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Monitoring Health Inequities and Planning in Virginia: Poverty,
Human Immunodeficiency Virus, and Sexually Transmitted Infections

CARRIE DOLAN, MPH, AND CHRIS DELCHER, MS

Monitoring social inequalities in sexual health is important to the
effective allocation of resources for human immunodeficiency
virus (HIV) and sexually transmitted infection (STI) prevention by
state health departments and other outside planning groups. At the
Virginia Department of Health, like most US public health agen-
cies, there is a lack of consistent socioeconomic data, such as
individual-level poverty measures, collected through routine dis-
ease surveillance.1 As a result, state epidemiologists are only able
to provide a general description of poverty, such as the percentage
of people living in poverty while providing HIV/STI rates for the
same administrative area.2–8

This article has 2 objectives. The first is to quantify and
compare HIV/STI incidence across 4 stratum of poverty at the
census tract level in Virginia using methods developed by the
Public Health Disparities Geocoding Project.9 Second, for each
poverty strata we examine the distribution of HIV-positive and
other high-risk populations, identified as priority concerns for
HIV prevention planning in Virginia (“priority populations”).
This research can help epidemiologists and outside planning
groups, who often lack access to geocoded data guide resource
allocation for HIV/STI prevention.

The Public Health Disparities Geocoding Project helps facil-
itate routine monitoring of health inequities in the United States
by providing epidemiologists with an established statistical

framework for comparing disease rates at the census tract level
to a census tract-based measure of poverty.9 The methodology
for monitoring socioeconomic inequalities through quantifying
the relationship between infection rates and area-based socio-
economic measures (ABSM) was developed and is described by
the Public Health Disparities Geocoding Project. Briefly, out-
comes were geocoded to the census tract level, tracts were
stratified into discrete poverty levels (0%– 4.9%, 5.0%–9.9%,
10.0%–19.99%, and 20%–100% population living below pov-
erty), age-standardized incidence rates were calculated for each
stratum of poverty, and 95% confidence intervals based on the
� distribution were calculated.9

To calculate infection rates at the census tract level, we
geocoded clinically diagnosed cases of HIV [regardless of
transition to acquired immune deficiency syndrome (AIDS)],
chlamydia (CT), gonorrhea (NG), and total early syphilis (TES)
between 2000 and 2005 using addresses obtained from Virgin-
ia’s HIV and AIDS Reporting System (HARS) and the STD
Management Information System (STDMIS). Geocoding was
performed with Centrus Geostan.10 Each census tract in Vir-
ginia was stratified into 1 of 4 discrete poverty stratum, which
are defined by an area-based socioeconomic measure created by
the Public Health Disparities Geocoding Project from 2000
census data.11 Each stratum is an aggregation of census tracts
based on the percentage of the tract’s total population living
below the federal poverty line. Four hundred eighty (31%), 428
(28%), 418 (27%), and 206 (13%) census tracts were assigned
to the 0% to 4.9%, 5.0% to 9.9%, 10.0% to 19.9%, and 20.0%
to 100% stratum, respectively. Age-standardized incidence
rates and incidence rate ratios (IRRs) for each disease were
calculated for each stratum of poverty, and 95% confidence
intervals based on the � distribution were calculated. Gamma
intervals are commonly used when the outcomes are directly
standardized rates and a small number of cases and a large
variability in weights exists.12

Addresses were considered geocodable to the census tract
level if they geocoded to a street/house/intersection, the center
of a block group/census tract or the center of a zip code, where
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�80% of the addresses in that zip code were located in a single
census tract. Post office boxes, cases reported from correctional
facilities, and out-of-state cases were excluded. The pregeo-
coded dataset consisted of 111,947 CT, 54,433 NG, 1168 TES,
and 7608 HIV cases. Of these, 84,178 (75.2%) CT, 43,960
(80.7%) NG, 1052 (90.1%) TES, and 6693 (87.9%) HIV cases
were geocodable to the census tract level. Repeat STIs were
included. For AIDS cases which had missing zip codes from the
street address, the zip code at HIV diagnosis was used when
available.

Using demographic and risk variables collected through rou-
tine HIV surveillance and population data from the United
States Census Bureau, we tabulated the percentage of each
HIV-positive and other priority population living in each stra-
tum of poverty. We also tabulated the percentage of people
reported with NG living in each stratum. Differences in per-
centages between each stratum were tested using a Tukey-type
multiple comparison test in SAS v.9.1.3.13,14

As shown in Table 1, 29.9%, 42.7%, 37.2%, and 25.5% of those
diagnosed with CT, NG, TES, and HIV, are reported to be living
in the highest poverty stratum. More than half of all infections are
reported from the 2 poorest strata, ranging from 56.9% of HIV
cases and 72.2% of NG cases. Using the least impoverished
stratum (0%–4.9%) as the reference category, the IRRs showed
significant risk increase across subsequent strata. The census tracts
where the highest percentage of people lived below poverty (20%–100%)
had 4.09, 10.69, 9.51 and 5.52 times increased risk for HIV, CT,
NG, and TES, respectively. IRRs for strata with 95% confidence
intervals are presented in Figure 1.

The distribution of priority populations residing within each
stratum of poverty is presented in Table 2. HIV-positive men
who have sex with men (42.9% vs. 27.2%), HIV-positive His-
panics (8.7% vs. 2.4%), and HIV-positive African-born people
in the general population (0.5% vs. 0.2%) were more likely (P
�0.05) to live in the least impoverished census tracts when
compared with the most impoverished. Conversely, HIV-posi-
tive injection drug users (11.5% vs. 7.3%), HIV-positive blacks
(86.0% vs. 47.1%), and those aged 10 to 24 years old in the
general population (28.7% vs. 19.4%) were more likely (P
�0.05) to live in the most impoverished census tracts when
compared with the least.

No significant differences in distribution were detected for HIV-
positive people reported with a heterosexual risk.

Using the methods of the Public Health Disparities Geocod-
ing Project, we report, for the first time, significantly increased
incidence rates between the least and most impoverished census
tracts in Virginia for HIV, CT, NG, and TES. We also found
significant differences in the distribution of several priorityTA
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Fig. 1. Incidence rate ratios and 95% confidence intervals for

HIV/STIs in Virginia (2000–2005), by poverty stratum.
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populations identified by the Virginia HIV Community Plan-
ning Committee across poverty strata. The fact that this ABSM
detected significant differences in the distribution of popula-
tions under surveillance suggests that in the absence of geo-
coded data, planning groups could use the poverty strata to help
guide prevention efforts to small areas where specific popula-
tions at risk for HIV transmission reside.15 We did not examine
the distribution of STIs within strata by specific risk factors.
Although the ABSM seems to be sensitive to some population-
level differences important to HIV prevention planning, it
should be noted that the methodology “does not treat census
tracts level measures as a proxy for individual level measures.”9

This information can be used to help set health objectives,
enhance disease surveillance activities, and guide resource al-
location for small areas.

The sources of error and bias associated with the Public
Health Disparities Geocoding Project methodology are detailed
by Kreiger et al.1 In summary, public health department data-
sets may over represent lower socioeconomic clients and inflate
morbidity relative to higher socioeconomic areas. To address
bias associated with reporting from public versus private
sources we conducted a sensitivity analysis by increasing the
reported number of HIV, CT, NG, and TES cases in the least
impoverished census tracts by 20%, 30%, and 40%.16 The rate
difference between the least and most impoverished census
tracts differed slightly but did not impact the overall relation-
ship of increased risk between levels of poverty. Bias is possi-
ble if cases geocode less frequently to poorer census tracts. This
is less likely in our analysis, because poorer census tracts tend
to be urban where a higher percentage of geocodable cases are
expected.1 A time sequence between exposure to poverty and
diagnosis of disease cannot be established; therefore, a causal
relationship cannot be inferred. The strengths of the analysis
include the examination of a comprehensive state-wide sample
of 4 STIs during the study period, the geocoding accuracy
indicates that the validity of the data are high and the statistical
methodology for calculating IRR has been peer-reviewed and
accepted.

In conclusion, because most state epidemiologists are only able
to provide a general description of social inequity when analyzing
surveillance data, the authors operationalized methodology that
was designed to help epidemiologists quantify HIV/STI rates
within poverty strata for prevention planning. To the best of our
knowledge, we are reporting increased risk of HIV with increasing
poverty at the census tract level for the first time. We believe that
this analysis is also unique for its integrated approach to analyze
HIV and STIs, concurrently. This information can be used to more
easily target populations at risk of infection and to help direct
healthcare and prevention services.
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