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A peer-education intervention to reduce injection risk
behaviors for HIV and hepatitis C virus infection in

young injection drug users
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Objectives: To evaluate whether a behavioral intervention, which taught peer edu-
cation skills, could reduce injection and sexual risk behaviors associated with primary
HIV and hepatitis C virus infection (HCV) among young injection drug users (IDU).

Design: We conducted a randomized controlled trial involving HIV and HCV antibody-
negative IDU, aged 15–30 years, recruited in five United States cities. A six-session,
small-group, cognitive behavioral, skills-building intervention inwhich participantswere
taught peer education skills (n!431) was compared with a time-equivalent attention
control (n!423). Baseline visits included interviews for sociodemographic, psychoso-
cial, and behavioral factors during the previous 3months; HIV andHCV antibody testing;
and pre/posttest counselling. Procedureswere repeated 3 and 6months postintervention.

Results: The intervention produced a 29% greater decline in overall injection risk
6 months postintervention relative to the control [proportional odds ratio 0.71; 95%
confidence limit (CL) 0.52, 0.97], and a 76% decrease compared with baseline.
Decreases were also observed for sexual risk behaviors, but they did not differ by trial
arm. Overall HCV infection incidence (18.4/100 person-years) did not differ significantly
across trial arms (relative risk 1.15; 95% CL 0.72, 1.82). No HIV seroconversions were
observed.

Conclusion: Interventions providing information, enhancing risk-reduction skills, and
motivating behavior change through peer education training can reduce injection risk
behaviors, although risk elimination might be necessary to prevent HCV transmission.
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Introduction

Injection drug use remains the leading risk for HIV
infection inmany countriesworldwide [1].The prevalence
of hepatitis C virus (HCV) infection among injection drug
users (IDU) ranges from 30% to more than 90% with an
incidence between 10 and 75/100 person-years [2–8].
These infections remain an enormous public health
challenge as each involves a chronic carrier state facilitating
ongoing transmission and costly medical consequences,
including AIDS, cirrhosis, and hepatocellular carcinoma.
Lacking vaccines to prevent infection, primary prevention
relies on reducing the risk of exposure. Beyond syringe
sharing, interventions are needed to prevent the sharing of
other drug paraphernalia [9,10], drug preparations [11–13]
and risky sexual behaviors among IDU [14–17].

Recently initiated IDU have higher HIV and HCV
seroincidence than IDU with longer duration of use
[18–21]. A study of 18–30-year-old IDU in six United
States cities showed that sexual [22] and injection [10,23]
risk behaviors were highly prevalent among young IDU,
underscoring the need to structure and target interventions
for recently initiated, typically younger IDU. Although
some interventions not specifically focusing on younger
IDUproduced small reductions in risky injection behaviors
[24–27], they were less effective at reducing sexual
risk behaviors, particularly among steady sex partners
[24,28,29], which may be more difficult to change
[30–32].

Few primary HIV prevention interventions for IDU have
been evaluated through randomized controlled trials [33],
andnonehavedirectly addressedHCV infection.Although
behavior change interventions based on cognitive–
behavioral skills-building [34] andpeer-based interventions
[35] have been evaluated, those studies included non-IDU
or IDU who were not recent initiates. Whereas modest
effects were observed in cognitive–behavioral interven-
tions among younger individuals and IDU [36–39], the
extent to which an intervention combining cognitive–
behavioral theory and peer education can more effectively
reduce risk among young IDU has not been explored.We
evaluated the efficacy of an intervention incorporating
cognitive–behavioral skills-building into a programme
designed to teach IDU how to provide peer education
about sexual and injection risk reduction to decrease their
own HIVand HCV infection risk.

Methods

Participants
BetweenMay 2002 and January 2004, IDUwere recruited
through street outreach, advertising, and coupon-based
participant referrals in Baltimore, Chicago, Los Angeles,
New York, and Seattle. Eligible participants had injected

illicit drugs in the past 6months, resided in the recruitment
city with no plans to move within 12 months, spoke
English, were aged 15–30 years, were willing to undergo
HIV and HCV antibody testing, and provided written
informed consent. Trial-eligible participants had to test
HIV and HCV antibody-negative at baseline. Further
details are provided elsewhere [40].

Study design
The study, known to participants as ‘DUIT’, was a
randomized controlled trial (Fig. 1). Pretest counselling
was provided at baseline. Test results and face-to-face
posttest counselling were given approximately 2 weeks
later, before intervention trial enrollment. Counsellingwas
based on Centers for Disease Control and Prevention
(CDC) guidelines [41] and included comprehensive HIV
and viral hepatitis risk-reduction information. When
indicated, participants were referred for medical, drug
treatment, and social services. Participants testing antibody
negative for HIVand HCVat baseline were enrolled in the
trial upon return for a subsequent visit during which a
cohort of approximately 10–30 eligible participants was
randomly assigned to trial arms. Sites varied by the number
of cohorts (range 12–23). Study outcomes were assessed at
3 and 6-month postintervention follow-up visits. Partici-
pants were remunerated for time and travel after each visit
per local norms. Institutional review boards at CDCand all
collaborating institutions approved the study protocol.

Trial arm assignmentwas conducted byone staffmember at
each site, who was not an intervention facilitator, using a
computer program provided by the central data manager,
which individually randomly assigned participants
immediately before the intervention began. Randomiz-
ation stratified participants by sex and age (< 18 and " 18
years) with a block size of six to achieve similar participant
ratios across arms. Mid-enrollment, group assignment was
amended to stop the loss of participants who became
frustrated by rescheduling randomassignments as a result of
low turnout. Thereafter, when the number of participants
arriving for random selection was between five and nine
thewhole cohortwas randomlyassigned toone trial armby
drawing group assignments from sealed envelopes.

Intervention methods
Theories guiding the DUIT peer education intervention
(PEI) included social learning theory [42] and the
information, motivation, and behavioral skills model
[43]. As a framework for education and skills-building
activities, the intervention centered on teaching partici-
pants how to educate peers about HIV and HCV risk
reduction. By encouraging participants to adopt this new
prosocial role, we intended to motivate them to change
their own behaviors. The PEI consisted of six 2-h sessions
over a 3-week period. Sessions were conducted by two
facilitators, at least one of whom was female. Session 1
described HIV and HCV transmission through sex and
injection drug use, informed participants about disease
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prevalence in their communities, and described the vital
role peer educators play in preventing further disease
spread. Sessions 2 and3providedpeer education about safer
injection and sexual practices, respectively, with activities
designed to increase negotiation skills with sex and
injection partners. Session 4 added skills-building activities
and prepared participants to demonstrate peer education in
settings observable to intervention facilitators (e.g. an
information table on the street or near a syringe exchange
programme). During session 5, small teams of up to five
participants conducted 90-min peer education sessions.
Participants debriefed afterwards with the facilitator, who
reinforced positive experiences and minimized potentially
negative reactions. Session 6 consisted of a large group
debriefing, goal-setting to encourage continued risk
reduction, and a graduation ceremony. Intervention details
and development methods are described elsewhere [44].

Participants randomly assigned to the attention–control
arm received a video discussion intervention (VDI)
comprising equivalent hours and sessions as the PEI.
VDI participantswatched hour-longfilms addressing social
(e.g. gun violence, gangs, prejudice) and health (e.g.
cardiopulmonary resuscitation training, alcoholism, injury
prevention) issues followed by facilitated discussion using
scripted questions. Risk-reduction topics were diverted by
offering the same education pamphlets given to PEI
participants.

Data collection
At baseline and 3 and 6-month follow-up visits,
participants completed behavioral risk interviews using
audio computer-assisted self-interviewing (ACASI). Inter-
views were administered before pretest counselling and
venipuncture to minimize reporting bias.

Outcome measures
Multiple outcome measures were assessed to determine
whether the intervention had an effect on decreasing
several sexual and injection risk behaviors. Methods
employed to enhance the validity of participants’ self-
reported behaviors included: (i) using ACASI to minimize
interviewer bias and socially desirable responding [45–47];
(ii) excluding intervention facilitators from follow-up
assessment activities to avoid a booster effect; (iii) using
study ID numbers instead of names during data collection;
and (iv) using calendars and a brief recall period (3months)
to maximize recall. HCVantibody seroconversion during
follow-up provided a biological outcome measure.

Self-reported injection behaviors
Key injection risk indicators included the proportion of
all injections during the previous 3 months that involved:
(i) injecting with a syringe used previously by another
IDU; (ii) using a new sterile syringe to divide drugs with
another IDU when drugs were split; (iii) sharing cookers;
(iv) sharing cotton filters; and (v) sharing rinse water.

Reducing injection risk behaviors in young injection drug users Garfein et al. 1925

Fig. 1. Flow diagram of the 3rd Collaborative Drug Users Study/Drug Users Intervention Trial study visits and participation
rates, 2002–2004. HCV, Hepatitis C virus. #Included in analysis.
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Questions regarding these risk indicators included seven-
item response categories (1, ‘never’; 2, ‘rarely’; 3, ‘less
than half the time’; 4, ‘about half the time’; 5, ‘more than
half the time’; 6, ‘almost always’; 7, ‘always’). The drug-
splitting variable had reverse-coded response categories
making higher values equate to greater risk. We also
assessed the number of injection partners in the past
3 months, and the proportion with whom participants
shared injection equipment with on a seven-item scale
(1, ‘none’; 2, ‘almost none’; 3, ‘less than half ’; 4, ‘about
half ’; 5, ‘more than half ’; 6, ‘almost all’; 7, ‘all’). A
composite injection risk variable was created by summing
the six proportion variables and dividing by six to produce
a single outcome measure with values ranging from one
to seven (Cronbach’s alpha 0.83).

Self-reported sexual behaviors
Participants were asked for the number of vaginal and anal
sex acts, with and without condoms, stratified by partner
type (main steady, other steady, and casual or sex trade
partners). By definition, participants could have only one
‘main steady’ sex partner, but multiple ‘other steady’ sex
partners. Six sexual risk outcomes were computed
enumerating unprotected vaginal or anal intercourse acts
with a main partner, other steady partners, or casual/sex
trade partners. Summing these variables provided the total
number of unprotected sex acts with all partners during
the past 3 months.

Serological testing
IncidentHCVinfectionwasdefinedas apositive laboratory
test result forHCVantibodies (anti-HCV) on both enzyme
immunoassay (ORTHOHCV version 3.0 enzyme-linked
immunosorbent assay; Ortho-Clinical Diagnostics,
Raritan, New Jersey, USA) and recombinant immunoblot
assays (recombinant immunoblot assay; Chiron Corpor-
ation, Emeryville, California, USA) from blood samples
collected at 3 or 6-month follow-up assessments. HIV
antibody testing employed standard enzyme-linked immu-
nosorbent assay and Western blot procedures.

Statistical analyses
Weconservatively calculated sample size by basing it on the
behaviorswe expected to be least prevalent at baseline from
previous studies [22,48]. Estimating 20% baseline preva-
lence, 20% attrition over the 6-month follow-up period
and setting the type I error rate at 0.05 for a two-tailed test
with 80% power, we needed 725 participants per arm to
detect at least a 30% decrease in each risk behavior among
PEI participants compared with VDI participants.

All analyseswere performed in a blinded fashion.Between-
group differences at baseline were determined using chi-
square tests for nominal variables or Wilcoxon rank sum
tests for count variables. A priori hypotheses guided
intention-to-treat analyses [49]. To account for variation
between participants in time to follow-up, 6-month
intervention effects were assessed testing whether differ-

ential rates of linear change occurred over the entire study
period using a group-by-time interaction.

Injection outcomes were modelled by using cumulative
logit models for repeated ordinal datawith the inclusion of
a random intercept to account for baseline participant
differences [50,51]. Multivariate models were fit adjusting
for city, race, sex, cohort size, age, and men who have sex
with-men (MSM) or women who have sex with women
sex when these variableswere associated with the outcome
measures. Proportional odds ratios and 95% confidence
limits (CL) were estimated using SAS Proc NLMIXED
[52] to determine intervention effects on 6-month changes
in risk behavior. A score chi-square test was used to
evaluate the proportional odds assumption that the
intervention effect was constant for all seven response
categories in each outcome measure.

The composite injectionvariablewas created posthoc from
the six injection variables because the intervention’s effect
was in the same direction across variables. Given that
missing data on individual injection variables could have
affected the composite variable, we modelled each
individual injection variable separately and estimated the
overall injection risk as the weighted average of the odds
ratios from separate models for each injection outcome.
Weights were the inverse variances for the intervention
effect fromeachmodel.Tocomputevariances and95%CL,
correlations between these non-independent measures for
each behavior were calculated from participants’ average
monthly behavior change score for each outcome.

Unprotected sexual behavior outcomes were modelled
using a negative binomial fit of repeated count data that
included a random intercept to account for within-subject
correlation [51,52]. Zero-inflated negative binomial
models (STATA software, version 8; STATA Corp.,
College Station, Texas, USA) with robust variance
estimates and two components, a logit component of
the zero probability and a negative binomial component of
the frequency count, were implemented to capture
excessive zero responses and extreme values [53]. Wald
and likelihood-ratio tests for evaluating fit and the Vuong
test for assessment of zero inflation were computed [54]. A
summary measure for the six sexual outcome models was
not applicable because heterogeneous associationswith the
outcomes by arm were observed. All model results are
reported in terms of 6-month change.

Results

A total of 3285 IDU completed the baseline assessment.
Of 2062 participants who tested HIVand HCVantibody
negative and were eligible for the trial, 854 were enrolled
(Fig. 1). Enrolled participants were slightly older than
non-enrolled eligible participants (Table 1). In addition,
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enrolled participants were less likely to have been
homeless during the 6 months before baseline (43.2%
versus 50.8%; P< 0.001), but were similar on all other
sociodemographic and outcome variables (data not
shown). Of the participants enrolled, 431 were randomly
assigned to the PEI and 423 to the VDI arm. The only
significant baseline difference between these arms was in
the percentage of MSM (Table 2). No adverse events
occurred in either arm.

Overall, 712 (83%) participants returned for at least one
follow-up assessment (Fig. 1) and were included in the
analysis; 485 (57%) returned for both. Slightly more PEI
than VDI participants returned for the 3-month
assessment (68 versus 61%; P! 0.04), but return rates
were similar at 6 months (77 versus 74%; P! 0.30).

Effect of the peer education intervention
All six injection outcome variables and the composite
index measure decreased significantly at follow-up
compared with baseline among PEI participants, as did
all but one measure in the VDI arm (Table 3). Declines in
the PEI arm compared with the VDI arm ranged from 26
to 39% across measures, although none reached statistical
significance individually. The intervention effect was,
however, statistically significant for the composite
measure [unweighted average of participants’ responses
to the six outcome measures; proportional odds ratio
(POR) 0.64; 95% CL 0.44, 0.94]. Furthermore, a
weighted average from models of the six individual
outcome measures demonstrated a 29% greater decline in
overall risk among PEI compared with VDI participants
(POR 0.71; 95% CL 0.52, 0.97).

Participants within each trial arm reported fewer
unprotected sex acts in all categories at follow-up com-
pared with baseline, although not all outcomes were
statistically significant (Table 4). A statistically significant
difference between trial arms was observed for only one

sexual outcome measure. After adjusting for potential
confounders, unprotected ‘anal sex with casual/sex trade
partners’ decreased more among VDI participants com-
pared with PEI participants. Given a high proportion of
zero responses, particularly for the frequency of unpro-
tected anal sex outcomes, we reanalysed the data using
zero-inflated negative binomial mixture models. We
observed a significantly greater reduction in the frequency
component of ‘anal sex with a main partner’ among PEI
versus VDI participants (risk ratio 0.54; 95% CL 0.33,
0.87). In addition, there was no longer a significant
difference in ‘anal sex with casual/sex trade partners’ by
trial arm (data not shown).

The overall incidence of HCV infection was 18.1/
100 person-years (95% CL 14.4, 23.0). Using Poisson
regression to control for site, race, sex, age, and cohort size,
we found no difference in HCV incidence rates between
PEI and VDI participants (relative risk 1.15; 95%CL 0.72,
1.82). No participants seroconverted to HIV positive in
either trial arm during the 427 person-years of follow-up.

Discussion

Our intervention, which provided information and skills
for reducing sexual and injection risk associated with HIV
and HCV infection and encouraged young adult IDU to
adopt prosocial roles as peer educators, produced a
29% greater reduction across six injection risk behaviors
compared with the attention–control participants. Previ-
ous intervention trials among HIV-positive IDU [55] have
demonstrated decreases in unprotected sex and sexually
transmitted diseases, but not needle sharing as shown
here.

This is the first intervention tested in a randomized
controlled trial specifically focused on young HIV and
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Table 1. Characteristics of 15–30-year-old injection drug users, 3rd Collaborative Injection Drug Users Study/Drug Users Intervention Trial,
2002–2004.

Variable

Eligible for trial (HIV and HCV antibody negative)

Completed baseline
(n!3285)

Not enrolled
(n!1172)

Enrolled
(n!854)

Total
(n!2026)

Age in years Mean (IQR) 23.8 (21–27) 22.9 (20–25) 23.8 (21–27)M 23.8 (21–27)
Minors 15–17 years 2.2% 1.8% 2.7% 3.0%
Sex Male 68.9% 67.9% 66.5% 67.3%

Female 30.4% 31.4% 32.8% 32.0%
Transgender 0.8% 0.7% 0.7% 0.7%

Race/ethnicity NH black 7.7% 9.1% 8.4% 8.8%
NH white 64.0% 65.3% 63.3% 64.5%
Hispanic 16.8% 13.4% 17.1% 15.0%
Other/mixed 11.5% 12.2% 11.2% 11.8%

Homeless in the past 6 months 49.6% 50.8% 43.2%M 47.6%
HIV antibody positive 2.9% – – –
HCV antibody positive 34.4% – – –

HCV, Hepatitis C virus; NH, non-Hispanic; IQR, interquartile range.
MP<0.001 comparing enrolled with non-enrolled participants.
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HCV-uninfected IDU that stressed risk reduction for
both infections. As HCV is primarily spread through
parenteral routes among IDU, interventions that decrease
unhygienic injection practices could reduce its spread;
and given that HCV-associated liver disease is often silent
for decades, interventions that merely delay infection
among young IDU could significantly impact public
health. Similarly, parenteral HIV transmission would also
be decreased. Despite self-reported injection risk
reduction in the PEI group, HCV infection incidence
did not differ across trial arms, suggesting that exposure to
infected blood must be virtually eliminated, rather than
simply reduced, to prevent HCV infection. In studies of
needlestick injuries sustained by healthcare workers, the
proportion of infections after percutaneous injury was
10-fold higher for HCV than HIV [56]. This could also

explain why HCV but not HIV transmission readily
occurs among IDU who share injection paraphernalia
other than syringes.

The effect of the PEI on condomusewas less clear. Aswith
injection risk behaviors, the frequency of all sexual risk
behaviors declined in both trial arms over time. The only
significant difference across arms was a greater decrease in
unprotected anal sex with casual/sex trade partners among
VDI versus PEI participants.Of note is the fact that thiswas
the least commonly reported sexual risk behavior and
less than 8%ofmen reported beingMSM, explaining some
of the instability in this estimate. Upon reanalysis using a
mixture model, the difference in anal sex with casual/sex
trade partners becamenon-significant. Instead, results from
the frequency component indicated that unprotected anal

1928 AIDS 2007, Vol 21 No 14

Table 2. Results of random assignment to trial arm among 15–30-year-old injection drug users, 3rd Collaborative Injection Drug Users Study/
Drug Users Intervention Trial, 2002–2004.

Variablea
Peer education intervention

(n!431)
Video discussion intervention

(n!423)

Participant characteristics
Years of age at baseline visit 23.8 (3.5) 23.8 (3.7)
Male sex, N (%)b 285 (66.1) 282 (66.7)
Did not complete 12th grade, N (%) 147 (34.2) 147 (34.8)
Most income from full or part-time job in past 6 months, N (%) 188 (43.8) 182 (43.3)
Mostly lived away from parents in past 6 months, N (%) 269 (62.7) 260 (61.8)
Considered self homeless in past 6 months, N (%) 187 (43.4) 180 (42.8)
Ever traded sex for money or drugs, N (%) 109 (25.5) 115 (27.6)
Ever incarcerated, N (%) 298 (69.1) 288 (68.1)
In drug treatment now (excl. support groups), N (%) 41 (11.1) 50 (13.4)
Age of first injection in years 19.5 (3.8) 19.3 (4.0)
Duration of injection drug use in years 4.2 (3.4) 4.4 (3.5)

Injection behaviors in past 3 months
Mostly injected heroin not mixed with other drugs, N (%) 323 (77.6) 316 (77.5)
Total no. of injections 202 (186) 202 (231)
Receptively shared syringesc 2.1 (1.5) 2.1 (1.6)
Cleaned syringe with bleach before receptively shared syringesc 3.8 (2.4) 3.5 (2.4)
Used new syringes to divide drugsc 2.8 (1.6) 2.9 (1.6)
Split drugs while in solution (e.g. ‘backload’)c 2.1 (1.8) 2.1 (1.7)
Split drugs with a syringe used by another IDUc 3.4 (2.0) 3.2 (2.1)
Shared cookerc 3.1 (2.2) 3.1 (2.1)
Shared cottonc 2.7 (2.1) 2.6 (2.0)
Shared rinse waterc 2.8 (2.1) 2.7 (2.1)
Shared any injection equipment with other IDUd 2.9 (2.2) 2.8 (2.1)

Sexual behaviors in past 3 months
Total no. of sex partners 6.5 (42.2) 4.3 (10.8)
Man who had male sex partners, N (%) 15 (5.5) 30 (10.8)e

Woman who had female sex partners, N (%) 26 (18.3) 26 (18.8)
No. of unprotected vaginal sex acts
With main steady partner 29.0 (62.1) 29.7 (69.9)
With non-main steady partner 1.6 (6.7) 1.3 (7.2)
With casual/sex trade partner 5.1 (22.9) 6.7 (53.0)

No. of unprotected anal sex acts
With main steady partner 2.7 (11.5) 2.4 (12.8)
With non-main steady partner 0.4 (3.1) 0.6 (7.0)
With casual/sex trade partner 0.8 (5.1) 3.3 (50.3)

IDU, Injection drug user.
aData are expressed as mean (SD) unless otherwise noted.
bMale sex includes three participants in each arm who reported being transgendered male to female.
cResponse categories: 1, ‘never’; 2, ‘rarely’; 3, ‘less than half the time’; 4, ‘about half the time’; 5, ‘more than half the time’; 6, ‘almost always’;
7, ‘always’; ‘Cleaned syringewith bleach’ and ‘Used new syringes to divide drugs’were reverse-coded tomake higher values represent greater risk.
dResponse categories for partners shared injection equipment with: 1, ‘none’; 2, ‘almost none’; 3, ‘less than half’; 4, ‘about half’; 5, ‘more than half’;
6, ‘almost all’; 7, ‘all’.
eChi-square P!0.02 for the difference between trial arms.
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sex with main partners decreased 46% more among PEI
than VDI participants. The intervention design assumed
that behavior change with steady partners would translate
into behavior change among non-steady partnerships;
therefore, PEI messages focused mostly on steady partner-
ships. In retrospect, this assumption may be inaccurate, but
could explain why the PEI produced greater, although
non-significant, decreases in unprotected sex only with
steady partners.

All injection and several sexual risk behaviors decreased
significantly at follow-up compared with baseline among
PEI participants; however, decreases also occurred among
VDI participants, emphasizing the importance of measur-
ing efficacy relative to a concurrent control group.

Considering the possibility that participants in both
arms learned through successive assessments that under-
reporting risk behaviors shortened the interview, we
compared responses on repeated baseline assessments
from participants who had to be reassessed when
3 months had lapsed before they were enrolled. No
consistent downward trends in self-reported risk behaviors
were found.

Failure to detect significantly greater risk reductions
among PEI versus the VDI participants may be caused by
features inherent in the trial’s design. For example, by
giving all participants identical pre and posttest counsel-
ling before enrollment, and making condoms, bleach kits,
HIVandHCV-related educational pamphlets andmedical
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Table 3. Comparison of 6-month changes in injection risk behaviors among 15–30-year-old injection drug users participating in a peer
education intervention or video discussion intervention, 3rd Collaborative Injection Drug Users Study/Drug Users Intervention Trial,
2002–2004.

PEI arm 6-month change
POR (95% CL)

VDI arm 6-month change
POR (95% CL)

Intervention effecta (change in
PEI/VDI) POR (95% CL) P

Composite index of all six itemsb 0.18 (0.14, 0.25) 0.29 (0.22, 0.39) 0.64 (0.44, 0.94) 0.024
Summary measure of all six modelsb 0.24 (0.19, 0.31) 0.37 (0.29, 0.46) 0.71 (0.52, 0.97) 0.029
Individual items
Proportion of injections in whichc

Injected with used syringe 0.29 (0.22, 0.40) 0.42 (0.31, 0.57) 0.71 (0.47, 1.07) 0.105
Used new syringe to divide drugsd 0.49 (0.29, 0.83) 0.88 (0.54, 1.42) 0.61 (0.31, 1.19) 0.145
Shared cooker 0.22 (0.16, 0.29) 0.35 (0.27, 0.46) 0.73 (0.50, 1.06) 0.099
Shared cotton 0.24 (0.17, 0.33) 0.38 (0.28, 0.50) 0.69 (0.46, 1.04) 0.074
Shared rinse water 0.27 (0.20, 0.36) 0.35 (0.27, 0.47) 0.74 (0.51, 1.09) 0.133

Proportion of partners with whom you
shared injection paraphernaliae

0.13 (0.09, 0.18) 0.22 (0.16, 0.31) 0.69 (0.44, 1.10) 0.117

CL, Confidence limit; PEI, peer education intervention; POR, proportional odds ratio; VDI, video discussion intervention.
aEstimates result from random intercept proportional odds models (cumulative logit). The intervention effect is estimated with a time trend by study
arm, two-way interaction term in the model. Significant covariates potentially included in models were city, race, sex, cohort size, and age.
bThe composite index was calculated by adding the response values from six outcome measures and dividing by six; the summary measure is the
weighted average of the odds ratios from separate models for each individual injection outcome.
cOrdinal measures: 1, ‘never’; 2, ‘rarely’; 3, ‘less than half the time’; 4, ‘about half the time’; 5, ‘more than half the time’; 6, ‘almost always’;
7, ‘always’.
dResponse categories were reverse-coded so that higher values represent greater risk.
eResponse categories for partners shared injection equipment with: 1, ‘none’; 2, ‘almost none’; 3, ‘less than half’; 4, ‘about half’; 5, ‘more than half’;
6, ‘almost all’; 7, ‘all’.

Table 4. Comparison of 6-month changes in sexual risk behaviors among 15–30-year-old injection drug users participating in a peer education
intervention or video discussion intervention, 3rd Collaborative Injection Drug Users Study/Drug Users Intervention Trial, 2002–2004.

No. of acts done without condom
PEI arm 6-month change

RR (95% CL)
VDI arm 6-month change

RR (95% CL)
Intervention effecta (change in

PEI/VDI) RR (95% CL) P value

Total acts with all partners 0.67 (0.55, 0.83) 0.77 (0.62, 0.95) 0.90 (0.67, 1.21) 0.486
Vaginal sex with main partner 0.65 (0.52, 0.81) 0.72 (0.58, 0.90) 0.90 (0.65, 1.23) 0.489
Vaginal sex with non-main other steady 0.72 (0.36, 1.45) 0.56 (0.29, 1.10) 1.10 (0.41, 2.97) 0.849
Vaginal sex with casual/sex trade partner(s) 0.85 (0.52, 1.38) 0.69 (0.43, 1.10) 1.17 (0.60, 2.29) 0.648
Anal sex with main partner 0.52 (0.31, 0.85) 0.84 (0.56, 1.25) 0.66 (0.35, 1.23) 0.192b

Anal sex with non-main other steady 0.13 (0.01, 1.13) 0.82 (0.25, 2.67) 0.22 (0.02, 2.05) 0.185
Anal sex with casual/sex trade partner(s) 0.88 (0.43, 1.83) 0.29 (0.14, 0.59) 3.15 (1.13, 8.79) 0.028b

CL, Confidence limit; PEI, peer education intervention; RR, risk ratio; VDI, video discussion intervention.
aEstimates result from negative binomial regression models with inclusion of a random intercept to account for within-subject correlation in which
city, race, sex, cohort size, age, and men who have sex with men or women who have sex with women status were considered as potential
covariates; women who have sex with women and cohort size were not significant in any model.
bTo account for excessive zero responses and extreme values in the data, we reanalysed the data using zero-inflated negative binomial models
(STATA software, version 8) with robust variance estimates and two components, a logit component of the zero probability and a negative binomial
component of the frequency count.We observed a significantly greater reduction in the frequency component of ‘unprotected anal sex with a main
partner’ among PEI participants (RR 0.54; 95%CL 0.33, 0.87), and there was no longer a significant difference in ‘unprotected anal sex with casual/
sex trade partner(s)’ by trial arm using this mixture model.
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and drug treatment referrals available in both interven-
tions, all participants received similar information. An
overly powerful control condition has the effect of
minimizing the relative efficacy of the intervention,
which has been observed in previous behavioral
intervention trials [28]. Although this trial was not
designed to measure community-level effects of the PEI,
such an effect was desired. If randomization placed
network members into opposing trial arms, PEI
participants may have practised what they learned with
their VDI arm peers. Consequent reductions in risk
behavior among VDI participants would result in
underestimating the effect of the PEI on behavior change
compared with the control arm.

Our study was limited by the fact that participants had to
return for test results to learn of their eligibility, and then
had to return for a third visit, sometimes weeks later, for
random selection. Consequently, many eligible partici-
pants were lost in the process. We thus lost statistical power
to detect differences in less prevalent behaviors, such as
unprotected sex. Second, intensive risk-reduction training
exclusive to the PEI may have caused PEI participants to
feel greater pressure than VDI participants to underreport
risk behaviors at follow-up in an effort to please their
trainers, thus biasing results in favor of the PEI. The use of
ACASI to minimize socially desirable responding, and
seeing an intervention effect for injection but not sexual
behaviors, makes this bias appear unlikely. Third, attrition
could have biased results, but 83% returned for at least one
follow-up visit and we observed no significant differences
between returners and non-returners. Fourth, it is
unknown whether our sample is representative of all
young adult IDU; however, by employing multiple
recruitment strategies in five cities, a broad cross-section
of IDU was included. Fifth, intention-to-treat analyses
are subject to bias if intervention attendance is low or
uneven across arms. Although only 56% of participants
overall attended all six intervention sessions, all participants
attended at least the first session and attendance at each of
the remaining sessionswas reasonably high; on average 77%
(range 68–100%) of PEI participants and 78% (range 71–
100%) of VDI participants attended each session.
Furthermore, attendance was similar across trial arms.
Finally, sustainability of the intervention effect may not
have been measurable in a 6-month follow-up period.

The strengths of this study include the use of a randomized
controlled trial design with a dose-equivalent control
condition. This design minimized the effect of merely
paying attention toparticipants assigned to the intervention
group (Hawthorne effect), which could be significant in
marginalized populations such as young IDU. We
examined multiple injection and sexual behavioral out-
comes, plus a biological outcome, seeking consistency
across outcomes to weight empirical evidence of an
intervention effect. As behavioral intervention efficacy
often degrades over time, we averaged efficacy over a

6-month period to be conservative. Finally, our multisite
design provides better generalizability than a single-site
trial.

This peer education intervention offers a means for
substantially reducing injection risk behaviors among
IDU, particularly those who have been injecting for a
short time and are at high risk of blood-borne infections.
The potential community-wide effects of training peer
educators could further impact the spread of HIV and
HCVamong young IDU. Intensifying the intervention to
eliminate, rather than reduce, injection risk may be
required to decrease HCV incidence among IDU
significantly.
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trends of incident HIV infection in a cohort of injection drug
users in Baltimore, Maryland. Arch Intern Med 1995; 155:
1305–1311.

22. LatkaM, Ahern J, Garfein RS, Ouellet L, Kerndt P, Morse P, et al.
Prevalence, incidence, and correlates of chlamydia and
gonorrhea among young adult injection drug users. J Subst
Abuse 2001; 13:73–88.

23. Des Jarlais DC, Diaz T, Perlis T, Vlavov D, Maslow C, Latka M,
et al. Variability in the incidence of human immunodeficiency
virus, hepatitis B virus, and hepatitis C virus infection among
young injecting drug users in New York City. Am J Epidemiol
2003; 157:467–471.

24. Neaigus A, SufianM, Friedman SR, Goldsmith DS, Stepherson B,
Mota P, et al. Effects of outreach intervention on risk reduction
among intravenous drug users. AIDS Educ Prev 1990; 2:253–
271.

25. Stephens RC, Feucht TE, Roman SW. Effects of an intervention
program on AIDS-related drug and needle behavior among
intravenous drug users. Am J Public Health 1991; 81:568–571.

26. McClusker J, Stoddard AM, Zapka JG, Morrison CS, Zorn N,
Lewis BF. AIDS education for drug users: evaluation of short-
term effectiveness. Am J Public Health 1992; 82:533–540.

27. Needle RH, Coyle SL. Community-based outreach risk reduc-
tion strategy to prevent HIV risk behaviors in out-of-treatment
injection drug users (IDUs). In: National Institutes of Health
Consensus Development Conference on Interventions to
Prevent HIV Risk Behaviors. Rockville, MD, 11–23 February
1997. National Institute on Drug Abuse (US). 3–6.

28. Van den Hoek A, Van Haastrecht HJA, Coutinho RA. Little
change in sexual behavior in drug users in Amsterdam. In: Sixth
International Conference on AIDS. San Francisco, CA 20–25
June 1990. Abstract 122.

29. Watkins KE, Metzger D, Woody G, McLellan AT.Determinants
of condom use among intravenous drug users. AIDS 1993;
7:719–723.

30. Barnard MA. Needle sharing in context: patterns of sharing
among men and women injectors and HIV risks. Addiction
1993; 88:805–812.

31. Neaigus A, Friedman SR, Goldstein M, Ildefonso G, Curtis R,
Jose B. Using dyadic data for a network analysis of HIV
infection and risk behaviors among injecting drug users. In:
Social networks, drug abuse, and HIV transmission. National
Institute on Drug Abuse Research Monograph 151. NIH pub-
lication no. 95–3889. Edited by Needle RH, Coyle SL, Genser
SG, Trotter II R. Washington, DC: Government Printing Office;
1995. pp. 20–37.

Reducing injection risk behaviors in young injection drug users Garfein et al. 1931

http://clinicaltrials.gov/ct/show/NCT00164372?order=1
http://clinicaltrials.gov/ct/show/NCT00164372?order=1


Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

32. Strathdee SA, Patrick DM, Archibald CP, Ofner M, Cornelisse
PG, Rekart M, et al. Social determinants predicting needle-
sharing behavior among injection drug users in Vancouver,
Canada. Addiction 1997; 92:1339–1347.

33. Centers forDiseaseControl andPrevention.HIV/AIDSPrevention
Research Synthesis Project. Compendium of HIV prevention
interventionswith evidenceof effectiveness. Atlanta,GA:Centers
for Disease Control and Prevention. November 1999. Revised
1.2–1.6.

34. Kelly JA, St Lawrence JS, Diaz YE, Stephenson LY, Hauth AC,
Brasfield TL, et al. HIV risk behavior reduction following
intervention with key opinion leaders of population: an experi-
mental analysis. Am J Public Health 1991; 81:168–171.

35. Latkin CA.Outreach in natural settings: the use of peer leaders
for HIV prevention among injecting drug users’ networks.
Public Health Rep 1998; 113 (Suppl 1):151–159.

36. HansenWB. School-based substance abuse prevention: a review
of the state of the art in curriculum, 1980–1990.Health EducRes
1992; 7:403–430.

37. Kauth MR, Christoff KA, Sarto J, Sharp S. HIV sexual risk
reduction among college women: applying a peer influence
model. J College Stud Dev 1993; 34:346–351.

38. Main DS, IversonDC,McGloin J, Banspach SW, Collins JL, Rugg
DL, Kolbe LJ. Preventing HIV infection among adolescents:
evaluation of a school-based education program. Prev Med
1994; 23:409–417.

39. Broadhead RS, Heckathorn DD, Weakliem DL, Anthony DL,
Madray J, Mills RJ, Hughes J. Harnessing peer networks as an
instrument for AIDS prevention: results from a peer-driven
intervention. Public Health Rep 1998; 113:42–57.

40. Garfein RS, Swartzendruber AS, Ouellet L, Kapadia F,
Hudson SM, Thiede H, et al. Methods to recruit and retain
a cohort of young-adult injection drug users for the Third
Collaborative Injection Drug Users Study/Drug Users Inter-
vention Trial (CIDUS III/DUIT). Drug Alcohol Depend 2007;
(DOI: 10.1016/j.drugalcdep.2007.05.007).

41. Centers for Disease Control and Prevention. Revised guidelines
for HIV counseling, testing, and referral and revised recom-
mendations for HIV screening of pregnant women. MMWR
Recomm Rep 2001; 50 (RR-19): 1–53

42. Bandura A. Social foundations of thought and action. Englewood
Cliffs, NJ: Prentice Hall; 1986.

43. Fisher JD, Fisher WA. Changing AIDS-risk behavior. Psychol
Bull 1992; 111:455–474.

44. Purcell DW, Garfein RS, Latka MH, Thiede H, Hudson S,
Bonner S, et al. Development, description, and acceptability
of a small-group, behavioral intervention to prevent HIV and
hepatitis C virus infections among young adult injection drug
users.Drug Alcohol Depend 2007 In press. E-pub ahead of print
25 April 2007.

45. Turner CF, Ku L, Rogers SM, Lindberg LD, Pleck JH, Sonenstein
FL. Adolescent sexual behavior, drug use, and violence:
increased reporting with computer survey technology. Science
1998; 280:867–873.

46. Des Jarlais DC, Paone D, Milliken J, Turner CF, Miller H,
Gribble J, et al. Audio-computer interviewing to measure risk
behaviour for HIV among injecting drug users: a quasi-rando-
mised trial. Lancet 1999; 353:1657–1661.

47. Metzger DS, Koblin B, Turner C, Navaline H, Valenti F, Holte S,
et al. Randomized controlled trial of audio computer-assisted
self-interviewing: utility and acceptability in longitudinal
studies. HIVNET Vaccine Preparedness Study Protocol Team.
Am J Epidemiol 2000; 152:99–106.

48. Becker Buxton M, Vlahov D, Strathdee SA, Des Jarlais DC,
Morse EV, Ouellet L, et al. Association between injection
practices and duration of injection among recently initiated
injection drug users. Drug Alcohol Depend 2004; 75:177–183.

49. Meinert CL, Tonacia S. Clinical trials: design, conduct and
analysis. New York, NY: Oxford University Press, Inc. 1986;
186.

50. McCullagh P. Regression models for ordinal data (with discus-
sion). JR Stat Soc Ser B Stat Meth 1980; 42:109–142.

51. Laird NM, Ware JH. Random-effects models for longitudinal
data. Biometrics 1982; 38:963–974.

52. Wolfinger RD. Fitting nonlinear mixed models with the new
NLMIXED procedure, version 9.1 software. Cary, NC: SAS
Institute Inc; 2004.

53. Cameron AC, Trivedi PK. Regression analysis of count data.
Cambridge, UK: Cambridge University Press; 1998.

54. Vuong QH. Likelihood ratio tests for model selection and
nonnested hypotheses. Econometrica 1989; 57:307–333.

55. Crepaz N, Lyles CM, Wolitski RJ, Passin WF, Rama SM,
Herbst JH, et al. Do prevention interventions reduce HIV risk
behaviours among people living with HIV? A meta-analytic
review of controlled trials. AIDS 2006; 20:143–157.

56. Lauer GM,Walker BD.Hepatitis C virus infection.N Engl J Med
2001; 345:41–52.

1932 AIDS 2007, Vol 21 No 14


	Temporal changes in the relative frequency of K103N variants in plasma™RNA
	Temporal changes in the relative frequency of K103N variants in plasma™RNA
	Temporal changes in the relative frequency of K103N variants in plasma™RNA
	Temporal changes in the relative frequency of K103N variants in plasma™RNA
	Temporal changes in the relative frequency of K103N variants in plasma™RNA
	Temporal changes in the relative frequency of K103N variants in plasma™RNA
	Temporal changes in the relative frequency of K103N variants in plasma™RNA
	Temporal changes in the relative frequency of K103N variants in plasma™RNA
	Temporal changes in the relative frequency of K103N variants in plasma™RNA
	Temporal changes in the relative frequency of K103N variants in plasma™RNA
	Temporal changes in the relative frequency of K103N variants in plasma™RNA

	Temporal changes in the relative frequency of K103N variants in plasma™RNA

	Temporal changes in the relative frequency of K103N variants in plasma™RNA
	Temporal changes in the relative frequency of K103N variants in plasma™RNA

	Temporal changes in the relative frequency of K103N variants in plasma™RNA
	Temporal changes in the relative frequency of K103N variants in plasma™RNA


