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Objectives. We evaluated the efficacy of a peer-mentoring behavioral inter-
vention designed to reduce risky distributive injection practices (e.g., syringe
lending, unsafe drug preparation) among injection drug users with hepatitis C
virus (HCV) infection.

Methods. A randomized trial with a time-equivalent attention-control group
was conducted among 418 HCV-positive injection drug users aged 18 to 35 years
in 3 US cities. Participants reported their injection-related behaviors at baseline
and at 3- and 6-month follow-ups.

Results. Compared with the control group, intervention-group participants
were less likely to report distributive risk behaviors at 3 months (odds ratio
[OR]=0.46; 95% confidence interval [CI]=0.27, 0.79) and 6 months (OR=0.51; 95%
CI=0.31, 0.83), a 26% relative risk reduction, but were no more likely to cite their
HCV-positive status as a reason for refraining from syringe lending. Effects were
strongest among intervention-group participants who had known their HCV-
positive status for at least 6 months. Peer mentoring and self-efficacy were
significantly increased among intervention-group participants, and intervention
effects were mediated through improved self-efficacy.

Conclusions. This behavioral intervention reduced unsafe injection practices that
may propagate HCV among injection drug users. (Am J Public Health. 2008;98:
853–861. doi:10.2105/AJPH.2007.113415)

(Individuals were recruited from those not eli-
gible for the multisite study to save costs; all el-
igible individuals were required to test HCV
antibody positive.) Injection drug users were
also referred from other studies.

To be eligible, individuals had to be aged
18 to 35 years, to have used injection drugs
within 6 months of screening, to have plans
to live in the area for 12 months, to have a
documented HCV-antibody-positive and HIV-
antibody-negative serostatus, to be willing to
provide a blood sample for liver function and
HCV–RNA testing, and to be able to com-
plete assessments and group sessions in Eng-
lish. On the basis of HCV serostatus, 829 in-
dividuals from the main referring trial were
eligible, along with 123 individuals referred
from other studies.

Study Design and Data Collection
The study was an unblinded, 2-armed,

randomized trial of a behavioral intervention
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with an attention-control component (study
methods have been described elsewhere19).
Briefly, prior to randomization, participants
received counseling before and after HIV and
HCV testing according to the guidelines of
the Centers for Disease Control and Preven-
tion, were referred for free hepatitis A and B
virus vaccinations, and in a separate individu-
alized counseling session, were referred for
HCV-related medical care.

Two randomization schemes were used as
necessary throughout the study: individual or
group. To minimize attrition between random-
ization and the first study visit, randomization
occurred immediately before the first group
session; however, convening a sufficient num-
ber of injection drug users on the day of that
session was challenging. Therefore, on the day
of the first session, individuals were random-
ized if more than 9 participants attended, the
entire group was randomly assigned to 1 of
the study interventions if 5 to 9 participants

Hepatitis C virus (HCV) infection is an im-
portant public health problem, with an esti-
mated global prevalence of 3%1 and a prev-
alence rate ranging from 65% to 95%
among injection drug users.2–10 HCV may
cause liver cirrhosis and hepatocellular car-
cinoma; only 15% to 20% of infected indi-
viduals spontaneously recover without treat-
ment.11 As a result of limited efficacy,
tolerability, and availability,12–17 treatment
has not substantially reduced the burden of
HCV, although improved treatment provi-
sion to injection drug users may reduce the
burden more effectively.

The combined effects of high HCV preva-
lence among injection drug users, a persist-
ently infectious carrier state, high transmissi-
bility, and lack of an effective vaccine call
for interventions intended to change behav-
iors among injection drug users both with
and without HCV infection. One study
showed promise in reducing unsafe injection
behaviors associated with HCV acquisition
(receptive risk),18 but we know of no studies
that have evaluated the efficacy of an inter-
vention focused on reducing behaviors that
can transmit HCV (i.e., distributive risk be-
haviors). We report the results of a random-
ized, controlled trial evaluating a 6-session
intervention aimed at reducing distributive
risk behaviors among injection drug users
with HCV infection.

METHODS

Participants
The Study to Reduce Intravenous Exposures

(STRIVE) was conducted from 2002 through
2004 in Baltimore, Maryland; New York City;
and Seattle, Washington. Participants were pri-
marily individuals who were not eligible for a
multisite study that enrolled HCV- and HIV-
antibody-negative injection drug users.18,19
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attended (i.e., group randomization), and ran-
domization was rescheduled if fewer than 5
participants attended. Use of these 2 random-
ization methods did not affect the results
(data not shown).

After the first session, the remaining 5
sessions were scheduled on different days
within the same week to minimize contami-
nation. Randomization procedures were
conducted in accordance with accepted
practices20; gender blocking was used during
individual randomization.

Prior to the intervention and at 3 and 6
months after the intervention, audio computer-
assisted self-interviews were used to collect
data on the participants. Along with psycho-
social correlates of risk behavior, partici-
pants’ sociodemographic characteristics,
injection practices, alcohol use, and HCV-
related health care were assessed. As a means
of minimizing response bias, all assessments
were completed prior to counseling without
facilitators present.21,22 Except where noted,
all behaviors refer to the 3 months preceding
the study visit.

Intervention Procedures
Participants were randomized to either a

“peer mentoring” (intervention) or a video-
discussion (control) group. Each intervention
consisted of 6 sessions 2 hours in length, held
twice weekly. Except for the first session, in
which 2 additional facilitators conducted both
interventions simultaneously, all sessions
were led by the same 2 trained facilitators,
who followed scripted manuals. Control-group
participants watched a docudrama television
series about injection drug users and then
took part in a facilitated group discussion
focusing on family, education, self-respect,
relationships, violence, parenting, and em-
ployment. Participants who sought informa-
tion about risk reduction or health care were
referred to a resource table.

The peer mentoring intervention delivered
risk reduction information by training partici-
pants to mentor other injection drug users
about reducing HCV transmission risks. The
intervention was guided by social cognitive
theory,23,24 which posits that social situations
in which individuals enact new behaviors can
facilitate and sustain behavior change.25,26

We anticipated that injection drug users with

HCV infection would be credible peer mentors
in terms of their ability to advise other injec-
tion drug users about the risks of unsafe in-
jection practices.

The intervention group trained participants
to engage in peer mentoring that emphasized
setting examples to close peers through their
own safer injection practices. We hypothe-
sized that this approach would reduce partici-
pants’ distributive injection risk behaviors by
prompting them to talk about, initiate, and
model safer injection behaviors. The peer
mentoring role also provided participants
with a new prosocial identity that was ex-
pected to reinforce their motivation to prac-
tice safer behaviors.27

The intervention was delivered through
activities that required minimal literacy and
covered information about HCV pathology,
HCV-related health care encounters, skills
useful in reducing distributive injection be-
haviors, and methods necessary to effectively
communicate with other injection drug users
about HCV (the intervention manual is avail-
able from the authors on request).19 Content
was delivered through demonstrations, games,
discussions, and videos specifically developed
by the team and through videos provided by
the Hepatitis Foundation International.28 In
the fifth session, intervention-group partici-
pants conducted street outreach about HCV
prevention in communities frequented by
injection drug users; study facilitators moni-
tored and coached participants during these
outreach activities.

Because the aim of the intervention was
to limit the spread of HCV from infected
injection-drug users, it required a shift from
historical prevention messages focused on
acquisition risk. To illustrate that pathogens
could be transmitted through the sharing of
drug preparation equipment, we used fake
drugs and paraphernalia “contaminated”
with a dye (representing HCV) visible only
under ultraviolet lighting to develop a
video depicting a typical drug preparation
scenario. The injection scene was first de-
picted with natural light and then repeated
under ultraviolet lighting, which illustrated
how all injection equipment can become
contaminated (and transmit viruses) even
when a used syringe is not lent to another
individual.19

Primary Distributive Risk Reduction
Message

We used a harm-reduction approach to
promote distributive risk reduction options
among participants who might continue to
inject drugs, while emphasizing that ceasing
drug use was the healthiest option. We pre-
sented these options in a hierarchical manner
without attaching absolute risk to any level.
Rather, we explained that transmission risks
decreased for behaviors lower down a “risk
ladder” that promoted the following behav-
iors: (1) not lending a used syringe (bleached
or unbleached) for injection purposes; (2) not
preparing drugs with a syringe or parapher-
nalia contaminated with HCV, which could
transmit HCV to others in the absence of
syringe lending29–31; (3) not lending used
paraphernalia (e.g., cookers in which drugs
are mixed, cottons used to filter drugs, or
syringe rinse water); and (4) refraining from
illicit drug use, injection or otherwise.

Outcomes
To reflect the multimodal harm-reduction

message, we derived a single primary-outcome
variable comprised of the following: (1) not
lending one’s used syringe, (2) not preparing
drugs with a syringe one had previously used
(unsafe drug preparation that could contami-
nate the injection), (3) not sharing drug prepa-
ration equipment (cookers, cottons, or rinse
water), and (4) not injecting drugs. Syringe
lending was measured according to frequency
of passing a used syringe to another. Unsafe
drug preparation was measured according to
frequency of dividing up drugs with a syringe
one had previously used. These 2 variables
had 7 response options (always through
never) that were combined when data were
sparse.

Three questions inquiring about frequency
of using cookers, cottons, or rinse water with
or before someone else were used to assess
sharing of drug preparation equipment; these
questions were combined into a single di-
chotomized variable (any or no sharing). A
question focusing on types of drugs injected,
in which “have not injected” was one possi-
ble response option, was used to determine
whether participants had refrained from
using injection drugs (this variable was dichoto-
mously coded: injected or did not inject).
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We report results based on both the com-
bined and constituent variables.

Three secondary outcomes were also as-
sessed. A single dichotomously coded item
assessed whether participants had refrained
from lending syringes because they had HCV.
Participation in drug treatment since the prior
study visit was a dichotomized variable that
included biomedical treatment (methadone
maintenance, detoxification, therapeutic com-
munities) and support groups (e.g., Narcotics
Anonymous). A single item was used to mea-
sure frequency of injecting oneself using a
used syringe.32

Potential Mediators and Moderators
Variables were identified as possible mod-

erators or mediators on the basis of hypothe-
sized associations or effects observed during
analyses. Moderating effects (baseline condi-
tions affecting the strength or direction of in-
tervention effects33) were examined with re-
spect to participants’ baseline self-efficacy for
safe injection practices (high or low) and the
period of time they had known their HCV
status (6 months or less vs more than 6
months). Mediation effects (referring to the
process through which an intervention oc-
curs34) were examined with respect to peer
mentoring (yes or no) and self-efficacy for
safe injection (high or low), both measured
during follow-up.

Self-efficacy for safe injection was mea-
sured with a 6-item scale (Cronbach α=0.92)
developed for this study. Items measured
professed confidence in one’s ability to avoid
sharing syringes and paraphernalia under
challenging circumstances; 4 response options
(“absolutely sure I can avoid sharing” through
“absolutely sure I cannot avoid sharing”) were
assessed. We measured peer mentoring by in-
quiring about “peer mentoring on one’s own,”
which reflected our intervention message of
advising familiar peers. Peer mentoring con-
tent was measured through determining
whether participants had shared information
on HIV and HCV. We assessed the length of
time (6 months or fewer vs more than 6
months) participants had been aware of their
HCV-positive status by inquiring about the
month and year of their first positive result;
if participants could not recall the month, the
seasonal midpoint was used. 

Message Retention and Contamination
All participants were asked whether they

recalled PALMS (Pick an appropriate time
and place, Ask open-ended questions, Lend
from your experience, Make appropriate
suggestions for where they are at, Share in-
formation, don’t preach), a mnemonic used
in the intervention for conducting peer men-
toring nondefensively. Those answering affir-
matively were asked to select its definition
from a list, and proportions of correct re-
sponses were calculated. As a means of as-
sessing participants’ propensity to offer affir-
mative responses, all participants were asked
about a meaningless mnemonic (FEAT).

Statistical Analysis
We used an intention-to-treat approach in

which participants were assessed according to
the group to which they were randomized.
When appropriate, values were imputed for
data missing as a result of skip patterns. The
Fisher exact test and χ2 test (for categorical vari-
ables), the Cochran–Armitage trend test (for or-
dinal variables), and the Wilcoxon rank sum test
(for continuous variables) were used in compar-
ing intervention-group and control-group partici-
pants at baseline and the 2 follow-ups. Baseline
characteristics of those present versus absent at
each follow-up visit were also compared.

To adjust for covariates, we used logistic
regression (for dichotomous outcomes) and
proportional odds models (for ordinal out-
comes) in postintervention between-group
comparisons. A score χ2 test was conducted
to evaluate the proportional odds assump-
tion that intervention effects were constant
across outcome response categories. Sepa-
rate models were built for outcomes at 3
and 6 months. The following potential con-
founders were examined: age, gender, race/
ethnicity, length of time participants had
known their HCV serostatus, recruitment
city, cohort size at randomization, factors
associated with retention, baseline values
for outcomes, and time to follow-up assess-
ment. Covariates were retained if they were
significant at .05 or if their inclusion mark-
edly changed the measure of association.
The ratio of the predicted probabilities for
the primary outcome variable was calcu-
lated to provide an estimation of the inter-
vention effect.

As a means of examining moderating effects,
odds ratios (ORs) for the main association (be-
tween intervention and outcome) were calcu-
lated within strata of potential modifiers, and
point estimates and the significance of the
interaction term were examined. Mediators
were required to meet the dual criteria of being
associated with the intervention and being in-
dependently associated with the outcome. To
assess mediation, we calculated ORs for each of
these 2 associations for each variable.

RESULTS

Of the 630 participants who completed the
baseline assessment, 418 were randomized to
the intervention (n=222) or control (n=196)
group. Almost half (47%) were recruited in
Baltimore, and approximately one quarter each
were recruited in New York City (28%) and
Seattle (25%). Forty-five cohorts were formed:
20 by randomizing individuals and 25 through
group randomization (mean number of partici-
pants in the individual- and group-assigned co-
horts were 12 and 7, respectively). Session at-
tendance rates, which ranged from 70% to
83%, did not differ significantly by group.

Retention
On average, participants were assessed at

3.0 and 6.2 months after the date of the last
intervention session for their cohort. Overall
retention rates, which were 66% and 80% at
the 3- and 6-month visits, respectively, did
not differ by study arm. Eighty-six percent of
participants completed at least 1 follow-up as-
sessment.

Compared with those who did not return
at the 3-month visit, those who returned
were slightly older (mean age: 27 vs 26
years; P = .07); otherwise, the 2 groups
were similar with respect to demographic
characteristics and baseline injection risks.
Those who returned for the 6-month visit
were more likely than those who did not to
be women (26% vs 16%; P = .06), to have
known their HCV status for at least 6
months (P = .03), and to have experienced
HCV-like symptoms at baseline (P = .03);
they were less likely to have undergone
previous alcohol abuse treatment (36% vs
61%; P = .04) and reported injecting less
frequently at baseline (P = .05).
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TABLE 1—Demographic Characteristics, Injection Risk Behaviors, and Covariates at Baseline,
by Group: Study to Reduce Intravenous Exposures, April 2002 to May 2004

Intervention Control Group 
Group (n = 222) (n = 196) P

Sociodemographic characteristics

Age, y, mean (SD) 27 (4) 26 (4) .35

Men, No. (%) 170 (76.5) 149 (76.0) .91

Race/ethnicity, No. (%) .80

Hispanic 56 (25.2) 55 (28.1)

Black 15 (6.8) 13 (6.6)

White 126 (56.8) 111 (56.6)

Other 25 (11.3) 17 (8.8)

More than high school education, No. (%) 118 (53.1) 111 (56.6) .53

Homeless in past 6 mo, No. (%) 91 (41.6) 93 (47.9) .20

Aware of positive HCV status more than 6 mo, No. (%) 109 (55.3) 81 (45.5) .06

Drug use and injection risk behaviors in past 3 mo

Aged ≥18 y at first injection, No. (%) 158 (72.1) 130 (66.6) .24

Drug(s) injected most often, No. (%) .98

Heroin alone 130 (61.3) 114 (61.0)

Heroin and cocaine 61 (28.8) 52 (27.8)

Powder or crack cocaine alone 14 (6.6) 14 (7.5)

Other 7 (3.3) 7 (3.7)

Injected at least daily, No. (%) 156 (70.3) 134 (68.4) .59

Injection behaviors, No. (%) 

Lent a used needle 99 (48.9) 86 (46.0) .61

Shared drug preparation equipmenta 157 (73.7) 143 (74.9) .82

Refrained from injection drug use 2 (0.9) 3 (1.5) .67

Currently in treatment for drug abuse,b No. (%) 125 (57.3) 114 (58.8) .84

Covariates

Self-efficacy for safer drug use, No. (%)c .24

Absolutely sure I cannot avoid sharing 14 (6.6) 11 (5.8)

Pretty sure I cannot avoid sharing 32 (15.1) 43 (22.6)

Not sure I can avoid sharing 92 (43.4) 78 (41.1)

Pretty sure I can avoid sharing 74 (34.9) 58 (30.5)

Stage of readiness to quit drug use,d No. (%) .56

Precontemplation 36 (16.2) 26 (13.3)

Contemplation 113 (50.9) 98 (50.0)

Determination 46 (20.7) 52 (26.5)

Action or maintenance 27 (12.2) 20 (10.2)

Note. HCV = hepatitis C virus.
aDefined as using a cooker, filter cotton, or rinse water to prepare drugs before or with another injector.
bDefined as any biomedical or support group treatment (e.g., Narcotics Anonymous) within past 3 months.
cRounded average from each of 6 scale items.
dOn a 29-item scale with 5 response options.

Sample Characteristics
There were no significant between-group

differences in baseline demographic character-
istics, drug use practices, or stage of readiness
for drug treatment; however, those in the
intervention group were slightly more likely to
have known their HCV status for at least 6

months (55% vs 45%; P=.06; Table 1). On
average, participants were aged 26.5 years;
77% were male, and 57% were White.

Unadjusted Outcomes and Covariates
At both follow-ups, participants in the in-

tervention as well as the control group re-

ported significantly reduced syringe lending
and sharing of drug preparation equipment
relative to baseline (Table 2). However, partic-
ipants in the 2 groups did not differ from
each other at either follow-up in terms of the
likelihood that they would refrain from lend-
ing a syringe because of their HCV-positive
status, the frequency at which they injected
themselves with a used syringe (acquisition
risk), or their drug treatment status.

Participants in the intervention group re-
ported significantly greater self-efficacy for
safer injection as well as peer mentoring at
both follow-ups (Table 2). Among the partici-
pants who reported engaging in peer mentor-
ing, more than 75% reported talking about
HIV or HCV (data not shown). Intervention-
group participants reported more peer mentor-
ing episodes than did control-group participants
(mean: 4 vs 1; P<.001; data not shown). At
both follow-ups, almost three quarters of the
intervention group recalled the intervention
mnemonic PALMS (Table 2). Approximately
one third of participants reported remembering
the false mnemonic FEAT, and intervention-
group participants were more likely to respond
affirmatively at both follow-ups.

Adjusted Outcomes
In comparison with the control group, dis-

tributive risk behaviors as a whole were re-
duced in the intervention group at both 3
months (OR=0.46; 95% confidence interval
[CI]=0.27, 0.79) and 6 months (OR=0.51;
95% CI=0.31, 0.83; Table 3). The ratios of
predicted probabilities for the combined
distributive risk outcome were 0.74 (95%
CI=0.59, 0.95) and 0.71 (95% CI=0.55,
0.90) at 3 and 6 months, respectively. At 3
months, all of the behaviors making up the
composite outcome were at significantly
lower levels in the intervention group, but
only sharing drug-preparation equipment
was significant at 6 months.

There were no differences between groups
at either follow-up in the proportion refrain-
ing from lending syringes because of their
HCV-positive status or in the use of drug
treatment (Table 3). Intervention-group partic-
ipants were less likely to have injected them-
selves with used syringes at the 3-month
(P=.01) but not the 6-month (P=.42) follow-
up; this result was caused by control-group
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TABLE 2—Unadjusted Comparisons of Self-Reported Distributive Risk Behaviors, Potential Mediators,
and Message Retention at 3- and 6-Month Follow-Ups: Study to Reduce Intravenous Exposures, April 2002 to May 2004

3-Month Follow-Up 6-Month Follow-Up

Intervention Control Group, Intervention Control Group,
Group, No. (%) No. (%) P Group, No. (%) No. (%) P

Primary outcome: distributive risk
Combined distributive riska 61 (44.2) 73 (59.3) .02 64 (37.4) 78 (53.1) .007
Frequency of lending used syringe to othersb .23 .89

Rarely or never 112 (88.9) 95 (82.6) 153 (92.2) 127 (91.4)
Sometimes 11 (8.7) 16 (13.9) 4 (2.4) 6 (4.3)
Always or almost always 3 (2.4) 4 (3.5) 9 (5.4) 6 (4.3)

Frequency of preparing drugs with a syringe previously used .21 .43
by oneself b

Rarely or never 111 (88.1) 92 (80.0) 147 (89.6) 116 (84.9)
Sometimes 9 (7.1) 16 (13.9) 7 (4.3) 15 (10.8)
Always or almost always 6 (4.8) 7 (6.1) 10 (6.1) 8 (5.8)

Frequency of sharing drug preparation equipment with or 57 (40.7) 70 (54.7) .03 62 (35.4) 72 (47.4) .03
before someone else

Refrained from injection drug use 34 (24.5) 12 (9.6) .002 60 (34.1) 35 (22.6) .03
Secondary outcomes

Refrained from lending syringe because of HCV-positive status 58 (69.0) 55 (68.7) .98 57 (67.0) 46 (60.5) .39
Any drug treatment since most recent study visit 85 (59.4) 82 (63.6) .53 111 (63.1) 100 (65.4) .73
Frequency of injecting oneself with used syringeb .17 .82

Rarely or never 123 (87.9) 98 (78.4) 154 (88.5) 131 (87.3)
Sometimes 10 (7.1) 20 (16.0) 10 (5.7) 10 (6.6)
Always or almost always 7 (5.0) 7 (5.6) 10 (5.7) 9 (6.0)

Potential mediators
Self-efficacy for safer drug usec .001 .02

Absolutely sure I cannot avoid sharing 5 (3.7) 15 (12.2) 10 (6.0) 16 (11.1)
Pretty sure I cannot avoid sharing 19 (14.0) 27 (22.0) 18 (10.7) 25 (17.4)
Pretty sure I can avoid sharing 50 (36.8) 40 (32.5) 73 (43.5) 57 (39.6)
Absolutely sure I can avoid sharing 62 (45.6) 41 (33.3) 67 (39.9) 46 (31.9)

Engaged in peer mentoring 75 (53.6) 30 (24.8) <.001 54 (30.8) 30 (19.6) .02
Message retention and contamination

Remembered hearing “PALMS”d 102 (71.8) 14 (11.1) <.001 120 (70.6) 19 (12.2) <.001
Correctly identified PALMS definition from a liste 59 (88.0) 2 (66.6) .04 59 (95.2) 3 (37.5) <.001
Remembered hearing “FEAT”f 33 (22.7) 10 (7.7) .008 60 (33.5) 15 (9.6) <.001

Note. HCV = hepatitis C virus. All variables refer to preceding 3 months unless otherwise specified. The Cochran–Armitage trend test was used for ordinal variables; The Fisher’s exact test was used
for dichotomous variables.
aIncludes how often lent used syringe, shared drug preparation equipment, divided drugs with syringe used by oneself (any risk behaviors vs none). Those who did not report injecting drugs were also
included in the no-lending category.
bCombined levels of more than half of the time, half of the time, and less than half of the time.
cScores are the rounded averages from 6 items of this scale.
dPALMS was a mnemonic taught in the intervention condition that summarized communication techniques that could be used during peer mentoring.
eAmong those who reported remembering what PALMS meant.
fFEAT was a mnemonic invented for the assessment and was not used during the intervention; it was included to assess individuals’ propensity for answering affirmatively.

participants becoming less risky in their be-
havior over time.

Moderators and Mediators
There was no difference in the association be-

tween intervention and distributive risk at either
3 or 6 months after stratification by baseline
self-efficacy (Table 4). However, the association
was modified by the length of time participants

had known their HCV-positive status. At 3
months, intervention effects were significantly
stronger among those who had known their
HCV-positive status for at least 6 months
(OR=0.24; 95% CI=0.11, 0.52); at the 6-
month assessment, the association continued to
be stronger among those who had known their
HCV status 6 to 12 months (OR=0.35; 95%
CI=0.17, 0.72), but it was not significant

among those who had known their status for
more than 12 months. The interaction term was
significant only at 3 months (P=.02).

At 3 months, postintervention self-effi-
cacy was positively associated with the in-
tervention and inversely associated with
distributive risk behaviors, thus mediating
intervention effects (Table 4); however,
these results were not sustained at 6 months.
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TABLE 3—Adjusted Effects of Peer Mentoring Intervention on Injection Risk Behaviors:
Study to Reduce Intravenous Exposures, April 2002 to May 2004

3 Months 6 Months

OR (95% CI) P OR (95% CI) P

Distributive risk behaviors

Combined distributive risk among those 0.46 (0.27, 0.79) .004 0.51 (0.31, 0.83) .006

continuing to inject drugsa

Frequency of lending used syringe to othersb 0.48 (0.21, 1.05) .07 0.93 (0.40, 2.15) .87

Frequency of preparing drugs with a syringe 0.41 (0.19, 0.90) .03 0.61 (0.30, 1.23) .17

previously used by oneself c 

Sharing drug preparation equipmentd 0.47 (0.27, 0.82) .008 0.55 (0.33, 0.92) .03

Refraining from injection drug usee 3.59 (1.65, 7.83) .001 1.60 (0.96, 2.68) .07

Secondary outcomes

Refraining from lending syringe because of 1.33 (0.65, 2.72) .44 1.49 (0.74, 2.98) .26

HCV-positive statusf

Any drug treatment since previous study visit g 0.94 (0.52, 1.69) .84 1.10 (0.65, 1.87) .72

Frequency of injecting self with used syringeh 0.38 (0.17, 0.82) .01 0.75 (0.37, 1.52) .42

Note. OR = odds ratio; CI = confidence interval; HCV = hepatitis C virus. All variables refer to preceding 3 months unless
otherwise specified, use the “no” or lower values as the referent, and were adjusted for length of time participants had known
their HCV status at baseline. Ordinary logistic regression was used for dichotomous dependent variables; proportional ORs
were used otherwise.
aIncludes lent used syringes, shared drug preparation equipment, divided drugs with syringe used by oneself, and refrained
from injection drug use; 3-month model unadjusted; 6-month model adjusted for recruitment site and race.
b7 response options (“always” through “never”); 3-month model adjusted for age; 6-month model adjusted for gender.
c4 response options (“every time” through “never”); 3-month model adjusted for race; 6-month model adjusted for size of
cohort at randomization.
dDrug preparation equipment includes sharing cooker, cotton, or rinse water with or before someone; 3-month model
adjusted for baseline value of this variable; 6-month model adjusted for baseline value, recruitment site, and race.
eThree-month model adjusted for cohort size; 6-month model unadjusted.
fBoth models unadjusted.
gDrug treatment includes biomedical or behavioral program; 3-month model adjusted for baseline value of this variable and
recruitment site; 6-month model adjusted for baseline value, recruitment site, and age.
h3 response options (rarely/never, sometimes, always/almost always); 3-month model adjusted for dichotomized baseline
value of this variable; 6-month model adjusted for race.

Intervention effects were not mediated by
peer mentoring.

DISCUSSION

To our knowledge, this is the first trial to
demonstrate the efficacy of a behavioral inter-
vention motivating injection drug users with
HCV infection to curb injection behaviors
that can transmit HCV to others. Reductions
were observed over short-term as well as
longer-term periods, with the rate ratio sug-
gesting at least a 26% reduction in distribu-
tive risk, which may translate to a 5% to 10%
reduction in HCV prevalence.35 Although
modest, the successes observed here would
be an important element in a comprehensive
strategy for reducing endemic HCV among
injection drug users that combines treatment

focusing on reducing the number of individu-
als with HCV infection and interventions fo-
cusing on reducing primary infections among
those without HCV.

Over the longer term, the intervention
effects were driven more by reductions in
drug preparation practices than by reduc-
tions in syringe lending. Changes in partici-
pants’ drug preparation practices may have
arisen from their newly acquired awareness
of the risks associated with these common
behaviors. Syringe lending was less preva-
lent than unsafe drug preparation at study
entry. Furthermore, during group sessions,
participants were surprised to learn how
unsafe drug preparation practices could
spread pathogens to clean equipment and
to others in the absence of lending used
syringes.

Our findings are similar to those from an-
other behavioral intervention focused on re-
ducing acquisition risk among injection drug
users without HCV infection.18 In both studies,
injection risk was reduced over time, risk re-
duction was greater among intervention-group
participants, and the magnitude of relative risk
reduction, as measured through a combined
outcome, was similar. Regardless of disease
status or type of intervention, injection drug
users may feel strong pressure to report and
enact safer injection behaviors, and a ceiling
effect may exist in terms of degree of risk re-
duction possible, at least in response to the
peer-based approaches tested in these trials.

Intervention Mechanisms
Reasons for behavior change among partic-

ipants did not fully support our hypotheses.
Although intervention-group participants em-
braced peer mentoring, behavior change was
mediated only through increased self-efficacy,
a finding consistent with social cognitive
theory.36 Explanations for the lack of peer-
mentoring mediation may include the need to
more strongly emphasize “setting a safer ex-
ample” when mentoring. Alternatively, this
approach may simply not be an appropriate
vehicle for engendering altruistic behavior.
Lack of statistical power is yet another pos-
sible explanation, although the confidence
intervals for mediation associations were not
remarkably large.

An unanticipated finding was that inter-
vention effects depended on how long par-
ticipants had known their HCV serostatus.
The strongest effects were found among
those who had known their serostatus for
at least 6 months but not longer than 12
months, suggesting that there may be a “win-
dow period” for effectively encouraging in-
jection drug users to curb transmission risks.
Participants were often unaware of the sig-
nificance of an HCV-positive test result, and
it may take time for awareness of one’s HCV
status to be internalized and translated into
behavior change. This finding is consistent
with studies showing associations between
behavior change and the length of time
individuals have been HIV positive.37,38

Because ours is the first intervention (to our
knowledge) involving HCV-positive injection
drug users that has focused on reducing
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TABLE 4—Effects of Self-Efficacy, Length of Time Participants Had Known Their Hepatitis C
Virus Status, and Peer Mentoring on the Association Between Intervention and Distributive
Risk: Study to Reduce Intravenous Exposures, April 2002 to May 2004

3-Month Follow-Up 6-Month Follow-Up

No.a OR (95% CI) P No. OR (95% CI) P

Unadjusted association between intervention 261 0.54 (0.33, 0.89) .02 318 0.53 (0.34, 0.83) .005

and distribution risk

Moderators

Self-efficacy at baselineb

High 187 0.54 (0.30, 0.96) .04 242 0.60 (0.36, 1.00) .05

Low 65 0.52 (0.19, 1.42) .20 67 0.40 (0.15, 1.06) .07

Length of time participants had known their 

HCV status at baseline

≤ 6 months 122 0.90 (0.43, 1.90)c .79 153 0.35 (0.17, 0.72) .004

> 6 months 113 0.24 (0.11, 0.52)c .003 132 0.75 (0.39, 1.42) .37

Mediators

Self-efficacy during follow-up 

Association between trial intervention and 259 2.42 (1.40, 4.31) .003 312 2.00 (1.16, 3.43) .01

self-efficacy 

Independent association of self-efficacy 251 0.47 (0.26, 0.85) .01 302 0.66 (0.38, 1.17) .15

with distributive riskd

Peer mentoring

Association between trial intervention and 261 3.50 (2.06, 5.94) .001 328 1.82 (1.10, 3.05) .02

peer mentoring 

Independent association of peer mentoring 249 1.27 (0.74, 2.19) .38 314 1.47 (0.88, 2.47) .14

with distributive riskd

Note. OR = odds ratio; CI = confidence interval; HCV = hepatitis C virus.
aBecause of missing data, numbers do not always sum to totals for unstratified results.
bSelf-efficacy was dichotomized into high (“pretty sure or absolutely sure I can inject safely”) vs low (“pretty sure or absolutely
sure I cannot inject safely”).
cInteraction term significant at P < .05.
dAssociation controlled for intervention effect.

distributive risks, this result requires further
verification.

Participants in both groups were motivated
to less frequently inject themselves with used
syringes, at least in the short term, and to re-
frain from injection drug use altogether—ac-
tions that lead to personal health benefits and
increase eligibility for HCV therapy.12,39

However, intervention-group participants
were no more likely to refrain from syringe
lending because of their HCV-positive serosta-
tus. Although participants may have refrained
from syringe lending for other reasons, these
behaviors would lower their HIV acquisition
risk as well as their HCV transmission risk,
suggesting a lack of altruism. This differs from
the findings of some studies in which injec-
tion drug users with HIV have engaged in al-
truistic behaviors to protect others.40 Given

that injection drug users as a whole are highly
stigmatized, it may be necessary to address
the personal needs of injection drug users
with HCV infection before motivating their
actions on behalf of others.

Strengths and Limitations
Our study’s strengths were its randomized

design, use of audio computer-assisted self-
interviews, and inclusion of an attention-
control group to protect against information
biases. Limitations were that the study was
unmasked and lacked sufficient statistical
power to detect small differences and defini-
tively test moderating and mediating effects.
Although the overall retention rate was good,
retention was suboptimal at 3 months. The
study was originally designed to have the
power to detect a 35% difference between

arms with a target sample size of 750; how-
ever, a sample only half this size was enrolled
because multiple visits were required to de-
termine eligibility prior to randomization.

Nevertheless, we observed significant dif-
ferences between groups on all targeted be-
haviors in the short term, as well as on some
hypothesized mechanisms. There was a
greater propensity for affirmative responding
in the intervention arm, and this bias may
have led to overestimation of between-group
differences. Alternatively, because the inter-
vention encouraged peer mentoring, there
may have been crossover effects among
control-group participants, which may have
underestimated intervention effects. Given
that the trial design required multiple ap-
pointments during the enrollment period,
the makeup of the select group that was ulti-
mately randomized (predominantly White
men) may limit the generalizability of our re-
sults. However, the fact that our study was
conducted in 3 different cities mitigates this
concern to a certain degree. Finally, consider-
ing the low 3-month retention rate, significant
effects observed at this follow-up could reflect
unmeasured confounding.

Conclusions
Our intervention reduced distributive risk

behaviors among injection drug users with
HCV infection, but behavior change was me-
diated through self-efficacy as opposed to peer
mentoring or altruism. Given the large pool of
injection drug users with HCV infection in the
United States as well as other countries, more
research is needed to identify motivators for
behavior change among this group. In the in-
terim, our intervention is a promising one for
reducing injection practices that propagate
HCV among injection drug users.
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