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Research indicates that individuals who live
closer to mental health and primary care clinics
are more likely to use these services.1–5 Ac-
cordingly, the US Department of Health and
Human Services and other public health agencies
promote easy spatial access to health care service
sites in small geographic areas (e.g., clusters of
census tracts).6,7 Syringe exchange programs
(SEPs) and pharmacies that sell syringes without
a prescription, or over the counter (OTC), are
health care services that substantially increase
the likelihood that drug injectors will use sterile
syringes, thus reducing their probability of be-
coming infected with HIV, HCV, and possibly
other injection-related bacterial infections.8–19

Multiple studies have concluded that the preva-
lence of injection-related HIV and related risk
behaviors is higher in nations, states, and other
large geographic areas with poor spatial access to
SEPs or OTC pharmacies,9,20–25 but little re-
search has focused on the impact of spatial access
to SEPs and OTC pharmacies in small geographic
areas on local injectors’ injection practices and
rates of injection-related infection.

Spatial access to SEPs and OTC pharmacies
often varies across small geographic areas
within a city, metropolitan area, or state. Mu-
nicipal ordinances may prohibit SEPs from
operating within a specific distance of a school
or park, and local opposition may prevent
a new SEP from opening in a neighborhood or
may force an existing SEP to close.26–28 Some
states permit pharmacies to choose whether to
sell OTC syringes, and the distribution of phar-
macies themselves across neighborhoods is un-
even.29–31The few studies of local access to SEPs
have found that, as with other health services,1–5

proximity increases utilization.32–35 For exam-
ple, Rockwell et al. found that injectors living
within a 10-minute travel distance of an SEP in
New York City in 1993 were almost 3 times as
likely as other injectors to attend an SEP and half

as likely to report injecting with used syringes.33

A recent study, however, found no relationship
between OTC pharmacy access and injection-
related behaviors among injectors living within
1 kilometer of a pharmacy.34

Quantifying the effect of spatial access to
SEPs on injection practices in local areas is
particularly pressing now. After decades of
withholding federal funds from SEPs, the US
Congress in 2009 approved an appropriations
bill permitting federal funding of SEPs. These
funds could permit new SEPs to open and allow
existing SEPs to add sites. As the appropriations
bill underwent congressional review, the geo-
graphic location of federally funded SEPs
became a source of debate. The House version
of the bill restricted federal funding to SEPs
located more than 1000 feet from an educa-
tional institution, public recreation area, ‘‘or an
event sponsored by any such entity.’’36(sec523)

The Senate version contained no geographic
restrictions. The final appropriations bill shifts

decisions about SEP locations to local govern-
ments: the bill prohibits granting federal funds to
SEPs located in sites ‘‘that local public health
or law enforcement agencies determine to be
inappropriate.’’37(p8) Research on the effect of
spatial access to SEPs on injection practices may
inform local advocacy and decisions about which
SEP sites may receive federal funding.

We conducted a longitudinal (1995–2006)
multilevel analysis of whether variations in
spatial access to SEPs and OTC pharmacies
across New York City health districts affected
the likelihood that local injectors used sterile
syringes. Although state law required a pre-
scription to purchase a syringe throughout the
study period, syringe access has evolved over
time. Starting in 1992, the New York State
Department of Health permitted select SEPs to
operate legally; as of January 1, 2001, phar-
macists who voluntarily registered with the
department were permitted to sell OTC syrin-
ges.38,39

Objectives. We examined relationships of spatial access to syringe exchange

programs (SEPs) and pharmacies selling over-the-counter (OTC) syringes with

New York City drug injectors’ harm reduction practices.

Methods. Each year from 1995 to 2006, we measured the percentage of 42 city
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between these exposures and the odds that injectors (n=4003) used a sterile

syringe for at least 75% of injections in the past 6 months.

Results. A 1-unit increase in the natural log of the percentage of a district’s

surface area within a mile of an SEP in 1995 was associated with a 26% increase

in the odds of injecting with a sterile syringe; a 1-unit increase in this exposure

over time increased these odds 23%. A 1-unit increase in the natural log of OTC

pharmacy access improved these odds 15%.

Conclusions. Greater spatial access to SEPs and OTC pharmacies improved

injectors’ capacity to engage in harm reduction practices that reduce HIV and
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METHODS

We applied multilevel analysis methods to
quantify relationships between variations in
health district access to SEPs and OTC phar-
macies and the odds that injectors reported
injecting with sterile syringes in the past 6
months. Individual-level data were drawn from
the Risk Factors for AIDS Among Intravenous
Drug Users study (principal investigator,
D.C.D. J.), a series of cross-sectional surveys of
people entering the Beth Israel Hospital de-
toxification program. Recruitment methods did
not change between 1995–2006; details have
been published elsewhere.40 To be included
in our analyses, participants had to report inject-
ing drugs in the past 6 months, take part in the
study between 1995–2006, and have a valid
New York City zip code (homeless people were
assigned the zip code where they had slept
most in the past 6 months). A total of 4178 Risk
Factors participants met those criteria.

We combined cross-sectional Risk Factors
data for 1995–2006, thereby creating a multi-
level data set in which each of the 4178 Risk
Factors participants was nested in the study
year in which the respondent was surveyed
(missing data reduced the final sample size to
4003). Study years in turn were nested in New
York City’s 42 populated health districts.
Health districts are aggregations of 3 to 9
adjacent zip code areas that have similar
sociodemographic characteristics.41 In 1995,

the median district population size was 179189
(range=28739–428867).42

Variables

Spatial access to syringe exchange programs.
We used geospatial methods to develop mea-
sures of spatial access to SEPs in each New
York City health district for each year of the12-
year study period. For each year, we applied
a 3-stage process to create a continuous vari-
able that captured the percentage of each
district’s surface area within a given radius (r)
of an SEP site (Figure 1).

Stage 1: geocoding SEP sites. We obtained
lists of the street addresses of all legal SEP
sites that operated during the study period
from the New York State Department of
Health and SEP directors. Sites that were
located in New York City and within 1mile of
the city’s boundaries were included. We
geocoded each site’s address to a latitude and
longitude point; van stops and other sites with
no street address were geocoded to the
nearest intersection or block midpoint. Eighty
sites operated during the study period; we
geocoded 100% of the sites to their street
address or nearest intersection. We created
SEP site maps for each year.
Stage 2: creating buffers for each site. We
overlaid a digital road network map on each
annual SEP site map.43 We created a walking
distance buffer for each site that extended r

distance from the site along the local street
network.
Stage 3: calculating the proportion of a dis-
trict’s surface area within r distance of an SEP.
We overlaid a digital map of district bound-
aries and a grid of cells (cell size=10 m2) on
each annual map created in stage 2. For each
year, we calculated the percentage of a dis-
trict’s surface area within r distance of an SEP
site by dividing the number of cells falling
within a buffer by the total number of cells in
that district. Cells that were covered by the
buffers of more than 1 SEP were counted
once.

We created 3 measures of SEP access, with r
equal to 1.00 mile, 0.50 mile, or 0.25 mile. We
selected these distances for consistency with
previous research, which measured spatial
access to SEPs in 1-mile and 10-minute travel
distances (people can usually walk 0.25–0.50
mile in 10 minutes).32–35

Spatial access to over-the-counter pharmacies.
We applied our 3-stage process to create
a measure for 2001 to 2006. We obtained an
inventory of the addresses of all pharmacies
that registered to sell OTC syringes from the
New York State Department of Health. We
were able to geocode 97% of the 1316 phar-
macies selling OTC syringes to their street
address or nearest intersection. When we re-
ceived these data, no information was available
on withdrawal from this voluntary program.

FIGURE 1—Stages used to develop the spatial measure of district-level access to syringe exchange programs.
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Individual-level outcome. We assessed sterile
syringe use through injectors’ self-reports of the
percentage of injection events in the past 6
months in which they had injected with a sterile
syringe (i.e., a syringe that neither they nor
anyone else had used previously). This ordinal
variable had 3 values: use of a sterile syringe in
25% or fewer of injection events, in 26% to
74% of injection events, or in 75% or more
of injection events.

Individual-level covariates. Injection fre-
quency (past 6 months), years since first in-
jection, sexual orientation, self-reported HIV
serostatus, and age might confound the re-
lationships between sterile syringe use and
spatial access to SEPs and to OTC pharma-
cies.44–46 We used self-reported race/ethnicity,
gender, and homelessness as effect modifiers
or possible confounders of our focal relation-
ships.47–50 We treated all covariates as dichoto-
mous variables except years since first injection
(continuous) and injection frequency (an ordinal
variable with 3 values: <1, 1–3, or ‡4 times/
day).

District-level covariates. Local poverty rates
and racial/ethnic composition were other po-
tential confounders of the relationships of in-
terest.30,51 We calculated time-varying measures
of local poverty rates and racial/ethnic compo-
sition (percentage of residents who were non-
Hispanic or Latino Whites) from1990 and 2000
decennial US Census data and expressed them as
continuous variables. We imputed intercencile
data points with an assumption of linear change
over time.

Time. Study year was a continuous variable
ranging from zero in1995 to12 in 2006. Years
since pharmacies were allowed to sell OTC
syringes (OTC time) was a continuous variable
ranging from zero in 1995–2001 to 6 in 2006.
We also classified time with a dichotomous
variable denoting whether OTC sales were
legal during that year.

Analyses

We investigated trends in each variable’s
distribution over time and across districts
through exploratory data analysis.52 In infer-
ential analyses, we applied 3-level hierarchical
generalized linear models with an ordinal out-
come to investigate the relationship between
district-level access to SEPs and OTC pharmacies
and the individual-level outcome.53 Model A was

a growth curve model designed to describe
temporal trends in the odds of injecting with
a sterile syringe and to identify optimal variance–
covariance structures.54 In all models, to mini-
mize the likelihood that compositional changes in
the Risk Factors study sample over time con-
founded our analyses, we controlled for compo-
sitional changes related to our outcome (i.e., age,
gender, race/ethnicity, homeless status, sexual
orientation, self-reported HIV status, injection
frequency, and years since initiation of injecting).
In models B through D, we added district-level
SEP access and possible district-level con-
founders (model B, r=1.00 mile; model C,
r=0.50 mile; model D, r=0.25 mile). Subse-
quent models included OTC pharmacy–related
variables. We ran separate models for each OTC
pharmacy access radius; only 1 set of results is
shown for model E, because results were similar
across radii.

We investigated random effects, lagged and
nonlinear relationships between exposures and
outcomes, and intralevel and cross-level inter-
actions. We selected optimal models with
likelihood ratio tests when models were nested,
with visual displays of data, and with relevant
literature.53,54 We mean-centered level 1 con-
tinuous variables and centered level 2 continu-
ous variables at their initial value.53,54 We
probed interactions for regions of significance
(i.e., values on each variable for which the
interaction was statistically significant) with the
Johnson–Neyman technique.55,56 Study year
and district were entered as random variables,
the optimal covariance structure for time-varying
observations was autoregressive, and the optimal
covariance structure was unstructured for dis-
trict-level observations. District-level racial/eth-
nic composition and poverty rates were highly
correlated (Pearson correlation coefficient=–
0.75); we included only the former construct
because past research suggests that local racial/
ethnic composition predicts injection practices.51

We conducted all analyses in SAS version 9.257

and ArcInfo version 9.3.58

RESULTS

During the 12-year study period, almost half
of the participants reported injecting with
a sterile syringe in 25% or fewer of their
injection events in the past 6 months, while
a third reported using sterile syringes at least

75% of the time (Table1). Approximately 80%
of the participants were men, and half were
Latino. One third of the participants were
homeless.

Regardless of the buffer, at least half of the
health districts had no SEP access in 1995, and
at least half of the districts experienced mini-
mal or no increase in spatial access to SEPs be-
tween 1995–2006 (Table 2; Figure 2). Be-
tween 7.60% and 91.11% of the surface area of
one quarter of the districts lay within 1 mile of
an SEP in 1995; by 2006, one quarter of the
districts experienced absolute increases of

TABLE 1—Sociodemographic

Characteristics and Injection

Practices of Injection Drug Users: New

York City, 1995–2006

Characteristics of Individual

Injectors (Self-Reported)

No. (%) or

Median (Range)

Gender

Women 825 (20.61)

Men 3178 (79.39)

Race/ethnicity

Hispanic/Latino (regardless of race) 2022 (50.51)

Non-Hispanic Black/African American 848 (21.18)

Non-Hispanic White and Othera 1133 (28.30)

Age, y 38 (18–75)

Sexual orientation

Women who have sex with women 254 (6.35)

Men who have sex with men 170 (4.25)

Heterosexual 3579 (89.41)

Homeless 1344 (33.57)

HIV-positive 456 (11.39)

Years since started injecting 14 (0–52)

Injection frequency in past 6 mo, times/d

< 1 820 (20.48)

1–3 1479 (36.95)

‡ 4 1704 (42.57)

Used sterile syringe in past 6 mo,

% of injection events

£ 25 1914 (47.81)

26–74 757 (18.91)

‡ 75 1332 (33.28)

Note. The sample size was n = 4003.
aOnly 87 participants reported that they were not
Latino/Hispanic, White, or Black/African American.
These 87 individuals were grouped in analyses with
non-Hispanic Whites, the racial/ethnic group to which
their risk profile was most similar.
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19.94% or more in the percentage of their
surface area located within 1 mile of an SEP.
SEP access values in 1995, and increases in
these values over time, were lower when we
measured access with 0.50-mile and 0.25-mile
buffers than when we used a 1.00-mile buffer.

Coverage of OTC pharmacies was high
beginning in the first year these sales were
permitted. In 2001, half of all districts had 83%
or more of their surface area within1mile of an
OTC pharmacy, while half of all districts had
49% or more of their area within one half mile,
and half of all districts had 17.50% or more
within one quarter mile. Increases in spatial
access to OTC pharmacies between 2001 and
2006 were smaller for the 1-mile buffer mea-
sure than for the other measures, perhaps
because of a ceiling effect.

The intercepts in model A, the growth curve
model, indicated that on average across

districts, in 1995 16% of respondents reported
injecting with a sterile syringe during 75% or
more of injection events (95% confidence
interval [CI]=0.09, 0.28), and 38% reported
using a sterile syringe 26% or more of the time
in the past 6 months (95% CI=0.23, 0.65),
when other covariates were controlled (Table
3). Coefficients describing relationships be-
tween predictors and the outcome were iden-
tical regardless of which cutpoint we used;
therefore, we report results with the 75%
cutpoint.

In the optimal growth curve model, time was
expressed through 2 variables: number of
years since 1995 and the square of this vari-
able. Together, these variables indicated that
the odds of injecting with a sterile syringe
during at least 75% of injection events (also
referred to here as always or almost always
injecting with a sterile syringe) declined during

the study period (adjusted odds ratio
[AOR]=0.80; 95% CI=0.74, 0.86) and that
this decline decelerated over time (AOR=1.02;
95% CI=1.01, 1.03). By applying Singer and
Willett’s inflection formula (which identifies the
point where a curve shifts from being concave
to convex or vice versa),54 we determined that
this declining trajectory reversed direction in
2001.

Model B quantified the relationship of vari-
ations in the percentage of district surface area
within 1 mile of an SEP with the odds of always
or almost always injecting with a sterile syringe.
We took the natural log of this SEP variable
to linearize its relationship to the outcome (we
applied this transformation to all SEP and OTC
access variables for the same reason). The
resulting model indicated that, on average
across districts, residents of districts that were 1
unit higher on this logged exposure at baseline

TABLE 2—Sociodemographics and Spatial Access to Syringe Exchange Programs and to Pharmacies Selling Syringes Over the

Counter in New York City Health Districts: 1995–2006

Characteristics of Health Districts Mean (SD) Median Interquartile Range Range

% surface area within 1.00 mile of an SEP

Baseline 11.75 (22.26) 0.00 0.00–7.60 0.00–91.10

Difference in spatial coverage between baseline and end of study 13.13 (19.30) 2.18 0.00–19.94 –6.58–76.86

% surface area within 0.50 mile of an SEP

Baseline 4.18 (9.70) 0.00 0.00–0.87 0.00–37.96

Difference in spatial coverage between baseline and end of study 5.15 (8.63) 0.02 0.00–7.77 –7.47–33.83

% surface area within 0.25 mile of an SEP

Baseline 1.29 (3.21) 0.00 0.00–0.01 0.00–13.12

Difference in spatial coverage between baseline and end of study 1.56 (3.08) 0.00 0.00–2.72 –3.43–15.44

% surface area within 1.00 mile of an OTC pharmacy

Year when OTC sales legalized 77.51 (19.20) 83.27 63.26–95.15 34.42–99.81

Difference in spatial coverage between 2001 and 2006 5.41 (7.00) 2.70 0.14–8.90 –0.60–27.69

% surface area within 0.50 mile of an OTC pharmacy

Year when OTC sales legalized 47.77 (24.56) 49.06 24.62–65.44 11.55–95.86

Difference in spatial coverage between 2001 and 2006 12.30 (9.39) 10.55 6.71–14.41 0.80–40.17

% surface area within 0.25 mile of an OTC pharmacy

Year when OTC sales legalized 21.68 (19.11) 17.49 7.27–26.03 2.52–79.23

Difference in spatial coverage between 2001 and 2006 11. 04 (7.91) 9.55 6.23–14.24 1.72–43.66

% population living in povertya

Baseline 20.27 (11.51) 17.07 11.79–30.68 4.95–47.30

Difference between baseline and end of study 1.54 (2.90) 2.05 –0.94–3.62 –6.42–7.26

% residents who were non-Hispanic White

Baseline 42.43 (27.27) 47.28 13.26–66.94 1.75–89.89

Difference between baseline and end of study –7.33 (7.60) –5.53 –11.98––1.03 –30.75–2.85

Note. OTC = over the counter; SEP = syringe exchange program. Health districts, n = 42. Baseline was 1995, OTC sales were legalized in 2001, and the study ended in 2006.
aDefined as living below federal poverty level determined by US Census Bureau.
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had higher odds of reporting always or almost
always injecting with a sterile syringe in the
past 6 months (AOR=1.26; 95% CI=1.03,
1.54). A 1-unit increase in this exposure over
time had a similar effect (AOR=1.23; 95%
CI=1.01, 1.52).

In model C, the relationship between SEP
access (r=0.50 mile) and the outcome was best
described by an interaction between 1995
access and changes in that access. At baseline,
on average across districts, residents of districts
that were 1 unit higher on this logged exposure
had higher odds of reporting always or
almost always injecting with a sterile syringe
(AOR=1.46; 95% CI=1.14, 1.86). In districts
with no surface area within one half mile of an
SEP in1995, a1-unit increase in the natural log
of SEP access over time was associated with
a 30% increase in the odds of injecting with
a sterile syringe at least 75% of the time
(AOR=1.30; 95% CI=1.03, 1.64). This effect
was attenuated in districts with spatial access to
an SEP at baseline (AOR=0.89; 95%
CI=0.81, 0.98). This interaction was statisti-
cally significant across all values of the one half
mile SEP access variable in our data set.

Results of model D (r=0.25 mile) indicated
that, on average, residents of districts that were
1 unit higher in the natural log of this access
measure in 1995 had higher odds of reporting
always or almost always injecting with a sterile
syringe (AOR=1.69; 95% CI=1.18, 2.41).

Although the coefficient for the interaction of
baseline SEP access and changes in access was
statistically significant in the full model
(AOR=0.79; 95% CI=0.65, 0.96), probing
indicated that it was significant for only 1
district. Thus, for most districts, the impact of
subsequent increases in SEP access was asso-
ciated with a 34% increase in the outcome,
regardless of baseline access (95% CI=1.01,
184).

In model E, we added OTC pharmacy vari-
ables. We reexpressed time as (1) a dichoto-
mous variable denoting whether such sales
were legal that year, (2) the number of years
since the sales became legal, (3) the number of
years since the study began, and (4) an in-
teraction of the latter 2 variables. The odds of
injecting with a sterile syringe at least 75%
of the time were 3.61 times as high after the
legalization of OTC pharmacy sales as before
legalization (95% CI=2.17, 6.02). We inter-
preted the remaining expressions of time to
show that the likelihood of this outcome in-
creased after 2001 and that this increase
accelerated over time. From 2003 on, a 1-unit
increase in the natural log of spatial access to an
OTC pharmacy was associated with a 15%
increase in the odds of always or almost always
injecting with a sterile syringe (95% CI=1.03,
1.27). This variable attained statistical signifi-
cance only after 2002, and its effect did not
vary according to radius. The magnitude of the

SEP access coefficients remained unchanged
when we added OTC pharmacy variables to
the model. We found no effect modification by
individual race/ethnicity, homeless status, or
gender.

DISCUSSION

Regardless of the size of the buffer selected,
injection drug users residing in New York City
health districts with more surface area within
an SEP buffer zone in 1995 had higher odds of
reporting always or almost always injecting
with a sterile syringe; subsequent rises in
spatial coverage over the study period in-
creased these odds. Results from models B to D
further suggest the importance of spatial access:
AORs for the relationships between SEP ac-
cess and the outcome were greater when the
radius was smaller, although AOR confidence
intervals overlapped.

Collectively, our results suggest that better
spatial access to SEPs increases local injectors’
capacity to use sterile syringes. This conclusion
is consistent with a large body of health
services research on the importance of spatial
access to services1–5; the conclusion also echoes,
on a smaller geographic scale, past research on
the health-promoting effects of spatial access to
SEPs in nations, metropolitan areas, and cit-
ies.9,20–25

Previous analyses of Risk Factors study data
have found that HIV prevalence among par-
ticipants declined from 54% in1990 to 13% in
2001.16 Our analyses support the attribution of
some of this decline to improving SEP access.

The legalization of OTC sales for registered
pharmacies was associated with a substantial
increase in the odds of always or almost always
injecting with a sterile syringe. The effects of
this legal shift strengthened between 2001 and
2006, and spatial access to pharmacies only
attained statistical significance in 2003. Past
research suggests an explanation for this am-
plifying effect: injectors’ awareness of the legal
change, and their willingness to purchase OTC
syringes, grew over time.8,59,60

Relationships between spatial access to OTC
pharmacies and the outcome were similar
across radii (AOR=;1.15). Unpublished focus
group data from the early years of these sales
suggest that some injectors avoided purchasing
OTC syringes from pharmacies located near

FIGURE 2—Percentage of New York City health districts’ surface areas within 1 mile of

a syringe exchange program in 1995 and 2006.

RESEARCH AND PRACTICE

1122 | Research and Practice | Peer Reviewed | Cooper et al. American Journal of Public Health | June 2011, Vol 101, No. 6



TABLE 3—Multilevel Ordinal Regression of the Likelihood of Injecting With a Sterile Syringe on Spatial Access to SEPs and

to Pharmacies Selling Syringes OTC in New York City Health Districts: 1995–2006

Predictor Variable

Model A: Growth Curve,

OR (95% CI)

Model B: SEP Access

Within 1.00 Mile,

OR (95% CI)

Model C: SEP Access

Within 0.50 Mile,

OR (95% CI)

Model D: SEP Access

Within 0.25 Mile,

OR (95% CI)

Model E: OTC

Pharmacy and SEP

Access Within

0.50 Mile,a

OR (95% CI)

Individual-level covariates

Intercept 1b 0.16 (0.09, 0.28) 0.11 (0.05, 0.26) 0.11 (0.05, 0.24) 0.12 (0.06, 0.27) 0.10 (0.05, 0.21)

Intercept 2c 0.38 (0.23, 0.65) 0.27 (0.13, 0.59) 0.25 (0.11, 0.55) 0.29 (0.13, 0.63) 0.23 (0.22, 0.50)

Age, y

18–30 0.89 (0.74, 1.07) 0.89 (0.73, 1.06) 0.88 (0.74, 1.06) 0.88 (0.74, 1.06) 0.88 (0.73, 1.05)

> 30 (Ref) 1.00 1.00 1.00 1.00 1.00

Gender

Men (Ref) 1.00 1.00 1.00 1.00 1.00

Women 1.26 (1.07, 1.49) 1.26 (1.07, 1.48) 1.26 (1.07, 1.49) 1.26 (1.07, 1.49) 1.26 (1.07, 1.48)

Race/ethnicity

Hispanic/Latino (any race; Ref) 1.00 1.00 1.00 1.00 1.00

Non-Hispanic Black 1.05 (0.88, 1.25) 1.06 (0.89, 1.25) 1.06 (0.90, 1.26) 1.06 (0.90, 1.26) 1.05 (0.88, 1.24)

Non-Hispanic White/Other 0.80 (0.68, 0.94) 0.83 (0.71, 0.98) 0.83 (0.70, 0.97) 0.82 (0.67, 0.96) 0.82 (0.70, 0.96)

Homeless 0.77 (0.67, 0.88) 0.76 (0.66, 0.87) 0.76 (0.66, 0.87) 0.76 (0.66, 0.87) 0.76 (0.66, 0.87)

Lesbian/gay/bisexual 0.89 (0.72, 1.11) 0.88 (0.71, 1.10) 0.88 (0.71, 1.09) 0.87 (0.70, 1.09) 0.87 (0.70, 1.08)

HIV-positive (self-report) 1.00 (0.81, 1.22) 1.00 (0.81, 1.21) 0.99 (0.81, 1.21) 0.98 (0.80, 1.20) 0.98 (0.80, 1.20)

Injection frequency in past 6 mo, times/d

< 1 (Ref) 1.00 1.00 1.00 1.00 1.00

1–3 0.53 (0.45, 0.63) 0.53 (0.45, 0.63) 0.53 (0.45, 0.63) 0.53 (0.44, 0.63) 0.53 (0.44, 0.63)

‡ 4 0.38 (0.32, 0.45) 0.38 (0.32, 0.45) 0.38 (0.32, 0.45) 0.37 (0.31, 0.44) 0.37 (0.32, 0.45)

Deviation from mean years of injecting for district and year 1.00 (0.99, 1.01) 1.00 (1.00, 1.01) 1.00 (1.00, 1.01) 1.00 (1.00, 1.01) 1.00 (1.00, 1.01)

District-level predictors

Time-varying predictors

Years since study began 0.80 (0.74, 0.86) 0.76 (0.70, 0.83) 0.77 (0.71, 0.84) 0.78 (0.72, 0.85) 0.87 (0.83, 0.92)

Years since study began, squared 1.02 (1.01, 1.03) 1.03 (1.02, 1.03) 1.02 (1.02, 1.03) 1.02 (1.02, 1.03) . . .

Years since OTC pharmacy sales permitted . . . . . . . . . . . . 0.20 (0.11, 0.38)

Years since OTC pharmacy sales

permitted · years since study began

. . . . . . . . . . . . 1.16 (1.10, 1.21)

OTC pharmacy sales permitted . . . . . . . . . . . . 3.61 (2.17, 6.02)

Mean years since first injection for that district and year 1.01 (0.99, 1.03) 1.01 (0.99, 1.03) 1.02 (1.00, 1.03) 1.02 (1.00, 1.03) 1.02 (1.00, 1.03)

Decline in % of residents who were non-Hispanic White in that year

and districtd
. . . 1.25 (0.99, 1.60) 1.27 (1.00, 1.61) 1.22 (0.96, 1.55) 1.22 (0.97, 1.54)

Natural log of annual change in spatial access to an SEP since 1995 . . . 1.23 (1.01, 1.52) 1.30 (1.03, 1.64) 1.34 (1.01, 1.84) 1.25 (1.00, 1.55)

Natural log of spatial access to OTC pharmacy . . . . . . . . . . . . 1.15 (1.03, 1.27)

Time-invariant predictors

Natural log of spatial access to SEPs in 1995 . . . 1.26 (1.03, 1.54) 1.46 (1.14, 1.86) 1.69 (1.18, 2.41) 1.43 (1.13, 1.80)

Natural log of % of residents who were non-Hispanic White in 1995 . . . 0.95 (0.87, 1.04) 0.95 (0.87, 1.03) 0.93 (0.85, 1.01) 0.95 (0.87, 1.03)

Cross-level interaction

Natural log of spatial access to SEPs in 1995 · natural log of

annual change in spatial access to SEPs since 1995

. . . 0.95 (0.88, 1.02) 0.89 (0.81, 0.98) 0.79 (0.65, 0.96) 0.90 (0.82, 0.98)

Note. CI = confidence interval; OR = odds ratio; OTC = over the counter; SEP = syringe exchange program. Ellipses indicate the predictor was not applicable. Injectors, n = 4003; health districts, n = 42.
aSpatial access to OTC pharmacies was assessed for 2003 onward; previous values were set to zero.
bIntercept when the outcome was injecting with a sterile syringe during at least 75% of injection events in the past 6 months.
cIntercept when the outcome was injecting with a sterile syringe during at least 26% of injection events in the past 6 months.
dReference was stasis or no decline.
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their home to reduce the likelihood that
neighbors might discover that they injected
(Crystal Fuller, PhD, personal communication,
October 1, 2009). Possibly, some injecting
residents developed more comfort purchasing
syringes from local pharmacies over time,
although some may have continued to travel
farther afield.

Limitations

Several limitations might have biased our
results toward the null. Our measures of SEP
access failed to account for public transporta-
tion to SEPs and excluded satellite SEPs and
illegal SEPs. We therefore likely systematically
underestimated SEP access in districts con-
nected to SEPs via buses or subways or with
satellite or illegal SEPs operating within or near
their boundaries. Likewise, we do not know
which pharmacies stopped selling OTC syrin-
ges or whether injectors encountered barriers
to purchasing syringes at enrolled pharmacies.
Thus, we may have overestimated OTC phar-
macy access in some districts.

The effects of 3 additional limitations are
unknown. We did not measure the number of
syringes that SEPs distributed, and yet this
volume varies considerably across programs
and over time. In addition, our adjustment for
compositional changes in the Risk Factors
study sample may have been incomplete. Fu-
ture analyses will explore the role of public
transportation in shaping SEP access and will
assess the effect of variations in syringe distri-
bution across SEPs and over time on local
injection practices. Future analyses will also
explore the utility of creating spatial access
measures based on local road networks rather
than district surface area.

High local drug-related arrest rates impede
SEP functioning and injectors’ capacity to use
SEP services and to inject safely.61–66 Possibly,
the relationship between SEP access and injec-
tion practices varies by local arrest rates. We
could not test this hypothesis because of the high
correlation between arrest rates and SEP access
in New York City health districts.

Conclusions

Our findings suggest that greater spatial
access to SEPs and OTC pharmacies increases
the odds that local injectors will consistently
use sterile syringes. When SEP sites operate in

or near a district and when pharmacies sell
OTC syringes, local injectors use these health
services and engage in practices that reduce the
incidence of HIV and HCV. Laws, policies, and
community mobilizations designed to restrict
the locations where SEPs operate may hinder
injectors’ ability to behave in ways that pro-
mote the public’s health. j
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