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Geographic Distribution of
Diagnosed Diabetes in the U.S.

A Diabetes Belt

Lawrence E. Barker, PhD, Karen A. Kirtland, PhD, Edward W. Gregg, PhD,
Linda S. Geiss, MA, Theodore J. Thompson, MS

Background: The American “stroke belt” has contributed to the study of stroke. However, U.S.
geographic patterns of diabetes have not been as specifıcally characterized.

Purpose: This study identifıes a geographically coherent region of the U.S. where the prevalence of
diagnosed diabetes is especially high, called the “diabetes belt.”

Methods: In 2010, data from the 2007 and 2008 Behavioral Risk Factor Surveillance System were
combined with county-level diagnosed diabetes prevalence estimates. Counties in close proximity
with an estimated prevalence of diagnosed diabetes �11.0% were considered to defıne the diabetes
belt. Prevalence of risk factors in the diabetes belt was compared to that in the rest of the U.S. The
fraction of the excess risk associated with living in the diabetes belt associated with selected risk
factors, bothmodifıable (sedentary lifestyle, obesity) and nonmodifıable (age, gender, race/ethnicity,
education), was calculated.

Results: A diabetes belt consisting of 644 counties in 15 mostly southern states was identifıed.
People in the diabetes belt were more likely to be non-Hispanic African-American, lead a sedentary
lifestyle, and be obese than in the rest of the U.S. Thirty percent of the excess risk was associated with
modifıable risk factors, and 37% with nonmodifıable factors.

Conclusions: Nearly one third of the difference in diabetes prevalence between the diabetes belt and
the rest of the U.S. is associated with sedentary lifestyle and obesity. Culturally appropriate interven-
tions aimed at decreasing obesity and sedentary lifestyle in countieswithin the diabetes belt should be
considered.
(Am J Prev Med 2011;40(4):434–439) Published by Elsevier Inc. on behalf of American Journal of Preventive
Medicine
Introduction

The American “stroke belt,” defıned in terms of a
contiguous group of states with high age-adjusted
stroke mortality rates, was fırst identifıed in the

id-1960s.1 The states that defıne the stroke belt are
Alabama, Arkansas, Georgia, Indiana, Kentucky, Louisi-
ana, Mississippi, North Carolina, South Carolina, Ten-
nessee, and Virginia. The stroke belt’s identifıcation con-
tributed to further study of the etiology of stroke and to
helping target interventions to high-risk states.2,3

Diabetes is similar to stroke in that it is strongly
affected by behavioral, cultural, and environmental
factors clustered and overlaid on genetic susceptibility.
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However, U.S. geographic patterns of diabetes have
not been as specifıcally characterized in the manner
that stroke has been. Identifıcation of areas of high
prevalence of diabetes could have an impact on under-
standing of diabetes.
Recently, the CDC produced estimates of the preva-

lence of diagnosed diabetes for every U.S. county or
county equivalent.4 Figure 1 displays a map of the esti-
mated prevalence of diagnosed diabetes for 2007, with
counties/county equivalents shaded to represent the per-
centage of the population with diagnosed diabetes, divid-
ing the counties into quintiles. This map suggested to the
authors the existence of a “diabetes belt,” to be precisely
defıned later, probably not previously characterized be-
cause of the lack of county-level diabetes surveillance
data.
This paper (1) proposes a defınition of the diabetes
belt; (2) examines how residents of that belt comparewith
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residents of the rest of the country in demographics and
prevalence of selected risk factors for diabetes and in the
association of demographics and risk factors associated
with diabetes; and (3) calculates the fraction of the excess
risk of diabetes associated with residence in the diabetes
belt that is attributable to selected risk factors.

Methods
Data Source

Data from the 2007 and 2008 Behavioral Risk Factor Surveillance
System (BRFSS) were used. The BRFSS is a state-based system of
health surveys that annually assesses key behavioral risk factors and
chronic conditions among non-institutionalized U.S. adults aged
�18 years. Nationally, the median state response rates for BRFSS
were 50.6% (2007) and 49.8% (2008). The BRFSS collects county-
level data but, because of sample-size limitations,most analyses are
done at a state or national level. Using random-digit-dialing meth-
ods, the BRFSS selects participants from civilian residents with
telephones.5 Diabetes status was assessed by the answer to the
questionHave you ever been told by a doctor that you have diabetes?
Womenwho reported having diabetes only during pregnancy (i.e.,
gestational diabetes) were not counted as having diabetes. Seden-
tary lifestyle was assessed by the question During the past month,
other than your regular job, did you participate in any physical
activities such as running, calisthenics, golf, gardening, or walking
for exercise? BMI was calculated from self-reported height and
weight. Respondents with a self-reported height and weight that
resulted in a calculated BMI�30 kg/m2 were considered obese. All

Figure 1. Estimates of prevalence of diagnosed diabetes
analyses were performed in 2010.
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Definition of Diabetes Belt

The CDC estimates of diagnosed diabetes prevalence for all counties/
county equivalents were spatially smoothed, using a Bayesian multi-
level model with a conditional autoregressive prior.6,7 Smoothed esti-
ates were imported into ArcGIS, version 9.3, to identify geographic
atterns in diabetes prevalence. A visual inspection suggested that
ounties with a high prevalence of diabetes are concentrated in the
outheast region. Counties in close proximity in the Southeast region
nd that had an 11.0% or higher prevalence of diabetes were consid-
red tobe in thediabetesbelt.Countieswithahighprevalenceand that
ere neither in close proximity to the Southeast region nor to other
igh-prevalence counties were not included in the diabetes belt. This
ethod defıned a congruent, although not necessarily continuous,
eographic area.

Statistical Analysis

All analyses were done using BRFSS design variables and weights,
making the analyses representative of the population sampled and
providing correct SEs. SAS-callable SUDAAN, version 9.2, was
used for all analyses.
Dichotomized or categorized versions of demographics and risk

factors (gender; age [�40 years, 40–64 years, �65 years]; educa-
tion [�high school graduate, high school graduate, some college,
college graduate]; sedentary lifestyle; obesity; and race/ethnicity
[non-Hispanic white, non-Hispanic African American, Hispanic,
and non-Hispanic other]) were created. The prevalence of these
demographics/risk factors was compared between the diabetes belt
and the rest of the U.S. The factors selected were chosen because all
have been associated with diabetes.8 Income, although it has been

county, 2007
associated with diabetes, was not considered because of the large
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number ofmissing values in the current data set. Hypertension and
dietary factors, also associated with diabetes, were not considered
because neither was available for both 2007 and 2008. The associ-
ation between diabetes and other factors available from BRFSS but
not considered in this analysis (e.g., smoking status) is weaker than
that between diabetes and the factors discussed above.
Differences were evaluated using chi-square tests. Results were

considered signifıcant if p�0.05. Six individual-level logistic re-
gression models, all with “has diagnosed diabetes” as the depen-
dent variable, were fıt. These models, and how they were used, are
described below. A model using all the factors in Table 1 (except
has diagnosed diabetes”) as independent variables plus a dummy
ariable for in/not in the diabetes belt and two-way interactions
etween this dummy variable and all other variables in the model
as fıt (Model 1). These interactions, which measure how risk
actors’ effects differ inside and outside the diabetes belt, were
onsidered because the authors hypothesized that these effects
ight differ. When this model was fıt, all interactions were signif-

cant. To facilitate interpretation of the differences between the
iabetes belt and the rest of the U.S., models stratifıed by residence

Table 1. Characteristics of diabetes belt vs rest of U.S. (
diabetes belt and rest of U.S.

Prevalence of diseas
(% [95%

Characteristics
Diabetes belt
(n�91,822)

Has diagnosed diabetes 11.7 (11.4, 12.0)

Male 47.5 (46.9, 48.1)

Age (years)

�40 38.0 (37.4, 38.6)

40–64 44.2 (43.9, 45.0)

�65 17.6 (17.3, 17.9)

Education

�High school graduate 14.3 (13.9, 14.6)

High school graduate 35.9 (35.3, 36.5)

Some college 25.8 (25.3, 26.3)

College graduate 24.1 (23.6, 24.5)

Sedentary lifestyle 30.6 (30.1, 31.1)

Obesity 32.9 (32.3, 33.4)

Race/ethnicity

Non-Hispanic white 70.0 (69.4, 70.5)

Non-Hispanic African- American 23.8 (23.3, 24.4)

Hispanic 2.8 (2.6, 3.1)

Non-Hispanic other 3.4 (3.2, 3.6)

Data source: 2007–2008 Behavioral Risk Factor Surveillance System
the U.S. are significant at p�0.01.
NA, not applicable
n/not in the diabetes belt were fıt (Models 2 and 3, respectively).
To estimate what excess risk for diagnosed diabetes in the dia-
etes belt was associated with a group of selected covariates, the
ercentage change of the ORwith and without the covariates using
he expression [(OR1 –OR2)/(OR1 – 1.0)]� 100%was calculated,
where OR1 represents OR derived from the basic model, OR2
represents OR after adjusting for additional covariates, and 1.0
represents OR when no excess risk exists. Demographics and
risk factors were divided into the categories of “modifıable”
(obesity, sedentary lifestyle) and “nonmodifıable” (gender, age,
race/ethnicity, education). A model containing only a dummy
variable for “in diabetes belt” was fıt (Model 4). Additional
models with this dummy variable and all modifıable risk factors
(Model 5) and with this dummy variable and all nonmodifıable
risk factors (Model 6) were fıt.

Results
Details of the spatial smoothing are not reported, for
brevity. However, the results of this smoothing appear in
Figure 2. Figure 2 displays a map of the 644 counties that

ate) and AORs for having diagnosed diabetes, for

d risk factors AOR (95% CI) for having diagnosed
diabetes

Rest of U.S.
�721,676) Diabetes belt Rest of U.S.

.5 (8.3, 8.6) NA NA

.8 (48.5, 49.0) 1.2 (1.1, 1.3) 1.3 (1.2, 1.3)

.7 (39.5, 40.0) ref ref

.4 (43.2, 43.7) 4.8 (4.2, 5.5) 5.5 (5.1, 5.9)

.8 (16.7, 17.0) 10.5 (9.2, 12.1) 13.9 (12.9, 15.1)

.1 (10.9, 11.3) 1.8 (1.6, 2.1) 1.5 (1.4, 1.6)

.1 (27.9, 28.4) 1.3 (1.1, 1.4) 1.4 (1.3, 1.4)

.5 (26.3, 26.7) 1.4 (1.3, 1.5) 1.4 (1.3, 1.4)

.3 (34.0, 34.5) ref ref

.8 (24.5, 25.0) 1.3 (1.2, 1.4) 1.5 (1.4, 1.6)

.1 (25.9, 26.3) 3.1 (2.9, 3.3) 3.3 (3.2, 3.4)

.8 (68.5, 69.0) ref ref

.6 (8.5, 8.8) 1.5 (1.4, 1.6) 1.9 (1.8, 2.0)

.4 (15.1, 15.6) 1.0 (0.6, 1.1) 1.6 (1.5, 1.7)

.3 (7.1, 7.4) 1.1 (0.9, 1.3) 1.7 (1.6, 1.9)

differences in risk factors between the diabetes belt and the rest of
estim

e an
CI])

(n

8

48

39

43

16

11

28

26

34

24

26

68

8

15

7

. All
defıne the diabetes belt. This belt includes portions of the
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states of Alabama, Arkansas, Florida, Georgia, Kentucky,
Louisiana, North Carolina, Ohio, Pennsylvania, South
Carolina, Tennessee, Texas, Virginia, andWest Virginia,
as well as the entire state ofMississippi. The prevalence of
diabetes in the diabetes belt was 11.7% (95% CI�11.4%,
12.0%). The prevalence of diabetes in the rest of the
country was 8.5% (95% CI�8.3%, 8.6%).
Table 1 compares demographics and risk factors in the

diabetes belt with the rest of the U.S. (all differences
signifıcant at p�0.01). The population of the diabetes belt
counties contained substantially more non-Hispanic Af-
rican Americans than that of the rest of the country
(23.8% for the diabetes belt, 8.6% for the rest of the
country). The prevalence of obesity (32.9% vs 26.1%) and
sedentary lifestyle (30.6% vs 24.8%) was greater in the
diabetes belt than in the rest of the U.S., and the propor-
tion of people with a college degree was smaller (24.1% vs
34.3%). Although large sample sizesmade age and gender
differences signifıcant, these differences were small.
All two-way interactions between the in/not in diabe-

tes belt dummy variable and all other risk and demo-
graphic factors considered (Model 1) had p�0.05 (results
not shown). Reporting these interactions directly makes
the results diffıcult to interpret. To facilitate interpreta-
tion, Models 2 and 3, which stratifıed the analysis into
those in/not in the diabetes belt, were fıtted. Table 1
presents model results. The AORs increased more with
age outside the diabetes belt than they did within the
diabetes belt, and having less than a high school educa-
tion was a stronger risk factor within the diabetes belt

Figure 2. Diabetes belt counties
than outside the diabetes belt.
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Models 2’s and 3’s intercepts (which defıne the mod-
eled probabilities of diagnosed diabetes for someone in
the reference category for all factors) differed substan-
tially. For those in the diabetes belt, the modeled prob-
ability that someone in the reference category for all
factors would have diagnosed diabetes was 0.011 (95%
CI�0.008, 0.014). For those not in the diabetes belt,
the modeled probability was 0.006 (95% CI�0.006,
0.007).
Using Models 4 and 5 (results not shown, for brevity),

it was calculated that 30% of the excess risk for those in
the diabetes belt was associated with modifıable factors.
Using the results ofModels 4 and 6 (results not shown, for
brevity), it was calculated that 37% of the excess risk was
associated with nonmodifıable factors.

Discussion
To the authors’ knowledge, this paper is the fırst to iden-
tify a diabetes belt. Both diabetes and stroke belts are
primarily located in the southeastern U.S. However, dif-
ferences exist. Much of West Virginia is in the diabetes
belt, but not in the stroke belt. Indiana is part of the stroke
belt but contains no diabetes belt counties.
Public health is often carried out at a county level.

Identifying a diabetes belt via counties allows policymak-
ers to identify regions where need is greatest, except in
cases where need is great for the entire state. For example,
had the diabetes belt been identifıed at a state level, Geor-
gia would likely have been part of it. Figure 2 shows that

portions of Georgia are not in the diabetes belt. With this
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information, policymakers can more effıciently target
scarce resources toward those counties most in need.
There are multiple differences between the demo-

graphics of those who reside in the diabetes belt and the
rest of the U.S. Perhaps the most striking is the greater
percentage of non-Hispanic African Americans in the
diabetes belt. This fınding suggests that interventions that
are specifıcally targeted toward people of non-Hispanic
African-American ancestry should be considered in ap-
propriate locations within the diabetes belt. The belt also
has a smaller proportion of people of Hispanic ethnicity
than the rest of the nation. BecauseHispanic ethnicity is a
risk factor for diabetes,9 people of Hispanic ancestry
ight contribute relatively little to the greater prevalence
f diagnosed diabetes within the diabetes belt.
Many risk factors associated with diabetes (e.g., obe-

ity, non-Hispanic African-American ancestry, age �65
ears)9 were less strongly associated in the diabetes belt
than they were in the rest of the U.S. This might be
attributable to the nondiabetes belt population being
more heterogeneous. Regardless, the intercept term of
Model 2 (diabetes belt) was larger than the intercept term
of Model 3 (rest of U.S.), indicating that everyone in the
diabetes belt—including those who had few risk factors
(e.g., young, non-Hispanic white, non-obese people)—
was at greater risk of diabetes than similar people outside
the belt. The reasons for this might be associated with
social, cultural, and possibly genetic factors within the
area identifıed as the diabetes belt.
This study was subject to several limitations. Analyses

were based on BRFSS, which has some inherent limita-
tions (e.g., recall bias, social desirability bias, inability to
reach houseswithout land-line telephones). Similarly, the
BRFSS provides cross-sectional data. Therefore, no infor-
mation about either how long obese respondents had
been so or how long people leading sedentary lifestyles
had been doing so was available. Type 1 and 2 diabetes
were not distinguishable, although the latter nationally
accounts for 90%–95% of the total cases of diabetes.8 The
urrent defınition of the diabetes belt was based on esti-
ated county-level prevalence of diabetes and did not
ccount for these estimates’ uncertainties.
Thecut-off value for inclusion in thediabetesbelt (11.0%)

s arguable. Had a value of 12% been chosen, the resulting
belt”would have consisted ofmany isolated pockets.Had a
alueof10%beenchosen, the resultingbeltwouldhavebeen
uchmore diffuse and harder to interpret. The authors did
ot use the 11.2% cut-off the quintiles represented in Figure
because it would have made little difference in the identi-
ıed belt, and an 11.0% cut-off is conceptually simpler than
n 11.2% cut-off. However, different cut-offs would have

esulted in somewhat different belts.
TheBRFSSdoesnot support accounting forundiagnosed
iabetes. Results might change if counties substantially dif-
ered in theproportionofundiagnoseddiabetes.Counties in
he diabetes belt tend to be at low levels of economic devel-
pment. Lower levels of economic development oftenmean
ess access to care,10 which could reduce detection of diabe-
es. However, the diabetes belt had a greater percentage of
frican Americans than the rest of the country. African
mericans are at greater risk for diabetes, so providers
ight bemore vigilant in detecting diabetes amongAfrican
mericans. It is not known to what extent these factors
ancel, nor is the remaining bias’ direction.
Diabetes status was self-reported. Previous research has

hown that self-reported diabetes, when compared to med-
cal records, has a 99.7%specifıcity anda66.0%sensitivity.11

It is not known if sensitivity and specifıcity vary geographi-
cally. As diabetes prevalence can change over time, counties
mightmove inoroutof thediabetesbelt.Thus,membership
in the diabetes belt needs to be thought of as dynamic.
Similar changes have occurred in the stroke belt.2

Finally, many counties that have high diabetes preva-
lence are not included in the diabetes belt. For example,
some counties in Michigan and Oklahoma had a preva-
lence of diabetes �11.0% but were not included in the
belt. Similarly, isolated counties in Floridawere excluded.
Many of these counties are poor and some have large
American-Indian populations; American Indians have a
very high prevalence of diabetes.12

Althoughprevalence of diabeteswithin the diabetes belt ex-
ceeds that of the rest of the U.S., there is hope to reduce the
disparity. Much of the diabetes belt consists of areas that were
once primarily agricultural. People in the diabetes belt might
have continued to consumeahigh-caloriediet, appropriate for
agriculturallabor,aftertheneedforthisincreasedconsumption
hadpassed.Although the authors are aware of no county-level
data on caloric consumption that would support examination
of this hypothesis, it is consistent with the fınding that 30% of
the excess riskwas attributable to themodifıable risk factors of
obesity and sedentary lifestyle. If the prevalence of obesity and
sedentarylifestylewithinthediabetesbeltcouldbebroughtinto
line with that of the rest of the U.S., the disparity in diabetes
prevalence between the diabetes belt and the rest of the U.S.
wouldeventuallybereduced,becausereductionsinobesityand
sedentary lifestyle would reduce diabetes incidence. It is
stronglyrecommendedthatpublichealthoffıcialsconsidercul-
turallyappropriateinterventionstodecreaseobesityandseden-
tary lifestyle for countieswithin the diabetes belt.

The fındings and conclusions in this report are those of
the authors and do not necessarily represent the offıcial

position of the CDC.
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