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ABSTRACT

Objectives. We used existing data systems to examine sexually transmitted 
disease (STD) and HIV/AIDS diagnosis rates and explore potential county-
level associations between HIV/AIDS diagnosis rates and socioeconomic 
disadvantage.

Methods. Using South Carolina county data, we constructed multivariate 
ring maps to spatially visualize syphilis, gonorrhea, chlamydia, and HIV/AIDS 
diagnosis rates; gender- and race-specific HIV/AIDS diagnosis rates; and three 
measures of socioeconomic disadvantage—an unemployment index, a poverty 
index, and the Townsend index of social deprivation. Statistical analyses were 
performed to quantitatively assess potential county-level associations between 
HIV/AIDS diagnosis rates and each of the three indexes of socioeconomic 
disadvantage. 

Results. Ring maps revealed substantial spatial association in STD and HIV/
AIDS diagnosis rates and highlighted large gender and racial disparities in 
HIV/AIDS across the state. The mean county-level HIV/AIDS diagnosis rate 
(per 100,000 population) was 24.2 for males vs. 11.2 for females, and 34.8 
for African Americans vs. 5.2 for white people. In addition, ring map visualiza-
tion suggested a county-level association between HIV/AIDS diagnosis rates 
and socioeconomic disadvantage. Significant positive bivariate relationships 
were found between HIV/AIDS rate categories and each increase in poverty 
index category (odds ratio [OR] 5 2.03; p50.006), as well as each increase 
in Townsend index of social deprivation category (OR54.98; p0.001). A 
multivariate ordered logistic regression model in which all three socioeconomic 
disadvantage indexes were included showed a significant positive associa-
tion between HIV/AIDS and Townsend index categories (adjusted OR56.10; 
p0.001). 

Conclusions. Ring maps graphically depicted the spatial coincidence of STD 
and HIV/AIDS and revealed large gender and racial disparities in HIV/AIDS 
across South Carolina counties. This spatial visualization method used existing 
data systems to highlight the importance of social determinants of health in 
program planning and decision-making processes. 
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Rates of sexually transmitted diseases (STDs) and 
human immunodeficiency virus (HIV)/acquired 
immunodeficiency syndrome (AIDS) persist at elevated 
levels in the United States.1,2 Moreover, significant 
gender and racial/ethnic disparities in STD and HIV/
AIDS rates remain, despite a commitment by public 
health leaders and the Healthy People 2010 initiative 
to eliminate health disparities.3 For example, the rate 
of primary- and secondary-stage syphilis (reported 
cases) is higher for men (7.8 per 100,000 population) 
than for women (1.4 per 100,000 population),2 while 
the rate of HIV diagnoses is higher among African 
Americans (66.6 per 100,000 population) than among 
white people (7.2 per 100,000 population).1

In accordance with program guidelines established 
by the Centers for Disease Control and Prevention 
(CDC), efforts to reduce STD and HIV/AIDS transmis-
sion and to address gender and racial/ethnic dispari-
ties in disease rates should be data driven.4–8 Disease 
surveillance data alone do not provide the contextual 
information necessary to guide the development of 
meaningful community interventions. Rather, suc-
cessful STD and HIV/AIDS program planning and 
evaluation require the compilation, prioritization, and 
synthesis of wide-ranging information sets, including 
data on disease rates,1,2,5 modes of transmission,9–11 
comorbid conditions,12–16 and treatment options 
and efficacy.13,16–18 Data on risk-taking behaviors;19–23 
health-care-seeking and compliance behaviors;22,24–27 
and sociocultural attitudes toward sex, STDs, and 
HIV/AIDS also are relevant to STD and HIV/AIDS 
programming efforts.9,20,28,29 Moreover, a growing body 
of literature cites a positive association between local 
disease rates and levels of socioeconomic disadvantage. 
For example, higher rates of syphilis, gonorrhea, and 
chlamydia have been found in impoverished areas 
of Massachusetts and Rhode Island;30 higher rates of 
AIDS have been noted in low-income neighborhoods 
in Los Angeles County in California31 and in census-
block groups characterized by high levels of poverty 
in Massachusetts;32 and higher rates of HIV have been 
reported in high-poverty census tracts in Virginia.33 
Based on such evidence, successful disease interven-
tions must also consider the socioeconomic context of 
STDs and HIV/AIDS.

Increasingly, geographic information systems (GISs) 
contribute critical spatial information to strengthen 
STD and HIV/AIDS program planning and evaluation 
processes.34–38 GIS visualization products—typically 
maps—yield valuable insight into relevant spatial distri-
butions, patterns, and associations not readily apparent 
in tabled data. As useful as maps can be to STD/HIV/
AIDS program planners and evaluators, the comparison 
and synthesis of information across multiple maps can 

prove cumbersome. A recent cartographic innovation, 
the ring map, facilitates the visual assessment of multi-
variate spatial data by depicting individual datasets as 
separate rings of information surrounding a base map 
of a particular geographic region of interest.39 In this 
way, a ring map effectively summarizes multiple lay-
ers of data, presenting an array of regional attributes 
(e.g., information about local population composition, 
health status, and/or socioeconomic conditions) in a 
single spatially referenced graphic. 

In this investigation, ring maps were created to 
spatially visualize county-level syphilis, gonorrhea, 
chlamydia, and HIV/AIDS diagnosis rate data for 
South Carolina, a state that ranks third in the nation in 
chlamydia rates per 100,000 women2 and seventh in the 
rate of HIV diagnoses (ninth overall, including Puerto 
Rico and the U.S. Virgin Islands).1 In addition, a ring 
map was developed to visually explore potential county-
level associations between HIV/AIDS diagnosis rates 
and socioeconomic disadvantage in South Carolina. 

METHODS

STD and HIV/AIDS data
We acquired the numbers of syphilis, gonorrhea, and 
chlamydia cases diagnosed in the years 2006–2008 per 
county from the South Carolina Department of Health 
and Environmental Control (SC DHEC).40 Three-year 
average annual diagnosis rates (cases per 100,000 popu-
lation) by county were calculated for each of the three 
STDs according to the following formula: three-year 
total number of diagnoses per county divided by the 
estimated county population in 2007 (the midpoint of 
the time period assessed), multiplied by 100,000, and 
then divided by three. Three-year (2006–2008) average 
annual HIV/AIDS diagnosis rates (HIV and AIDS cases 
per 100,000 population) for South Carolina counties 
were obtained from SC DHEC.41 Multiple-year rates 
provide more stable estimates of the relative numbers 
of STD and HIV/AIDS diagnoses, particularly in coun-
ties with small populations, making them preferable 
to single-year rates. 

Socioeconomic measures
Relative socioeconomic disadvantage across South 
Carolina counties was evaluated using three separate 
indicators: (1) an unemployment index (percent of 
the civilian labor force that is unemployed), (2) a 
poverty index (percent of the population for whom 
poverty status is determined to be living below the 
federal poverty level), and (3) the Townsend index of 
social deprivation. The Townsend index is a composite 
measure based on four component indicators: unem-
ployment (again, percent of the civilian labor force 
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without jobs), vehicle access (percent of households 
with no vehicle available), household tenure (percent 
of households that rent rather than own a home), and 
household crowding (percent of households with more 
than one person per room). Social deprivation scores 
for geographic areas (e.g., counties, census tracts, 
and census-block groups) are calculated by deriving 
standardized z-scores based on each of the four compo-
nent index distributions and by summing the resulting 
z-scores for each area.42 Studies have shown associations 
between numerous adverse health outcomes and local 
rates of poverty,30,43,44 unemployment,44–46 and social 
deprivation (as measured by the Townsend index).30,43,44 
Thus, these indicators are appropriate for inclusion 
in an exploratory analysis of potential county-level 
associations between HIV/AIDS diagnosis rates and 
socioeconomic disadvantage.

County-level unemployment data for the single 
variable unemployment index were obtained from the 
U.S. Bureau of Labor Statistics.47 Annual unemploy-
ment rates from the years 2006–2008 were averaged to 

create the unemployment measure. Similarly, county-
level annual poverty rates from the years 2006–2008, 
derived from U.S. Census Small Area Income and 
Poverty Estimates, were averaged to create the poverty 
index.48 Data for the county-level Townsend index of 
social deprivation were obtained from U.S. Census 2000 
Summary File 3.49 Although the same data elements are 
available from the more recent American Community 
Survey 2006–2008 dataset, the restriction of data to 
geographic areas with populations of 20,000 or greater 
precluded their use, as several South Carolina counties 
have populations of less than 20,000. 

Spatial visualization methods
We based our construction of county-level ring maps 
on Huang et al.’s original description of this innovative 
geovisualization method.39 Briefly, a core circle large 
enough to accommodate a base map of South Carolina 
counties was drawn to establish a graphic center for 
the ring map (Figure 1). A set of concentric circles 
then was drawn around the core. These circles were 

Figure 1. Diagnosis rates of HIV/AIDS, syphilis, gonorrhea, and chlamydia in South Carolina  
by countya using a ring map spatial visualization methodb

aDiagnosis rate rankings are based on county rate distribution quartiles. Data source: South Carolina Department of Health and Environmental 
Control, 2006–2008.
bRing map available in a color presentation at http://ifs.sc.edu/PRMM/RingMaps

HIV 5 human immunodeficiency virus

AIDS 5 acquired immunodeficiency syndrome
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used to define individual rings around the base map, 
with each ring representing a separate layer of data. 
Next, 46 “spokes” of equal width—one for each of the 
state’s counties—were distributed in radiating fashion 
at approximately 7.8-degree intervals (360 degrees 
divided by 46) on top of the ring set. Spokes were 
used to partition each ring into 46 county-level data 
visualization units. Finally, each ring was populated 
with a different county-level dataset, thereby creating 
a multivariate ring map graphic. 

A total of three ring maps were created. In Figure 1, 
STD and HIV/AIDS diagnosis rate data were grouped 
into ordered, quartile categories (high, medium high, 
medium low, and low) to allow comparison of relative 
disease rates across counties. In Figure 2, disparities 
in gender- and race-specific HIV/AIDS diagnosis rates 
were examined. Diagnosis rate data for males, females, 
African Americans, and white people were grouped 
into four categories using quartile breaks from the 

total county-level HIV/AIDS diagnosis rate distribution, 
plus a fifth category representing values more than 2.8 
standard deviations (SDs) above the total county-level 
population mean. Socioeconomic disadvantage (unem-
ployment, poverty, and social deprivation) and HIV/
AIDS diagnosis rate data were grouped into ordered 
quartiles in Figure 3 to facilitate visual exploration of 
the association between diagnosis rates and socioeco-
nomic distress across counties. (The ring maps in Fig-
ures 1–3 are available in a color presentation at http://
ifs.sc.edu/PRMM/RingMaps.) We developed the ring 
maps using ArcGIS® 9.3.1.50 For graphic enhancement, 
we added titles, legend information, and base map 
drop shadows to the maps using Adobe Photoshop® 
CS3 and Illustrator® CS3.51

Statistical methods
Statistical analyses assessed potential county-level asso-
ciations between HIV/AIDS diagnosis rates and each 

Figure 2. Diagnosis rate of HIV/AIDS in South Carolina counties by race and gendera  
using a ring map spatial visualization methodb

aData source: South Carolina Department of Health and Environmental Control, 2006–2008
bRing map available in a color presentation at http://ifs.sc.edu/PRMM/RingMaps

HIV 5 human immunodeficiency virus

AIDS 5 acquired immunodeficiency syndrome
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of the three indexes of socioeconomic disadvantage. In 
these analyses, HIV/AIDS diagnosis rates were grouped 
into ordered quartile categories; there were no tied 
diagnosis rates in the data. We investigated associations 
with the three disadvantage indexes using two scenar-
ios: (1) treating each index as a continuous collection 
of quartile units, and (2) treating each measure as a 
continuous covariate in the original metric. Both bivari-
ate and multivariate ordered logistic regression models 
were tested. Bivariate models assessed the association 
of each individual socioeconomic disadvantage index 
with HIV/AIDS diagnosis rate categories; multivariate 
models evaluated the association of socioeconomic 
disadvantage with HIV/AIDS diagnosis rate categories 

when all three disadvantage measures were considered 
simultaneously. We used Stata® version 11.052 for all 
statistical analyses. 

RESULTS

For the years 2006–2008, average annual diagnosis 
rates (all rates are cases per 100,000 population) in 
South Carolina counties ranged from 2.0 to 36.7 for 
syphilis (mean 5 10.4; SD57.0), 54.2 to 429.5 for 
gonorrhea (mean 5 214.7; SD592.9), 205.5 to 1,393.6 
for chlamydia (mean 5 576.8; SD5237.2), and 4.8 to 
44.0 for HIV/AIDS (mean 5 17.5; SD59.6). A ring 
map of diagnosis rate quartiles showed considerable 

Figure 3. Diagnosis rate of HIV/AIDS and levels of socioeconomic disadvantagea in South Carolina  
by countyb,c, using a ring map spatial visualization methodd

aThree socioeconomic disadvantage measures are represented: Townsend index of social deprivation, percent below poverty level, and percent 
unemployed.
bDiagnosis rate and socioeconomic disadvantage rankings are based on county rate distribution quartiles. 
cData sources: Census Bureau (US). Small area income and poverty estimates, county data, 2006–2008 [cited 2010 Apr 9]. Available from: http://
www.census.gov/did/www/saipe; Census Bureau (US). Census 2000: summary file 3 [cited 2010 Apr 9]. Available from: URL: http://www.census.
gov/main/www/cen2000.html; Bureau of Labor Statistics (US). Local area unemployment statistics, county data, 2006–2008 [cited 2010 Apr 9]. 
Available from: URL: http://www.bls.gov/lau/home.htm, 2006-2008; South Carolina Department of Environmental Control, 2006–2008
dRing map available in a color presentation at http://ifs.sc.edu/PRMM/RingMaps

HIV 5 human immunodeficiency virus

AIDS 5 acquired immunodeficiency syndrome
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spatial association in the rates of syphilis, gonorrhea, 
chlamydia, and HIV/AIDS across counties (Figure 1). 
Nine counties fell in the highest rate quartile on at 
least three of the four disease outcomes. Conversely, six 
counties were in the lowest quartile on at least three of 
the four conditions. Counties with relatively high diag-
nosis rates across conditions were predominantly found 
along a transection extending from Dillon County in 
the northeastern part of the state to Allendale County 
in the southwest. Counties with relatively low rates, on 
the other hand, were predominantly located in the 
state’s northwestern region.

Gender disparities in HIV/AIDS were evident 
throughout the state. County-level diagnosis rates 
(again, all rates are cases per 100,000 population) for 
males ranged from 7.6 to 68.3 (mean 5 24.2; SD513.6), 
while rates among females ranged from 1.9 to 30.2 
(mean 5 11.2; SD57.2). As shown in Figure 2, diag-
nosis rates for males were one or more class intervals 
higher than for females in 35 of the state’s 45 counties 
with complete gender-specific data. Similarly, racial 
disparities in HIV/AIDS existed statewide. County-level 
diagnosis rates among African Americans ranged from 
9.6 to 71.7 (mean 5 34.8; SD514.2), while rates for 
white people ranged from 0.8 to 13.5 (mean  5 5.2; 
SD52.8). As shown in Figure 2, diagnosis rates were 
one or more class intervals higher among African 
Americans than white people in 42 of the 43 counties 
with complete race-specific data. 

A ring map display of ordered HIV/AIDS diagnosis 
rate quartiles—along with ordered unemployment, 
poverty, and Townsend index quartiles—revealed 
substantial spatial coincidence in relative rates of dis-
ease and socioeconomic disadvantage across counties 
(Figure 3). Of the 11 counties in the highest HIV/
AIDS rate quartile, four also were in the highest unem-
ployment rate quartile, six were in the highest poverty 
rate quartile, and eight were in the highest Townsend 
index social deprivation quartile. Eight of the 11 high 
HIV/AIDS rate counties fell in either the highest or 
second-highest unemployment rate quartile, nine fell 
in either the highest or second-highest poverty rate 
quartile, and all 11 fell in either the highest or second-
highest social deprivation quartile. Conversely, four of 
the 11 counties in the lowest HIV/AIDS rate quartile 
also were in the lowest unemployment rate quartile, 
and eight were in the lowest social deprivation quartile. 
Moreover, eight of the low HIV/AIDS rate counties fell 
in either the lowest or second-lowest unemployment 
rate quartile, eight fell in either the lowest or second-
lowest poverty rate quartile, and 10 fell in either the 
lowest or second-lowest social deprivation quartile. 

Bivariate statistical analyses of ordered categorical 
(quartile) data also suggested a county-level associa-
tion between HIV/AIDS diagnosis rates and each of 
the three measures of socioeconomic disadvantage. All 
ordered logistic regression models assessing the bivari-
ate relationship of HIV/AIDS diagnosis rate categories 
and socioeconomic disadvantage failed to reject the 
assumption of proportional odds/parallel lines (all 
p-values 0.1644). A significant positive relationship 
was found between HIV/AIDS rate categories and 
unemployment index categories at the α50.05 level of 
significance (odds ratio [OR] 5 1.68; p50.036). That 
is, the odds of being in a higher HIV/AIDS diagnosis 
rate quartile were 1.68 times greater for each increase 
in quartile of the unemployment index. Likewise, 
significant positive bivariate relationships were found 
between HIV/AIDS rate categories and each increase 
in poverty index category (OR52.03; p50.006), as well 
as each increase in Townsend index of social depriva-
tion category (OR54.98; p0.001). 

In a multivariate ordered logistic regression model 
in which all of the socioeconomic disadvantage indexes 
were included as covariates, a significant positive asso-
ciation was found between HIV/AIDS diagnosis rate 
categories and Townsend index categories (adjusted 
OR [AOR] 5 6.10; p0.001). However, no significant 
associations emerged between HIV/AIDS rates and 
the other two socioeconomic disadvantage measures 
in the multivariate model. In bivariate models treating 
each socioeconomic measure as a continuous covari-
ate in the original metric, significant positive associa-
tions were found between HIV/AIDS diagnosis rates 
and both the poverty index (OR51.15; p50.006) and 
the Townsend index (OR51.70; p0.001). Only the 
Townsend index of social deprivation was significantly 
associated with HIV/AIDS rates (AOR51.88; p50.001) 
in a multivariate model treating the socioeconomic 
measures as continuous covariates in the original 
metrics (Table 1).

In bivariate statistical analyses stratified by gender, 
both unemployment and poverty were significantly 
positively associated with HIV/AIDS diagnosis rate 
categories among females; neither measure, however, 
was significantly associated with HIV/AIDS rate cat-
egories among males. For both males and females, 
a significant positive bivariate association was found 
between HIV/AIDS diagnosis rate categories and the 
Townsend index. Likewise, in multivariate models, the 
Townsend index was significantly positively associated 
with HIV/AIDS diagnosis rate categories for both males 
and females (Table 2). Finally, in both bivariate and 
multivariate statistical analyses stratified by race, the 
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Townsend index was significantly positively associated 
with HIV/AIDS diagnosis rates among both African 
Americans and white people (Table 3).

DISCUSSION

Ring maps graphically depicted the spatial coincidence 
of syphilis, gonorrhea, chlamydia, and HIV/AIDS 
across South Carolina counties (Figure 1) and high-
lighted the large gender and racial disparities in HIV/
AIDS diagnosis rates that exist in the state (Figure 2). 
Information about the spatial distribution of disease 
rates and rate disparities can be useful in targeting at-
risk populations, allocating resources for HIV preven-
tion, and allocating resources for HIV/AIDS care and 
service delivery. County-level data may be especially 
helpful when counties or county aggregations serve 
as primary public health planning units.

A multivariate ring map display suggests a spatial 
association between local HIV/AIDS diagnosis rates 
and socioeconomic disadvantage in the study region 
(Figure 3). Counties with high diagnosis rates and high 
or medium-high levels of unemployment, poverty, and 
social deprivation—Dillon, Lee, Williamsburg, Sumter, 

Orangeburg, Hampton, Bamberg, and Barnwell coun-
ties—are readily apparent in the graphic. Notably, the 
visual assessment of the same data shown in the ring 
map would require the comparison and synthesis of 
information across multiple conventional choropleth 
maps. The ring map effectively streamlines the presen-
tation of large amounts of data and, further, integrates 
multiple related datasets, thus increasing the relevancy 
of data to public health policy makers, planners, and 
evaluators.8

Bivariate statistical analyses also suggest a county-
level association between HIV/AIDS diagnosis rates 
and socioeconomic disadvantage. Higher HIV/AIDS 
diagnosis rates were associated with higher levels of 
socioeconomic disadvantage (ordered categories), 
regardless of the socioeconomic measure. The 
Townsend index of social deprivation was most strongly 
associated with HIV/AIDS diagnosis rates; the unem-
ployment index, on the other hand, was significantly 
associated only at the α50.05 level of significance. 
In multivariate models that included all three socio-
economic disadvantage measures, only the Townsend 
index was significantly associated with HIV/AIDS diag-
nosis rate categories. The Townsend index remained 

Table 1. County-level association between HIV/AIDS diagnosis rate categories (quartiles) and socioeconomic 
disadvantage in South Carolina, 2006–2008 

Model

Socioeconomic disadvantage index

Unemploymenta Povertyb Townsend indexc

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

Bivariate—ordered category 
disadvantage measures

1.68 (1.04, 2.74) 0.036 2.03 (1.22, 3.38) 0.006 4.98 (2.55, 9.73) 0.001

Bivariate—continuous 
disadvantage measures

1.23 (0.97, 1.55) 0.089 1.15 (1.04, 1.27) 0.006 1.70 (1.30, 2.22) 0.001

AOR (95% CI) P-value AOR (95% CI) P-value AOR (95% CI) P-value

Multivariate—ordered category 
disadvantage measures

1.02 (0.51, 2.08) 0.945 0.73 (0.31, 1.72 0.478 6.10 (2.62, 14.20) 0.001

Multivariate—continuous 
disadvantage measures

0.83 (0.56, 1.24) 0.372 0.99 (0.81, 1.21) 0.915 1.88 (1.31, 2.71) 0.001

aPercent of the civilian labor force that is unemployed
bPercent of the population for whom poverty status is determined to be living below the federal poverty level
cThe Townsend index is a composite measure based on four component indicators—unemployment (percent of the civilian labor force without 
jobs), vehicle access (percent of households with no vehicle available), household tenure (percent of households that rent rather than own a 
home), and household crowding (percent of households with more than one person per room). Social deprivation scores for South Carolina 
counties were calculated by deriving standardized z-scores based on each of the four component index distributions and by summing the 
resulting z-scores for each county.

HIV 5 human immunodeficiency virus

AIDS 5 acquired immunodeficiency syndrome

OR 5 odds ratio

CI 5 confidence interval

AOR 5 adjusted odds ratio
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significantly associated with HIV/AIDS in multivariate 
models stratified by gender and, separately, by race/
ethnicity. Based on these results, and on findings 
from other studies,30,43 the Townsend index of social 
deprivation—which is easily constructed using readily 
available Census data—seems well-suited to STD/HIV/
AIDS program decision makers as a measure of local 
socioeconomic disadvantage. 

A causal relationship between socioeconomic dis-
advantage and diagnosis rates of HIV/AIDS cannot 
be inferred from this examination. The findings pre-
sented, however, are consistent with other studies that 
note relatively higher rates of STD/HIV/AIDS in socio-
economically deprived locations.30–33 These results lend 
further support to a social epidemiologic perspective 
that emphasizes the deleterious effect of such factors 
as poverty, income inequality, segregation, sexism, and 
racism on health status. The findings support the role 
of social determinants as potential pathways toward 
the reduction of adverse health outcomes and health 
disparities.53,54 

Limitations
A major limitation associated with ring maps is the 
loss of spatial topology (information about the spa-
tial continuity of geographic units) in the rings. For 
example, Richland County (in the center of the state) 
is surrounded by six adjacent counties; it has only two 
adjacent neighbors (Lancaster and Kershaw counties) 
in the rings, however, and only one of these actually 
shares a border with Richland (notably, though, com-
plete spatial topology is represented in the central base 
map). Furthermore, the number of rings, as well as 
the number of enumeration units (e.g., counties) that 
can be represented in a single ring map are limited, 
both from a practical design standpoint and in terms 
of user comprehension. Other limitations common 
to all static maps include the representation of spatial 
data using predetermined (unchanging) classes and 
symbolization methods. Potentially, such limitations 
might be overcome in a dynamic (e.g., Web-based) 
ring mapping environment that allows direct user 
input in the selection, visualization, and exploration 
of multivariate datasets.55 

The statistical analyses performed in this study 
served to quantitatively evaluate the association 
between HIV/AIDS diagnosis rates and socioeconomic 
disadvantage suggested in Figure 3. As noted, the 
statistical results obtained do not demonstrate any 
causal relationships. The actual association between 
HIV/AIDS rates and local socioeconomic disadvan-
tage is almost certainly a complex one56–58 involving 
the interplay of individual-level characteristics (e.g., 

race/ethnicity,20,29,59,60 literacy,27 and risk-taking behav-
iors19–23); community-level attributes (e.g., population 
mobility,61 residential segregation,57–59 incidence of 
violent crime,62 and decay of the built environment63); 
characteristics of the health-care delivery system;58 and 
broader sociocultural attitudes, laws, regulations, poli-
cies, and practices.57 In South Carolina and other Deep 
South states, HIV/AIDS diagnosis rates may reflect 
the region’s unique history,64 which includes African 
American slavery, overt and more subtle forms of racial 
discrimination, persistent poverty, and poor access to 
health-care services. Multilevel statistical models that 
simultaneously evaluate individual- and contextual-level 
variables may prove useful in determining the relative 
influence of individual, small-area socioeconomic, 
and sociocultural factors—including historical legacy 
effects—on HIV/AIDS rates and in identifying factors 
amenable to change that will result in lower rates of 
HIV/AIDS infection. Moreover, multilevel statistical 
methods might be used to examine, separately, the 
relationship between social determinants of health 
(SDH) and HIV infection and AIDS incidence.

Ring map visualization strengths
Ring map visualization represents an innovative method 
by which existing data systems can be used to highlight 
the importance of SDH in program planning and 
decision-making processes. The ring maps presented 
in this article serve only to introduce this multivariate 
cartographic tool to STD, HIV/AIDS, and other pub-
lic health professionals. Ring maps may be adapted 
to spatially visualize wide-ranging datasets at multiple 
geographic scales. In addition to visualizing measures 
such as STD and HIV/AIDS diagnosis rates, poverty, 
and unemployment, ring maps might be used to display 
such small-area characteristics as income inequality, 
residential segregation, age structure, educational 
attainment, family fragmentation, linguistic isolation, 
housing affordability, and population mobility. Spatial 
data in rings can be summarized at the county level, as 
shown in Figures 1–3, or at other relevant geographic 
levels, including census tract, ZIP code area, or public 
health service area.55 Notably, the base map itself can 
be used to display a layer of information. In Figure 1, 
for example, the base map might highlight counties 
meeting specific evaluation criteria—perhaps those 
in the highest or second-highest HIV/AIDS diagnosis 
rate quartile and in the lowest syphilis rate quartile. 
Moreover, ring maps can convey time-series data for 
a single health condition. A map with 10 rings, for 
instance, might show annual incidence rates of HIV 
over a 10-year period, while a map with 12 rings might 
depict the weekly incidence of cases associated with a 
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syphilis outbreak over a 12-week time frame. Ring maps, 
thus, can be used to visualize and explore diverse data 
elements across both space and time.39,55,65 

CONCLUSIONS

A ring map depicts and integrates multiple layers of 
region-specific data in a single spatially referenced 
graphic. Ring map visualization can be used to iden-
tify spatial and temporal trends in STD and HIV/
AIDS diagnosis rates; highlight gender and racial/
ethnic disparities in STD and HIV/AIDS; and explore 
potential contextual associations between HIV/AIDS 
and such SDH as poverty, unemployment, income 
inequality, and residential segregation. Rather than 
serving as stand-alone information products, ring maps 
can supplement and summarize other map products, 
suggest specific spatial analytical approaches (e.g., a 
network analysis to evaluate geographic access to health 
care in low- vs. high-poverty neighborhoods), aid in 
the formulation of statistical hypotheses, and generate 
questions to be followed up in surveys or focus groups. 
Using existing data systems, ring maps can strengthen 
a multi-methodological strategy aimed at reducing the 
burden of STD and HIV/AIDS across gender, racial/
ethnic, and socioeconomic categories.
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