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Abstract

Sterile syringe access is an important means to reduce HIV risk, but many injection drug users
(IDU) who obtain syringes from sterile sources continue to share syringes. We examined the
factors associated with continuing syringe sharing in New York City. We recruited 500 active IDU
in 2005 through respondent-driven sampling. In multiple logistic regression, not obtaining all
syringes in the past year exclusively from sterile sources was associated with increased syringe
sharing. Ensuring adequate syringe availability as well as engaging and retaining nonusers and
inconsistent users in sterile syringe services may increase sterile syringe access and decrease
syringe sharing.
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BACKGROUND

Injection drug use creates an HIV transmission risk when discordant injectors share syringes
and other injection equipments and when they engage in unprotected sex (Des Jarlais,
Hagan, et al., 2007c; Des Jarlais, Kamyar, et al., 2007d; Santibanez et al., 2006). The decline
in syringe sharing over the past two decades has been a major factor responsible for the
corresponding decline in HIV incidence among injection drug users (IDU) (Des Jarlais,
Braine, Huso, & Turner, 2007b; Des Jarlais et al., 1998, 2005; Metsch et al., 2007). Many
IDU who do continue to share syringes, moreover, have lowered their overall HIV risk by
serosorting with and reducing the number of sharing partners (Des Jarlais et al., 2004).
However, syringe sharing is a persistent HIV risk in high-prevalence injection networks and
among IDU who do not otherwise reduce risks (Des Jarlais, Braine, & Friedmann, 2007;
Golub et al., 2007; Thiede et al., 2007).
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Syringe exchange programs (SEPs) and other legal syringe sources, such as pharmacies and
medical providers, prevent HIV by increasing sterile syringe availability and providing risk
reduction education (Bluthenthal, Kral, Gee, Erringer, & Edlin, 2000; Coffin, 2000;
Ksobiech, 2003). New York City (NYC), with the largest and most diverse IDU population
in the United States, provides IDU with a variety of sterile syringe options (Friedman et al.,
2004; Rockwell, Deren, Goldstein, Friedman, & Des Jarlais, 2002). New York policymakers
approved a pilot of syringe exchange in 1988 and formally endorsed SEPs in 1992 (Vlahov
etal., 2001). Currently, 13 organizations operate SEPs in NYC. Additionally, the New York
Expanded Syringe Access Program (ESAP) legislation, enacted in 2001, allows licensed
pharmacies and medical providers to sell or distribute syringes without a prescription (Deren
et al., 2006). New York laws criminalizing syringe possession have also been amended,
although their interpretation remains ambiguous.

Research has demonstrated reductions in syringe sharing as a result of SEP participation
(Bluthenthal et al., 2004; Huo & Ouellet, 2007), and while the results for pharmacy syringe
access have not been as conclusive (Cotten-Oldenburg, Carr, DeBoer, Collison, & Novotny,
2001; Fuller et al., 2007; Pouget et al., 2005), pharmacies increase the options for syringes
above potentially unsterile sources, such as friends or street sources. Ultimately, it remains
unclear what impact sterile sources collectively have on sharing in an environment with this
variety of options. Furthermore, many IDU access sterile syringe sources but do so
inconsistently. The effect of consistency on syringe sharing merits further inquiry
(Ksobiech, 2004).

In this study, we investigated the association between consistent sterile syringe access and
syringe sharing among NYC IDU. We described the demographics and drug use in this
population and examined factors associated with syringe sharing. Our hypothesis was that
obtaining syringes exclusively from sterile syringe sources would be associated with a
reduced likelihood of syringe sharing.

METHODS
Sampling and Eligibility

Data were collected as part of the National HIV Behavioral Surveillance (NHBS) study
conducted in NYC. NHBS is a cross-sectional study funded by the Centers for Disease
Control and Prevention to characterize HIV risk and prevalence among HIV risk groups.
The overall NHBS design has been described in detail elsewhere (Gallagher, Sullivan,
Lansky, & Onorato, 2007; Lansky, Sullivan, Gallagher, & Fleming, 2007; Sanchez et al.,
2006). The NHBS-IDU study cycle employed respondent-driven sampling (RDS) to recruit
participants (Abdul-Quader et al., 2006; Lansky et al., 2007). RDS is a variation on snowball
sampling that uses mathematical modeling to weight data for theoretically unbiased
population estimates (Heckathorn, 1997, 2002).

On the basis of RDS methods, we recruited an initial group of eligible IDU (“seeds”) from
four NYC neighborhoods identified through ethnographic research as having dense
populations of IDU. SEPs within these neighborhoods were chosen as interview locations.
Study seeds took the survey and were then offered the opportunity to recruit up to three
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more participants. The seeds’ eligible recruits were then also offered the opportunity to
recruit up to three others; this continued until we met our sample size. Participants who
agreed to recruit were given numbered coupons, which allowed for tracking the recruitment
chains linking recruiters and recruits. Incentives were provided for taking the survey and
also for recruiting eligible participants to ensure that recruitment chains would penetrate
social networks (Magnani, Sabin, Saidel, & Heckathorn, 2005). Trained interviewers
administered the survey and collected data on handheld computers between July 2005 and
December 2005.

The eligibility criteria for the study were as follows: (1) injection drug use in the past 12
months (confirmed by interviewers observing visible injection marks and assessing injection
knowledge), (2) adulthood (=18 years old), (3) residency in the NYC Metropolitan
Statistical Area, (4) ability to speak English or Spanish, and (5) possession of a valid
recruitment coupon from a member of their social network who had previously participated.
Following established RDS methods, seeds were removed from the data analysis
(Heckathorn, 2007).

The survey included questions on sociodemographics, drug use, injection-related and sexual
HIV risk behaviors, and exposure to HIV testing and prevention services. Our main outcome
for this analysis was receptive syringe sharing in the past year, defined as injecting drugs
with a syringe after another person had injected with it. We also examined distributive
syringe sharing (sharing a syringe with another person after the participant had used it) and
sharing other injection equipments such as “cookers” or water (used to prepare drugs) and
“cottons” (used to filter drugs while filling syringes). Independent factors for this analysis
included sociodemographics, drug use patterns, and syringe sources in the past year. We
dichotomized age at the median. Homelessness was defined as living on the streets, in a
shelter, or single-room occupancy hotel at any time during the past year.

Participants were asked about obtaining syringes from five syringe source categories: SEPs,
pharmacies, medical providers, friends (including relatives and sex partners), and street
sources (including shooting galleries, street syringe sales, and other informal trading).
Questions were asked about each source category in general and not about specific providers
within each category. We classified the first three sources as sterile sources and the last two
as potentially unsterile sources. Respondents who obtained syringes only from sterile
sources in the past year were considered to have consistent sterile syringe access.

Data Analysis

Data analysis was conducted through the RDS Analysis Tool (RDSAT) 5.6 (Heckathorn,
Cornell University, Ithaca, NY) and SAS 9.1 (SAS Institutes, Cary, NC). RD-SAT produces
variable weights that control for differences in participant network size and preference for
in-group recruitment, both of which may bias population estimates from peer-referral
sampling methods (Salganik, 2006). RDSAT weights were generated for each statistic; the
multiple logistic model was weighted by the univariate weight for the outcome variable
(Heckathorn, 2007). RDSAT weights imported into SAS were used to generate weighted
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statistics. Two SAS procedures (PROC SUR-VEYFREQ and PROC SURVEYLOGISTIC)
designed for analyzing weighted survey data with a complex sampling design were used to
generate frequencies, Rao-Scott chi-square tests, and multiple logistic regression models
(SAS Institute Inc., 2005).

We constructed a multiple logistic regression model incorporating factors significantly
associated (p < .05) with syringe sharing at the univariate level. To eliminate collinear
variables and address our main hypothesis, we used aggregate measures for polydrug use
(injection of at least three drug types in the past year) and consistent sterile syringe access.
We ran tests for interaction on all significant factors. The final model retained all measured
variables to control for potentially confounding factors. Values of p, adjusted odds ratios
(AOR), and 95% confidence intervals (95% CI) were generated with maximum likelihood
statistics (Rothman & Greenland, 1998).

RESULTS

Five hundred nonseed IDU completed the NHBS survey. Injection-related HIV risk was
common among sampled IDU (Figure 1). Nearly one quarter of IDU were engaged in either
receptive or distributive syringe sharing in the past year. For our main outcome, 19.6% were
engaged in receptive syringe sharing (hereafter, syringe sharing). In addition, 39.9% of IDU
shared other injection equipment, and 43.3% shared syringes, other equipment, or both in
the past year.

Males and Hispanics comprised a majority of IDU. There were no significant associations
between gender or race/ethnicity and syringe sharing (Table 1). Age group was significantly
associated with syringe sharing: Those below the median age (42.5 years) were more likely
than those above it to share syringes. A large proportion of IDU were born in Puerto Rico or
a foreign county, and most had lower income and education. None of these characteristics
were associated with increased syringe sharing. However, homelessness and history of arrest
in the past year were both common among IDU and were both significantly associated with
increased likelihood of sharing. The self-reported HIV prevalence among IDU was 22.0%.
Syringe sharing did not vary by self-reported HIV serostatus.

Heroin was the most commonly injected drug, with 85.9% of IDU reporting heroin injection
(Table 2). Many IDU also injected “speedballs” (a mixture of heroin and cocaine) by 58.4%,
cocaine alone by 46.1%, and other drugs (such as crack, Oxycontin, and methamphetamine)
by 9.8% of IDU. IDU who injected cocaine or other drugs were more likely to share
syringes. The 39.6% of IDU who injected at least three types of drugs in the past year were
significantly more likely to share syringes. Most IDU injected at least once a day (64.3%)
and many had attended a shooting gallery (26.6%) in the past year. Syringe sharing did not
vary significantly by these two factors.

Most IDU had obtained some syringes from a legal sterile source in the past year, including
SEPs (65.2%), pharmacies (50.0%), or medical providers (10.6%). Overall, 84.0% of IDU
obtained some syringes from at least one sterile source in the past year. Many had obtained
syringes from potentially unsterile sources, including a friend, partner, or relative (52.8%),
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or from street sources (24.2%). We found no significant differences in likelihood of syringe
sharing by obtaining syringes from any of the three sterile sources. However, there were
significant differences in sharing by obtaining syringes from either of the two potentially
unsterile sources: IDU who obtained syringes from friends/partners and IDU who obtained
syringes from street sources were more likely to report syringe sharing compared to IDU
who did not obtain syringes from friends/partners or street sources, respectively. For our
aggregate measure of consistent sterile syringe access, fewer than half of IDU consistently
accessed sterile syringes (42.6%), but those who did were significantly less likely to share
syringes. Whereas 26.5% of IDU who had inconsistent or nonuse of sterile syringe sources
shared syringes, only 10.4% of IDU who had consistent sterile syringe access reported
sharing.

The final regression model is shown in Table 3. Two demographics associated with syringe
sharing at the univariate level, age group and history of arrest in the past year, remained
significantly associated with sharing in the regression model. IDU who were below the
median age were more than twice as likely as those above it to share syringes (AOR = 2.62,
95% CI = 1.06-6.48). IDU who had been arrested were almost three times more likely to
share than those who had not (AOR = 2.74, 95% CI = 1.34-5.61). IDU who had injected at
least three drug types in the past year were twice as likely to share as IDU who injected one
or two drugs (AOR = 2.08, 95% CI = 1.02-4.27). Finally, IDU who had not obtained all
syringes from sterile sources were 4.5 times more likely (AOR = 4.43, 95% Cl = 2.14-9.17)
to share than those who consistently obtained all syringes from sterile sources.

DISCUSSION
Syringe Source and Syringe Sharing

New York policymakers have recognized the important role of sterile syringe coverage in
preventing HIV transmission and have thus permitted and partially funded the distribution of
sterile syringes by SEPs, pharmacies, and medical providers (Des Jarlais, McKnight, &
Friedmann, 2002). Although federal funds have not been used to support SEPs, state and
local SEP funding has grown nationally, as research has continued to demonstrate the public
health benefits of access to sterile syringes (Centers for Disease Control and Prevention,
2007; Tempalski et al., 2007). In addition, many states now permit pharmacies to sell
syringes without a prescription, and pharmacists are generally receptive to selling syringes
to IDU (Reich et al., 2002; Taussig, Weinstein, Burris, & Jones, 2000). With the increasing
availability of sterile syringes, the proportion of IDU who obtain syringes from these
sources has risen over the past two decades (Friedman et al., 2005). This increase has been
associated with decreases in HIV risk behaviors and HIV incidence among IDU (Des Jarlais
et al., 2000).

However, there is still cause for concern. We found that many IDU inconsistently or never
accessed syringes from sterile sources (57.4%), shared syringes (19.6%), or reported as
HIV-positive (22.0%). These related factors may continue to drive the HIV epidemic among
NYC IDU. Furthermore, mounting evidence of sexual HIV transmission from IDU to non-
IDU signals ongoing HIV risk that is not directly connected to syringe sharing (Des Jarlais,
Kamyar, et al., 2007; Somlai, Kelly, McAuliffe, Ksobiech, & Hackl, 2003).
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Sterile syringe sources reduce HIV risk through two underlying mechanisms. First, adequate
provision of sterile syringes reduces the need to share syringes (Bluthenthal et al., 2007;
Coffin, 2000; Lurie, Jones, & Foley, 1998). Ideally, providing IDU with new and sterile
syringes for each injection would eliminate any reason to share. Realistically, when sterile
syringes are more easily obtained, IDU may be less likely to share. Further research on the
factors that inhibit consistent access to sterile syringes is needed, and the impact of
expanded geographic and demographic coverage of SEP-distributed syringes to IDU without
adequate syringe access and additional methods to increase sterile syringe provision outside
of SEP distribution should be a focus. Pharmacy sales and medical provider distribution of
sterile syringes fill a critical gap in syringe provision to IDU who live far away from SEPs
or who may be uncomfortable with their semipublic nature (Deren et al., 2006; Masson et
al., 2007). Although providing syringes does not ensure their one-time use, our finding that
consistent access to sterile syringes was associated with lower syringe sharing may suggest
that sterile sources reduce syringe scarcity enough to influence sharing behaviors.

Second, sterile syringe sources, particularly SEPs, reduce risk through structured or informal
interventions to effect positive behavioral change (Kellerman, Drake, Lansky, & Klevens,
2006; Porter, Metzger, & Scotti, 2002). Obtaining syringes from SEPs is frequently
supplemented with education in safer injection and other risk reduction practices and with
referrals for support services that prevent risk (Coyle, Needle, & Normand, 1998; Metzger
& Navaline, 2003). Unsterile syringe sources, such as friends or street sources, may not
offer the same risk reduction benefits as sterile syringe sources (Coyle et al., 1998; Tortu,
McMahon, Hamid, & Neaigus, 2003). While the secondary distribution of sterile syringes
from legal sources may reduce risk by providing sterile syringes to those in need, the risk
reduction benefits from interventions are lost (Lorvick et al., 2006).

Consistency of sterile syringe access is also a key factor when assessing the impact of
syringe access on HIV risk (Brogly, Bruneau, Vincelette, Lamothe, & Franco, 2000). Our
study shows that access to sterile syringes was inconsistent: Most IDU had obtained syringes
from at least one sterile source in the past year (84.0%), but most also did not obtain
syringes exclusively from sterile sources (57.4%). On average, risk reduction outcomes may
be proportional to the frequency of sterile syringe access (Golub et al., 2007). Merely
obtaining sterile syringes once or twice a year does not appear to provide the same risk
reduction benefits as consistently obtaining all syringes only from sterile sources. The
importance of consistent sterile syringe access was demonstrated in an over fourfold
increase in likelihood of sharing among inconsistent or nonusers of sterile sources. Efforts to
target, engage, and retain inconsistent users in sterile syringe sources may reduce HIV risk
further.

Other Factors in Syringe Sharing

The three other significant predictors of syringe sharing in our regression model highlight
vulnerable subpopulations of IDU. Previous literature has shown that young IDU may be at
high HIV risk through drug-related behaviors (Fuller et al., 2003; Golub et al., 2007; Thiede
et al., 2007). Younger IDU may be more likely to share for similar reasons that younger men
who have sex with men (MSM) continue to engage in risky unprotected anal sex: Younger

Subst Use Misuse. Author manuscript; available in PMC 2016 March 18.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Jenness et al.

Limitations

Page 7

IDU may have not seen firsthand the negative health effects associated with HIV/AIDS as
older IDU have (Clatts, Goldsamt, Neaigus, & Welle, 2003; Kershaw, 2008; Osmond,
Pollack, Paul, & Catania, 2007). Younger IDU may also share more frequently because they
are less experienced with injecting or are less likely to attend an SEP for fear of being
identified as a drug user (Novelli, Sherman, Havens, Strathdee, & Sapun, 2005; O’Connell
et al., 2005). Previous research has shown that polydrug use has also been found to put IDU
at greater risk for HIV (De, Cox, Boivin, Platt, & Jolly, 2007), and, more generally,
polydrug users are at higher risk for drug overdose and thereby represent a very high-risk
group in general for intervention (van Ameijden et al., 1999). Finally, incarceration has been
historically associated with increased HIV risk among IDU (Friedman et al., 2006; Rhodes
et al., 2004). History or fear of arrest has been shown to discourage SEP use among IDU and
thereby limits their access to sterile syringes (Bluthenthal, Kral, Lorvick, & Watters, 1997;
Rhodes et al., 2003; Rich, Strong, Towe, & McKenzie, 1999). Police crack-downs on IDU
for syringe possession occur even when local law permits syringe possession because of
ambiguity over what constitutes legal possession (Cooper, Moore, Gruskin, & Krieger,
2005; Davis, Burris, Kraut-Becher, Lynch, & Metzger, 2005; Fuller et al., 2004). Also,
injection behaviors resulting in incarceration (e.g., street injection) may also be factors
related to syringe sharing (Kang et al., 2005). Overall, these three factors associated with
sharing may distinguish IDU who engage in disordered patterns of drug use leading to risky
unplanned injections.

One potential limitation to this study is that the elimination of recruitment biases associated
with RDS peer recruitment depends on a methodological assumption that respondents recruit
randomly among their social networks (Heckathorn, 2002). RDSAT may not produce valid
population estimates when nonrandom recruitment occurs. This assumption may be
unreasonable given the economic dynamics inherent in peer-referral methods, which favor
selection of readily available and trusted peers (Heimer, 2005).

A second potential limitation is that variables for obtaining syringes from unsterile sources
and sharing syringes may measure, in effect, the same behavior, which might explain the
association between syringe source and syringe sharing. However, our data provide evidence
to the contrary: Most IDU who obtained syringes from unsterile sources did not share
syringes (and many IDU who obtained syringes from sterile sources did share syringes).
This study explored relationship between the variables, but the correlation was far from
perfect, and therefore, the variables did not capture the same behavior. One reason may be
that we used long-term measures (syringe sources and sharing behaviors in the past year)
rather than event-specific measures (e.g., source of last syringe and sharing of that syringe)
where the time between the two acts (obtaining syringes and using them) is shorter and thus
naturally connected. Longer-term patterns of sharing are a product of syringe scarcity that
relates to syringe sources (sterile sources reduce scarcity) but are ultimately independent of
sources. In the regression model, our measures were also broad in terms of consistency of
access and aggregated sources categories, which further mitigate the effects of this potential
limitation.
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A third limitation to the study is its cross-sectional design. We cannot infer causality
between access to sterile syringe sources and reduction of risk behavior. Fourth, the
definition of our main predictor variable (inconsistently obtaining syringes from sterile
sources) may not be an accurate measure for use of unsterile syringes. IDU may obtain
sterile syringes from potentially unsterile sources, as in the case of secondary syringe
exchange, because the sterility of the syringes obtained from potentially unsterile sources is
ultimately unknown. Finally, participants may misreport syringe sources and sharing
behaviors because of social desirability, recall bias, or other reasons.

CONCLUSIONS

We found a strong association between consistently accessing sterile syringes and reduced
syringe sharing. Among the IDU in our study with largely inconsistent sterile syringe access
and high HIV prevalence, continued sharing indicates continuing injection-related HIV risk.
Our main findings could be used to support HIV prevention outreach and intervention with
the goal of encouraging IDU to exclusively obtain syringes from sterile sources and not
share those syringes with others. Ensuring adequate syringe coverage to IDU will be
necessary to reduce ongoing HIV risk and encourage long-term risk reduction.

Highest-risk IDU are hard to find, engage, and retain in HIV prevention services (Masson et
al., 2007). Many IDU at highest risk may be a younger, underground population of IDU
(Hagan et al., 2007). Considering the factors influencing syringe sharing, increased
engagement of IDU with inconsistent use of sterile syringe sources may be a starting point.
SEP staff could examine their records to identify occasional SEP users for outreach.
Retention of occasional users in consistent sterile syringe access services may improve as a
result of integrating medical and social services into SEPs (Cunningham, Sohler, Berg,
Shapiro, & Heller, 2006; Hennessy, Weisfuse, & Schlanger, 2007; Rothman et al., 2007).
Finally, strategies that lower the barriers to accessing sterile syringes, such as increasing
geographic coverage and demographic targeting of sterile syringes, as well as clarifying the
ambiguities in syringe possession laws may also be important methods to drive sterile
syringe access up and syringe sharing down.
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FIGURE 1.
Injection-related HIV risks among NYC IDU, 2005.
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TABLE 1
Sociodemographics of NYC IDU and associations with syringe sharing, 2005

Characteristic Total (%) Shared syringe (%) p

Gender .98
Female 26.9 20.2
Male 73.1 20.0

Race/ethnicity 12
Black 29.4 13.3
Hispanic 57.4 19.7
White 121 23.2

Age (median = 42.5) <.01
18-42 495 26.5
43+ 50.5 11.2

Sexual orientation .09
Heterosexual 87.2 17.7
Gay/bisexual 12.9 33.2

Birthplace .90
Puerto Rico 35.2 18.4
United States 60.2 19.5
Foreign 4.7 24.9

Homeless in past year .01
No 58.4 129
Yes 41.6 271.7

Income .22
$0-10,000 69.6 214
>10,000 30.3 15.1

Education .59
<Some high school 55.0 20.8
>High school graduate 45.0 17.9

Arrested in past year <.01
No 38.6 13.7
Yes 61.4 30.1

Self-reported HIV status 77
HIV+ 220 17.7
HIV—-/unknown 78.0 20.3
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Past year drug use, related behaviors, and syringe sources for NYC IDU and associations with syringe sharing,

TABLE 2
2005

Characteristic Total (%) Shared syringe (%) p

Injected heroin .08
No 14.1 8.6
Yes 85.9 213

Injected speedballs 14
No 41.6 15.4
Yes 58.4 233

Injected cocaine .02
No 53.9 14.1
Yes 46.1 26.2

Injected other <.01
No 90.2 17.2
Yes 9.8 41.8

Number of drugs injected <.01
1-2 60.4 13.4
3+ 39.6 29.3

Frequency of injection .07
At least one time/day 64.3 22.9
Less than one time/day 35.7 13.4

Attended shooting gallery .35
No 73.4 18.2
Yes 26.6 233

Syringes from exchange program .60
No 34.8 17.6
Yes 65.2 20.5

Syringes from pharmacy .52
No 50.0 21.6
Yes 50.0 18.1

Syringes from medical provider .52
No 89.4 18.9
Yes 10.6 26.2

Syringes from friend/partner/relative .02
No 47.2 12.2
Yes 52.8 26.3

Syringes from street sources <.01
No 75.8 15.2
Yes 242 35.8

All syringes from sterile sources .02
No 57.4 26.5
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Characteristic

Total (%) Shared syringe (%) p

Yes

42.6 10.4
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Multivariate logistic regression model? of syringe sharing for NYC IDU, 2005

Characteristic AOR  95% CI p
Age .04
18-42 262 1.06-6.48
43+ 1.00
Arrested in past year <.01
No 1.00
Yes 2.74 1.34-5.61
Number of drugs injected .05
1-2 1.00
3+ 2.08 1.02-4.27
All syringes from sterile sources <.01
No 443 214917
Yes 1.00

a - . . . . . N
Controls for gender, race/ethnicity, sexual orientation, birthplace, income, education, self-reported HIV status, frequency of injection, and

shooting gallery attendance.
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