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Abstract
Context—While other studies (in largely white populations) have found that stroke incidence
declined during the 1990s, we previously reported that stroke incidence in our population (18% of
which was black) did not change during that decade and that incidence rates in blacks were
significantly higher than in whites. We sought to update temporal trends in stroke incidence by adding
new data obtained from our large, bi-racial population in 2005.

Objective—To examine temporal trends in stroke incidence and case fatality within a large, biracial
population over time, by comparing stroke incidence rates from 1993/94, 1999, and 2005.

Design, Setting, and Participants—Within the Greater Cincinnati/Northern Kentucky
population of 1.3 million, all strokes among area residents were ascertained at all local hospitals
during 7/93-6/94 and calendar years 1999 and 2005. A sampling scheme was used to ascertain cases
in the out-of-hospital setting. Only first-ever strokes were included in this analysis. Race-specific
incidence rates, standardized to the 2000 U.S. Census population, and case-fatality rates were
calculated.

Results—The number of physician-confirmed first-ever strokes in patients ≥20 years of age was
1,942 in 1993/94, 2,041 in 1999, and 1,921 in 2005. In all study periods, blacks had higher stroke
incidence than whites, and case fatality rates were similar between races. In contrast to previous study
periods, we found a significant decrease in overall stroke incidence in 2005. When stratified by race
and stroke subtype, this change was driven by a decrease in ischemic stroke incidence among whites,
while ischemic stroke incidence in blacks was unchanged. Hemorrhagic stroke incidence was
unchanged in both races.

Discussion—For the first time, we report a significant decrease in stroke incidence within our
population, which is consistent with other reports in the literature. This decrease was found only
among whites, which suggests a worsening of the racial disparity in stroke incidence.

Introduction
Stroke is the third leading cause of death and a leading cause of major adult disability in the
United States.1, 2 Understanding trends in stroke incidence over time is of major public health
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concern, especially as newer prevention and risk factor modification strategies are developed.
A few population-based studies in the literature have tracked stroke incidence during the recent
decades. Rothwell et al. reported a decrease in stroke incidence of nearly 40% between the
1980s and 2002 in Oxfordshire, U.K.3 Lakshminarayan et al. reported that the incidence of
stroke in Minnesota was stable in both men and women between 1990 and 2000.4 The
Framingham cohort study also found that the incidence of stroke was declining over the past
50 years.5

Many of the previous population-based studies have not included a significant proportion of
minorities.3–7 It has been documented that stroke incidence and mortality are different in
minority populations when compared to whites, both in the U.S. and in other countries.1, 8–
10 Of note, Carter et al found divergent trends in stroke incidence over time in Auckland, New
Zealand, in that white rates were decreasing, but other race/ethnic minority rates were stable
or increasing between 1981 and 2003.(ref) Therefore, stroke incidence trends derived from a
U.S. population with minorities are needed.

The Greater Cincinnati/Northern Kentucky Stroke Study (GCNKSS) is designed to investigate
stroke incidence rates and case-fatality in the biracial population of a five-county region that
includes the city of Cincinnati. Our study population of 1.3 million is similar to the United
States with regard to median age, percent black, median household income, and education
level, however it does not contain a substantial proportion of persons of Hispanic ethnicity.
11, 12 Previously, the GCNKSS reported that a comparison of the incidence of stroke in the
study periods 7/1993-6/1994 vs. calendar year 1999 showed that incidence did not significantly
change for either blacks or whites, which suggests that stroke incidence was stable during the
1990s.13 We now present data from 2005, our most recent study period, and compare incidence
and case-fatality of stroke in 2005 with prior study periods of 1999 and 1993/94.

Methods
The Greater Cincinnati/Northern Kentucky (GCNK) region includes two southern Ohio
counties and three contiguous Northern Kentucky counties that border the Ohio River. The
study population of the GCNK region consists of <3% Hispanic and other minorities; thus, we
calculated rates only for black and white patients. Only residents of the five study counties are
considered for case ascertainment. In the GCNK region, 19 hospitals were active in 1993/94,
18 in 1999, and 17 in 2005. Previous studies have documented that residents of the five counties
who have a stroke exclusively seek care at these hospitals rather than at hospitals in the outlying
region.11 This study was approved by the Institutional Review Board at all participating
hospitals for each study period.

The GCNKSS involved ascertainment of all stroke events that occurred in the population
between 7/1/93 and 6/30/94 and again in the calendar years of 1999 and 2005. Details of the
previous study periods’ case ascertainment have been previously published.13 In 2005,
screening was virtually identical to those techniques used in previous study periods. Study
nurses screened the medical records of all inpatients with primary or secondary stroke-related
ICD-9 discharge diagnoses (430–436) from the 17 acute-care hospitals in the study region. .
In addition, strokes not found by inpatient screening were ascertained by monitoring all stroke-
related visits to hospital emergency departments (with the exception of Cincinnati Children’s
Hospital) and to the region’s 9 public health clinics and 7 hospital-based outpatient clinics and
family practice centers. Cases for which stroke was listed as the primary or secondary cause
of death by one of the five county coroners’ offices were also included. Further monitoring
was performed by examining the records of potential stroke cases in a random sample of 51
of the 832 primary care physicians’ offices and 25 of the 126 nursing homes in the GCNK
region. Sampling was necessary given the large number of physician offices and nursing homes
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in the region. Sites were selected randomly by the study statistician from a list generated from
a combination of the local yellow pages and the American Medical Association listing of
physicians in the region. Events found by out-of-hospital monitoring were cross-checked
against inpatient records to prevent double counting.

To qualify as a GCNKSS incident case, a patient must have met the criteria for one of the
clinically-based stroke categories adapted from the Classification for Cerebrovascular Diseases
III14 and from epidemiological studies of stroke in Rochester, MN:6 cerebral ischemia,
intracerebral hemorrhage (ICH), subarachnoid hemorrhage (SAH), or stroke of uncertain
cause. Imaging results were not considered in this clinical definition except for the presence
of hemorrhage on CT or MRI for hemorrhagic events. Only first-ever-in-a-lifetime events were
included in this analysis. Transient ischemic attacks (TIA), defined as symptoms lasting less
than 24 hours regardless of imaging results, were not included in this analysis. The onset of
stroke symptoms must have occurred within the study time periods. Charts were screened for
an additional 60 days beyond the end of the study periods to capture patients who suffered a
stroke during the study period but had not been discharged. A study physician reviewed every
abstract to verify whether a stroke or TIA had occurred. The physician assigned stroke category
and mechanism to each event based on all available information, using definitions listed above.

In addition, for the 2005 study period, physicians were asked to give a separate clinical
judgment about whether or not a stroke had occurred, after taking into account all available
information, including imaging results. In order to have consistent case identification for all
three study periods, only cases identified by the strict clinical definition were included in the
present analysis.

Potential cases were excluded if they had discharge/autopsy diagnosis or neuroimaging
consistent with stroke but no clinical history consistent with stroke, or if they had a clinical
diagnosis of stroke and died within 24 hours of symptom onset but had no focal neurological
deficit and no confirmatory neuroimaging or autopsy. Once potential cases were identified, a
study research nurse abstracted information regarding stroke symptoms, physical exam
findings, past medical/surgical history, medication use prior to stroke, social history/habits,
pre-hospital evaluation, vital signs and emergency room evaluation, neurological evaluation,
diagnostic test results (including lab testing, EKG and cardiac testing, and neuroimaging of
any type), treatments, outcome, type of insurance, and current address. Stroke severity was
estimated via a validated method of retrospective NIH Stroke Scale Score (NIHSSS) obtained
from review of the physician exam as documented in the emergency department evaluation.
Classification of race/ethnicity was as self-reported in the medical administrative record. The
research nurse made a determination as to whether a stroke or TIA had occurred. Nurse
abstractors were instructed to consult with study physicians for any questionable cases. If the
nurse abstractor was unsure whether or not a stroke occurred, the event was abstracted so a
study physician could determine of whether or not the event was a stroke. In general, the study
personnel remained constant across the three study periods. When new personnel were
introduced, they underwent an extensive training period that was supervised by either the study
principal investigator or the lead study nurse coordinator. This, in conjunction with our detailed
physician and research nurse study manuals that describe screening, abstraction, and reviewing
procedures, ensured a continuity of methods across the three study periods.

Population-based Survey
Our general population was surveyed regarding self-reported stroke risk factors and medication
use in 1995, 2000, and again in 2005. The detailed methods for this random digit-dial telephone
survey have been previously published, and are available in an online supplement to this
manuscript.15–17 The phone survey is designed to ensure that the respondents represent a
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randomly selected group of individuals whose demographics (age, race, and gender) closely
match the expected demographics of the population of stroke patients.

Calculation of Incidence and Case-Fatality
Incidence rates for first-ever stroke were calculated using two measures: strokes ascertained
in hospital settings only, and “all” strokes (ascertained in either hospital or out-of-hospital
settings, such as nursing homes, clinics, and physician offices). The numerator for calculation
of the hospital-ascertained incidence rate was the number of first-ever strokes confirmed by
physician review, ascertained through inpatient records, coroner’s offices, or emergency
departments. The numerator for the incidence rate for “all strokes” also included the number
of first-ever strokes ascertained through public health clinics, hospital-based outpatient clinics
and family practice centers, and coroners’ offices, plus a weighted estimate of the number of
strokes ascertained only in the physician’s office or nursing home. Events ascertained in
physicians’ offices and nursing homes were multiplied approximately 16- and 5-fold,
respectively, for 2005 events, to account for the sampling methods. Cases ascertained from
hospital-based clinics were not weighted, as all the clinics in the region were screened. Events
were considered to be non-cases if medical records could not be located (0.2%–0.7% of events
in previous study periods).

The denominator for the calculation of incidence rates was extracted from the U.S. Census
Bureau website (www.census.gov). The estimates are based on interpolation and extrapolation
of county population between enumerated census years, accounting for births, deaths, and
migration. The at-risk population included 218,906 blacks and 1,100,950 whites for 2005. The
95% confidence intervals (CI) for the incidence rates were calculated assuming a Poisson
distribution. Age-, race-, and gender-specific rates were also determined. All adjusted rates
were standardized to the 2000 U.S. population. Rates were calculated for adults only (age ≥
20).

Case-fatality was defined as death from any cause within 30 days of stroke. To verify vital
status for case-fatality calculations, death certificate data from the Ohio and Kentucky
Departments of Vital Statistics were reviewed first. The national Social Security Death Index
was queried for any patient who did not have an Ohio or Kentucky death record. Death during
hospitalization, as recorded in the medical record abstract, was confirmed in at least one of the
mortality sources. Patients for whom a death record could not be found were presumed to be
alive.

Trends over time were tested by comparing age- and sex-adjusted incidence rates from one
time-period to the next, and from the first study period to the last, using a Bonferroni correction
for multiple comparisons. We confirmed these results by a generalized linear model (using
PROC GENMOD in SAS®). The model included year, race, age and sex and the interaction
between year and race (results not shown).

Results
There were 1,942 first-ever strokes among residents of the five-county area ≥ 20 years of age
in 1993/94, 2,041 in 1999, and 1,921 in 2005. The demographics of these defined stroke
populations were similar across study periods: in 1993/94, the stroke population was 18.2%
black and 57.0% female, average age 71.2 ± 13.5 years (mean ± sd); in 1999 the population
was 17.5% black and 57.6% female, age 70.9 ± 14.5 years; and in 2005 the population was
20.9% black and 55.1% female, age 68.4 ± 15.4 years. The 2005 stroke population had a
statistically significantly higher proportion of blacks and was younger than both the 1993/94
and 1999 populations.
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The overall annual incidence of adult, first-ever hospital-ascertained stroke significantly
decreased in 2005 when compared with previous study periods: 189 per 100,000 in 2005
compared with 214 in 1993/94 and 215 in 1999 (p<0.001). Race-specific incidence rates of
first-ever hospitalized stroke in adults are presented in Table 1a and 1b. In whites, the incidence
of all first-ever stroke and first-ever ischemic stroke significantly decreased in 2005 compared
with prior study periods; however, we did not find a similar decline among blacks. The
inclusion of cases ascertained in out-of-hospital settings (Table 2) did not change these
findings. For both races, the incidence of intracerebral hemorrhage (ICH) and subarachnoid
hemorrhage (SAH) did not change across study periods.

Thirty-day case-fatality rates for overall stroke (13.8% in 1993/4, 14.3% in 1999, 15.0% in
2005), and for each stroke subtype, were not significantly different among the study periods.
Table 3 presents the case-fatality rates, stratified by race and stroke subtype, for the three study
periods. A numerical decrease in SAH case-fatality was not statistically significant, although
the number of SAH cases were relatively smaller compared to other stroke subtypes.

Stroke risk factor disease prevalences within the population, as ascertained from the
population-based telephone survey, are presented in Table 4 stratified by race. In every study
period, the blacks surveyed had higher prevalences of hypertension, diabetes, and current
smoking, and very similar prevalences of hypercholesterolemia, prior stroke, and heart disease,
when compared to whites. Regarding temporal trends, white rates of hypertension significantly
increased over time while blacks remained stable, and conversely, rates of diabetes increased
among blacks but were stable in whites. Hypercholesterolemia increased in both races, and
prior stroke, heart disease and current smoking remained unchanged in both races over time.

Medication usage is also presented in Table 4. In all three study periods, blacks were more
likely to report use of antihypertensive medication, insulin and oral medications for diabetes
(except for in 1995). Whites were significantly more likely to report aspirin use than blacks in
all three study periods, and there were no significant racial differences in reported use of lipid-
lowering agents. Regarding temporal trends, both blacks and whites reported significantly
increased rates of aspirin and lipid-lowering agents over time. Whites reported increasing rates
of antihypertensive use, while black rates were stable, conversely oral medication for diabetes
increased among blacks but were stable in whites over time.

Discussion
For the first time, we report a decline in stroke incidence among whites within our population.
This was driven by a decrease in ischemic stroke incidence, as the hemorrhagic stroke incidence
remained stable. This decline was also present when out-of-hospital ascertainment was
included, which suggests that the decrease is not likely due to changes in admission rates vs.
outpatient management of stroke patients.

We did not find a similar decline within blacks in our community, which suggests that the well-
described substantial racial disparity in stroke incidence is worsening. Given the aging of our
population, even with stable incidence rates of stroke among blacks, the total number of stroke
events should continue to increase over time and could become an even larger burden for the
black community.19

Thirty-day all-cause case fatality remained constant across all study periods for both blacks
and whites. Previously we reported that the greater “stroke mortality” reported at the national
level in blacks is due to greater stroke incidence.11–13 This finding is confirmed in the present
study, as blacks continue to have a similar case-fatality but nearly twice the stroke incidence
when compared to whites.
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There was a striking decline in the point estimates of overall subarachnoid hemorrhage case-
fatality, from 34% in 1993/94 to 23% in 2005. While this was not statistically significant, likely
due to small numbers, it fits with previous reports in the literature of declining case-fatality
related to SAH20, 21. Further analysis of this trend, and potential underlying factors, is
underway.

The lack of a significant change in the age-adjusted incidence rates of stroke for blacks in the
Greater Cincinnati/Northern Kentucky region is disappointing. This is especially true given
the primary and secondary prevention efforts for cardiovascular disease within our community
during the 1990s, which included a focus on racial disparity in stroke incidence. Our
population-based telephone survey of the general population describing the prevalence of risk
factors and self-reported medication use does not easily explain this racial disparity. Blacks
continue to have higher rates of many stroke risk factors, but the use of medications to treat
these diseases are also higher amongst blacks. While diabetes appears to be increasing over
time in blacks, hypertension does not. These population-level trends in prevalence and
medication use are complex, and cannot easily explain the trends seen in stroke incidence.
Furthermore, there are many other considerations for which our study cannot provide data
including but not limited to access to care, age of onset of disease, severity of disease and
medication compliance, among others. It is well-documented that blacks have earlier onset of
vascular risk factors, which tend to be more severe and refractory to treatment.22, 23 Less
effective control of stroke risk factors in blacks could then explain the difference in stroke
incidence rates. We are unable to address this possibility, as we do not have population-wide
data regarding the quality of care or medication compliance for risk factors such as
hypertension, diabetes, and smoking. Another potential explanation is that there is a time-delay
in the effects of improved treatment of stroke risk factors, and that improved risk factor
management among blacks will eventually lead to a similar decrease in stroke incidence as
whites in the future.

While our method for identification of hospitalized strokes remained consistent across the three
study periods, the potential for bias of incomplete case ascertainment is important to consider
in any study that examines temporal trends in the incidence of a disease. Our additional use of
passive surveillance of emergency rooms, nursing homes, physician offices, and clinics should
reduce chances of incomplete ascertainment. In addition, the random sampling of offices and
nursing homes assumes a uniform distribution of strokes by region; this of course, may not be
the case, particularly because differences by race may impact the assumption of uniformity.
Our method for identification of hospitalized strokes, however, remained consistent across the
three study periods. Although changes in clinical practice, such as increased frequency of MRI
imaging, may have an effect the detection and diagnosis of stroke, the case definition for stroke
used in this analysis was based strictly on the presence and duration of focal clinical symptoms,
rather than imaging findings, and was consistent across study periods. This is confirmed by
the similar case-fatality across study periods. Therefore, we believe that our consistent methods
and clinical case definition over the three study periods has minimized possible ascertainment
biases for hospitalized strokes. In addition, any incidence study that relies on medical contact
for counting of events risks missing events that were not recognized by the general public as
needing medical attention. Our study does not have the ability to track changes over time in
mortality from other causes. It is possible that improvement in treatment or mortality of other
diseases, such as heart disease, could potentially impact stroke incidence rates, but only if those
patients that have now survived are at higher risk for stroke. Further analysis of age-specific
incidence rates are underway. Finally, the power we have to detect small changes in incidence
among blacks is more limited than it is among whites. Nevertheless, our study is the largest
population-based study of stroke incidence in the United States, and it is one of the few studies
in the world that includes a substantial number of black patients. All of these considerations

Kleindorfer et al. Page 6

Stroke. Author manuscript; available in PMC 2011 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



suggest that several counter-balancing biases may influence the final incidence rates of stroke
that we observed.

Clearly, there is still much work to be done to understand racial disparities and temporal trends
in stroke incidence. Population-based studies of temporal trends in stroke incidence rates are
critical for providing a report card of our overall progress in primary stroke prevention as well
as our efforts to reduce the continuing disparity in incidence rates between black and white
populations in the U.S.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Table 1

Adult Overall Annual Incidence of First-Ever Stroke per 100,000 in 1993/94, 1999, and 2005. Hospital
Ascertainment Only (age- and gender-adjusted to the 2000 US Census), Both Blacks and Whites.

1993/94 1999 2005

All
Stroke
Subtypes

214
(204, 223)
[n=1907]

215
(206, 225)
[n=1995]

189 *
(181, 198)
[n=1888]

Ischemic 188
(179, 197)
[n=1672]

189
(180, 198)
[n=1748]

167 *
(159, 175)
[n=1664]

ICH 28
(25, 32)
[n=255]

32
(28, 36)
[n=299]

32
(29, 36)
[n=321]

SAH 9
(7, 11)
[n=85]

10
(8, 12)
[n=95]

9
(7, 11)
[n=91]

Table 1a: Adult Annual Incidence for First-Ever Stroke per 100,000 in 1993/94,
1999, and 2005 in Whites Only (hospital ascertainment only)

1993/94 1999 2005

All
Stroke
Subtypes

201
(191, 211)
[n=1564]

203
(194, 213)
[n=1646]

175 *
(166, 184)
[n=1496]

Ischemic 178
(169, 188)
[n=1388]

180
(170, 189)
[n=1453]

154 *
(146, 162)
[n=1319]

ICH 25
(22, 29)
[n=197]

29
(25, 33)
[n=233]

30
(27, 34)
[n=259]

SAH 9
(6, 11)
[n=68]

9
(7, 11)
[n=74]

8
(6, 10)
[n=64]

Table 1b: Adult Annual Incidence for First-Ever Stroke per 100,000, in 1993/94,
1999, and 2005 in Blacks Only (hospital ascertainment only)

1993/94 1999 2005

All
Stroke
Subtypes

325
(290, 360)
[n=343]

305
(273, 338)

[349]

308
(277, 339)
[n=392]

Ischemic 271
(239, 303)
[n=284]

263
(233, 293)
[n=395]

275
(246, 305)
[n=345]

ICH 54
(40, 68)
[n=58]

58
(44, 72)
[n=66]

48
(36, 60)
[n=62]

SAH 15
(8, 22)
[n=17]

15
(8, 21)
[n=21]

20
(12, 27)
[n=27]

*
p <0.001 for overall trend over time, and for 2005 vs. 1999

No statistically significant changes over time
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