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Abstract
Purpose—The stroke mortality rate for African Americans aged 45-64 is three to four times higher
than for whites of the same age, with a decreasing black-to-white mortality ratio with increasing age.
There is also a “Stroke Belt” with higher stroke mortality in the Southeastern US. This study assesses
if there are also geographic variations in the magnitude of the excess stroke mortality for African
Americans.

Methods—The age- and sex-specific black-to-white mortality ratio was calculated for each of 26
states with a sufficient African American population for stable estimates. The southern excess was
calculated as the percentage excess of southern over non-southern rates.

Results—Across age and sex strata, the black-to-white stroke mortality ratio was consistently
higher for southern states, with an average black-to-white stroke mortality ratio that ranged from 6%
to 21% higher among southern states than in non-southern states.

Conclusions—The increase in stroke mortality rates for African Americans in southern states is
even larger than expected. That southern states that are not part of the “Stroke Belt” (Virginia and
Florida) also have an elevated black-to-white mortality ratio suggests the mechanism of higher risk
for African Americans may be independent of the causes contributing to “Stroke Belt.”
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Introduction
The “Stroke Belt” was first identified in 1965 as a region with approximately 50% higher stroke
mortality rates in the southeastern US.1 While there are different definitions of the region, it
frequently includes 8 southern states: North Carolina, South Carolina, Georgia, Tennessee,
Mississippi, Alabama, Louisiana, and Arkansas. While this region of excess stroke mortality
rate has been persistent and very well-documented,1-7 the contributing causes have remained
a mystery with at least 10 hypothesized potential contributing causes.8,9 As there are limited
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national data on stroke incidence, it is not clear whether the excess in stroke mortality is
primarily associated with higher stroke incidence or case fatality following stroke events.8,9
Within the Stroke Belt, a “Buckle” region along the coastal plain of North Carolina, South
Carolina, and Georgia has even higher stroke mortality (approximately twice the national rate).
4,5

In addition, stroke mortality rates are approximately 50% higher in African Americans than
whites, with a larger difference at younger ages; at age 55 the risk of dying from stroke is 3
times greater for blacks than whites.10-13 Data from the Greater Cincinnati/Northern
Kentucky Stroke Study suggest the excess mortality rate is primarily attributable to higher
incidence of stroke (rather than higher case fatality) among African Americans.14 As with the
excess stroke mortality in the Southeast, the known contributing factors for the excess stroke
mortality in blacks (primarily higher prevalence of hypertension and diabetes, and a lower
socio-economic status) explain only a fraction of the overage.15-17

The geographic variations in overall stroke mortality risk raise the question whether there are
also variations in the black-to-white ratio of stroke mortality.13 That is, in a comparison of
African Americans and whites by state or region, does the relative excess of stroke mortality
among African Americans vary? Are there regions where the black-to-white stroke mortality
ratio is even greater than the national average?

Previously we noted differences in the age-adjusted black-to-white stroke mortality ratio
(without stratification by age) among the states. For example, in Florida African Americans
have 1.92 times the rate of whites, whereas in New York African Americans have 1.06 times
the rate of whites.13 In this report we explore age-specific black-to-white mortality ratios for
each sex by state and by aggregations of states classified as non-southern or southern.

Methods
State stroke mortality rates were calculated for sex and age strata (45-54, 55-64, 65-74, 75-84,
and 85 or older) on the basis of U.S. vital statistics 1997 to 2000,18 and a population estimate
from the midpoint of 1999.19 Stable estimates of stroke mortality ratios require a substantial
population in each group of interest. All 50 states have sufficient numbers of white residents
to provide stable estimates, but 24 states have a small African American population, so our
analysis had to be restricted to 26 states that were classified as non-southern (California,
Illinois, Indiana, Kentucky, Maryland, Michigan, New Jersey, New York, Ohio, Oklahoma,
Pennsylvania, and Texas) or southern (Alabama, Arkansas, Florida, Georgia, Louisiana,
Mississippi, North Carolina, South Carolina, Tennessee, and Virginia). Without any
knowledge of states' stroke mortality ratios, we selected all states with at least 25,000 people
older than 45 years in each race-sex strata (white men, white women, black men, and black
women) (specific data available upon request). We note that many African Americans are in
the southern states, and in non-southern states including Texas, California, the northeastern
states, the populous states around the Great Lakes. We also note that “non-southern states”
omits many Midwestern, Great Plain and northwestern states all of which have small African
American populations.

To produce stable state estimates of the stroke mortality rate for the age-sex strata, we
calculated the mean number of stroke deaths for a 5-year period (1997–2001). The number of
deaths was then divided by the state population for the age-sex strata according to the Census
population estimates from1999 (mid-year for the range of years of death data). Pooling deaths
for multiple years is well accepted in demography.20 The age- and sex-specific black-to-white
mortality ratio was then calculated for each state by dividing the estimated African American
stroke mortality rate by the estimated white stroke mortality rate for each age stratum. The
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ratios of the mean mortality ratios for the states within each category (non-southern and
southern) were calculated to address the central question to be answered by this analysis, and
“excess” mortality in the southern states was defined as the percentage that the mortality ratio
for the southern states was above the mortality ratio for the non-southern states.

Results
Age-specific white and African American stroke mortality rates and the age specific black-to-
white mortality ratio are in Tables 1A (men) and 1B (women). Review of the black-to-white
mortality ratios shows a clear pattern with southern states having greater values than non-
southern states. The geographic differences in the distributions of stroke mortality ratios by
groups of states are shown in Figures 1A and 1B.

A pattern of declining black-to-white mortality ratios with increasing age is apparent for both
men and women in all 26 states, reflecting the previously described decline in racial disparity
as people age9-13 (Tables 1A and 1B, Figures 1A, 1B, and 2); however, the focus of this report
is on the geographic differences in excess mortality for blacks.

On a percentage basis the regional differences in black-to-white mortality ratios (i.e., the
southern excess) were greatest for people aged 65 to 74: for men in non-southern states the
average mortality ratio was 1.81 (range from 1.33 to 2.15) and 2.19 (range from 1.86 to 2.44)
in southern states, resulting in an average mortality ratio 21% higher in the south than in the
non-south. For women aged 65 to 74, in non-southern states the average mortality ratio was
1.63 (range from 1.27 to 2.03) and 1.96 in southern states (range from 1.70 to 2.45), an average
that was also 20% higher in the south. These differences are substantial when one notes that
for both men and women, the lowest mortality ratio for a southern state is about the same as
the average mortality ratio for non-southern states.

The percentage excess in the black-to-white stroke mortality ratio in southern states was nearly
as large for people aged 55 to 64: for men in non-southern states, the black-to-white mortality
ratio averaged 2.76 (range from 2.11 to 3.54) compared with an average of 3.24 for men in
southern states (range from 2.71 to 3.86). Hence, the average black-to-white mortality ratio
averaged 18% higher in the southern states. Likewise for women in the same age stratum in
non-southern states, the average black-to-white mortality ratio averaged 2.36 (range from 1.59
to 2.83) and 2.83 for women in southern states (range from 2.48 to 3.39), resulting in an average
mortality ratio 20% higher for southern states. Again, the lowest mortality ratio for a southern
state is about the same as the average mortality ratio for the non-southern states.

For men, the excess in black-to-white stroke mortality persists for those older than 75. For men
aged 75 to 84, the average black-to-white stroke mortality is 19% higher in the southern states
than in the non-southern states, and it is 17% higher on average for men older than 85. It is
noteworthy that this 17% higher black-to-white mortality for the oldest age stratum is a result
of about equal mortality for African Americans and whites living in southern states (average
black-to-white mortality of 0.98), while in the non-southern states African Americans are at
lower risk than whites (average black-to-white mortality of 0.83).

The southern excess black-to-white mortality persists but is somewhat attenuated for women
older than 75. For women aged 75 to 84, the average black-to-white mortality ratio is 11%
higher in southern states than in non-southern states, and for women aged 85, the average
mortality ratio is only 6% higher in southern states than in non-southern states. For women
older than age 85, the mortality rate was lower for African Americans than for whites in both
southern and non-southern states.
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Although the absolute levels of the black-to-white mortality ratios are greatest for people aged
45 to 54, the excess mortality in southern states was relatively modest for both men (9%) and
women (8%) in this age range.

Although differences in the average black-to-white ratio of stroke mortality comparing
southern to non-southern states are striking, the mortality ratios for selected states are
particularly noteworthy. The black-to-white mortality ratios are particularly high for Florida,
which had the highest black-to-white stroke mortality ratio for each of the three oldest age
strata (65 to 74, 75 to 84, and 85 or older) for both men and women. At the other end of the
spectrum are several states in the northeast (e.g., New York State) which has generally low
black-to-white stroke mortality ratios for both men and women in all age strata. Data for Florida
and New York are shown in Figure 2. Although not as consistently high as Florida, mortality
ratios for Arkansas, South Carolina, and Tennessee tended to be substantially above average
for most age strata for both men and women. And, although not as consistently low as those
for New York, mortality ratios for California, Connecticut, Illinois, Indiana, Kentucky, and
Massachusetts were relatively low for men and women in most age strata.

The finding that the mortality ratio is greater than expected for southern African American is
equivalent to reporting a statistical interaction between race and region for stroke mortality. In
this context, it is important to note that the magnitude of the excess is larger than would be
expected by either an additive model (absolute scale) or a multiplicative model (relative scale).
Consider, for example, the average mortality rates for men aged 65-to-74 shown in Figure 3.
In the non-southern states, the mortality rate for white men was 1.37 per 1000, whereas the
mortality rate for African Americans was 2.49. Likewise in southern states the mortality rate
for white men was 1.55 per 1000 and higher for blacks under either the additive or the
multiplicative model. Under an additive interaction model (which expects parallel effects on
an absolute scale), the expected mortality rate for African Americans in southern states is 2.67
per 1000 (1.37 + (1.55−1.37) + (2.49−1.37) = 2.67). Under a multiplicative model (which
expects parallel effects on a relative scale), the expected mortality rate for African Americans
in southern states is 2.82 per 1000 (2.49 * (1.55/1.37) = 2.82). These expected values from
both the additive or multiplicative models are each substantially below the observed mortality
rate of 3.38 for southern African Americans. Calculations for other age strata of each sex show
that the observed higher rates for African Americans in southern states is consistently above
expected on the basis of either model.

Discussion
Except at the oldest ages, African Americans are at higher risk of death from stroke than are
whites, a finding that held in all the states we studied. The excess in stroke mortality for non-
southern African Americans is substantial: for men there was an average black-to-white stroke
mortality ratio across non-southern states of 2.76 (1.04/0.38) at age 55 to 64; 1.81 (2.49/1.37)
at age 65 to 74; and 1.22 (5.89/4.80) at age 75 to 84. Similar excesses were found for women.
However, this report documents that the excess in stroke mortality for African Americans is
substantially larger in southern than in non-southern states. In the same age strata, for southern
men the ratios of risk for African Americans were 3.24 (1.59/0.49) at age 55 to 64, 2.19
(3.38/1.55) at age 65 to74, and 1.45 (7.64/5.33) at age 75 to 84. Similar higher rates were found
for southern women in these age strata. As such, the black-to-white mortality ratios averaged
nearly 20% higher in southern states than in non-southern states. This implies that about one-
in-five strokes deaths among southern African Americans would not have occurred had the
higher risk for African Americans been no greater in the southern states than in the non-southern
states.
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For reasons that are poorly understood, the magnitude of the southern excess in the black-to-
white mortality ratios appears to be relatively small for people aged 45-54: 9% for men and
8% for women. For men, this southern excess in black-to-white stroke mortality is
approximately 20% higher for people aged 55 or older. While for women this 20% excess is
observed in ages 55 to 74 only. For women older than this age, the excess is attenuated
somewhat to 11% for those aged 75 to 84 and to 6% for those older than 85. We speculate that
one reason for this increasing pattern in men could be that a large proportion of strokes at age
45 to 55 are associated with an unusual underlying cause, such as non-traditional risk factors
or diverse mechanisms. The pattern in women shows a similar increasing trend with a decrease
at older ages, and perhaps a similar association with “nontraditional” risk factors is present in
women at both ends of the age spectrum.

Because African Americans constitute a large proportion of the population of the southern
states, the financial and public health burden of this higher risk is substantial. Of 19,002 stroke
deaths among U.S. African Americans during 2001, 8,807 (46%) were in the 10 southern states
selected for this report.21 The average (for both sexes and all age strata) southern excess of
stroke mortality was 14.9%. The effect of reducing African American stroke mortality by 15%
would correspond to an annual reduction of 1,500 deaths from stroke among African Americans
in these 10 southern states alone. If one assumed that stroke case-fatality was about 30%, the
reduction of 1,500 deaths would be associated with a reduction of about 5,000 incident stroke
events. These additional events represent an immense burden and disruption to the stroke
victims and their families, increased care-giver burden, lower quality of life, and lost-quality
years of life. In addition, using the Stroke PORT estimate of $104,000 as the life-time cost
(both direct and indirect) of having a stroke,22 this additional stroke mortality among southern
African Americans (above the expected higher rate for African Americans in the non-south)
is associated with an annual increase in public health burden of $520 million.

There are at least 10 published explanations for the stroke belt;8,9 and there are currently few
data to address these hypotheses. The REGARDS study, and other longitudinal cohort studies,
are currently underway to provide these data.23 The potential contributors to this larger excess
for African Americans are so broad that speculation of the causes will certainly omit important
potential contributors than could be discussed; however, some of the potential causes include:

• The higher prevalence of hypertension and diabetes clearly contribute to the excess
stroke mortality among African Americans,12, 15 and it is possible that there is a
geographic differential in the racial disparity of these important risk factors.27, 28

• Socio-economic factors have also been hypothesized as a contributor to the stroke
belt, 8, 9, 29 and these factors could fall disproportionately on southern African
Americans. In addition, wealthier white individuals are moving to the Southeast, and
these individuals are at lower risk for stroke both by their higher socio-economic status
and their pre-selection to be sufficiently healthy to move. This is in contrast to less
mobile African Americans. This migration of low risk whites could result in a higher
average stroke risk for white in the non-south and a lower average stroke risk for
whites in the south.

• The observed higher mortality among southern African Americans could be
confounded with the rural or urban nature of their environment: a larger proportion
of non-southern than southern African Americans live in urban areas, and the urban/
rural status of participants could influence other factors such as access or quality of
care. For example, according to the 2000 Census, in the “south” region of the United
States 69% of whites and 83% of African Americans live in urban areas, whereas in
the “northeastern” region 80% of whites and 98% of African Americans live in urban
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areas.24 A very large proportion of non-southern African Americans live in urban
areas in the region where we observe the lowest black-to-white stroke mortality ratios.

• Environmental exposures including micronutrients in the drinking water and food
supply have been hypothesized as a contributor to the stroke belt, 8, 9 and there could
be geographic differences in these exposures by the different race groups.

• Lifestyle choices, including diet and exercise, have been hypothesized as a contributor
to the stroke belt, 8, 9 and again there could be geographic differences in the difference
between the races for these factors. There could also be geographic differences by
race for lifestyle choices that are acknowledged as major stroke risk factors such as
cigarette smoking.

• There are considerable within-state variations in stroke mortality, and it is also
possible that southern African Americans live in regions of specific states with high
stroke mortality. For example, the northern counties of Florida have a higher
proportion of African Americans than the southern counties,25 and these counties
also have higher stroke mortality than the southern counties.4 Unfortunately,
restricting analyses to relatively small regions of states results in estimated stroke
mortality ratios that are inherently unstable, making direct assessment of this possible
explanation problematic.

This list of potential contributing causes should be considered partial and speculative, but it
clearly underscores the need for further investigations to identify the causes of this disparity
and targeting of interventions to reduce it. We have attempted elsewhere26 to assess the
confounding of race and region on stroke mortality and found that only about 5% of the excess
risk observed for the African American population is attributable to a higher proportion of
African Americans than whites living in regions with high risk.

In conclusion African Americans living in the south are at higher risk of death from stroke
because they are African American, and they are at additional risk because they live in the
south. However, we observed that the difference in risk of death from stroke for African
Americans living in the south is actually greater than expected on the basis of either an additive
or a multiplicative increase in risk associated with geographic location and race. The magnitude
of this extraordinary risk is substantial, accounting for 6% to 21% of strokes among African
Americans living in the southern region. Since about one-half of all strokes among African
Americans occur in the south, the effect of this excess on the total burden of stroke in African
Americans is substantial. Additional research is needed to understand and reduce this huge
disparity. Key to these efforts will the collection of population-based data allowing critically
important (but currently unanswered) questions to be addressed. The lack of data include the
relative contributions of stroke incidence versus case fatality to the excess stroke mortality,
and how these two factors contribute to the larger disparities for African Americans living in
the south. In addition, important questions remain regarding the effect of confounding with
socioeconomic status and access to care, regional differences in the racial disparity of risk
factor levels (hypertension, diabetes, etc.) or life-style choices (diet, exercise, cigarette
smoking, etc.), or the effects of nativity or birth weight, or differential sensitivity to risk factors
for African Americans and whites in different regions.
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Figure 1A (men) and 1B (women).
Stroke mortality ratios (black-to-white) for non-southern (N) and southern (S) states, by age
strata and sex.
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Figure 2.
Black-to-white stroke mortality ratio for men and women from New York and Florida, by age
strata.
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Figure 3.
Observed stroke mortality for white men aged 65 to 74 (gray). Observed (#1, solid black line)
and expected (#2 and #3) mortality rates are shown for black men aged 65 to 74. Expected
rates are shown if the pattern was similar to the pattern for whites on a multiplicative or relative
scale (#2: square and short dashed line) or on an additive scale (#3: triangle and long dashed
line).
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