
HIV Infection Among People Who Inject Drugs in the
United States: Geographically Explained Variance
Across Racial and Ethnic Groups
Sabriya L. Linton, PhD, MPH, Hannah L. F. Cooper, ScD, Mary E. Kelley, PhD, Conny C. Karnes, MA, Zev Ross, MS, Mary E. Wolfe, MPH, Don Des Jarlais,
PhD, Salaam Semaan, DrPH, Barbara Tempalski, PhD, MPH, Elizabeth DiNenno, PhD, Teresa Finlayson, PhD, Catlainn Sionean, PhD, Cyprian Wejnert,
PhD, and Gabriela Paz-Bailey, MD, PhD, for the National HIV Behavioral Surveillance Study Group

Since the mid-1990s, there has been an in-
crease in studies evaluating whether features of
the social, economic, physical, and political
environment (i.e., place characteristics) affect
health. This focus on place characteristics is
evident in the development of theories
conceptualizing place characteristics as health
determinants,1---3 in the use of geospatial and
systematic social observation methods to mea-
sure place characteristics,4---10 in the application
of multilevel modeling to assess the potential
impacts of place characteristics,11---18 and in the
recognition that interventions should not solely
encourage individual behavior change but also
modify environmental features.3,16,19

Literature emerging from this field of
research demonstrates that place characteris-
tics operationalized at different geographical
scales influence psychosocial processes and
individual behaviors that increase vulnerability
to several health outcomes. With rare excep-
tion,20---24 however, studies of place and health
typically assess the potential influence of place
characteristics at a single geographical scale
and do not simultaneously evaluate character-
istics of other geographical scales. For example,
several studies, including our own,25,26 sample
participants from a single metropolitan statisti-
cal area (MSA) to assess the relationships of
census tract characteristics to health, without
sampling participants from multiple MSAs to
simultaneously assess the relationships of tract-,
county-, and MSA-level characteristics to
health.25---32 The decision to focus on charac-
teristics of a single geographical scale may arise
because of data availability, cost constraints, or
feasibility.

Studies of place and health that focus on
a single geographical scale, however, may mis-
specify relationships and hinder the explora-
tion of causal pathways in 2 ways. First, studies

that focus on features measured at a single
geographical scale may overlook potential
health determinants that are operationalized at
other geographical scales. For instance, re-
search assessing the relationships of features of
neighborhoods (e.g., economic deprivation,
racial/ethnic composition, policing practices,
and “crackdowns”) cannot determine the influence
of policies, laws, and governmental expendi-
tures that are operationalized at county, MSA,
and state levels, and shape neighborhood
environments. Second, studies of features of
a single geographical scale cannot determine
whether relationships between characteristics
operating at one geographical scale are con-
founded, mediated, or modified by character-
istics of other geographic scales.3,16,33 The
possibility that at least 1 of these mechanisms
can occur has been demonstrated in research
conducted by Warner and Gomez, which
suggests that, among Black women diagnosed

with breast cancer, residing in census blocks
with high concentrations of Black residents is
more protective against mortality in more
racially segregated metropolitan areas than less
racially segregated metropolitan areas.34

In addition, research assessing the associa-
tion of place-based factors with health out-
comes rarely highlights the extent to which
variance in health outcomes is explained by
place and place-based factors. Determining
whether health outcomes vary geographically
can generate hypotheses about inequities in
exposure to potential place-based determinants
of health, and thereby inform how interven-
tions and social policies are developed and
spatially concentrated.35

The present study illustrates the generative
possibilities of extending research beyond
a single geographical scale by achieving 2
primary aims. The study’s first aim is to de-
termine the share of total variance in HIV
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infection that is apportioned to zip codes,
counties, and MSAs among people who inject
drugs (PWID). In the United States, PWID
account for 22% of people living with HIV,36

and a growing body of literature demonstrates
that features of neighborhoods such as
census-tract racial composition and block-level
social or physical disorder are associated with
HIV-related outcomes among PWID,37,38 as
are features of MSAs, including drug-related
law enforcement, income inequality, residential
segregation, and health service access.39---41

Revealing the geographical scale to which
variance in HIV infection is apportioned among
PWID can stimulate hypotheses about ineq-
uities in exposure to place-based determinants
of HIV and inform the development and
tailoring of place-based interventions. For ex-
ample, finding high MSA-level variance in HIV
infection may support analyses of whether
MSA-level variations in health care service
access predict variance in HIV serostatus and, if
they do, support interventions to increase
health care access in low-access MSAs. In
contrast, if little to no variance in HIV infection
among PWID is apportioned to MSAs, PWID
may encounter a relatively uniform exposure
to health care service access.

Previous studies have found that variance in
some health outcomes vary across racial/ethnic
groups.42,43 The second aim of this study
therefore tests the hypothesis that variance in
HIV infection will differ within each of 3 racial/
ethnic groups of PWID: non-Hispanic/Latino
Whites, non-Hispanic/Latino Blacks, and
Hispanics/Latinos.

METHODS

We drew data from the Centers for Disease
Control and Prevention’s National HIV Be-
havioral Surveillance (NHBS) system.44 The
NHBS system was designed to monitor HIV
serostatus, behaviors, and service use in 3
high-risk populations in the United States, in-
cluding PWID.44 We analyzed data from the
2009 NHBS cycle among PWID.

The 2009 NHBS cycle among PWID was
conducted in 20 MSAs (or MSA divisions) in
the United States where the AIDS prevalence
was highest in 2006.45 We excluded the San
Juan---Bayamon MSA from analysis because
the sample lacked ethnic diversity (98% were

Hispanic/Latino). In total, the 19MSAs included
in analysis accounted for 56% of all cumulative
AIDS diagnoses reported by MSAs of all US
territories with a population of 500000 or
more at the end of 2010 (San Juan---Bayamon
accounted for an additional 2%).46

People who inject drugs in each MSA were
recruited by respondent-driven sampling,
which is a chain-referral sampling method.47

Recruitment chains began with fewer than
15 “seeds,” who were selected on the basis
of recommendations from key informants
working closely with PWID, and through
community outreach.48 Seeds and subsequent
recruiters were asked to recruit up to 5 in-
jectors; recruitment continued until approxi-
mately 500 PWID were enrolled in each MSA.
Participants were eligible for the study if they
were aged 18 years or older, reported injection
drug use in the past 12 months, resided in an
NHBS-eligible MSA (4 MSAs had 1 county),
showed evidence of injection (e.g., track marks),
and provided oral consent. A total of 9882
participants met eligibility criteria in the 19
MSAs and 9831 (99.4%) of eligible partici-
pants consented to receive HIV testing.

We excluded participants from analysis if
they had invalid or incomplete surveys, iden-
tified as transgender (transgender participants
have been excluded from previous NHBS
analyses because of their small sample size
and lack of data on sexual risk behaviors),
did not have a definitive positive or negative
NHBS HIV test result, or reported being HIV-
positive but had a negative NHBS HIV test
result. (Formative research conducted as
part of NHBS suggests that self-reported
HIV status is not always accurate; therefore,
laboratory confirmation is required to classify
participants as HIV-positive.) We also excluded
participants if they had invalid zip code in-
formation or did not identify as non-Hispanic/
Latino White (hereafter referred to as White),
non-Hispanic/Latino Black (hereafter referred
to as Black), or Hispanic/Latino (hereafter re-
ferred to as Latino) or identified with 3 or
more races. The final analytic sample included
9077 participants.

Measures

Individual characteristics. Eligible partici-
pants were offered anonymous HIV testing.
Test results were classified as positive if rapid

test results (via blood or saliva) were reactive
and confirmed by Western blot or immuno-
fluorescence assay. Nonreactive rapid test re-
sults were classified as negative.48

We created 3 mutually exclusive racial/
ethnic groups: Latino, White, and Black. We
assigned biracial participants who were not
Latino to Black or White categories by using
Office of Management and Budget guidelines:
non-Hispanic White comprised non-Hispanic
White and American Indian/Alaska Native or
Native Hawaiian/Pacific Islander; and non-
Hispanic Black comprised non-Hispanic Black
and non-Hispanic White or American Indian/
Alaska Native or Native Hawaiian/Pacific Is-
lander.49 We did not categorize Latino partic-
ipants by their national origin because of small
sample size.

We assessed other self-reported sociodemo-
graphic characteristics to describe the sample.
Geographical characteristics. Participants re-

ported the zip code and the county where they
lived. Zip codes were the smallest geographical
units reported in this study. Participants who
reported homelessness at the time of the study
interview were also asked to provide the zip
code where they most frequently slept.

When participants lived in zip codes that
crossed county lines (n = 341), they were
assigned to the county where the majority of
participants living in that zip code reported
residing. We assigned participants to MSAs on
the basis of interview site.

Statistical Analysis

We explored sample characteristics by
using descriptive statistics. To determine
the percentage of variance in HIV infection
apportioned to each geographical unit for
the entire sample and for each racial/ethnic
group, we first conducted multilevel anal-
ysis to generate variance estimates for each
geographical scale.50---52 We then used
these variance estimates to calculate vari-
ance components for each geographical
scale.50---52

Multilevel analysis. We used 2 logistic mul-
tilevel models to measure the correlation of
observations that were nested within zip
codes, counties, and MSAs by partitioning
variance in the odds of HIV infection to each
geographical scale.50---52 The first multilevel
model partitioned variance across the entire
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sample of PWID, without regard to race/
ethnicity (equation 1):

ð1Þ Logit Pr yijkl ¼ 1
���f 2ð Þ

jkl ; f
3ð Þ
kl ; f

4ð Þ
l ; eijkl

� �n o

¼ b0 þ fjkl þ fkl þ fl þ eijkl

where b0 =mean log odds of testing positive
for HIV; fjkl

(2) = random intercepts distributed
across zip codes with variance C(2); fkl

(3) =
random intercepts distributed across counties
with variance C(3); fl

(4) = random intercepts
distributed across MSAs with variance C(4);
and eijkl = individual residual error with
variance p2/3.

In this model, yijkl denotes the probability of
testing positive for HIV for individual i nested
in zip code j, which is nested in county k, which
is nested in MSA l; the random intercepts at
each of the 3 geographical scales are assumed
to be independent of the intercepts at the other
geographical scales; individual residual error is
assumed to be independent of the random
intercepts at each geographical scale.52

The second multilevel model partitioned
variance across the 3 geographical scales for
each of 3 racial/ethnic groups: Black, White,
and Latino. We derived random intercepts at
each of the 3 geographical scales for each
racial/ethnic group in this model.
Variance components. Using the 4 variance

estimates (C(2), C(3),C(4), p2/3) obtained from
the first multilevel analysis, we calculated the
variance components for each geographical scale:

ð2Þ variance component zip codeð Þ

¼ Cð2Þ

Cð2Þ þCð3Þ þCð4Þ þ p2=3

ð3Þ variance componentðcountyÞ

¼ Cð3Þ

Cð2Þ þCð3Þ þCð4Þ þ p2=3

ð4Þ variance componentðMSAÞ

¼ Cð4Þ

Cð2Þ þCð3Þ þCð4Þ þ p2=3

Here, each variance component is
independent and equals the variance at
a specific geographical scale divided by the
total variance. Thus, a variance component

of 0.05 for zip codes would indicate that
5% of the variance in the odds of HIV
infection among PWID was apportioned to
that scale.

To determine the proportion of variance
apportioned to each geographical scale for
each racial/ethnic group, we calculated the
variance components by using the variance
estimates obtained from the second multilevel
model. The variance components equaled

the variance of a specific geographical scale for 1
racial/ethnic group divided by the total variance.

Consonant with previous studies that
apportioned variance in health outcomes
to multiple levels,53,54 we modeled no
individual-level or place-based fixed effects to
determine the “baseline” distribution of the
odds of HIV infection across geographical
scales. We conducted sensitivity analysis to
explore whether stratifying analyses by age,

TABLE 1—Distribution of Individual-Level Characteristics Among 9077 People Who Inject

Drugs: 2009 National HIV Behavioral Surveillance System, United States

Characteristics

Total No. (%) or Mean 6SD

(25th, 50th, 75th Percentiles)

Demographic characteristics

Age, y 45.7 610.6 (39, 48, 54)

Gender

Male 6504 (71.7)

Female 2573 (28.3)

Race/ethnicity

Hispanic/Latino 1640 (18.1)

Non-Hispanic/Latino Black 4687 (51.6)

Non-Hispanic/Latino White 2750 (30.3)

Married or living as married 1199 (13.2)

High-school graduate (or certificate of high-school equivalency) 6043 (66.6)

Currently employed full-time 400 (4.4)

Yearly income, US$

< 10 000 5503 (60.9)

10 000–19 999 2082 (23.1)

20 000–29 999 609 (6.7)

30 000–39 999 358 (4.0)

40 000–49 999 194 (2.2)

‡ 50 000 285 (3.2)

Homelessnessa 5436 (59.9)

HIV

Positive HIV test resultb 799 (8.8)

Previous knowledge of HIV-positive status 466 (58.3)

Average no. of years infected 12 67.5 (0, 2, 12)

Behavioral characteristicsc

Years injecting drugs 23.3 613.0 (12, 24, 34)

Frequency of injection

‡ daily 6729 (74.3)

< daily 2329 (25.7)

Any vaginal or anal sex 7773 (85.8)

aHomelessness was defined as reported homelessness; residing on the street; residing in a shelter, single-room occupancy, or
car; or temporarily residing with friends or relatives in the past 12 months.
bHIV status was classified as positive if rapid test results (via blood or saliva) were reactive and confirmed by Western blot or
immunofluorescence assay. Nonreactive rapid test results were classified as negative.
cBehavioral characteristics had a reporting period of 12 months.
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gender, and geographical region altered
the variance component estimates; however,

we could not perform estimation because of

the limited number of geographical units

per stratum. We also partitioned variance

across MSAs and respondent-driven sam-

pling recruitment chains. We did not simul-

taneously apportion variance in HIV

infection to MSAs, counties, zip codes,
and recruitment chains for each racial/

ethnic group because cross-classified multi-

level analysis is not possible for the

number of random effects. We also

did not calculate confidence intervals for

variance components because methods to

do so are not readily available. We used

Stata version 13 (StataCorp LP, College Station,
TX).

RESULTS

Among the 9077 PWID included in
analysis, the majority were middle-aged
(mean = 45.7 years; SD = 10.6) and men

TABLE 2—Distribution of Geographical Characteristics Among 9077 People Who Inject Drugs: 2009 National HIV Behavioral Surveillance

System, United States

Geographical Characteristics Total No. Geographical Units Total No. Metropolitan Statistical Areas Participants, No. (%) or Mean 6SD (25th, 50th, 75th Percentiles)

Overall

Zip code 968 9.4 619.8 (1, 3, 8)

County 51 178.0 6225.0 (2, 23, 449)

Metropolitan statistical area 19 477.7 693.7 (426, 499, 534)

Region

Northeast 5 2136 (23.5)

South 7 3644 (40.2)

Midwest 2 937 (10.3)

West 5 2360 (26.0)

Non-Hispanic Whites

Zip code 594 4.6 69.8 (1, 2, 4)

County 43 64.0 687.0 (2, 21, 95)

Metropolitan statistical area 19 144.7 693.0 (75, 128, 202)

Region

Northeast 5 817 (29.7)

South 7 669 (24.3)

Midwest 2 150 (5.5)

West 5 1114 (40.5)

Non-Hispanic Blacks

Zip code 540 8.7 616.6 (1, 2, 8)

County 38 123.3 6153.2 (3, 31, 230)

Metropolitan statistical area 19 246.7 6139.5 (113, 230, 364)

Region

Northeast 5 729 (15.6)

South 7 2650 (56.5)

Midwest 2 611 (13.0)

West 5 697 (14.9)

Latinos

ZIP code 415 4.0 67.1 (1, 2, 4)

County 34 48.2 663.6 (1, 11, 81)

Metropolitan statistical area 18 91.1 679.6 (13, 76, 154)

Region

Northeast 5 590 (36.0)

South 7 325 (19.8)

Midwest 1 176 (10.7)

West 5 549 (33.5)

RESEARCH AND PRACTICE

2460 | HIV | Peer Reviewed | Linton et al. American Journal of Public Health | December 2015, Vol 105, No. 12



(71.7%; Table 1). Most participants were Black
(51.6%), followed by White (30.3%) and
Latino (18.1%); 67.0% of Latino PWID were
US-born; those who were foreign-born re-
ported residing in the United States for an
average of 27 years. Overall, participants were
impoverished: 84.0% reported earning less
than $20 000 a year and 95.6% were not
employed full-time. Almost 60% of participants
were homeless at some point during the past
year. Participants reported injecting drugs for
a mean of 23 years (SD=13.0).

Approximately 9% of participants tested
positive for HIV, with the highest proportion
among Black PWID (10.7%), followed by
Latino PWID (7.6%) and White PWID (6.3%).
Among participants who tested positive, 58.3%
reported a previous positive HIV test result and
knowledge of their status for a mean of 12
years (SD=7.5). In comparison with partici-
pants who reported receiving their first positive
HIV test result at the NHBS visit, participants
who reported receiving a previous positive
result were more likely (i.e., ‡10% difference)
to be White, to report stable housing, to inject
daily or more often, and to report no unpro-
tected sexual intercourse or sharing of any
injection equipment in the past 12 months.

Overall, PWID lived in 968 zip codes, 51
counties, and 19 MSAs (Table 2). An average
of 9 participants lived in each zip code, 178
lived in each county, and 478 lived in each
MSA. In several MSAs, participants lived in 1
county (11 MSAs for White PWID, 9 MSAs for
Black PWID, and 12 MSAs for Latino PWID).
One MSA had no Latino participants.

In the model that apportioned variance to
geographical scales without regard to race/
ethnicity, 18.6% of the variance in the odds of
HIV infection was collectively apportioned to
the 3 geographical scales (Table 3); 6.5% was
apportioned to zip codes, 2.3% to counties, and
9.8% to MSAs.

When we added random intercepts for
each racial/ethnic group to the model, the
percentage of the variance apportioned to the
3 geographical scales increased from 18.6%
to 29.0% (Table 4). In this model, the per-
centage of variance apportioned to counties
and MSAs, respectively, increased from 2.3%
to 7.1% and from 9.8% to 17.6%; the
percentage apportioned to zip codes declined
from 6.5% to 4.3%.

We observed racial/ethnic differences in the
variance apportioned to each of the 3 geo-
graphical scales. Among White PWID, 7.5% of
the variance was apportioned to MSAs, 4.3% to
zip codes, and 0.2% to counties. Among Latino
PWID, all variance was apportioned to MSAs.
Among Black PWID, all variance was appor-
tioned to counties.

When we added random intercepts for
recruitment chains to the model that appor-
tioned variance to MSAs without regard to
race/ethnicity, 9%was apportioned to recruitment
chains and the variance apportioned to MSAs
increased from 9% to 14%.

DISCUSSION

This study demonstrates that variance in
HIV infection among this sample of PWID was
apportioned to 3 geographical scales, and
suggests that variance in HIV infection is
apportioned to different geographical scales
among different racial/ethnic groups. Specifi-
cally, a relatively high percentage of variance in
HIV infection was apportioned to zip codes,
counties, and MSAs among White PWID,
whereas variance was apportioned to counties
among Black PWID and to MSAs among
Latino PWID.

There are several potential explanations for
why the geographical variance in HIV infection
was entirely apportioned to counties for Black
PWID; these potential explanations serve as
possible hypotheses to test in future research
on place and HIV among PWID in the United
States. First, county-level per-capita income,
population density, and crime rates have been
associated with sexually transmitted infections
among Black adults,55,56 and differences in
exposure to these county-level factors may

partly explain why variance was apportioned to
counties among Black PWID in this study.
Second, the influence of county-level differ-
ences in drug-related law enforcement on
variance in HIV risk8,39---41,57,58 may be par-
ticularly salient for Black PWID. Although
policing strategies are often implemented lo-
cally at the neighborhood level,59 decisions
about investment in law enforcement are often
made at the county level, and past research
indicates that counties with higher proportions
of Black residents invest more in law enforce-
ment than other counties.60

No variance in HIV infection was apportioned
to MSAs for Black PWID. This finding may be
an artifact of NHBS’s selection of MSAs with the
highest AIDS prevalence. Given disproportion-
ately high rates of HIV infection among Black
residents in the states where NHBS sites were
selected,46 this sampling method might have
produced a uniformly high HIV prevalence
among Black PWID across MSAs.

In addition, no variance in HIV was appor-
tioned to zip codes for Black PWID. This
finding may partly reflect the influence of
racial/ethnic residential segregation in the
MSAs in the NHBS. Segregated MSAs tend to
restrict Black residents (particularly those who
are low-income, as is the case with most NHBS
participants) to neighborhoods that are
economically deprived and targeted by law en-
forcement.61---64 These factors have been asso-
ciated with HIV infection and related outcomes
among PWID.38,57,58,65 It is thus likely that
homogeneity in exposure to these zip code---
level phenomena would foster homogeneity in
HIV infection across zip codes among Black
PWID in NHBS.66 Residential segregation may
also create greater homogeneity in the distri-
bution of HIV risk across zip codes for Black

TABLE 3—Percentage Variance in the Odds of Testing Positive for HIV by Geographical Unit

Among 9077 People Who Inject Drugs: 2009 National HIV Behavioral Surveillance

System, United States

Geographical Units Percentage Variance in HIV Apportioned to Geographical Units

Zip code 6.5

County 2.3

Metropolitan statistical area 9.8

Total 18.6
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PWID by creating racially/ethnically assorta-
tive sexual and injection networks.67---73

Through a similar set of pathways, racial/
ethnic residential segregation may explain the
lack of variance in HIV infection apportioned
to zip codes among Latino PWID. By contrast,
4.5% of variance in HIV infection was appor-
tioned to zip codes amongWhite PWID. White
PWID may be less restricted geographically
than Black or Latino PWID and reside in zip
codes with greater heterogeneity in local fea-
tures. Future research should assess whether
HIV prevalence among Black and Latino
PWID is more homogenous across small geo-
graphic areas in more segregated MSAs and
whether drug and sex network assortativity
mediates the relationship between segregation
and HIV serostatus.

Geographical variance in HIV infection
among Latino PWID was exclusively appor-
tioned to MSAs. This finding may be attribut-
able to MSA-level differences in exposures that
create vulnerability to HIV among Latinos,
including socioeconomic conditions, health
service access and use, immigration policies,
and settlement patterns by country of origin.74---79

This last proposition is supported by previous
research demonstrating that Latinos of Puerto
Rican descent have a higher prevalence of
injection-related HIV than other Latinos,80,81

a pattern that may reflect unequal exposure to
structural factors across Latino subgroups, such as
economic deprivation.74 HIV diagnoses among
Latino PWID in NHBS may have been higher in
MSAs where a greater proportion of PWID of
Puerto Rican descent reside. Future research
should determine whether country of origin
explains variations in HIV serostatus across MSAs
among Latino PWID.

No variance in HIV infection was appor-
tioned to counties for Latino PWID. Previous
research suggests that county-level differences
in HIV prevalence rates are associated with
county-level differences in urbanization.55 Ur-
banization and other potential county-level
determinants of HIV among Latinos may not
vary substantially across the counties where
this sample of Latino PWID resided. Similar
processes may partly explain the relatively low
variance in HIV infection apportioned to
counties among White PWID (0.2%).

Limitations

Our findings should be interpreted in light
of several limitations. Metropolitan statistical
areas with high AIDS prevalence were selected
to participate in NHBS and recruitment chains
may have not extended past geographical
boundaries or sociodemographic groups.
In addition, PWID recruited through
respondent-driven sampling may have been
unwilling to participate if they resided far from
NHBS sites. These factors may have influenced
the magnitude and precision of variance com-
ponents in this analysis.

Zip code boundaries may not align with
subjectively defined neighborhood boundaries.
We also could not assess the influence of
environments where participants worked,
bought or used drugs, or engaged in other
activities but did not live. In addition, partici-
pants who did not report their counties of
residence and lived in zip codes that crossed
county boundaries may have been incorrectly
assigned to counties where most PWID in that
zip code lived. Because zip codes crossed
counties in less than 4% (n =341) of instances,
this may have minimally affected our findings.

Because of small sample sizes, we could not
determine the geographical distribution of HIV
infection among those PWID who were multi-
racial or were not Latino, Black, or White. We
also excluded participants from the analytic
sample if they lacked complete information on
key characteristics (e.g., confirmatory HIV test
result, zip code). Compared with participants
excluded from analysis, the analytic sample had
larger proportions of PWID who were Black,
earned an annual income exceeding $20 000,
and who had not been homeless in the past 12
months. Because we excluded only 8% of the
study population from the analytic sample, we
believe that these differences did not substan-
tially change the results in this study.

On average, HIV-positive participants re-
ported that they had received their first positive
HIV result 12 years before participating in
NHBS; it is possible some of these participants
relocated from the locations where they lived
at the time they acquired HIV. Because par-
ticipants reported residing in the same MSA for
an average of 32 years, the MSA-level findings
would be less influenced by participant mobil-
ity, although zip code and county findings
might be affected by this migration.

Conclusions

Despite these limitations, this study revealed
that considerable variance in HIV infection
among PWID may be apportioned to multiple
geographical scales, and that variance in HIV
infection may be apportioned to different
geographical scales for different racial/ethnic
groups. Variance in HIV infection across MSAs
for Latino PWID, across counties for Black
PWID, and across zip codes, counties, and
MSAs for White PWID may relate to

TABLE 4—Percentage Variance in the Odds of Testing Positive for HIV by Geographical Unit and Race/Ethnicity Among 9077 People Who Inject

Drugs: 2009 National HIV Behavioral Surveillance System, United States

Percentage Variance in HIV Apportioned to Geographical Units

Geographical Units Non-Hispanic/Latino White (n = 2750) Non-Hispanic/Latino Black (n = 4687) Hispanic/Latino (n = 1640) All PWID (n = 9077)

Zip code 4.3 0.0 0.0 4.3

County 0.2 6.9 0.0 7.1

Metropolitan statistical area 7.5 0.0 10.1 17.6

Total 12.0 6.9 10.1 29.0

Note. PWID = people who inject drugs.
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differences in exposure to potential modifiable
place-based determinants of HIV, including
crime, drug-related law enforcement, economic
disadvantage, income inequality, and health
service access. Future research should test the
hypotheses generated by this analysis and
evaluate place characteristics operating at
multiple geographical scales simultaneously
whenever possible. The knowledge attained
from such studies can identify where and how
social and economic policies, and harm
reduction and other HIV/AIDS prevention
and treatment strategies should be targeted
geographically. j
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