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Abstract
Purpose—Geographic variation in risk factors may underlie geographic disparities in coronary
heart disease (CHD) and stroke mortality.

Methods—Framingham CHD Risk Score (FCRS) and Stroke Risk Score (FSRS) were calculated
for 25,770 stroke-free and 22,247 CHD-free participants from the REasons for Geographic And
Racial Differences in Stroke cohort. Vital statistics provided age-adjusted CHD and stroke mortality
rates. In an ecologic analysis, the age-adjusted, race-sex weighted, average state-level risk factor
levels were compared to state-level mortality rates.

Results—There was no relationship between CHD and stroke mortality rates (r = 0.04; p = 0.78),
but there was between CHD and stroke risk scores at the individual (r = 0.68; p < 0.0001) and state
(r = 0.64, p < 0.0001) level. There was a stronger (p < 0.0001) association between state-level FCRS
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and state-level CHD mortality (r = 0.28, p = 0.18), than between FSRS and stroke mortality (r = 0.12,
p = 0.56).

Conclusions—Weak associations between CHD and stroke mortality and strong associations
between CHD and stroke risk scores suggest geographic variation in risk factors may not underlie
geographic variations in stroke and CHD mortality. The relationship between risk factor scores and
mortality was stronger for CHD than stroke.
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Introduction
There is substantial geographic variation in heart disease and stroke mortality, with higher
stroke mortality in the Southeastern US (the “Stroke Belt”) [Lanska 1993; Howard 1995] and
higher coronary heart disease (CHD) mortality along the Ohio-Mississippi River Basin (the
“Coronary Valley”). [Pickle 1999] Of the numerous hypothesized reasons for these geographic
variations in stroke and CHD mortality, [Howard 1999, Perry 1998], the most obvious are
geographic variations in the contributing risk factors. While some have accepted this “risk
factor hypothesis” as the cause for the geographic disparities in mortality, there are scant data
examining this association.

Several publications have addressed the “risk factor hypothesis” of the geographic variation
in stroke mortality using data from the National Health and Nutrition Examination Surveys
(NHANES). NHANES was primarily designed to provide national estimates, but can also
provide important information describing differences between regions. [Centers for Disease
Control 2004] Some reports suggest that there may be a higher prevalence of hypertension, the
most potent stroke risk factor, in the southeastern US for some race-sex strata [Obisean 2000;
Hall 1997; Jones 1997], supporting the hypothesis that geographic variation in hypertension
may contribute to the geographic variation in stroke mortality.

Under the “risk factor hypothesis,” states with a higher average cardiovascular risk factor
profile should have a have higher cardiovascular disease mortality. Heart disease and stroke
are diseases that share most, but not all, risk factors. Therefore, a significant correlation should
exist between the average CHD and stroke risk factor burden across states, that should in turn
should underlie a high correlation between CHD and stroke mortality.

In this paper we assess the “risk factor hypothesis” by: 1) describing the agreement between
heart disease and stroke mortality at the state level, 2) examining the agreement between heart
disease and stroke risk factor scores at the state level using data from the REasons for
Geographic And Racial Differences in Stroke (REGARDS) study, and 3) assessing the
association of the geographic variation in state-level average risk factor scores and the
geographic variation in state-level heart disease and stroke mortality rates.

Methods
State-level stroke (ICD-10 codes I60-I69) and ischemic heart disease (ICD codes I20-I25) age-
adjusted (2000 US standard population) mortality rates for the population over age 45 for years
2003-2005 (inclusive) were calculated using the vital statistics assessed through the CDC
Wonder System. [CDC 2007]

Risk factor data were from the REGARDS study, a national community-based longitudinal
cohort study of 30,228 black and white individuals over age 45 years, recruited between January
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2003 and October 2007. Twenty percent of the sample was selected from the “buckle” of the
Stroke Belt (coastal plain region of NC, SC and GA), 30% from the Stroke Belt states
(remainder of NC, SC, and GA, plus AL, MS, TN, AR, and LA), and the remaining 50% from
the other 40 contiguous states. Participants were recruited using a combination of mail and
telephone contact, and medical and risk factor history obtained by computer-assisted telephone
interview. Physical measures were subsequently collected at an in-home examination including
blood pressure, blood and urine samples, and electrocardiogram. Although not employed in
the current report, participants were followed by telephone at six-month intervals for
surveillance of incident stroke and coronary heart disease. Study methods were reviewed and
approved by the Institutional Review Boards at the collaborating institutions. Additional
methodological details are provided elsewhere. [Howard 2005]

As of March 2008, data were available on 30,198 study participants. The Framingham Stroke
Risk Score (FSRS) [Wolf 1991; D’Agostino 1994] and the Framingham Coronary Heart
Disease Risk Score (FCRS) [D’Agostino 2001; Wilson 1998] were calculated as summary
indices of the risk factor profile for stroke and CHD respectively. The FSRS estimates the
probability of stroke during the next 10-year period and is defined only for stroke-free
individuals (not calculated for 1,920 participants self-reported stroke, and 101 participants who
unsure of previous stroke). Of the remaining 27,982 participants, 2,212 (7.9%) were excluded
as they had missing data on one or more of the factors included in the FSRS (see Table 1),
providing FSRS scores for 25,770 participants. The FCRS, which estimates the 10-year risk
of incident CHD, is defined only for CHD-free individuals (not calculated for 6,714 participants
who have a history of CHD defined as self-reported myocardial infarction, or MI by ECG, or
a previous coronary artery by-pass, or a previous coronary angioplasty or stent). Of the
remaining 23,289 participants, an additional 1,042 (4.5%) were excluded as they had missing
data on one or more of the FCRS components (see Table 1), providing FCRS scores for 22,247
participants. The relationship between the FCRS and the FSRS was calculated among 20,254
individuals for whom both scores could be calculated.

The state-level stroke and CHD mortality rates are age adjusted, but reflect the distribution of
race and sex represented in each state. Therefore, we calculated the average FSRS and FCRS
adjusting for age and weighting the race-sex strata to achieve proportionate representation by
race and sex for comparison to published mortality rates. Twenty-five states with at least 15
REGARDS participants in each race-sex group (black females - BF, black males -BM, white
females - WF, and white males - WM) were included in the analysis. These select states had
a total of at least 172 total REGARDS participants (see Table 2), a sample size that provides
an estimated standard error of mean Framingham scores of 0.76. Linear regression was used
to produce an age-adjusted average risk factor score for each race-sex stratum for each state
(i.e., least squares means). Then the average FSRS and FCRS were calculated for each state
as a weighted average of the four age-adjusted means for each race-sex stratum, where weights
were proportional to the state population in each of the four race-sex strata.

The result of these calculations were four measures, state-level measures of mortality for both
CHD and stroke, and state-level, age adjusted, race-sex weighted measures of risk factor levels
as assessed by the FSRS and FCRS. It is reasonable to assess the relationships between these
four measures since, both for both mortality and average risk factor levels, the relative ranking
of the states is remarkably stable over time. For example, despite changes from ICD-9 to
ICD-10 coding, the Spearman correlation of state stroke mortality rates in 2003-2005 (used in
this report) with rates a decade earlier (1993-1995) is 0.84 (p < 0.0001), and the correlation
with rates two decades earlier (1983-1985) is 0.85 (0 < 0.0001). Likewise, the Spearman
correlation of ischemic heart disease mortality rates in 2003-2005 (used in this report) with
rates a decade earlier was 0.76 (p < 0.0001), and with rates two decades earlier was 0.49 (p =
0.0003). Hence, despite changes in ICD coding that could have a larger impact on heart disease
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rates than stroke, those states that with high rates in the current report have been consistent
over time. Because risk factor prevalence is a product of life-time habits and exposures, the
relative ranking for state-level risk factor profiles are unlikely to substantially change over time
periods of moderate length (i.e., decades). For example, data from the Behavioral Risk Factor
Surveillance System (BRFSS) suggests the correlation between states for the obesity in 1995
with obesity in 2007 is 0.77 (p < 0.0001). [CDC BRFSS Prevalence and Trends Data, 2009]
Likewise, the correlation of between states in the proportion of smokers in 1995 compared to
2007 is 0.73 (p < 0.0001), and the proportion of self-reported diabetes is 0.47 (p = 0.0006).
Another example of the substantial geographic stability of the risk factors is the persistence of
the higher rates of hypertension in the southeastern stroke belt observed in NHANES between
1988 and 1991 [Hall 1997, Jones 1999], which was recently confirmed between 2003 to 2007
in the REGARDS population [Cushman 2008]. As the relationships between the states for both
mortality and risk factors span decades, the overlap of the measures used in this paper are
appropriate.

Results
There was little evidence of an association between the 2003-2005 mortality rates for CHD
and stroke (r = 0.04, p = 0.78) for the 50 states (Figure 1a). Geographically close states tended
to cluster with regard to CHD and stroke mortality. For example, New York ranked 1st for
CHD mortality and 50th for stroke mortality, but also other Northeastern states had high CHD
and low stroke mortality including Rhode Island, New Jersey, Delaware, New Hampshire,
Pennsylvania, and Vermont. Many of the “stroke belt” states were high for both stroke mortality
and CHD mortality including Tennessee, Mississippi, Arkansas, North Carolina, Kentucky,
Missouri, Louisiana, South Carolina, Georgia, Alabama, and Virginia. Many of the Great Plain
and Mountain states had moderate stroke mortality and low CHD mortality rate including Utah,
Minnesota, Montana, Colorado, Nebraska, Wyoming, Idaho, Kansas, Wisconsin, Nevada, and
North and South Dakota.

There were 25 states with at least 15 REGARDS participants in each race-sex group (Table
2). These 25 states included 28,534 of the 30,193 (95%) REGARDS participants recruited at
the time of this analysis. As shown in Figure 1b, there was also little evidence of an association
of CHD and stroke mortality in these 25 states (r = -0.11; p = 0.61).

There was a substantial correlation of FCRS and the FSRS among REGARDS participants,
where after normalization of distributions by taking the log of each score, the correlation of
the two scores was 0.68 (p < 0.0001); hence, in general individuals at high risk for stroke were
also at high risk of CHD. After age adjustment and race-sex weighting, the correlation between
state-level average FCRS and FSRS was substantial (Figure 2; r = 0.64; p < 0.0001).

The association between state-level age adjusted and race-sex weighted average risk scores
and the state-level mortality rate for the 25 included states are shown for CHD in Figure 3a
and for stroke in Figure 3b. For CHD, the correlation between state-level average FCRS and
state-level mortality was moderate, but not statistically significant (r = 0.28; p = 0.18), while
the association between the state-level average FSRS and the state-level stroke mortality was
somewhat less (r = 0.12; p = 0.56). The difference between the correlation between CHD risk
and mortality as compared to stroke risk and mortality was estimated by bootstrap methods
(1000 replications) to be 0.142 ± 0.007, with 73% of replications having a larger correlation
for CHD than for stroke, indicating the correlation between risk and mortality rates was
significantly (p < 0.0001) larger for CHD than for stroke.
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Discussion
These data suggest that it is likely that the “risk factor hypothesis” explains only a modest
amount of the geographic variation in heart disease mortality, and a smaller portion of the
geographic variation for stroke mortality. It is surprising that there was no association between
the state-level CHD and stroke mortality rates, especially given the strong association between
individual and state-level CHD and stroke risk factor levels. These findings suggest that it is
unlikely that geographic variations in average level of risk factors are the primary contributor
to geographic variation in both heart disease and stroke mortality.

We observed a moderate association between the state-level variation in CHD risk score and
CHD mortality, but a weaker association between stroke risk score and stroke mortality. Hence,
it seems more likely that geographic variation in traditional CHD risk factors underlie
geographic variation in CHD mortality, and that geographic variation in traditional stroke risk
factors play a smaller role in the geographic variation in stroke mortality.

There could be many alternative explanations for the lack of association between state-level
stroke risk factor levels and stroke mortality; however, while a wealth of alternative hypotheses
have been proposed (including differences in gene frequencies, novel risk factors, infection
rates, socioeconomic status, lifestyle choices such as diet or exercise, case fatality rates,
differential cause of mortality following an initial stroke or CHD event), [Howard 1999; Perry
1998] there is a dearth of data to assess these hypotheses. REGARDS is among the currently
funded studies working to provide these data, and further insights are forthcoming.

There are several strengths and weaknesses of these analyses. REGARDS offers a large sample
of community-dwelling residents over age 45, an age that places them at risk for stroke and
heart disease. REGARDS has a sample size approximately three times larger than NHANES
III for this age range. However, unlike NHANES, REGARDS includes only African American
and white participants, so cannot assess questions for other race-ethnic strata. In addition, the
Framingham Risk Scores (both CHD and stroke) were developed in largely white populations
in the Northeast, and our analyses are based on the assumption that these risk functions are
appropriate in African Americans and residents of other regions. As proposed by the
Framingham study, the FSRS is calculated only for those individuals who are stroke free, while
the FCRS is calculated only for those individuals who are free of CHD. It is possible that the
stroke or CHD risk function with these individuals included could show a stronger relationship
with mortality. Importantly, we are correlating the risk score data with the state-level mortality
rates, and we cannot be sure that those individuals at high risk for CHD and stroke are the same
individuals who die of CHD and stroke; that is, assuming causation in this ecologic analysis
is problematic. NHANES also has clear advantages over REGARDS in the establishment of
sample weights that allow more precise and unbiased estimates of the prevalence of risk factors
at the national level. Finally, it is possible that the stronger relationship between CHD risk and
mortality (as compared to the association between stroke risk and mortality) could be because
of a potential higher predictive performance in the CHD risk assessment. We are unaware of
any analyses that assess the relative predictive performance of these two indices.

Our current data suggest that differences in established risk factors are more likely to underlie
the geographic variations in CHD mortality than stroke mortality. Lack of association between
stroke and CHD mortality at the state level is surprising, particularly given the substantial
observed association of stroke and CHD risk scores both in individuals and at the state level.
This pattern supports the conclusion that it is unlikely that differences in risk factors underlie
both the geographic variations in CHD and stroke mortality. There is a continuing need to
assess alternative causes for geographic variation in stroke mortality.
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Figure 1.
a: Relationship of age adjusted 2003-2005 stroke mortality rate and CHD mortality rate for
ages 45+ for all 50 states (r = 0.04, p = 0.78)
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Figure 1.
b: Relationship of age adjusted 2003-2005 stroke mortality rate and CHD mortality rate for
ages 45+ for the 25 states included in the analysis (r = -0.11, p = 0.61).
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Figure 2.
Relationship between average CHD and average stroke risk (r = 0.64, p < 0.0001)
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Figure 3.
a: Relationship of average Framingham CHD Score and CHD mortality rate at the state level
(r = 0.28; p = 0.18)
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Figure 3.
b: Relationship of average Framingham Stroke Score and stroke mortality rate at the state level
(r = 0.12, p = 0.56)
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Table 1

Components risk factors included in the calculation of the Framingham Risk Scores for stroke and coronary heart
disease

Risk factor FSRSa FCRSb
Age X X
Sex X X
Hx of heart disease X
Systolic blood pressure X X
Diastolic blood pressure X
Use of anti-hypertensive
medications X

Diabetes X X
Current cigarette smoking X X
Atrial fibrillation X
Left ventricular hypertrophy X
Total cholesterol X
HDL cholesterol X
a
Framingham Stroke Risk Score - excludes individuals with history of stroke

b
Framingham Coronary Heart Disease Score - excludes individuals with history of CHD
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