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Background-—Black US residents experience higher rates of ischemic stroke than white residents but have lower rates of clinically
apparent atrial fibrillation (AF), a strong risk factor for stroke. It is unclear whether black persons truly have less AF or simply more
undiagnosed AF.

Methods and Results-—We obtained administrative claims data from state health agencies regarding all emergency department
visits and hospitalizations in California, Florida, and New York. We identified a cohort of patients with pacemakers, the regular
interrogation of which reduces the likelihood of undiagnosed AF. We compared rates of documented AF or atrial flutter at follow-up
visits using Kaplan–Meier survival statistics and Cox proportional hazards models adjusted for demographic characteristics and
vascular risk factors. We identified 10 393 black and 91 380 white patients without documented AF or atrial flutter before or at
the index visit for pacemaker implantation. During 3.7 (�1.8) years of follow-up, black patients had a significantly lower rate of AF
(21.4%; 95% CI 19.8–23.2) than white patients (25.5%; 95% CI 24.9–26.0). After adjustment for demographic characteristics and
comorbidities, black patients had a lower hazard of AF (hazard ratio 0.91; 95% CI 0.86–0.96), a higher hazard of atrial flutter
(hazard ratio 1.29; 95% CI 1.11–1.49), and a lower hazard of the composite of AF or atrial flutter (hazard ratio 0.94; 95% CI 0.88–
99).

Conclusions-—In a population-based sample of patients with pacemakers, black patients had a lower rate of AF compared with
white patients. These findings indicate that the persistent racial disparities in rates of ischemic stroke are likely to be related to
factors other than undiagnosed AF. ( J Am Heart Assoc. 2016;5:e002492 doi: 10.1161/JAHA.115.002492)
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B lack US residents experience ischemic stroke at a
1.5-fold higher rate than white residents.1 Conversely,

studies consistently report that black patients have lower

rates of atrial fibrillation (AF)—one of the strongest risk
factors for stroke2—than white patients.3–11 It is unclear
whether the lower reported rate of AF in black persons
represents a truly lower burden of AF or more frequent
underdiagnosis of this often paroxysmal dysrhythmia in black
persons.12,13 Better understanding of the true relative burden
of AF in black persons may shed light on reasons for racial
disparities in stroke rates that cannot be entirely accounted
for by differences in demographic and socioeconomic char-
acteristics or the prevalence of established stroke risk
factors.14 To better compare the true burden of AF in black
and white persons, we examined rates of AF diagnosis in a
population-based sample of patients with indwelling pace-
makers, which allow regular interrogation of patients’ heart
rhythms.

Methods

Design
We performed a retrospective cohort study using administra-
tive claims data on emergency department visits and acute
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care hospitalizations in California, Florida, and New York. We
chose these states because they comprise demographically
heterogeneous populations that account for �20% of the total
US population15 and offer deidentified longitudinal data on all
emergency department and hospital discharges at all nonfed-
eral health care facilities.16 State health agencies collect
discharge information from health care facilities using a
standardized format and perform quality checks before
making these data available in a deidentified form via the
Healthcare Cost and Utilization Project. All visit records
contain information on demographic characteristics and up to
25 International Classification of Diseases, 9th Revision,
Clinical Modification (ICD-9-CM) diagnosis codes and up to
21 ICD-9-CM procedure codes. Multiple visits for a given
patient can be linked together using an anonymous linkage
identifier.17 The Weill Cornell Medicine institutional review
board approved our analysis of these deidentified, publicly
available data.

Patient Population
We identified patients at the time of their first hospitalization
for implantation of a cardiac pacemaker, identified using ICD-
9-CM procedure codes 37.80 through 37.83. To define
reasons for pacemaker implantation, we examined the
primary discharge diagnosis at the time of the index
hospitalization for pacemaker implantation. To focus on
incident cases, we excluded patients with a recorded
diagnosis of AF (ICD-9-CM diagnosis code 427.31) or atrial
flutter (ICD-9-CM code 427.32) prior to or at the time of their
index hospitalization for pacemaker placement. Because we
were interested in differences in AF and stroke rates in black
and white patients, we excluded persons of other races and
ethnicities. Race and ethnicity were determined from the
documented self-report of race or ethnicity by patients or
their surrogates. We included patients with an index hospi-
talization on or after January 1, 2005, in California or Florida
and January 1, 2006, in New York because these were the first
available years with longitudinal linkage variables. We
included patients with index hospitalizations through Decem-
ber 31, 2010, in California or New York and December 31,
2011, in Florida because these were the last available data
that allowed us at least 1 year of follow-up.

Measurements
Our main outcome was a diagnosis of AF. The ICD-9-CM code
for AF has an excellent positive predictive value and good
sensitivity in administrative claims data.18 Secondary out-
comes were atrial flutter and a composite of AF or atrial
flutter. In our primary analysis, we used data from all
emergency department visits and hospitalizations to identify

clinically documented diagnoses of AF and atrial flutter. In a
sensitivity analysis, we limited our ascertainment of AF and
flutter only to periods when patients underwent a docu-
mented pacemaker interrogation. We ascertained pacemaker
interrogations using ICD-9-CM procedure codes 89.45
through 89.48. We also assessed rates of ischemic stroke,
defined using a previously validated ICD-9-CM diagnosis code
algorithm.19 In a sensitivity analysis, we limited stroke cases
to ICD-9-CM code 434.11, which has a 73% specificity for
embolic strokes.20

To account for imbalances in vascular risk factors that may
explain racial differences in AF and stroke rates, we used ICD-
9-CM codes from the index hospitalization to define the
following comorbidities that have been reported as risk
factors for AF and stroke2,21: hypertension, diabetes mellitus,
coronary heart disease, congestive heart failure, lung disease,
chronic kidney disease, valvular disease, obesity, alcohol
abuse, and tobacco use. To compare the burden of stroke risk
factors between groups, we also used comorbidity data to
calculate the CHA2DS2-VASc score.22

Statistical Analysis
Kaplan–Meier survival statistics were used to calculate
cumulative rates of outcomes. Patients entered observation
at the time of their index hospitalization and were censored at
the time of an outcome, in-hospital death, or last available
follow-up. For analyses of AF and atrial flutter, patients were
censored at the time of the composite diagnosis of AF or
flutter. The log-rank test was used to compare cumulative
rates of outcomes between white and black patients. Cox
proportional hazards models were used to determine the
association between black race and outcomes while adjusting
for age, sex, insurance type, income, and the comorbidities
defined above. We used a stepwise approach to developing
our Cox models: an unadjusted model, a model adjusted for
demographic characteristics only, and a model adjusted for
demographic characteristics and vascular risk factors. In a
sensitivity analysis, we treated all baseline covariates as time
varying and updated them at the time of subsequent visits.
Given the strong effect of age on AF risk,23 we performed
additional sensitivity analyses using the fully adjusted model
within strata defined by quintiles of age. Because the
frequency of visits and pacemaker interrogations may have
influenced rates of AF diagnosis, we performed a sensitivity
analysis adjusting for these 2 factors. In analyses of stroke,
we also included a time-varying covariate for incident
diagnoses of AF or atrial flutter. In a sensitivity analysis, we
matched black patients with white patients at a 1:1 ratio
using all baseline covariates above and performed a matched
Cox analysis of stroke risk. The proportional hazards
assumption was verified by visual inspection of log-log plots.
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All statistical analyses were performed using Stata/MP
(version 13; StataCorp). The threshold of statistical signifi-
cance was set at a=0.05.

Results
We identified 10 393 black patients and 91 380 white
patients without a diagnosis of AF or atrial flutter at the time
of a first-recorded pacemaker implantation. Black patients
were younger; more often were female; more often had
Medicaid insurance; had greater prevalence of hypertension,
diabetes, heart failure, chronic kidney disease, and prior
stroke or transient ischemic attack; and had a lower
prevalence of coronary heart disease, peripheral vascular
disease, and chronic obstructive pulmonary disease (Table 1).
Black patients had a slightly higher mean CHA2DS2-VASc
score at baseline (3.5�1.4) than white patients (3.2�1.4).
Indications for pacemaker implantation were comparable
between groups (Table 1).

During a mean follow-up period of 3.7 (�1.8) years, the
cumulative rate of AF diagnosis was significantly lower in
black patients (21.4%; 95% CI 19.8–23.2) compared with
white patients (25.5%; 95% CI 24.9–26.0; P<0.001 for the log-
rank test) (Figure 1). Black patients had a lower hazard of AF
than white patients after adjustment for demographic char-
acteristics and vascular risk factors (hazard ratio 0.91; 95% CI
0.86–0.96) (Table 2). These findings were similar in sensitivity
analyses censoring patients at the time of their last
documented pacemaker interrogation, stratifying patients by
quintiles of age, adjusting for the frequency of visits or
pacemaker interrogations, or treating baseline covariates as
time varying.

An opposite patternwas found for the secondary end point of
atrial flutter: The cumulative rate of atrial flutter was nonsignif-
icantly higher in black patients (3.5%; 95% CI 2.9–4.3) than in
white patients (3.3%; 95% CI 3.1–3.5; P=0.08 for the log-rank
test) (Figure 2). After adjustment for demographic character-
istics and comorbidities, black patients had a significantly
higher hazard of atrial flutter than white patients (hazard ratio
1.29; 95% CI 1.11–1.49); however, the secondary composite
end point of AF or atrial flutter occurred less often in black than
white patients. The cumulative rate throughout follow-up was
22.7% (95% CI 21.0–24.4) in black patients versus 26.7% (95%
CI 26.1–27.3) in white patients (P<0.001 for the log-rank test)
(Figure 3). This difference persisted after adjustment for
demographic characteristics and vascular comorbidities (haz-
ard ratio 0.94; 95% CI 0.88–99).

Despite their lower rate of AF or atrial flutter, black
patients had a higher cumulative rate of ischemic stroke
(7.3%; 95% CI 6.4–8.3) than white patients (5.1%; 95% CI 4.8–
5.3; P<0.001 for the log-rank test). The higher hazard of

stroke in black patients persisted after adjustment for
demographic characteristics and vascular risk factors, includ-
ing AF and atrial flutter (hazard ratio 1.58; 95% CI 1.42–1.76).
This association was not substantially different in a sensitivity

Table 1. Baseline Characteristics of Black Versus White
Patients With Pacemakers

Characteristic*
Black†

(n=10 393)
White
(n=91 380) P Value

Age, mean (SD), y 72.8 (13.3) 76.6 (12.0) <0.001

Female 5891 (56.7) 41 367 (45.3) <0.001

Payment source‡ <0.001

Medicare 7666 (73.8) 75 005 (82.1)

Medicaid 790 (7.6) 1754 (1.9)

Private 1416 (13.6) 12 469 (13.7)

Self-pay 238 (2.3) 783 (0.9)

Other 281 (2.7) 1368 (1.5)

Primary diagnosis
at device implantation§

<0.001

Sinoatrial node
dysfunction

3360 (32.3) 32 268 (35.3)

Unspecified
conduction disorder

2084 (20.1) 20 105 (22.0)

Other specified
cardiac dysrhythmia

871 (8.4) 6365 (7.0)

Other second
degree atrioventricular
block

694 (6.7) 5861 (6.4)

Mobitz type II
atrioventricular block

435 (4.2) 3060 (3.4)

Hypertension 8804 (84.7) 65 888 (72.1) <0.001

Diabetes 4222 (40.6) 23 916 (26.2) <0.001

Coronary heart disease 3684 (35.5) 38 639 (42.3) <0.001

Congestive heart failure 2324 (22.4) 15 628 (17.1) <0.001

Peripheral vascular
disease

775 (7.5) 7666 (8.4) 0.001

Chronic obstructive
pulmonary disease

945 (9.1) 11 463 (12.5) <0.001

Chronic kidney disease 2011 (19.4) 10 256 (11.2) <0.001

Prior transient
ischemic attack

113 (1.1) 812 (0.9) 0.04

Prior ischemic stroke 242 (2.3) 1190 (1.3) <0.001

CHA2DS2-VASc
score, mean (SD)

3.5 (1.4) 3.2 (1.4) <0.001

*Data are presented as number (%) unless otherwise specified.
†Race was self-reported by patients or their surrogates.
‡Numbers do not sum to group totals because of missing payment-source data for
<0.01% of patients.
§Due to the large number of individual diagnoses, only the 5 most common diagnoses
(representing >70% of cases) are listed.
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analysis limited to embolic stroke or in a matched Cox
analysis.

Discussion
In a large heterogeneous sample of patients with newly
implanted pacemakers, we found a significantly lower rate of
AF in black patients compared with white patients, even after
adjustment for vascular risk factors. Conversely, black
patients had a higher rate of atrial flutter than white patients,
but atrial flutter composed a small proportion of cases
compared with AF, and the composite outcome of AF or atrial
flutter was less likely in black than white patients.

These findings are consistent with the results of several
prior studies that found lower rates of AF in black compared
with white patients.3–11 These studies involved analysis of
administrative claims data in all patients presenting for acute

care,3 prospective ascertainment of AF based on periodic ECG
screening and hospitalization records,4–8 or examination of
electronic medical records to identify clinical diagnoses of AF
or ECGs showing AF.9,10 Because none of these approaches
involved long-term continuous heart-rhythm monitoring, their
results may have reflected differences in AF symptomatology
or patterns of care between white and black patients that
resulted in differential ascertainment of AF12,13 rather than
true differences in the burden of AF. A prospective study
assessed racial differences in AF detection using pacemakers
or implanted defibrillators, but this study included a small
number of black patients and was able to adjust for a limited
number of potentially confounding factors.11 Our results build
on these prior studies by focusing on a large population
with indwelling pacemakers who thus underwent frequent

Figure 1. Cumulative rate of atrial fibrillation in patients with
pacemakers, stratified by black vs white race. The difference
between groups was significant (P<0.001 for the log-rank test).

Table 2. Associations Between Black Versus White Race and
Atrial Fibrillation or Flutter

Outcome* Model 1† Model 2‡ Model 3§

Atrial
fibrillation

0.85 (0.80–90) 0.93 (0.87–0.98) 0.91 (0.86–0.96)

Atrial
fibrillation
or flutter

0.87 (0.83–0.92) 0.95 (0.90–1.01) 0.94 (0.88–0.99)

Atrial
flutter

1.13 (0.98–1.31) 1.32 (1.14–1.52) 1.29 (1.11–1.49)

*Results are reported as the hazard ratio (95% CI) for the outcome in black compared
with white patients.
†Unadjusted.
‡Adjusted for baseline age, sex, insurance status, and income.
§Adjusted for model 2 covariates plus baseline hypertension, diabetes mellitus, coronary
heart disease, congestive heart failure, lung disease, chronic kidney disease, valvular
disease, obesity, alcohol abuse, and tobacco use.

Figure 2. Cumulative rate of atrial flutter in patients with
pacemakers, stratified by black vs white race. The difference
between groups was not significant (P=0.08 for the log-rank test).

Figure 3. Cumulative rate of atrial fibrillation or flutter in
patients with pacemakers, stratified by black vs white race. The
difference between groups was significant (P<0.001 for the log-
rank test).
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interrogation of their heart rhythms. The lower rate of AF
diagnosis that we found in black patients is unlikely to
represent differences in intensity of screening for AF,
especially because we found similar results in analyses
censoring patients at the time of their last documented
emergency department or inpatient pacemaker interrogation.

Several factors have been proposed to explain the
previously reported lower rate of AF diagnosis in black than
white patients24,25: different paroxysmal patterns of AF in
black patients, less intensive screening for AF among black
persons, longer life expectancy and thus opportunities for AF
to manifest in white persons, or an inheritable susceptibility to
developing dysrhythmias. Our findings provide some support
for the hypothesis that atrial dysrhythmia presents in different
paroxysmal forms in black persons because we found a higher
rate of atrial flutter in black compared with white patients. The
lower rate of AF and the higher rate of atrial flutter in black
patients may reflect racial differences in the interplay
between atrial tissue substrate and electrical activity, but
further research is required to understand this discordance.
Atrial flutter was rare compared with AF, and the composite of
AF or atrial flutter still occurred less often in black patients.
Our results are more consistent with the hypothesis that
racial differences in dysrhythmia susceptibility, and not just
vascular risk factors, are important in explaining population
patterns of this disease.6,26 Even with this explanation,
however, the topic of AF still presents a paradox in black
persons because they experience significantly more ischemic
stroke than white persons. A hypothesis that may explain this
discordance is that abnormal atrial substrate predisposing to
thromboembolism may manifest differently in black and white
persons. Although black persons less often manifest AF, they
have a significantly higher prevalence of other electrocardio-
graphic signs of left atrial abnormality.4 This suggests that
some of the observed racial disparities in stroke rates may be
explained by cases of left atrial thromboembolism that
currently go unrecognized because they occur in the absence
of AF.27 Further research appears justified to explore the
relationship among atrial abnormalities, thromboembolic risk,
and racial disparities in stroke rates.

Our study should be interpreted in light of several
limitations. First, we lacked data on outpatient visits and
thus could not ascertain diagnoses of AF made purely in the
outpatient setting; however, this is unlikely to have affected
our results in this population. Because pacemaker implanta-
tion is an inpatient procedure, we were likely to have
thoroughly captured the population of patients who received
pacemakers. After pacemaker implantation, we found similar
results in sensitivity analyses that censored patients at the
last documented pacemaker interrogation, thereby ensuring
evaluation of heart rhythm during the entire period of analysis
because pacemakers would be expected to keep in memory

any AF episodes throughout this interval. This makes it
unlikely that differences in inpatient versus outpatient care
were responsible for our results. Second, because we
included only patients with pacemakers, we cannot be certain
that our results are generalizable to the overall population. In
support of the generalizability of our study, we found the same
relative hazard for stroke in black versus white patients
(�1.5) as was found in prior population-based studies.1 Third,
we lacked data on antithrombotic medication use and thus
cannot directly assess the degree to which the higher stroke
risk in black patients is due to differences in anticoagulation
use in patients with AF. Fourth, we lacked direct clinical data
and relied on ICD-9-CM codes to identify outcomes. Distinc-
tions between AF and atrial flutter based on claims data may
not be reliable; therefore, further work will be needed to
better understand racial differences in these dysrhythmias.
We relied on AF diagnoses rather than direct assessment of
rhythm, so we were unable to assess differences in the
relative burden of AF in black and white patients. Because
pacemakers in our cohort were not implanted primarily to
screen for AF, some cases of brief AF captured on pacemaker
interrogations may have been considered clinically insignifi-
cant and thus not documented. This is especially true given
ongoing uncertainty about the pathogenic significance of brief
AF episodes.28,29 If failure to document AF occurred with
similar frequency among black and white patients, nondiffer-
ential misclassification of diagnoses would have served to
introduce a conservative bias by attenuating associations
between race and outcomes and thereby reducing our ability
to detect differences in AF rates between white and black
patients. It is possible, however, that AF diagnoses captured
by pacemakers were less frequently documented in black
than white patients, although this scenario is not supported
by the available evidence.11

In summary, we found that black patients with indwelling
pacemakers had a lower rate of AF diagnosis than white
patients. Despite this lower burden of AF, black patients
experienced a higher rate of ischemic stroke than white
patients, even after adjustment for known stroke risk factors.
These findings indicate that the persistent racial disparities in
rates of ischemic stroke are likely to be related to factors
other than undiagnosed AF.
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