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Oral health conditions in parts of Appalachia—a
region of the United States spanning 13 states across
the Appalachian Mountains from southern New York
to Northern Mississippi and including 24.8 million
people—are considered severe.'” In particular, Ken-
tucky, a highly Appalachian state containing the highest
proportion of economically distressed counties across
all of Appalachia,* has some of the worst oral health
outcomes in the nation.”” Kentucky ranks seventh
nationwide in the number of completely edentulous
older adults,” ninth in adults with any permanent teeth
extracted,’ and eighth in the prevalence of individuals
not having visited a dentist or dental clinic within the
past year for any reason.” Though Kentucky does have
a high rate of water fluoridation,® teeth cleanings, and
dental sealants as compared with the rest of the nation,
it still has a higher rate of caries and untreated caries
among children.’

In addition, rural inhabitants in the U.S. have been
shown to experience worse oral health outcomes com-
pared with urban inhabitants. Vargas et al. found that
adults living in rural areas in the U.S. were less likely
to visit a dentist in the past year and more likely to
be edentulous than their urban counterparts.'” About
30% of Kentuckians live in Appalachian-designated
counties. These counties reflect high levels of rural-
ity and some of the poorest populations in the U.S.,
contributing to the acute condition of oral health
in the region.! Further, as reported by their parents,
rural Kentucky children are less likely to have teeth in
excellent condition and to have dental insurance than
their urban counterparts.!’ These indicators seem to
suggest the existence of geographic disparities with
higher rates of oral health problems and lower use of
dental care in Appalachian Kentucky—a predominantly
rural region—than in non-Appalachian Kentucky.
Unfortunately, tabular presentations of oral health data
to policy makers can fail to convey both the relative
magnitude and location of disparities.

To clearly illustrate the geographic differences in
an oral health outcome in Kentucky, we proposed the
use of two geospatial techniques: (/) a cartographic
construction technique called the bivariate cartogram
and (2) hotspot cluster analysis. We chose to present
these data with cartograms due to the limitations associ-
ated with the more commonly encountered choropleth
map and tabular presentation displays. For example,
tabular presentations of spatial data do not display data
according to the context of space, thereby limiting
the results and interpretation. Choropleth maps (i.e.,
thematic maps in which regions are shaded according
to the distribution of data values) can often lead to
misinterpretation by displaying larger regions more
prominently than smaller ones. Cartograms are maps
that proportionally scale the area of a geographic entity
(e.g., counties, states, and countries) according to a
given (i.e., nonspatial) attribute (e.g., population),'*"?
thereby reducing the effect of the previously mentioned
size-prominence limitation of choropleth maps. Bivari-
ate cartograms use one attribute (e.g., county popula-
tion) to proportionally rescale the area of each county
polygon, and a second attribute (e.g., percentage of
adults aged 18 years and older with six or more teeth
removed because of tooth decay or gum disease) as a
traditional choropleth-type thematic map.

A hot-spot cluster analysis is useful for investigating
clusters of health events, such as the percentage of
adults with six or more teeth removed by county in the
Appalachian and non-Appalachian regions of Kentucky.
Using hot-spot analysis for geospatial visualization can
readily show the locations of significant hot spots or
clusters of health events and, hence, help in identifying
disparities. Individually, cartograms transform regions
relative to an underlying variable, while a hot-spot
analysis finds areas with statistical clusters at the county
level. When used in conjunction, as performed in this
study, the techniques produce a highly informative
and visually compelling understanding of oral health
disparities in the state.

These geographic techniques have been useful in
assessing and investigating clustering patterns for other
health events. For example, Mandal et al. found that
breast and prostate cancers cluster spatially in the U.S.,
with clusters of counties with high cancer rates found
in the North and clusters with low cancer rates found
in the South." Studies with similar methodology have
also used hot-spot analysis to identify elevated clusters
of mosquito breeding,'® respiratory infection incidence
rates,'® and typhoid outbreaks from 1906 to 1909.
Moreover, cartograms have been used to visualize dis-
parities in obesity prevalence by state,'® map the global
burden of malaria,' and map crime rates.’

Pusric HEaALTH REPORTS / JULY-AucusT 2011 / VoLuME 126



FroMm THE ScHooOLS or PuBLic HEaALTH < 613

To our knowledge, however, there are no extant
examples of the use of these two techniques—bivariate
cartograms and hot-spot analysis—in the relevant litera-
ture for examining oral health-related disparities. As an
example of the intersection between oral health and
geographic analysis, this study was intended to bridge
that gap in the literature and highlight the use of a
geographic information system (GIS) as a novel tool
when analyzing regional-based oral health disparities.
The findings from this study will be useful in guiding
health planning, resource allocation, and policy deci-
sions aimed at reducing oral health disparities and
improving oral health for all Kentuckians.

METHODS

Cartogram analysis

We created cartograms using ArcGIS® version 9.3%
that visualized 2006 population estimates,” 2007 dental
workforce,?® and an oral health outcome across Ken-
tucky by county. We calculated the dental workforce
by county, defined as dentists per 10,000 population,
by geocoding the physical practice addresses of all
Kentucky dentists and calculating the rate as a point-
in-polygon count of dentists divided by the respective
county population. County polygon areas were then
transformed by the resulting county populations and
dentist-per-10,000 population ratio using the Gastner-
Newman diffusion algorithm,?* available as a download-
able script for ArcGIS.* Next, the newly transformed
county polygons were shaded as a choropleth map
using the percentage, by county, of adults aged 18 years
and older with six or more permanent teeth removed
because of tooth decay or gum disease. The data for this
variable were taken from a 2007 report by the Kentucky
Institute of Medicine,* which compiled data from the

Kentucky Behavioral Risk Factor Surveillance System in
the years 1997, 1999, 2002, and 2004.?” County polygons
were shaded by the relative values of the oral health
outcome variable as categorized into five classes using
the Natural Breaks algorithm,* with a monochromatic
color scheme provided by ColorBrewer.org.?*

Appalachian county designations were identified
from the Appalachian Regional Commission.! We
downloaded the Kentucky county polygon data from
the Kentucky Division of Geographic Information.”
We also created a table to offer a brief descriptive
understanding of the cartograms. We performed stu-
dent’s two-sample t-tests on the variables in the Table
comparing Appalachia with non-Appalachia using SAS®
version 9.1.%

Hot-spot analysis

We performed a hot-spot analysis using the hotspot
analysis tool in ArcGIS, based on the Getis-Ord Gi*
statistic,” to identify counties with statistically significant
(p<<0.05) clusters of high or low rates of the percent-
age of adults with six or more teeth removed because
of tooth decay or gum disease. Extreme (high or low)
values of the Getis-Ord Gi* statistic indicated an increas-
ing intensity of clusters of high or low values (i.e., a
nonrandom distribution of the oral health outcome by
county). The output statistic of the hot-spot analysis, the
Z-score, measures the standard deviation (SD). Counties
with statistically significantly higher Z-scores (darker
counties) indicate a cluster of counties with a higher
percentage of adults with six or more teeth removed
because of tooth decay or gum disease, and counties
with statistically significantly lower Z-scores (lighter
counties) indicate a cluster of counties with a lower
percentage of adults with six or more teeth removed
because of tooth decay or gum disease (Figure 1).

Table. Descriptive statistics for variables of interest in a study of oral health in Appalachian

and non-Appalachian regions in Kentucky

Regions

Variables

Appalachian

Non-Appalachian State

Mean population of counties? (SD)

22,080 (16,098)

45,837 (91,946) 35,146 (69,089)

Mean dentists per 10,000 population of 3.10 (1.69) 3.74 (2.22) 3.45 (2.00)
counties (SD)
Mean percentage of adults 18 years of age 42.20 (9.40) 33.20 (8.30) 37.30 (8.80)

and older® with six or more permanent teeth
removed because of tooth decay or gum
disease (SD)

°p<0.05; two-sample t-test assuming unequal variances
2p<<0.0001; two-sample t-test assuming equal variances
SD = standard deviation
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Figure 1. High® and low® hot-spot GI* analysis of the percentage of adults 18 years of age and older with six or
more permanent teeth removed because of tooth decay or gum disease in Kentucky
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High clusters (darker counties): 13 out of the 54 Appalachian counties were nonrandom clusters (p<<0.05) with respect to oral health outcome
(i.e., higher percentage of adults with teeth removed). One of the 13 Appalachian counties had a low cluster. This county was relatively close to
lower Z-score cluster counties and just within the border of the Appalachian region.

®Low clusters (lighter counties): six non-Appalachian counties were nonrandom clusters (p<<0.05) with respect to oral health outcome (i.e., lower

percentage of adults with teeth removed).
Std. dev. = standard deviation

RESULTS

As shown in Figure 2a, an untransformed choro-
pleth map of Kentucky highlights the concentration
of darker counties—those with a higher percentage
of adults with six or more teeth removed—in the
Appalachian region. Nine of the 10 counties in the
bottom oral health class—51%—-65%—are located in
the Appalachian region. The cartogram in Figure 2b,
as transformed by county population, depicts coun-
ties with the largest populations as also having the
largest areas, and typically better oral health per the
oral health outcome. The cartogram in Figure 2c, as
transformed by dentists per 10,000 population, shows

a similar trend as Figure 2b in that counties with the
largest areas—i.e., higher ratios of dentists per 10,000
population—also had the lowest percentage of adults
with six or more teeth removed. Counties with lower
ratios of dentists per 10,000 population tend to be
Appalachian and have worse oral health as measured
by our oral health outcome. Thus, Figure 2 illustrates
three spatial disparities: an oral health disparity
between Appalachian and non-Appalachian Kentucky,
between higher and lower population counties, and
between counties with higher and lower numbers of
dentists per 10,000 population.

The Table shows that the mean population and
mean number of dentists per 10,000 population in
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Figure 2. Percentage of adults 18 years of age or older with six or more permanent teeth removed because
of tooth decay or gum disease in Kentucky shown in (a) an untransformed choropleth map, (b) a 2006 county
population cartogram, and (c) a 2007 dental workforce cartogram?®
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*Kentucky counties transformed proportional to county populations for 2006 (b) and proportional to the ratio of dentists per 10,000 population
within each county (c). Two Appalachian counties (Robertson and Owsley) have zero dentists and are distorted enough not to be visible (c).
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Appalachia were lower than in non-Appalachian Ken-
tucky and Kentucky, and the mean percentage of adults
with six or more teeth removed was higher in Appala-
chia than in non-Appalachia and Kentucky. We found
no significant differences between Appalachia and
non-Appalachia for the number of dentists per 10,000
population, but we did find significant differences
between the two regions for the oral health outcome
($<<0.0001) and population variables ($<<0.05).

Figure 1 shows that counties with a higher percent-
age of adults with six or more teeth removed because
of tooth decay or gum disease (darker counties: >1.96
SD) were statistically significantly clustered (i.e., non-
randomly distributed) in the Appalachian region, thus
confirming the results of an oral health spatial-based
disparity between Appalachian and non-Appalachian
Kentucky. The map also shows that counties with a
lower percentage of adults with six or more teeth
removed because of tooth decay or gum disease (lighter
counties: <1.96 SD) were statistically significantly clus-
tered in the non-Appalachian region. We repeated this
analysis for the ratio of dentists per 10,000 population
variable with some similar results: high clusters (>1.96
SD ratios of dentists per 10,000 population) were found
in five non-Appalachian counties, and one Appalachian
county was a statistically significant low cluster (<1.96
SD) (data not shown).

DISCUSSION

The depictions of a distorted, or rescaled, Kentucky via
cartograms in addition to the hot-spot analysis provide
policy makers with evidence of spatially and statistically
based oral health disparities between Appalachian
and non-Appalachian Kentucky and some evidence
of a dental workforce misdistribution. These two geo-
graphic analytical techniques were useful in conjunc-
tion because, while the results in Figure 2 show the
effect that dentist and population density have on the
oral health outcome (i.e., generally worse oral health in
counties with lower dentist and population densities),
Figure 1 pinpoints specific clusters of counties with sig-
nificantly high rates of the percentage of adults with six
or more teeth removed because of tooth decay or gum
disease. Both figures offer policy makers a clear guide
to county-level funding allocation for the improvement
of oral health. Together, these geographic techniques
present an informative visualization of the state by
oral health and a thorough and accurate depiction of
the spatial component of oral health disparities with
respect to our outcome. This study also brought light
to the importance of accounting for place of residence

in dental public health research through the use of
spatial statistical techniques and GIS.

The public health significance of these findings
is broad. The implications of these results can drive
policy-making and funding allocation, and provide a
basis for further investigation into the causes of these
patterns. Specifically, this study provides policy makers
with a visualization of the oral health burden faced in
Appalachian Kentucky to direct efforts in that region
and improve overall oral health. Also, the use of carto-
grams coupled with a hot-spot analysis offers a unique
way of visualizing health-related disparities to policy
makers, the lay public, and researchers.

In addition, these findings are important to the field
of public health because oral health is often an over-
looked component of general health and well-being.
In 2000, the Surgeon General called oral disease a
“silent epidemic” because of its ubiquitous nature and
disproportionate effect on “. . . our most vulnerable
citizens—poor children, the elderly, and many mem-
bers of racial and ethnic minority groups.”** Moreover,
poor oral health has been associated with an elevated
risk of heart disease.”® Among adults, poor oral health
has also been associated with absences from work and
low self-esteem. ¥

The hot-spot analysis showed counties with a higher
percentage of adults with six or more teeth removed
because of tooth decay or gum disease clustered in
the Appalachian region—a region characterized by
low population densities, low dentist densities, and
high poverty rates. These variables inextricably define
much of Appalachian Kentucky**" and may explain
why an oral health disparity exists. Future studies
should seek to perform regression analyses to try to
more thoroughly explain why much of Appalachian
Kentucky is experiencing poorer oral health relative
to non-Appalachian Kentucky. Moreover, although
not every county with a high percentage (51%-65%)
of the oral health outcome is shown as being part of
a significantly high cluster, policy makers should not
neglect those counties simply because they are not
part of a high cluster. Counties that were not high
clusters but had a high percentage of adults with six
or more teeth removed because of tooth decay or gum
disease still represent areas in which funding should
be focused.

Limitations

This study had several limitations. One limitation was
the artificially abrupt change in the oral health out-
come that occurred from county boundary to county
boundary and the use of county-level choropleth
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thematic mapping that depicted a synthetic uniformity
(ecological fallacy) of the oral health outcome across
counties. In addition, the oral health outcome used in
this study was limited to adults aged 18 years and older
with six or more permanent teeth removed because of
tooth decay or gum disease. While it was necessary to be
specific for the sake of this research, this outcome does
not sufficiently provide an exhaustive understanding
of oral health in Kentucky. Future studies should seek
to offer a more rounded assessment of oral health by
examining more oral health outcomes and indicators
using geospatially based methods. In addition, although
cartograms represent an important visual tool in oral
health epidemiology and health geography, they may
at first seem difficult to interpret. It has been shown,
however, that providing a basic briefing on cartograms
allows for a better understanding of the maps.*!

CONCLUSIONS

Cartograms and hot-spot analysis, though only two
elements in the spectrum of geography and spatial
statistics, provide a more novel representation of spatial
disparities than classic tabular presentations, minimize
limitations associated with choropleth maps, add a
dimension of data (i.e., spatial weighting) beyond the
typical map, and identify nonrandom clusters of health
events. These two tools can be used by policy makers
to determine where oral health disparities exist and
pinpoint specific areas of need when allocating funds
for and improving oral health across entire popula-
tions. Finally, this study highlights certain areas in a
predominantly rural state that are experiencing oral
health-related disparities and demonstrates the need
to account for place of residence when performing
public health research.

This article was presented orally as a poster session at the
American Public Health Association Conference in Philadelphia
in November 2009.
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