Original Paper

20 YEARS

Cerebrovascular
Diseases

Cerebrovasc Dis 2010;30:525-532
DOI: 10.1159/000319028

Received: December 15,2009
Accepted: June 25,2010
Published online: September 28, 2010

Trends in One-Year Recurrent Ischemic
Stroke among the Elderly in the USA:

1994-2002

Norrina B. Allen®*9 Theodore R. Holford®

Michael B. Bracken¢

Larry B. Goldstein® George Howardf Yun Wang? Judith H. Lichtman?

Divisions of 2Chronic Disease Epidemiology, ®Biostatistics and “Center for Perinatal, Pediatric and Environmental
Epidemiology, Department of Epidemiology and Public Health, Yale University School of Medicine,

New Haven, Conn., “Department of Preventive Medicine, Feinberg School of Medicine, Northwestern University,
Chicago, lll., ¢ Department of Medicine (Neurology), Duke Stroke Center, Center for Clinical Health Policy Research,
Duke University and Durham VAMC, Durham, N.C., and fDepartment of Biostatistics, School of Public Health,

University of Alabama at Birmingham, Birmingham, Ala., USA

Key Words
Acute ischemic stroke - Geographic pattern - Time trends -
Recurrent stroke

Abstract

Background and Purpose: Of the 795,000 strokes occurring
in the USA each year, over 20% are recurrent events. Little is
known about how the rates of recurrent stroke in the country
have changed over time. Our objective was to determine na-
tional trends in 1-year recurrent ischemic stroke rates by US
county among the elderly from 1994 to 2002. Methods: One-
year recurrent stroke rates following incident ischemic stroke
(ICD-9433, 434, 436) among all fee-for-service Medicare ben-
eficiaries were determined by US county for 1994-1996,
1997-1999, and 2000-2002. Bayesian spatiotemporal Pois-
son modeling was used to determine county-specific trends
in recurrent stroke rates over time with risk adjustment for
demographics, medical history and comorbid conditions.
Results: The analysis included more than 2.5 million bene-
ficiaries (56% women; mean age: 78 years; 87% white;
n = 957,933 for 1994-1996; n = 838,330 for 1996-1999; n =
895,916 for 2000-2002) aggregated to all 3,118 US counties.
After adjustment for changing patient demographics and

comorbidities, there was a 4.5% decrease in recurrent stroke
rates from 1994-1996 (13.2%) to 2000-2002 (12.6%; p for
trend <0.0001). The geographic and temporal patterns were
not uniform; the recurrent stroke rates decreased within sec-
tions of the Southeast (the ‘stroke belt’), but increased in
countiesin the middle and western sections of the USA. Con-
clusions: The overall recurrent ischemic stroke rates de-
clined by almost 5% from 1994 to 2002, but temporal pat-
terns varied markedly by region. Additional research is need-
ed to identify the reasons for this geographic disparity.
Copyright © 2010 S. Karger AG, Basel

Introduction

Stroke-related mortality has declined in the USA over
the past few decades [1]. Whether there has been a con-
comitant decline in the rate of recurrent stroke has not
been determined, in part because the USA lack a nation-
al stroke surveillance system. Clinical guidelines recom-
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mending the use of evidence-based acute and secondary
prevention interventions were published during this pe-
riod [2, 3]. Although they remain underutilized [4], the
use of secondary prevention treatments such as warfarin
for patients with atrial fibrillation and antithrombotic
medications at hospital discharge increased among elder-
ly Medicare stroke patients between 1998 and 2001 [5, 6].
The primary objective of this study was to examine trends
in ischemic stroke recurrence within 1 year of an initial
stroke in a US national sample of elderly Medicare ben-
eficiaries between 1994 and 2002. Because there is geo-
graphic variation in the use of secondary preventive care
[6], a secondary aim was to determine whether there were
regional differences in 1-year recurrent stroke rates over
this period.

Methods

All fee-for-service Medicare beneficiaries aged =65 years dis-
charged with an incident ischemic stroke (primary diagnosis:
ICD-9-CM 433, 434 and 436) from January 1, 1994, to December
31, 1996, January 1, 1997, to December 31, 1999, and January 1,
2000, to December 31, 2002, were identified from Medicare Pro-
vider Analysis and Review files of the Centers for Medicare and
Medicaid Services. Incident stroke patients were defined as those
who had not had an ischemic stroke hospitalization within the
year prior to their index admission. The records were cross-linked
with the Medicare Enrollment Database (denominator file) and
the patients grouped by their county of residence.

Beneficiaries were excluded if they transferred between acute
care facilities, were discharged from a nonacute care hospital,
were discharged within 1 day (as it is unlikely that these patients
suffered a stroke), were discharged against medical advice, died
during the index stroke hospitalization, had crossovers in cover-
age between fee-for-service and health maintenance organization
status or had <12 months of continuous Medicare fee-for-service
enrollment. Patients were excluded if their county of residence
was unknown, if they lived outside the USA or if had missing
follow-up information.

Age, sex, race/ethnicity and ZIP code of residence were ob-
tained from the Medicare Enrollment Database. Prior diagnoses
including acute myocardial infarction (AMI; ICD-9: 410), cancer
(ICD-9: 140-172.9, 174-195.8) and congestive heart failure (ICD-
9: 428-428.9) as well as comorbidities [diabetes (ICD-9: 250~
250.3, 250.7), hypertension (ICD-9: 401), dementia (ICD-9: 290-
290.9), chronic obstructive pulmonary disease (ICD-9: 490-496),
obesity (ICD-9: 278.00) and current smoker (ICD-9: 305.1)] and
the Deyo comorbidity index [7] were determined using ICD-9-
CM diagnostic codes from both the index stroke admission and
hospitalizations during the prior 12 months. The number of hos-
pitalizations in the year prior to the index stroke was dichoto-
mized as <2 versus =2.

Recurrent ischemic stroke hospitalizations were identified by
primary diagnosis ICD-9 codes 433, 434 and 436 for 12 months
following the index stroke admission. Although there is no stan-
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Fig. 1. Counties with 1-year recurrent stroke rates above the na-
tional mean from 1994 to 2002 (shown in black); 23 counties were
excluded due to percentage errors of >20% for risk-standardized
rates at any of the time periods.
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Fig. 2. Percentage change in risk-standard-

Percentage Change in Rates
from 1994-1996 to 2000-2002

ized 1l-year recurrent stroke rates by US
county from 1994-1996 to 2000-2002; 23
counties were excluded due to percentage
errors of >20% for risk-standardized rates
at any of the time periods.

B >20% Decline

I 10% - 20% Decline

L% [ No Change in Rates
B B 10% - 20% Increase

I >20% Increase

7] Mo Data Available

dard definition of a recurrent ischemic stroke [8], prior cohort
studies have excluded events within the first 24 h to 28 days [8-
10]. For this analysis, ischemic stroke hospitalizations occurring
within 7 days after the discharge date were classified as complica-
tions of the incident stroke and were not considered a recurrent
event. The Death Master File was used to determine patients’ sur-
vival or date of death as it contains 95% of all deaths among indi-
viduals aged 65 years and older [11].

The patient’s county of residence was identified using the Fed-
eral Information Processing Standards (FIPS) code. The ZIP
codes were mapped to the county by the Federal Information Pro-
cessing Standard code that had the greatest proportion of the ZIP
code’s population, using data from the census. We estimated that
96.2% of all patients would be assigned the correct county by sum-
ming the proportion of each ZIP code’s population in the prima-
ry county, similar to the methods used in other studies [12].

Recurrent ischemic stroke rates were calculated as the number
of patients with a recurrent ischemic stroke per county divided by
the number of patient days at risk for each time period. The per-
cent change in risk-standardized 1-year recurrent stroke rates for
each county was calculated as the difference between the rate for
1994-1996 and 2000-2002. Patient characteristics were com-
pared across cohorts using x?and t tests as appropriate. County-
specific recurrence rates and changes in recurrence rates were
mapped to provide a detailed picture of recurrent stroke trends
(fig. 1, 2). In order to quantify regional differences, counties were
grouped into 9 regions based on US Census Divisions (online
suppl. fig. 1, www.karger.com/doi/10.1159/000319028) [13]. The
mean risk-standardized recurrent stroke rates and the proportion
of counties above the national average were compared by region
over time.

Trends in Recurrent Ischemic Stroke
Rates

A spatiotemporal bayesian Poisson conditionally autoregres-
sive model [14] was used to determine the risk-standardized rates
of stroke recurrence for each county. The conditionally autore-
gressive model smoothed county risk estimates toward the mean
risk of the adjacent counties to provide more precise and reliable
estimates, especially for counties with small sample sizes [15]. In
addition, this model smoothed rates for each county across adja-
cent time periods, assuming that changes in rates across counties
and over time occur without sudden great variations (i.e. great
variations were considered sampling errors and were not included
in the final figures). Patient characteristics were included as fixed
effects and standardized as the difference from the national mean,
providing risk-standardized 1-year recurrent stroke rates for each
county. These rates were adjusted for county differences in patient
demographics including age, medical history and the prevalence
of comorbid conditions.

Model parameters were estimated using Markov chain Monte
Carlo simulation, a sampling algorithm used to estimate model
parameters in bayesian analyses commonly used for small-area
analyses in which rates are determined for relatively small, less
populated geographic areas [16]. An uncorrelated (heterogeneity)
random effect was incorporated into the model to control for any
extra-Poisson variation due to omitted variables, and the devi-
ance information criterion [17] was used to determine model
goodness of fit.

The models were run on 3 parallel Gibbs sampler chains and
monitored using sample autocorrelations within the chains, plots
of sample traces and plots of the Gelman-Rubin reduction factor
[18]. Each chain was run for 50,000 iterations, with the first
20,000 iterations being discarded as preconvergence burn-in,
and every 10th iteration was retained to reduce autocorrelation.
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Table 1. Characteristics' by cohort: 1994-1996, 1997-1999 and 2000-2002

1994-1996 1997-1999 2000-2002 p
Female, % 55.1 55.0 55.4 0.206
Age, years 783%x1.5 78.4%1.8 78.1%x1.5 <0.001
Race, %
White 90.0 90.2 89.9 0.680
Black 7.2 6.9 7.1 0.632
Hispanic 0.3 0.8 0.9 <0.001
Other 2.5 2.1 2.1 0.023
2+ prior hospitalizations, % 14.3 14.6 14.5 0.183
Medical history and comorbidities, %
Deyo score 3+ 25.5 25.2 25.1 0.170
Diabetes 25.1 26.4 27.7 <0.001
Hypertension 51.4 56.1 62.1 <0.001
Current smoker 3.9 6.7 9.4 <0.001
Obesity 0.7 1.7 1.8 <0.001
Congestive heart failure 10.1 10.7 10.5 <0.001
COPD 17.6 18.5 19.4 <0.001
AMI 8.0 9.1 9.7 <0.001
Cancer 2.4 2.4 2.5 0.541
Dementia 7.4 7.3 6.8 <0.001

Age is expressed as mean £ SD. COPD = Chronic obstructive pulmonary disease.
! Characteristics represent the national average and were determined at the time of incident stroke hospitalization.

Relative risk estimates and 95% credibility intervals were deter-
mined for all covariates. All bayesian modeling was performed
with the 64-bit version of WinBUGS 1.4.3 [19]. The risk-stan-
dardized 1-year recurrent ischemic stroke rates were mapped by
county and classified by quintile. All maps were created using
ArcGIS 9.2 by Esri.

Results

The analyses were based on data from Medicare ben-
eficiaries discharged for an incident stroke in 1994-1996
(n = 957,933), 1997-1999 (n = 838,330) and 2000-2002
(n = 895,916) who were residents of 3,118 US counties (ta-
ble 1). The percentage of women with recurrent ischemic
stroke and average age remained stable over the 3 time
periods. Although they remain a small portion of the
population, the percentage of Hispanic stroke patients
tripled from 0.3% in 1994-1996 to 0.9% in 2000-2002.
There were only slight changes over time in the percent-
age of patients hospitalized =2 times in the prior year as
well as in the percentage of patients with a Deyo score of
=3. The frequency of individual comorbid conditions
such as diabetes, hypertension, smoking, obesity and a
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history of AMI, however, increased from 1994-1996
through 2000-2002.

The national mean, county-specific, risk-standard-
ized, 1-year recurrent ischemic stroke rate decreased from
13.2 events per 100 person-years (95% CI: 13.0-13.4) in
1994-1996 over 12.9 (95% CI: 12.8-13.0) in 1997-1999
to 12.6 (95% CI: 12.4-12.7) in 2000-2002 (p for trend
<0.0001). The findings were similar for the median coun-
ty-specific rates (12.75, 12.32 and 12.22, respectively). Be-
tween 1994-1996 and 2000-2002, US counties had a 4.5%
relative decrease in 1-year recurrent ischemic stroke rates
(p <0.0001). There was a 2.3% relative decrease between
1994-1996 and 1997-1999 (p = 0.0055), and a 2.3% relative
decrease between 1997-1999 and 2000-2002 (p = 0.0016).

Over time, the counties with the highest recurrent
stroke rates became more scattered in the Southeast and
grew in the Midwest and West (online suppl. fig. 2). Fig-
ure 1 shows the increasing heterogeneity of the risk-stan-
dardized 1-year recurrent ischemic stroke rates as com-
pared to the national average by county for each of the 3
time periods. Counties with rates above the national
mean began to emerge and expand in areas of the West
including California, Nevada and Oregon. The geo-
graphic variation in the percentage change in recurrent
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Table 2. Risk-standardized recurrent ischemic stroke rates by region

Number Risk-standardized rates (per 100 person-years) Comparing 1994 to 2000  Counties above the national average
(c)(iunties 1994- 1997- 2000— P Change, % p 1994- 1997- 2000- p
1996 1999 2002 trend 1996, % 1999, % 2002, % trend
Entire USA 3,188 13.2 12.9 12.6 <0.001 -4.5 <0.001 43.0 415 423 0.713
Northeast
New England 67 11.4 10.8 10.5 <0.001 -7.8 <0.001 9.0 4.5 3.0 0.129
Middle Atlantic 150 12.8 12.4 11.6 <0.001 -9.2 <0.001 34.7 373 240 0.048
Midwest
East North Central 437 12.7 12.3 12.2 <0.001 -4.5 <0.001 40.3 334 355 0.140
West North Central 615 12.3 12.0 12.2 0.225 -0.6 0.711 28.6 283 372 0.001
South
South Atlantic 582 13.4 13.0 12.5 <0.001 -6.7 <0.001 45.2 43.0 399 0.066
East South Central ~ 364 14.7 14.6 13.5 <0.001 -8.1 <0.001 723 690 602  <0.001
West South Central 466 14.7 14.6 14.4 0.580 -24 0.324 66.7 672 721 0.078
West
Mountain 276 12.5 12.1 11.7 0.520 -7.0 0.253 20.3 239 290 0.017
Pacific 161 11.7 11.2 11.0 0.175 -5.5 0.070 23.0 224 193 0.416

stroke rates remained significant after adjustment for in-
dividual patient characteristics. In general, the southeast-
ern USA had a decrease in recurrent ischemic stroke
rates, with many of the counties having the highest base-
line rates (online suppl. fig. 2) having the largest declines
(tig. 2, counties in blue). Despite the national decline in
recurrent ischemic stroke rates, some areas of the country
had an increase in risk-standardized recurrent ischemic
stroke rates over the 3 time periods (i.e. parts of Nevada,
southeast Oregon, Montana and other areas in the West
and Midwest).

Similar geographic patterns emerged by census divi-
sion (table 2). The Northeast, East North Central, South
Atlantic and East South Central regions experienced de-
creasing risk-standardized recurrent ischemic stroke
rates from 1994 through 2002, with relative declines
ranging from 9.2 to 4.5%. The greatest declines were in
the Middle Atlantic (-9.18%; p < 0.0001) and East South
Central (-8.09%; p < 0.0001) divisions. These 2 regions
also had a decrease in the number of counties above the
national average between 1994-1996 and 2000-2002. In
contrast, the western half of the USA including the West
North Central, West South Central, Mountain and Pa-
cific divisions experienced no statistical improvements in
recurrent stroke rates. In fact, the West North Central
and Mountain divisions had worsening stroke outcomes
with an increasing number of counties with rates above
the national average.

Trends in Recurrent Ischemic Stroke
Rates

Discussion

After adjustment for patient characteristics, the 1-year
ischemic stroke recurrence rates decreased by almost 5%
among elderly US Medicare beneficiaries between 1994
1996 and 2000-2002. Despite these overall national de-
clines, the change in recurrence rates was geographically
heterogeneous. Many counties in the Midwest and west-
ern USA had an increase in recurrent stroke rates, leading
to an increase in the number of counties above the na-
tional average in the West North Central and Mountain
divisions. Counties in the Southeast (i.e. the ‘stroke belt’)
had declines in recurrent stroke, although a high propor-
tion of counties had rates that remained above the na-
tional average. Although the reasons for the overall de-
cline and regional differences are unclear, they are not
explained by changes in patient demographics or comor-
bidities as recorded in administrative Medicare data.

Our findings of 1-year recurrent ischemic stroke rates
of 13.2-12.6% per year are consistent with prior regional
estimates of 5-15% [4, 20-25]. Although there are no oth-
er national studies of recurrent stroke in the USA, studies
from other countries have also found declining rates. For
example, the Perth Community Stroke Study in Australia
reported a nonsignificant decrease in the 1-year cumula-
tive risk for a recurrent stroke from 16.2% in 1989-1990
t09.0% in 1995-1996 [12]. Significant reductions in stroke
recurrence occurred between 1985 and 2003 in a larger
cohort, the Northern Sweden MONICA stroke registry
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[26]. Nondiabetic men and women had 1.7 and 2.7% year-
ly declines in recurrent stroke rates from 1985 to 2003
[26].

We found that differences over time in recurrent
stroke rates varied by US region. Over the 3 time periods,
areas with the highest recurrent stroke rates have migrat-
ed from the southeastern USA to the Midwest and North-
west. Although counties in the Southeast had major de-
clines in stroke recurrence, their rates generally remained
above the national average. Many counties in the West
and Northwest had increasing stroke recurrence rates,
leading to an increasing number of counties in these ar-
eas with rates above the national average. Studies of the
spatiotemporal patterns in stroke mortality have had
similar findings [27-29], suggesting that similar underly-
ing mechanisms may be responsible for the observed
changes.

Anincreased use of secondary stroke prevention treat-
ments over the past decade may at least partly explain the
decreased rates of recurrent stroke identified in this
study. For example, from 1998 to 2001, the use of warfarin
and antithrombotic medications at hospital discharge
improved among elderly Medicare patients [6]. More re-
cently, the Get With The Guidelines® - Stroke program
identified improvements in secondary prevention thera-
pies at discharge from 2003 to 2007 [30]. Unfortunately,
little is known about how risk factor control may have
changed among stroke patients during the years of our
study. However, hypertension, hypercholesterolemia and
diabetes treatment and control improved throughout the
late 1990s and early 2000s among the general population
[31-33], possibly also contributing to reductions in stroke
recurrence rates.

Regional differences over the last decade in stroke ed-
ucation, public knowledge of stroke risk factors, diagno-
sis, evaluation, acute stroke care and secondary preven-
tion efforts could have contributed to the geographic
variation in trends observed in this study. For example,
some patients previously classified as having a transient
ischemic attack might now be diagnosed with a stroke
based on neuroimaging (e.g. diffusion-weighted MRI)
findings [34]. Little is known about whether criteria for
stroke diagnosis vary across the country, specifically
whether there are regional differences in the use of diffu-
sion-weighted MRI to distinguish stroke from transient
ischemic attack; however, this study antedated the pub-
lication of the American Heart Association Scientific
Statement addressing the issue [34]. Prior research has
shown regional differences in secondary prevention
treatments at discharge among Medicare patients [6, 35].
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However, because this study utilized administrative data,
information on the use of secondary preventive interven-
tions was not available. Future research is needed to de-
termine whether the decrease in recurrent stroke rates
and the geographic variation in trends observed in this
study are due to changes in the use of established second-
ary prevention measures.

There are several limitations to this study. The report-
ed trends represent those for elderly stroke patients and
may not be generalizable to patients under 65 years of age.
Stroke, however, is more commonly a disease of the el-
derly; 75% of all stroke patients are 65 years and older [1].
We did not include health maintenance organization pa-
tients in our sample. Because <20% of patients over the
age of 65 years receive care via health maintenance orga-
nizations, this study provides a national perspective for
the majority of elderly fee-for-service Medicare beneficia-
ries. Stroke patients and their comorbidities were defined
by ICD-9 codes at discharge. Detailed clinical informa-
tion including the results of neuroimaging studies is not
included in Medicare administrative data. The selected
ischemic stroke codes (ICD-9 433, 434 and 436), however,
have been validated in numerous studies [36-38] and have
a high sensitivity of 92% for the identification of patients
admitted to the hospital with a stroke [39]. The determi-
nation of prior events such as AMI has a high sensitivity
and specificity [40], but the determination of behavioral
risk factors such as smoking and obesity is less robust [41]
and may be underreported in these data. There could be
temporal or geographic differences in coding patterns;
however, there is no reason to suspect these differences.
Because these data predate the implementation of Medi-
care part D (a federal program for Medicare beneficiaries
to subsidize the costs of prescription drugs that began in
2006), we were unable to determine whether potential
changes in medication access associated with reductions
in cost-related barriers might affect recurrent stroke rates.
Regional differences may exist in the risk of stroke in per-
sons under the age of 65 years; however, comparable coun-
ty-level national data are not available for this younger age
group. It is possible that random misclassification, espe-
cially of extreme values, may have led to regression to the
mean when the rates were repeated over time. Patterns,
however, remained consistent when counties with rates
with a high percentage error had been excluded. Our find-
ings are reflective of hospitalized ischemic stroke patients.
These data do not account for patients with recurrent
stroke who were not hospitalized. Although it is estimated
that 10% of all ischemic stroke patients are not hospital-
ized [42], little is known about whether these rates differ
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for those with a first as compared to a recurrent stroke.
Incident stroke patients were defined as those without a
stroke hospitalization in the prior year. Therefore, our co-
hort may not necessarily represent incident strokes only;
however, there is no evidence that misclassification varied
by geographic region. Because of the small sample size at
the county level, we aggregated 3-year periods to form
each cohort. It was assumed that recurrence rates re-
mained relatively stable within each 3-year period; our
findings demonstrate that there were only small changes
in recurrent stroke rates each year, which supports the va-
lidity of this assumption.

Although recurrent stroke rates decreased by almost
5% in the USA as a whole from 1994 to 2002, the rates
increased among counties in the Midwest and Mountain
regions of the country. Additional research is needed to

explore the reasons for this geographic disparity. If due to
systematic differences in the use of secondary preventive
interventions, measures to increase adherence could help
eliminate these differences.
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