA use. (New-
onset HF matched pairs). 

Variable 

MRA 

N=(120) 

No MRA 

(N=600) 

Standardized 

difference P-value 

Age (SD) years 73.4 (10.1) 73.4 (10.0) 0.4% 0.9709 

Female (%) 70 (58.3) 354 (59.0) 1.4% 0.8922 

Smoking (%)   7.9% 0.7311 

Non-smoker 64 (53.3) 341 (56.8)   

Recent or former smoker 49 (40.8) 222 (37.0)   

Current Smoker 7 (5.8) 37 (6.2)   

Cancer (%) 25 (20.8) 135 (22.5) 4.0% 0.6885 

Hypertension (%) 106 (88.3) 531 (88.5) 0.5% 0.9584 

Diabetes (%) 27 (22.5) 127 (21.2) 3.2% 0.7451 

Obstructive sleep apnea (%) 17 (14.2) 67 (11.2) 9.0% 0.3500 

CPAP (%) 8 (6.7) 31 (5.2) 6.4% 0.5075 

Dialysis (%) 1 (0.8) 5 (0.8) 0.0% 0.9999 

Hyperlipidemia (%) 89 (74.2) 440 (73.3) 1.9% 0.8503 

Anemia (%) 19 (15.8) 76 (12.7) 9.1% 0.3494 

Cognitive impairment/dementia 4 (3.3) 21 (3.5) 0.9% 0.9275 

Frailty (%) 6 (5.0) 20 (3.3) 8.3% 0.3717 

COPD (%) 16 (13.3) 79 (13.2) 0.5% 0.9607 

Peripheral vascular disease (%) 17 (14.2) 82 (13.7) 1.4% 0.8846 

History of stroke/TIA (%) 15 (12.5) 77 (12.8) 1.0% 0.9205 

Significant valvular disease (%) 23 (19.2) 104 (17.3) 4.7% 0.6305 

Prior valve replacement/repair (%) 9 (7.5) 45 (7.5) 0.0% 0.9999 

History of CAD (%) 35 (29.2) 172 (28.7) 1.1% 0.9120 

Prior MI (%) 10 (8.3) 40 (6.7) 6.3% 0.5121 

History of PCI (%) 20 (16.7) 93 (15.5) 3.2% 0.7484 

Height (SD) 168 (13.5) 168 (11.8) 2.3% 0.8075 

Weight (SD) 88.0 (23.1) 87.5 (24.7) 2.3% 0.8194 

Heart Rate (SD) 70.4 (13.6) 69.3 (12.5) 8.1% 0.4062 

Systolic BP mmHg(SD) 134 (22.2) 130 (17.1) 17.4% 0.0573 

Diastolic BP mmHg(SD) 74.5 (12.0) 74.3 (10.7) 1.1% 0.9088 



Variable 

MRA 

N=(120) 

No MRA 

(N=600) 

Standardized 

difference P-value 

Intraventricular conduction (%)   4.6% 0.9720 

None 91 (75.8) 455 (75.8)   

RBBB 10 (8.3) 49 (8.2)   

LBBB 2 (1.7) 7 (1.2)   

Non-specific IVCD or unknown 

ventricularly paced 

17 (14.2) 89 (14.8) 
  

LVEF type (%)   8.6% 0.8245 

Normal (≥50%) 97 (80.8) 487 (81.2)   

Mild dysfunction (>40%, <50%) 13 (10.8) 72 (12.0)   

Moderate dysfunction (≥30% to 

40%) 

8 (6.7) 36 (6.0)   

Severe dysfunction (<30%) 2 (1.7) 5 (0.8)   

Left atrial diameter type (%)   14.3% 0.5260 

Normal 37 (30.8) 200 (33.3)   

Mild enlargement 28 (23.3) 146 (24.3)   

Moderate enlargement 33 (27.5) 175 (29.2)   

Severe enlargement 22 (18.3) 79 (13.2)   

eGFR mg/dL (SD) 67.9 (21.4) 67.2 (21.6) 3.3% 0.7455 

Hematocrit (SD) 39.7 (4.8) 39.9 (4.6) 3.9% 0.6897 

AF type (%)   0.4% 0.9667 

Paroxysmal 96 (80.0) 481 (80.2)   

Persistent 24 (20.0) 119 (19.8)   

EHRA score   2.0% 0.9978 

No symptoms 51 (42.5) 261 (43.5)   

Mild 54 (45.0) 265 (44.2)   

Severe 14 (11.7) 69 (11.5)   

Disabling 1 (0.8) 5 (0.8)   

AF management strategy   5.3% 0.5927 

Rate control 62 (51.7) 326 (54.3)   

Rhythm control 58 (48.3) 274 (45.7)   

Prior antiarrhythmic drug use (%) 78 (65.0) 397 (66.2) 2.5% 0.8055 

AV node/HIS bundle ablation (%) 56.2 (45.8) 56.7 (50.2) 1.0% 0.9228 

AF duration (%) 9 (7.5) 42 (7.0) 1.9% 0.8455 

Functional status (%) 22 (18.3) 113 (18.8) 1.3% 0.8981 

Implanted device 42 (35.0) 217 (36.2) 2.4% 0.8079 



Variable 

MRA 

N=(120) 

No MRA 

(N=600) 

Standardized 

difference P-value 

Calcium channel blockers (%) 69 (57.5) 355 (59.2) 3.4% 0.7348 

Diuretics (%) 66 (55.0) 322 (53.7) 2.7% 0.7891 

Statins (%) 78 (65.0) 397 (66.2) 2.5% 0.8055 

Currently on Dabigatran (%) 12 (10.0) 44 (7.3) 9.5% 0.3194 

Currently on Warfarin (%) 75 (62.5) 394 (65.7) 6.6% 0.5064 

Currently on OAC (%) 87 (72.5) 438 (73.0) 1.1% 09104 

 

AAD = antiarrhythmic drug, AF = atrial fibrillation, BMI = body mass index, CAD = coronary 

artery disease, CKD = chronic kidney disease, CPAP = continuous positive airway pressure, 

DBP = diastolic blood pressure, SBP = systolic blood pressure,  eGFR = estimated glomerular 

filtration rate, HR = heart rate, MDRD = Modification of Diet in Renal Disease Study, LVEF = left 

ventricular ejection fraction, NYHA = New York Heart Association, OAC = oral anticoagulation, 

PCI = percutaneous coronary intervention, PVD = peripheral artery disease, SD = standard 

deviation, RBBB, right bundle branch block, LBBB left bundle branch block. 



Table S4. Standardized differences of propensity matched pairs: New and baseline MRA 
use combined. 

Variable 

MRA 

(N=534) 

No MRA 

(N=2,658) 

Standardized 

difference P-value 

Age (SD) years 72.4 (11.4) 72.6 (11.4) 2.0% 0.6736 

Female (%) 254 (47.6) 1,258 (47.3) 0.5% 0.9204 

Smoking (%)   5.5% 0.5281 

Non-smoker 265 (49.6) 1,327 (49.9)   

Recent or former smoker 237 (44.4) 1,138 (42.8)   

Current Smoker 32 (6.0) 193 (7.3)   

Cancer (%) 111 (20.8) 548 (20.6) 0.4% 0.9296 

Hypertension (%) 476 (89.1) 2,366 (89.0) 0.4% 0.9332 

Diabetes (%) 196 (36.7) 968 (36.4) 0.6% 0.9004 

Obstructive sleep apnea (%) 129 (24.2) 641 (24.1) 0.1% 0.9837 

CPAP (%) 74 (13.9) 361 (13.6) 0.8% 0.8703 

Dialysis (%) 3 (0.6) 21 (0.8) 2.8% 0.5774 

Hyperlipidemia (%) 407 (76.2) 2,014 (75.8) 1.0% 0.8261 

Anemia (%) 113 (21.2) 579 (21.8) 1.5% 0.7502 

Cognitive impairment/dementia 15 (2.8) 74 (2.8) 0.2% 0.9745 

Frailty (%) 29 (5.4) 156 (5.9) 2.0% 0.6797 

COPD (%) 112 (21.0) 553 (20.8) 0.4% 0.9302 

Peripheral vascular disease (%) 81 (15.2) 418 (15.7) 1.5% 0.7461 

History of stroke/TIA (%) 91 (17.0) 460 (17.3) 0.7% 0.8824 

NYHA class (%)   3.7% 0.9600 

No HF 222 (41.7) 1,099 (41.4)   

Class I 85 (15.9) 445 (16.8)   

Class II 136 (25.5) 691 (26.0)   

Class III 83 (15.6) 383 (14.4)   

Class IV 7 (1.3) 35 (1.3)   

Etiology of cardiomyopathy   4.5% 0.6393 

No HF 222 (41.6) 1,098 (41.4)   

Ischemic 144 (27.0) 673 (25.4)   

Non-inschemic 168 (31.5) 883 (33.3)   

HF hospitalizations in past year 65 (12.2) 314 (11.8) 1.1% 0.8150 



Variable 

MRA 

(N=534) 

No MRA 

(N=2,658) 

Standardized 

difference P-value 

Significant valvular disease (%) 150 (28.1) 759 (28.6) 1.0% 0.8278 

Prior valve replacement/repair (%) 60 (11.2) 299 (11.2) 0.0% 0.9930 

History of CAD (%) 235 (44.0) 1,161 (43.7) 0.7% 0.8891 

Prior MI (%) 114 (21.3) 540 (20.3) 2.5% 0.5897 

History of PCI (%) 116 (21.7) 578 (21.7) 0.1% 0.9907 

Height (SD) 170 (11.6) 170 (12.2) 0.6% 0.9046 

Weight (SD) 90.9 (25.7) 91.1 (26.4) 0.8% 0.8606 

Heart Rate (SD) 71.9 (12.3) 72.3 (13.1) 3.2% 0.5132 

Systolic BP mmHg(SD) 125 (20.0) 124 (17.8) 4.9% 0.2835 

Diastolic BP mmHg(SD) 71.5 (11.4) 71.4 (10.9) 0.9% 0.8436 

Intraventricular conduction (%)   2.0% 0.9826 

None 341 (64.5) 1,710 (64.5)   

RBBB 42 (7.9) 208 (7.8)   

LBBB 34 (6.4) 182 (6.9)   

Non-specific IVCD or unknown 

ventricularly paced 

112 (21.2) 550 (20.8) 
  

LVEF type (%)   5.6% 0.7061 

Normal (≥50%) 300 (58.5) 1,519 (59.2)   

Mild dysfunction (>40%, <50%) 43 (8.4) 223 (8.7)   

Moderate dysfunction (≥30% to 

40%) 

105 (20.5) 546 (21.3)   

Severe dysfunction (<30%) 65 (12.7) 280 (10.9)   

Left atrial diameter type (%)   1.6% 0.9912 

Normal 115 (23.0) 567 (22.5)   

Mild enlargement 127 (25.4) 638 (25.3)   

Moderate enlargement 130 (26.0) 652 (25.9)   

Severe enlargement 128 (25.6) 660 (26.2)   

eGFR mg/dL (SD) 64.2 (23.4) 63.9 (22.9) 1.5% 0.7606 

Hematocrit (SD) 39.2 (4.9) 39.2 (5.0) 0.5% 0.9134 

AF type (%)   2.2% 0.9050 

First detected / new onset 5 (0.9) 30 (1.1)   

Paroxysmal 381 (71.3) 1,905 (71.7)   

Persistent 148 (27.7) 723 (27.2)   

EHRA score   1.9% 0.9834 



Variable 

MRA 

(N=534) 

No MRA 

(N=2,658) 

Standardized 

difference P-value 

No symptoms 190 (35.6) 955 (36.1)   

Mild 236 (44.2) 1,169 (44.2)   

Severe 98 (18.4) 479 (18.1)   

Disabling 10 (1.9) 44 (1.7)   

AF management strategy   0.8% 0.8686 

Rate control 315 (59.1) 1,560 (58.7)   

Rhythm control 218 (40.9) 1,097 (41.3)   

Prior antiarrhythmic drug use (%) 297 (55.6) 1,499 (56.4) 1.6% 0.7409 

AV node/HIS bundle ablation (%) 17 (3.2) 85 (3.2) 0.1% 0.9863 

AF duration (%) 63.9 (66.7) 64.6 (72.5) 1.0% 0.8387 

Functional status (%) 53 (9.9) 276 (10.4) 1.5% 0.7484 

Implanted device 224 (41.9) 1,097 (41.3) 1.4% 0.7723 

Calcium channel blockers (%) 124 (23.2) 657 (24.7) 3.5% 0.4628 

Diuretics (%) 378 (70.8) 1,874 (70.5) 0.6% 0.8961 

Statins (%) 303 (56.7) 1,505 (56.6) 0.2% 0.9593 

Currently on Dabigatran (%) 30 (5.6) 195 (7.3) 7.0% 0.1569 

Currently on Warfarin (%) 381 (71.3) 1,810 (68.1) 7.1% 0.1394 

Currently on OAC (%) 411 (77.0) 2,004 (75.4) 3.7% 0.4401 

 

AAD = antiarrhythmic drug, AF = atrial fibrillation, BMI = body mass index, CAD = coronary 

artery disease, CKD = chronic kidney disease, CPAP = continuous positive airway pressure, 

DBP = diastolic blood pressure, SBP = systolic blood pressure,  eGFR = estimated glomerular 

filtration rate, HR = heart rate, MDRD = Modification of Diet in Renal Disease Study, LVEF = left 

ventricular ejection fraction, NYHA = New York Heart Association, OAC = oral anticoagulation, 

PCI = percutaneous coronary intervention, PVD = peripheral artery disease, SD = standard 

deviation, RBBB, right bundle branch block, LBBB left bundle branch block. 

 

 

 



Table S5. Standardized differences of propensity matched pairs: New and baseline MRA 
use combined (New-onset HF matched pairs). 

Variable 

MRA 

(N=205) 

No MRA 

(N=1,019) 

Standardiz

ed 

difference P-value 

Age (SD) years 73.0 

(11.0) 

73.3 (10.7) 2.5% 0.7385 

Female (%) 118 (57.6) 607 (59.6) 4.1% 0.5936 

Smoking (%)   4.6% 0.8339 

Non-smoker 113 (55.1) 583 (57.2)   

Recent or former smoker 80 (39.0) 375 (36.8)   

Current Smoker 12 (5.9) 61 (6.0)   

Cancer (%) 37 (18.0) 193 (18.9) 2.3% 0.7656 

Hypertension (%) 186 (90.7) 936 (91.9) 4.0% 0.5955 

Diabetes (%) 48 (23.4) 240 (23.6) 0.3% 0.9661 

Obstructive sleep apnea (%) 45 (22.0) 202 (19.8) 5.2% 0.4885 

CPAP (%) 25 (12.2) 110 (10.8) 4.4% 0.5593 

Dialysis (%) 2 (1.0) 10 (1.0) 0.1% 0.9939 

Hyperlipidemia (%) 146 (71.2) 729 (71.5) 0.7% 0.9259 

Anemia (%) 32 (15.6) 144 (14.1) 4.2% 0.5821 

Cognitive impairment/dementia 10 (4.9) 44 (4.3) 2.7% 0.7216 

Frailty (%) 12 (5.9) 59 (5.8) 0.2% 0.9742 

Chronic obstructive pulmonary 

disease (%) 

26 (12.7) 121 (11.9) 2.5% 0.7452 

Peripheral vascular disease (%) 21 (10.2) 112 (11.0) 2.4% 0.7538 

History of stroke/TIA (%) 30 (14.6) 166 (16.3) 4.6% 0.5552 

Significant valvular disease (%) 35 (17.1) 173 (17.0) 0.3% 0.9734 

Prior valve replacement/repair (%) 16 (7.8) 80 (7.9) 0.2% 0.9822 

History of CAD (%) 60 (29.3) 288 (28.3) 2.2% 0.7709 

Prior myocardial infarction (%) 21 (10.2) 91 (8.9) 4.5% 0.5517 

History of PCI (%) 26 (12.7) 127 (12.5) 0.7% 0.9308 

Height (SD) 169 (12.5) 168 (12.1) 4.9% 0.5194 

Weight (SD) 88.9 

(25.3) 

88.6 (25.9) 1.1% 0.8900 



Variable 

MRA 

(N=205) 

No MRA 

(N=1,019) 

Standardiz

ed 

difference P-value 

Heart Rate (SD) 71.5 

(12.6) 

71.6 (13.3) 0.8% 0.9141 

Systolic BP mmHg(SD) 130 (21.5) 128 (18.1) 8.7% 0.2283 

Diastolic BP mmHg(SD) 73.9 

(10.8) 

73.7 (11.0) 1.7% 0.8274 

Intraventricular conduction (%)   1.1% 0.9992 

None 155 (75.6) 773 (76.1)   

RBBB 14 (6.8) 68 (6.7)   

LBBB 8 (3.9) 39 (3.8)   

Non-specific IVCD or unknown 

ventricularly paced 

28 (13.7) 136 (13.4) 
  

LVEF type (%)   6.0% 0.8900 

Normal (≥50%) 157 (80.1) 795 (82.0)   

Mild dysfunction (>40%, <50%) 20 (10.2) 92 (9.5)   

Moderate dysfunction (≥30% to 

40%) 

15 (7.7) 68 (7.0)   

Severe dysfunction (<30%) 4 (2.0) 14 (1.4)   

Left atrial diameter type (%)   4.4% 0.9578 

Normal 57 (29.4) 288 (30.3)   

Mild enlargement 50 (25.8) 240 (25.2)   

Moderate enlargement 49 (25.3) 251 (26.4)   

Severe enlargement 38 (19.6) 173 (18.2)   

eGFR mg/dL (SD) 65.7 

(22.1) 

65.0 (22.8) 2.9% 0.7158 

Hematocrit (SD) 40.1 (4.8) 40.0 (4.7) 1.7% 0.8251 

AF type (%)   2.4% 0.9543 

First detected / new onset 2 (1.0) 12 (1.2)   

Paroxysmal 160 (78.0) 788 (77.3)   

Persistent 43 (21.0) 219 (21.5)   

EHRA score   4.5% 0.9515 

No symptoms 81 (39.5) 422 (41.5)   

Mild 89 (43.4) 435 (42.7)   

Severe 32 (15.6) 147 (14.4)   

Disabling 3 (1.5) 14 (1.4)   

AF management strategy   4.1% 0.5900 



Variable 

MRA 

(N=205) 

No MRA 

(N=1,019) 

Standardiz

ed 

difference P-value 

Rate control 112 (54.6) 577 (56.7)   

Rhythm control 93 (45.4) 441 (43.3)   

Prior antiarrhythmic drug use (%) 127 (62.0) 633 (62.1) 0.3% 0.9638 

AV node/HIS bundle ablation (%) 0 (0.0) 3 (0.3) 7.7% 0.4367 

AF duration (%) 60.0 

(47.8) 

60.1 (60.1) 0.1% 0.9870 

Functional status (%) 19 (9.3) 100 (9.8) 1.9% 0.8100 

Implanted device 45 (22.0) 217 (21.3) 1.6% 0.8345 

Calcium channel blockers (%) 71 (34.6) 353 (34.6) 0.0% 0.9983 

Diuretics (%) 118 (57.6) 577 (56.6) 1.9% 0.8049 

Statins (%) 100 (48.8) 489 (48.0) 1.6% 0.8359 

Currently on Dabigatran (%) 16 (7.8) 70 (6.9) 3.6% 0.6326 

Currently on Warfarin (%) 136 (66.3) 688 (67.5) 2.5% 0.7433 

Currently on OAC (%) 152 (74.1) 757 (74.3) 0.3% 0.9661 

 

AAD = antiarrhythmic drug, AF = atrial fibrillation, BMI = body mass index, CAD = coronary 

artery disease, CKD = chronic kidney disease, CPAP = continuous positive airway pressure, 

DBP = diastolic blood pressure, SBP = systolic blood pressure,  eGFR = estimated glomerular 

filtration rate, HR = heart rate, MDRD = Modification of Diet in Renal Disease Study, LVEF = left 

ventricular ejection fraction, NYHA = New York Heart Association, OAC = oral anticoagulation, 

PCI = percutaneous coronary intervention, PVD = peripheral artery disease, SD = standard 

deviation, RBBB, right bundle branch block, LBBB left bundle branch block. 



Table S6. Predictors of new MRA use. 

Characteristic OR (95% CI) P 

Age (truncated at 70 years) 0.96 (0.94-0.98) 0.0003 

Female 1.03 (0.73-1.45) 0.8733 
Current smoker 1.00 (0.81-1.24) 0.997 
Cancer 0.94 (0.69-1.27) 0.6883 
Hypertension 2.06 (1.35-3.12) 0.0007 
Diabetes 1.02 (0.78-1.33) 0.8896 
Dialysis 0.29 (0.06-1.33) 0.1111 
Hyperlipidemia 1.16 (0.84-1.59) 0.3769 
Anemia 1.29 (0.94-1.76) 0.1157 

Cognitive impairment/Dementia 0.98 (0.50-1.95) 0.9622 

Frailty 1.15 (0.70-1.88) 0.5831 
Chronic obstructive pulmonary disease 0.89 (0.64-1.23) 0.4815 

Peripheral vascular disease 0.83 (0.57-1.19) 0.3052 

Stroke or transient ischemic attack 1.43 (1.04-1.95) 0.0275 

Heart failure / Functional Status 

No Heart Failure Reference 
NYHA Class I 0.41 (0.08-2.07) 0.2802 
NYHA Class II 0.48 (0.09-2.41) 0.371 
NYHA Class III 0.62 (0.12-3.16) 0.5627 
NYHA Class IV 0.64 (0.09-4.29) 0.6421 

Significant valvular disease 0.69 (0.51-0.94) 0.0194 

Prior valve replacement/repair 1.36 (0.91-2.04) 0.1355 

History of coronary artery disease 1.05 (0.73-1.51) 0.8011 
Prior myocardial infarction 0.95 (0.65-1.38) 0.7728 
Prior percutaneous coronary intervention 0.78 (0.54-1.12) 0.1794 
Height, cm 0.99 (0.97-1.00) 0.0292 
Weight, kg 1.00 (0.99-1.01) 0.8898 

Heart rate (truncated at 70 beats per minute) 1.03 (1.01-1.06) 0.0105 

Systolic blood pressure (truncated at 125 mmHg) 0.97 (0.96-0.98) <.0001 

Diastolic blood pressure 1.00 (0.98-1.01) 0.5644 

Intraventricular conduction 

Right bundle branch block Reference 
Left bundle branch block 0.5076 

Left bundle branch block – Heart failure interaction 0.5272 

Non-specific intraventricular conduction delay 0.134 

Non-specific intraventricular conduction delay – 
heart failure interaction 

0.3964 

Unknown-ventricularly paced 0.3051 



Unknown-ventricularly paced – heart failure 
interaction 

0.0068 

Left ventricular ejection fraction 
Normal 

Mild dysfunction 1.02 (0.64-1.61) 0.9412 

Moderate dysfunction 2.27 (1.61-3.21) <.0001 

Severe dysfunction 1.93 (1.24-3.00) 0.0038 

Left atrial diameter 
Normal Reference 

Mild enlargement 0.9684 

Mild enlargement – heart failure interaction 0.2529 

Moderate enlargement 0.6164 

Moderate enlargement – heart failure interaction 0.2648 

Severe enlargement 0.1105 

Severe enlargement – heart failure interaction 0.8627 

eGFR ≤50 1.00 (0.98-1.03) 0.7186 
50 < eGFR ≤ 90 0.98 (0.97-0.99) <.0001 
eGFR >90 1.01 (0.99-1.02) 0.2521 
Hematocrit, % 1.02 (0.99-1.05) 0.1925 
AF type 

First detected/New onset Reference 

Paroxysmal 0.2455 

Paroxysmal – heart failure interaction 0.1314 

Persistent 0.2827 

Persistent – heart failure interaction 0.1336 

EHRA Score 
No symptoms Reference 
Mild 0.97 (0.73-1.29) 0.8495 
Severe 0.92 (0.64-1.33) 0.6712 
Disabling 0.48 (0.20-1.18) 0.1093 

Rhythm control 0.97 (0.74-1.28) 0.8361 

Antiarrhythmic drug use in past 1.10 (0.84-1.44) 0.4983 

AV node/HIS bundle ablation 2.54 (1.44-4.47) 0.0013 

AF duration, months 1.00 (1.00-1.00) 0.2863 

Functional status: not living independently 0.94 (0.62-1.42) 0.7682 

Implanted device 1.10 (0.82-1.47) 0.5397 
Obstructive sleep apnea 1.69 (1.12-2.54) 0.0122 
On continuous positive airway pressure 1.10 (0.68-1.76) 0.7055 
Statin 0.75 (0.57-0.99) 0.0445 



Diuretic 1.71 (1.28-2.29) 0.0002 

Calcium channel blockers 0.68 (0.50-0.92) 0.014 

AF = atrial fibrillation, CAD = coronary artery disease, CKD = chronic kidney disease, COPD = 

chronic obstructive pulmonary disease, CPAP = continuous positive airway pressure, eGFR = 

estimated glomerular filtration rate, HF = heart failure, HR = heart rate, LVEF = left ventricular 

ejection fraction, LAD = left atrial dimension, EHRA = European heart rhythm association, NYHA = 

New York Heart Association, PCI = percutaneous coronary intervention, MI = Myocardial infarction. 



Table S7. Predictors of new and baseline MRA use. 

Characteristic OR (95% CI) P 

Age (truncated at 70 years) 0.98 (0.96-1.01) 0.1938 

Female 1.43 (1.00-2.05) 0.0503 
Current smoker 1.07 (0.86-1.33) 0.5325 
Cancer 0.91 (0.66-1.24) 0.5417 
Hypertension 1.38 (0.92-2.06) 0.1176 
Diabetes 1.16 (0.88-1.53) 0.2987 
Dialysis 0.59 (0.14-2.59) 0.4865 
Hyperlipidemia 1.18 (0.85-1.64) 0.3243 
Anemia 0.73 (0.51-1.04) 0.0845 

Cognitive impairment/Dementia 0.84 (0.34-2.10) 0.7144 

Frailty 0.60 (0.30-1.20) 0.1469 
Chronic obstructive pulmonary disease 1.22 (0.87-1.69) 0.2438 

Peripheral vascular disease 1.17 (0.82-1.66) 0.3993 

Stroke or transient ischemic attack 0.91 (0.64-1.31) 0.6246 

Heart failure / Functional Status 

No Heart Failure Reference 
NYHA Class I 0.61 (0.23-1.57) 0.3041 
NYHA Class II 0.63 (0.24-1.61) 0.3306 
NYHA Class III 1.01 (0.38-2.68) 0.9826 
NYHA Class IV 1.81 (0.45-7.22) 0.4032 

Significant valvular disease 1.01 (0.75-1.38) 0.9285 

Prior valve replacement/repair 1.03 (0.66-1.62) 0.8977 

History of coronary artery disease 0.91 (0.62-1.34) 0.6364 
Prior myocardial infarction 0.81 (0.54-1.20) 0.2923 
Prior percutaneous coronary intervention 1.17 (0.80-1.72) 0.4254 
Height, cm 1.00 (0.99-1.02) 0.8672 
Weight, kg 1.00 (0.99-1.01) 0.7088 

Heart rate (truncated at 70 beats per minute) 0.99 (0.97-1.01) 0.4747 

Systolic blood pressure (truncated at 125 mmHg) 0.99 (0.98-1.01) 0.2458 

Diastolic blood pressure 1.00 (0.99-1.02) 0.8614 

Intraventricular conduction 

Right bundle branch block Reference 
Left bundle branch block 0.6302 

Left bundle branch block – Heart failure interaction 0.1495 

Non-specific intraventricular conduction delay 0.5633 

Non-specific intraventricular conduction delay – 
heart failure interaction 

0.5972 

Unknown-ventricularly paced 0.9389 

Unknown-ventricularly paced – heart failure 
interaction 

0.7591 



Left ventricular ejection fraction 
Normal Reference 
Mild dysfunction 1.27 (0.82-1.98) 0.2881 
Moderate dysfunction 2.23 (1.52-3.27) <.0001 
Severe dysfunction 2.45 (1.51-3.98) 0.0003 
Left atrial diameter 

Normal Reference 

Mild enlargement 0.5074 

Mild enlargement – heart failure interaction 0.468 

Moderate enlargement 0.1684 

Moderate enlargement – heart failure interaction 0.4599 

Severe enlargement 0.122 

Severe enlargement – heart failure interaction 0.509 

eGFR ≤50 1.01 (0.98-1.03) 0.4859 
50 < eGFR ≤ 90 1.00 (0.99-1.01) 0.4977 
eGFR >90 0.99 (0.98-1.01) 0.4029 
Hematocrit, % 0.97 (0.94-1.00) 0.0483 
AF type 

First detected/New onset Reference 

Paroxysmal 0.9658 

Paroxysmal – heart failure interaction 0.0489 

Persistent 0.9654 

Persistent – heart failure interaction 0.049 

EHRA Score 
No symptoms Reference 
Mild 1.17 (0.89-1.55) 0.2548 
Severe 1.29 (0.88-1.89) 0.1834 
Disabling 1.00 (0.36-2.78) 0.9945 

Rhythm control 0.99 (0.75-1.31) 0.9395 

Antiarrhythmic drug use in past 1.07 (0.80-1.42) 0.6553 

AV node/HIS bundle ablation 0.80 (0.32-1.99) 0.6335 

AF duration, months 1.00 (1.00-1.00) 0.1356 

Functional status: not living independently 1.13 (0.71-1.78) 0.6089 

Implanted device 1.31 (0.97-1.76) 0.078 
Obstructive sleep apnea 1.19 (0.77-1.85) 0.4392 
On continuous positive airway pressure 0.61 (0.34-1.06) 0.0815 
Statin 0.83 (0.63-1.10) 0.2051 

Diuretic 1.95 (1.45-2.60) <.0001 

Calcium channel blockers 0.90 (0.67-1.20) 0.4663 



Abbreviations: AF = atrial fibrillation, CAD = coronary artery disease, CKD = chronic kidney 

disease, COPD = chronic obstructive pulmonary disease, CPAP = continuous positive airway 

pressure, eGFR = estimated glomerular filtration rate, HF = heart failure, HR = heart rate, LVEF 

= left ventricular ejection fraction, LAD = left atrial dimension, EHRA = European heart rhythm 

association, NYHA = New York Heart Association, PCI = percutaneous coronary intervention, 

MI = Myocardial infarction. 


