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Abstract We analyzed data from a large randomized
HIV/HCV prevention intervention trial with young injection
drug users (IDUs) conducted in five U.S. cities. The trial
compared a peer education intervention (PEI) with a time-
matched, attention control group. Applying categorical latent
variable analysis (mixture modeling) to baseline injection
risk behavior data, we identified four distinct classes of
injection-related HIV/HCV risk: low risk, non-syringe
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equipment-sharing, moderate-risk syringe-sharing, and high-
risk syringe-sharing. The trial participation rate did not vary
across classes. We conducted a latent transition analysis
using trial baseline and 6-month follow-up data, to test the
effect of the intervention on transitions to the low-risk class at
follow-up. Adjusting for gender, age, and race/ethnicity, a
significant intervention effect was found only for the high-
risk class. Young IDU who exhibited high-risk behavior at
baseline were 90 % more likely to be in the low-risk class at
follow-up after the PEI intervention, compared to the control

group.

Keywords Injection drug use - Intervention -
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Introduction

Injection drug use is a serious public health problem in the
U.S. and globally, leading to blood-borne infections
including HBV, HCV, and HIV. Although the number of
HIV/AIDS cases in the U.S. due to injection drug use has
declined significantly since its peak in 1993, drug injection
remains a major risk factor [1]. In 2007, an estimated 15 %
of reported HIV cases among adults and adolescents in the
U.S. (N = 9,200) were associated with injection drug use
or sexual contact with injection drug users (IDUs). In
addition, 21 % of reported HIV cases among children
(<13 years) were associated with injection drug use by the
mother or the mother’s sexual partner [2].

Drug injection is also responsible for most HCV trans-
mission in the U.S., and is a major contributor to HBV
transmission [3-5]. Recent surveys suggest that approxi-
mately one-third of young (18-30 years old) IDUs in the
U.S. are HCV-infected, although prevalence varies widely
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[6]. The sharing of contaminated syringes and other
injection equipment is the principal means by which drug
injection exposes users to these viruses [7—11].

Despite significant advances in the prevention of HIV/
AIDS and hepatitis, injection drug use continues to con-
tribute to new infections both directly through the sharing of
injection equipment, and indirectly through sexual trans-
mission from IDUs to non-IDU sex partners [12—15]. Syr-
inge access, opioid substitution therapy, street outreach, and
counseling and testing (C&T) have been identified as
important components in advancing HIV/HCV prevention
[16—22], while enhanced behavioral interventions with IDUs
have shown only modest effects on reducing receptive
injection risk behaviors over and above standard services
(i.e. risk assessment, C&T) [23-25]. However, peer educa-
tion initiatives have demonstrated some success in influ-
encing the behavior of IDUs trained to be peer educators
[26-29]. Spanning five cities, the Third Collaborative Injec-
tion Drug Users Study (CIDUS 3) drug users intervention trial
(DUIT), conducted from 2002 through 2005, is the largest
randomized HIV prevention intervention trial with young
IDUsinthe U.S. to date. This study compared a peer education
intervention (PEI) with a time-matched, attention control
group receiving standard counseling and testing.

While the DUIT enhanced intervention demonstrated an
overall greater decrease in injection-related HIV risk
behavior compared to the control [30, 31], not all DUIT
participants reduced their risk behavior. The average effect
conceals a heterogeneous mix of intervention responders
and non-responders. The key to improving interventions
with IDUs may lie in understanding variations in responses
to these interventions. Conventional approaches to the
analysis of intervention effects are based on fitting a
regression model for the average response pattern. How-
ever, when a behavior is highly heterogeneous, it is often
useful to characterize that heterogeneity in order to identify
discrete patterns of change. If we can identify certain
behavioral profiles that are associated with intervention
success, future efforts with that intervention can be targeted
to individuals with that particular profile.

Latent variable mixture models are used to capture this
heterogeneity [32]. Latent class analysis is a person-centered
method for empirically identifying distinct patterns or sub-
types, based on a set of observed categorical variables [33].
Latent transition analysis is an extension of the latent class
model that is used to examine transitions across classes over
time [34, 35]. By incorporating an intervention effect in a
latent transition model, we can test whether the intervention
effect is consistent or varies across classes [36]. In this study,
we used latent variable mixture modeling to: (1) identify
distinct classes of individuals with unique, class-specific
patterns of injection risk behavior, and (2) test variation in
the effectiveness of the intervention across these risk classes.
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Methods
Study Design

We analyzed existing CIDUS3 DUIT data collected
between May 2002 and January 2004 from 1569 eligible
participants who were recruited in five US cities: Baltimore
MD, Chicago IL, Los Angeles CA, New York City NY,
and Seattle WA. Details of the study objectives, design and
methodology have been described elsewhere [37, 38].
Participants were eligible for the trial if they reported
injecting illicit drugs in the past 6 months, intended to
reside in their recruitment city for at least the next
12 months, spoke English, were between 15 and 30 years
old, and tested antibody-negative for HIV and HCV at
baseline. Eligible participants who attended the post-test
counseling session where they were invited to participate in
the trial were included in the baseline analysis.

Individuals who consented to participate in the trial
(N = 854) were randomly assigned to either the PEI, or a
video-discussion control group. Participants in both condi-
tions attended six group sessions over a 3-week period. All
participants attended at least the first session; attendance at
each of the remaining sessions was reasonably high and
similar across trial arms (average 77 % for PEI, 78 % for
control). Participants were compensated for time and travel
after each visit, according to local guidelines—$20-$40 for
ACASI interviews, $10-15 for each test result visit, and
$20-25 for each intervention session attended (with four
sites offering a $40 bonus for attending all six sessions).

PEI participants were informed that the purpose of the
intervention was to train them to be peer educators who
could help in the fight against AIDS and hepatitis in their
communities. Talking to others about HIV and HCV pre-
vention, in a pro-social role of peer educator, was expected
to motivate behavior change in the educators [38]. In the
first four sessions, participants learned what it meant to be
a peer educator and were given tools appropriate to this
role. The first two sessions focused on injection-related risk
and the third and fourth sessions focused on sexual risk
behavior. The format included videos; interactive discus-
sions; exercises in skills building, role playing, and prac-
tice; and other factors such as offering community
resources, information, and tools (e.g., condoms) at every
session. In the fifth session, participants were given an
opportunity to practice sharing risk-reduction information
in a community setting, for example, by engaging in
supervised peer outreach or staffing an information table at
a community center or health fair. These experiences were
followed by debriefing and feedback from the intervention
facilitator. The sixth session consisted of a group debriefing
about the community-based peer education session, fol-
lowed by a goal-setting activity.
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The control condition consisted of watching videos fol-
lowed by facilitated discussion for an equivalent amount of
time as the PEI sessions. Videos addressing social and health
issues were chosen to be of interest to the target population,
yet devoid of specific HIV/HCV risk-reduction content.

At baseline and follow-up visits, participants completed
a behavioral assessment using audio computer-assisted
self-interview (ACASI) technology to minimize socially
desirable responding. Retention rates for the 3- and
6-month follow-up visits were 64-76 %, respectively, with
83 % of the sample (N = 712) completing at least one
follow-up interview. Institutional review boards at the
CDC and all collaborating institutions approved the study
protocol, and all individuals provided written, informed
consent to participate in the study.

Measures
Sociodemographic Measures

Respondents provided information on sociodemographic
characteristics, including sex, age, race/ethnicity, homeless-
ness, incarceration, and sources of income (legal and illegal).

Injection Drug Use

Respondents were asked about the types of drugs they
injected, how often they injected, how often they injected
with other IDUs, how many different people they injected
with, and their relationship to the people they injected with.

Injection-Related HIV/HCV Risk

Seven measures of injection risk behavior were included in
this analysis: relative frequency of sharing syringes,
cookers, cotton filters, and rinse water, frequency of using a
new sterile syringe to divide drugs, frequency of cleaning
needles with bleach, and the number of people sharing a
syringe with the respondent. Relative frequency of sharing
syringes and other injection equipment, using new sterile
syringes to divide drugs, and cleaning needles with bleach
were measured on a 7-point Likert-type scale, labeled from
“always” to “never,” with “about half the time” as the
midpoint. Measures of “safe” behavior (using new sterile
syringes to divide drugs, and cleaning syringes with
bleach) were reversed so that for all measures higher scores
represented more risky behavior. Since the distributions of
these variables were highly skewed, they were re-coded
into three categories: never, less than half the time, and half
the time or more. The number of injection partners sharing
a syringe with the respondent was also recoded into three
categories: none, one, and more than one.

Analysis
Baseline

The seven categorical measures of injection risk behavior
were used to identify distinct classes of risk behavior.
Using the baseline data from all trial-eligible respondents
(N = 1569), we conducted latent class analyses using
Mplus version 6.1 [39]. We fit models with two to six
classes and compared the log-likelihood and goodness-
of-fit indices. This first step helps to reveal how many
classes fit the data best.

After selecting the best-fitting latent class model, the
class probabilities and most likely class patterns were
further analyzed using Stata version 11. Multinomial
logistic regressions were conducted predicting most likely
class membership from sociodemographic variables,
injection frequency, and HIV/HCV risk knowledge and
attitudes. These analyses provide information about how
the classes differed at baseline, that is, what characteristics
are associated with each class.

As a test of selection bias, the distribution of classes was
compared among participants who were randomized to a
trial condition, and those who were not randomized (i.e.
they either did not consent to trial participation or failed to
show up). This comparison provides information on whe-
ther certain classes of participants were more or less likely
to participate in the trial.

DUIT Trial

The analysis of the DUIT trial used data from 708 partici-
pants who completed at least one follow-up interview and
had non-missing injection risk data. The purpose of this
analysis was to test whether the intervention was equally
effective across classes, or whether some classes were more
responsive than others. First, latent class models with three
to five classes were fit separately for each time point to
verify that the number of classes selected based on the
baseline analysis was appropriate at all points. Then latent
transition models were conducted for baseline to three-
month, and baseline to 6-month follow-up data. Models
with thresholds constrained to be equal over time were
compared with models allowing thresholds to vary, using
the Satorra-Bentler > difference test based on log-likeli-
hood values and scaling correction factors obtained with the
MLR estimator in Mplus [40]; see http://www.statmodel.
com/chidiff.shtml. Finally, the intervention effect was
added to the model as a known class, and a model with
thresholds constrained across trial arms was compared with
an unconstrained model. To test for differential response
across classes, the probability of low-risk class membership
at follow-up was analyzed in Stata 11 using a generalized
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linear model with a logit transformation, with intervention
arm and the most likely class at baseline, and their inter-
action, as predictors. Marginal effects were computed for
intervention arm within each baseline class.

Results
Sample Demographics

The baseline sample was 33 % female, with a mean age of
23.5 (range 15-30; 38 minors age 15-17). Two-thirds of
respondents were non-Hispanic White, 18 % were His-
panic, 11 % were non-Hispanic Black, and 6 % were other
race/ethnicity. Forty-seven percent reported being home-
less, and 18 % reported being in jail or prison in the past
6 months.

Baseline

Based on model fit indices and log-likelihood change (see
Fig. 1), the four-class model was clearly better than the
three-class model, while the five-class model resulted in a
relatively small improvement over the four-class model.
Although the bootstrap likelihood ratio test indicated that
the five-class model resulted in a significant improvement
in fit (p < 0.0001), the additional class extracted comprised
<10 % of the sample and we were not convinced that it
contributed substantively to the model. The four-class model
had very good classification quality (Entropy = 0.899), and
the average latent class probabilities for most likely latent
class membership ranged from 0.926 to 0.966. Based on the
fit indices as well as conceptual considerations, we pro-
ceeded with the four-class model.

Figure 2 shows the unique patterns of injection risk
behaviors for each class in the four class model: (1) overall
low risk (33 %), (2) equipment sharing (22 %), (3) mod-
erate risk characterized by low-frequency sharing of
syringes (19 %), and (4) overall high risk (27 %). For each
class, the x-axis includes the seven risk behaviors, and the
y-axis represents the probabilities of high (solid lines) and
low frequency (dashed lines) responses for each risk
behavior. The five-class model (not shown) split the
equipment sharing class into two classes, one that shared
equipment often, and one that shared infrequently.

The low-risk class exhibited very little risk behavior;
about 11 % of individuals in this class shared cookers
less than half the time. In the equipment-sharing class,
40 % shared cookers half the time or more, while 57 %
shared cookers less than half the time. Syringe sharing
was very unlikely in this group, and no one in this group
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Fig. 1 Goodness of fit measures for latent class models

injected with a used syringe without cleaning it with
bleach. Everyone in the moderate risk class shared syrin-
ges, most (89 %) less than half the time; however only
29 % always cleaned their shared syringes with bleach.
The high-risk class was characterized by high frequency of
sharing equipment, and low or high frequency of syringe
sharing with a majority not cleaning shared syringes with
bleach.

Table 1 shows some demographic and injection-related
characteristics of the four injection risk classes. The high-
risk class had the highest percentage of women, the lowest
mean age, the highest rates of homelessness and income
from illicit activities. The classes did not differ signifi-
cantly on rates of incarceration. The low-risk class was
distinguished by the highest percentages of Hispanic and
Black IDUs and the fewest injection partners. Both the
low-risk and equipment-only classes had lower frequencies
of injections compared to the moderate and high-risk
classes.

Table 2 shows HIV/HCV risk knowledge and attitudes
by injection risk class. The four classes had similar levels
of risk knowledge, but varied in risk perceptions, peer
norms, and self-efficacy for safer injection. The low-risk
class had higher levels of perceived risk than each of the
other classes; peer norms for safer injection (against shar-
ing syringes or equipment) were highest in the low risk
class, and lowest in the high-risk class, with the moderate-
risk and equipment-only classes in between. Self-efficacy
for safer injection decreased steadily with increasing risk
behavior across classes. Class frequencies varied signifi-
cantly across trial sites; Baltimore had a larger proportion
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of participants in the high-risk class (34 %) than all other
sites. Trial participation did not vary by class membership.

DUIT Trial

The four-class model of injection risk behavior that was fit
to the baseline data also fit the 3-month and 6-month data
well. For the baseline to 3-month latent transition model, a
model with one class free to vary produced a significantly
better fit than the full-invariance model (LR 2 df
14 = 42.03, p < 0.001). Additionally freeing a second
class resulted in a slightly better fit (LR xz, df 14 = 25.41,
p = 0.031). The baseline to 6-month latent transition
model with invariant thresholds was accepted, as the non-
invariance model did not result in a significantly better fit
(LR xz, df 54 = 62.41, p = 0.20). Given the variations in
class structure, as well as the smaller number of partici-
pants with data at the three-month follow-up, we decided to
focus the analysis on baseline and 6-month follow-up
responses only. The model with thresholds invariant across
trial arms was accepted based on the ¥ difference test (LR
¥, df 56 = 59.36, p = 0.35).

The low-risk class increased substantially at follow-up
in both conditions; at baseline the probability of the low-
risk class was 32 % and at follow-up it was 69 %. At the
same time, the high-risk class probability decreased from
24 to 8 %, the moderate-risk class probability decreased

from 21 to 10 %, and the equipment-sharing class
decreased from 23 to 12 %. Latent class transition proba-
bilities for each condition are shown in Table 3. The
diagonal values include participants who remained in the
same class at both time points. For example, the probability
of a low-risk participant remaining in the low-risk class
was 87 % in the control arm and 95 % in the PEI arm. The
marginal effect for this baseline low-risk class reached
significance (dy/dx = 0.069, 95 % CI 0.003-0.14;
z=12.04, p=0.041) and remained significant when
adjusted for city, age, race, and sex. The off-diagonal
values represent transition across classes. For example, in
the control arm, the probability of a high-risk participant
transitioning to the low-risk class was 37 %, and in the PEI
arm the probability was 53 %. The marginal effect of
intervention arm for the baseline high-risk class was sta-
tistically significant (dy/dx = 0.157, 95 % CI 0.02-0.29;
z=1227, p=0.023) and remained significant when
adjusted for city, age, race, and sex.

Closer inspection of the most likely class patterns
revealed that the difference in posterior probabilities for the
baseline high-risk participants in the control versus the PEI
condition was possibly due to greater loss-to-follow-up in
the control condition; 13 % of high-risk participants in the
control condition did not return for the 6-month follow-up,
versus 4 % of those in the PEI condition (X2 (1) = 4.13,
p = 0.042). Using complete cases only, the intervention
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Table 1 Baseline

3 3 1Q avi aQ 2
characteristics of four latent Injection risk behavior latent class LRy p N
classes of injection risk Low risk Equip Mod risk High risk
behavior (N=519) (N=2336) (N=289) (N=416)
Age
Mean 23.92 23.67 23.35 22.92 19.90  0.0002 1560
Std Err 0.16 0.19 0.21 0.17
Gender (%)
Male 74.18 64.29 70.59 58.17 29.56 <0.0001 1560
Female 25.82 35.71 29.41 41.83
Race/ethnicity (%)
White 58.57 68.45 69.55 70.67 25.64  0.0023 1560
Black 14.64 10.42 9.00 7.21
Hispanic 20.81 16.67 14.88 17.07
Other 5.97 4.46 6.57 5.05
Homeless past 41.39 50.15 46.37 51.44 11.23  0.0106 1557
6 months (%)
Slept in non- 33.08 39.29 36.81 46.39 17.70 ~ 0.0005 1557
dwelling (%)*
Ever incarcerated 73.03 66.37 70.59 65.87 7.29  0.0633 1560
(%)
Incarcerated past 16.54 16.87 19.01 19.32 1.70  0.6380 1544
6 months (%)
Job income (%) 57.23 68.45 62.98 60.82 11.33  0.0101 1560
Illicit activity 37.76 44.64 48.10 55.05 28.74 <0.0001 1560
income (%)
Times injectedb
# In the past 6 months, have Mean 165.34 186.69 224.46 250.84 4596 <0.0001 1542
you slept in a car, abandoned Std Err 8.22 8.79 13.11 11.78
building, public park, shelter, le iniected with®
squatting place, or other non- People injected wit
dwelling for more than 7 nights Mean 2.69 4.45 5.28 5.52 72.57 <0.0001 1530
in a row? Std Err 0.28 0.30 0.44 0.34
® Past 3 months Times injected with others®
LR x* = Likelihood ratio * Mean 43.67 80.14 101.69 150.83 12441 <0.0001 1435
from multinomial logistic Std Err 4.59 6.63 10.93 10.29

regression

effect remained significant for baseline high-risk partici-
pants (dy/dx = 0.16, 95 % CI 0.01-0.31, z = 2.10,
p = 0.036), however the effect for baseline low-risk par-
ticipants did not (p = 0.061).

Discussion

In this sample of young IDUs recruited in five different
cities, we identified four distinct classes of injection risk
behavior. One-third of the sample exhibited little or no risk
behavior (low risk) at baseline. Another group was char-
acterized by sharing mainly equipment other than syringes;
participants in this class either refrained from sharing
syringes, or always cleaned the syringes with bleach. The
third class (moderate risk) was characterized by low

@ Springer

frequency sharing of syringes and equipment. Participants
in the high-risk group shared equipment frequently, shared
syringes at least some of time, and were more likely to
share syringes frequently.

The latent transition analysis indicated that the DUIT
PEI intervention was most beneficial for young IDUs who
exhibited high-risk behavior. The PEI was marginally more
effective than the control intervention for maintaining low-
risk behavior, and had no significant effect among IDUs in
the moderate-risk and equipment-sharing classes. Individ-
uals in these lower risk classes were likely to switch to low-
risk behavior regardless of the intervention, with about
two-thirds transitioning to the low-risk class. Theoretical
explanations of risk reduction among peer interventionists
have included cognitive consistency, social identity theory,
and social reinforcement [27, 41-43]. Developing a pro-
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Table 2 Baseline HIV/HCV risk knowledge and attitudes by injec-
tion risk class

Injection risk behavior latent class

Low risk Equip Mod risk High risk

(N=513) (N =331 (N = 283) (N = 415)
HIV/HCYV risk knowledge
Mean 64.25 66.03 65.69 65.50
Adj RRR*  1.00 1.00 1.00 1.00
95 % CI (1.00-1.01)  (0.99-1.01)  (0.99-1.01)
HIV/HCV risk perception™®**
Mean 4.24 3.92 3.93 3.80
Adj RRR  1.00° 0.59° 0.61° 0.51°
95 % CI (0.49-0.70)  (0.51-0.74)  (0.43-0.60)
Peer norms: needles***
Mean 0.49 0.36 0.33 0.24
AdjRRR  1.00° 0.73¢ 0.67° 0.50°
95 % CI (0.57-0.93)  (0.52-0.86)  (0.39-0.64)
Peer norms: paraphernelia®**
Mean 0.42 0.20 0.24 0.09
Adj RRR  1.00° 0.55¢ 0.63° 0.41¢
95 % CI (0.44-0.70)  (0.50-0.81)  (0.33-0.53)
Self-efficacy safe injection™**
Mean 3.54 3.27 2.90 2.70
AdjRRR  1.00° 0.48° 0.24¢ 0.18°
95 % CI (0.38-0.61)  (0.19-0.31) (0.14-0.22)

##% Model LR %2, p < 0.001
 Relative-risk ratio, adjusted for gender, age, race/ethnicity

bede Betimates with different superscripts are significantly different,
p <0.05

social identity, positive social reinforcement from com-
munity members, and cognitive dissonance associated with
continued risk behavior, can influence motivation and self-
efficacy for risk reduction [41]. For IDUs with high-risk
behavior, the PEI may provide the social-cognitive stimu-
lus they need to move to a higher level of motivational

readiness for behavior change [44, 45]—to move from
contemplation to preparation, and from preparation to
action. IDUs with lower levels of risk behavior may
respond just as well to less intensive interventions.

These results suggest that targeting the PEI intervention
to young IDUs with a high-risk profile may be an efficient
approach. One caveat however, is that intervening with a
uniform group of high-risk IDUs may produce different
results than with a mixed group of various risk levels.
There may be some unmeasured group dynamics involved
that influence the outcomes. Also, this analysis did not
address the relationship between behavior change and
observed HIV or HCV infection. Reductions in the use of
shared syringes and other equipment should in theory lead
to fewer infections, however it may be difficult to dem-
onstrate such an effect without very large samples and
sufficient follow-up time [26]. Behavioral interventions
should be considered as one part of a multi-component strat-
egy to address HIV and HCV prevention among IDUs [46].

It is important to note that young IDUs of all types were
included in the trial. High-risk young IDUs were no more
or less willing to participate in the intervention than their
low-risk peers. However, the large proportion of low-risk
participants included in the trial raises concerns. On one
hand, maintaining low-risk behavior may be as important
as preventing high-risk behavior. On the other hand, if
individuals with low-risk behavior generally remain low-
risk, the power of the study is compromised by including
them in the trial. Moreover, when implementing a pre-
vention program, focusing resources on the high-risk
groups may be the most cost effective approach.

The demographic and behavioral characteristics of the
risk classes are consistent with previous research [47-50].
IDUs in the high-risk class were younger, and more likely
to be female, White, have unstable housing, and income
from illicit activities, and injected more often compared to
those in the low-risk class. The moderate-risk and equip-
ment-only classes generally had demographic and behavior
patterns in between the two extreme groups and similar to

Table 3 Probabilities of class membership at follow-up by baseline class and intervention arm

Baseline class® Control (N = 343) PEI (N = 365)

Low Equipment Moderate High Low Equipment Moderate High
Low 87 % 5% 3% 5% 95 % 0 % 3% 2 %
Equipment 71 18 7 4 64 26 7 3
Moderate 61 11 22 6 68 6 18 8
High 37 22 16 25 53 18 15 14

Diagonal values are percentages of participants who remained in the same class from baseline to follow-up; off-diagonal values are percentages

of participants transitioning across classes
Bolded values are significantly different (p < 0.05)
? Most likely class based on posterior probabilities

@ Springer



2082

AIDS Behav (2013) 17:2075-2083

each other. However, on number of injection partners, the
low-risk class differed from the other three classes which
were all similar to one another. In terms of psychosocial
variables, the high-risk class had the lowest levels of per-
ceived risk, and peer norms and self-efficacy for safer
injection. These constructs might be useful as proxy mea-
sures of risk behavior for selecting intervention
participants.

Conclusions

The results of this analysis indicate that the PEI had a
significant impact on self-reported injection behavior
among young IDUs with high-risk injection behavior. For
young IDUs who are not high-risk, standard counseling and
testing interventions may be as effective as enhanced
interventions. Targeting the PEI to high-risk young IDUs
may achieve significant behavior change at a lower cost.
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