
Race and Stroke in an Atrial Fibrillation Inception Cohort: 
Findings from the Penn Atrial Fibrillation Free Study

Parin J. Patel, MDa, Ronit Katz, DPhil (Oxon)b, Yuliya Borovskiy, MSc, Anthony Killian, RNc, 
Joshua M. Levine, MDd, Nelson W. McNaughton, MSc, David Callans, MD, FHRSc, Gregory 
Supple, MD, FHRSc, Sanjay Dixit, MD, FHRSc, Andrew E. Epstein, MD, FHRSc, Francis E. 
Marchlinski, MD, FHRSc, and Rajat Deo, MD, MTRc

aSt. Vincent Medical Group, Division of Cardiology, Indianapolis, IN

bKidney Research Institute, University of Washington, Seattle, Washington

cSection of Electrophysiology, Division of Cardiovascular Medicine, Perelman School of Medicine 
at the University of Pennsylvania

dDepartment of Neurology, Perelman School of Medicine at the University of Pennsylvania

Abstract

Background—Stroke may be the initial manifestation of atrial fibrillation (AF). Limited studies, 

however, have evaluated racial differences in stroke prior to the diagnosis of AF.

Objective—We assessed racial differences in strokes that occurred prior to and after AF 

diagnosis in the Penn Atrial Fibrillation Free (PAFF) Study.

Methods—PAFF consists of 56,835 patients from the University of Pennsylvania Health System 

that were free of AF at the index visit. We developed an inception cohort of 3,507 patients with 

incident AF and without any remote history of stroke.

Results—Among the AF inception cohort, there were 538 ischemic strokes and 54 hemorrhagic 

ones. Nearly half (n=254) of the ischemic strokes occurred within a 6-month period prior to the 

diagnosis of AF. Of these, the majority of strokes occurred either on the day of (n=158) or within a 

7 day period prior to (n=30) the diagnosis of incident AF. The remaining 284 ischemic strokes 

occurred a median 3.6 [IQR 1.9, 5.4] years after AF diagnosis. Compared to whites, blacks had an 

independently higher risk of having an ischemic stroke either prior to [adjusted OR 1.37, (95% CI, 

1.03–1.81)] or after AF diagnosis [adjusted HR 1.67, 95% CI (1.30 – 2.14)].

Conclusions—In an incident AF population, nearly one-half of the ischemic strokes occurred 

prior to the diagnosis of AF. Compared to whites, blacks had a higher incidence of developing an 
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ischemic stroke that persisted whether the stroke occurred in the period either preceding or 

following AF diagnosis.
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Introduction

Blacks have a greater incidence of stroke and stroke-associated disability than Whites.1–3 

Multiple studies have demonstrated similar racial differences in the incidence of stroke 

among elderly patients with AF even after adjusting for anticoagulation use.4–7 These 

findings suggest that the etiology and consequences of AF including electromechanical 

changes in the heart and potential complications such as stroke and systemic 

thromboembolism may differ in blacks compared with whites. As such, clinical guidelines 

for the management of atrial fibrillation should emphasize not only the importance of 

population-based interventions to prevent stroke and thromboembolism, but also their 

potential for reducing racial disparities in the elderly with AF.

Stroke may be the initial manifestation of AF. Recent American Heart Association and 

American Stroke Association guidelines recommend extended cardiac rhythm monitoring 

over at least a 6-month period for the evaluation of AF in patients who have experienced a 

stroke without an apparent cause.8 In two recent studies, the 30-Day Event Monitor Belt for 

Recording Atrial Fibrillation after a Cerebral Ischemic Event Study (EMBRACE) and 

Cryptogenic Stroke and Underlying Atrial Fibrillation (CRYSTAL AF), investigators 

reported a significant increase in AF detection with longer-term monitoring that extended up 

to 36 months after the stroke event.9, 10 AF detection in these populations resulted in 

subsequent prescription of anticoagulation therapies.9 However, these studies enrolled a 

limited minority population, and only 2–4% of the study population was black. A better 

understanding of the burden of AF after an ischemic stroke is important as recurrent events 

may be prevented by earlier AF detection and the subsequent initiation of anticoagulation 

therapies. We created an inception cohort of adults with AF and evaluated racial differences 

in the risk of ischemic or hemorrhagic stroke that either preceded or followed the diagnosis 

of AF.

Methods

We assessed racial differences in ischemic and hemorrhagic strokes in the Penn Atrial 

Fibrillation Free (PAFF) study.11 PAFF is a large, multi-hospital cohort of patients from the 

University of Pennsylvania Health System that were free of AF or atrial flutter at the index 

visit. The cohort was developed in collaboration with the Penn Data Analytics Center, which 

aims to integrate the massive stores of clinical data across the health system for the purposes 

of research and quality improvement initiatives. For this project, we first developed an 

inception cohort of patients with incident AF and without any remote history of stroke. As a 

result, we had the unique ability to evaluate strokes that occurred during the time period 
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preceding the diagnosis of AF. We also evaluated ischemic and hemorrhagic stroke risk after 

the diagnosis of AF.

Figure 1 characterizes both the PAFF and AF inception cohorts. We included 80,682 patients 

who had an electrocardiogram (ECG) within the University of Pennsylvania Health System 

between June 1, 2004 and December 31, 2009.11 Individuals with an ECG demonstrating 

atrial fibrillation or atrial flutter (n=12,302), or an uninterpretable rhythm (n=1,115) were 

excluded, leaving 67,265 patients for additional analyses (Figure 1). We then linked all ECG 

records to administrative and electronic medical record data from the University of 

Pennsylvania Health System. In particular, emergency room, outpatient, and inpatient data 

including demographics, diagnoses, laboratory examinations, and medications were 

extracted from electronic medical records, which included all clinical encounters. Multiple 

sources including MUSE (GE Healthcare, Little Chalfont, Buckinghamshire, United 

Kingdom), Sunrise Clinical Manager (Eclipsys Corporation, Atlanta, GA), Epic (Verona, 

WI), Cerner (North Kansas City, MO), EmTrac (University of Pennsylvania, Philadelphia, 

PA), and Medview (University of Pennsylvania, Philadelphia, PA) were utilized. The MUSE 

database is an electronic depository of electrocardiographic information that spans the 

several hospitals within the health system. The Sunrise Clinical Manager was used to obtain 

inpatient data. Epic was queried for outpatient data; and Cerner was queried for both 

inpatient and outpatient laboratory data. EmTrac is an electronic medical record system 

exclusively for use by emergency room physicians. Medview is a database management 

system that coordinates transfer of data among the various other data repositories. Because 

the various clinical and laboratory settings within the University of Pennsylvania Health 

System had utilized their own medical recording system, the Penn Data Store (Penn 

Medicine’s Clinical Data Warehouse, Philadelphia, PA) created a comprehensive, combined 

database for the PAFF cohort.

Patients with any clinical history of AF or atrial flutter, age less than 18 years or less than 30 

days of clinical follow-up within the University of Pennsylvania Health System (n=7,940) 

were excluded from additional analyses. Finally, we excluded individuals with a prevalent 

diagnosis of stroke at the time of the initial ECG or more than 6 months prior to the 

diagnosis of AF (n=2,490). From this population of 56,835 patients without AF or a remote 

history of stroke, we identified 3,507 individuals with incident AF. This AF inception cohort 

comprised our primary study population. The study was approved by the Institutional 

Review Board of the University of Pennsylvania.

Atrial Fibrillation and Covariates

We identified outpatients and inpatients with a new diagnosis of AF using either ECG 

coding from the MUSE database, data from electronic medical records, or ICD-9 codes 

(Supplemental Table 1). As part of a validation strategy, we selected the first 100 incident 

AF cases (i.e., oldest data available in the medical records) and confirmed arrhythmia 

manifestation in all these individuals using either ECG, telemetry recordings (inpatient or 

ambulatory), or cardiac implantable electronic device such as an implantable cardioverter 

defibrillator (ICD) or pacemaker.
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Additional information related to demographics and comorbid conditions including age, sex, 

smoking status, hypertension, diabetes, obesity, heart failure, coronary heart disease, chronic 

kidney disease, and vascular disease, were obtained from either clinical encounters or ICD-9 

codes (Supplemental Table 1). White and black races were recorded from the demographic 

self-identification form, which offered a choice of “White; Black or African American; 

Asian; Native American or Alaskan Native; Hawaiian Native or Pacific Islander; or Other.” 

Finally, our analysis evaluated medications including warfarin and antiplatelet agents such as 

aspirin, clopidogrel or dipyridamole. In particular, inpatient and outpatient records were 

queried for anticoagulants and anti-platelet drugs prescribed within 60 days of incident AF.

Stroke Ascertainment

Patients were followed over the course of clinical care from the date of index visit to 

December 31, 2013. Our primary outcomes were ischemic and hemorrhagic strokes that 

occurred within a 6-month period prior to or at any point after AF diagnosis. Strokes that 

occurred during the same hospitalization as incident AF were categorized as events that 

preceded the diagnosis of AF. All strokes included in these analyses were confirmed by both 

ICD-9 coding and a combination of either computed tomography (CT)/ magnetic resonance 

(MR) imaging and/or a neurologist’s evaluation. In particular, incident cases of ischemic or 

hemorrhagic stroke were first ascertained from ICD-9 codes obtained from all clinical 

encounters. Neuroradiology reports of computed tomography (CT) / magnetic resonance 

(MR) imaging and neurology evaluations were then reviewed through queries of the medical 

record to obtain confirmation of either ischemic or hemorrhagic strokes. Transient ischemic 

attacks were not included in these analyses.

Statistics

Baseline characteristics of participants were compared between blacks and whites using chi-

squared or ANOVA tests. The association between race and either ischemic or hemorrhagic 

stroke was determined separately for strokes that preceded or occurred after the diagnosis of 

AF. We first used multivariable logistic regression to compare the odds of each stroke type in 

blacks and whites among the subgroup of patients that had a stroke within a 6-month period 

preceding the diagnosis of AF. In the subgroup where stroke occurred after the diagnosis of 

AF, we first calculated the unadjusted rates for incident stroke using Poisson regression and 

estimated risk differences comparing whites to blacks. Multivariable Cox proportional 

hazards regression models then compared the risk of either ischemic or hemorrhagic stroke 

in blacks to whites.

We then evaluated the risk of ischemic stroke across both races among those individuals that 

were either low risk for thromboembolic disease (CHA2DS2-VASc score = 0), intermediate 

risk (CHA2DS2-VASc score = 1), high risk (CHA2DS2-VASc score ≥2) and prescribed 

anticoagulant therapy and high risk and not prescribed anticoagulation. In all multivariable 

models, candidate variables for adjustment included those from the CHA2DS2-VASc score 

such as age, sex, hypertension, diabetes, heart failure, coronary heart disease, and other 

vascular disease. We also adjusted for smoking, obesity and CKD. In the analysis that 

evaluated racial differences in stroke risk after AF, we also adjusted for anticoagulation use. 

The proportional hazards assumption was not violated. Stata Statistical Software, release 
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11.0 (College Station, TX: StataCorp LP), and SPSS statistical software, release 19.0 

(Armonk, NY:IBM Corp), were used for analyses. P<0.05 was considered statistically 

significant.

Results

Of the 56,835 patients eligible for inclusion into the PAFF study, 3,507 individuals 

developed AF and comprised our inception cohort. At the time of the first clinical encounter 

that documented AF, blacks were younger and more likely to be women than whites (Table 

1). In addition, compared to whites, blacks were more likely to have a history of 

hypertension, diabetes, obesity, heart failure and chronic kidney disease. There were no 

racial differences in the prevalence of coronary heart disease, and blacks were less likely to 

have vascular disease. The CHA2DS2-VASc scores were higher for blacks compared with 

whites.

Among the 3,507 individuals with incident AF, there were 538 ischemic strokes and 54 

hemorrhagic strokes. Nearly half (n=254) of the ischemic strokes occurred within a 6-month 

period prior to the diagnosis of AF. Of these, the majority of strokes occurred either on the 

day of (n=158) or within a 7 day period prior to (n=30) the diagnosis of incident AF. The 

remaining 284 ischemic strokes occurred a median 3.6 [IQR 1.9, 5.4] years after AF 

diagnosis. In strokes that occurred after an AF diagnosis, the annualized rate of ischemic 

stroke was 1.86%; and the rate of hemorrhagic stroke was 0.20% per year. Blacks with a 

new diagnosis of AF were 62% more likely to have had an ischemic stroke prior to AF 

diagnosis than whites who developed AF (Table 2). This higher risk persisted after 

multivariable adjustment for age, sex, smoking, hypertension, diabetes, obesity, heart failure, 

coronary heart disease, chronic kidney disease, and vascular disease. In strokes that occurred 

after the diagnosis of AF, blacks had 67% higher and independent risk of developing an 

ischemic stroke compared to whites (Figure 2 and Table 3). Finally, in the subgroup of 

patients who had a stroke after a diagnosis of AF, we did not observe any black-white 

differences in the risk of ischemic strokes among AF patients that were either low or 

intermediate risk for thromboembolism (Figure 3). The higher risk of ischemic stroke in 

blacks compared with whites was confined to those patients with a high risk of stroke 

defined as CHA2DS2-VASc ≥2. This elevated risk was observed in those with and without 

anticoagulation prescription.

No interactions were detected between race and sex for the ischemic stroke subgroups that 

either preceded AF diagnosis (p-value for interaction = 0.87) or occurred after AF (p-value 

for interaction = 0.48). Finally, hemorrhagic strokes comprised nearly 10% of the stroke 

patients in our analysis, and we did not observe any significant racial differences (Tables 2 

and 3).

Discussion

Nearly one-half of the ischemic strokes in patients with AF occurred in a 6-month window 

prior to the diagnosis of the arrhythmia. In particular, AF was diagnosed in the majority of 

these cases at the time of the stroke event, and our analysis is one of the first to demonstrate 
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racial differences in ischemic stroke during this timeframe. The PAFF study design involved 

the creation of an inception cohort and provides an understanding of stroke risk within a 

several month period before and at any point after AF diagnosis. Our study also confirms 

recent reports of blacks with AF having a significantly higher risk of ischemic stroke 

compared with whites with AF.4–7 In our analysis, these racial differences were limited to 

individuals that had a CHA2DS2-VASc ≥2 regardless of anticoagulation use.

The PAFF study suggests a critical need for interventions that target the approximate 50% of 

ischemic strokes occurring prior to a diagnosis of atrial fibrillation. Effective strategies for 

reducing stroke risk will require a better understanding of the significance of subclinical AF 

and potentially novel cardiovascular risk markers such as left atrial structure and mechanics. 

Clinical studies should be designed to identify individuals in sinus rhythm that have 

subclinical AF and are at an increased risk for the development of AF and thromboembolic 

complications. Recent studies from large community-based cohorts have generated AF 

prediction algorithms that result in adequate discrimination in diverse populations of whites 

and blacks.12 Further, AF-SCREEN, an international collaboration of experts that are 

evaluating population-based screening strategies for AF, have recently published a White 

paper that acknowledges even brief periods of subclinical AF are a risk marker for adverse 

events.13 As such, they have advocated strongly for immediate, global efforts to pursue 

single-timepoint AF screening utilizing medical quality ECG tracings in populations at risk 

for AF and stroke. In addition, the 2016 European Society of Cardiology guidelines for AF 

management have recommended opportunistic screening in all patients contacting the health 

system ≥65 years of age.14 Ongoing clinical trials including the ARTESiA trial (Apixaban 

for the Reduction of ThromboEmbolism in Patients with Device-Detected Sub-Clinical 

Atrial Fibrillation, NCT01938248), the NOAH trial (Non-Vitamin K Antagonist Oral 

Anticoagulants in Patients with Atrial High Rate Episodes, NCT02618577), and the Danish 

Loop study (Atrial Fibrillation Detected by Continuous ECG Monitoring, NCT02036450) 

are evaluating the benefit of anticoagulation to treat subclinical AF. Future research efforts 

will also need to clarify whether to incorporate race into a screening algorithm. Low-cost 

screening interventions in diverse populations have the potential to impact the nearly 50% 

burden of ischemic strokes that occur prior to the diagnosis of clinical AF.

Among the subgroup of individuals in whom the diagnosis of AF precedes stroke, our data 

highlight ongoing national trends in anticoagulation under-treatment.15, 16 In particular, 

despite a mean CHA2DS2-VASc score of 2.1 in whites and 2.5 in blacks, only 39% of whites 

and 34% of blacks were receiving anticoagulation. This burden of under-treatment is similar 

to the American College of Cardiology National Cardiovascular Data Registry of 429,417 

outpatients with AF.16 Specifically, less than half of high-risk patients were receiving an oral 

anticoagulant prescription. Similarly, in a retrospective analysis from the Get With the 

Guidelines-Stroke program, of 94,474 patients with acute ischemic stroke and a history of 

AF, 84% were not receiving adequate anticoagulation at the time of the stroke.17 Our 

findings also extend prior observations of racial differences in post-AF ischemic stroke to 

include a younger population. Multiple studies utilizing Medicare registry data have 

demonstrated that blacks are at an increased stroke risk in the setting of AF even after 

adjusting for anticoagulation use.5, 18 Further, similar to the slightly higher prevalence of 

under-treatment seen in our population of blacks versus whites, prior studies have also 
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reported racial differences in anticoagulation use.19, 20 Overall, our study highlights the 

importance of emphasizing oral anticoagulation in all AF populations, particularly blacks. 

Non-vitamin K antagonist oral anticoagulants offer a potential opportunity as they are easier 

to administer, more convenient and lack routine monitoring. However, Blacks comprised less 

than 2.0% of the more than 70,000 participants enrolled in the phase III clinical trials that 

resulted in the FDA approval of four oral anticoagulants for the prevention of 

thromboembolism.21–24 These novel therapies have the potential to reduce ischemic stroke 

burden and subsequent racial disparities.

Finally, our analysis provides unique insight into the risk of hemorrhagic stroke, which was 

confirmed by diagnostic codes, radiographic imaging, and a neurologist’s confirmation. The 

overall annualized rate of hemorrhagic stroke in our analysis was similar to that observed in 

prior AF populations taking anticoagulation.25 Specifically, investigators from Kaiser 

Permanente Southern California evaluated intracranial hemorrhage (ICH) rates in patients 

with AF. After assessing over 18,000 AF hospitalizations, they identified 173 ICH events 

that occurred at a rate of 0.27 ICH events per 100 person years.25 The hemorrhagic stroke 

events in our analysis resulted in limited statistical power to assess racial differences; 

however, our analysis is one of the first to demonstrate that hemorrhagic strokes comprise a 

significantly lower proportion of total strokes in AF patients compared with the general 

population.26–28 Hemorrhagic strokes comprised <10% of all strokes in the PAFF inception 

cohort. In population-based studies, hemorrhagic strokes comprised 20 to 30% of all strokes.
26–28 The implications of these findings are important as patients with AF are often 

concerned about the risks of ICH and should recognize the disproportionately higher risk of 

ischemic versus hemorrhagic strokes in an AF population when considering long-term 

anticoagulation.

Several limitations of our study should be considered. The University of Pennsylvania 

Health System serves patients from a wide geographic distribution including Pennsylvania, 

New Jersey, Delaware, and Maryland; as a result, the study may not capture anticoagulant 

data prescribed outside of the health system. In addition, our data did not capture 

anticoagulation adherence as measured by the time in therapeutic range. Further, our study 

design utilized administrative data collection within a large healthcare network. As a result, 

we may not have collected information on all potential confounders including 

socioeconomic status measures such as income and education. Finally, our analysis excluded 

TIA because it is a subjective assessment of neurologic function. Its exclusion may decrease 

ascertainment of clinically significant neurologic disease in this population.

Conclusions

In an incident AF population, nearly one-half of the ischemic strokes occur prior to the 

diagnosis of AF. Compared to whites, blacks have a higher, independent risk of developing 

an ischemic stroke that either preceded or followed the diagnosis of AF. Future public health 

interventions should continue to highlight the importance of AF screening and 

anticoagulation therapies and evaluate whether such interventions can reduce the excess 

burden of ischemic strokes and subsequent racial differences.
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Figure 1. 
Design of the Penn Atrial Fibrillation Free Study
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Figure 2. 
Multivariable adjusted incidence curves of ischemic stroke in blacks and whites. The 

Kaplan-Meier curves represent the incidence of ischemic stroke after adjustment for age, 

sex, smoking, hypertension, diabetes, obesity, heart failure, coronary heart disease, chronic 

kidney disease, vascular disease, aspirin and warfarin use.
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Figure 3. 
Risk of Stroke by Subgroups of CHA2DS2-VASc and Anticoagulation Use
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Table 1

Baseline characteristics in White and Black Patients with Incident AF

White Black p-value

Characteristics (n=2,230) (n=1277)

Age (years)±SD 64±13 63±16 <0.001

Men n(%) 1462 (66) 681 (53) <0.001

Current smoker n(%) 1269 (57) 696 (55) 0.290

Comorbidities

  Hypertension n(%) 1377 (62) 1019 (80) <0.001

  Diabetes n(%) 305 (14) 334 (26) <0.001

  Obesity n(%) 258 (12) 305 (24) <0.001

  Heart failure n(%) 956 (43) 705 (55) <0.001

  Coronary heart disease n(%) 1152 (52) 696 (55) 0.105

  Chronic kidney disease n(%) 502 (23) 504 (40) <0.001

  Vascular disease n(%) 661 (30) 250 (20) <0.001

CHA2DS2-VASc ± SD 2.1±1.5 2.5±1.5 <0.001

CHA2DS2-VASc <0.001

  Low, score 0 n(%) 289 (13) 98 (8)

  Intermediate, score 1 n(%) 549 (25) 267 (21)

  High, score ≥2 n(%) 1392 (62) 912 (71)

Medications

  Warfarin n(%) 870 (39) 439 (34) 0.006

  Aspirin n(%) 1112 (50) 661 (52) 0.280
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Table 2

Association of race and strokes that precede the diagnosis of AF

Ischemic Strokes*

Race N # ischemic stroke Unadjusted OR (95% Cl) Adjusted† OR (95% Cl)

  White 2050 137 (6.7%) 1.00 (ref) 1.00 (ref)

  Black 1119 117 (10.4%) 1.62 (1.25, 2.10) 1.37 (1.03, 1.81)

Hemorrhagic Strokes*

Race N # hemorrhagic stroke Unadjusted OR (95% CI) Adjusted† OR (95% CI)

  White 1927 14 (0.73%) 1.00 (ref) 1.00 (ref)

  Black 1013 11 (1.1%) 1.49 (0.68, 3.30) 1.58 (0.68, 3.70)

*
For these analyses, we used the total number of incident AF cases and excluded those who had a stroke after the diagnosis of AF. For the ischemic 

stroke analysis, we excluded those who had a hemorrhagic stroke. Similarly, for the hemorrhagic stroke analysis, we excluded those participants 
who had an ischemic stroke event.

†
Adjusted for age, sex, smoking, hypertension, diabetes, obesity, heart failure, coronary heart disease, chronic kidney disease, and vascular disease
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