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Abstract Social science and public health literature has
framed residential segregation as a potent structural de-
terminant of the higher HIV burden among black het-
erosexuals, but empirical evidence has been limited. The
purpose of this study is to test, for the first time, the
association between racial segregation and newly diag-
nosed heterosexually acquired HIV cases among black
adults and adolescents in 95 large US metropolitan sta-
tistical areas (MSAs) in 2008–2015. We operationalized
racial segregation (the main exposure) usingMassey and
Denton’s isolation index for black residents; the outcome

was the rate of newly diagnosed HIV cases per 10,000
black adult heterosexuals. We tested the relationship of
segregation to this outcome usingmultilevel multivariate
models of longitudinal (2008–2015) MSA-level data,
controlling for potential confounders and time. All co-
variates were lagged by 1 year and centered on baseline
values. We preliminarily explored mediation of the focal
relationship by inequalities in education, employment,
and poverty rates. Segregation was positively associated
with the outcome: a one standard deviation decrease in
baseline isolation was associated with a 16.2% reduction
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in the rate of new HIV diagnoses; one standard deviation
reduction in isolation over time was associated with
4.6% decrease in the outcome. Exploratory mediation
analyses suggest that black/white socioeconomic in-
equality may mediate the relationship between segrega-
tion and HIV. Our study suggests that residential segre-
gation may be a distal determinant of HIVamong black
heterosexuals. The findings further emphasize the need
to address segregation as part of a comprehensive strat-
egy to reduce racial inequities in HIV.

Keywords HIV/AIDS . Racial segregation . Health
disparity

Introduction

Though estimated HIV incidence is declining in the
USA [1], the new rate of HIV diagnoses is still dispro-
portionately higher for black adults and adolescents [2].
According to the Centers of Disease Control and Pre-
vention (CDC), the rate of new HIV diagnoses among
this population in 2016 was 43.6 per 100,000, as com-
pared to 17.0/100,000 among Hispanic/Latinos, 5.2/
100,000 among the white population, and 5.5/100,000
among Asians [2]. This disparity is especially striking
among heterosexuals; while black adults and adoles-
cents constitute about 13% of the US population [3],
they accounted for approximately 63% of persons diag-
nosed in 2016 with infection attributed to heterosexual
contact (for reference, this percentage was 38.1% of
male-to-male sexual transmission cases and 35.4% of
transmission via injection cases) [2].

Structural Racism and Health

Structural racism can be defined as racial discrimination
emerging B…via mutually reinforcing systems of dis-
crimination (e.g., in housing, education, employment,
earnings, benefits, credit, media, health care, criminal
justice, etc.) that in turn reinforce discriminatory beliefs,
values, and distribution of resources^ [4, p. 650]. Social
science and public health have emphasized structural
racism as a fundamental cause of negative health out-
comes, including disproportionately high vulnerability
to HIV infection, among black adults and adolescents
[5–8]. Black/white residential segregation is one of the
most prominent manifestations of structural racism in the

USA [9]. Facilitated by racial prejudice and maintained
by numerous discriminatory federal and local housing
policies as well as lending and real estate industry prac-
tices, racial/ethnic segregation remained high throughout
the twentieth century despite expansions of black civil
rights [10, 11]. Although segregation has declined over-
all since 1990, many US metropolitan areas remain
highly segregated. In 2010 for example, the mean black
isolation index (a measure of segregation) was 45.2,
indicating that on average, a black person lived in a
census tract where 45.2% of residents were also black
[12]. In the twenty-first century, persistent segregation is
sustained by a range of factors including discriminatory
housing practices, limited resources (e.g., school quality
and housing values) and greater hazards (crime, expo-
sure to legal and illegal substances and to police, and
thus incarceration or violence) in predominately black
neighborhoods, and the inherent difficulty of overcom-
ing historically high segregation rates [10, 12–14].

Residential Segregation and HIV

Literature on health disparities often invokes segre-
gation as a cause of the higher burden of HIV [6,
15–19] and traces several pathways to explain this
relationship. Segregation sorts black and white
households into separate and unequal neighbor-
hoods, with black families disproportionately likely
to live in neighborhoods with multiple hazards and
fewer resources [20, 21]. For example, segregation
may trigger and concentrate violent crime [10, 21],
which, coupled with a criminal justice system that
disproportionately arrests and incarcerates black
people [7, 22], leads to higher incarceration rates
among black men [23]. High incarceration of men,
in turn, skews sex ratios in predominately black
neighborhoods [24]. In such neighborhoods, black
heterosexual women have to choose from a smaller
pool of available sexual partners and more often
than white women, establish sexual relationships
with men who are at higher risk of HIV [19].
Socioeconomic disadvantage created by segregation
may also contribute to HIV risk for heterosexual
residents via a combination of injecting drug use
[8] and transactional sex [25] in predominately
black neighborhoods. Segregation may disrupt the
participation of black residents in the HIV contin-
uum of care by limiting geographic access to health
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care locally and by limiting access to transportation
to services that are farther away [26, 27].

Segregation and associated socioeconomic inequities
across racial groups were even more prominent four
decades ago [10], at the dawn of the HIV epidemic in
the USA, which may explain the historically high HIV
prevalence in the black population. High background
HIV prevalencemay expose black residents to increased
risk of HIV via the racially homogenous sexual net-
works that segregated areas can foster [15]. Segregation
varies substantially across metropolitan statistical areas
(MSAs) and, to some extent, time [12], and so, segre-
gation may explain not only black/white inequities in
health, but also within-group variations in health among
black adults and adolescents living in different MSAs.

Several area-level studies have reported empiri-
cal associations between residential segregation
(measured as black isolation or black-white dissim-
ilarity) and rates of HIV-related outcomes, includ-
ing HIV incidence (all transmission modes) among
black adults (in cities) [6], the prevalence of HIV in
the general population (in counties) [5], and the
rate of AIDS incidence among heterosexuals (in
MSAs) [28]. However, methodological limitations
of these studies might have affected their internal
validity. For example, Henderson [5] used HIV
prevalence as the outcome, but variations in HIV
prevalence are difficult to interpret in the era of
modern antiretroviral therapy (e.g., longer survival
among people living with HIV); Buot et al.’s [6]
analysis was bivariate, potentially excluding key
confounders; both Henderson and Buot et al. use
cross-sectional design. Further, none of these stud-
ies focused specifically on the relationship between
segregation and heterosexually acquired HIV cases.

Study Rationale

The social science and public health literature has
posited that segregation is a potent structural de-
terminant of the higher burden of heterosexually
acquired HIV among black adults, but empirical

data on this relationship is weak. The present
study addresses this crucial empirical deficit. Spe-
cifically, we use multilevel, multivariable methods
to test the hypothesis that MSAs that are more
racially/ethnically segregated (measured as black
isolation) will have higher rates of newly diag-
nosed HIV cases among black heterosexual adults
and adolescents.

Methods

We used hierarchical linear modeling (HLM) methods
to assess the relationship between residential isolation
and HIV diagnosis rates among heterosexual black
adults (here and below, we refer to non-Hispanic black
individuals as Bblack^ and to non-Hispanic white indi-
viduals as Bwhite^) living in a cohort (2008–2015) of
MSAs. The unit of analysis was the MSA. This analysis
is part of a larger longitudinal study spanning 1992–
2015, so we used 1992 MSA boundaries. The MSA
cohort was a census of all MSAs in the contiguous
United States and Puerto Rico with population sizes of
500,000 or greater in 1992 (n = 96). However, oneMSA
(Puerto Rico) did not report population data for non-
Hispanic black residents, which reduced our dataset for
analysis (n = 95).

Measures

Supplemental Table S1 details the data type and source
for each measure.

Outcome

For each MSA and year, we calculated rates of newly
diagnosed cases of HIV among black heterosexuals as
the number of new HIV diagnoses among black people
aged 15–64 attributed to heterosexual contact per
10,000 black residents aged 15 to 64 years:

No:of new HIV diagnoses among black adults and adolescents attributed to heterosexual contactYeariMSAj

No:residents aged 15−64 years who are blackYeariMSAj
� 10; 000

ð1Þ
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Data on new diagnoses of heterosexually acquired
HIV were received from CDC for each year, by
race/ethnicity. These data were available for 2008 to
2015. Population data by race/ethnicity for people aged
15–64 were obtained from US Census Bureau’s Inter-
censal Population Estimates Program.

Independent variables

The main exposure of interest—residential segrega-
tion of black residents—was operationalized as the
black isolation index [29]. Isolation is a measure of

residential exposure, one of Massey and Denton’s
[29] five residential segregation dimensions, and is
a useful dimension for infectious disease epidemi-
ology because it measures potential contact within a
group [30]. For our study, the isolation index mea-
sures the probability that non-Hispanic black adults
will come into contact with others of the same
race/ethnicity. This measure was obtained from US
Census and the American Community Survey for
years 2000, 2010, and 2014 respectively. Following
Massey and Denton, the equation used to calculate
the isolation index is:

∑
n

i¼1

Total number of black residents in census tract

Total number of black residents in the MSA

�
Total number of black residents in census tract

Total population in census tract

�� ���
ð2Þ

We used linear interpolation to calculate values for
intercensal years for residential isolation (and for all
other covariates derived from the decennial census).

Based on past research of segregation as a predictor
of HIVand other STIs [5, 31, 32], we considered several
facets of MSA-level demographic composition as po-
tential confounders: total MSA population size, percent-
age of MSA population younger than 29 (for all races
and for black adults separately), and population and
housing densities per square mile. We posit that these
demographic characteristics and residential isolation
may have common unobserved antecedents (e.g., mi-
gration patterns) that may also influence HIV rates; we
also assume that these characteristics are not likely to be
affected by segregation, i.e., they are not mediators. At
the same time, we did not account for the effect of
known HIV predictors (e.g., socioeconomic and crimi-
nal justice characteristics, prevalence of men who have
sex with men [MSM] or people who inject drugs
[PWID], HIV prevalence among these groups, and ac-
cess to services) that may be affected by segregation to
avoid controlling for potential mediators.

We also preliminarily explored if selected socioeco-
nomic and demographic factors might mediate the rela-
tionship between black segregation and rates of new
HIV diagnoses, as suggested by Buot et al.’s model of
HIVecology. Buot et al. posited that in the mature HIV
epidemic (such as the one in the USA), segregation, lack
of economic opportunities and income inequality

between top and bottom earners act as interrelated distal
determinants of HIV risk affecting sexual networks,
concurrency patterns, and individual risky behaviors
via a constellation of intermediary factors (incarceration,
destabilized marriages, imbalanced sex ratios, etc.) [6].
Specifically, we assessed the percentage among black
residents of each of the following characteristics, as well
as black/white inequalities (adjusted by each population
size) in each of these characteristics: population
employed in civilian labor force, population living at
or below the federal poverty level, and adults aged 25 or
older with no high school diploma or equivalent. The
sex ratio for black adults (i.e., ratio of adult males to
adult females) dichotomized as equitable (0.95–1.05)
vs. inequitable (outside of this range) was also assessed
as a possible mediator [19]. Finally, we measuredMSA-
level annual rates of new HIV diagnoses per 10,000
white residents aged 15–64 obtained from the CDC as
a potential mediator.

Analysis

We used descriptive statistics to summarize the central
tendency and dispersion of each variable. We built
models using a 3-stage process: first, modeling temporal
changes in the outcome and then conducting bivariate
and multivariable analyses. We excluded observations
with missing data (less than 2% of total observations)
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from the analysis.We conducted our analysis in SAS 9.4
(SAS Institute Inc., Cary, NC).

Stage 1: modeling change in the outcome over time

We used a log transformation to normalize the distribu-
tion of HIV diagnosis rates and to linearize the relation-
ship between residential isolation and this outcome. All
models (stages 1–3) accounted for clustering of annual
observations within MSAs and of MSAs within the
states. Nested models yielded the smallest Akaike infor-
mation criterion (AIC) when time since baseline was
modeled as quadratic. Therefore, we modeled time as
quadratic in bivariate and multivariable models. We
assessed the covariance parameters and calculated
intraclass correlation coefficients (ICCs) and reduction
in the residual outcome variance between unconditional
means and growth models (pseudo R2) to assess the
variability of the outcome within and between MSAs
and states and its association with time [33].

Stage 2: bivariate models

Time-varying correlates were centered at their baseline
values to aid interpretation. Specifically, we created
variable dyads, with one variable for the baseline value
of the variable and the other capturing yearly change in
the variable since baseline. For the dichotomous sex
ratio variable, change over time was operationalized as
an interaction termwith the centered time. All covariates
and the outcome were standardized by creating z scores,
and we report standardized coefficients for bivariate and
multivariate models. We created 1-, 2-, and 3-year lags
between the exposure of interest (isolation) and the
outcome to account for the time needed for the exposure
to produce the outcome and examined correlations be-
tween the lagged exposure and the outcome. There was
no difference in the absolute magnitudes of the relation-
ship across models with isolation lagged by 1, 2, and
3 years, so we selected a 1-year lag.

To select potential confounders for the final model,
we tested associations of 1-year lagged covariate dyads
with the outcome in bivariate hierarchical linear models
(HLMs; NB, each bivariate model included time). Since
our MSA cohort was a census of MSAs with a popula-
tion of 500,000 or greater, and not a sample, assump-
tions associated with interpretation of p values and
confidence intervals do not hold [34, 35]. Therefore,
we focus on the magnitude of association, instead of

p values, to determine substantive significance and de-
cide which covariates to include in the final model; we
report confidence intervals as a heuristic guide. To eval-
uate the magnitude of association, we summed the ab-
solute value of each dyad’s standardized coefficient.
Based on literature on effect size interpretation and
previous research, we a priori selected a cut point of
0.20 as a recommended minimum effect size of practical
significance [36], and when the magnitude of associa-
tion in the bivariate model for a dyad was ≥ |0.20|, we
included that dyad in the final model [37]. To assess
whether potential mediator dyads should be analyzed in
our exploratory mediation analyses, we also used this
method with the lower cutoff value of > |0.10| reflecting
the exploratory nature of this analysis. Possible media-
tors were also 1-year lagged, except for the rates of HIV
diagnoses among white adults, for which we lacked
2007 data.

Stage 3: multivariable analysis

The final HLM included all covariates that met the
bivariate model cut point for inclusion in the
final multivariable model.

To inform future research, we preliminarily explored
possible mediators of the association between segrega-
tion and the outcome. Each mediator was added to the
model one at a time to avoid simultaneous testing of
mediators that may be part of the same causal pathway.
Specifically, we ran seven models, one for each possible
mediator. We compared the magnitudes of the effect
estimate for black isolation across our final model and
each mediator model to identify possible mediators; a
priori, we set a cut point of ≥ |10%| difference between
the effect estimate for the isolation index across unme-
diated and mediated models as indicating possible
mediation.

Since we log transformed the outcome to normalize
the relationship with covariates, we used back transfor-
mation [38] to report percent change in new HIV diag-
noses per 10,000 for a one standard deviation (SD)
change in the exposure variable to aid interpretation.

Results

The median rate of newly diagnosed cases of HIV
among black heterosexuals was 2.45 per 10,000 adults
in 2008 (25th and 75th percentiles: 1.60/10,000, 4.00/
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Table 1 Rates of newly diagnosed cases of HIVacquired through heterosexual contact among black adults (aged 15–64 years) per 10,000
over time, and possible structural independent variables: 95 large US metropolitan statistical areas, 2008–2015.

Mean Std dev Median 25th Pctl 75th Pctl

Newly diagnosed HIV cases per 10,000 black heterosexual adultsa

Baseline (2008) 3.19 2.56 2.45 1.60 4.00

Change between 2008 and 2015 −1.18 1.75 −0.92 −1.89 −0.21
Correlates

Black residential isolation index

Lagged baseline (2007) 35.37 18.97 36.56 17.53 48.85

Change between 2007 and 2014 −2.40 1.79 −2.27 −3.66 −1.08
Total population size of MSA (thousands)

Lagged baseline (2007) 1971.91 1786.10 1383.70 833.08 2289.07

Change between 2007 and 2014 138.89 162.17 70.92 40.21 198.93

% of population ages 15–29, all races

Lagged baseline (2007) 21.08 1.79 21.05 20.14 22.00

Change between 2007 and 2014 −0.42 0.68 −0.45 −0.80 −0.08
% of black residents of ages 15–29

Lagged baseline (2007) 24.43 1.93 24.17 23.30 25.34

Change between 2007 and 2014 −0.17 0.82 −0.17 −0.76 0.27

Population density per square mile

Lagged baseline (2007) 945.97 1641.31 538.62 354.42 967.78

Change between 2007 and 2014 47.58 58.46 35.42 17.06 64.95

Housing density per square mile

Lagged baseline (2007) 383.56 669.52 231.40 147.91 396.24

Change between 2007 and 2014 28.97 51.32 20.70 10.94 33.40

Possible mediators

Newly diagnosed HIV cases per 10,000 white heterosexual adultsa

Baseline (2008) 0.17 0.14 0.14 0.08 0.21

Change between 2008 and 2015 −0.04 0.10 −0.03 −0.07 0.02

Male to female ratio, black adultsa

Lagged baseline (2007) 0.96 0.22 0.88 0.84 1.00

Change between 2007 and 2014 0.00 0.07 0.01 0.00 0.02

MSAs with equitable sex ratio of black adultsa

Lagged baseline (2007), % (n) 15.79 (15)

Lagged endline (2014), % (n) 20.00 (19)

Percentage of non-Hispanic black adultsa (25 and up) without a high school diploma or equivalent

Lagged baseline (2007) 17.01 4.73 17.04 14.14 19.90

Change between 2007 and 2014 −3.51 1.71 −3.74 −4.81 −2.37
Ratiob of black to white adultsa without a high school diploma or equivalent, adjusted for population size

Lagged baseline (2007) 1.97 0.62 1.90 1.59 2.24

Change between 2007 and 2014 0.14 0.25 0.08 −0.01 0.26

Percentage of black employed adultsa

Lagged baseline (2007) 60.56 6.01 61.74 57.32 64.56

Change between 2007 and 2014 −0.19 2.34 0.02 −1.77 1.35

Ratiob of white to black employed adultsa, adjusted by population size

Lagged baseline (2007) 1.02 0.10 1.01 0.97 1.07

Change between 2007 and 2014 −0.02 0.04 −0.02 −0.05 0.00
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10,000); this rate decreased by 37.5% to 1.53 per 10,000
adults in 2015 (25th and 75th percentiles for change: −
1.89/10,000, − 0.21/10,000) (Table 1). Analysis of the
ICC suggested that a meaningful proportion of the out-
come variance was attributable to differences between
MSAs (27.5%) and between states (35.3%), thus justi-
fying multilevel analysis. Comparison of unconditional
means and growth models in HLM indicated that 24%
of the outcome variation within MSAs was associated
with linear and quadratic time (pseudo R2 = 0.24).

The median black isolation index was 36.6% in 2007
(25th and 75th percentiles: 17.5, 48.9). This means that in
half of these MSAs, on average black residents lived in a
census tract where more than a third of the residents were
also black. This index remained fundamentally constant
over the subsequent 8 years (2015 median: 34.3%; 25th
and 75th percentiles for change: − 3.7, − 1.1).

The median population size as well as the densities of
population and housing in MSAs slightly increased,
while the median percentage of young people remained
essentially stable. In 2007, the median male to female
sex ratio for black adults was 0.88 (i.e., 88men for every
100 women), and the 75th percentile was 1.00, indicat-
ing relative deficit of black men in most MSAs
that year. In 2007, the vast majority of MSAs had
an inequitable sex ratio for black adults (84.2%,
n = 80); this proportion was constant across time.
Socioeconomic indicators revealed relatively high
levels of inequality between white and black adults
in high school graduation and poverty rates that
changed little over time (Table 1).

The rate of new HIV diagnoses among white hetero-
sexuals was 0.14 per 10,000 adults in 2008, or almost
17.5 times as low as that of black heterosexuals; by
2015, this disparity between black vs. white new HIV
diagnosis rates had slightly decreased to 14 (Table 1).

Bivariate analyses found that baseline isolation
was positively correlated with the outcome (B =
0.31), while there was weak association between
the linear change in isolation and the outcome
(B = 0.07). Bivariate models indicated that only
the total population size met the cut point
(≥ |0.20|) for inclusion in the final multivariable
model. Almost all potential mediators (except for
white-black employment ratio) passed the test of
strength of bivariate association (≥ |0.10|) with the
outcome (Table 2).

The positive relationship between baseline black iso-
lation and the outcome persisted in the multivariable
model that controlled for MSA population size and time
(B = 0.23, Table 2). According to this model, a 19%
difference (i.e., one SD difference) in the baseline iso-
lation variable was associated with a 16.2% difference
in the rate of newly diagnosed cases of HIV in 2008–
2015. Change in isolation over time demonstrated weak
positive association with the outcome (B = 0.07,
Table 2), which can be translated to 4.6% change in
HIV rates per one SD difference in change in isolation
over time. Population size dyad and time remained
correlated with the outcome in the final model, although
the magnitude of association for population size dyad
was below |0.20| (Table 2).

Table 1 (continued)

Mean Std dev Median 25th Pctl 75th Pctl

Percentage of black residents with incomec below poverty level

Lagged baseline (2007) 20.75 6.74 20.84 16.06 25.37

Change between 2007 and 2014 1.00 2.64 1.04 −0.25 2.23

Ratiob of black to white residents with incomec below poverty level, adjusted by population size

Lagged baseline (2007) 2.65 0.71 2.58 2.28 3.00

Change between 2007 and 2014 −0.23 0.30 −0.21 −0.38 −0.08

2008 to 2015 is the timeframe for the outcome. Correlates were lagged 1 year and reflect 2007–2014

Note: Correlates were lagged 1 year because we did not expect a change in the correlates to have an instantaneous effect on the outcome
a For this study, adults are defined as persons aged 15–64. For those without a high school diploma or equivalent, the census reports these
data for those ages 25–64 to allow time for non-diploma holders to obtain an equivalent. Yearly sex ratios by race were only available from
census intercensal estimates, which report the age range 18–64
b Ratios adjusted for population size are ratios of percentages out of the relevant population
c Income refers to individual income
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Preliminary exploration of possible mediators dem-
onstrated that adding rates of white HIV diagnoses, high
school drop out for black adults, and white-black in-
equalities in rates of drop out and poverty to the final
model changed the magnitude of association between
the baseline exposure (isolation) and the outcome (new
HIV diagnoses) above the predetermined cut point
(≥ |10%|, Table 3). We observed the largest change in
the focal association when we added white HIV diag-
nosis rate and the percentage of black adults with no
high school diploma to the model (34.8 and 51.4%
decrease, correspondingly). Adding equitable sex ratio
for black adults to the final model did not attenuate the
focal relationship. Since the final model yielded low
standardized coefficient for change in isolation over

time, the relative change in the strength of association
between this exposure variable and the outcome was
artificially high when most of the potential mediators
were added, so we do not report related findings.

Discussion

Past literature has consistently posited that racial segre-
gation may be a fundamental cause of HIVamong black
adults [15, 39]; however, empirical evidence to support
this hypothesis has been limited. To our knowledge, our
study is the first longitudinal test of the association
between residential segregation and rates of new HIV
diagnoses among black heterosexual adults in large

Table 2 Possible structural correlates of log rates of newly diagnosed cases of HIV acquired through heterosexual contact among black
adults (aged 15–64 years) per 10,000: 95 large US metropolitan statistical areas, 2008–2015.

Correlates Bivariate model standardized
coefficient (95% CI)

Multivariate modela standardized
coefficient (95% CI)

Black residential isolation index

Lagged baseline (2007) 0.31 (0.15, 0.46) 0.23 (0.07, 0.40)

Change between 2007 and 2014 0.07 (−0.02, 0.16) 0.07 (−0.02, 0.16)
Time

Years since 2008 −0.20 (−0.27, −0.13) −0.16 (−0.25, −0.07)
Years, squared (quadratic) 0.05 (0.00, 0.10) 0.05 (0.00, 0.10)

Potential confounders

Total population size of MSA*

Lagged baseline (2007) 0.20 (0.08, 0.33) 0.13 (0.00, 0.26)

Change between 2007 and 2014 0.00 (−0.10, 0.08) 0.00 (−0.08, 0.10)
% of population ages 15–29, all races

Lagged baseline (2007) − 0.03 (−0.17, 0.11) –

Change between 2007 and 2014 0.00 (−0.08, 0.08) –

% of black residents of ages 15–29

Lagged baseline (2007) −0.11 (−0.24, 0.01) –

Change between 2007 and 2014 −0.07 (−0.14, 0.00) –

Population density per square mile

Lagged baseline (2007) 0.14 (0.01, 0.28) –

Change between 2007 and 2014 0.00 (−0.09, 0.09) –

Housing density per square mile

Lagged baseline (2007) 0.15 (0.01, 0.28) –

Change between 2007 and 2014 0.00 (−0.09, 0.08) –

Timeframe for the outcome, black heterosexually acquired HIV, is 2008 to 2015. The timeframe for correlates is lagged 1 year, 2007–2014,
because we did not expect an instantaneous effect on the outcome

CI, confidence interval
a The multivariate model includes covariates indicated by * (meeting substantive significance cut point) and states as a categorical
independent variable (parameters for states not shown here)
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Table 3 Exploratory testing of select mediators of the relationship between black residential isolation and the log rate of new HIV cases: 95
large US metropolitan statistical areas, 2008–2015.

Independent variablesa Standardized coefficient
for bivariate model
(95% CI)

Standardized coefficient
for multivariate model
(95% CI)

% changef in standardized
coefficient for the focal
exposureg

Newly diagnosed HIV cases per 10,000 white heterosexual adultsb

Baseline (2008) 0.41 (0.27, 0.56) 0.34 (0.20, 0.48) −34.75
Change between 2008 and 2015 0.05 (−0.02, 0.12) 0.05 (−0.02, 0.12) *

Equitable male to female ratio, black adultsb

Lagged baseline (2007) −0.23 (−0.57, 0.11) −0.06 (−0.39, 0.28) 5.08

Change between 2007 and 2014 (interaction of the
variable with time)

0.04 (−0.01, 0.09) 0.03 (−0.02, 0.08) *

Percentage of non-Hispanic black adultsb (25 and up) without a high school diploma or equivalent

Lagged baseline (2007) 0.25 (0.11, 0.40) 0.25 (0.11, 0.39) −51.35
Change between 2007 and 2014 0.01 (−0.08, 0.11) 0.00 (−0.10, 0.04) *

Ratioc of black to white adultsb without a high school diploma or equivalent, adjusted for population size

Lagged baseline (2007) 0.24 (0.12, 0.35) 0.22 (0.12, 0.33) −15.48
Change between 2007 and 2014 −0.01 (−0.08, 0.06) −0.02 (−0.09, 0.05) *

Percentage of black employed adultsb

Lagged baseline (2007) 0.14 (0.005, 0.27) 0.09 (−0.03, 0.22) 3.96

Change between 2007 and 2014 0.02 (−0.06, 0.09) 0.02 (−0.06, 0.10) *

Ratioc of white to black employed adultsb, adjusted by population sized

Lagged baseline (2007) −0.03 (−0.18, 0.11) – –

Change between 2007 and 2014 −0.02 (−0.09, 0.05) – –

Percentage of black residents with incomee below poverty level

Lagged baseline (2007) −0.06 (−0.21, 0.08) −0.04 (−0.17, 0.10) 2.71

Change between 2007 and 2014 0.06 (−0.01, 0.12) 0.06 (−0.01, 0.12) *

Ratioc of black to white residents with incomee below poverty level, adjusted by population size

Lagged baseline (2007) 0.16 (0.02, 0.30) 0.12 (−0.02, 0.26) −22.58
Change between 2007 and 2014 0.06 (−0.01, 0.12) 0.06 (−0.01, 0.12) *

2008 to 2015 is the timeframe for the outcome. Except for newly diagnosed HIV cases per 10,000 white heterosexual adults, correlates were
lagged 1 year and reflect 2007–2014

Note: Correlates were lagged 1 year because we did not expect a change in the correlates to have an instantaneous effect on the outcome

*Due to the low absolute value of isolation change coefficient in the model without mediators, the relative change in this parameter is
artificially high, so we do not report these findings

CI, confidence interval
a Each independent variable was added to the model one at a time
b For this study, adults are defined as persons aged 15–64. For those without a high school diploma or equivalent, the census reports these
data for those ages 25–64 to allow time for non-diploma holders to obtain an equivalent. Yearly sex ratios by race were only available from
census intercensal estimates which report the age range 18–64
c Ratios adjusted for population size are ratios of percentages out of the relevant population
d This variable was not tested as a mediator in the multivariate models due to weak bivariate associations with the outcome
e Income refers to individual income
f Compared to the standardized coefficients of the focal exposure (baseline isolation and change) for the final model without mediators (see
Table 2)
g The focal exposure is black isolation in the metro area
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MSAs in the USA. We found that the rate of new HIV
diagnoses in MSAs varies across both MSAs and time,
and that the black/white HIV inequity, although declin-
ing, still persists. Importantly, study results show that
baseline residential isolation index and the rate of new
HIV diagnoses are independently and positively
associated.

Our findings support past area-level studies that also
found a positive relationship between racial segregation
and HIV-related outcomes among heterosexual resi-
dents, as well as PWID and MSM [5–7, 28]. By
employing more rigorous methods (i.e., longitudinal
design and name-based HIV diagnoses data), we
strengthen the argument that structural racism, specifi-
cally residential segregation, is a fundamental determi-
nant of HIV for black heterosexual populations. The
relatively high magnitude of the association between
baseline isolation and HIV (i.e., one SD change in
baseline isolation corresponds to 16.2% change in HIV
rates) emphasizes the potential effectiveness of address-
ing segregation as an HIV prevention strategy. We did
not, however, find a substantial association between
change in black isolation level and HIV. One explana-
tion may be that changes in segregation during our
relatively short study period were too small in magni-
tude to account for changes in the outcome. Addition-
ally, our segregation measure also assumed that linear
interpolation accurately reflects the actual change in
isolation index during this period, which may be
incorrect.

Determining if the association between segregation
and HIV is causal rests, in part, on identifying plausible
causal pathways linking these phenomena. The litera-
ture has posited that segregation may affect HIV rates
among black heterosexuals via various mechanisms op-
erating at community, network, and individual levels,
including socioeconomic forces [8, 10, 20, 25, 40]. Our
preliminary findings that white-black inequality in rates
of poverty may play mediating roles while absolute
poverty rates for black adults might not, highlight the
role of the racialized socioeconomic systems in engen-
dering HIV vulnerability. Other authors have also em-
phasized the role of racial economic inequality as an
HIV risk factor, though cautioned that it does not fully
explain racial inequities in HIV [41, 42]. Our models
suggest that black employment level and black/white
inequalities in employment do not mediate the relation-
ship between segregation and HIV. This may be because
the census measure of employment is suboptimal, since

it does not differentiate between part-time, minimum
wage job and full-time, salaried, high wage job [43].
Black adults are more likely to work in the former jobs
than their white counterparts [44–46]. The preliminary
finding that black educational attainment may mediate
the association between segregation and HIV is aligned
with past studies showing higher HIV rates for black
residents in areas with lower graduation rates [6].

We had posited that imbalanced sex ratios might
mediate the relationship between segregation and HIV
because, according to past literature, (1) segregation
may facilitate factors (e.g., high violent crime and ra-
cialized policing) [7, 10, 21] known to skew sex ratios of
black adults [15, 19, 41], and (2) lower sex ratios are
associated with higher HIV rates [5]. However, we
found no evidence supporting this hypothesis. It is pos-
sible that our hypothesized cause-effect chain is incor-
rect, e.g., higher incarceration driven by segregation
may affect HIV rates not via imbalanced sex ratios, but
through destabilizing social and sexual networks [19].
Alternatively, enumeration errors (e.g., undercounting
black men) in sex ratio measures may attenuate its
relationship with HIV rates [19].

Our preliminary mediation analysis suggested that
rates of HIV diagnosis among white heterosexuals
may mediate the relationship between segregation and
HIV diagnosis rates among black heterosexuals. This
seems counter-intuitive: one would expect that segre-
gated MSAs offer less opportunity for black and white
heterosexuals to interact. An alternative explanation
may be that white and black HIV diagnosis rates are
correlated since both are influenced by the overall HIV
incidence and prevalence rates in the MSA, and/or by
ease of access to HIV testing, which may depend on
segregation.

Our study has several strengths. Its longitudinal
design allowed us to assess the directionality and
temporality of associations. Data on the outcome
were derived from name-based reporting, ensuring a
more accurate measure of HIV than prevalence or
incidence estimates used in other studies. Name-
based reporting reduces duplication in HIV reporting
when the same person living with HIV is tested sev-
eral times; it reduces the problem of potential con-
founding, an important attribute because racial/ethnic
segregation may correlate with the rates of duplicate
HIV reporting. Operationalizing segregation within
MSAs is aligned with its conceptualization as a func-
tion of central city/suburb interactions [47, 48].
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Limitations include the relatively short time span for
our analysis, driven by the recent (2008) initiation of
name-based reporting across states, so we were unable
to detect changes occurring over the longer period. The
lack of data on isolation for intercensal years and use of
linear interpolation to estimate isolation during those
years might have led our models to inaccurately repre-
sent actual isolation trends. Our analysis covers the
period of Great Recession and subsequent economic
recovery, so the findings may be less generalizable to
periods with different macroeconomic processes. Our
results may have limited generalizability to smaller
MSAs. Annual, MSA-specific data on HIV diagnoses
were not available by race/ethnicity, mode of transmis-
sion and gender or age group, so we were unable to
compare relationships between isolation and newly di-
agnosed cases of HIV across men and women or for
different age groups. We were also unable to control for
confounders operating within individuals, social net-
works, or geographic areas other than the MSA, or
account for possible cross-population effects between
PWID, MSM, and heterosexual residents or programs.
Our mediation analysis was intended to be exploratory,
and more rigorous analyses (e.g., structural equation
modeling) are needed to refute or support existing the-
ories about socioeconomic mechanisms.

Future research should address these limitations by
combining MSA, neighborhood-level and individual-
level analyses, including data on recent HIV diagnoses,
accounting for the influence of HIV prevalence and
relevant prevention and care programs in other key
populations and applying advanced statistical methods
(e.g., marginal structural modeling) to assess mediation
and confounding.

Public Health Implications

This study provides further evidence about the harmful
effects of segregation on health—this time, on new HIV
diagnoses among black heterosexuals. Addressing some
of the limitations of past studies, we strengthen the
argument that racial segregation is a fundamental cause
of HIV infection in the USA. Policy and community
interventions promoting fair housing and socioeconom-
ic equality should accompany evidence-based ap-
proaches to strengthen black residents’ engagement in
the HIV care continuum (e.g., intensive outreach, ad-
dressing unmet non-HIV needs, and peer patient

navigation [49]). Eliminating this potent form of struc-
tural discrimination may also reduce the burden of mul-
tiple other adverse health outcomes among the black
population.
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