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Abstract

In the United States, research is limited on the mechanisms that link socioeconomic and structural
factors to HIV diagnosis outcomes. We tested whether neighborhood income inequality,
socioeconomic deprivation, and black racial concentration were associated with gender-specific
rates of HIV in the advanced stages of AIDS (i.e., late HIV diagnosis). We then examined whether
HIV testing prevalence and accessibility mediated any of the associations above. Neighborhoods
with highest (relative to lowest) black racial concentration had higher relative risk of late HIV
diagnosis among men (RR=1.86; 95%CI=1.15, 3.00) and women (RR=5.37; 95% CI=3.16, 10.43)
independent of income inequality and socioeconomic deprivation. HIV testing prevalence and
accessibility did not significantly mediate the associations above. Research should focus on
mechanisms that link black racial concentration to HIV diagnosis outcomes.
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1. Introduction

In the United Sates (U.S.), HIV diagnosis remains concentrated in geographic areas
characterized by high economic inequality and neighborhood black racial concentration
(Rebeiro et al., 2016; Nunn et al., 2014; Adimora and Schoenbach, 2005, AIDSvu, 2014,
Centers for Disease Control and Prevention, 2013a). Those factors are contributing drivers to
HIV infection in the population (Barnett and Whiteside, 2006; Gupta et al., 2008; Parker et
al., 2000). Moreover, those factors more sufficiently explain geographic HIV-related
disparities over and above individual-centered behavioral and biomedical determinants (e.g.,
injection drug use) (Decosas, 2002; Sutherland and Hsu, 2012; Gillespie et al., 2007; Millett
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etal., 2012; Maas et al., 2007). We know less, however, about the mechanisms that link
socioeconomic and structural factors to HIV diagnosis outcomes (Kippax and Holt, 2009),
particularly in the U.S. (EI-Sadr et al., 2010).

The political economy of health is a powerful theoretical framework to guide research on
socioeconomic and structural determinants of HIV diagnosis outcomes (Johnston et al.,
2015; Hunter, 2007; Altman, 1999). A particular strength of this framework is a description
about how political and economic power and socio-cultural factors interact to determine the
unequal distribution of resources that constrain individuals’ agency (Minkler et al., 1994;
Phelps, 1985). The political economy of health framework is particularly relevant for
analyzing the role of socioeconomic determinants of HIV diagnosis within the U.S. For
instance; the U.S. has the fourth highest income inequality among 34 other developed
nations (OECD, 2014). In the U.S.; socioeconomic and structural factors are deeply rooted
in historical (Schmitt, 2009; Norton and Ariely, 2011) and current political relations
(Sanders, 2016; Lauter, 2015). Racial residential segregation is a fundamental cause of
disparities in health (Osypuk and Acevedo-Garcia, 2010; Williams and Collins, 2001).

1.1. Socioeconomic and structural drivers of HIV diagnosis

Income inequality and socioeconomic deprivation are two key socioeconomic drivers of HIV
diagnosis and transmission outcomes. Income inequality is a relative measure of economic
opportunity, which reflects the gap across a continuum of high to low income (Kawachi et
al., 1999). High income inequality has been associated with high HIV prevalence and
incidence (Durevall and Lindskog, 2012; Lamontagne and Stockemer, 2010; Brodish, 2014;
Lim et al., 2014). Socioeconomic deprivation is an absolute measure of economic inequality
often operationalized through an index of factors that include education, unemployment,
median household income, and percentage of families in poverty (Niyonsenga et al., 2013;
Krieger et al., 2003). Higher socioeconomic deprivation within neighborhoods has been
associated with higher rates of new HIV diagnosis (An et al., 2013) and late HIV diagnosis
among individuals (Gueler et al., 2015). Neighborhood racial concentration is a structural
factor that is strongly and positively correlated with socioeconomic deprivation (Quillian,
2012), and documented as an antecedent of economic inequality (Shapiro, 2004; Massey and
Eggers, 1990). While the two are strongly correlated, limited empirical evidence exists on
whether neighborhood racial concentration is a key determinant of HIV diagnosis and
transmission outcomes (Nunn et al., 2014; Brawner, 2014).

1.2. Mechanisms linking income inequality, socioeconomic deprivation, and black racial
concentration to HIV diagnosis

Individual HIV testing and community-level HIV testing accessibility are critical
components of HIV prevention in the population (Coates et al., 2014; Moyer, 2013). In fact,
currently, the Centers for Disease Control and Prevention (CDC) recommend screening for
everyone in the population as routine part of their health care at least once a year (Centers
for Disease Control and Prevention, 2010). Empirical studies showed that expanded HIV
testing activities are associated with increases in identifying number of HIV-infected persons
unaware of their HIV status (Centers for Disease Control and Prevention, 2011), decreases
in rates of late HIV diagnosis in the population (Ransome et al., 2015), and more timely
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entry into HIV care (Castel et al., 2013). HIV testing and HIV testing accessibility are along
the pathway between upstream socioeconomic and structural determinants and HIV
infection (Pellowski et al., 2013) and transmission in the population (Poundstone et al.,
2004).

1.3. Motivation for the current study

Despite the empirical evidence linking socioeconomic and structural determinants to HIV
diagnosis and transmission, and linking HIV testing to protective effects on HIV outcomes;
there is limited empirical research quantifying the extent to which HIV testing mediates the
impact of those determinants on HIV outcomes. We theorize below on potential pathways
from socioeconomic and structural determinants through HIV testing and the potential
mediating impact on late HIV diagnosis.

First, income inequality can create political power imbalances within and across
neighborhoods. Relative power theory (in contrast to conflict theory) posits that economic
inequality has negative impacts on political engagement because money buys influence
(Solt, 2008). Therefore, in neighborhoods with high income inequality, power imbalance
could favor those with high socioeconomic status who may have the a greater political clout
to ensure they prevail on conflicts of any issues (Solt, 2008). It is plausible also that
individuals with high socioeconomic status could use their political power to lobby for the
placement and proximity of HIV testing facilities further away from their residences to
disassociate themselves from HIV risk and HIV-related stigma (the “NIMBY” (not in my
backyard) phenomenon) (Takahashi, 1997, 1998). Income inequality also erodes social
capital and weaken social ties (Kawachi et al., 2008), which can influence HIV testing
among individuals (Grover et al., 2016) because those with weaker ties may have less access
to relevant HIV knowledge and educational resources (Jesmin and Chaudhuri, 2013).

Neighborhoods with high socioeconomic deprivation are often isolated from mainstream
social networks and economic opportunities, as a result of disinvestments in capital
resources (Wilson, 2012; Massey, 2007). Isolation from mainstream resources such as HIV
testing centers can thwart individual’s likelihood of timely HIV testing and subsequent
diagnosis (Leibowitz and Taylor, 2007). Socioeconomic deprivation may also drive late HIV
diagnosis through social observation (Latkin et al., 2010). Socioeconomically deprived
neighborhoods tend also to have a higher distribution of persons with poor HIV prognosis
(e.g., lower HIV survival rates and higher mortality) (Harrison et al., 2008; Wallace, 2003).
It is plausible then that individuals in socioeconomically deprived communities are at greater
exposure to observing persons plagued by worse HIV prognosis (e.g., lower virologic
suppression)(Gueler et al., 2015). Therefore, HIV-infected individuals in socioeconomically
deprived communities at higher exposure to observing persons with worse HIV prognosis
may engender fatalism views about HIV and plausibly delay HIV testing (Simons et al.,
2015), which subsequently leads to late HIV diagnosis. Neighborhoods with high black
racial concentration disproportionately have poorer housing and social conditions and a
greater number of barriers to accessing and attracting prevention services (Williams and
Collins, 2001; Massey and Denton, 1993). Evidence also suggests that the success or failures
of HIV prevention efforts in neighborhoods with high black racial concentration are
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influenced by stigma and attitudes among [fewer number of] non-blacks within those
communities (Reid et al., 2014). Next, a direct association between high neighborhood black
racial concentration and high rates of late HIV diagnosis is a function of two primary
factors. These include greater exposure to a high HIV prevalence pool of individuals (i.e.,
especially among African Americans) in geographically isolated areas and sexual mixing
patterns among persons of the same racial and ethnic group (Brawner, 2014; Adimora and
Schoenbach, 2005; Chopel et al., 2015). The indirect association between neighborhood
black racial concentration and HIV testing predicting late HIV diagnosis rates is complex.
Neighborhoods with high black racial concentration are often characterized by “racialized
risk environments” (Cooper et al., 2015), typified by indicators such as racialized housing,
discrimination in medical and social services, and racialized policing and incarceration
(Friedman et al., 2009). Features of the racialized risk environment such as incarceration
have been correlated with higher HIV infection and transmission risk behaviors (Pouget et
al., 2010). Another possible pathway is that high incarceration rates weaken social networks
(Roberts, 2004), which in turn could limit one’s knowledge of HIV prevention resources in
the community (Jesmin and Chaudhuri, 2013). A third potential pathway is that norms
reflecting social distrust and HIVV/AIDS conspiracy beliefs, which can inhibit accessing HIV
prevention services (Bogart and Thorburn, 2005; Bogart et al., 2010), may be more
pervasive in neighborhoods with high black racial concentration. On the other hand, research
showed that some aspects racialized risk environments, including perceived discrimination,
were associated with health promoting HIV prevention behaviors. For example, one study
showed that higher perceived everyday racism, at the individual level, was associated with
higher HIV testing rates among African Americans (Ford et al., 2009). Another study
showed that higher perceived provider racial discrimination was associated with higher HIV
testing among black men who have sex with men (Irvin et al., 2014).

Next, there also may be a selection effect where high neighborhood income inequality,
socioeconomic deprivation, and black racial concentration may drive higher HIV testing.
This is because testing resources may be diverted to those communities to address the HIV
high burden (Myers et al., 2012, New York City Department of Health and Mental Hygiene,
2011).

In this study, we investigate the role of neighborhood income inequality, socioeconomic
deprivation, and black racial concentration on late HIV diagnosis in a large urban U.S. city.
We then examine whether HIV testing prevalence and HIV testing accessibility mediate the
associations between the determinants above and late HIV diagnosis. Given the empirical
evidence on the topic, Fig. 1 shows a heuristic model displaying the proposed directions of
associations from the exposures and mediators to late HIV diagnosis.

2. Methods

We examined late HIV diagnosis because, in the United States, 24% (9,839/40,988) of
newly diagnosed HIV were in the advanced stages of AIDS (i.e., late HIV diagnosis)
(Centers for Disease Control and Prevention, 2015). At the population-level; late HIV
diagnosis is associated with onward HIV transmission (Girardi et al., 2007; Wohlgemut et
al., 2012) in part because of the increased risk of ongoing transmission associated with
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unsuppressed viral load among HIV-infected persons unaware of their HIV status (Quinn et
al., 2000; Wilson et al., 2008).

New York City (NYC) is the study setting because the city has high income inequality (New
York City Comptroller and Liu, 2012), high black racial concentration (Alba and
Romalewski, 2012), and high prevalence (22%) (AIDSvu, 2016) and rate (10.65 per 100,000
persons) of late HIV diagnosis (Ransome et al., 2015). The units of analysis are ZIP codes
because, in NYC, this unit approximates neighborhoods well (Silver and Messeri, 2014).

The New York City Department of Health and Mental Hygiene (NYC DOHMH) provided
aggregate ZIP code-level gender-specific raw counts of HIV diagnosis from the HIV
surveillance registry (The Registry). The Registry is a population-based source of all persons
diagnosed with HIV infection since 2000 or AIDS since 1981 who meet CDC’s case
definitions for surveillance and were reported to the NYC DOHMH (Fleming et al., 1999).
Data provided included persons residing in NYC at the time of HIV diagnosis and excluded
persons undomiciled or living in a shelter or non-residential, unknown or missing ZIP codes.
A total of 1748 cases of late HIV diagnoses were available across 174 residential ZIP codes.
Data are late HIV diagnosis from 2009 to 10 as reported to the NYC DOHMH by June 30,
2013.

2.2. Outcome variable

We defined late HIV diagnosis as a CD4 count test result of 200 cells/ul or less or an AIDS-
defining illness within 12 months of the date of HIV diagnosis (Schneider et al., 2008). We
calculated the rate of late HIV diagnosis per 100,000 population across ZIP codes using
Census 2010 as the population denominator, in 2-year periods to improve the stability of
rates within ZIP codes with small numbers of events.

2.3. Exposure variables

We measured neighborhood income inequality using the GINI coefficient, which ranges
from 0 to 1 where 0 indicates perfect equality, and 1 indicates perfect inequality. We
calculated a GINI coefficient for each ZIP code using published methods (Cohen, nd) by
taking Census 2000 data on the 16 non-equally spaced income intervals from $10,000 and
below to $200,000 and above, and the counts of the number of households within each
income interval along with the total aggregate income and average household income. We
were primarily interested in income inequality in 2000 because it has been shown to have
10-year or more lagged effects on health (Subramanian and Kawachi, 2004).

We created neighborhood socioeconomic deprivation (SED) using the following indicators:
poverty level, unemployment status, educational attainment, and median household income,
which prior research has shown to be reliable indicators (Gordon, 1995). Poverty level
measures the percent of individuals with incomes below 100% of the Federal Poverty Level
and adjusted specifically for NYC (New York City Department of Health and Mental
Hygiene, 2013c). Unemployment measures the proportion of persons age 16 years and older
without a job. Education measures the proportion of persons 18 years and older with less
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than a high school education. Median income measures household income adjusted for the
value of the U.S. dollar in 2010. We obtained ZIP code-level unemployment, education, and
median income from the American Community Survey (ACS) 5-year (2006-2010) estimates
online (Infoshare Associates LLC, 2000). Consistent with prior HIV research (An et al.,
2013), we operationalize socioeconomic deprivation as an index using principal components
analyses (PCA) where higher values indicate greater deprivation.

We used neighborhood black racial concentration as a rough proxy for black racial
residential segregation (White and Borrell, 2011) and operationalized the measure as the
proportion of non-Hispanic black residents within each ZIP code. We retrieved those data
directly from the ACS 5-year (2006-2010) estimates online (Infoshare Associates LLC,
2000).

2.4. Potential mediating mechanisms

HIV testing prevalence and HIV testing accessibility are compositional and contextual
features, respectively (Macintyre et al., 2002) within the neighborhood environment that
potentially could mediate an association between the socioeconomic factors and late HIV
diagnosis rates (Cook et al., 2009). We retrieved HIV testing prevalence from the NYC
Community Health Survey (CHS), which is an annual cross-sectional telephone survey
administered by DOHMH (New York City Department of Health and Mental Hygiene,
2013b). We operationalize this measure as the weighted mean age-adjusted percent of
individuals’ self-reported HIV test in the past 12 months, by gender, for 42 United Hospital
Fund (UHF) for 2009-10, using custom weights provided by the DOHMH. UHFs are
aggregate geographic areas that comprise between one and nine adjoining ZIP codes that
correspond to catchment areas for certain healthcare facilities, and approximate community
planning districts (United Hospital Fund Staff, 2002). CHS data were only available at the
UHF, so we assigned the same UHF estimate to ZIP codes nested within them.

We geocoded HIV testing accessibility data within each ZIP code using data retrieved from
CDC'’s National HIV and STD testing resources website (Centers for Disease Control and
Prevention, 2014). Data were for 182 organizations that provide free or low-cost HIV
testing. We operationalized HIV testing accessibility as the density of HIV testing centers
per square mile and proximity to subway lines, computed in two steps using Arc GIS
software (Environmental Systems Research Institute (ESRI), 2014). First, to incorporate the
high mobility among NYC residents afforded by a rapid transit subway system, we created a
buffer zone of a half-mile from any subway line. Second, we weighted access to HIV testing
centers within each ZIP code boundary based on the number of centers and the distance of
each center to the subway line. Those procedures created a measure of weighted mean
accessibility of HIV testing centers incorporating distance to the nearest subway line.

We classified the exposures and mediators into tertiles: high, medium, and low to identify
potential thresholds effects. The HIV testing accessibility variable—a four level variable,
was the exception. Since there were several neighborhoods with no testing centers, we
created a separate category for none and then classified the remaining groups in tertiles.
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2.5. Statistical analysis

2.5.1. Descriptive—We used Analysis of Variance (ANOVA) to assess the distributional
properties of the exposures, and mediators across tertiles of Census 2000 income inequality.
We produced a scatter plot of Census 2000 income inequality and late HIV diagnosis rates
across NYC ZIP codes and highlight neighborhoods that fall along four dimensions of
inequality and HIV (e.g., high-high, high-low, low-low, low-high).

We then randomly selected eight ZIP codes (two across high-high, high-low, low-low, low-
high) to demonstrate variation in income inequality, late HIV diagnosis, socioeconomic
deprivation, and black racial concentration across NYC geography. To aid in contextualizing
the results and provide some geographic context, we created choropleth maps of late HIV
diagnosis rates, HIV testing prevalence, and locations of test centers, income inequality, and
socioeconomic deprivation, and black racial concentration, using ArcGIS software
(Environmental Systems Research Institute (ESRI), 2014). Legends correspond to tertiles
from the analysis, and darker shaded regions represent higher levels of that variable. We also
highlight the eight selected ZIP codes in the choropleth maps. We report the spatial
associations (Local Moran’s /) among the variables calculated in GeoDa software (Anselin
et al., 2006), using Euclidean distance and a spatial weight matrix of k=10 nearest
neighborhoods; statistical significance of clustering is assessed based on 499 permutations
and p < 0.05 (Anselin, 2003).

2.5.2. Multivariable—We conducted the multivariable analyses in four steps. First, we
used Pearson product moment correlation analyses to verify mediators (HIV testing
prevalence and accessibility) were related to the exposure and HIV outcome. Second, we
used Spearman correlations to examine potential multicollinearity among categorical
distributions of neighborhood income inequality, socioeconomic deprivation, and black
racial concentration. Third, we used regression diagnostics (Anselin, 2002; Anselin et al.,
2006) to assess and remedy potential spatial dependence of income inequality predicting late
HIV diagnosis rate. We found a small degree of autocorrelation in the residuals among
neighborhoods for men only and created a spatial lag variable to include in the regression
model, which eliminated that autocorrelation in re-analysis. Fourth, to model rates of late
HIV diagnosis, we used population-averaged negative binomial regression (NBR) models
where the raw count is modeled with the population denominator as an exposure offset
(Long and Freese, 2006).

We selected NBR because of better accounting for overdispersion compared to alternate
methods, which we assessed by inspecting the ratio of deviance to degrees of freedom across
comparable models (Allison, 2012), and formally through statistics and line plots in STATA
(Long and Freese, 2006). We accounted for the nested structure of ZIP codes within UHFs,
using “xt” command in STATA (Allison, 2009; Long and Freese, 2006). In all models, we
used the lowest category as the reference group. We do not report the spatial lag variable in
the tables because the coefficients have no meaning. We stratified the analysis and report
results for men and women separately because the relationship between income inequality
and health at ecological-level varies by sex (Moss, 2002). In a (Crude model), we analyzed
the crude relationship between the covariates and the outcome. We then examined the
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independent contributions of income inequality, socioeconomic deprivation, and black racial
concentration on late HIV diagnosis rates (Model 1). Next, we examined the independent
associations of HIV testing prevalence (Model 2) and HIV testing accessibility (Model 3) on
the outcome. Then, we examined a fully adjusted model with the exposures and both HIV
testing mechanisms (Model 4). In this preliminary analysis on the topic, we used regression
methods compared to other mediation approaches such as path analysis because we were
primarily interested in quantifying a difference in relative risk of the exposures, not tracing
pathways among the variables. We operationalized mediation as the relative difference in
risk between the highest level of statistically significant independent predictors between
Model 1 and highest level of that predictor from Model 4, adjusted for both HIV testing
mechanisms and the social determinants. We tested for a statistically significant mediating
association using Monte Carlo methods for assessing mediation, via an interactive online
tool that calculates a confidence interval around an indirect effect (Selig and Preacher,
2008). A statistically significant mediating association is present when the confidence
interval of the coefficient for the indirect effect does not include zero. We assess model fit
using the Bayesian Information Criteria (BIC) statistic holding a constant sample size across
all models. A multivariable negative binomial regression takes the form:
log(lateHIVdiagnosisjy)=Intercept+Spatial Lag+b1(Income Inequality)+b2(Socioeconomic
Deprivation) ++ b3(Black Racial Concentration), where i are ZIP codes nested within j
(UHFs). We add HIV testing prevalence and HIV testing accessibility according to the
model specifications listed above (i.e., models 2, 3, and 4).

3.1. Descriptive

Principal components analysis of the socioeconomic deprivation (SED) index explained 76%
of total variance. The correlations (in parentheses) of each item with the SED index are
(0.92) poverty level, (0.74) proportion unemployed, (0.93) proportion with less than high
school education, and (0.90) and median income. Spearman correlations among categorical
GINI, % black, and SED index were not above 0.60 and overall variance inflation factor
with those three in the model was less than 2; these thresholds pose no multicollinearity
problems in adjusted models (Tabachnick and Fidell, 2007). The overall mean rate of late
HIV diagnosis in 2009-10 was 10.3 per 100,000 with interquartile range [(IQR): 2.1-14.7
per 100,000], and the mean prevalence was 26% [IQR: 13.5-33.3%]. The average Census
2000 income inequality across NYC neighborhoods using the GINI index was 0.41 [IQR:
0.39-0.44]. (Results not displayed).

Table 1 shows that distribution of exposures, mediators, and late HIV diagnosis increased
across low to high income inequality. The annualized crude rate of late HIV diagnosis
among neighborhoods with high income inequality was twice as high (14.47 vs. 6.40 per
100,000, p < 0.001) compared to the rate among neighborhoods with low inequality. The
proportion of neighborhoods below the federal poverty level with high income inequality
was almost two and a half times as high compared to the proportion among neighborhoods
with low inequality (25.9% vs. 8.96%, p < 0.001). Spearman correlations showed that
income inequality was modestly correlated with socioeconomic deprivation (rho=0.55, p <
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0.05) and black racial concentration (rho=0.38, p < 0.05) and so collinearity was not a
problem for multivariable analyses. Fig. 2 shows the increasing trend of income inequality
and late HIV diagnosis. A 0.1 increase in inequality is associated with an increase of 10.8
per 100,000 late HIV diagnosis (b=10.77, se=1.73, p=0.000). Fig. 3 represents a geovisual
view of (a) late HIV diagnosis over Black racial concentration, (b) HIV testing accessibility
(i.e., locations of free/low-cost testing centers) over HIV testing prevalence, (c) income
inequality, and (d) socioeconomic deprivation for NYC. Late HIV diagnosis rates
moderately and significantly clustered (Moran’s /=0.40, p < 0.002) as did HIV testing
prevalence (Moran’s /=0.66, p < 0.002), income inequality (Moran’s /=0.33, p < 0.002), and
socioeconomic deprivation (Moran’s /=0.57 P < 0.002).

3.2. Multivariable

3.2.1. Men—Among men, outliers were less than four percent of the data. We ran the
analyses with and without outliers and checked for differences in the income inequality
unstandardized beta coefficient using the Z-statistic. There were no statistically significant
differences in the coefficients so we retain the full sample. Table 2 shows that in crude
models only, neighborhoods with high (compared to low) income inequality (Crude model,
RR=1.94; 95% CI 1.28-2.29) and socioeconomic deprivation (Crude model, RR=1.75; 95%
Cl 1.26-2.26) had higher relative risk (RR) of late HIV diagnosis. However, higher black
racial concentration was associated with late HIV diagnosis independent of those
socioeconomic and structural determinants (Model 1, RR=1.86; 95% CI 1.15-3.00). HIVV
testing prevalence had an independent association with late HIV diagnosis, but only at
medium compared to the lowest level (Model 2, RR=2.00; 95% CI 1.27-3.13). Compared to
no HIV testing accessibility, a threshold effect was observed where low, medium, and high
HIV testing accessibility in neighborhoods were linearly associated with higher rates of late
HIV diagnosis (Model 3). Considering both HIV testing prevalence and HIV testing
accessibility in a model with the exposures, highest black racial concentration in
neighborhoods was independently associated with higher late HIV diagnosis rates (Model 4,
RR=1.77; 95% CI 0.99-3.18). We then calculated the indirect effect of both HIV testing
mechanisms between the highest level of black racial concentration and the association with
late HIV diagnosis.

Together, HIV testing prevalence and HIV testing accessibility attenuated only 5% (i.e.,
RR=1.77-1.86/1.77) of the independent association between highest black racial
concentration and late HIV diagnosis. The HIV testing mechanisms did not have a
statistically significant indirect effect on the outcome (i.e., confidence interval contained
zero, results not displayed).

3.2.1.1. Women: Table 3 shows that in crude models only, neighborhoods with high
(compared to low) income inequality (Crude model, RR=2.35; 95% CI 1.46-3.81) and high
socioeconomic deprivation (Crude model, RR=3.49; 95% CI 2.12-5.79) had higher relative
risk of late HIV diagnosis. Neither factors were associated with the outcome independent of
black racial concentration. Medium (Model 1, RR=2.51; 95% CI 1.40-10.34) and highest
levels of black racial concentration (Model 1, RR=5.37; 95% CI 3.16-10.34) were
significantly associated with higher late HIV diagnosis. Neither HIV testing prevalence
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(Model 2) nor HIV testing accessibility (Model 3) were associated independently with late
HIV diagnosis in models adjusted models for income inequality, socioeconomic deprivation,
and black racial concentration. In a fully adjusted analysis, medium and highest levels of
black racial concentration were independently associated with late HIV diagnosis rates
(Model 4). We then calculated the indirect effect of both HIV testing mechanisms between
the highest level of black racial concentration and the association with late HIV diagnosis.
The independent association between highest level of black racial concentration predicting
late HIV diagnosis was attenuated by 21% (i.e., RR=4.45-5.37/4.45) once HIV testing
mechanisms were added. However, the HIV testing mechanisms were not significant
predictors and did not have a statistically significant indirect effect on the outcome (i.e.,
confidence interval contained zero, results not displayed).

4. Discussion

4.1. Overall findings

Our study examined the relationships among neighborhood income inequality,
socioeconomic deprivation, and black racial concentration as predictors of late HIV
diagnosis rates in a large urban United States city. In our data, at least 66% of NYC
neighborhoods had GINI coefficients over 0.42, which is slightly lower than the 2012 US
national average of 0.48. We observed in our study that income inequality and
socioeconomic deprivation was associated with higher rates of late HIV diagnosis but only
in crude models, not adjusted for covariates. The direction of association was consistent with
crude results from one study that examined HIV incidence (Buot et al., 2014), one study that
examined AIDS mortality rates among injection drug users (Friedman et al., 2013), and
multivariable results from one study that examined late HIV diagnosis based on 2005-6 HIV
data (Ransome et al., 2016).

4.2. Sex differences

Crude models showed stronger associations of high inequality, socioeconomic deprivation,
and black racial concentration on late HIV diagnosis for men. In contrast, in multivariable
models; for women compared to men, black racial concentration appeared to have a larger
magnitude of association on late HIV diagnosis. One ecological study in NYC based on late
HIV diagnosis data from 2005 to 2006 also found the same pattern of association between
black racial concentration and late HIV diagnosis for women compared to men (Ransome et
al., 2016).

The mediation models with HIV testing prevalence and accessibility also suggested sex
differences that may be important for HIV prevention. Neighborhood HIV testing
accessibility was a statistically significant predictor of late HIV diagnosis for men but not
women. The non-significant finding among women could be related to HIV testing being
more normative for women given universal HIV screening during pregnancy (Ransome et
al., 2015). Alternately, within neighborhoods, women may be less likely than men to receive
and benefit from advances in HIV prevention technologies (West et al., 2015).
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4.3. Black racial concentration

While research from international settings showed that income inequality and
socioeconomic deprivation are significant drivers of HIV diagnosis (Lamontagne and
Stockemer, 2010; Fox, 2012), in the U.S., black racial concentration is also a key driver of
HIV-related disparities (Robinson and Moodie-Mills, 2012). We found that black racial
concentration robustly predicted late HIV diagnosis. These results add to evidence from
earlier ecological studies on the topic in the U.S. First, Buot et al. (2014) examined the
association among socioeconomic (e.g., income inequality and poverty) determinants and
HIV incidence across 80 Metropolitan Statistical Areas (MSAS) in the U.S. The study found
that in crude models, black racial residential segregation was positively correlated with HIV
incidence (r=0.17). Gant et al. (2012) found that in crude models, white racial composition
was negatively correlated with HIV diagnosis at the County level (r=-0.67). Those studies,
however, used different proxies to capture a construct more broadly identified as racial
residential segregation.

The robustness of black racial concentration in our study may be due to the high level of
racial residential segregation in NYC compared to other large cities across the U.S. For
example; according to one source using a black-white dissimilarity index, NYC ranks 3rd of
among 22 most segregated cities in the U.S. with a score of 79.1 where a score above 60 is
considered very high segregation (Baurd-Remba and Lubin, 2013).

The role, however, of black racial concentration in relation to income inequality and
socioeconomic deprivation is complex. For instance, among the selected neighborhoods
across quadrants of low-high inequality and HIV, we found that neighborhoods with above
50% black racial concentration were in low inequality-high HIV (Canarsie), low inequality-
low HIV (Cambria Heights) as well as high inequality-low HIV (Starrett City). In contrast,
some neighborhoods had less than 4% black racial concentration, and low inequality, yet
high HIV diagnosis rate (Trinity). These findings underscore the complexity of
understanding geographic terrain through spatial epidemiological approach (e.g., map
visualization) in addition to evaluating effect sizes. diagnosis rate (Trinity). These findings
underscore the complexity of understanding geographic terrain through spatial
epidemiological approach (e.g., map visualization) in addition to evaluating effect sizes.

4.4. Mechanisms

Our study was also the first to examine whether HIV testing prevalence and HIV testing
accessibility mediated the impact of socioeconomic and structural indicators on late HIV
diagnosis. We found that these mechanisms did not have significant indirect effects on late
HIV diagnosis. Furthermore, our findings do not support a model where neighborhoods with
higher income inequality, socioeconomic deprivation, and black racial concentration would
have fewer HIV testing resources, which in turn would be associated with higher late HIV
diagnosis rates.

Historically highly black segregated neighborhoods faced difficulties attracting resources
(Massey and Denton, 1993; Williams and Collins, 2001). Our findings more support a
selection model where resources are directed to socioeconomically deprived neighborhoods
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to address and reduce high HIV burden. For instance; in NYC, the Department of Health and
Mental Hygiene launched 7he Bronx Knows in 2008 and Brooklyn Knows in 2009, which
are initiatives implemented to increase HIV testing resources in socioeconomically deprived
neighborhoods in the city (New York City Department of Health and Mental Hygiene,
2013a; Myers et al., 2012). Findings that appear to be related to racial segregation, however,
could be related to other social factors such as marriage rates, the proportion of welfare
recipients and joblessness (Small and Newman, 2001; Charles, 2003). Thus one potential
implication of our results is that reducing geographic disparities in late HIV diagnosis will
require multifaceted interventions that address other social factors not limited to HIV
stigma, co-infection of other sexually transmitted diseases (Vaughan et al., 2014) and
features of the racialized risk environments such as incarceration. A greater focus on
increasing HIV testing and linkage to HIV care in neighborhoods with high black racial
concentration is necessary to address geographic related HIV disparities (Nunn et al., 2014).

4.5. Strengths and limitations

Although there was a temporal lag between the exposures (e.g., Census, 2000) and late HIV
diagnosis (2009-10), statements of causal inference from our results are limited because
data are cross-sectional. We did not have longitudinal data to assess the extent to which
changes in the social and structural determinants are related to change in HIV testing and
accessibility, and the association with changes in late HIV diagnosis. With ZIP codes as the
unit of analysis, there is also potential area-level heterogeneity that may vary as a function of
population size within ZIP codes (IQR: 25,147 to 66,362 persons). ZIP codes also
correspond to postal service and not administrative boundaries that are overseen by a
legislator, and thus it may be challenging to develop policies at that level. Related,
aggregating the data to other geographic levels may not result in similar findings, which is
known as the modifiable areal unit problem (MAUP) (Parenteau and Sawada, 2011).
However, in exploratory analyses, we investigated these associations at the United Hospital
Fund (UHF, n=42) and found the direction of association was the same, and the size of the
relative risks was similar to those obtained using the ZIP code level (results not displayed,
but available upon request).

Our study is strengthened by the use of population-based sources of late HIV diagnosis data,
and standard area-level socioeconomic indicators readily available online. Next, we
complemented the results from the multivariable analysis with geographic analysis and
geovisual representations, which highlighted the complexity of space. We also examined
HIV testing as a mechanism, which is at the forefront of HIV testing prevention policies in
the U.S. (Centers for Disease Control and Prevention, 2013b).

5. Conclusions

Research should continue to focus on mechanisms that link black racial concentration to
HIV diagnosis and transmission outcomes. Future studies should incorporate other
methodologically sophisticated indices (e.g., surface-density) of racial residential
segregation (Yang and Matthews, 2015; Kramer et al., 2010) and isolate potential causal
effects on HIV diagnosis outcomes.
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