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 Introduction 

 For over five decades, a 153-county region comprising 
the coastal plains of North Carolina, South Carolina and 
Georgia has had a stroke mortality rate considerably 
higher than the rest of the USA  [1–3] . This area, known 
as the Stroke Buckle, exists within the larger Stroke Belt, 
which is an 8- to 12-state area in the southeast that exhib-
its a stroke mortality rate about 1.3–1.5 times greater than 
the rest of the country  [4, 5] . However, the Stroke Buckle, 
which has more consistently had the highest stroke mor-
tality in the country  [6] , will be the focus of this paper.

  Even more remarkable than the high stroke mortality 
in the Stroke Belt and the higher mortality in the Stroke 
Buckle is the mystery about its causes. There are at least 
10 hypotheses advanced to explain these elevated levels 
of stroke fatalities, but so far none of these explanations 
have proven successful in explaining the higher stroke 
deaths in the region  [3, 6, 7] . Adapted from Howard  [6] , 
 table 1  presents these hypotheses, ordered on a continu-
um from ‘unlikely causes’ to ‘uninvestigated causes’. The 
hypotheses near the top of the list are considered unlike-
ly because studies have largely failed to support them as 
explanations for the elevated stroke mortality in the 
Stroke Belt. The hypotheses near the bottom of the list, 
which are more difficult to test, remain potential 
causes.

  Some of these hypotheses allow for the possibility that 
acute exposure to the region can account for some of the 
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 Abstract 

  Background:  For decades, the Stroke Buckle region in the 
southeastern USA has had a high incidence of deaths from 
cerebrovascular disease relative to the rest of the country. 
We test here the possibility that temporary exposure to the 
Stroke Buckle can explain some of the excessive stroke mor-
tality there.  Methods:  We examined all US death records be-
tween 1979 and 1988, noting whether individuals died in-
side or outside the 153-county Stroke Buckle in the coastal 
plains of North Carolina, South Carolina and Georgia. We 
also noted the decedents’ county of residence, which was 
coded separately. Proportionate mortality ratios (PMRs) 
were used to assess the risk of dying of a stroke.  Results:  
Stroke Buckle residents who died in their home county were 
at an increased risk of dying of a stroke (PMR = 130.2; 95% 
confidence interval, CI = 128.9–131.6; p  !  0.0001). Visitors to 
the Buckle were also at an increased risk of dying of a stroke 
(PMR = 111.9; 95% CI = 107.5–116.2; p  !  0.0001), and Buckle 
residents who died while outside of the region were less like-
ly to die of a stroke (PMR = 89.9; 95% CI = 86.2–93.6; p  !  
0.0001).  Conclusions:  These results show that even short-
term exposure to the Stroke Buckle accounts for some of the 
elevation in stroke deaths there. 
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variance in stroke deaths. Chronic exposure to the re-
gion, which would be predicted by having spent years in 
the region, might be related to factors such as socioeco-
nomic status or diet, and would be based on the gradual 
accumulation of damage. Acute exposure to the region, 
however, would not require years of living in the region 
but would depend on merely being there, or perhaps very 
recently having been there, at the time of the disease’s 
onset. Such a distinction has been shown to be important, 
for example, in heart attack mortality in New York City, 
where chronic exposure – living in the city – and acute 
exposure – being in the city at the time of the cardiovas-
cular event – both contribute to that region’s high pro-
portion of infarction deaths  [8] . Specifically, individuals 
just visiting New York City were at an increased risk of 
dying of a heart attack, and New York City residents who 
temporarily left the city were less likely to die of a heart 
attack, both evidence of the effect of acute exposure to 
New York City. Thus, in this paper we consider acute ex-
posure to mean that a person is visiting a region, rather 
than living there.

  To our knowledge, however, there have been no tests 
of acute-exposure hypotheses with regard to the regional 
concentration of stroke deaths in the Stroke Belt. We test 
here the possibility that acute exposure to the Stroke 
Buckle by people merely visiting the region will be associ-
ated with a greater incidence of stroke fatalities. We can 
test this hypothesis because US death records provide 
both the county of death and the county of residence of 
decedents. Thus, we can assess the stroke mortality for 
individuals who die in the Stroke Buckle but do not reside 
there. In addition to examining visitors to the Stroke 
Buckle, we also test whether Stroke Buckle residents are 
less likely to die of strokes while outside the region. If 
these effects exist, it would suggest that acute exposure to 
the Stroke Buckle accounts for some of the elevation in 
stroke deaths there, and this may give us insight into 
which of the hypotheses can best explain the elevated 
stroke mortality in the Buckle.

  Materials and Methods 

 We analyzed all US death records within the years 1979–1988, 
the most recent year for which county-level data were made avail-
able. This amounted to more than 20 million total deaths during 
that time period. Data were collected by the National Center for 
Health Statistics, and all data were downloaded from the Inter-
university Consortium for Political and Social Research website 
 [9] . These records had information on the decedents’ cause of 
death, the county in which they died, and their county of resi-

dence. We determined whether people died inside the 153 coun-
ties of the Stroke Buckle, located in the eastern halves of the Car-
olinas and Georgia  [1] , and also whether they resided within this 
region.

  Since we cannot determine how many visitors there were to 
and from the Stroke Buckle, we could not calculate a specific 
death rate for visitors. Instead, we computed the proportion of 
total deaths that were due to strokes both inside and outside the 
Stroke Buckle to determine whether stroke deaths were either 
overrepresented or underrepresented for visitors. To do this, we 
used the proportionate mortality ratio (PMR), which can be used 
when there is no way to determine the overall size of a specific 
population of interest (e.g. visitors to a region, members of a spe-
cific occupation). For example, if one wanted to investigate wheth-
er there was an increased risk of accidental deaths among con-
struction workers in a given city, it would not be possible to com-
pute a death rate for accidents without knowing exactly how many 
people worked in construction in the city over a period of time. 
However, it would be possible to collect the causes of death of a 
sample of the city’s construction workers in order to determine 
whether accidental deaths were overrepresented or underrepre-
sented among all causes of death, relative to the rest of the city’s 
population  [10, 11] .

  With regard to stroke deaths, the PMR is the ratio (multiplied 
by 100) of the observed proportion of stroke deaths to the expect-
ed proportion of such deaths  [12] . For example, a PMR value of 
120 would indicate there were 1.2 times as many stroke deaths as 
would be expected, whereas a PMR value of 80 would indicate that 
there were 0.8 times as many stroke deaths as expected.

  Three separate PMRs were calculated  [8] . For the first, we de-
termined the PMR for Stroke Buckle residents who died inside 
their home county in the Buckle. This compared the observed 
number of stroke deaths for Buckle residents who died inside their 
home county to the expected number. The expected value was 
computed using the proportion of stroke deaths in the rest of the 
USA among individuals who died inside their county of resi-
dence. For example, if the proportion of all deaths that were due 
to stroke in the rest of the USA (among those who died inside their 
home county) were 7.6%, this percentage was used to derive the 
expected value based on the total number of all deaths among 
Buckle residents who died inside their home county.

  The second analysis compared the observed number of stroke 
deaths for non-Buckle residents who died while visiting the Buck-
le, to the expected number of such deaths. The expected number 
was computed using the proportion of stroke deaths in the rest of 
the USA among individuals who died  outside  their county of res-
idence. This comparison group controlled for any differences in 
stroke risk for people who are likely to be traveling when they 
died. For example, if the proportion of all deaths that were due to 
stroke in the rest of the USA (among those who died outside their 
home county) were 8%, this percentage was used to derive the ex-
pected value based on the total number of all deaths among non-
Buckle residents who died while visiting the Buckle.

  The third analysis compared the observed number of stroke 
deaths among Buckle residents dying outside of the Buckle to the 
expected number. The expected value was calculated from the 
proportion of stroke deaths of Buckle residents who died inside 
their county of residence, with an adjustment for an increase in 
stroke proportions for those who died outside their county of res-
idence in the whole USA. For example, if the proportion of all 
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deaths that were due to stroke among Buckle residents dying in-
side their home county were 8.3%, and all US decedents were 0.2% 
more likely to die of strokes when traveling outside their county 
of residence, then 8.1% was used to derive the expected value 
based on the total number of all deaths among Buckle residents 
who died while outside the Buckle.

  We computed identical analyses for all stroke deaths (ICD-9 
codes 430–438). All observed and expected values were simulta-
neously standardized for individuals’ sex, age (in decades) and 
race (white, black and other) so that any results would not be at-
tributable to regional differences in these variables  [13] . To stan-
dardize the expected stroke deaths, we computed separately for 
each sex/age/race group the proportion of deaths that were due to 
stroke. To illustrate an example of the first type of analysis dis-
cussed above, 11.2% of black female septuagenarian deaths were 
the result of stroke in the rest of the USA (outside of the Stroke 
Buckle). There were a total of 17,595 black female septuagenarian 
deaths in the Stroke Buckle (of all causes, over the 10-year period), 
so we expected that 1,967.1 would be due to stroke. This expected 
value was then summed across all of the sex/age/race groups to 
derive the standardized expected number of stroke deaths that 
occurred in the Stroke Buckle.

  Results 

 Residents of the Stroke Buckle who died in their home 
county were at a considerably increased risk of dying of a 
stroke ( table 2 ). This is consistent with prior reports for 
this region. Not only was the rate elevated for residents of 
the Buckle dying there, but the effect was also present for 
those who were just visiting, with non-Buckle residents 
dying in the Buckle of strokes at a higher-than-expected 
rate. Additionally, Buckle residents who died outside the 
region were considerably less likely to die of a stroke. 
These last two results are novel findings and suggest that 
short-term exposures to and from the Stroke Buckle are 
related to sizeable increases and decreases in the propor-
tion of deaths due to stroke.

  Discussion 

 For residents of the Stroke Buckle, a greater propor-
tion of deaths are from strokes than is the case for the rest 
of the country. The present results suggest that explana-
tions for this effect must account for the sizable contribu-
tion to mortality of individuals who are visiting the re-
gion when they die of a stroke. This acute-exposure effect 
was supported by the findings that (a) non-Buckle resi-
dents who visited the Buckle were more likely to die of a 
stroke and (b) Buckle residents who temporarily left the 
region were less likely to die of a stroke. To our knowl-

edge, few investigations have distinguished between res-
idents and visitors when considering geographical dis-
parities in a disease’s mortality  [8, 14] . However, residen-
cy status seems to be an important variable, since here 
nonresidents comprised a large proportion of the stroke 
deaths that took place in the Stroke Buckle.

  In examining the 10 hypotheses in  table 1 , we believe 
that 3 of these hypotheses could play a role in the acute 
exposure effects we observed. First, it is possible that the 
quality of health care is poorer in the Buckle than it is 
outside this region. Some studies have shown that in the 
southeastern states, there are fewer physicians per capita 
and a smaller percentage of individuals who have health 
care coverage, relative to the rest of the USA  [6, 15] . How-
ever, this explanation requires that any risk from poor 

Table 1. Ten hypotheses about the causes of mortality in the 
Stroke Belt, ranging from ‘unlikely’ to ‘uninvestigated’ causes

Racial differences
Coding of death certificates
Socioeconomic status differences
Quality of health care
Stroke fatality, rather than stroke incidence, is elevated
Prevalence of stroke risk factors (e.g. hypertension, diabetes)
Environmental factors associated with geography

(e.g. air temperature, exposure to local toxins)
Lifestyle choices (e.g. smoking, diet)
Genetic factors
Infection rates

Adapted from Howard [6].

Table 2. Observed and expected deaths due to stroke

Residents
of the
Buckle

Visitors
to the
Buckle

Residents
away from
the Buckle

Number of stroke deaths
Observed 36,072 2,570 2,244
Expected 27,698 2,298 2,496
Observed – expected 8,374 272 –129
Total (all deaths) 365,907 30,951 30,330

Percentage of strokes
Observed 9.9 8.3 7.4
Expected 7.6 7.4 8.2

Stroke PMR 130.2* 111.9* 89.9*
95% confidence interval 128.9–131.6 107.5–116.2 86.2–93.6

* p < 0.0001: significantly different from 100; two-tailed test.
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health care is manifest more in stroke mortality than in 
other causes of death, since the present results could not 
simply be due to the overall risk of death being higher in 
the Buckle but that, of those who die, a greater proportion 
suffered strokes.

  Second, the Stroke Buckle could have some specific 
infectious agents that lead to especially high levels of 
stroke mortality. A number of different kinds of infec-
tions have been associated with stroke onset  [16, 17] , and 
retrospective studies have shown that in 1/4–1/3 of stroke 
victims, infections have been detected in the week or 
month prior to stroke onset  [18, 19] .

  Finally, there might be some other environmental fac-
tor, such as ambient air temperature, the presence of cer-
tain toxins in the local water supply or quality of the local 
soil characteristics, that causes a greater incidence of 
stroke fatalities in the Buckle. Whereas the eastern halves 
of the Carolinas and Georgia (the Stroke Buckle) are 
coastal plains, the western halves of the states are primar-
ily mountainous regions. Thus, the Stroke Buckle’s geog-
raphy is distinct from its surrounding areas, which sug-
gests that geographical variables may play a role in the 
higher stroke rate. Numerous environmental variables 
have been proposed to explain the increased stroke mor-
tality in the region  [7] . By and large, however, there have 
been few consistent relationships found between stroke 
onset and environmental variables  [6, 7] , outside of infec-
tious agents.

  One important limitation of this study is that the data 
could not tell us how long visitors may have stayed in a 
different county before they died, or for what reasons 
they were visiting. Additionally, without more detailed 
information about the decedents, we could not know 
whether certain types of individuals were more or less 
likely to visit particular regions. For example, we cannot 
rule out the possibility that non-Buckle residents who 

died while visiting the Buckle were more likely to hold 
certain risk factors associated with stroke mortality, such 
as being genetically related to a Buckle resident or having 
once lived in the Buckle. Moreover, we could not deter-
mine whether Buckle residents who died while outside 
the region were less likely to have certain risk factors for 
stroke mortality. Future investigations could examine in-
dividuals who are known to have suffered strokes while 
visiting the Stroke Buckle or having temporarily left the 
region, and gather information about the duration of 
these visits and any previous connection these individu-
als may have had to different regions.

  Conclusion 

 The elevated stroke mortality in the Stroke Belt and 
the Stroke Buckle has led to hundreds of thousands of 
excessive deaths, billions of dollars in health care costs 
and immeasurable suffering for stroke victims and their 
families  [20] . Our goal here was to show that even short-
term exposure to the Stroke Buckle plays a role in this 
continuing epidemic, and we hope that our findings will 
encourage closer examinations of acute-exposure hy-
potheses in the future. An important next step will be to 
specify the underlying processes of these effects, with the 
hope that effective interventions will soon follow.
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