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Objective: Atrial fibrillation (AF) may remain undiagnosed until the development of

complications. We aimed to examine the epidemiology and racial/ethnic and rural/urban

differences in the frequency of newly diagnosed AF manifesting as ischemic stroke in a

nationally representative sample of Medicare beneficiaries.

Methods: We used a 5% random sample of Medicare claims to identify patients newly

diagnosed with AF in 2016. The primary dependent variable was stroke or transient

ischemic attack (TIA) in the 7 days prior to the first AF diagnosis, i.e., stroke or TIA

as the initial manifestation of AF. We constructed a multivariable logistic regression to

quantify the association between race/ethnicity, urban/rural residence, and the primary

dependent variable.

Results: Among 39,409 patients newly diagnosed with AF (mean age 77 ± 10 years;

58% women; 7.2% Black, 87.8%White, 5.1% others), 2,819 (7.2%) had ischemic stroke

or TIA in the 7 days prior to AF diagnosis. Black patients (adjusted OR [95% CI]: 1.21

[1.05, 1.40], vs. White) and urban residents (1.21 [1.08, 1.35], vs. rural) were at increased

risk of stroke as the initial manifestation of AF. Racial differences were larger among

patients aged ≥75 years, with adjusted ORs of 1.43 (1.19, 1.73) for Black vs. White

patients, but non-significant for those aged <75 (P for interaction = 0.03).

Conclusion: We observed significant and important differences in the risk of stroke

as initial manifestation of AF between White and Black patients and between rural and

urban residents. Our results suggest potential disparities in the identification AF across

race/ethnicity groups and urban/rural areas.
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INTRODUCTION

Atrial fibrillation (AF) is a strong risk factor for ischemic stroke
and is implicated in 15–20% of stroke cases (1). Preventive
treatment with oral anticoagulation may reduce stroke risk
by two-thirds in patients with AF (2). However, AF can be
asymptomatic and remain undiagnosed until the development of
complications such as stroke.

Some studies have examined the prevalence of stroke as the
initial manifestation of AF but results vary substantially (3–7).
The Framingham Heart Study reported that 3.4% of incident
AF patients had a stroke or transient ischemic attack (TIA)
in the month prior to AF detection (3, 5). In a cohort of
3,507 patients newly diagnosed with AF at the University of
Pennsylvania system, Patel et al. estimated that 5.3% of patients
had a stroke in the week prior to AF diagnosis (7). However,
these community- and health system- based cohorts may have
limited generalizability to the general population of patients
newly diagnosed with AF across the US.

In the present study, we aimed to examine the epidemiology
of ischemic stroke or TIA occurring in the seven days prior to the
first AF diagnosis, i.e., stroke or TIA as the initial manifestation
of AF, using a nationally representative sample of Medicare
beneficiaries. Given the previously recognized health disparities
in the awareness of AF (8), we also measured racial/ethnic
and rural/urban differences in the frequency of incident AF
manifesting as ischemic stroke or TIA.

METHODS

This retrospective cohort study used claims data from a 5%
random sample of Medicare Part D beneficiaries obtained from
the Centers for Medicare and Medicaid Services (CMS). Using
the CMS Chronic Condition DataWarehouse indicator of AF, we
identified beneficiaries who were first diagnosed with AF between
January 1, 2016, and December 31, 2016. We constrained
sampling to those who were continuously enrolled in Medicare
Part D in the year prior to AF diagnosis (i.e., index date). This
ensured that we had access to complete medical information at
baseline to make certain that the sample represented incident
AF patients. The final sample included 39,409 beneficiaries newly
diagnosed with AF in 2016.

The dependent variable was ischemic stroke or TIA as the
initial manifestation of AF. We defined this outcome as one
claim with a primary or secondary International Classification
of Diseases, Ninth Revision (ICD-9) for stroke or TIA based
on diagnostic code of 430, 431, 433.x1, 434.x1, 435, or 436 or
an ICD-10 diagnostic code of G45 or I63 on the day of or
within seven days prior to AF diagnosis. The 7 day cutoff was
selected based on prior literature that a 7-day period captured
majority of prior-AF stroke (7). In identifying stroke events,
we used provider claims (carrier claims) instead of institutional
claims to be able to capture with higher accuracy the date of the
first stroke diagnosis: Inpatient (institutional) claims are often
billed on the day of discharge and include codes for primary
and secondary diagnoses identified during a hospitalization,
which would prevent us from accurately depicting the timing

between first AF diagnosis and stroke, if they both happened
within a hospitalization. In contrast, claims for physician services
provided during an inpatient hospitalization (provider claims)
are billed with the date of provision of service, which enabled
us to estimate the relative timing between first AF diagnosis and
stroke diagnosis with a higher accuracy.

The exposures of interest included race/ethnicity and urban
vs. rural residence, which were measured on the index date.
We collected self-reported race/ethnicity information from
Medicare’s administrative files and categorized individuals into
three groups: non-Hispanic White, non-Hispanic Black, and
other races/ethnicities (hereafter denoted as White, Black, and
others). We classified participants as living in an urban or rural
area using zip codes and nine-level United States Department of
Agriculture (USDA) Rural-Urban Continuum Codes. Consistent
with the USDA classification, we defined urban patients as those
living in levels 1–3 and rural patients as those living in levels
4–9 (9).

In addition to race/ethnicity and urban vs. rural residence,
we also examined information concerning other demographics
and clinical characteristics, including age, sex, residence in
one of four Census regions (Northeast, Midwest, South, and
West), CHA2DS2-VASc score, valvular disease, eligibility
for Medicaid, receipt of low-income subsidy, end-stage
renal disease, and area deprivation index (ADI). A patient’s
CHA2DS2-VASc score was calculated based on age, sex, history
of stroke/TIA, vascular disease, heart failure, hypertension,
and diabetes.

In the cohort of newly diagnosed AF, we computed age-
and sex-adjusted proportion (%) of stroke or TIA as initial
manifestation of AF by race/ethnicity and urban/rural area. We
then constructed a multivariable logistic regression to quantify
the association between race/ethnicity and urban/rural residence
and the risk of stroke or TIA as initial manifestation of AF, while
adjusting for demographic and clinical characteristics, as listed
above. We tested the interaction effects of race/ethnicity and
urban/rural residence with age (<75 years vs.≥75 years), sex, and
ADI (<90th percentile vs. ≥90th percentile) in the multivariable-
adjusted model. A two-sided p< 0.05 was considered significant,
and analyses were performed using SAS v9.4 (SAS Institute,
Cary, NC).

RESULTS

Among 39,409 patients who were newly diagnosed with AF,
2,819 (7.2%) had ischemic stroke or TIA in seven days prior to
AF diagnosis. Mean age of the study cohort was 77 (standard
deviation [SD], 10) years; over half (58%) were female, and
80% were urban residents. Compared to White beneficiaries
(87.8%) with AF, Black beneficiaries (7.2%) and beneficiaries
of other races/ethnicities (5.1%) were younger, more likely to
reside in urban areas, and more likely to be eligible for Medicaid
coverage and low-income subsidy. Black beneficiaries had higher
CHA2DS2-VASc scores and were more likely to live in the
South and in areas with higher ADIs than White beneficiaries or
beneficiaries of other races/ethnicities (Supplementary Table 1).
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FIGURE 1 | Age- and sex-adjusted proportion (%) of newly diagnosed atrial

fibrillation patients with ischemic stroke as the first manifestation of atrial

fibrillation by race and urban/rural residence. The x axis shows three

race/ethnicity categories (White, Black and Others) and the y axis shows urban

and rural areas. Each of the 6 boxes presents one race-area group

(White-Urban, White-Rural, Black-Urban, Black-Rural, Others-Urban, and

Others-Rural). The size of the box represents the sample size of each group.

Dark blue indicates the lowest proportion of AF diagnosis manifesting as

stroke, while dark red represents the highest proportion of AF diagnosis

manifesting as stroke.

In our cohort of newly diagnosed AF, in urban areas, the
age- and sex-adjusted proportion of stroke or TIA occurring
7 days prior to AF diagnosis was 7.1% (95% CI: 6.8, 7.5) for
White beneficiaries, 9.6% (8.4, 10.8) for Black beneficiaries,
and 7.9% (6.8, 9.3) for beneficiaries of other races/ethnicities.
In rural areas, the age- and sex-adjusted proportion of stroke
or TIA occurring 7 days prior to AF diagnosis was 5.6%
(5.1, 6.1) for White beneficiaries, 7.2% (4.9, 10.6) for Black
beneficiaries, and 7.6% (4.4, 12.9) for beneficiaries of other
races/ethnicities (Figure 1).

After adjusting for covariates, Black beneficiaries (adjustedOR
[95% CI]: 1.21 [1.05, 1.40]) were at significantly increased risk
of having stroke or TIA as initial AF manifestation compared to
White beneficiaries (Table 1). The risk of stroke or TIA as initial
AF manifestation did not significantly differ between White
patients and patients of other races/ethnicities (adjusted OR: 1.16
[0.97, 1.40]). Urban residents were 21%more likely (adjusted OR:
1.21 [1.08, 1.35]) to have stroke or TIA as initial AFmanifestation
compared to rural residents.

We observed a significant interaction between race/ethnicity
and age (p = 0.03). The increased risk of stroke or TIA as
initial AF manifestation observed for Black patients compared to
White was statistically significant among those aged 75 years or
older (adjusted OR: 1.43 [1.19, 1.73], vs. White) but not in those
<75 years (adjusted OR: 0.97 [0.76, 1.22]; pinteraction = 0.03);
Figure 2.

TABLE 1 | Adjusted odds ratios of new AF diagnosis manifesting as stroke across

racial/ethnicity groups and between urban and rural areas.

Stroke cases% (n) Adjusted odds ratio (95%CI)

Race/ethnicity White 7.0% (n = 2,406) Reference

Black 9.1% (n = 256) 1.22 (1.06, 1.41)

Others 7.8% (n = 157) 1.16 (0.97, 1.40)

Areas Urban 7.5% (n = 2,366) Reference

Rural 5.7% (n = 453) 1.21 (1.08, 1.35)

Adjusted for age, sex, CHA2DS2-VASc score, valvular disease, geographic region

(Northeast, South, Midwest, and West), Medicaid enrollment, low income subsidy, end

stage renal disease, and area deprivation index.

DISCUSSION

Our study measured the risk of stroke as an initial manifestation
of AF in a nationally representative sample of Medicare
beneficiaries.We observed that over 7% ofMedicare beneficiaries
newly diagnosed with AF presented with ischemic stroke or TIA
seven or fewer days prior to AF diagnosis. After adjusting for
relevant factors, Black race and urban residency were associated
with increased risk of stroke or TIA as initial AF manifestation.

The Framingham Heart Study reported a lower frequency
of stroke or TIA as an initial manifestation of AF (3.4%)
than that estimated in the present study (3); even with
the inclusion of stroke cases occurring up to 30 days prior
to AF diagnosis in Framingham. The Framingham Heart
Study report included participants with incident AF diagnosed
between 1951 and 2013, whereas the current study reflects
the more contemporary era with much more widespread use
of telemetry in stroke patients. The secular trends of post-
stroke telemetry use over the decades may explain the different
estimates between two studies. Differences in the demographic
characteristics of study populations may have also contributed
to the diverging estimates, since Framingham participants were
largely of European ancestry, whereas our Medicare sample is
more diverse in terms of race/ethnicity, region of residence, and
socioeconomic status. Our results are comparable with data from
the Penn Atrial Fibrillation Free study, which estimated that 5.4%
of patients newly diagnosed with AF 2004–2009 had a stroke
in the 7 days prior to AF diagnosis (7). Quantifying strokes
attributable to undiagnosed AF is important because potentially
they could be preventable with oral anticoagulation, at least
among individuals who would be eligible for anticoagulation,
which represents 96% of our sample given CHA2DS2-VASc
scores ≥2 in men or ≥3 in women.

Large-scale screening for AF has been widely discussed
as a potential public health strategy for early detection
and treatment of AF that can help to prevent stroke and
other AF-associated complications (10). However, there remain
several major concerns, including the identification of target
population for screening, its cost-effectiveness, the selection
of screening devices, and the development of intervention
strategies for detected AF cases (11). In this context, the
availability of generalizable estimates of stroke as the initial

Frontiers in Public Health | www.frontiersin.org 3 November 2021 | Volume 9 | Article 780185

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Guo et al. Stroke Presentation in Atrial Fibrillation

FIGURE 2 | Interactions of race/ethnicity and urban/rural residence with age, sex, and area of deprivation index. ADI, Area of Deprivation Index. In addition to the

listed factors, the model was also adjusted for CHA2DS2-VASc score, valvular disease, geographic region (Northeast, South, Midwest, and West), Medicaid

enrollment, low income subsidy and end stage renal disease.

manifestation of AF is paramount to producing robust
estimates of the cost-effectiveness of potential AF screening
strategies and identifying populations who may benefit the most
from screening.

Racial differences in stroke incidence and death have been
reported frequently in the general population, with these
differences decreasing with older age (12). Similar to the Penn
Atrial Fibrillation Free study (7), we observed that Black
beneficiaries had a 22% higher risk of having stroke or TIA
as initial AF manifestation compared to White beneficiaries.
We further observed that such racial differences were larger
among patients first diagnosed with AF at an age of ≥75
years. There is increasing awareness that race is a social

construct (13). Whereas the pathophysiology of racial differences

is uncertain; instead of reflecting biological variation, racial
differences in the manifestation of AF may reflect structural
inequities including racism, decreased awareness of AF, lower
access to care, residential environment, and inequitable control

of underlying AF and stroke risk factors.
Although prior work has suggested that rural residents often

face barriers to healthcare access in general (14), we observed a
lower risk of incident AF manifesting as stroke or TIA in rural

residents than in urban residents across all three racial/ethnic

subgroups. Similar to our findings, prior data from Medicare
claims revealed a greater risk of stroke in urban areas in the

year of AF diagnosis (15). Further studies are needed to address

the underlying causes of the these observed differences between
White and Black patients and between urban and rural residents.

Several limitations of the present study should be noted.

First, because some patients may have had fatal strokes or had
unrecognized AF, it is possible that our results underestimate

the proportion of patients who had an ischemic stroke as fist
AF manifestation. On the other hand, it is possible that in
some patients, AF occurred as a consequence of the stroke
event. Second, we created a binary classification of urban vs.
rural residence. We acknowledge that urban and rural are not
homogeneous categories; future work might further distinguish
urban, suburban, exurban, and rural areas. Last, we acknowledge
that the race/ethnicity category “Others” is heterogenous; we did
not examine Hispanics and Asian subgroups separately because
of a lack of power.

In conclusion, in our cohort of Medicare beneficiaries with
AF, we observed a clinically relevant proportion having ischemic
stroke or TIA occurring within seven days prior to AF diagnosis.
Black patients and urban residents were more likely to present
with stroke or TIA as initial AF manifestation. Further research
is needed to evaluate the effectiveness of AF screening efforts in
reducing inequities in health outcomes associated with AF.
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