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Abstract Racial/ethnic homophily in sexual partner-
ships (partners share the same race/ethnicity) has been
associated with racial/ethnic disparities in HIV. Struc-
tural racism may partly determine racial/ethnic
homophily in sexual partnerships. This study estimated
associations of racial/ethnic concentration and mortgage
discrimination against Black and Latino residents with
racial/ethnic homophily in sexual partnerships among
7847 people who inject drugs (PWID) recruited from 19
US cities to participate in CDC’s National HIV Behav-
ioral Surveillance. Racial/ethnic concentration was de-
fined by two measures that respectively compared ZIP
code-level concentrations of Black residents to White
residents and Latino residents to White residents, using
the Index of Concentration at the Extremes. Mortgage
discrimination was defined by two measures that respec-
tively compared county-level mortgage loan denial
among Black applicants to White applicants and mort-
gage loan denial among Latino applicants to White
applicants, with similar characteristics (e.g., income,
loan amount). Multilevel logistic regression models
were used to estimate associations. Interactions of
race/ethnicity with measures of racial/ethnic concentra-
tion and mortgage discrimination were added to the final
multivariable model and decomposed into race/
ethnicity-specific estimates. In the final multivariable
model, among Black PWID, living in ZIP codes with
higher concentrations of Black vs. White residents and
counties with higher mortgage discrimination against
Black residents was associated with higher odds of
homophily. Living in counties with higher mortgage
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discrimination against Latino residents was associated
with lower odds of homophily among Black PWID.
Among Latino PWID, living in ZIP codes with higher
concentrations of Latino vs. White residents and
counties with higher mortgage discrimination against
Latino residents was associated with higher odds of
homophily. Living in counties with higher mortgage
discrimination against Black residents was associated
with lower odds of homophily among Latino PWID.
Among White PWID, living in ZIP codes with higher
concentrations of Black or Latino residents vs. White
residents was associated with lower odds of homophily,
but living in counties with higher mortgage discrimina-
tion against Black residents was associated with higher
odds of homophily. Racial/ethnic segregation may part-
ly drive same race/ethnicity sexual partnering among
PWID. Future empirical evidence linking these associ-
ations directly or indirectly (via place-level mediators)
to HIV/STI transmission will determine how eliminat-
ing discriminatory housing policies impact HIV/STI
transmission.

Keywords Discrimination - HIV - Racial/ethnic
disparities - People who inject drugs - Segregation -
Sexual partnerships

Introduction

The increase in opioid use across all racial/ethnic groups
in the USA raises concerns about persistent racial/ethnic
disparities in HIV infection, as Black and Latino people
who inject drugs (PWID) continue to have higher HIV
diagnosis rates than White PWID [1-4]. With the ex-
ception of one recent study documenting that Black
women who inject drugs report higher prevalence of
HIV risk behaviors, including condomless sex with
non-primary partners, transactional sex, and multiple
partners, than their Black male and White male and
female counterparts [S], most studies to date suggest
that racial/ethnic differences in risk behaviors, including
sharing injection equipment and condomless sex, do not
explain racial/ethnic disparities in HIV among PWID [6,
7]. Specifically, despite having higher prevalence of
HIV infection, overall Black PWID have been docu-
mented to share injection equipment and engage in
sexual risk behaviors at lower rates than other racial/
ethnic groups of PWID [3, 4, 7-9].

A growing line of evidence points to sexual network
and partnering dynamics as strong determinants of
racial/ethnic disparities in HIV. Specifically, two domi-
nant explanations have upheld this hypothesis. First,
corresponding with higher rates of HIV in their commu-
nities, Black and Latino PWID are documented to have
higher percentages of HIV-positive sexual and injection
network members in their social networks than White
PWID [6, 7, 9—12]. Second, Black and White PWID
select sexual and injection network members of the
same racial/ethnic group at higher percentages than their
Latino counterparts [7, 9, 11]. Mathematical models
suggest that such partnering patterns by race/ethnicity
perpetuates racial/ethnic disparities in HIV infection
among Black and White PWID, with Latino PWID
serving as a potential “bridging group” [6, 7, 9, 11].

Personal preferences, perceptions of familiarity and
trust, and racist attitudes have been documented to in-
fluence racial/ethnic homophily in sexual partnerships
in the general population [13—-15], but geographic and
structural factors may also determine partner selection
[16-20]. The US legacy of systematic spatial segrega-
tion of racial/ethnic groups by policies and procedures
that cause people of color in the USA to be discriminat-
ed against in the housing market may also contribute to
partnering patterns by directly determining the likeli-
hood that people of different racial/ethnic backgrounds
interact.

Discriminatory housing practices which originated
with Jim Crow laws were reinforced with the Hoover
administration’s redlining policies that established re-
strictive residential zoning according to race and encour-
aged mortgage lenders and real estate agents to deny
loans and restrict racial/ethnic minorities from leasing
and purchasing homes in specific neighborhoods [21].
Despite enactment of policies, including the Fair Hous-
ing Act, Equal Credit Opportunity Act, and Community
Reinvestment Act, which have collectively sought to
prohibit redlining and racial/ethnic disparities in leasing
and mortgage lending [22], Black and Latino people
continue to be denied mortgages and leases and are
more likely to face unfavorable terms in mortgage lend-
ing and rental agreements than their White counterparts
[22].

Such contemporary forms of housing discrimina-
tion perpetuate the establishment of separate and
unequal Black, Latino, and White communities
[23, 24]. Independent of household income, on av-
erage, White households are located in
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neighborhoods where 80% of households are White.
Black and Hispanic/Latino households are located in
neighborhoods where less than 50% of households
are White [25], and segregated predominantly Black
and Latino communities are on average character-
ized as having less economic and educational re-
sources and being more vulnerable to disinvestment,
depopulation, substandard housing, growth of infor-
mal economies (e.g., drug market activity), and dis-
enfranchisement and political disempowerment, than
predominantly White communities [22, 25-28].

The impacts of racial/ethnic residential segregation
on health, including HIV- and STI-related outcomes and
behaviors, are inconsistent and may partly relate to the
type and magnitude of resources provided within a
racially or ethnically segregated community. As posited
by the ethnic density hypothesis [29], concentration of
non-White racial/ethnic groups may facilitate better
health behaviors and outcomes among members of these
groups by increasing access to positive social capital,
strengthening cultural pride, and increasing resilience
and resistance to discrimination and prejudice from
White people. Additionally, concentration of residents
of the same racial/ethnic group may reinforce norms
around health-protective behaviors for some racial/
ethnic groups [29, 30]. Indeed, research by Momplaisir
and colleagues documents that racially segregated net-
works among Black PWID are associated with lower
odds of syringe sharing than racially segregated net-
works among White and Hispanic/Latino PWID [9].

The potential for racial/ethnic residential segregation
to bear negative HIV/STI-related consequences for
Black populations and other racial/ethnic groups has
also been documented. Among Black people in partic-
ular, residence in racially segregated localities has been
associated with sexual risk behaviors (e.g., large number
of partners, condomless sex) and HIV [18, 31-38]. The
mechanisms behind these relationships have frequently
been described as manifestations of the ways discrimi-
natory housing market forces restrict Black residents to
neighborhoods vulnerable to factors that impede eco-
nomic mobility and health (i.e., economic disinvest-
ment, depopulation, crime, intensified policing strate-
gies, etc. [26, 39-41]).

Although less documented among Hispanic/Latino
populations, residential segregation has been associated
with suboptimal health outcomes not specific to HIV/
STIs, including physical inactivity, poor birth outcomes,
and self-rated health [42, 43]. Similar mechanisms as
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those proposed for the “residential segregation-health
adversity” relationship among Black residents have
been proposed for Hispanic/Latino residents. The
strength of the relationship has been suggested to be
influenced by place of origin and nativity, however. For
example, prior studies suggest residential segregation is
associated with more health problems among Puerto
Ricans than Mexican Americans [30], and that exposure
to “US-born Hispanic/Latino enclaves” is more health
adverse than exposure to “foreign-born Hispanic/Latino
enclaves”[42, 43]. Differences in healthcare utilization,
ethnic supports, and solidarity have been posited to
influence these findings [30, 42].

Collectively, prior literature suggests residential seg-
regation may impact the burden of HIV/STIs and other
health outcomes among people of color in multiple
ways. Several studies hypothesize that patterns of sexual
partnering by race/ethnicity may be mediators of the
relationship between residential segregation and HIV,
but no study to date has explored whether residential
segregation is associated with racial/ethnic homophily
in sexual partnerships. This cross-sectional analysis fills
gaps in knowledge on the potential influence of residen-
tial segregation on racial/ethnic homophily in sexual
partnerships, by exploring whether ZIP code-level
racial/ethnic concentration and county-level mortgage
discrimination—a measure of institutional racism less
studied to date—influence racial/ethnic homophily in
sexual partnerships among PWID. Given the cross-
sectional design of the study and lack of temporal order
in mortgage discrimination and racial/ethnic concentra-
tion, we consider these measures as potential covariates
rather than respective precedents and consequents of
each other.

Material and Methods
Data Collection and Sampling

This analysis has a cross-sectional multilevel design.
Individual-level data gathered from PWID enrolled in
the 2012 cycle of the Center for Disease Control and
Prevention’s National HIV Behavioral Surveillance
(NHBS) was linked to ZIP code-level data from the
2008-2012 US Census Bureau’s 5-year American Com-
munity Survey (ACS) and county-level data from the
2012 Housing Mortgage Disclosure Act database. ACS
S-year estimates aggregate survey values across a 5-year
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time frame and have a larger sampling frame and greater
reliability than 1-year estimates. ACS 1-year estimates
are also not available at the ZIP code level, whereas 5-
year estimates are available at the ZIP code level [44].

A total of 12,425 PWID recruited from 20 metropol-
itan statistical areas with high AIDS prevalence in 2006
were eligible for the 2012 NHBS cycle. Details on
NHBS recruitment can be found elsewhere [45, 46].
PWID were recruited by respondent-driven sampling.
Participants were eligible if they were > 18 years, re-
ported injection drug use in the past year, demonstrated
evidence of injection (e.g., track marks), resided in an
NHBS-eligible metropolitan statistical area, and provid-
ed oral consent [47]. Once enrolled, PWID completed
anonymous questionnaires collecting self-reported in-
formation on HIV-related risk behaviors, HIV testing,
and the use of prevention and harm reduction services.
Anonymous HIV testing was also offered to all eligible
participants as part of the NHBS study.

The San Juan-Bayamon site was excluded from anal-
ysis because the sample lacked racial/ethnic diversity.
Among those who were eligible in all other NHBS sites,
9195 Hispanic/Latino, non-Hispanic/Latino Black, and
non-Hispanic/Latino White PWID (hereafter referred to
as Latino, Black, and White PWID) who had valid/and
complete surveys, valid ZIP code information, and were
male or female (transgender persons had a small sample
size (n = 70)) were retained. Participants were excluded
from this restricted sample if they reported no sexual
intercourse in the past year (n = 1273) or were missing
information on key covariates (n = 5). The final analytic
sample included 7847 participants. Participant charac-
teristics were similar among the analytic and full
samples.

Measures

Using standardized questionnaires, trained interviewers
collected self-reported participant information, includ-
ing residential county and ZIP code information and
perceived characteristics of the last sexual partner in
the past year (male partners among women; male and
female partners among men). Participants were assigned
to metropolitan statistical areas and regions based on
interview site. Those who lived in ZIP codes that
crossed county lines were assigned to the county where
most participants living in that ZIP code reported resid-
ing ( < 3% of the eligible sample). When possible,
participants who reported current homelessness were

assigned to the ZIP code in which they reported fre-
quently sleeping. Homeless persons were included in
the analytic sample based on the assumption that their
social interactions are influenced by discriminatory
housing practices and racial/ethnic composition of the
broader communities they seek and find shelter.

The outcome was racial/ethnic homophily of last
sexual partner (hereafter referred to as homophily) de-
fined as the last (vaginal or anal) sexual partner in the
past 12 months who belonged to the same racial/ethnic
group as the participant. For example, among Black
PWID, the reference category “0” denoted partners
who were not Black, and “1” denoted Black sexual
partners. Five hundred and seventeen men reported both
a recent male partner and recent female partner in the
past 12 months. The majority ( ~ 70%) reported high
concordance in whether these male and female sex
partners were of the same race/ethnicity as the partici-
pant. Therefore these men were coded as being in a
same-race/ethnicity partnership if at least one partner
(e.g., the last male and/or female partner) was reported
to be the same race/ethnicity as the participant.

Primary exposures included two measures of ZIP
code-level racial/ethnic concentration and two measures
of county-level racial/ethnic mortgage discrimination.
The two ZIP code-level measures of racial/ethnic con-
centration were separately calculated to compare con-
centrations of Black or Latino residents to White resi-
dents using the Index of Concentration at the Extremes
(ICE) [48-51]. ZIP code-level data on race/ethnicity
came from the 2010-2014 US Census Bureau American
Community Survey (ACS).

ICE = (Ai-P,)/T;

Here A is the number of Black (or Latino) residents in
ZIP code i; P is the number of White residents in ZIP
code i; and T is the total number of residents with
information on race and ethnicity in ZIP code i. ICE
ranges from —1 to 1, with —1 denoting 100% of White
residents and 1 denoting 100% of Black or Latino
residents in ZIP codes. An increase in ICE reflects an
increase in Black or Latino residents as compared to
White residents.

County-level mortgage discrimination measures
were defined using methods pioneered by Gee [52,
53]. Specifically, data from the 2012 Housing Mortgage
Disclosure Act database of the Federal Reserve Board
was used to separately determine the odds of mortgage
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loan denial among Black or Hispanic/Latino residents as
compared to White residents at the county level, con-
trolling for sex, log of gross annual income, and log of
loan amount. Two measures of housing loan denial were
calculated accordingly: mortgage discrimination against
Black residents, which compared mortgage loan denial
among Black residents (coded “1”) to White residents
(coded “0”), and mortgage discrimination against Latino
residents, which compared mortgage loan denial among
Latino residents (coded “1”’) to White residents (coded
“0”). Because the odds of both mortgage discrimination
measures could not be zero, both measures were cen-
tered at one to aid interpretation of interactions.

Covariates included region (North, South, Midwest,
West) and the following participant characteristics: age,
gender, race/ethnicity, annual income (i.e., earning
10,000 USD or more), high school or general equivalency
diploma, and full-time employment. Additional covariates
included the following behaviors measured within a 12-
month reporting period: incarceration (i.e., held in a jail or
prison for at least 1 day), homelessness (i.e., self-reported
homelessness or residing on the street, in a shelter, in a
single room occupancy hotel, or in a car, or temporarily
residing with friends or relatives at any time), daily injec-
tion drug use, binge drinking, any non-injection drug use,
and exchange sex. For descriptive purposes, we also con-
sidered HIV status of the participant and characteristics of
the last sexual partnership, such as duration of partnership
(measured in days), type of partnership (i.e., partnership
with a main or casual sex partner), and whether a given
participant had condomless sex with the last sexual partner
in the past 12 months.

Statistical Analysis

The distributions of all participant characteristics, place
characteristics, and characteristics of the last sexual
partner were determined, and correlations among county
and ZIP code-level measures were assessed. Three se-
ries of multilevel logistic regression models, which in-
cluded random intercepts at ZIP code, county, and MSA
levels, were used to estimate the associations of partic-
ipant characteristics and measures of ZIP code-level
racial/ethnic concentration and county-level mortgage
discrimination with racial/ethnic homophily in sexual
partnerships of PWID.

First, univariate models estimating associations of
participant characteristics, each measure of ZIP code-
level racial/ethnic concentration, and each measure of
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county-level mortgage discrimination with homophily
were analyzed. Second, if participant race/ethnicity and/
or measures of racial/ethnic concentration or mortgage
discrimination were significant in univariate models, we
then explored potential racial/ethnic differences in asso-
ciations by adding interaction terms of the product of
race/ethnicity with each measure of racial/ethnic con-
centration and each measure of mortgage discrimina-
tion. The reference group for all interactions was White
PWID. Therefore, a significant interaction term of the
product of Black race with any measure of racial/ethnic
concentration or mortgage discrimination suggested the
association between a given measure of racial/ethnic
concentration or mortgage discrimination and
homophily among Black PWID differed from that of
White PWID. Similarly, a significant interaction term of
the product of Latino ethnicity with any measure of
racial/ethnic concentration or mortgage discrimination
among Latino PWID suggested the association between
a given measure of racial/ethnic concentration or mort-
gage discrimination and homophily differed from that of
White PWID.

Third, we analyzed two multivariable models es-
timating the associations of each measure of racial/
ethnic concentration and mortgage discrimination
with homophily while controlling for geographic
region and participant characteristics. The first mul-
tivariable model excluded interaction terms of
PWID race/ethnicity with measures of racial/ethnic
concentration and mortgage discrimination. The sec-
ond multivariable model included interactions of
race/ethnicity with measures of mortgage discrimi-
nation and racial/ethnic concentration that were sig-
nificant in preliminary interaction models.

In the fourth and final step, we decomposed the
interactions evaluated in the second multivariable model
into race/ethnicity-specific associations using post-
estimation procedures. Standardized odds ratios are pre-
sented. Analysis was conducted using Stata version 13
(StataCorp LP, College Station, TX).

Results
Participant Characteristics
The majority of participants were Black (48%), follow-

ed by White (30%) and Latino (21%) (Table 1). Among
Latino participants reporting ancestry, most were Puerto
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Table 1 Distributions of ZIP code, county, and participant characteristics among 7847 people who inject drugs living in 19 US cities in 2012

Characteristics N (%) or median (IQR)
Participant characteristics
Current age, median (IQR) 45.41 (37-54)
Male 5669 (72.24)
Race/ethnicity’

Latino 1661 (21.17)

Black 3798 (48.40)

White 2388 (30.43)

Annual income ( < 10,000 USD)
High school/general equivalency diploma
Full-time employment
Incarceration, past 12 months
Homelessness, past 12 months
Positive NHBS HIV test result®
Drug use and sexual behaviors
Daily injection drug use, past 12 months
Non-injection drug use, past 12 months
Binge drinking, past 12 months
Sex exchange, past 12 months
Characteristics of sexual partnerships
Number of sexual partners®, past 12 months, median (IQR)
Same-race/ethnicity sexual partner, past 12 months
Characteristics of last same-sex male partner
Main partner
Length of relationship (days), median (IQR)
Condomless anal sex, past 12 months
Characteristics of last female heterosexual partner
Main partner
Length of relationship (days), median (IQR)
Condomless anal or vaginal sex, past 12 months
Characteristics of last male heterosexual partner
Main partner
Length of relationship (days), median (IQR)
Condomless anal or vaginal sex, past 12 months
Region” and place characteristics
Northeast
South
Midwest
West
ZIP code (N = 889)
Concentrations of Black vs. White residents, median (IQR)
Concentrations of Latino vs. White residents, median (IQR)
County (N =53)
Mortgage discrimination against Black residents, median (IQR)

Mortgage discrimination against Latino residents, median (IQR)

4481 (57.10)
5204 (66.32)
324 (4.13)
2855 (36.38)
4426 (56.40)
665 (8.57)

5634 (71.80)
5837 (74.39)
4730 (60.28)
3640 (46.39)

2 (1-5)
5937 (75.66)

134 (17.80)
120 (1-730)
344 (46.24)

3020 (55.56)
730 (150-2555)
3993 (73.50)

1421 (65.27)
1095 (180-2555)
1630 (75.08)

1898 (24.19)
3171 (40.41)
635 (8.09)

2143 (27.31)

0.11 (-0.26—0.52)
—0.06 (=0.26-0.26)

2.01 (1.84-2.16)
1.48 (1.39-1.52)
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! Latino can be of any race; Black and White are non-Hispanic/Latino.

2 The denominator excludes participants who did not consent to NHBS HIV testing, had an invalid or unknown test result, or self-reported

positive but received a negative NHBS HIV test result.

3 The mean number of sexual partners was calculated among female and male sexual partners for men and male sexual partners for women.
“#The Northeast region includes the MSAs of Boston, Massachusetts; Nassau-Suffolk, New York; New York, New York; Newark, New
Jersey; and Philadelphia, Pennsylvania. South region includes Atlanta, Georgia; Baltimore, Maryland; Dallas, Texas; Houston, Texas;
Miami, Florida; New Orleans, Louisiana; and District of Columbia. Midwest region includes Chicago, Illinois and Detroit, Michigan. West
region includes Denver, Colorado; Los Angeles, California; San Diego, California; San Francisco, California; and Seattle, Washington.

Rican (47%) and Mexican (37%); the remaining were
Cuban, Dominican, or reported “other” countries of
origin (data not shown). Most participants were male
(72%), middle-aged (median = 45 years; interquartile
range (IQR) = 37-54 years), and reported low economic
status (4% employed full-time; 57% earned <
US$10,000 annually). More than half reported engaging
in daily injection drug use, binge drinking, or non-
injection drug use (60-74%) in the past 12 months,
and many experienced incarceration (36%) or homeless-
ness (56%) in the past 12 months. Most participants who
enrolled in the NHBS study were recruited from the
South (40%), followed by the West (27%), Northeast
(24%) and Midwest (8%).

Participants reported a median of 2 sexual partners (IQR
= 1-5) in the past 12 months. Most participants who
reported their last sexual partner was the opposite sex
indicated that partner was a main partner (women = 65%;
men = 56%). Most participants reporting that their last
sexual partner was the opposite sex reported knowing this
partner for 2 years or more, and a large proportion ( ~ 75%)
reported having unprotected anal or vaginal sex in the past
12 months with this partner. Only 18% of men who
reported their last sexual partner was the same sex indicated
that partner was a main partner. The median duration of
relationships with same-sex partners was 120 days among
men, and less than half reported condomless anal sex with
these same-sex partners. Homophily in sexual partnerships
was common overall (76%) but highest among Black
(85%), followed by White (71%) and Latino PWID (61%).

Approximately, 9% of PWID who consented to test
for HIV as part of the NHBS study tested positive. The
percentage of PWID who tested positive as part of the
NHBS study was higher among Black PWID (12%) as
compared to Latino (6%) and White PWID (5%).

ZIP Code-Level Racial/Ethnic Concentration

Overall, the median index of concentration of Black vs.
White residents in ZIP codes where PWID resided was
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0.11 (IQR = —0.26-0.52); and the median index of
concentration of Latino vs. White residents was —0.06
(IQR = —0.26-0.26; Table 1). On average within ZIP
codes that scored at or above the median ZIP code-level
index of concentration of Black vs. White residents, the
median percentages of Black, White, and Latino resi-
dents were, respectively, 63%, 7%, and 9%. Within ZIP
codes that scored at or above the median ZIP code-level
index of concentration of Latino vs. White residents, the
median percentages of Black, White, and Latino resi-
dents were, respectively, 40%, 10%, and 41%. Concen-
tration of Black vs. White residents was moderately
correlated with concentrations of Latino vs. White res-
idents (r = 0.43).

County-Level Mortgage Discrimination

Nearly half of PWID resided in counties where
Black residents were 2 times as likely (IQR =
1.84-2.16) to not receive a mortgage loan as com-
pared to White residents of similar applicant char-
acteristics, and Latino residents were nearly 1.5
times as likely (IQR = 1.39-1.52) to not receive a
mortgage loan as compared to White residents of
similar characteristics (Table 1). Exposure to
county-level mortgage discrimination did not vary
considerably by PWID race/ethnicity (data not
shown). County-level mortgage discrimination
against Black residents was correlated with county-
level mortgage discrimination against Latino resi-
dents at a value of r = 0.74. All other pair-wise
correlations were weak (r < 0.30).

Univariate Models

In univariate models, as compared to White
PWID (Table 2), Black PWID were significantly
more likely to report homophily (OR = 1.57, CI =
1.35, 1.83), and Latino PWID were significantly less
likely to report homophily (OR = 0.59, CI = 0.51,
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Table 2 Univariate models estimating associations of participant
characteristics, ZIP code-level racial/ethnic concentration, and
county-level mortgage discrimination with racial/ethnic

homophily in sexual partnerships among people who inject drugs
(n =7847) living in 19 US cities in 2012

0dds ratio’® (95% CI)

Participant characteristics
Current age
Female
Race/ethnicity
White (reference)
Black
Latino
Annual income
High school/general equivalency diploma
Full-time employment
Incarceration, past 12 months
Homelessness, past 12 months
Drug use and sexual behaviors
Daily injection, past 12 months
Binge drinking, past 12 months
Non-injection drug use, past 12 months
Sex exchange, past 12 months
Region and place characteristics
Northeast (reference)
South
Midwest
West
ZIP code (N = 889)
Concentration of Black vs. White residents
Concentration of Latino vs. White residents
County (N = 53)
Mortgage discrimination against Black residents
Mortgage discrimination against Latino residents

1.14 (1.08, 1.21)*
0.81 (0.72, 0.92)*

1.00
1.57 (1.35, 1.83)*
0.59 (0.51, 0.69)*
0.97 (0.92, 1.02)
0.94 (0.83, 1.05)
0.83 (0.64, 1.07)
0.88 (0.78, 0.98)*
0.74 (0.66, 0.83)*

1.02 (0.90, 1.16)
0.90 (0.80, 1.01)

0.87 (0.76, 1.00)*
0.69 (0.62, 0.77)*

1.00

241 (145, 3.99)*
2.05 (0.95, 4.40)
0.78 (0.46, 1.34)

1.17 (1.08, 1.27)*
1.04 (0.96, 1.12)

1.00 (0.81, 1.22)
0.95 (0.75, 1.20)

> Standardized odds ratios are presented. Asterisk denotes p < 0.05

0.69). Associations of other participant characteris-
tics with homophily are presented in Table 2. PWID
recruited from the South were more likely to report
racial/ethnic homophily as compared to PWID in the
Northeast (OR = 2.41, CI = 1.45, 3.99). ZIP code-
level concentrations of Black vs. White residents
were significantly associated with homophily among
PWID (OR = 1.17, CI = 1.08, 1.27). ZIP code-level
concentrations of Latino vs. White residents were not
significantly associated with homophily (OR = 1.04,
CI = 0.96, 1.12). No measure of county-level mort-
gage discrimination was significantly associated with
homophily among PWID (mortgage discrimination

against Black residents, OR = 1.00, CI = 0.81, 1.22;
mortgage discrimination against Latino residents, OR
=0.95, CI1 = 0.75, 1.20).

Preliminary Interaction Models

ZIP Code-Level Racial/Ethnic Concentration

In preliminary interaction models (Table 3), both
interaction terms of PWID race/ethnicity with ZIP
code-level concentrations of Black vs. White resi-

dents were statistically significant (Black PWID/
White PWID, AOR = 3.17, CI = 2.71, 3.71; Latino
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Table 3 Models estimating racial/ethnic differences® in associa-
tions of ZIP code-level racial/ethnic concentration and county-
level mortgage discrimination with racial/ethnic homophily in

sexual partnerships among people who inject drugs (n = 7847)
living in 19 US cities in 2012

Odds ratio (95% CI) Odds ratio (95% CI) Odds ratio (95% CI) Odds ratio (95% CI)

Participant characteristics

Race/ethnicity
White (reference) 1.00
Black 1.62 (1.39, 1.88)*
Latino 0.75 (0.65, 0.88)*

Place characteristics
Zip code (N = 889)
Concentration of Black vs. White residents

Interactions

1.00 1.00 1.00
1.84 (1.58,2.14)* 253 (1.27,5.07)*  5.40 (3.08, 9.46)*
0.55(0.47,0.65*  3.27(1.82,5.89)*  1.53(0.97,2.42)

White PWID (reference)
Black PWID/White PWID
Latino PWID/White PWID

Concentration of Latino vs. White residents

0.55 (0.48, 0.62)*
3.17 271, 3.7D)%
2.68 (2.24, 3.21)*

Interactions
White PWID (reference)
Black PWID/White PWID
Latino PWID/White PWID
County (N = 53)
Mortgage discrimination against Black residents

0.64 (0.58, 0.72)*
1.88 (1.61, 2.18)*
2.74 (2.38, 3.15)%

Interactions
White PWID (reference)
Black PWID/White PWID
Latino PWID/White PWID

Mortgage discrimination against Latino residents

1.25 (1.03, 1.51) *
0.90 (0.78, 1.05)
0.68 (0.60, 0.77)*

Interactions
White PWID (reference)
Black PWID/White PWID
Latino PWID/White PWID

1.17 (0.94, 1.45)
0.71 (0.61, 0.82)*
0.77 (0.68, 0.87)*

¢ Interaction models were separately run for each measure of racial/ethnic concentration and mortgage discrimination. White PWID serve as
the reference group for all interactions. Standardized adjusted odds ratios are presented. Asterisk denotes p < 0.05

PWID/White PWID, AOR = 2.68, CI = 2.24, 3.21), concentrations of Latino vs. White residents with

suggesting the associations of ZIP code-level con-
centrations of Black vs. White residents with
homophily among Black and Latino PWID varied
from the inverse association among White PWID
(AOR = 0.55, CI = 0.48, 0.62). Similarly, both
interaction terms of PWID race/ethnicity with ZIP
code-level concentrations of Latino vs. White resi-
dents were statistically significant (Black PWID/
White PWID, AOR = 1.88, CI = 1.61, 2.18; Latino
PWID/White PWID, AOR = 2.74, CI = 2.38, 3.15),
suggesting the associations of ZIP code-level
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homophily among Black and Latino PWID varied
from the inverse association among White PWID
(AOR = 0.64, CI = 0.58, 0.72)

County-Level Mortgage Discrimination

The interaction term of Black race with county-level
mortgage discrimination against Black residents was
not statistically significant (AOR = 0.90, CI = 0.78,
1.05), suggesting the association of county-level
mortgage discrimination against Black residents
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Table 4 Multivariable models estimating associations of participant characteristics, ZIP code-level racial/ethnic concentration, and county-level
mortgage discrimination with racial/ethnic homophily in sexual partnerships among people who inject drugs (n = 7847) living in 19 US cities in 2012

Model A: full model, excluding interactions
Adjusted odds ratio (95% CI)

Model B: full model, including interactions
Adjusted odds ratio (95% CI)

Participant Characteristics
Current age
Female
Race/ethnicity

White (reference)

Black

Latino
Annual income
High school diploma/general equivalency diploma
Full-time employment
Incarceration, past 12 months
Homelessness, past 12 months
Daily injection, past 12 months
Binge drinking, past 12 months
Non-injection drug use, past 12 months
Sex exchange, past 12 months
Region

Northeast (reference)

South

Midwest

West
Place characteristics
Zip code (N = 889)
Concentration of Black vs. White residents
Interactions

White PWID (reference)

Black PWID/White PWID

Latino PWID/White PWID
Concentration of Latino vs. White residents
Interactions

‘White PWID (reference)

Black PWID/White PWID

Latino PWID/White PWID
County (N = 53)
Mortgage discrimination against Black residents
Interactions

White PWID (reference)

Black PWID/White PWID

Latino PWID/White PWID
Mortgage discrimination against Latino residents
Interactions

White PWID (reference)

Black PWID/White PWID

Latino PWID/White PWID

1.04 (0.97, 1.11)
0.84 (0.74, 0.95)*

1.00
141 (1.19, 1.67)*
0.53 (0.45, 0.62)*
0.97 (0.91, 1.02)
0.86 (0.76, 0.97)*
0.78 (0.60, 1.02)
0.94 (0.84, 1.06)
0.79 (0.70, 0.89)*
1.10 (0.97, 1.25)
0.96 (0.85, 1.08)
0.95 (0.82, 1.09)
0.66 (0.59, 0.75)*

1.00
1.67 (1.13, 2.46)*
1.43 (0.81, 2.50)
0.79 (0.52, 1.20)

1.08 (0.97, 1.20)

1.00 (0.91, 1.10)

1.01 (0.82, 1.25)

0.99 (0.80, 1.23)

1.06 (0.99, 1.13)
0.90 (0.79, 1.02)

1.00
3.93 (1.82, 8.50)*
1.45 (0.75, 2.78)
0.95 (0.90, 1.01)
0.91 (0.80, 1.03)
0.78 (0.59, 1.02)
0.95 (0.85, 1.08)
0.83 (0.73, 0.94)*
1.09 (0.95, 1.24)
0.97 (0.86, 1.09)
0.97 (0.84, 1.12)
0.65 (0.58, 0.73)*

1.00
1.47 (1.13, 1.90)*
1.11 (0.78, 1.60)
0.88 (0.68, 1.15)

0.63 (0.53, 0.75)*
2.92(2.36,3.61)*
1.63 (1.29, 2.05)*

0.83 (0.72, 0.95)*
1.06 (0.87, 1.30)
2.01 (1.67,2.43)*

1.31 ( 1.07, 1.60)*
0.96 (0.74, 1.24)
0.62 (0.49, 0.79)*

0.93 (0.78, 1.11)
0.82 (0.65, 1.03)
1.36 (1.10, 1.69)*
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Table 5 Race/ethnicity-specific associations ’ of ZIP code-level racial/ethnic concentration and county-level mortgage discrimination with
racial/ethnic homophily in sexual networks among people who inject drugs (n = 7847) living in 19 US cities in 2012

Adjusted odds ratio (95% CI)

ZIP code-level concentrations of Black vs. White residents
White
Black
Latino

ZIP code-level concentrations of Latino vs. White residents
White
Black
Latino

County-level mortgage discrimination against Black residents
White
Black
Latino

County-level mortgage discrimination against Latino residents
White
Black
Latino

0.63 (0.53, 0.75)*
1.84 (1.58, 2.15)*
1.03 (0.86, 1.23)

0.83 (0.72, 0.95)*
0.88 (0.75, 1.03)
1.66 (1.45, 1.91)*

1.31 ( 1.07, 1.60)*
1.25 (1.00, 1.58)
0.82 (0.68, 0.99)*

0.93 (0.78, 1.11)
0.76 (0.62, 0.94)*
1.26 (1.06, 1.51)*

7 Post-estimation decomposition of interactions of PWID race/ethnicity with ZIP code racial/ethnic composition and county mortgage

discrimination presented in Table 4—Model B

among Black PWID did not differ from the associa-
tion among White PWID (AOR = 1.25, CI = 1.03,
1.51). In contrast, the interaction term of Latino eth-
nicity with county-level mortgage discrimination
against Black residents was significant (AOR =
0.68, CI=0.60, 0.77), suggesting that the association
among Latino PWID differed from the association
among White PWID. Both interaction terms of race/
ethnicity with county-level mortgage discrimination
against Latino residents were statistically significant
(Black PWID/White PWID, AOR = 0.71, CI = 0.61,
0.82; Latino PWID/White PWID, AOR = 0.77, ClI =
0.68, 0.87), suggesting the association of mortgage
discrimination against Latino residents with
homophily among Black and Latino PWID differed
from the association among White PWID (AOR =
1.17, CI = 0.94, 1.45), which was not statistically
significant.

Multivariable Models
In the first multivariable model (Table 4), no measure of
ZIP code-level racial/ethnic concentration or county-

level mortgage discrimination was significantly
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associated with homophily (concentrations of Black
vs. White residents, AOR = 1.08, CI = 0.97, 1.20;
concentrations of Latino vs. White residents, AOR =
1.00, CI = 0.91, 1.10; mortgage discrimination against
Black residents, AOR = 1.01, CI =0.82, 1.25; mortgage
discrimination against Latino residents, AOR = 0.99, CI
= 0.80, 1.23). However, several interaction terms of
race/ethnicity with ZIP code-level measures of racial/
ethnic concentration and mortgage discrimination that
were significant in “preliminary interaction models”
remained statistically significant in the second multivar-
iable model.

ZIP Code-Level Racial/Ethnic Concentration

With White PWID serving as the reference group, inter-
action terms of Black and Latino race/ethnicity with ZIP
code-level concentrations of Black vs. White residents
were significant in the second multivariable model
(Black PWID/White PWID, AOR = 2.92, CI = 2.36,
3.61; Latino PWID/White PWID, AOR = 1.63, CI =
1.29, 2.05; Table 4). These results suggested associa-
tions among Black and Latino PWID differed from the
inverse relationship of ZIP code-level concentrations of
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Black vs. White residents to homophily observed
among White PWID (AOR = 0.63, CI = 0.53, 0.75).
Post-estimation of race/ethnicity-specific associations
(see Table 5) revealed that higher ZIP code-level con-
centrations of Black vs. White residents were associated
with higher odds of homophily among Black PWID
(AOR = 1.84, CI = 1.58, 2.15) but were not significantly
associated with homophily among Latino PWID (AOR
=1.03, CI =0.86, 1.23).

The interaction term of Latino ethnicity with ZIP
code-level concentrations of Latino vs. White residents
was significant in the second multivariable model (AOR
=2.01, CI = 1.67, 2.43, Table 4), which suggested the
association of ZIP code-level concentrations of Latino
vs. White residents with homophily among Latino
PWID varied from the inverse association among White
PWID (AOR = 0.83, CI = 0.72, 0.95). The interaction
term of Black race with ZIP code-level concentrations of
Latino vs. Whites residents was not statistically signif-
icant (AOR = 1.06, CI = 0.87,1.30), suggesting that the
associations did not vary among Black and White
PWID. Post-estimation of race/ethnicity-specific associ-
ations revealed that in contrast to the inverse significant
association of ZIP code-level concentrations of Latino
vs. White residents with homophily among White
PWID, higher ZIP code-level concentrations of Latino
residents vs. White residents were significantly associ-
ated with higher odds of homophily among Latino
PWID (AOR = 1.66, CI = 1.45, 1.91, Table 5). The
association of ZIP code-level concentrations of Latino
residents vs. White residents with homophily was not
statistically significant among Black PWID (AOR =
0.88, CI =0.75, 1.03).

County-Level Mortgage Discrimination

The interaction of Latino ethnicity with county-level
mortgage discrimination against Black residents was
significant in the second multivariable model (AOR =
0.62, CI = 0.49, 0.79, Table 4), suggesting that the
association of county-level mortgage discrimination
against Black residents with homophily among Latino
and White PWID differed. The interaction of Black race
with county-level mortgage discrimination against
Black residents was not significant (AOR = 0.96, CI =
0.74, 1.24), suggesting no difference in the association
of county-level mortgage discrimination against Black
residents with homophily among Black and White
PWID. Post-estimation of race/ethnicity-specific

associations revealed that similar to White PWID
(AOR = 1.31, CI = 1.07, 1.60), county-level mortgage
discrimination against Black residents was associated
with higher odds of homophily among Black PWID
(AOR =1.25, CI = 1.00, 1.58, Table 5), but the associ-
ation was borderline significant. In contrast, mortgage
discrimination against Black residents was significantly
associated with lower odds of homophily among Latino
PWID (AOR = 0.82, CI = 0.68, 0.99).

The interaction of Latino ethnicity with county-level
mortage discrimination against Latino residents was
significant in the second multivariable model (1.36, CI
= 1.10, 1.69, Table 4), which suggested the association
between county-level mortgage discrimination against
Latino residents and homophily among Latino PWID
varied from the association among White PWID. There
was no significant interaction of Black race with county-
level mortgage discrimination against Latino residents
(AOR = 0.82, CI = 0.65, 1.03), and this suggested that
the association between county-level mortgage discrim-
ination against Latino residents among Black PWID did
not significantly vary from that among White PWID.
Post-estimation of race/ethnicity-specificity associa-
tions, however, revealed that in contrast to White PWID,
among whom the association between county-level dis-
crimination against Latino residents and homophily was
not significant (AOR = 0.93, CI = 0.78, 1.11, Table 5),
the association was significant and inverse among Black
PWID (AOR = 0.76, CI = 0.62, 0.94) and significant
and associated with higher odds of homophily among
Latino PWID (AOR = 1.26, CI = 1.06, 1.51).

In the final multivariable model, with interactions
added, PWID recruited from the South (vs. Northeast)
were significantly more likely to report homophily in
sexual partnerships (AOR = 1.47; CI = 1.13, 1.90). As
compared to White PWID, Black PWID were also
significantly more likely to report homophily in sexual
partnerships (AOR = 3.93, CI = 1.82, 8.50). Homeless-
ness (AOR = 0.83, CI = 0.73, 0.94) and sex exchange
(AOR = 0.65, CI = 0.58, 0.73) in the past 12 months
were significantly associated with lower odds of
homophily (Table 4).

Post hoc Analysis
Because we were not powered to estimate multilevel
relationships of ZIP code-level racial/ethnic concentra-

tion and county-level mortgage discrimination to differ-
ent types of heterophily (e.g., sexual partnerships with
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men and women who were not of the same racial/ethnic
background) among PWID, we explored this possibility
in post hoc descriptive analyses comparing distributions
of heterophily below and above the median index of
concentration of Black (or Latino) vs. White residents
and mortgage discrimination. White PWID had higher
(>10% difference) percentages of sexual partnerships
with both Black and Latino partners when they resided
in ZIP codes with higher concentrations of Black or
Latino vs. White residents. When Black PWID resided
in counties where Latino residents faced greater mort-
gage discrimination, they reported higher percentages of
sexual partnerships with both White and Latino part-
ners. Likewise, among Latino PWID, when they resided
in counties where Black residents were discriminated
against in the housing market, they reported higher
percentages of sexual partnerships with both White
and Black partners.

Discussion

On average, discriminatory mortgage lending practices
and a high degree of racial/ethnic concentration were
occurring in local areas where this sample of PWID
lived. This study also revealed that racial/ethnic
homophily in sexual partnerships is as common among
PWID as it is among broader populations [6, 13, 54].
Racial/ethnic homophily in sexual partnerships were
more frequent among Black PWID as compared to
White and Latino PWID and PWID in the South as
compared to PWID in the Northeast. This study also
revealed several associations of racial/ethnic concentra-
tion and mortgage discrimination with racial/ethnic
homophily in sexual partnerships among PWID, inde-
pendent of individual-level factors. Specifically, Black
and Latino PWID living in ZIP codes with higher con-
centrations of their racial/ethnic group (vs. White resi-
dents) had higher odds of racial/ethnic homophily in
sexual partnerships. Additionally, among these PWID
of color, odds of racial/ethnic homophily in sexual part-
nerships were higher among those who lived in counties
where their racial/ethnic group faced mortgage discrim-
ination. Odds of racial/ethnic homophily in sexual part-
nerships were lower among Black and Latino PWID
when the other non-White group experienced mortgage
discrimination at the county level. White PWID report-
ed lower odds of homophily when they lived in ZIP
codes where Black or Latino residents were more
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concentrated than White residents and reported higher
odds of homophily when they lived in counties where
Black residents faced greater mortgage discrimination.

The higher odds of racial/ethnic homophily among
Black and Latino PWID in ZIP codes where their racial/
ethnic group outnumbered White residents and in
counties where their racial/ethnic group faced mortgage
discrimination may reflect lack of opportunities to inter-
act and develop relationships with people of other racial/
ethnic backgrounds at both levels of geography. These
same processes may operate among White PWID living
in counties where Black residents faced greater mort-
gage discrimination.

The higher odds of interracial or interethnic sexual
partnerships among White PWID when they were
outnumbered by non-White groups at the ZIP code-
level counter the minority threat hypothesis, which
posits that growth of an “other” racial/ethnic group
encourages fear of and limited interaction with that
group. Our findings suggest opposing dynamics,
which align with prior research documenting associ-
ations of exposure to racially/ethnically diverse
schools and neighborhoods with interracial friend-
ships among young people [55, 56]. Such findings
are supported by the “contact hypothesis™ that sug-
gests negative perceptions of a given racial/ethnic
group that might arise when contact with that group
is limited is minimized when contact with the group
increases [57]. In addition, White PWID, in particu-
lar, may develop complex social identities that do not
center on their “Whiteness” but their status as a
marginalized person in society in some cities [58,
59]. Due to paucity of relevant literature, it remains
unclear as to why Black and Latino PWID were more
likely to partner with people outside their race/
ethnicity when they resided in counties where the
“other” non-White group faced greater mortgage
discrimination.

Additional noteworthy findings include the fact that
PWID in the South reported higher odds of racial/ethnic
homophily in sexual partnerships than their Northern
counterparts. This finding may reflect differing norms
and acceptance of interracial partnerships in the South as
compared to other regions [60] and structural factors not
analyzed in this study.

The implications of this study’s findings for HIV
transmission within racial/ethnic groups are complex.
A growing line of literature supporting the ethnic den-
sity hypothesis suggests drug use and sexual behaviors



Mortgage Discrimination and Racial/Ethnic Concentration Are Associated with Same-Race/Ethnicity Partnering... 101

protective against HIV transmission manifest across
predominantly Black social networks and within pre-
dominantly Black communities. Although these studies
do not focus on transmission itself, research by
Momplaisir and colleagues, for example, document as-
sociations of racially segregated networks among Black
PWID with less syringe sharing among this group [9].
Relatedly, Bluthenthal and colleagues document lower
condomless sex and distributive syringe sharing among
PWID living in predominantly Black communities [61,
62].

However, even in the rare instances when Black
and Latino PWID do engage in risky behaviors, the
high background HIV/STI prevalence among Black
and Latino PWID may still put them at higher risk of
acquiring HIV/STI than their White counterparts.
Indeed, among this sample of PWID who consented
to receive HIV testing as part of NHBS, the propor-
tion of Black PWID who tested positive for HIV was
nearly double the proportion among White and Lati-
no PWID. Prior mathematical models suggest segre-
gated networks exacerbate isolated HIV epidemics
within different racial/ethnic groups and potentially
widen disparities in HIV transmission. Aligned with
this theory, research conducted using data from men
and women participating in NHBS in New York
documented associations of higher bridging (e.g.,
high HIV transmission potential) in communities
with higher percentages of Black or Latino residents
[54].

The well-documented relationship of discriminatory
housing practices and residential segregation with eco-
nomic disinvestment and other community-level health
hazards may play a significant role in facilitating HIV
transmission within segregated networks of Black and
Latino PWID. Because racial/ethnic segregation dispro-
portionately sorts racial/ethnic minorities into
impoverished and underserviced neighborhoods, they
are disproportionately exposed to features that are asso-
ciated with HIV. Additionally, particularly among low-
income residents, discriminatory housing practices and
resultant spatial segregation may restrict their social
networks to small spatial scales, [26] which may thereby
hinder their efforts to establish relationships with resi-
dents of other communities who may be less exposed to
community-level health hazards associated with HIV
infection. These possibilities are supported by prior
research, including our own, suggesting that HIV infec-
tion is homogenous across ZIP codes where Black and

Latino PWID reside [63], and research suggesting pre-
dominantly low income and racial/ethnic minority resi-
dents report sexual partnerships with residents of the
same neighborhood or adjacent neighborhoods [17, 19,
41, 54, 64, 65].

There are several limitations that may influence in-
terpretation of study findings. We were restricted to
NHBS data collected in 2012; thus more recent
housing-related and social partnering dynamics may
not have been reflected in our data. Findings may not
be generalizable to PWID residing in predominantly
nonurban settings or cities with low HIV prevalence
rates. The complex multilevel design precluded adjust-
ment for respondent-driven sampling chains. Outcomes
were based on perceived characteristics of the last sex-
ual partner, but the median number of reported sexual
partners was 2. Research using more recent surveys of
PWID participating in NHBS document that among last,
second-to-last, and third-to-last sexual partners, similar-
ities between race/ethnicity across these partnerships are
moderate [66]. Therefore, consideration of multiple
partnerships in this sample may have resulted in a lower
prevalence of homophily than that observed by taking a
“single snapshot” of partnerships among PWID in this
sample. However, regardless of the number of partners
considered, concentrations of Black and Latino resi-
dents compared to white residents and housing discrim-
ination against Black and Latino residents may associate
with homophily in similar ways. Future research is
needed to confirm this, however.

Lack of statistical power and relevant survey ques-
tions precluded us from analyzing subpopulations (e.g.,
by nativity, racial identity) of Latino participants and
partners. Our interpretation of results assumes PWID
develop partnerships with those living in the same ZIP
code or county, and we were unable to confirm this.
Prior research among predominantly low-income sam-
ples of adults, including those recruited to NHBS, how-
ever, suggest that partner selection often occurs within
small geographic areas [17, 19, 41, 54, 64, 65].

Multilevel analyses have been documented to be
biased when within-cluster associations differ from
between-cluster associations [67]. To investigate this
possibility, we used two different generalized estimating
equations (GEE) with robust variance estimators to as-
sess all associations estimated in multilevel models, as
done elsewhere [67]. One GEE model had an indepen-
dent correlation structure, and the other had an ex-
changeable correlation structure. Parameter estimates
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and significance in both GEE models were similar sug-
gesting that within-cluster and between-cluster associa-
tions did not vary.

Selection bias may also explain higher odds of racial/
ethnic homophily of sexual partnerships among Black
and Latino PWID living in ZIP codes where their group
outnumbered white residents. Although we adjusted for
several individual-level factors, we could not account for
participants’ preferences for residing in racially/ethnically
segregated communities where the benefits of social cap-
ital, sense of belonging, cultural familiarity, and access to
culturally tailored services and establishments are preva-
lent therein [29, 68]. We could not evaluate how well our
mortgage discrimination measure captures the magnitude
of complaints filed with federal and local agencies for
violations to the Fair Housing Act. Relatedly, there may
be correlates of mortgage loan denial, including credit
scores that we did not measure. Due to low HIV inci-
dence among this sample of PWID, we were not powered
to explore how study findings may influence HIV trans-
mission. Lastly, we were unable to investigate how per-
sonal partner preferences may confound or mediate the
associations observed in this study.

Conclusion

This study is novel in documenting associations of mort-
gage discrimination and racial/ethnic concentration with
racial/ethnic homophily in sexual partnerships among
different racial/ethnic groups of PWID. Future studies
should take this analysis further by quantifying the extent
to which racial/ethnic homophily in sexual partnerships
mediates relationships of racial/ethnic residential segre-
gation to racial/ethnic disparities in HIV/STI transmission
and determines the influence of community-level corre-
lates of residential segregation along these pathways.
Given the prominent role of networks in the social epi-
demiology of health outcomes among people who use
drugs, this topic of study should be expanded to research
on overdose prevention and response and other health
outcomes among people who use drugs. Additional re-
search in this area will deepen knowledge about the social
epidemiology of HIV/STIs and other health outcomes
and inform development of network-based interventions
that are tailored to racial/ethnic groups of people who use
drugs according to the level of racial/ethnic residential
segregation where they live. With recent administrative
cutbacks in funding for policies that guard against
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institutional racism [69, 70], future research in this area
may strengthen support for strategies that eliminate dis-
criminatory housing policies.

Acknowledgments This work was supported by three grants
from the National Institutes of Health [grant numbers: RO1
DAO035101, ROl DA046197 and P30 AI050409] and from the
National Institute on Minority Health and Health Disparities [L60
MD009245]. We thank the Centers for Disease Control and Pre-
vention and the National HIV Behavioral Surveillance System
Study Group—Atlanta, GA, Jeff Todd and Greg Bautista; Balti-
more, MD, Colin Flynn and Danielle German; Boston, MA,
Maura Miminos, Rose Doherty, and Chris Wittke; Chicago, IL,
Nikhil Prachand and Nanette Benbow; Dallas, TX, Sharon Mel-
ville, Shane Sheu, and Alicia Novoa; Denver, CO, Mark Thrun,
Alia Al-Tayyib, and Ralph Wilmoth; Detroit, MI, Vivian Griffin,
Emily Higgins, and Karen MacMaster; Houston, TX, Marcia
Wolverton, Hafeez Rehman, and Paige Padgett; Los Angeles,
CA, Trista Bingham and Ekow Kwa Sey; Miami, FL, Marlene
Lalota, Lisa Metsch, and David Forrest; Nassau-Suffolk, NY,
Bridget Anderson, P. Tyler French, and Lou Smith; New Orleans,
LA, DeAnn Gruber, William T. Robinson, and Narquis Barak;
New York City, NY, Alan Neaigus, Kathleen H. Reilly, and Travis
Wendel; Newark, NJ, Barbara Bolden, Afework Wogayehu, and
Henry Godette; Philadelphia, PA, Kathleen A. Brady and Jennifer
Shinefeld; San Diego, CA, Vanessa Miguelino-Keasling and Ve-
ronica Tovar; San Francisco, CA, H. Fisher Raymond; San Juan,
PR, Sandra Miranda De Ledn, Yadira Rolon-Colén, and Melissa
Marzan; Seattle, WA, Tom Jaenicke, Hanne Thiede, and Richard
Burt; Washington, DC, Manya Magnus, Irene Kuo, and Tiffany
West; and CDC, Alexandra Balaji, Laura Cooley, Melissa Cribbin,
Paul Denning, Casey Eastman, Teresa Finlayson, Kathy Hageman,
Wade Ivy, Nevin Krishna, Binh Le, Tricia Martin, Isa Miles,
Alexandra Oster, Huong Pham, Brittani Robinson, Kathryn Salo,
Catlainn Sionean, Amanda Smith, April Smith, Roy Smoot, Mi-
chael Spiller, Anissa Walker, and Wei Zhang. We acknowledge
Mary E Kelley, Behzad Kianian, and Stephanie Beane for contrib-
uting to developing the analytic plan, conducting analysis, and
interpreting results. We also extend our gratitude to the men and
women who participated in NHBS and the staff at all NHBS sites.

Disclaimer The findings and conclusions in this paper are those
of the authors and do not necessarily represent the official position
of the Centers for Disease Control and Prevention.

References

1. Racial/ethnic disparities in diagnoses of HIV/AIDS-33
states, 2001-2004. . MMWR Morbidity Mortality Weekly
Report, 2006. 55(5): p. 121-125.

2. Mitsch AJ, Hall HI, Babu AS. Trends in HIV infection
among persons who inject drugs: United States and Puerto
Rico, 2008-2013. Am J Public Health. 2016;106(12):
2194-201.

3. Wejnert C, Hess KL, Hall HI, van Handel M, Hayes D,
Fulton P Jr, et al. Vital signs: trends in HIV diagnoses, risk
behaviors, and prevention among persons who inject drugs -



Mortgage Discrimination and Racial/Ethnic Concentration Are Associated with Same-Race/Ethnicity Partnering... 103

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

United States. MMWR Morbidity Mortality Weekly Report.
2016;65(47):1336-42.

Burnett JC, Broz D, Spiller MW, Wejnert C, Paz-Bailey G.
HIV infection and HIV-associated behaviors among persons
who inject drugs - 20 cities, United States, 2015. MMWR
Morb Mortal Wkly Rep. 2018;67(1):23-8.

Hill MJ, Holt M, Hanscom B, Wang Z, Cardenas-Turanzas
M, Latkin C. Gender and race as correlates of high risk sex
behaviors among injection drug users at risk for HIV en-
rolled in the HPTN 037 study. Drug Alcohol Depend.
2018;183:267-74.

Laumann EO, Youm Y. Racial/ethnic group differences in
the prevalence of sexually transmitted diseases in the United
States: a network explanation. Sex Transm Dis. 1999;26(5):
250-61.

Williams C, et al. Racial disparities in HIV prevalence and
risk behaviors among injection drug users and members of
their risk networks. J Acquir Immune Defic Syndr. 2013;63
Linton SL, Celentano DD, Kirk GD, Mehta SH. The longi-
tudinal association between homelessness, injection drug
use, and injection-related risk behavior among persons with
a history of injection drug use in Baltimore. MD Drug
Alcohol Depend. 2013;132(3):457-65.

Momplaisir F, et al. Racial inequities in HIV prevalence and
composition of risk networks among people who inject
drugs in HIV Prevention Trial Network 037. J Acquir
Immune Defic Syndr. 2017;76(4):394—401.

Adimora AA, Schoenbach VJ. Contextual factors and the
black-white disparity in heterosexual HIV transmission.
Epidemiology. 2002;13(6):707—12.

Kottiri BJ, Friedman SR, Neaigus A, Curtis R, Des Jarlais
DC. Risk networks and racial/ethnic differences in the prev-
alence of HIV infection among injection drug users. J Acquir
Immune Defic Syndr. 2002;30(1):95-104.

Finer LB, Darroch JE, Singh S. Sexual partnership patterns
as a behavioral risk factor for sexually transmitted diseases.
Fam Plan Perspect. 1999;31(5):228-36.

DiPrete TA, et al. Segregation in social networks based on
acquaintanceship and trust. Am J Sociol. 2011;116(4):
1234-83.

Marsden PV. Social trends in American life: findings from
the General Social Survey since 1972. Princeton University
Press: Princeton; 2012.

Lacayo C. Latinos need to stay in their place: differential
segregation in a multi-ethnic suburb. Societies. 2016;6(3):
25-42.

Adimora AA, Schoenbach VJ. Social context, sexual net-
works, and racial disparities in rates of sexually transmitted
infections. J Infect Dis. 2005;191(Suppl 1):S115-22.
Cooper HL, et al. Public housing relocations and partnership
dynamics in areas with high prevalences of sexually trans-
mitted infections. Sex Transm Dis. 2016;43(4):222-30.
Lutfi K, Trepka MJ, Fennie KP, Ibanez G, Gladwin H.
Racial residential segregation and risky sexual behavior
among non-Hispanic Blacks, National Survey of Family
Growth, 2006 — 2010. Soc Sci Med. 2015;140:95-103.
Gindi RM, et al. The geography of heterosexual partnerships
in Baltimore City adults. Sex Transm Dis. 2011;38(4):260—-6.
Rothenberg R, Muth SQ, Malone S, Potterat JJ, Woodhouse
DE. Social and geographic distance in HIV risk. Sex Transm
Dis. 2005;32(8):506-12.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

Pietila, A., Not in my neighborhood: how bigotry shaped a
great American City. 2012: Ivan R Dee, Incorporated.
Pager D, Shepherd H. The sociology of discrimination:
racial discrimination in employment, housing, credit, and
consumer markets. Annu Rev Sociol. 2008;34:181-209.
Turner M, et al. Housing discrimination against racial and
ethnic minorities 2012. Washington: The Urban Institute;
2013.

Hartman, C., City for sale: the transformation of San
Francisco. 2002: University of California Press.

Reardon SF, Fox L, Townsend J. Neighborhood income
composition by household age and income, 1990-2009.
Ann Am Acad Pol Soc Sci. 2015;660(1):78-97.

Wilson WI. When work disappears : the world of the new
urban poor. New York: Knopf : Distributed by Random
House; 1997.

Greer S, Kramer MR, Cook-Smith JN, Casper ML.
Metropolitan racial residential segregation and cardiovascu-
lar mortality: exploring pathways. J Urban Health.
2014:91(3):499-509.

Rosenblum D, Castrillo FM, Bourgois P, Mars S,
Karandinos G, Unick GJ, et al. Urban segregation and the
US heroin market: a quantitative model of anthropological
hypotheses from an inner-city drug market. /nt J Drug
Policy. 2014;25(3):543-55.

Halpern D. Minorities and mental health. Soc Sci Med.
1993;36(5):597-607.

Lee MA, Ferraro KF. Neighborhood residential segregation
and physical health among Hispanic Americans: good, bad,
or benign? J Health Soc Behav. 2007;48(2):131-48.
Inagami S, Borrell LN, Wong MD, Fang J, Shapiro MF,
Asch SM. Residential segregation and Latino, Black and
White mortality in New York City. J Urban Health.
2006;83(3):406-20.

Kershaw KN, et al. Neighborhood-level racial/ethnic residen-
tial segregation and incident cardiovascular disease: the multi-
ethnic study of atherosclerosis. Circulation. 2015;131(2):141—
8.

Kramer MR, Cooper HL, Drews-Botsch CD, Waller LA,
Hogue CR. Metropolitan isolation segregation and Black—
White disparities in very preterm birth: a test of mediating
pathways and variance explained. Soc Sci Med.
2010;71(12):2108-16.

Buot M-LG, et al. Beyond race and place: distal sociolog-
ical determinants of HIV disparities. PLoS One. 2014;9(4):
e91711.

Ibragimov U, et al. Relationship of racial residential segre-
gation to newly diagnosed cases of HIV among Black het-
erosexuals in US metropolitan areas, 2008-2015. J Urban
Health. 2018,;

Bower KM, Thorpe RJ Jr, Yenokyan G, McGinty E, Dubay
L, Gaskin DJ. Racial residential segregation and disparities
in obesity among women. J Urban Health. 2015;92(5):843—
52.

Pugsley RA, Chapman DA, Kennedy MG, Liu H, Lapane
KL. Residential segregation and gonorrhea rates in US met-
ropolitan statistical areas, 2005-2009. Sex Transm Dis.
2013;40(6):439-43.

Biello KB, Kershaw T, Nelson R, Hogben M, Ickovics J,
Niccolai L. Racial residential segregation and rates of

@ Springer



104

S. L. Linton et al.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

gonorrhea in the United States, 2003-2007. Am J Public
Health. 2012;102(7):1370-7.

Chang VW. Racial residential segregation and weight status
among US adults. Soc Sci Med. 2006;63(5):1289-303.
Cooper HLF, et al. Racialized risk environments in a large
sample of people who inject drugs in the United States. IntJ
Drug Policy. 2016;27:43-55.

Acevedo-Garcia D. Residential segregation and the epide-
miology of infectious diseases. Soc Sci Med. 2000;51(8):
1143-61.

Osypuk TL, Bates LM, Acevedo-Garcia D. Another
Mexican birthweight paradox? The role of residential en-
claves and neighborhood poverty in the birthweight of
Mexican-origin infants. Soc Sci Med. 2010;70(4):550-60.
Do DP, Frank R, Zheng C, Iceland J. Hispanic segregation
and poor health: it's not just Black and White. Am J
Epidemiol. 2017;186(8):990-9.

A compass for understanding and using American
Community Survey Data. 2008, U.S. Census Bureau:
Washington, DC.

Gallagher KM, et al. Behavioral surveillance among people
at risk for HIV infection in the U.S.: the National HIV
Behavioral Surveillance System. Public Health Rep.
2007;122((1_suppl)):32-8.

CDC, HIV/AIDS Surveillance Report. 2008, Department of
Health and Human Services, Centers for Disease Control
and Prevention: Atlanta, GA.

Spiller MW, Broz D, Wejnert C, Nerlander L, Paz-Bailey G,
Centers for Disease Control and Prevention (CDC), et al.
HIV infection and HIV-associated behaviors among persons
who inject drugs - 20 cities, United States, 2012. MMWR
Morb Mortal Wkly Rep. 2015;64(10):270-5.

Feldman JM, Waterman PD, Coull BA, Krieger N. Spatial
social polarisation: using the index of concentration at the
extremes jointly for income and race/ethnicity to analyse risk
of hypertension. J Epidemiol Community Health.
2015;69(12):1199-207.

Krieger N, Waterman PD, Spasojevic J, Li W, Maduro G,
van Wye G. Public health monitoring of privilege and dep-
rivation with the index of concentration at the extremes. Am
J Public Health. 2016;106(2):256—63.

Massey, D., The prodigal paradigm returns: ecology comes
back to sociology, in does it take a village? Community
effects on children, adolescents, and families., A. Booth
and A. Crouter, Editors. 2001, Lawrence Erlbaum
Associates: Mahwah, New Jerseyp 41-48.

Krieger N, Feldman JM, Waterman PD, Chen JT, Coull BA,
Hemenway D. Local residential segregation matters: stron-
ger association of census tract compared to conventional
city-level measures with fatal and non-fatal assaults (total
and firearm related), using the index of concentration at the
extremes (ICE) for racial, economic, and racialized econom-
ic segregation, Massachusetts (US), 1995-2010. J Urban
Health. 2017;94(2):244-58.

Gee GC. A multilevel analysis of the relationship between
institutional and individual racial discrimination and health
status. Am J Public Health. 2002;92(4):615-23.

Mendez DD, Hogan VK, Culhane JF. Institutional racism,
neighborhood factors, stress, and preterm birth. Ethn Health.
2014;19(5):479-99.

@ Springer

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Publisher’s Note

Neaigus A, Jenness SM, Reilly KH, Youm Y, Hagan H,
Wendel T, et al. Community sexual bridging among hetero-
sexuals at high-risk of HIV in New York City. AIDS Behav.
2016;20(4):722-36.

Bowman NA, Stewart DL. Precollege exposure to racial/
ethnic difference and first-year college students' racial atti-
tudes. Teach Coll Rec. 2014;116(10):1-20.

Fischer MJ. Does campus diversity promote friendship di-
versity? A look at interracial friendships in college. Soc Sci
0.2008;89(3):631-55.

Allport GW, The nature of prejudice. Garden City. NY:
Doubleday; 1958.

Hartigan J. Green ghettos and the white underclass. Soc Res.
1997,64(2):339-65.

McDermott M, Samson FL. White racial and ethnic identity
in the United States. Annu Rev Sociol. 2005;31:245-61.
Livingston, G. and A. Brown, Intermarriage in the U.S. 50
vears after Loving v. Virginia. 2017, Pew Research Center
Bluthenthal RN, Do DP, Finch B, Martinez A, Edlin BR,
Kral AH. Community characteristics associated with HIV
risk among injection drug users in the San Francisco Bay
Area: a multilevel analysis. J Urban Health. 2007;84(5):
653-66.

Friedman SR, Young PA, Snyder FR, Shorty V, Jones A,
Estrada AL. Racial differences in sexual behaviors related to
AIDS in a nineteen-city sample of street-recruited drug
injectors. NADR Consortium AIDS Educ Prev. 1993;5(3):
196-211.

Linton SL, Cooper HL, Kelley ME, Karnes CC, Ross Z,
Wolfe ME, et al. HIV infection among people who inject
drugs in the United States: geographically explained vari-
ance across racial and ethnic groups. Am J Public Health.
2015;105(12):2457-65.

Draus P, Roddy J, Greenwald M. Heroin mismatch in the
Motor City: addiction, segregation, and the geography of
opportunity. J Ethn Subst Abus. 2012;11(2):149-73.
Rothenberg RB, Potterat JJ. Temporal and social aspects of
gonorrhea transmission: the force of infectivity. Sex Transm
Dis. 1988;15(2):88-92.

An Q, et al. An innovative approach to assess similarity
between sex partners. AIDS Behav. 2018;

Hoover DR, et al. Repeated measures regression in labora-
tory, clinical and environmental research: common miscon-
ceptions in the matter of different within- and between-
subject slopes. Int J Environ Res Public Health.
2019;16(3):504.

Kleit RG, Galvez M. The location choices of public housing
residents displaced by redevelopment: market constraints,
personal preferences, or social information. J Urban Aff-
2011;33(4):375-407.

Jan, T., Ben Carson’s HUD dials back investigations into
housing discrimination, in The Washington Post. 2018:
Washington, DC.

Meckler, L. and D. Barrett, Trump administration considers
rollback of anti-discrimination rules, in The Washington
Post. 2019: Washington, DC.

Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional
affiliations.



	Mortgage...
	Abstract
	Introduction
	Material and Methods
	Data Collection and Sampling
	Measures
	Statistical Analysis

	Results
	Participant Characteristics
	ZIP Code-Level Racial/Ethnic Concentration
	County-Level Mortgage Discrimination
	Univariate Models
	Preliminary Interaction Models
	ZIP Code-Level Racial/Ethnic Concentration
	County-Level Mortgage Discrimination

	Multivariable Models
	ZIP Code-Level Racial/Ethnic Concentration
	County-Level Mortgage Discrimination

	Post hoc Analysis

	Discussion
	Conclusion
	References




