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Racial disparities in sexually transmitted in-
fections (STIs) in the United States have been
documented extensively.1,2 In fact, racial dis-
parities in STIs and HIV are ranked among the
greatest racial disparities in health in the United
States.3 For example, in 2009 the rates of
chlamydia and syphilis among Blacks in the
United States were more than 8-fold the rates
among Whites, and the disparity was even
more pronounced for gonorrhea (20-fold).1

Effective STI control and prevention efforts
should include strategies to reduce racial dis-
parities,2 which was one of the major objectives
of Healthy People 2010.3 However, owing to
the failure to meet the Healthy People 2010
goals, reducing or eliminating health disparity
is one of the overarching goals of Healthy
People 2020.4 Thus, examining the factors that
cause (or are associated with) racial disparities
in STI rates can inform strategies to reduce
or eliminate these disparities.

When examining the aspects of social struc-
ture associated with endemically high rates of
gonorrhea at the county level, Thomas and
Gaffield5 found a positive association between
gonorrhea rates and income dualism (i.e., the
average income differences between Black
and White families) after controlling for other
county-level demographic characteristics.
Thomas and Gaffield suggest that if other
studies confirm this association, efforts to re-
duce the substantial racial disparities in gon-
orrhea rates should include strategies to im-
prove the existing income inequalities between
Blacks and Whites as well.

We examined the association between
county-level racial disparity in income and
reported bacterial STI rates. Our analysis adds
to Thomas and Gaffield’s novel study5 in 2 main
ways. First, we investigated county-level racial
disparity in income and 3 reportable STIs (total
rates and specific rates for race and gender of
chlamydia, gonorrhea, and primary and sec-
ondary syphilis) using more recent data (2000)
on all the counties in the 48 contiguous states,

whereas Thomas and Gaffield focused on
county-level gonorrhea rates in 14 Southern
states using data from 1986 to 1995. Second,
we used spatial regression analyses to control for
spatial dependence in reported STIs across
counties; “spatial dependence” refers to the fact
that STI rates in a given county are usually
correlated with STI rates in bordering counties.

Thus, our key contribution to the literature is
to augment the work of Thomas and Gaffield
by providing a comprehensive, updated anal-
ysis of county-level racial disparities in income
and reported STIs (total rates and specific rates
by race and gender). Studying the association
of racial disparities in income with STI dispar-
ities by race can promote further examination
of the mechanisms through which race---income
disparities may be associated with or exacer-
bate disparities in STI rates between Blacks
(or other racial minorities) and Whites in the
United States. In addition, these studies may
provide some insights into income distribution
between racial groups as it relates to STI
disparities and can inform decisions and strat-
egies aimed at reducing or eliminating these
disparities.

METHODS

We obtained race-specific county-level me-
dian household income data from the US 2000
decennial census. We then created a continu-
ous variable (race---income disparity measure)
as the difference between the median house-
hold income for Whites and the median
household income for Blacks. Next, we defined
2 race---income county groups (high race---in-
come disparity and low race---income disparity)
on the basis of Black median household income
and White median household income at the
county level for all the counties in the 48
contiguous states in the United States. We
used the median household income as the
population-level measure of household income
because outliers do not influence it. Of the
3107 counties in the 48 contiguous states
eligible for our analysis, we excluded 383
(12.3%) from our analysis because either no
Blacks resided in the counties or median
household income data were missing.

We defined the high race---income disparity
group as comprising those counties in which
Black median household income was lower
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than the national average (i.e., $41 9946) and
White median household income was above
the national average. For the high race---income
disparity group, the median household income
was $46 046 for Whites and $29 919 for
Blacks. The average difference between the
median White household income and Black
household income was $17 775 (n = 479). We
defined the low race---income disparity group as
comprising the remaining 2245 counties. For
the low race---income disparity group, the
median household income was $34 551 for
Whites and $23 380 for Blacks, and the
median of the difference in household income
was $11 282.

Figure 1 shows the spatial distribution of the
counties that make up each of the groups we
have described. On the basis of rural---urban
continuum codes,7 more than 80% (390/479)
of the high race---income disparity counties were
metropolitan counties (i.e., counties assigned
rural---urban continuum codes 1---37). However,
approximately 30% of the low race---income
disparity counties were metropolitan counties.

Next, we used 2 approaches to examine
disparities in reported STI rates between the

2 race---income groups we have described (high
race---income disparity vs low race---income
disparity). In the first approach, we computed
and compared race-specific STI rates for the
2 groups. In the second approach, we used
regression analysis to control for county-level
characteristics and spatial dependence (or
spatial clustering).

Calculation of Infection Rates in the 2

County Groups

We obtained county-level race-specific
morbidity data for chlamydia, gonorrhea, and
primary and secondary syphilis from the Na-
tional Electronic Telecommunications System
for Surveillance for 1999---2001. For each
of the 2 groups, we calculated temporally
smoothed STI rates8,9 (i.e., reported cases per
100 000 residents) using the total number of
cases and population size for all 3 years as
follows for Black (both genders), White (both
genders), male (both races), female (both races),
and total (both genders and races): (sum of
cases for 1999, 2000, and 2001/sum of the
population for 1999, 2000, and 2001) ·
100 000.

Regression Analysis of County-Level

Infection Rates

To explore reported STI rates across the
high and low race---income disparity groups in
more detail, we used spatial regression tech-
niques that accounted for spatial dependence
and controlled for county characteristics. We
used 2 measures of income disparity in the
regression analyses. First, we used the dichot-
omous measure we have described in which we
classified counties as high race-income dispar-
ity or low race---income disparity. Second, we
used a continuous measure of race-income dis-
parity, which we calculated as the difference
between White median household income and
Black median household income. Specifically, we
used 2 regression models for each STI. In model
1, we included the high race---income disparity
group as a dichotomous explanatory variable
in the regression analyses (1 if the county
belonged to the high race---income disparity
group, 0 otherwise). In model 2, we included
both the continuous measure of race-income
disparity and the log of median household
income as continuous variables in place of the
dichotomous variable for the high race---income
disparity group. The dependent variables were
the rates of each STI (i.e., Black [both genders],
White [both genders], male [both races], female
[both races], and total [both genders and
races]). Thus, there were 10 sets of regression
results for each STI (2 models, both of which
we estimated using the 5 dependent variables).

We included control variables for demo-
graphic and socioeconomic factors as suggested
by previous studies, using data from the US
2000 decennial census.8---12 These county-level
control variables included percentage Black,
percentage White (referent race category),
percentage Hispanic, percentage American In-
dian, percentage American Asian, percentage
aged 18 to 24 years, percentage aged 25 to
44 years, log of male---female population ratio,
log of population density, log of birth rate,
log of death rate, log of crime rate (i.e., violent
and property), and a suburban commute
index (i.e., percentage commuting from other
counties). Because the primary variables of
interest were derived from median household
incomes, we excluded control variables that
were strongly correlated with median house-
hold income such as percentage below poverty

High race-income disparity (n = 479)

Low race-income disparity (n = 2245)

No Blacks or data not available (n = 383)

FIGURE 1—County map of the 48 contiguous states showing the counties that constituted

the race–income groups.
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line, percentage owner-occupied housing, and
per capita income in models 1 and 2. However,
median household income was included in
model 2 because we determined that it was not
correlated with the race---income disparity mea-
sure (correlation coefficient = 0.04; P= .21).

Technical Details of Regression Analysis

Following methodology used in previously
published studies,8,9 we used a spatial error
model to account for spatial dependence (or
spatial clustering). To account for variations in
county-level rates in and across states, we used
a state-specific fixed-effects model for each STI
(i.e., chlamydia, gonorrhea, and primary and
secondary syphilis). Because there were zero
cases in some counties (especially for primary
and secondary syphilis) and for the benefit of

uniformity in result interpretation, we added
1 to the computed rates and converted the
resulting number into the natural logarithm.13

We scaled the coefficients of the race---income
disparity variable (a continuous variable) to
reflect the approximate percentage change in
STI rates associated with each $10 000 increase
in the difference between White and Black me-
dian incomes. We transformed the coefficients
of the high race---income disparity group variable
(a dichotomous variable) as (expcoefficient – 1) ·
100 and interpreted them as the percentage
difference in STI rates for counties in the high
race---income disparity group compared with
counties in the low race---income disparity group
on average (the omitted group).

To account for differences in rural---urban
county rates, we included the 2003 rural---urban

continuum codes the US Department of Agri-
culture, Economic Research Services7 devel-
oped as dichotomous variables. We included
regional dichotomous variables for preliminary
analyses, but we dropped them for the state-
specific fixed-effect model estimation because
of high multicollinearity.

We checked for multicollinearity by com-
puting the variance inflation factors using 10 as
the cutoff point.14 We computed bootstrapped
standard errors for coefficients from 50 repli-
cations. We used ArcGIS, version 9.3 (ESRI,
Redland, CA) to obtain the polygons repre-
senting all the counties in the United States. We
used GeoDa, version 0.9.5-I15 to create spatial
lag variables and to perform preliminary spatial
regression analyses. We used SAS, version 9.2
(SAS Institute, Cary, NC) and Stata, version 11.1
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Note. Because the computed rates were for the entire population for each group, we did not perform significance tests.

FIGURE 2—Chlamydia incidence rates (per 100 000 residents) for high and low race–income disparity groups by race and gender: United States,

1999–2001.
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(StataCorp LP, College Station, TX) for result
validation and regression diagnostics.

RESULTS

Reported STI rates (number of cases per
100 000 residents) for the 2 groups (i.e., high
and low race---income disparity) by race and
gender are presented in Figures 2, 3, and 4. For
both groups, the STI rates for Blacks were at
least 4 times higher than were those forWhites.
Chlamydia rates were at least 2 times higher in
women than in men in both groups. However,
Black men had higher gonorrhea and syphilis
rates than did Black women, whereas White
men had higher syphilis rates than did White
women (data not shown). Finally, almost all the
STI rates were higher in the high race---income

disparity group than were those in the low race---
income disparity group, as depicted in the 3
figures. Chlamydia in White women was the
only exception in which the incidence rate in the
low race---income disparity group was higher
than was the incidence rate among the high
race---income disparity group (data not shown).

Regression Analysis Results of

County-Level Infection Rates

Table 1 summarizes the regression results.
Because of the large number of regression anal-
yses we conducted (a total of 30), we showed the
results for the 2 independent variables of in-
terest (i.e., high race---income disparity groups in
model 1 and race---income disparity in model 2)
for each of the 3 diseases we examined. Addi-
tionally, for ease of interpretation, we converted

the results into percentages using the methods
we have described. For example, the 16 in the
first row of the third column of results indicates
that male chlamydia rates were about 16%
higher in the high race---income disparity counties
than were those in the low race---income dis-
parity counties on average. Furthermore, the 4
in the second row of the third column of results
indicates that each $10 000 increase in race---
income disparity (the difference between me-
dian household income for Whites and Blacks)
was associated with a 4% increase in men’s
chlamydia rates on average. We have provided
more information on the 6 major regression
results (2 models for each STI) in which the
dependent variables were the total STI rates
(data available as a supplement to the online
version of this article at http://www.ajph.org).
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FIGURE 3—Gonorrhea incidence rates (per 100 000 residents) for high and low race–income disparity groups by race and gender: United States,

1999–2001.
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Detailed results from the race- and gender-
specific regression analyses are available
from the lead author on request.

In model 1, high race---income disparity
counties had significantly higher rates of chla-
mydia and gonorrhea than did low race---income
disparity counties on average after controlling
for other socioeconomic factors. The 1 excep-
tion was chlamydia rates in Whites, for which
we did not observe any significant difference for
high race---income disparity counties versus low
race---income disparity counties. In model 2, in
which race---income disparity was the indepen-
dent variable of interest, chlamydia and gonor-
rhea rates were significantly and positively
associated with the degree of income inequality.

We did not detect any significant associa-
tions between syphilis rates and race---income

disparities, with 1 exception. In model 1,
syphilis rates in Blacks were 12% higher
(P< .05) in high race---income disparity counties
than were those in low race---income disparity
counties on average. The coefficients for other
independent variables are not included in
Table 1 but are available as a supplement to
the online version of this article (http://www.
ajph.org) for selected regressions for the 6 main
regression analyses. The coefficients of the
other independent variables were generally
consistent with those in the existing literature.
For example, for chlamydia and gonorrhea, the
percentage aged 18 to 24 years was associated
with higher STI rates (P< .01) than were all
other age groups, consistent with the higher
reported chlamydia and gonorrhea rates
among adolescents and young adults relative to

other age groups.1 Furthermore, percentage
Black and percentage American Indians were
associated with higher STI rates for all 3 STIs
(P< .05) than was percentage White, consistent
with reported patterns. The coefficient of the
ratio of the male---female population was con-
sistently negative, implying that higher incidence
of reported STIs were associated with counties
with a lower male---female population ratio.

Technical Details of Regression Analysis

Our check for multicollinearity was in the
recommended limit of 10; the highest variance
inflation factor was 4.8 (mean = 2.3) for all
the regression analyses. The error spatial lag
was also significant (P< .01) for each disease
model, implying that spatial dependence was
fairly accounted for in the regression.15,16 The
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FIGURE 4—Primary and secondary syphilis incidence rates (per 100 000 residents) for high and low race–income disparity groups by race and

gender: United States, 1999–2001.
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variations in the independent variables in-
cluded in the analyses explained at least 50%
of the variations in the transformed total in-
cidence rates for all 3 diseases, as the overall
R2s indicate (data available as a supplement to
the online version of this article at http://www.
ajph.org). Additionally, the signs of the coeffi-
cients were consistent with previous studies.8---12

DISCUSSION

We used 2 approaches to examine the
association between county-level racial dispar-
ity in income and reportable bacterial STIs
(total rates and specific rates by race and
gender) using US 2000 decennial census data
for all the counties in the 48 contiguous states
in the United States, focusing on rates of the
3 common bacterial STIs (i.e., chlamydia, gon-
orrhea, and primary and secondary syphilis)
among Blacks and Whites. In both approaches,
we found that STI rates for Blacks were sub-
stantially higher than were STI rates for
Whites. These results are consistent with find-
ings from previous studies.2,17---20 Additionally,
we found that counties with greater racial
disparities in income typically had higher STI
rates than did counties with smaller racial
disparities in income. These findings provide
evidence of an association between racial

disparity in income and racial disparities in STI
rates at the county level and are consistent with
findings from a previous study that found
similar results for gonorrhea rates in 14
Southern states using earlier incidence data
(1986---1995).5 Our results also imply that
these associations persist at the county level in
the year 2000 and extend to the national level.

Higher STI rates in the high race---income
disparity group than in the low race---income
disparity group cannot be explained by differ-
ences in overall (i.e., Black and White) income.
Median household income for Blacks was about
$23 000 in the low-income disparity counties
and about $30 000 in the high-income disparity
counties. If absolute levels of income (rather
than income disparity) were the main determi-
nant of STI morbidity, STI rates in Blacks would
be expected to be lower in the high race---income
disparity group than in the low race---income
disparity group. The same was true for Whites:
White STI rates in the low-income disparity
counties (with a White median income of ap-
proximately $35 000) were lower than were
White STI rates in the high-income disparity
counties (with a White median income of ap-
proximately $46 000). Thus, race---income dis-
parities were associated with higher STI rates for
both races, although the degree of association
was higher for Blacks than for Whites.

Several hypotheses have been suggested to
explain differences between Black and White
STI rates.21Differential STI prevalence in racial
subgroups combined with race-assortative
sexual mixing (or sexual segregation) is perhaps
the most powerful of these explanations.5,22---24

Disparity in income across races is correlated
with race-based residential segregation, which
in turn could contribute to sexual segregation.5

Accordingly, it is conceivable that high levels
of race---income disparity exacerbate race-based
sexual segregation, thereby increasing racial dif-
ference in STI rates; whereas low levels of race---
income disparity may have a damping effect
on race-based sexual segregation. Another way
that White---Black income disparity might con-
tribute to higher STI rates would be if decisions
regarding allocation of public STI prevention and
treatment resources were made predominantly
by Whites without awareness of or sensitivity
to the issues of care provision to Blacks.5

More than 80% of the high race---income dis-
parity counties were classified as metropolitan
counties. Thus, an important potential confound-
ing factor is that urban areas might be more likely
than are nonurban areas to have racial disparities
in income and to have sizeable populations of
men who have sex with men (MSM).25---27 How-
ever, because of lack of data on sexual orienta-
tion---specific rates at the county level, we were
not able to control for this confounding factor. As
a result, different STI dynamics in urban versus
nonurban areas unrelated to income disparity
(e.g., higher rates of STIs in urban MSM than in
men overall) might contribute to the higher
gonorrhea and primary and secondary syphilis
rates we observed for the high versus low race---
income disparity group in the first approach.

Additionally, the higher total gonorrhea and
primary and secondary syphilis rates we found are
mainly because of higher rates in men, suggesting
that STIs in MSM may indeed have contributed
to the disparities we observed in the first ap-
proach. However, it is unlikely that our results can
be explained as an artifact of MSM in urban areas.
This is because gonorrhea and primary and se-
condary syphilis rates in Black women are higher
in the high race---income disparity group than in
the low race---income disparity group, and MSM
might not be expected to have this degree of
impact on gonorrhea and syphilis rates in women.

This study is subject to several limitations,
including the usual limitations associated with

TABLE 1—Results of the Spatial Regression Analyses of the Transformed Chlamydia,

Gonorrhea, and Primary and Secondary Syphilis Rates (n = 2724 Counties): United

States, 2000

Variable Black, % White, % Male, % Female, % Total, %

Chlamydia

Model 1a: High race–income disparity group 34** –3 16** 8* 9*

Model 2b: race–income disparity (continuous) 13** 2* 4* 4** 4**

Gonorrhea

Model 1a: High race–income disparity group 28** 6 24** 17** 23**

Model 2b: race–income disparity (continuous) 11** 3* 5** 5** 5**

Primary and secondary syphilis

Model 1a: High race–income disparity group 12* 1 3 3 2

Model 2b: race–income disparity (continuous) 1 0 4 5 2

Note. Each model included all the control variables. More detailed information on the results for the control variables for
each disease model using total rates as the dependent variable can be found in a supplement to the online version of this
article at http://www.ajph.org.
aResults for model 1 are interpreted as the percentage difference in the dependent variable between the high vs low race–
income disparity counties on average.
bResults for model 2 are interpreted as the change in the dependent variable associated with a $10 000 increase in the
difference between White and Black median incomes on average.
*P < .05; **P < .01.
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STI surveillance data.1 Some cases were
assigned to missing or unknown counties. We
assembled the data from reported cases of
infection that come from different sources with
different testing and reporting practices. As
a result, there may be varying levels of under-
reporting for some jurisdictions, and the degree
of underreporting might vary by race. Owing to
the comparatively high asymptomatic nature of
chlamydia,28 reported chlamydia rates may be
more of an artifact of the existing screening
patterns than of actual incidence rates.1

Our choice of the national median household
income as a cutoff in categorizing high versus low
race---income disparity counties was arbitrary.
However, our inclusion of the difference between
White and Black median household income
confirmed the robustness of our results. Because
our findings are derived from population-level
analyses, limitations associated with ecological
analyses are applicable. Finally, we did not
account for spatial heterogeneity (i.e., we did not
allow parameter coefficients to vary by re-
gion16,29) in our spatial regression analyses.
However, our use of a state-specific fixed-effect
estimation procedure, to some extent, reduced
the impact of this limitation on our results.

Our race---income categorization adds
several new insights to the existing literature
regarding income, race, and reported STI rates.
Most importantly, the grouping of counties that
we developed allowed us to examine not only
the association between STI rates and income
but also the association between racial dispar-
ities in STI rates and racial disparities in in-
come. Our findings show the need for further
examination of the mechanisms through which
race---income disparity may be associated with
or exacerbate disparities in STI rates.

Future research is needed to quantify dispar-
ities in income more specifically and to explore
alternate methods and cutoffs (such as different
multiples of poverty) for examining the associa-
tion between race---income disparities and dis-
parities in other health outcomes as well as to use
more recent data as they become available to
examine trends in these associations. j
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