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year recurrent stroke rate was 9.4% among 895,916 ischemic 
stroke patients (mean age: 78 years; 56.6% women; 86.6% 
White, 9.7% Black and 1.2% Latino/Hispanic). The rates var-
ied by geographic region and were highest in the South and 
in parts of the West and Midwest. Regional variation was 
present for all racial/ethnic subgroups and persisted after 
adjustment for individual patient characteristics.  Conclu-
sions:  Almost 1 in 10 hospitalized ischemic stroke patients 
was readmitted for an ischemic stroke within 1 year. There 
was heterogeneity in recurrence patterns by geographic re-
gion. Further work is needed to understand the reasons for 
this regional variability.  Copyright © 2010 S. Karger AG, Basel 

 Introduction 

 An estimated 795,000 persons have strokes in the USA 
each year, of which approximately 185,000 have recurrent 
stroke events  [1] . Recurrent events are associated with 
higher mortality rates, higher levels of disability and in-
creased costs as compared with initial stroke events  [2] .
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 Abstract 

  Background:  While geographic disparities in stroke mortal-
ity are well documented, there are no data describing geo-
graphic variation in recurrent stroke. Accordingly, we evalu-
ated geographic variations in 1-year recurrent ischemic 
stroke rates in the USA with adjustment for patient charac-
teristics.  Methods:  One-year recurrent stroke rates for isch-
emic stroke (International Classification of Diseases, 9th Re-
vision codes 433, 434 and 436) following hospital discharge 
were calculated by county for all fee-for-service Medicare 
beneficiaries from 2000 to 2002. The rates were standard-
ized and smoothed using a bayesian conditional autoregres-
sive model that was risk-standardized for patients’ age, gen-
der, race/ethnicity, prior hospitalizations, Deyo comorbidity 
score, acute myocardial infarction, congestive heart failure, 
diabetes, hypertension, dementia, cancer, chronic obstruc-
tive pulmonary disease  and obesity.  Results:  The overall 1-

 Received: July 12, 2009 
 Accepted: November 10, 2009 
 Published online: January 13, 2010 

 Judith Lichtman 
 Yale University School of Medicine 
 PO Box 208034 
 New Haven, CT 06520-8034 (USA) 
 Tel. +1 203 785 3025, Fax +1 203 785 6980, E-Mail judith.lichtman   @   yale.edu 

 © 2010 S. Karger AG, Basel
 

 Accessible online at:
www.karger.com/ned 



 Allen   /Holford   /Bracken   /Goldstein   /
Howard   /Wang   /Lichtman    

Neuroepidemiology 2010;34:123–129124

  Regional variation has been demonstrated for stroke 
mortality  [3–5]  and stroke hospitalization rates  [6] , with 
high rates seen in the Southeast of the USA, termed the 
‘Stroke Belt’. However, little is known about national pat-
terns of recurrent ischemic stroke for elderly patients. 
Variation in recurrent stroke may in part reflect differ-
ences in the use of secondary prevention therapies. We 
determined whether there were geographic patterns in 
recurrent ischemic stroke rates within the year following 
hospital discharge for an ischemic stroke among Medi-
care patients at the county level in the USA. We further 
examined whether these county level patterns persisted 
after adjustment for patient characteristics.

  Patients and Methods 

 The study cohort was identified from national Medicare part 
A administrative records of the Centers for Medicare and Medic-
aid Services and included all fee-for-service Medicare beneficia-
ries aged  6 65 years who were hospitalized with an incident isch-

emic stroke (discharge diagnosis: International Classification of 
Diseases, 9th Revision, Clinical Modification, ICD-9-CM, codes 
433, 434 and 436) from January 1, 2000 to December 31, 2002. 
Incident stroke patients were defined as not having had an isch-
emic stroke hospitalization within the year prior to the index hos-
pital admission. The patients were grouped by county using the 
ZIP code of their residence.

  Beneficiaries were excluded if they were transferred between 
acute care facilities, were discharged from a non-acute-care hos-
pital within a single day against medical advice (as it is unlikely 
that these patients suffered a stroke), died during the index stroke 
hospitalization, had  ! 12 months of continuous Medicare fee-for-
service status before or after the index event, lived outside the 
USA or had an unknown county of residence. 

  Age, sex, race and the ZIP code of their residence were obtained 
from the Medicare Enrollment Database. Prior diagnoses and the 
Deyo score, an adaptation of the Charlson comorbidity score that 
is based on the presence or absence of 17 comorbid conditions and 
in which higher scores reflect a greater disease burden  [7] , were 
determined using ICD-9-CM diagnostic codes from both the in-
dex stroke admission and hospitalizations within the prior 12 
months. We calculated the number of hospitalizations in the year 
prior to the index stroke (dichotomized as  ! 2 and  6 2). For a sum-
mary of the patient and county characteristics see  table 1 .

Table 1. Patient and county characteristics of US counties, 2000–2002

Individual patient characteristics p County
characteristics
(n = 3,130)total 

(n = 895,916)
recurrent stroke 
(n = 84,590)

stroke-free 
(n = 811,326)

Demographics
Mean age 8 SD, years 78.287.6 76.987.1 78.387.6 <0.0001 78.187.6
Female gender 56.6 53.0 57 <0.0001 55.4
Race/ethnicity <0.0001

White 86.6 86.2 86.7 90.0
Black 9.7 10.4 9.6 7.1
Hispanic 1.2 1.3 1.2 0.9
Other race 2.5 2.1 2.5 0.2

Medical history
≥2 prior hospitalizations1 14.1 41.9 11.2 <0.0001 14.5
Deyo score >3 26.1 56.8 22.9 <0.0001 25.1
Diabetes 28.3 34.7 27.7 <0.0001 27.7
Hypertension 64.2 64.9 64.1 <0.0001 62.1
Obesity 1.8 1.6 1.8 <0.0001 1.8
Smoker 8.9 9.6 8.8 <0.0001 9.4
Dementia 7.6 8.2 7.6 <0.0001 6.8
CHF 10.3 17.4 9.6 <0.0001 10.5
COPD 18.9 24.9 18.2 <0.0001 19.4
Prior AMI 10.2 15.3 9.7 <0.0001 9.7
Cancer 2.5 4.1 2.4 <0.0001 2.5

Values are percentages unless otherwise specified. CHF = Congestive heart failure; COPD = chronic ob-
structive pulmonary disease; AMI = acute myocardial infarction.

1 Hospitalized ≥2 times within the prior year.
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  Recurrent ischemic stroke hospitalizations were identified 
from inpatient hospitalization claims for 12 months following 
the index admission. There is no standard definition of a recur-
rent ischemic stroke in clinical guidelines  [8] . Ischemic stroke 
hospitalizations occurring within 7 days of the discharge date 
were classified as complications of the incident stroke and were 
not considered a recurrent event; prior cohort studies have ex-
cluded events within the first 24 h to 28 days  [8–10] . We used the 
Death Master File known as the Social Security Death Index, 
which contains 95% of all deaths among individuals aged 65 
years and older  [11] , to determine the patients’ survival or date of 
death.

  Recurrent stroke rates were calculated as the number of recur-
rent ischemic stroke hospitalizations per county divided by the 
number of patient days at risk, censored for death. Patient char-
acteristics were compared by recurrent stroke status using  �  2  and 
t tests as appropriate. All p values were two-sided. The average 
patient age and overall percentage of Medicare patients with each 
characteristic were determined for each county.

  Risk-adjusted analyses were conducted at the county level. A 
bayesian Poisson conditional autoregressive model  [12]  was used 
to calculate a risk-standardized rate of stroke recurrence for 
each county. Relative risk estimates and 95% CI were identified 
for all covariates (online suppl. text 1, for all online suppl. mate-
rial, see www.karger.com/doi/10.1159/000274804). All bayesian 
modeling was done in the 64-bit version of WinBUGS 1.4.3. 
 [13] .

  Results 

 Data from 895,916 fee-for-service Medicare beneficia-
ries discharged with an incident stroke from 2000 to 2002 
were grouped into 3,130 counties. In this population, 
9.4% had a recurrent ischemic stroke within 1 year. Pa-
tients with recurrent ischemic stroke were more often 
male, younger, Black, had more comorbidities, a Deyo 
score of three or greater, higher rates of diabetes, and were 
more likely to have two or more hospitalizations in the 
prior year ( table 1 ). The patient characteristics were con-
sistent at both the individual and county level.

  There was marked geographic variation in age-adjust-
ed 1-year rates of recurrent stroke, with the highest rates 
in the southern regions (West South Central, East South 
Central and South Atlantic) of the USA (online suppl. 
fig. 1). High rates were also seen in Montana and Wyo-
ming, with lower rates in the western and northeastern 
USA. These geographic patterns were similar for both 
Whites and Blacks ( fig. 1 a), and women and men ( fig. 1 b), 
but the absolute recurrence rates were higher among men 
( fig. 1 b). The 1-year recurrence rates were lower in coun-
ties with a greater proportion of female patients and 
counties with a greater proportion of patients who were 
non-White, Black or Hispanic, and were higher for coun-

ties with a greater percentage of patients with significant 
comorbid conditions ( table 2 ).

  After adjustment for patient characteristics, higher 
risk-standardized rates are seen in parts of the southeast-
ern, Atlantic and central USA, while lower rates were 
present in the western and northeastern regions ( fig. 2 ). 
The residual variation in county-specific recurrent isch-
emic stroke rates (online suppl. fig. 2) suggests that ad-
ditional unmeasured factors could explain some of the 
geographic variation.

  Discussion 

 Nationwide, we found that 9.4% of elderly ischemic 
stroke patients experience a recurrent ischemic stroke 
within 1 year; however, there is marked geographic vari-
ation in county recurrence rates across the country, with 
lower rates seen in the northeastern and western regions 
and high rates in the southern and central USA. These 

Table 2. Association of selected patient characteristics with recur-
rent stroke

Relative risk 95% CI

Demographics
Age (per 10 years) 0.80 0.70–1.00
Female gender 0.72 0.58–0.89
Race/ethnicity

White 1.00
Black 0.97 0.87–1.08
Hispanic 0.71 0.49–1.04
Other race 0.54 0.42–0.68

Medical history
≥2 prior hospitalizations 12.64 9.24–17.29
Deyo score >3 2.28 1.81–2.90
Diabetes 0.87 0.39–1.11
Hypertension 0.78 0.66–0.94
Obesity 0.88 0.41–1.84
Smoker 0.83 0.66–1.04
Dementia 0.77 0.53–1.11
CHF 0.92 0.64–1.33
COPD 1.00 0.81–1.25
Prior AMI 1.04 0.75–1.46
Cancer 0.36 0.17–0.78

WinBUGS model results; the index year of hospitalization was 
included in the model. CHF = Congestive heart failure; COPD = 
chronic obstructive pulmonary disease; AMI = acute myocardial 
infarction.
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  Fig. 1.  Smoothed, age-adjusted 1-year recurrent ischemic stroke rates by US county, 2000–2003, by race/ethnic-
ity ( a ) and gender ( b ). 

White

a

b

Hispanic*

Men

Legend
Recurrent stroke rate (per 100 person-years)

The rates used in these maps were
indirectly age-adjusted and smoothed using
a weighted head-banging algorithm. The
quartile ranges for the total population were
used for these maps of recurrent rates by
gender and race/ethnicity. All maps were
created using ArcGIS 9.2 by ESRI. Maps 
were drawn using an Albers equal-area
projection.

Black

Other race

Women

0–8.33
8.34–10.74
10.75–12.55
12.56–15.30
15.31–77.01
No data available

*Age-adjusted rates were not smoothed for Hispanics because there were too many
counties who had no neighbors with any Hispanic patients.
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regional differences persisted even after controlling for 
patient characteristics and vascular risk factors. 

  The national rate of 1-year recurrent ischemic stroke 
hospitalization found in this analysis is comparable to the 
recurrent stroke rates found in other cohort studies (rang-
ing from 5 to 15%)  [14–19] . At a national level, we found 
that counties with older populations, more women and 
larger populations of individuals who were non-White, 
Black or Hispanic had lower recurrent ischemic stroke 
rates. An increased prevalence of hypertension was asso-
ciated with a lower risk of recurrent stroke, potentially 
due to better control among diagnosed cases  [20] . Con-
sistent with prior work,   we also found that counties with 
a greater comorbidity burden had higher ischemic recur-
rence rates  [15, 21–23] .

  The geographic patterns identified in this study dem-
onstrate that stroke recurrence rates vary dramatically 
across the country and corroborate prior work on region-
al differences in stroke mortality and hospitalizations. 

Consistent with previous studies of first-ever stroke  [5, 
24] , we have identified high stroke rates in the southeast-
ern USA. However, the reasons why these areas have a 
high stroke incidence and recurrence remains unclear. In 
addition, recurrent stroke rates were also high in areas of 
the Northwest, locations which have not previously been 
identified as areas of high stroke incidence. The causes of 
these geographic disparities remain largely unknown  [25, 
26] . High stroke incidence rates and the increased risk of 
recurrent stroke in the Southeast do not appear to be due 
to regional differences in population demographics (such 
as race/ethnicity) or risk factors  [24, 27–29] . Future re-
search is needed to determine if other potential factors 
such as genetic variation, environmental factors, health-
care services and infectious disease exposure might be 
associated with the regional patterns observed in stroke 
outcomes.

  This study has some limitations. The selection of in-
dex events, outcomes and comorbidities are based on dis-

Legend
Risk-standardized rate
(per 100 person-years)

0–10.25
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11.37–12.28
12.29–13.63
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  Fig. 2.  Risk-standardized 1-year recurrent ischemic stroke rates by US county, 2000–2003. 
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charge diagnoses defined by ICD-9-CM codes. Ischemic 
stroke codes (ICD-9-CM: 433, 434 and 436) have been 
validated in numerous studies  [30, 31]  and have a high 
sensitivity for primary discharge codes  [32, 33] . Acute 
myocardial infarction also has a similarly high sensitiv-
ity and specificity  [34] ; however, the determination of 
other comorbidities such as smoking and obesity are less 
robust using administrative data  [35] . Although the pres-
ent analysis included only recurrent ischemic events, pri-
or studies have found that the majority of recurrences 
(65–80%) are ischemic and are of the same type as the 
incident event  [18, 19] . The administrative data upon 
which these analyses are based do not include cause-spe-
cific death. In addition, we cannot account for the esti-
mated 10% of strokes that did not result in a hospitaliza-
tion  [36] . We were, therefore, unable to determine wheth-
er these rates vary by county. Finally, our results for this 
elderly population may not be generalizable to Medicare 
patients treated at a health maintenance organization; 

however, more than 80% of elderly patients in this coun-
try are covered by fee-for-service Medicare. 

  Recurrent ischemic stroke is a common event and a 
major cause of disability and death. We found significant 
regional variation in the risk of recurrent ischemic stroke 
across the USA. These patterns persisted after adjust-
ment for patient demographics and comorbid conditions, 
with the highest rates observed in the southern and cen-
tral USA. Future research is needed to understand factors 
that may contribute to these geographic patterns and tar-
get programs that may reduce the burden of ischemic 
stroke among the elderly.
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