Geographic Disparities in the Incidence of Stroke among
Patients with Atrial Fibrillation in the United States
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Aim: To determine whether regional variation in stroke incidence exists among indi-
viduals with AF. Methods: Using healthcare utilization claims from 2 large US data-
bases, MarketScan (2007-2014) and Optum Clinformatics (2009-2015), and the 2010
US population as the standard, we estimated age-, sex-, race- (only in Optum) stan-
dardized stroke incidence rates by the 9 US census divisions. We also used Poisson
regression to examine incidence rate ratios (IRR) of stroke and the probability of
anticoagulation prescription fills across divisions. Results: Both databases combined
included 970,683 patients with AF who experienced 15,543 strokes, with a mean fol-
low-up of 23 months. In MarketScan, the age- and sex-standardized stroke inci-
dence rate was highest in the Middle Atlantic and East South Central divisions at
3.8/1000 person-years (PY) and lowest in the West North Central at 3.2/1000 PY.
The IRR of stroke and the probability of anticoagulation fills were similar across
divisions. In Optum Clinformatics, the age-, sex-, and race-standardized stroke inci-
dence rate was highest in the East North Central division at 5.0/1000 PY and lowest
in the New England division at 3.3/1000 PY. IRR of stroke and the probability of
anticoagulation fills differed across divisions when compared to New England.
Conclusions: These findings suggest regional differences in stroke incidence among
AF patients follow a pattern that differs from the hypothesized trend found in the
general population and that other factors may be responsible for this new pattern.
Cross-database differences provide a cautionary tale for the identification of
regional variation using health claims data.
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Introduction stroke increases with age, with two-thirds of stroke hospi-
In the United States, stroke is the fifth leading cause of talizations occurring in those aged 65 years and older.*
death—accounting for 1 in 20 deaths—'* and the leading With the aging of the US population, its prevalence is
cause of serious, long-term disability.” ° It has been char- expected to dramatically increase over time."
acterized as one of the most expensive chronic diseases to Atrial fibrillation (AF) is the most common arrhythmia
treat, with an annual estimated economic burden of $17.9 in clinical practice, affecting between 2.7 and 6.1 million
billion from direct medical costs.” The prevalence of people in the United States.” Prevalence of AF also
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GEOGRAPHIC DISPARITIES IN STROKE IN AF

increases with age,” affecting approximately 9% of people
aged 65 years or older compared to 2% of people under
age 65. AF increases the risk of stroke’ and is indepen-
dently associated with a 5-fold increase in stroke inci-
dence.”"” Stroke risk attributable to AF increases with age
from 15% at 50-59 years of age to 23.5% at
80-89 years of age.® In patients with stroke, AF is associ-
ated with increased severity, functional impairment, and
mortality." ' Adjusted mean costs of stroke hospitaliza-
tions for AF patients compared to non-AF patients were
significantly higher for ischemic stroke (~$5000),"'" hem-
orrhagic stroke ($7824), and transient ischemic stroke
($1890), respectively.'' Nationally, stroke constitutes a siz-
able health and economic burden for the AF population.

In the general US population, the burden of stroke has
substantial geographical variation that has persisted for
decades.'"'” Since at least the 1940s, higher stroke mortal-
ity rates have been found within the Southeastern region
of the United States when compared to the rest of the
country.”"lﬁ During the 1960s, the term “stroke belt” was
coined to describe this region of concentrated high stroke
mortality rates.'*!” The National Heart, Lung, and Blood
Institute has defined the stroke belt as states with 1980
age-adjusted stroke mortality rates more than 10% higher
than the US average.“”18 These states are Alabama,
Arkansas, Georgia, Indiana, Kentucky, Louisiana, Missis-
sippi, North Carolina, South Carolina, Tennessee, and Vir-
ginia.'"® Analogous to stroke mortality, regional
differences have been observed for stroke incidence'’'
and stroke case-fatality.”> However, it is currently
unknown whether geographic variation in stroke inci-
dence exists in individuals with AF and whether it can be
explained by oral anticoagulant (OAC) patterns or patient
characteristics. Identifying which states carry the heaviest
burden of incident stroke among AF patients could con-
tribute to understanding overall geographic disparities in
stroke and may lead to the evaluation of existing strate-
gies of AF management in regions at elevated risk. In this
study, we used healthcare utilization data from 2 large US
databases, Optum Clinformatics and MarketScan, to
determine stroke incidence rates among patients diag-
nosed with AF by US census division.

Methods
Study Population

This study uses healthcare utilization data from 2 large
US databases, MarketScan and Optum Clinformatics.

We included claims data from the Truven Health Mar-
ketScan Commercial Claims and Encounters Database
and the Medicare Supplemental and Coordination of Ben-
efits Database Truven Health Analytics Inc., Ann Arbor,
MI) for the period January 1, 2007 to December 31, 2014.
The MarketScan Commercial Database includes health
insurance claims and enrollment data collected from large
US employers and health plans that provide private
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healthcare coverage for employees, their spouses, and
dependents. The Medicare Supplemental Database
includes claims from individuals and their dependents
with employer-sponsored Medicare supplemental cover-
age.

We also used deidentified claims data from Optum
Clinformatics Data Mart, a product of OptumInsight, Inc.
(Eden Prairie, MN)), for the period January 1, 2009 to Sep-
tember 30, 2015. The database includes enrollment data
and administrative health claims data for commercial and
managed Medicare enrollees from a large national health
insurer with enrollees throughout the United States. In
both MarketScan and Optum Clinformatics, patient
enrollment data are linked with medical and outpatient
prescription drug claims and encounter data to provide
individual-specific clinical use, expenditure, and out-
comes across inpatient and outpatient services and outpa-
tient pharmacy services.

In each database, the analysis was restricted to individ-
uals with available medical and outpatient pharmaceuti-
cal data, a history of nonvalvular AF, and at least 6
months of continuous enrollment prior to their AF diag-
nosis. History of AF was defined as at least one inpatient
or 2 outpatient claims at least 7 days but less than 1 year
apart with the International Classification of Disease
Ninth Revision Clinical Modification (ICD-9-CM) code
427.31 or 427.32 in any position. Individuals with any
inpatient ICD-9-CM codes for mitral stenosis or mitral
valve disorders were excluded. The Institutional Review
Board at Emory University reviewed and approved this
study.

Oral Anticoagulant Use

Each outpatient pharmaceutical claim includes infor-
mation on the National Drug Code, the prescription fill
date, and the number of days supplied. We considered a
patient to have received an OAC (warfarin, dabigatran,
rivaroxaban, and apixaban) if they had any OAC prescrip-
tion in outpatient claims within the following window: 3
months prior to 6 months after AF diagnosis. We chose
this time window to accommodate uncertainty about the
date of AF diagnosis. Patients were categorized according
to their first anticoagulant prescription during this time
period. All direct oral anticoagulants prescriptions—dabi-
gatran, rivaroxaban, and apixaban—were included
regardless of the dosage strength. The validity of warfarin
claims in administrative databases is excellent (positive
predictive value [PPV] of 99%),%* which is likely to be sim-
ilar for direct oral anticoagulants.

Definition of Ischemic Stroke

The primary outcome in this study was hospitalization
for ischemic stroke (allowing for multiple events per
patient). To identify ischemic stroke, we used an estab-
lished algorithm (PPV-98%) by Williams et al.** Ischemic
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stroke was defined by the presence of ICD-9-CM codes
434.xx (occlusion of cerebral arteries) and 436.xx (acute
but ill-defined cerebrovascular disease) as the primary
discharge diagnosis in any inpatient claim following their
AF diagnosis.

Covariates

Demographic characteristics and comorbidities were
ascertained. Race/ethnicity was additionally available in
the Optum Clinformatics database and thus was consid-
ered as a covariate for those analyses. Race/ethnicity was
collected directly from public records (e.g., driver's
license records) for approximately 30% of individuals,
while the remaining data were imputed using commercial
software (E-Tech by Ethnic Technologies). The algorithm
was developed with first and last names and US Census
data zip codes (zip +4). This method was validated and
has 97% specificity, 48% sensitivity, and 71% PPV for pre-
dicting the race of black individuals.”” Comorbidities
were defined using ICD-9-CM codes from inpatient and
outpatient claims prior to or at the time of AF diagnosis,
using all information available since time of database
enrollment and were based on validated algorithms.”
They included heart failure, hypertension, diabetes melli-
tus, ischemic stroke, myocardial infarction, and peripheral
artery disease. A patient was considered to have a comor-
bidity if they had an inpatient or outpatient claim with a
relevant ICD-9-CM code in any position; a list of ICD-9-
codes used to define each comorbidity is included in Sup-
plementary Table S1. These comorbidities were used to
compute the CHA,DS,-VASc score.”’ The CHA,DS,-
VASc score is defined by the following predictors: conges-
tive heart failure, hypertension, age >75 years, diabetes
mellitus, stroke/transient ischemic attack, vascular dis-
ease, age 65-75 years, and sex category.

Geographic Location

In each database, geographic location was ascertained
from patient enrollment data and based on the primary
beneficiary's residence. In the MarketScan database, geo-
graphic information is provided at the level of US state,
division, and region, however in Optum Clinformatics
geographic information is only provided at the US census
level division. For consistency across datasets, we ana-
lyzed MarketScan data according to the 9 US Census
Bureau-designated divisions, defined in Supplementary
Table S2.

Statistical Analysis

In this analysis, we included patients with a history of
nonvalvular AF. Follow-up was defined from the date of
AF diagnosis and continued until December 31, 2014
(MarketScan) or September 30, 2015 (Optum Clinfor-
matics), or patient disenrollment from a health insurance
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company that was included in MarketScan or Optum
Clinformatics, whichever occurred earlier.

We computed descriptive statistics across the 9 US Cen-
sus Bureau-designated divisions. The primary analysis
estimated incidence rates per 1000 person-years (PY) for
ischemic stroke across the 9 divisions. We calculated both
crude and standardized rates. All rates were standardized
to the relevant 2010 US census population distribution.”®
In the MarketScan database, ischemic stroke incidence
rates were age- and sex-standardized within each census
divisions. To examine sex differences, we also estimated
sex-specific incidence rates that were age-standardized
within each census divisions. In the Optum Clinformatics
database, ischemic stroke incidence rates were age-, sex-,
and race-standardized across divisions. Sex- and race-spe-
cific incidence rates were compared across divisions, stan-
dardizing for age. We examined the incidence rate ratios
of stroke using Poisson regression. All models were ini-
tially adjusted for demographic factors (age, sex, and
race) [Model 1], with the subsequent model adjusted for
CHA,DS,-VASc score [Model 2]. In the final model
[Model 3], we further adjusted for OAC use. Poisson
regression models with robust variance estimates were
used to compute relative risk and 95% confidence inter-
vals (CI) of anticoagulation prescription fills across the US
census divisions. Models were adjusted for age, sex, and
CHA,DS,-VASc score; in Optum Clinformatics, we also
adjusted for race. The New England census division was
used as the reference.

Results
MarketScan

Cohort Characteristics

The MarketScan databases included 605,731 patients
with a diagnosis of nonvalvular AF in the period of Janu-
ary 1, 2007 to December 31, 2014. Among those patients, a
total of 595,631 had available information on geographic
location. Table 1 shows demographic and clinical charac-
teristics of the MarketScan cohort at the time of AF diag-
nosis by the 9 US census divisions. The average age of AF
patients across divisions was lowest in the West South
Central division at 66.3 years and highest in the East
North Central division at 72.1 years. Generally, across
divisions patients were less likely to be women, had a
similar prevalence for each comorbidity, and had low
rates of OAC initiation around the time of AF diagnosis (3
months prior to 6 months after diagnosis).

Stroke Incidence Rates

Over a total follow-up time of 1,160,872 PY (mean fol-
low-up 23.4 months), the total ischemic stroke events for
the 9 divisions combined were 9026: 93.6% had 1 stroke,
5.7% had 2, and .7% had 3 or more. The resulting crude



Table 1. Characteristics of patients with atrial fibrillation by US census bureau divisions in MarketScan, 2007-2014 and Optum Clinformatics 2009-2015 cohorts

New Middle East North West North South East South West South Mountain Pacific
England Atlantic Central Central Atlantic Central Central
MarketScan
N 25,892 89,086 150,251 28,863 103,349 33,069 57,360 27,824 79,937
Age at baseline, yr 68.1 (14.8) 71.1(14.2) 72.1 (13.5) 66.7 (14.5) 68.7 (14.3) 67.6 (13.9) 66.3 (14.6) 69.4 (14.3) 71.1 (14.1)
Women 39 43 43.5 39.7 413 41.6 40.1 40.2 41
Anticoagulation use* 29 24.8 26.9 27.9 26.1 26.7 25.9 26.1 254
CHA,DS,-VASc 2.9(2.0) 3.6 (2.1) 3.7@2.1) 2.8 (2.0) 3.2(2.0) 3.12.0) 3.0(2.0) 3.1 (2.0) 3.3(2.0)
Chronic disease
Chronic heart failure 22.6 27.9 30.5 22.7 23.9 25.6 25.9 243 26.0
Hypertension 62.8 71.7 72.5 61.7 69.6 69.6 69.4 65.7 66.5
Diabetes mellitus 23.7 29.9 31.6 254 28.2 28.8 26.5 242 24.8
Peripheral artery disease 11.5 17.5 15.7 9.9 119 10.5 11.3 11.1 11.6
Ischemic stroke history 16.1 23.8 23.6 16.5 204 19.5 19.5 18.8 19.2
Myocardial infarction 9.1 10.4 11.2 8.4 8.2 8.5 8.6 9.7 9.6
Optum Clinformatics

N 19,469 27,905 53,663 41,948 76,731 14,234 40,988 38,682 61,432
Age at baseline, yr 74.8 (10.8) 73.5 (12.5) 72.1 (12.3) 729 (11.7) 70.0 (12.4) 70.8 (12.0) 70.5 (12.7) 74.0 (11.2) 77.0 (9.8)
Women 47 45.7 43.9 44.1 42.8 45 433 46.6 49.8
Race
Asian 14 5.1 9 9 1.0 9 1.4 1.2 54
Black 39 7.8 9.3 4.6 16.6 19.9 10.0 1.9 2.5
Hispanic 7.3 8.9 2.1 1.3 4.7 .8 14.6 9.4 12.9
White 87.3 78.1 87.7 93.3 71.7 78.4 74.0 87.5 79.3
Anticoagulation use* 26.3 23.0 27.0 17.2 24.6 23.8 25.5 26.7 26.7
CHA,DS,-VASc 44(2) 44 2.1) 4(2.1) 3912 3.8(2.1) 4.12.1) 4.12.2) 4.1(2) 4.5(1.9)
Chronic disease
Chronic heart failure 36.0 36.3 33.0 30.3 30.3 352 35.7 31.2 37.1
Hypertension 84.6 84.5 82.1 79.6 834 86.9 854 80.0 83.2
Diabetes mellitus 382 433 34.6 29.8 36.6 38.8 374 30.8 342
Peripheral artery disease 26.1 27.8 20.2 19.6 19.6 19.7 26.1 20.5 25.6
Ischemic stroke history 26.5 29.8 24.6 22.8 26.3 28.7 28.3 26.9 28.8
Myocardial infarction 16.7 133 13.0 133 12.6 13.6 15.1 13.4 16.3

Numbers correspond to mean (SD) and percentages; CHA,DS,-VASc: congestive heart failure, hypertension, age > 75 years, diabetes mellitus, stroke/transient ischemic attack, vascular disease,
age 65-75 years, and sex category.
* Anticoagulation 3 months prior to 6 months after AF diagnosis.
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rate for the entire cohort was 7.8 ischemic strokes per 1000
PY. Patients with stroke represent less than 2% of the AF
population within each of the 9 divisions. Crude rates by
division are shown in Table 2. The 2010 US population
age- and sex-standardized total incident stroke rate for all
eligible patients was 3.6/1000 (95% CI: 3.4-3.8). By divi-
sion, the total standardized rates were highest in the Mid-
dle Atlantic and East South Central (3.8/1000) and lowest
in West North Central (3.2/1000) (Fig 1A). Rates for each
division can be found in Supplementary Table S3. Age-
standardized rates were higher for women compared to
men across each division (Fig 1B,C). Compared to men,
the rate of stroke for women was significantly higher in
the East North Central (27%), West South Central (37%),
and Mountain (77%) divisions (Supplementary Table S3).

Incidence Rate Ratios of Ischemic Stroke and Relative
Risk of Anticoagulation

The rate of stroke was higher across divisions when
compared to New England, with the exception of the
South Atlantic division (Table 2). However, these differen-
ces were not statistically significant. The estimates
decreased slightly, but remained not statistically signifi-
cant with further adjustments for CHA,DS,-VASc score
components and did not change with adjustments for
OAC use. A total of 159,832 (~27%) patients filled an anti-
coagulant prescription across all census divisions. Com-
pared to patients residing in the New England division,
patients in each division were less likely to be anticoagu-
lated (Table 3).

Optum Clinformatics

Cohort Characteristics

Among the 414,495 patients with a diagnosis of non-
valvular AF enrolled in the Optum Clinformatics data-
base for the period of January 1, 2009 to September 30,
2015, a total of 375,052 had available race and geographic
information. The characteristics of the Optum cohort at
the time of AF diagnosis by the 9 US census divisions are
shown in Table 1. Across divisions, the average age of AF
patients was equal to or greater than 70 years. Also, a
majority of patients were white and male, with an average
CHA,DS,-VASc score range from 3.8 to 4.5. Approxi-
mately one-fourth of patients initiated an OAC 3 months
prior to 6 months after AF diagnosis.

Stroke Incidence Rates

The total ischemic stroke events were 6517: 93.0% had 1
stroke, 6.5% had 2, and .6% had 3 or more. With a total
follow-up time of 726,448 PY (mean follow-up 23.2
months), the crude rate for the entire cohort was 9.0/1000
PY. Crude rates by division are shown in Table 2. The
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2010 US population age-, sex-, and race-standardized total
incidence stroke rate for all eligible patients in Optum was
4.0/1000 (95% CI: 3.7-4.3). Across divisions, the total age-,
sex-, and race-standardized rates were highest in the East
North Central (5.0/1000) and Middle Atlantic (4.8/1000)
and lowest in New England (3.3/1000) (Fig 2A). Supple-
mentary Table S4 shows the total standardized stroke
rates for each division. In contrast to results from the Mar-
ketScan databases, where women had higher stroke rates
in most divisions, we did not observe a consistent pattern
in the age-standardized stroke rates by sex (Fig 2B,C and
Supplementary Table S4). Age- and sex-standardized
stroke rates for nonwhites were higher than that of whites
in most regions (Middle Atlantic [rate ratio {RR} = 1.83],
East North Central [RR = 1.74], South Atlantic [RR =1.59],
West South Central [RR = 1.76], and Mountain [RR =2.26]
divisions [Supplementary Table S4]).

Incidence Rate Ratios of Ischemic Stroke and Relative
Risk of Anticoagulation

In the Optum database, the rate of stroke was also lower
across divisions when compared to New England, with the
exception of the East South Central division (Table 2).
However, with the exception of stroke rates in the Moun-
tain and Pacific divisions, these differences were not statis-
tically significant across any models. A total of 94,728
(~25%) patients filled an anticoagulant prescription across
all census divisions. Patients residing in the West North
Central division were 35% less likely to be anticoagulated,
while those residing in Mountain and Pacific division were
3 and 6% more likely to be anticoagulated, respectively,
when compared to New England patients (Table 3).

Discussion

In this analysis, we used 2 large administrative claims
databases to determine whether there is geographic variabil-
ity in stroke rates in the AF population, and whether differ-
ences in patient characteristics and OAC use would account
for that variability. Age-, sex-, and race- (when applicable)
standardized stroke rates did not cluster in the South as
hypothesized based on the distribution of stroke rates in the
general population. Across databases, rates were highest in
the Middle Atlantic, East South Central, and East North
Central divisions. In MarketScan, lower probabilities of anti-
coagulation corresponded to higher rates of stroke across
census divisions when compared to New England. How-
ever, in Optum, when compared to New England, the prob-
ability of anticoagulation fills within division did not
inversely correspond with stroke rates as expected. After
successive adjustments for CHA,DS,-VASc score and use of
an OAC there were no changes in the associations, suggest-
ing that geographic variation in stroke risk could not be
explained by regional differences in these risk factors.



Table 2. Adjusted incidence rate ratios (IRR) and 95% confidence intervals (CI) of ischemic stroke hospitalization, MarketScan, 2007-2014 and Optum Clinformatics, 2009-2015

MarketScan Events Crude rate* (95% CI) IRR (95% CI) Optum Clinformatics Events Crude rate* (95% CI) IRR (95% CI)
N 9026 N 6517

Model 11 Model 17

New England 397 7.0 (6.3-7.7) Ref New England 356 10.3 (9.2-11.3) Ref

Middle Atlantic 1253 8.4 (7.9-8.9) 1.04 (.93-1.17) Middle Atlantic 423 9.5 (8.6-10.4) .94 (.82-1.08)
East N Central 2483 8.8 (8.4-9.1) 1.07 (.97-1.19) East N Central 901 9.3 (8.7-9.9) 1.01 (.90-1.14)
West N Central 374 6.8 (6.1-7.5) 1.01 (.87-1.16) West N Central 723 8.5(7.9-9.1) 91 (.80-1.03)
South Atlantic 1345 6.8 (6.4-7.1) .95 (.85-1.06) South Atlantic 1100 8.2(7.7-8.7) .97 (.86-1.10)
East S Central 464 7.0 (6.3-7.6) 1.08 (.95-1.24) East S Central 273 10.9 (9.6-12.2) 1.21 (1.03-1.41)
West S Central 795 7.1 (6.6-7.6) 1.04 (.92-1.17) West S Central 739 8.7 (8.0-9.3) .93 (.82-1.06)
Mountain 406 7.7 (7.0-8.4) 1.03 (.89-1.18) Mountain 638 7.7(7.1-8.4) 77 (.68-.88)
Pacific 1509 8.1(7.7-8.6) 1.03 (.93-1.16) Pacific 1364 9.9 (9.3-10.4) .84 (.75-.94)
Model 2! Model 2}

New England 397 7.0 (6.3-7.7) Ref New England 356 10.3 (9.2-11.3) Ref

Middle Atlantic 1253 8.4 (7.9-8.9) .99 (.89,1.11) Middle Atlantic 423 9.5 (8.6-10.4) .92 (.8,1.05)
East N Central 2483 8.8 (8.4-9.1) 1.02 (.92,1.14) East N Central 901 9.3 (8.7-9.9) 1.01 (.89,1.14)
West N Central 374 6.8 (6.1-7.5) 1.00 (.87,1.15) West N Central 723 8.5(7.9-9.1) .93 (.82,1.06)
South Atlantic 1345 6.8 (6.4-7.1) .92 (.82,1.03) South Atlantic 1100 8.2(7.7-8.7) .95 (.84,1.07)
East S Central 464 7.0 (6.3-7.6) 1.05 (.92,1.20) East S Central 273 10.9 (9.6-12.2) 1.15(.98,1.35)
West S Central 795 7.1 (6.6-7.6) 1.01 (.89,1.14) West S Central 739 8.7 (8.0-9.3) .91 (.80,1.03)
Mountain 406 7.7 (7.0-8.4) 1.02 (.89,1.17) Mountain 638 7.7(7.1-8.4) .77 (.68,.88)
Pacific 1509 8.1(7.7-8.6) 1.03 (.92,1.15) Pacific 1364 9.9 (9.3-10.4) .84 (.75,.95)
Model 3° Model 3°

New England 397 7.0 (6.3-7.7) Ref New England 356 10.3 (9.2-11.3) Ref

Middle Atlantic 1253 8.4(7.9-8.9) .99 (.89,1.11) Middle Atlantic 423 9.5 (8.6-10.4) .92 (.80,1.06)
East N Central 2483 8.8 (8.4-9.1) 1.02 (.92,1.14) East N Central 901 9.3 (8.7-9.9) 1.01 (.89,1.14)
West N Central 374 6.8 (6.1-7.5) 1.00 (.87,1.15) West N Central 723 8.5(7.9-9.1) .94 (.83,1.07)
South Atlantic 1345 6.8 (6.4-7.1) .92 (.82,1.03) South Atlantic 1100 8.2(7.7-8.7) .95 (.84,1.07)
East S Central 464 7.0 (6.3-7.6) 1.06 (.92,1.21) East S Central 273 10.9 (9.6-12.2) 1.16 (.99,1.35)
West S Central 795 7.1 (6.6-7.6) 1.01 (.90,1.14) West S Central 739 8.7 (8.0-9.3) .91 (.80,1.03)
Mountain 406 7.7 (7.0-8.4) 1.02 (.89,1.18) Mountain 638 7.7 (7.1-8.4) .77 (.68,.88)
Pacific 1509 8.1(7.7-8.6) 1.03 (.92,1.15) Pacific 1364 9.9 (9.3-10.4) .84 (.75,.95)

CHA,DS,-VASc: congestive heart failure, hypertension, age >75 years, diabetes mellitus, stroke/transient ischemic attack, vascular disease, age 65-75 years, and sex category.

*Crude stroke incidence rates per 1000 person-years.
"Model 1: Adjusted for age and sex (and race in Optum Clinformatics).
*Model 2: Model 1, additionally adjusted for CHA,DS,-VASc variables.
$§ Model 3: Model 2, additionally adjusted for oral anticoagulant use.
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Age-, Sex- Standardized Incident Stroke Rates
by U.S. Census Bureau Divisions
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Age-Standardized Incident Stroke Rates for Men
by U.S. Census Bureau Divisions
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Figure 1. Standardized stroke incidence rates by US Census Bureau divisions in MarketScan, 2007-2014. (A) Age- and sex-standardized rates. (B) Age-stan-

dardized rates for women. (C) Age-standardized rates for men.
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Table 3. Anticoagulation fill patterns of patients with nonvalvular atrial fibrillation, MarketScan, 2007-2014 and Optum Clinfor-
matics 2009-2015

Anticoagulation use, % Relative Risk (95% CI)* P value
MarketScan 159,832
New England 29 Ref
Middle Atlantic 24.8 .86 (.84,.88) <.0001
East N Central 26.9 .92 (.90,.94) <.0001
West N Central 27.9 .95 (.93,.98) .0001
South Atlantic 26.1 .89 (.87,.91) <.0001
East S Central 26.7 .89 (.87,.92) <.0001
West S Central 259 .87 (.85,.89) <.0001
Mountain 26.1 .89 (.87,.92) <.0001
Pacific 254 .88 (.86,.90) <.0001
Optum Clinformatics 94,728

New England 26.3 Ref
Middle Atlantic 23.0 .88 (.85,.91) <.0001
East N Central 27.0 1.01 (.99,1.04) 3136
West N Central 17.2 .65 (.63,.67) <.0001
South Atlantic 24.6 .90 (.88,.92) <.0001
East S Central 23.8 .86 (.83,.90) <.0001
West S Central 25.5 .94 (.91,.96) <.0001
Mountain 26.7 1.03 (1.00,1.06) .0656
Pacific 26.7 1.06 (1.03,1.08) <.0001

Adjusted for age, sex, CHA,DS,-VASc variables (and race in Optum Clinformatics) CHA,DS,-VASc: congestive heart failure, hyperten-
sion, age >75 years, diabetes mellitus, stroke/transient ischemic attack, vascular disease, age 65-75 years, and sex category.
*Relative risk and 95% confidence interval (CI) of anticoagulation fill.

First documented in 1965, the term stroke belt was used
to describe the concentration of high stroke mortality rates
in the Southeastern region compared to the rest of the
United States."*'>'” Mortality rates can be driven by 2
components—incidence and case fatality.”> Within recent
decades, studies have found regional differences in stroke
incidence'”?"*’ and stroke case fatality,22 which corre-
spond to the higher stroke risk in the stroke belt, and thus
likely contributes to the persistent disparity in mortality
rates in the Southern region of the United States. Consider-
ing AF is an important independent risk factor for stroke™'"
and reported to cause 15%-20% of ischemic stroke events
across all ages,” we designed this study to determine
whether a similar regional pattern in stroke incidence in
AF patients would emerge in the Southern region of the
United States. Our findings do not support such pattern.

Many of the proposed hypotheses for regional differen-
ces in stroke incidence and mortality are based on similar
regional variations in the prevalence of stroke risk factors
(i.e., hypertension) and socioeconomic characteristics.
Hypertension, including uncontrolled hypertension, is a
major risk factor for stroke.” The prevalence of hyperten-
sion is higher in blacks,”" as well as more prevalent in cer-
tain groups in the southeastern United States.”” Howard
et al found that the proportion of controlled hypertension
in the United States is lower in those at older ages, and in
groups with less education, lower income, or lack of
access to healthcare. >* Socioeconomic status is inversely
associated with stroke incidence and stroke mortality.”*

The complex interplay between socioeconomic status,
access to healthcare and health insurance, prevalence of
stroke risk factors, and the actual risk of stroke may result
in differences between patterns emerging from the evalua-
tion of individuals with health insurance those observed
in the general population.

In patients with nonvalvular AF, a risk assessment
scheme is used to evaluate stroke risk and help inform the
decision of whether or not to initiate anticoagulation ther-
apy. The CHA,DS,-VASc score is currently the recom-
mended risk assessment scheme used to identify patients
with AF who are likely to benefit from anticoagulant pro-
phylaxis against stroke. The CHA,DS,-V ASc score assigns
1 or 2 points to each of 7 critical risk factors, that is,
congestive heart failure (C), hypertension (H), 2 points to
age >75 years (A), diabetes mellitus (D), 2 points to previ-
ous or transient ischemic attack stroke (S), vascular dis-
ease (V; prior myocardial infarction, peripheral arterial
disease, or aortic plaque), age 65-74 years (A) and sex cate-
gory (Sc: female sex).”” For AF patients with a CHA,DS,-
VASc score of 2 or greater, the American College of
Cardiology/American Heart Association/Heart Rhythm
Society Guideline for the Management of Patients With
AF recommends OACs.” Anticoagulation therapy
reduces the risk of stroke’ and is highly effective in stroke
prevention. However, underuse of anticoagulation ther-
apy in AF patients remains common® and varies across
regions in the United States.”® In this study, we found
regional differences in anticoagulation fill patterns;
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however, these differences did not attenuate observed
stroke rates across census divisions. This suggests that
regional differences in stroke rate may not be due to dif-
ferences in the management of AF patients across regions
but to other risk factors not measured in this study.

In our analysis, we found differences in stroke rate by sex
and race which are mostly consistent with prior literature.
In MarketScan, but not Optum, we found that women had
higher stroke rates when compared to men. This is consis-
tent with the inclusion of female sex as a predictor of stroke
in the CHA,DS,-VASc score,”” the American College of Car-
diology / American Heart Association/Heart Rhythm Soci-
ety recommended stroke risk prediction score. In Optum,
we observed higher stroke rates in nonwhites versus whites,
in most census divisions. These findings are consistent with
data from the Atherosclerosis Risk in Communities cohort
which reports higher strokes in blacks versus whites.”

Across both databases, we observed a low proportion of
patients receiving anticoagulation, <30%. Anticoagulation
fill patterns have been shown to be influenced by provider
specialty.”’ AF patients seen by a cardiologist are 39%
more like to fill an OAC compared to patients seen by a pri-
mary care physician. The population prevalence of antico-
agulant use reported in our study are substantially lower
than those reported in AF registries, such as ORBIT-AF
(which reports provider anticoagulant prescriptions and
not actual fill rates),*' but are consistent with other admin-
istrative databases.””** As such, our data are likely more
representative of what occurs in a usual practice setting.

These findings should be interpreted in the context of sev-
eral limitations. The results of this analysis rely on the ability
to accurately ascertain both the outcome and covariates
from administrative data. Validated algorithms were used
to ascertain events of interest and it is likely that any misclas-
sification is nondifferential. Second, race/ethnicity data were
imputed for more than two-thirds of patients in Optum.
There is the potential for substantial misclassification of race,
which could result in residual confounding in race-adjusted
estimates. Third, data are presented according to census
level divisions and not at the state or county-level. Care
should be taken when interpreting divisional stroke rates
because it is known that significantly different rates can
occur within a division, state, or coun’fy.44 Fourth, the num-
ber of stroke hospitalizations identified is a portion of all
strokes available in the database. We limited our definition
to ICD-9-CM codes with a high PPV in the primary diagno-
sis of a hospital-related claim. As a result, it is possible that
we excluded true cases of strokes that occurred outside the
hospital setting, identified by a different ICD-9-CM code, or
occurred in a different diagnostic position (resulting in a low
sensitivity definition of stroke). Finally, identifying regional
differences in claims data may be dependent on the regional
coverage of the insurance provider. In this analysis, we used
health claims data from 2 independent databases for which
different insurance companies contribute to each. Of note,
we did not have information on the overall geographic
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distribution of either of these products across the country;
however, we have no reason to assume that one product is
more susceptible to variance in enrollment across the coun-
try compared to the other. Given that insurance provisions
vary widely by state and different insurance companies con-
tribute to MarketScan and Optum Clinformatics, it is diffi-
cult to tease out geography from insurance coverage and the
differences between databases are to be expected.

Overall, this paper serves as a cautionary tale for the use
of administrative claims data to evaluate geographical vari-
ation in an outcome, given the numerous factors that can
influence this variation and the difficulty to tease them out.
When geographic differences are observed in these data-
bases, it brings to question whether the observed differen-
ces are the result of differential penetration of a given
insurance product or targeted disease management pro-
grams for risk factors of the outcome, or true higher preva-
lence of the outcome in certain regions. This is valuable
information because claims have been utilized for the iden-
tification of geographic differences across the country.

In conclusion, we found geographic variation in stroke
rates in patients with AF. The highest rates were not in
the Southeastern region as hypothesized. These regional
differences do not appear to be attributable to differences
in patient characteristics or AF treatment (i.e., OACs).
This finding suggests that other factors may be responsi-
ble for this observed pattern. Further investigation into
existing strategies of AF management and treatment for
existing comorbidities (i.e., hypertension) related to stroke
risk should be evaluated.
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