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Atrial Fibrillation in Patients With
Cardiomyopathy: Prevalence and Clinical
Outcomes From Real-World Data
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BACKGROUND: Cardiomyopathy is a common cause of atrial fibrillation (AF) and may also present as a complication of AF.
However, there is a scarcity of evidence of clinical outcomes for people with cardiomyopathy and concomittant AF. The aim
of the present study was therefore to characterize the prevalence of AF in major subtypes of cardiomyopathy and investigate
the impact on important clinical outcomes.
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METHODS AND RESULTS: A retrospective cohort study was conducted using electronic medical records from a global federated
health research network, with data primarily from the United States. The TriNetX network was searched on January 17, 2021,
including records from 2002 to 2020, which included at least 1 year of follow-up data. Patients were included based on a diagnosis of hypertrophic, dilated, or restrictive cardiomyopathy and concomitant AF. Patients with cardiomyopathy and AF were
propensity-score matched for age, sex, race, and comorbidities with patients who had a cardiomyopathy only. The outcomes
were 1-year mortality, hospitalization, incident heart failure, and incident stroke. Of 634 885 patients with cardiomyopathy,
there were 14 675 (2.3%) patients with hypertrophic, 90 117 (7.0%) with restrictive, and 37 685 (5.9%) with dilated cardiomyopathy with concomitant AF. AF was associated with significantly higher odds of all-cause mortality (odds ratio [95% CI]) for
patients with hypertrophic (1.26 [1.13–1.40]) and dilated (1.36 [1.27–1.46]), but not restrictive (0.98 [0.94–1.02]), cardiomyopathy.
Odds of hospitalization, incident heart failure, and incident stroke were significantly higher in all cardiomyopathy subtypes with
concomitant AF. Among patients with AF, catheter ablation was associated with significantly lower odds of all-cause mortality
at 12 months across all cardiomyopathy subtypes.
CONCLUSIONS: Findings of the present study suggest AF may be highly prevalent in patients with cardiomyopathy and associated with worsened prognosis. Subsequent research is needed to determine the usefulness of screening and multisdisciplinary treatment of AF in this population.
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A

trial fibrillation (AF) is the most common cardiac arrhythmia and is associated with various cardiovascular risk factors, which in turn
contribute to the risk of AF-related complications.1
In contemporary anticoagulated AF populations,
the majority of deaths are related to causes other
than stroke. For example, the RE-LY (Randomized
Evaluation of Long-
Term Anticoagulation Therapy)
trial2 reported that progressive heart failure (HF) and

sudden cardiac death accounted for 15% and 22%
of deaths in patients with AF, respectively, whereas
stroke accounted for 7%. Further studies have also
reported a high risk of cardiovascular adverse events,
aside from stroke and despite anticoagulation use,
in patients with AF.3 These findings emphasize the
need for a more holistic or integrated care approach
to AF management to further reduce mortality in patients with AF.
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CLINICAL PERSPECTIVE
What Is New?

• We investigated the prevalence and associated
clinical outcomes of concomitant atrial fibrillation and cardiomyopathy subtypes.
• In this large retrospective cohort study, atrial
fibrillation prevalence was 23.6%, 42.5%, and
44.4% in patients with hypertrophic, restrictive,
and dilated cardiomyopathies, respectively.
• Concomitant atrial fibrillation was associated
with increased odds of mortality in all but restrictive cardiomyopathy cohorts. Odds of hospitalization, incident heart failure, and incident stroke
were significantly higher in all cardiomyopathy
subtypes with concomittant atrial fibrillation.

What Are the Clinical Implications?

• In this large sample of patients with cardiomyopathy, atrial fibrillation is highly prevalent and associated with worsened prognosis.
• Subsequent prospective research is warranted
to investigate the impact of screening and multidisciplinary treatment strategies.
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Nonstandard Abbreviations and Acronyms
CASTLE AF

EMR
PSM
RE-LY
STROBE

Catheter Ablation Versus Standard
Conventional Therapy in Patients
With Left Ventricular Dysfunction
and Atrial Fibrillation
electronic medical record
propensity score matching
Randomized Evaluation of Long-
Term Anticoagulation Therapy
Strengthening the Reporting of
Observational Studies in
Epidemiology

Cardiomyopathies are myocardial disorders that are
not secondary to coronary disease, hypertension, and
congenital, valvular, or pericardial abnormalities. Four
main subtypes of cardiomyopathy are hypertrophic, dilated, restrictive, and less commonly, arrhythmogenic
right ventricular cardiomyopathy. Cardiomyopathy is a
common cause of new onset AF and may also present
as a sequela of AF. When presented together, patients
suffer from worse symptoms and poorer prognosis.4
However, evidence-
based evaluation and management of this complex patient group is lacking.
The majority of previous real-world data have typically comprised small samples, especially when investigating population subgroups and outcomes such as

mortality. Also, although several studies have focused
on AF with hypertrophic cardiomyopathy, there are limited published data on dilated and restrictive cardiomyopathies, especially with regard to the impact of AF
on important clinical outcomes in these populations.
To address this, we investigated the prevalence and
clinical impact of AF in patients with cardiomyopathy
across patient characteristics and different cardiomyopathy subtypes.

METHODS
Data Availability Statement
To gain access to the data in the TriNetX research network, a request can be made to TriNetX (https://live.
trinetx.com), but costs may be incurred, a data sharing agreement would be necessary, and no patient-
identifiable information can be obtained.

Study Design and Participants
A retrospective observational study was conducted
within TriNetX, a global federated health research network with access to electronic medical records (EMRs)
from participating health care organizations including
academic medical centers, specialty physician practices, and community hospitals covering ~69.8 million
individuals, predominantly in the United States, from
which we have previously published. More information on the database can be found online (https://
trinetx.com/company-overview/).
Cardiomyopathy
subtypes and AF were identified from International
Classification of Diseases, Tenth Revision, Clinical
Modification (ICD-10-CM) codes in patient EMRs: I42.
xx (cardiomyopathy), I42.1 and I42.2 (hypertrophic cardiomyopathy), I42.5 (restrictive cardiomyopathy), I42.0
(dilated cardiomyopathy), I48.xx (atrial fibrillation and
flutter). Correspondingly, AF was an exclusion criterion in the matched controls. This study is reported
as per the STROBE (Strengthening the Reporting of
Observational Studies in Epidemiology) guidelines. As
a federated network, research studies using the TriNetX
research network do not require ethical approvals because no patient-identifiable information is received.
The TriNetX database internally performs extensive
data quality assessment with every refresh based on
conformance, completeness, and plausibility.5

Data Collection
The TriNetX network was searched on January 17,
2021. The cardiomyopathy and AF cohorts were aged
≥18 years, with a diagnosis of cardiomyopathy at least
1 year before to allow for 1-year follow-up. Controls
were aged ≥18 years with a diagnosis of cardiomyopathy at least 1-year before and no history of AF. At
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the time of the search, 49 participating health care organizations had data available for patients who met the
study inclusion criteria.

Statistical Analysis
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All statistical analyses were completed on the TriNetX
online platform. Baseline characteristics were compared using χ2 tests for categorical variables and
independent-sample t tests for continuous variables.
Propensity-score matching (PSM) was used to control
for differences in the AF and control cohorts, and/or
known risk factors for cardiovascular disease and all-
cause mortality. Patients with cardiomyopathy and AF
were 1:1 propensity-score matched to patients with cardiomyopathy and no record of AF using logistic regression for age at cardiomyopathy diagnosis, sex, race,
hypertension, ischemic heart disease, heart failure, cerebrovascular disease, diabetes, chronic kidney disease,
cardiovascular procedures (eg, cardiography, echocardiography, cardiac catheterization, cardiac devices,
electrophysiological procedures), and cardiovascular
medications (eg, β-blockers, antiarrhythmics, diuretics,
antilipemic agents, antianginals, calcium channel blockers, angiotensin-converting enzyme inhibitors). These
variables were chosen because they are established risk
factors for cardiovascular disease and/or mortality or
were significantly different between the 2 cohorts. The
TriNetX platform uses greedy nearest-neighbor matching, with a caliper of 0.1 pooled standard deviations.
Following PSM, logistic regressions produced odds
ratios (ORs) with 95% CIs for 1-year (from cardiomyopathy diagnosis) outcomes (ICD-10-CM codes); all-cause
mortality (D; deceased), hospitalization (1013659; hospital inpatient services), incident heart failure (I50), and
incident stroke (I63; cerebral infarction), comparing
patients with and without AF for each cardiomyopathy
subtype. Logistic regression was also used to produce
ORs and 95% CIs to investigate the associations with
all-cause mortality comparing patients with AF (I48)
who received catheter ablation (Z98.89; has had cardiac radiofrequency catheter ablation) to propensity-
score matched patients who did not receive catheter
ablation for each cardiomyopathy subtype. Statistical
significance was set at P<0.05.

RESULTS
Patient Characteristics
In total, 634 885 patients from 49 health care organizations had a diagnosis of cardiomyopathy between
2002 and 2020 with at least 1 year of follow-up. Of
the total patients with cardiomyopathy, there were
14 675 (2.3%) patients with hypertrophic, 90 117 (7.0%)
patients with restrictive, and 37 685 (5.9%) patients
with dilated cardiomyopathy with concomitant AF.
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Compared with controls, all cardiomyopathy subtypes
with AF were older, had a lower proportion of women,
had a higher proportion of people identified as White,
and a higher proportion of patients with cardiovascular
comorbidities, history of cardiovascular procedures,
and cardiovascular medications. These variables were
included in subsequent PSM analyses (Tables S1–S3).
Following 1:1 PSM, there were 27 460 patients with
hypertrophic, 146 512 patients with restrictive, and
58 676 patients with dilated cardiomyopathy included
in the outcome analyses (Table). Although some characteristics remained statistically different, all cohorts
were deemed to be well balanced on age, sex, race,
health conditions, cardiovascular procedures, and cardiovascular medications (Tables S1–S3).

Clinical Outcomes
Following PSM, 1-year all-cause mortality was 6.0% in
patients with hypertrophic cardiomyopathy and AF, and
4.9% in the matched controls without AF (P<0.0001)
(OR, 1.26 [95% CI, 1.13–
1.40]). All-
cause mortality was 7.1% in patients with dilated cardiomyopathy
and AF, and 5.3% in the matched controls without AF
(P<0.0001) (OR, 1.36 [95% CI, 1.27–1.46]). All-cause
mortality was 6.9% in patients with restrictive cardiomyopathy and AF, and 6.8% in the matched controls
without AF (P=0.378) (OR, 0.98 [95% CI, 0.94–1.02].
Following PSM, odds of hospitalization, incident
HF, and incident stroke at 1 year from cardiomyopathy
diagnosis were significantly associated with concomitant AF across all cardiomyopathy subtypes (Table).
Catheter ablation was associated with significantly
lower odds of all-cause mortality at 12-months across
all cardiomyopathy subtypes, compared with PSM
controls who did not receive ablation (Table).

DISCUSSION
Collectively, this retrospective analysis represents the
largest follow-up data set of its kind for patients with
cardiomyopathy and AF. First, the findings of the present study show that concomitant AF with a diagnosis of hypertrophic and dilated cardiomyopathy, but
not restrictive cardiomyopathy, was associated with
significantly higher odds of 1-year all-cause mortality
relative to patients with cardiomyopathy without AF.
Second, odds of hospitalization, incident HF, and incident stroke were significantly higher in cardiomyopathy
patients with AF compared with patients without AF.
Third, among the patients with AF, catheter ablation
was associated with significantly lower odds of all-
cause mortality across all cardiomyopathy subtypes,
compared with patients with AF but without ablation.
In this EMR network cohort study using data from
69.8 million individuals, 634 885 had a diagnosis of
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Table 1. One-Year Major Adverse Events/Conditions from Cardiomyopathy Diagnosis Comparing Patients With
Cardiomyopathy and AF to Propensity-Matched Patients With Cardiomyopathy Only
Major adverse events/
conditions

No. of participants†

Hypertrophic cardiomyopathy

27 460

Odds ratio

95% CI

P value

Mortality

1.26

1.13–1.40

<0.0001

Hospitalization

1.45

1.37–1.53

<0.0001

Incident HF

2.87

2.61–3.16

<0.0001

Incident stroke

1.77

1.50–2.10

<0.0001

0.71

0.60–0.83

<0.0001

Mortality

0.98

0.94–1.02

0.378

Hospitalization

1.43

1.39–1.46

<0.0001

Incident HF

1.88

1.81–1.95

<0.0001

Mortality following catheter
ablation*
Restrictive cardiomyopathy

10 212
146 512

Incident stroke

1.79

1.66–1.94

<0.0001

0.57

0.53–0.61

<0.0001

Mortality

1.36

1.27–1.46

<0.0001

Hospitalization

1.60

1.53–1.66

<0.0001

Incident HF

1.50

1.40–1.62

<0.0001

Incident stroke

1.55

1.36–1.76

<0.0001

0.81

0.74–0.89

<0.0001

Mortality following catheter
ablation*
Dilated cardiomyopathy

Mortality following catheter
ablation*

56 010
58 676

22 040
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AF indicates atrial fibrillation; and HF, heart failure.
*Logistic regression analyses comparing patients with cardiomyopathy and AF who received catheter ablation with matched patients who have not received
ablation.
†
Sample size: cohort with cardiomyopathy and AF plus cohort with cardiomyopathy without AF.

cardiomyopathy, of which 62 281 (9.8%) had hypertrophic (14 675 [23.6%] with concomitant AF), 212 201
(33.4%) had restrictive (90 117 [42.5%] with concomitant AF), and 84 784 (13.4%) had dilated (37 685
[44.4%] with concomitant AF). There is a scarcity of
evidence for the prevalence of AF in patients with cardiomyopathy subtypes, especially nonhypertrophic
cardiomyopathies. Some previous work has shown an
18% AF prevalence in 3 673 patients with hypertrophic
cardiomyopathy,6 15% AF prevalence in 248 patients
with arrhythmogenic right ventricular cardiomyopathy,7
and 33% AF prevalence in 156 patients with familial
dilated cardiomyopathy, which was not significantly
different compared with nonfamilial dilated cardiomyopathy (28%, n=289; P=0.24).8 However, these samples are substantially smaller than the present study,
and the real-world prevalence of AF in cardiomyopathy
subtypes has been largely unknown.
The findings of the present study suggest that AF
is associated with increased odds of mortality for hypertrophic and dilated, but not restrictive, cardiomyopathy. Rationale for the observed lack of higher odds
of mortality for patients with restrictive cardiomyopathy
and concomitant AF is unknown. Particularly given the
comparable age group and prevalence of comorbidities

compared with hypertrophic and dilated cardiomyopathy cohorts in this study. It is perhaps plausible that
the patients with restrictive cardiomyopathy had more
advanced cardiomyopathy substrate, which limits the
detrimental impact of concomitant AF. It is interesting, however, that catheter ablation is associated with
lower mortality in this cohort. Further mechanistic work
here is therefore warranted.
Most research to date investigating the prevalence
and impact of AF in patients with cardiomyopathy has
focused on hypertrophic cardiomyopathy.9 AF has
been deemed an important risk factor for overall mortality in one prospective study (n=509) with more than
a 3-fold increased risk of death in patients with hypertrophic cardiomyopathy compared with those without
AF.10 In a larger sample of 3 673 patients with hypertrophic cardiomyopathy, of which 18% were diagnosed
with AF, Siontis et al reported that AF was associated
with an increased risk of all-cause mortality (hazard
ratio [HR], 1.76).6 In the present study of 27 460 patients with hypertrophic cardiomyopathy, AF was associated with 26% increased odds of all-cause mortality.
Previous work has identified variable impacts of AF
on adverse health outcomes relative to the subtype of
cardiac disease being studied. For example, Olson et
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al found AF was associated with a greater relative increase in the risk of adverse outcomes in patients with
preserved ejection fraction (HR, 1.72) compared with
patients with reduced ejection fraction (HR, 1.29).11 In
contrast, in the present study, AF was not associated
with significantly increased odds of mortality in patients with restrictive cardiomyopathy (OR, 1.01 [95%
CI, 0.97–1.04]), but mortality risk was higher in patients
with dilated cardiomyopathy (OR, 1.09 [95% CI, 1.03–
1.15]). Data from the Heart Muscle Disease Registry
of Trieste12 highlighted the differing impact of baseline
and incident AF on outcomes in 539 patients with dilated cardiomyopathy, where there was no association
with baseline AF and mortality but a significant association between new-onset AF and increased mortality
(HR, 3.67).
Management and treatment of AF in patients with
hypertrophic cardiomyopathy presents a key component of the American Heart Association and American
College of Cardiology guidelines.13 In addition to mortality, AF and cardiomyopathies have been associated
with higher risk of cardiovascular events and disease
progression. In a Japanese cohort study of 20 000 patients with AF, both dilated and hypertrophic cardiomyopathy were the strongest risk factors independently
associated with an increased risk of thromboembolic
events.14 Indeed, in the present study, AF was associated with higher odds of hospitalization, incident HF,
and incident stroke across hypertrophic, restrictive,
and dilated cardiomyopathies (Table).
Although less well researched, restrictive cardiomyopathy is an important subgroup of patients. In the
present study with 146 512 patients with restrictive
cardiomyopathy, AF was associated with 43%, 88%,
and 79% increased odds for hospitalization, incident
HF, and incident stroke, respectively, but not all-cause
mortality. It is conceivable that a longer observation
period of >12 months would have allowed for these important clinical events to translate into lower mortality
too. Further research into the treatment and management of this population is therefore warranted.
Collectively, the prevalence of AF in patients with
cardiac disease seems to be strongly related to the severity of HF, with increasing severity associated with
increased AF prevalence. Even a diagnosis of paroxysmal AF has been associated with a greater degree
of structural left atrial remodeling and global myopathy,
which suggests a more severe cardiomyopathy phenotype.15 This likely explains the increased risk of adverse
outcomes and new-
onset cardiovascular conditions
seen with concomitant AF across all cardiomyopathy
subtypes in the present study.
Catheter ablation for AF in patients with HF has been
associated with improved cardiac function, symptoms,
exercise capacity, and quality of life, and more recently,
a significantly lower rate of a composite of all-cause
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mortality or hospitalization compared with medical
therapy.16 Similar observations have also been shown
for improvements in left ventricular ejection fraction, restoring sinus rhythm, and freedom from AF following
ablation in patients with HF.16–18 In the present study,
an EMR of catheter ablation for AF was associated with
29%, 43%, and 19% lower odds of mortality in patients
with hypertrophic, restrictive, and dilated cardiomyopathy, respectively. This was compared with propensity-
score matched patients with AF and cardiomyopathy,
but without ablation. These findings are congruent with
previous work; a retrospective analysis of patients with
persistent AF and concomitant tachycardia-
induced
cardiomyopathy had more favorable outcomes following catheter ablation compared with those without
cardiomyopathy.19 Albeit in a small sample (n=45 with
cardiomyopathy), survival at 3 years following ablation
was higher in the cardiomyopathy cohort (69%) compared with the noncardiomyopathy cohort (42%). In
long-term follow-up studies, results comparable to the
present study have been documented, although in a
hypertrophic cardiomyopathy population only. Among
566 patients with primary hypertrophic cardiomyopathy, Higuchi et al20 followed those who were managed
for AF with catheter ablation (n=34) and those without
(n=60). During a mean follow-up of 5.8 years, the incidence of clinical events (cardiomyopathy-related death,
hospitalization, or incident thromboembolic stroke) was
significantly lower in patients who received ablation
compared with nonablation. In a Cox multivariate analysis, catheter ablation therapy was the only independent
predictor of incident clinical events. It has been suggested that atrial remodeling following catheter ablation
may explain the beneficial impact in patients with cardiomyopathy. To further explain this, Sugumar et al21
demonstrated reverse electrical and structural atrial
recovery simultaneous with recovery of left ventricular
systolic function 2 years after AF ablation in patients
with AF-mediated cardiomyopathy. This may partially
explain the long-term success of catheter ablation in
patients with AF and concomittant cardiomyopathy.

Limitations
Several limitations are noteworthy. First, the data were
collected from health care organization EMR databases,
and some health conditions may be underreported.
Recording of ICD-10-CM codes in administrative data
sets may vary by factors such as age, number of comorbidities, severity of illness, length of hospitalization,
and whether in-
hospital death occurred.22 We could
also not determine the influence of attending different
health care organizations because of data privacy restrictions. In addition, outcomes that occurred outside
of the TriNetX network are not well captured. It was not
possible to investigate clinical outcomes of patients
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with AF and arrhythmogenic right ventricular cardiomyopathy, given that the ICD-10-CM code I42.8, which
includes arrhythmogenic right ventricular cardiomyopathy, is defined as “other cardiomyopathies” and is therefore nonspecific. Second, the data were largely from
multiple health care organizations in the United States
but may not be representative of the wider population,
thus the generalizability of the results beyond this cohort
is unclear. Third, data over longer follow-up time periods
would be valuable, particularly for mortality and cardiovascular disease outcomes. Fourth, future work including more detailed investigation of cardiac function (eg,
left ventricular ejection fraction) and AF subtypes is encouraged, which would likely be more feasible in smaller,
prospective studies. Finally, it is possible that selection
bias affected the improved outcome in patients with AF
who recieved ablation. For example, patients subjected
to ablation might be healthier, have a higher socioeconomic standing, and receive better quality care, and
therefore randomized controlled trials would be needed
to investigate the causal effects of ablation therapy in
this cohort. Similarly, residual confounding may have
impacted our results, including lifestyle factors and socioeconomic status, which were not available from EMRs.
This may be particularly true for the catheter ablation
outcomes. In the CASTLE AF (Catheter Ablation Versus
Standard Conventional Therapy in Patients With Left
Ventricular Dysfunction and Atrial Fibrillation) trial, the
only positive randomized controlled trial to date showing
mortality benefit with catheter ablation in heart failure,
the mortality curves only started to diverge in the third
year.16 Therefore our promising results for AF ablation
in patient with cardiomyopathy at 12 months may be
impacted by residual confounding.

CONCLUSIONS
Using a global federated health research network, we
found AF may be highly prevalent in patients with cardiomyopathy and associated with worsened prognosis.
Concomittant AF with hypertrophic and dilated, but not
restrictive cardiomyopathy associated with significantly
higher odds of mortality. Though, all cardiomyopathy
subtypes were associated with significantly higher odds
of hospitalization, incident HF, and incident stroke when
present with AF. Catheter ablation was associated with
significantly lower odds of mortality across all cardiomyopathy subtypes, when compared to matched patients
who did not recieve ablation procedures. The findings of
the present study suggest that patients with cardiomyopathy and AF associate with worsened prognosis, and
subsequent prospective research is needed to determine the usefulness of screening and treating AF in this
population. This is particularly true for cardiomyopathies
other than hypertrophic cardiomyopathy, which seem
underresearched.
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Table S1. Baseline characteristics %(n)* of the HCM populations with and without AF before and after propensity score matching.
Initial populations

Propensity score matched populations

HCM without AF
(n=47,606)

HCM with AF
(n=14,675)

P-value

HCM without AF
(n=13,730)

HCM with AF
(n=13,730)

P-value

SMD

Age (years) at diagnoses; mean
(SD)
Female

52.6 (20.0)

65.3 (14.6)

<0.0001

64.5 (14.5)

64.7 (14.5)

0.153

0.017

52.3 (24,916)

46.0 (6,755)

<0.0001

46.7 (6,415)

47.0 (6,447)

0.699

0.005

Male

47.7 (22,686)

53.9 (7,916)

<0.0001

53.3 (7,312)

53.0 (7,280)

0.699

0.005

White

56.1 (26,704)

72.2 (10,597)

<0.0001

71.6 (9,837)

70.9 (9,736)

0.178

0.016

Black or African American

31.5 (15,018)

18.5 (2,709)

<0.0001

18.8 (2,583)

19.4 (2,664)

0.214

0.015

Asian

2.2 (1,031)

1.6 (240)

<0.0001

1.6 (219)

1.7 (237)

0.395

0.010

Unknown

9.7 (4,633)

7.4 (1,085)

<0.0001

7.7 (1,052)

7.6 (1,050)

0.964

0.001

33.3 (15,836)

44.6 (6,552)

<0.0001

41.0 (5,630)

42.6 (5,849)

0.007

0.032

Ischaemic heart diseases

9.4 (4,461)

22.6 (3,314)

<0.0001

18.8 (2,577)

19.8 (2,714)

0.036

0.025

Heart failure

6.9 (3,272)

22.6 (3,313)

<0.0001

16.6 (2,274)

18.0 (2,473)

0.001

0.038

Diabetes Mellitus

13.6 (6,451)

17.0 (2,498)

<0.0001

15.4 (2,119)

16.3 (2,235)

0.055

0.023

Chronic Kidney Disease

6.0 (2,865)

12.4 (1,821)

<0.0001

9.8 (1,351)

10.7 (1,464)

0.025

0.027

Cerebrovascular diseases

4.2 (1,991)

8.8 (1,295)

<0.0001

7.3 (1,001)

7.8 (1,075)

0.091

0.020

Cardiovascular Proceduresb

27.7 (13,189)

43.6 (6,396)

<0.0001

40.9 (5,621)

40.9 (5,618)

0.971

0.000

Cardiovascular Medicationsc

42.6 (20,274)

56.0 (8,217)

<0.0001

53.4 (7,331)

54.0 (7418)

0.292

0.013

Ethnicity

Comorbidities
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Hypertensive diseases

Cardiovascular care

*Values are % (n) unless otherwise stated. Baseline characteristics were compared using a chi-squared test for categorical variables and an
independent-sample t-test for continuous variables. aData are taken from structured fields in the electronic medical record systems of the
participating healthcare organizations, therefore, there may be regional or country-specific differences in how race categories are defined.
bCardiovascular procedures include cardiography, echocardiography, catheterization, cardiac devices, electrophysiological procedures.
cCardiovascular medications include beta-blockers, antiarrhythmics, diuretics, lipid lowering agents, antianginals, calcium channel blockers,
ACE inhibitors. AF; atrial fibrillation, HCM; hypertrophic cardiomyopathy, SD; standard deviation, SMD; standardised mean difference. The
cardiomyopathy and AF cohorts were distributed between the four large Census Bureau designated regions of the United States as follows:
18% in the Northeast, 17% in the Midwest, 45% in the South, 10% in the West, and 10% were unknown. The control (non-AF) cohort was
distributed as follows: 17% in the Northeast, 20% in the Midwest, 43% in the South, 9% in the West, 1% non-United States, and 10% were
unknown.
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Table S2. Baseline characteristics %(n)* of the restrictive cardiomyopathy populations with and without AF before and after propensity
score matching.
Initial populations

Propensity score matched populations

Restrictive CM
without AF
(n=122,084)

Restrictive CM
with AF
(n=90,117)

P-value

Restrictive CM
without AF
(n=73,256)

Restrictive CM
with AF
(n=73,256)

P-value

SMD

Age (years) at diagnoses;
mean (SD)
Female

55.8 (18.2)

66.5 (14.1)

<0.0001

63.8 (13.9)

63.8 (13.9)

0.856

0.001

43.2 (52,692)

36.2 (26,484)

<0.0001

35.3 (25,861)

36.2 (26,484)

0.001

0.018

Male

56.8 (69,381)

63.8 (46,764)

<0.0001

64.7 (47,387)

63.8 (46,764)

0.001

0.018

60.4 (73,715)

69.4 (50,873)

<0.0001

68.8 (50,428)

69.4 (50,873)

0.012

0.013

23.4 (28,610)

18.8 (13,795)

<0.0001

19.7 (14,427)

18.8 (13,795)

<0.001

0.022

1.3 (1,637)

1.1 (785)

<0.0001

1.0 (707)

1.1 (785)

0.042

0.011

14.5 (17,662)

10.3 (7,578)

<0.0001

10.2 (7,490)

10.3 (7,578)

0.449

0.004

Hypertensive diseases

33.4 (40,758)

39.3 (28,769)

<0.0001

38.4 (28,129)

39.3 (28,769)

0.001

0.018

Heart failure

24.5 (29,952)

31.3 (22,959)

<0.0001

30.8 (22,569)

31.3 (22,959)

0.028

0.012

Ischaemic heart diseases

22.0 (26,799)

27.7 (20,324)

<0.0001

27.0 (19,765)

27.7 (20,324)

0.001

0.017

Diabetes Mellitus

16.2 (19,789)

19.0 (13,900)

<0.0001

18.3 (13,411)

19.0 (13,900)

0.001

0.017

Chronic Kidney Disease

9.0 (11,016)

11.3 (8,314)

<0.0001

10.8 (7,879)

11.3 (8,314)

<0.001

0.019

5.3 (6,416)

7.0 (5,132)

<0.0001

6.5 (4,774)

7.0 (5,132)

<0.001

0.019

Ethnicity
White
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Black or African
American
Asian
Unknown
Comorbidities

Cerebrovascular
diseases

Cardiovascular care
Cardiovascular
37.6 (45,936)
41.0 (30,055)
<0.0001
40.6 (29,731)
41.0 (30,055)
0.085
0.009
Proceduresb
Cardiovascular
39.4 (48,085)
45.1 (33,005)
<0.0001
44.9 (32,887)
45.1 (33,005)
0.535
0.003
Medicationsc
*Values are % (n) unless otherwise stated. Baseline characteristics were compared using a chi-squared test for categorical variables and an
independent-sample t-test for continuous variables. aData are taken from structured fields in the electronic medical record systems of the
participating healthcare organizations, therefore, there may be regional or country-specific differences in how race categories are defined.
bCardiovascular procedures include cardiography, echocardiography, catheterization, cardiac devices, electrophysiological procedures.
cCardiovascular medications include beta-blockers, antiarrhythmics, diuretics, lipid lowering agents, antianginals, calcium channel blockers,
ACE inhibitors. AF; atrial fibrillation, CM; cardiomyopathy, SD; standard deviation, SMD; standardised mean difference. The cardiomyopathy
and AF cohorts were distributed between the four large Census Bureau designated regions of the United States as follows: 18% in the
Northeast, 17% in the Midwest, 45% in the South, 10% in the West, and 10% were unknown. The control (non-AF) cohort was distributed as
follows: 17% in the Northeast, 20% in the Midwest, 43% in the South, 9% in the West, 1% non-United States, and 10% were unknown.
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Table S3. Baseline characteristics %(n)* of the dilated cardiomyopathy populations with and without AF before and after propensity score
matching.
Initial populations

Propensity score matched populations

Dilated CM
without AF
(n=47,099)

Dilated CM with
AF
(n=37,685)

P-value

Dilated CM
without AF
(n=29,338)

Dilated CM with
AF
(n=29,338)

P-value

SMD

Age (years) at diagnoses;
mean (SD)
Female

57.0 (17.5)

66.5 (13.7)

<0.0001

63.7 (13.5)

63.8 (13.6)

0.444

0.006

40.7 (19,146)

30.5 (11,484)

<0.0001

33.8 (9,910)

34.1 (9,993)

0.469

0.006

Male

59.3 (27,921)

69.5 (26,193)

<0.0001

66.2 (19,419)

65.9 (19,337)

0.475

0.006

White

58.7 (27,668)

71.8 (27,064)

<0.0001

67.2 (19,723)

67.7 (19,857)

0.238

0.010

Black or African American

24.0 (11,303)

17.8 (6,704)

<0.0001

21.5 (6,298)

20.4 (5,977)

0.001

0.027

Asian

5.5 (2,576)

1.4 (532)

<0.0001

1.2 (345)

1.8 (530)

<0.001

0.052

Unknown

11.3 (5,333)

8.6 (3,259)

<0.0001

9.8 (2,868)

9.8 (2,864)

0.956

0.000

Hypertensive diseases

38.0 (17,881)

51.7 (19,498)

<0.0001

45.5 (13,363)

46.4 (13,614)

0.038

0.017

Heart failure

34.9 (16,419)

50.2 (18,916)

<0.0001

42.9 (12,599)

43.1 (12,656)

0.635

0.004

Ischaemic heart diseases

22.1 (10,403)

33.9 (12,763)

<0.0001

27.9 (8,197)

28.6 (8,380)

0.093

0.014

Diabetes Mellitus

17.2 (8,093)

23.0 (8,664)

<0.0001

20.5 (6,013)

21.0 (6,151)

0.160

0.012

Chronic Kidney Disease

11.3 (5,310)

19.7 (7,411)

<0.0001

14.4 (4,236)

15.0 (4,415)

0.037

0.017

Cerebrovascular diseases

4.8 (2,258)

9.0 (3,405)

<0.0001

6.3 (1,858)

6.7 (1,965)

0.073

0.015

Ethnicity
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Comorbidities

Cardiovascular care

Cardiovascular
42.0 (19,791)
53.4 (20,139)
<0.0001
49.0 (14,366)
48.9 (14,345)
0.862
0.001
Proceduresb
Cardiovascular
56.5 (26,628)
65.5 (24,665)
<0.0001
60.3 (17,687)
61.4 (18,012)
0.006
0.023
Medicationsc
*Values are % (n) unless otherwise stated. Baseline characteristics were compared using a chi-squared test for categorical variables and an
independent-sample t-test for continuous variables. aData are taken from structured fields in the electronic medical record systems of the
participating healthcare organizations, therefore, there may be regional or country-specific differences in how race categories are defined.
bCardiovascular procedures include cardiography, echocardiography, catheterization, cardiac devices, electrophysiological procedures.
cCardiovascular medications include beta-blockers, antiarrhythmics, diuretics, lipid lowering agents, antianginals, calcium channel blockers,
ACE inhibitors. AF; atrial fibrillation, CM; cardiomyopathy, SD; standard deviation, SMD; standardised mean difference. The cardiomyopathy
and AF cohorts were distributed between the four large Census Bureau designated regions of the United States as follows: 18% in the
Northeast, 17% in the Midwest, 45% in the South, 10% in the West, and 10% were unknown. The control (non-AF) cohort was distributed as
follows: 17% in the Northeast, 20% in the Midwest, 43% in the South, 9% in the West, 1% non-United States, and 10% were unknown.
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