THE

UN IVERS [TY University of Rhode Island

OF RHODE ISLAND DigitalCommons@URI

Pharmacy Practice and Clinical Research

Faculty Publications Pharmacy Practice and Clinical Research

2024

Overall, Direct, Spillover, and Composite Effects of Components of
a Peer-Driven Intervention Package on Injection Risk Behavior
Among People Who Inject Drugs in the HPTN 037 Study

Raul Hernandez-Ramirez
Donna Spiegelman
Judith J. Lok

Laura Forastiere

Samuel R. Friedman

See next page for additional authors

Follow this and additional works at: https://digitalcommons.uri.edu/php_facpubs

Citation/Publisher Attribution

Hernandez-Ramirez, R.U., Spiegelman, D., Lok, J.J. et al. Overall, Direct, Spillover, and Composite Effects of
Components of a Peer-Driven Intervention Package on Injection Risk Behavior Among People Who Inject
Drugs in the HPTN 037 Study. AIDS Behav 28, 225-237 (2024). https://doi.org/10.1007/
s10461-023-04213-x

Available at: https://doi.org/10.1007/s10461-023-04213-x

This Article is brought to you by the University of Rhode Island. It has been accepted for inclusion in Pharmacy
Practice and Clinical Research Faculty Publications by an authorized administrator of DigitalCommons@URI. For
more information, please contact digitalcommons-group@uri.edu. For permission to reuse copyrighted content,
contact the author directly.


http://ww2.uri.edu/
http://ww2.uri.edu/
https://digitalcommons.uri.edu/
https://digitalcommons.uri.edu/php_facpubs
https://digitalcommons.uri.edu/php_facpubs
https://digitalcommons.uri.edu/php
https://digitalcommons.uri.edu/php_facpubs?utm_source=digitalcommons.uri.edu%2Fphp_facpubs%2F1749&utm_medium=PDF&utm_campaign=PDFCoverPages
https://doi.org/10.1007/s10461-023-04213-x
mailto:digitalcommons-group@uri.edu

Overall, Direct, Spillover, and Composite Effects of Components of a Peer-Driven
Intervention Package on Injection Risk Behavior Among People Who Inject Drugs
in the HPTN 037 Study

Authors
Raul Hernandez-Ramirez, Donna Spiegelman, Judith J. Lok, Laura Forastiere, Samuel R. Friedman, Carl A.
Latkin, Sten H. Vermund, and Ashley L. Buchanan

The University of Rhode Island Faculty have made this article openly available.
Please let us know how Open Access to this research benefits you.

This is a pre-publication author manuscript of the final, published article.

Terms of Use
This article is made available under the terms and conditions applicable towards Open Access Policy
Articles, as set forth in our Terms of Use.

This article is available at DigitalCommons@URI: https://digitalcommons.uri.edu/php_facpubs/1749


http://web.uri.edu/library-digital-initiatives/open-access-online-form/
https://digitalcommons.uri.edu/oa_policy_terms.html
https://digitalcommons.uri.edu/php_facpubs/1749

Title: Overall, direct, spillover, and composite effects of components of a peer-driven
intervention package on injection risk behavior among people who inject drugs in the

HPTN 037 Study



Abstract

We sought to disentangle effects of the components of a peer-education intervention on
self-reported injection risk behaviors among people who inject drugs (n=560) in
Philadelphia, US. We examined 226 egocentric groups/networks randomized to receive
(or not) the intervention. Peer-education training consisted of two components delivered
to the intervention network index individual only: 1) an initial training and 2) “booster”
training sessions during 6- and 12-month follow up visits. In this secondary data
analysis, using inverse-probability-weighted log-binomial mixed effects models, we
estimated the effects of the components of the network-level peer-education
intervention upon subsequent risk behaviors. This included contrasting outcome rates if
a participant is a network member [non-index] under the network exposure versus under
the network control condition (i.e., spillover effects). We found that compared to control
networks, among intervention networks, the overall rates of injection risk behaviors were
lower in both those recently exposed (i.e., at the prior visit) to a booster (rate ratio [95%
confidence interval]: 0.61 [0.46-0.82]) and those not recently exposed to it (0.81 [0.67-
0.98]). Only the boosters had statistically significant spillover effects (e.g., 0.59 [0.41-
0.86] for recent exposure). Thus, both intervention components reduced injection risk
behaviors with evidence of spillover effects for the boosters. Spillover should be
assessed for an intervention that has an observable behavioral measure. Efforts to fully
understand the impact of peer education should include routine evaluation of spillover
effects. To maximize impact, boosters can be provided along with strategies to recruit

especially committed peer educators and to increase attendance at trainings.
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Resumen

Intentamos desenmarafiar los efectos de los componentes de una intervencion de
educacion entre pares sobre los comportamientos de inyeccion de riesgo
autorreportados entre personas que se inyectan drogas (n=560; 226 grupos/redes
egoceéntricos(as)) aleatorizados(as) a recibir (0 no) la intervencion en Filadelfia, EUA.
Dos componentes fueron administrados a indices de redes de intervencion: una
capacitacion inicial y sesiones de “refuerzo” durante visitas de seguimiento. Usando
modelos log-binomial de efectos mixtos ponderados por probabilidad inversa,
estimamos los efectos de dichos componentes sobre los comportamientos de riesgo
posteriores. Encontramos que en comparacion con las redes control, en las redes de
intervencion, las tasas generales de comportamientos de inyeccién de riesgo fueron
mas bajas en ambas aquellas expuestas recientemente a un refuerzo (razén de tasas
[intervalo de confianza del 95%]: 0.61 [0.46-0.82]) y aquellas no expuestas
recientemente (0.81 [0.67-0.98]). Solamente los refuerzos tuvieron efectos derrame (..
e., contraste de las tasas de resultados si es miembro [no indice] de una red en una red
con exposicion reciente versus bajo la condicion control) significativos (p. €j., 0.59

[0.41-0.86] para la exposicion reciente).



INTRODUCTION

Peer-driven interventions (PDIs) train individuals who can then serve to educate
peers in their social network and community [1], disseminating risk reduction information
and promoting behavior change through social networks. PDIs have been successful in
improving communication about HIV prevention and in reducing injection and sexual
risk behaviors among people who inject drugs (PWID) [2-14]. Despite ample evidence
that PDIs can be effective, numerous factors may also work against their effectiveness,
such as peer educators’ drug dependence and depression, illness and hospitalization
[15], and food and housing insecurity [16, 17]. In addition, there are organizational and
systemic obstacles to peer involvement in PDIs [18].

These PDIs have been developed based on social and behavioral theories [2],
including behavior change theories such as social cognitive theory [19] and diffusion of
innovation theory [20]. They usually consist of educational, behavioral skill, and
biomedical intervention components that target different levels of influence. These
multicomponent interventions or intervention packages involve 2 stages. First, index
participants are recruited and trained to become peer educators or health advocates.
Second, these indexes deliver the intervention (e.g., they educate peers, distribute risk
reduction materials, etc.) to HIV risk network members (i.e., their injection drug and
sexual network members) [2]. Index participants are expected to become change
agents within their networks through modeling behaviors and educating peers, which
leads to the diffusion of risk reduction norms and behaviors. Thus, while indexes may
receive direct benefits (their own behavior may change due to the training), members of

their network may receive spillover benefits. That is, network members' behavior may



change because they received the intervention from the indexes, but also because they
interact with the indexes and other network members who also received the intervention
from the indexes. These interactions and factors influencing behavior change may
include sharing knowledge, modeling behaviors, discussing risk reduction, and shifting
norms within the social network, involving encouragement from other network members
[13, 21]. Effects may arise from various components of a PDI, such as the initial training
or from one or more subsequent “booster” training sessions. Untangling the separate
effects of PDI components, including their effects on network members, may illuminate
which elements drive the effects of the whole package. This is crucial to understanding
how networks of PWIDs may be affected by interventions that train peer educators
instead of directly intervening with each individual in the network.

Network-randomized controlled trials of PDIs for HIV prevention and risk reduction
among PWID have randomized indexes and thus their networks to the PDI or a control
of no PDI. Such trials typically assess the overall effect, a contrast of the outcome rates
under the network intervention (that is, indexes being offered peer-education training
and their network members) to the network control condition (that is, indexes not being
offered such a training and their network members) (Table 1) [14]. In addition, the
spillover effect, a contrast of the outcome rates if a participant is a network member
under the network intervention versus under the network control condition, can be
estimated [14]. The direct effect, a contrast of the outcome rates under index status
versus network member status if the network is an intervention network, and the

composite effect, a contrast of the outcome rates if a participant is an index under the



network intervention versus if a participant is a network member under the network
control condition, can also be assessed in these trials [14].

Assessing spillover effects is of great public health interest, as it is important to
understand the ability of PDIs to affect broader population segments through intervening
upon fewer individuals [22]. However, evidence of these effects upon injection risk
behaviors is limited. In the HIV Prevention Trials Network (HPTN) 037 Study [7], the PDI
had a significant protective overall effect in various injection risk behaviors among
networks of PWID in the US and resulted in indexes engaged in more risk reduction
conversations. This suggests indexes diffused risk reduction messages into their
network, with spillover effects upon network members. This was supported by a
subsequent analysis, where a statistically significant protective spillover effect of the
entire PDI was observed for the inter-visit rate of any injection risk behavior (rate ratio
(RR) [95% confidence interval (CI)]: 0.72 [0.55-0.94]) [14]. Of 4 previous network-
randomized controlled trials of PDIs for HIV prevention and risk reduction among PWID
[9, 11, 12, 14], spillover effects have been assessed in 2 [9, 12]. In those 2 trials,
compared to control network members, intervention network members did not reduce
their inter-visit injection risk behaviors in the US (odds ratio (OR) [95% CI]: 1.14 [0.67-
1.96]) [9] or in Vietnam (p=.28; OR or RR not reported) [12].

PDIs and other intervention packages are often developed and evaluated using a
“treatment package approach,” in which a package comprising all candidate
components is assembled and then evaluated without previously confirming whether
each individual component had a meaningful effect [23]. Knowing which components

(i.e., features of the intervention that can be examined separately) drive the effects of



the whole package can help researchers construct optimized intervention packages that
are more effective, cost-effective, efficient, and readily scalable [23]. Nevertheless,
previous PDIs to reduce injection risk behaviors in PWID have not assessed the
separate effects of their intervention components before assembling the intervention
package [2, 9, 11, 12, 14].

Methods were recently developed to estimate the separate effects of intervention
components through secondary data analysis of network randomized trials in which
participants were not compliant with all aspects of their assigned intervention’s
components, as was the case in HPTN 037 [Buchanan AL, Herndndez-Ramirez RU,
Lok J, Vermund SH, Friedman SR, Forastiere L, Spiegelman D. Assessing Direct and
Spillover Effects of Intervention Packages in Network-Randomized Studies. medRxiv
2022]. In HPTN 037, the PDI included an initial peer-education training and 2
subsequent boosters for the intervention indexes. Although boosters were expected to
increase the intervention’s effectiveness at reducing injection risk behaviors, their
potential value to do so was unclear. This changed when booster’s effects were found
while researchers were developing novel methods to evaluate package interventions in
network-randomized trials and used HPTN 037 trial data as the illustrative example
[Buchanan et al medRxiv 2022].

In this study, we apply those methods and expand on prior work by examining
cumulative metrics of exposure to network-level boosters. We account for censoring
due to study dropout of participants, and we refine the covariate selection to control for
confounding. Thus, we provide an extensive and thorough study to disentangle the

overall, direct, spillover, and composite effects of the initial training and subsequent



boosters on injection risk behavior among the US participants of HPTN 037. We
hypothesized that both recent and cumulative exposure to the booster(s) were important

contributors to the observed overall and spillover effects of the PDI.

METHODS
Study design and participants

The HPTN 037 Study [7] evaluated a PDI to promote HIV risk reduction among
PWID and their immediate injection drug and sexual network members in Philadelphia,
US and Chiang Mai, Thailand. Because intervention effects on injection risk behaviors
were observed in Philadelphia but not in Chiang Mai, where the government’s “war” on
drugs affected the study [7, 13], the present analysis was restricted to Philadelphia
following previous analyses [13, 14] [Buchanan et al medRxiv 2022].

In Philadelphia, the PWID =18 years old who volunteered as index participants had
been identified by outreach workers from neighborhoods with high prevalence of
HIV/AIDS and drug use/sales [7]. Indexes had injected 212 times in the previous 3
months and were not in a methadone maintenance program. These individuals served
as the initial point of contact into their HIV risk network; they were provided coupons
and were asked to recruit 22 adults with whom they had injected drugs or had sex within
the prior 3 months. Indexes (n=232), who recruited =21 eligible network member and who
had had an HIV-negative test within 60 days of randomization, and the non-overlapping
egocentric networks around each index (n=464 members) were randomized to the
intervention or control (See Supplementary Figure S.1 for CONSORT diagram [24]).

Details about randomization, blinding, sample size planning, contamination control, and



other design aspects, including those recommended by reporting guidelines [24], are
discussed in the HPTN 037 primary publication [7] and protocol [25]. Following
randomization, follow-up visits occurred at 6-month intervals for up to 30 months.
Network members were assumed to be part of their index’s network throughout follow-
up. At baseline, 232 indexes and 419 network members reported injection drug use in
the previous 6 months. Of those, we included the 201 indexes and 359 network
members with at least 1 post-baseline follow-up visit/outcome assessment in our
analyses. The remaining 31 indexes and 60 network members with no follow-up were

included only in an analysis to model censoring.

Intervention

Indexes randomized to the intervention were offered a peer education training. This
consisted of an initial training (i.e., six 2-hour, small-group training sessions during a
four-week period) followed by two 1-to-2-hour additional small-group “booster” training
sessions at the 6- and 12-month follow-up visits [7]. The intervention drew upon theories
of social learning [19], social influence [26], social identity [27], and social norms [28]
and diffusion of innovations [20], as well as upon prior evidence suggesting that peer
education can influence risk behaviors of both the educators and those whom they
educate [7, 25]. Training included instruction in harm reduction with safer injection
behavior, developing and practicing communication skills and strategies to approach
others, role-playing to practice peer education and risk reduction skills, problem-solving
exercises, and outreach plan development. The boosters provided opportunities to

troubleshoot, share experiences and lessons learned, improve outreach skills, and

10



maintain motivation. All intervention and control participants received voluntary HIV
counseling and testing. For our study, the initial training and boosters were considered
to be two components, and only the intervention networks could be exposed to them;
intervention networks were assumed to be exposed to the initial training; and
subsequent network-level booster exposure was determined by indexes’ booster visit

attendance (see Supplementary information).

Measures and outcome

Interviewers administered surveys to obtain information on injection risk behaviors,
injection and non-injection drug use, alcohol use, and demographics. The primary
outcome at each visit was self-report of any injection risk behaviors in the last month,
including sharing injection needles, cookers, cotton, and/or rinse water and/or injecting
drugs from one syringe to another, with people not known well, and/or in a shooting
gallery/abandoned building/car/public place. The full intervention package resulted in

reduction of these risk behaviors [7].

Statistical analysis

Descriptive statistics were used to summarize characteristics of our study
population at baseline (with chi-squared tests used to assess differences between
network intervention groups) and exposure to the booster(s) in the intervention
networks.

To estimate RRs for the overall effect of the package components on the rate of

injection risk behaviors, we used inverse-probability-weighted (IPW) [29, 30] log-
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binomial mixed effects models [31-33] in the individual-level data, with fixed effects for
the randomized network-level intervention (initial training), a metric of the time-varying
network-level exposure to the 6-/12-month booster(s), visit month (continuous), and
selected baseline covariates (See additional details under Statistical Methods in the
Supplementary information and in Tables S.1 and S.2). We included random intercepts
to account for clustering by network and repeated measures over visits (with
independent correlation structure), and we used robust sandwich variance estimators to
construct 95% Wald type CI [32-35]. To estimate RRs for direct, spillover, and
composite effects of the initial training and booster(s) as defined in Table 1 and Figure
1, we added index status and its pairwise interactions with each package component in
the models [14] [Buchanan et al medRxiv 2022].

We analyzed the effect of the time-varying network-level boosters in 3 ways: 1)
recent exposure to the 6-/12-month booster (i.e., exposed at the prior visit, at the start of
the current interval; yes, no); 2) ever exposed before the current visit when the outcome
was ascertained (i.e., by the start of the current interval; yes, no); and 3) total number of
boosters received before the current visit (1 [yes, no] and 2 boosters [yes, no] as
separate indicators; and as a continuous variable [0, 1, 2] to evaluate “dose-response”
effects).

In our IPW models, to control for both post-randomization time-varying confounding
for the non-randomized booster exposure and selection bias by possibly differential
censoring due to participant dropout, we used weights corresponding to the inverse of
the estimated probability of both the network-level booster exposure and individual-level

censoring conditioned on prior booster exposure and baseline and time-varying
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covariates [29, 30]. To obtain these combined stabilized weights (SWs), we calculated
the network-level booster exposure SWs and individual-level censoring SWs separately,
then multiplied them together. For the booster exposure SW, covariates included index
member continuous age and binary covariates (yes, no) for non-White race,
unemployment, and heroin injection (yes, no) in the last month at baseline; baseline and
time-varying (i.e. at prior visit) index member any prior injection risk behaviors and daily
drug injection in the last month and spending night(s) on street/car/park/abandoned
building in last 6 months; baseline network-level prevalence of reporting any prior
injection risk behaviors; and baseline and time-varying binary covariates (Smedian,
>median) for network-level prevalence for reporting speedball injection, opiate smoking,
and benzodiazepine use in the last month. For the censoring SWs, we included
individual-level baseline sex, continuous age and age-squared, Hispanic ethnicity (yes,
no), and non-White race, and baseline and time-varying (i.e., at prior visit) any prior
injection risk behaviors (yes, no) and daily drug injection (yes, no) in the last month, and
usual alcohol consumption (sometimes/always got drunk when drinking, never got
drunk/does not drink alcohol). Our IPW outcome models included all the baseline
covariates used to estimate the SWs [36], which also included individual-level
covariates that help to control for measured confounding of the effect of self-selected
index status on the outcome. Lastly, to control for unmeasured baseline differences
between indexes and non-indexes, the direct and composite estimators also subtracted
the estimated index effect (i.e., a contrast of the outcome rates under index status
versus network member status if the network is a control network) [14] [ Buchanan et al

medRxiv 2022]. Moreover, in a sensitivity analysis of censoring, we considered
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participants to be censored at their first missed visit instead of when they dropped out of
the study.

For comparison, we also fit standard, unweighted, multivariable models: 1) a model
adjusted for sex, age, and race/ethnicity covariates mentioned above (simple standard
outcome model); and 2) a model additionally adjusted for other selected baseline
individual-level covariates plus time-varying individual-level, index member, and
network-level covariates mentioned above (full standard outcome model), although
standard methods do not appropriately account for time-varying confounding and
censoring. We also fit an IPW model with SWs that ignored censoring due to study
dropout. When our outcome models failed to converge with a binomial distribution, we
used the Poisson distribution [37, 38]. If a covariate value was missing, the last
available non-missing value was used [39]. We used an alpha of 0.05 to determine
statistical significance of the component effects. We performed the analysis in SAS 9.4

(SAS Institute Inc., Cary, NC).

RESULTS

Of the 560 participants with post-baseline follow-up included in our analysis (Table
2), most were male (71%) and Black (49%) or non-Hispanic White (43%). At baseline,
most participants were >35 years (71%), single (60%), and unemployed (82%),
consumed alcohol (60%), and had completed high school/vocational/trade education at
most (80%). Fifty-five percent of participants smoked crack, 98% injected drugs, and
85% reported =1 injection risk behavior in the last month at baseline. Overall, baseline

characteristics were similar across network intervention groups and index status. There
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were no important differences between the 560 participants with and the 91 without
post-baseline follow-up for most characteristics (Supplementary information Table S.3).
Most intervention network participants with follow-up after the booster visits were in
networks exposed to at least 1 booster (96% of indexes and 91% of network members
were exposed to least 1; 97% of indexes and 93% of network members were exposed
to 2 boosters). The injection risk behavior rate was 32% overall and 41%, 32%, 27%,
24%, and 19% at each of the 6-month intervals, respectively.

In IPW models with SWs for both the booster exposure and censoring (Table 3),
compared to control networks, among intervention networks (i.e., networks that received
the initial training), there was an estimated 39% overall reduction (RR [95% CI]: 0.61
[0.46-0.82]) in the rate of injection risk behaviors among networks recently exposed to
the 6- or 12-month booster and a 19% overall reduction (0.81 [0.67-0.98]) among
networks not recently exposed to the 6- or 12-month booster. When we analyzed the
cumulative booster exposure metrics (i.e., ever exposed and number of boosters before
current visit), we also observed significant overall rate reductions for the booster
compared to the control, with a slightly larger magnitude for the estimate of 1 than to 2
boosters; however, the effect for the initial training did not achieve statistical
significance. Regarding spillover effects of the boosters, there was an estimated 41%
reduction (0.59 [0.41-0.86]) in the rates of injection risk behaviors if a participant was a
network member within a network recently exposed to the 6- or 12-month booster
versus within a control network. Compared to the estimated rate reduction for the
spillover effects for the recent booster exposure (i.e., 41%), the protective spillover

effects were similar in magnitude for any booster (37% reduction), but smaller for 2
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boosters before the current visit (27% reduction) and larger when only 1 booster was
received before the current visit (48% reduction). We also observed statistically
significant composite effects for the 3 different booster exposure metrics—e.g., an
estimated 35% reduction in the outcome rates if a participant is an index within a
network recently exposed to the 6- or 12-month booster versus if a participant is a
network member within a control network (0.65 [0.45-0.94]). We did not observe
statistically significant direct effects for any of the booster metrics nor spillover,
composite, or direct effects for receiving the initial training only (i.e., received the initial
training and were not recently exposed to a booster, or were never exposed to a
booster). Similar results were found in simple standard outcome models and IPW
models that ignored censoring (Supplementary information Table S.4); as well as in the
sensitivity analysis of censoring, except no statistically significant overall effects were
observed for receiving the initial training only (Supplementary information Table S.5). In
contrast, in the full standard outcome models, as compared to the IPW models with
SWs for both the booster exposure and censoring, boosters’ estimated overall, spillover,
and composite effects were attenuated (Supplementary information Table S.6). The
estimated index effect, subtracted to estimate the direct and composite effects, was not
statistically significant (e.g., 1.17 [0.91-1.49] in the IPW model with the recent booster

exposure metric).

DISCUSSION
For the HPTN 037’s PDI package, comprising an initial peer-educator training and

subsequent booster training sessions, we disentangled direct, spillover, composite, and
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overall effects of those package components upon the rate of self-reported injection risk
behaviors among US PWID. We found that the initial training and boosters were
associated with an overall reduction in the rate of injection risk behaviors. We did not
observe statistically significant direct, spillover, or composite effects for receiving the
initial training only. While we did not observe a significant direct effect for the exposure
to the boosters, we did find evidence that the boosters resulted in meaningful spillover

and composite reduction in the rate of any injection risk behaviors.

Overall effect

We found evidence that the previously observed protective overall effects of the
whole PDI package in HPTN 037 [7, 14] were likely driven by the overall effects upon
both networks receiving the initial training only and those additionally receiving the
boosters. As the overall effects of receiving the initial training only were no longer
statistically significant when the booster exposure was evaluated as a cumulative
exposure metric, our results suggest that ever being exposed to a booster after having
received the initial training could be more important than receiving the initial training
alone. This highlights the crucial role of boosters in prolonging the benefits of the
intervention. In HPTN 037, the whole PDI was also associated with increased
engagement in HIV prevention conversations by the indexes with their network
members [7], and with an overall reduction of risky social norms [13] likely resulting from
modeling and discussing injection risk reduction. Diffusion of intervention terms,
although limited, was also observed [40]. In a separate analysis [41], the whole PDI was

associated with an increased recall of intervention knowledge/information, after
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accounting for index status, but recall of that information explained less than half of the
overall effect of the whole PDI upon injection risk behaviors. Thus, risk reduction
discussions, social norms change, intervention knowledge, behavioral modeling, and

other factors may have contributed to the effects of the PDI.

Spillover effect

We found that intervention network members received benefits of the boosters
delivered to their indexes. A protective spillover effect was not observed for those
receiving the initial training only, indicating that the previously observed spillover effects
of the whole PDI package [14] were likely sustained by the boosters. The boosters’
spillover effect may have resulted in increased self-efficacy and response efficacy of the
network members, as well as a reduction in risky social norms, developed by the
additional exposure to the intervention provided by the boosters. If social norms
changed, then the peer educator would not need to be present when network members
were injecting for the lower-risk behaviors to be encouraged. Based on the diffusion of
innovations [20], index individuals act as early innovators who start to diffuse the
innovation, which then diffuses to other network members who are early adopters in
their social networks. Role modeling is a key element in this process. Modeling
behaviors may increase network members’ self-efficacy and response efficacy,
according to social cognitive theory [19]. By engaging in and endorsing risk reduction
behaviors, indexes and network members may influence social norms for those
behaviors [21]. Moreover, network members may have begun to influence each other’s

behaviors directly. Our analysis with the cumulative booster exposure metric suggests
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that spillover effects impacted outcomes beyond the subsequent visit after exposure to
the booster occurred. Although the two boosters consisted of the same intervention
approach and materials, the magnitude of the protective spillover effect was larger for
being exposed to one than to two boosters, suggesting the 6-month booster as possibly
the main driver of the spillover effects of the PDI. This could indicate that a more intense
or frequent booster may be needed for the index to maintain the knowledge,
communication skills, and motivation to promote HIV prevention. Alternatively, this
result could indicate that there is a threshold point beyond which further exposure to the
intervention may have diminishing effects in network members. Once network norms
change, there may be little need for additional exposure. For peer educators, it is critical
to possess the necessary skills to communicate the intervention and provide
appropriate social support without eliciting reactance, impugning self-efficacy, or
undermining autonomy and control [21]. Still, this finding should be interpreted with
caution, as the confidence intervals are wide and overlap for one and two boosters,
highlighting uncertainty in these estimates. The two other previous PDI trials for
injection risk reduction in PWID that assessed spillover effects did not evaluate the
separate effects of their PDI components [9, 12]. In contrast to our findings, those
studies found that the intervention package did not reduce injection risk behaviors
among intervention network members compared to control network members. Although
published evidence of the spillover effects of PDIs is limited, our results and previous
results from HPTN 037 [14] indicate that PDIs can lead to meaningful spillover to

PWIDs’' network members.
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Composite and direct effect

We found evidence of a composite effect for the boosters exposure with initial
training, but not for receiving the initial training only. This suggests that the boosters
component led to reductions in injection risk behaviors if a participant was an index
under the network exposure to the booster(s) versus if a participant is a network
member under the network control condition. It also suggests that the previously
observed protective composite effect for the whole PDI [14] was largely increased by
this component. As for the whole PDI, we did not find evidence of direct effects (i.e.,
effect on intervention indexes beyond being in an intervention network) of exposure to
the individual package components. This indicates that spillover may have driven the
observed composite effect (i.e., combined direct and spillover effects). It has been
suggested that inhabiting a social role can change one own’s behaviors and that such
changes are more likely than among people not engaging in such roles [21]. The lack of
significant direct effects suggests that intervention indexes, although they reduced their
own injection risk behaviors as reflected by the protective overall effects, may not have
experienced additional benefits for reducing of injection risk behaviors further from
being peer educators while accounting for potential confounding due to index self-
selection. Our results should be interpreted with caution given the uncertainty of that
estimate, suggested by its wide confidence interval. To the best of our knowledge, the
composite and direct effects of PDIs on injection risk reduction in PWID as defined here
have only been previously studied in HPTN 037 [14] [Buchanan et al medRxiv 2022].

Our methods assumed both individuals are only part of one network (i.e., no overlap)

and no contamination between networks. By design, although participants could only
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participate in 1 network and no index could participate as a network member for another
index, there is certainly the possibility of HIV risk connections and overlap among
networks, since recruitment occurred in a single city. Unobserved connectivity between
intervention and control networks could result in sharing of the intervention knowledge
(i.e., contamination), and this may have biased the effects evaluated herein [22].
However, no evidence of contamination was observed in HPTN 037 [40]. Future studies
could include networks from geographically separate regions in order to minimize
connections between networks or measure connections among all participants in order
to address them in the analysis.

Unmeasured confounding of the relationship between the whole intervention
package and the outcome is unlikely, as the intervention assignment was randomized.
As index status was not randomized but self-selected, in order to control for
unmeasured baseline confounding of index status, we subtracted the estimated index
effect in order to quantify direct and composite effects [14] [Buchanan et al medRxiv
2022]. Furthermore, we included selected baseline individual-level covariates in our
models to control for measured confounding of the effect of self-selected index status
upon the outcome. We also used SWs to account for time-varying confounding and
censoring [29, 30]. Nevertheless, there may be unmeasured confounding of the
package components because these were not randomly assigned to networks as
individual components. Our outcome assessment relied upon self-report. Assessment of
spillover effects in PDIs that have an observable behavioral component, as well as other

non-self-reported outcomes, is warranted.
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CONCLUSIONS

Driven by the initial training and the subsequent booster sessions components of
the HPTN 037’s PDI led to an overall reduction in injection risk behaviors among HIV
risk PWIDs’ networks. In intervention networks, by interacting with their indexes,
network members experienced significant spillover benefits from the boosters resulting
in a reduction in injection risk behavior. Our results provide an improved understanding
of the PDI’s effects in HPTN 037, suggesting that the intervention sustained by the
boosters was successful in disseminating risk reduction information, modeling of health
behaviors, and altering social norms, and, ultimately, in promoting behavior change
among PWID’ social networks. This supports the premise of using PDIs to reduce HIV
risk in PWID. Two possible approaches to maximize the effects and sustainability of
peer education are having a two-phase approach by training a large number of peer
educators, then choosing those who attend booster sessions to sustain the program,
and implementing strategies to increase peer educators’ attendance at booster
sessions. PDIs provide a method to reduce risk behaviors among networks of PWIDs
through intervention with fewer participants. To better understand the full impact of
PDIs, spillover effects should be routinely evaluated. PDIs with partial compliance can
be analyzed using causal inference approaches to reveal the causal impact of spillover
of the entire intervention package and its individual components, generating information
to design future optimized interventions with improved potential to be scaled up as

public health programs.
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TABLES

Table 1. Definitions of direct, spillover, composite, and overall effects for the whole PDI package in studies where networks are
randomized to receive the intervention or no intervention, with indexes from intervention networks being the only participants directly
receiving the intervention, and for exposure to intervention components in the present study.

Effects of exposure to the intervention components in the present study (initial peer-education training
and subsequent booster sessions)?
N Parameters of interest using metric for recent exposure to a booster
Definitions for the effects of . . . . .
Effect the randomized whole session as example (r = index status, X = randomized intervention
name package? Definitions for Components (initial training), a;= booster session exposure at prior visit)
Direct Effect among indexes assigned | Effect among indexes exposed | No recent exposure to the 6-/12-month booster (initial intervention only)
to receive the peer-education to the intervention component | £ [ykl. -+1(r =1,x=1a; = 0)]/E [Yki -+1(r =0,x=1,a = 0)]d
training intervention _beyond beyond pelng in an exposed Recentjexposure to the 6-/12]-month booster ! !
being in an intervention network; a contrast of the
network; a contrast of the outcome rates under index E [Yki,j+1(7” =1x= 1'aj = 1)]/E [Yki,j+1(r =0,x=1, a; = 1)]d
outcome rates under index status versus network member
status versus network member | status if the network is an
status if the network is an exposed network
intervention network
Spillover® | A contrast of the outcome rates | A contrast of the outcome rates | No recent exposure to the 6-/12-month booster (initial intervention only)
if a participant is a network if a participant is a network E [ykl. -+1(r =0,x=1a; = 0)]/13' [yki -+1(r =0,x=0,a; = 0)]
member under the network member under the network Recentjexposure to the 6-/12J-month booster J J
intervention (unexposed exposure versus under the
themselves to the peer- network control condition E [Yki,j+1(7” =0,x= Laj = 1)]/E [Yki,j+1(r =0,x=0, a; = 0)]
education training intervention,
whose indexes were offered the
training) versus under the
network control condition
Composite | Combined direct and Combined direct and No recent exposure to the 6-/12-month booster (initial intervention only)
disseminated effects; a contrast | disseminated effects; a contrast .. = = . = .. = = Je— d
of the outcome rates if a of the outcome rates if a g [Ykl’tjﬂ(r 1t’ Jih 61}1(121 Ot%]él? [E/kl’]ﬂ(r 0.x =04 0)]
participant is an index under the | participant is an index under ecent exposure 1o the 6-/2-month booster
network intervention versus ifa | the network exposure versus if E [Yki,j+1(r =lLx=1 a; = 1)]/E [Yki,j+1(r =0,x=0, a; = O)]d
participant is a network member | a participant is a network
under the network control member under the network
condition control condition
Overall A contrast of the outcome rates | A contrast of the outcome rates | No recent exposure to the 6-/12-month booster (initial intervention only)
under the network intervention under the network exposureto | £ [Ykij+1(7’ =, x=1a = 0)]/E [Ykij+1(r =, x=0,a; = 0)]
to the network control condition | the network control condition Recent exposure to the 6-/12-month booster
E [Yki,j+1(r =", X = 1,aj = 1)]/E [Yk_i,j+1(r =", X = 0,(1]' = 0)]

a Adapted from Buchanan et al (AJE 2018) [14].

29



b Exposed network is a network exposed to a given intervention component— initial peer-education training only or subsequent booster sessions in
addition to the initial training. Networks exposed to the initial training include all networks randomized to the intervention. Networks only exposed
to the initial training were intervention networks that were not exposed to the booster sessions (according to a given metric as described in the
Methods). Networks exposed to subsequent booster sessions were intervention networks that were exposed to the booster sessions (according to
a given metric as described in the Methods) among those networks randomized to the intervention.

¢ Based on a log-binomial mixed effect outcome model (for further description and definitions of the model, see Supplementary information and
[Buchanan et al medRxiv 2022]).

d To control for unmeasured baseline differences between indexes and non-indexes, the index effect (i.e., a contrast of the outcome rates under
index status versus network member status if the network is a control network; £ [Y; j41(r = 1,x = 0,a; = 0)]/E [Yiij+1(r = 0,x = 0,a; =
0)]) is subtracted when estimating the direct and composite effects [14] [Buchanan et al medRxiv 2022] (i.e., on the ratio scale the parameters for
the direct and composite effects are divided by this index effect).

e Different parameters could be defined to assess spillover effects and we consider this one set of parameters motivated by the partial interference
literature [14] [Buchanan et al medRxiv 2022].
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Table 2. Individual-level demographics and baseline HIV risk behavior by network group and role among PWID participating in the HPTN
037 Study, Philadelphia, US (December 2002 to July 2006) included in the present analysis

Index Network member
Intervention Control Control Intervention Control
network network Intervention network network network
All (n=560) (n=270) (n=290) Chi- network (n=97) (n=104) Chi- (n=173) (n=186) Chi-
Characteristics n (%) n (%) n (%) square n (%) n (%) square n (%) n (%) square
Demographics
Male 395 (71) 190 (70) 205 (71) 0.01 73 (75) 86 (83) 1.68 117 (68) 119 (64) 0.53
Age (years)
18-35 165 (29) 70 (26) 95 (33) 3.39 27 (28) 34 (33) 1.65 43 (25) 61 (33) 2.76
>35-50 302 (54) 155 (57) 147 (51) 58 (60) 53 (51) 97 (56) 94 (51)
>50-68 93 (17) 45 (17) 48 (17) 12 (12) 17 (16) 33 (19) 31 (17)
Race/ethnicity
Black 272 (49) 148 (55) 124 (43) 12.15* 49 (51) 45 (43) 1.60 99 (57) 79 (42) 11.29**
Non-Hispanic White 240 (43) 108 (40) 132 (46) 43 (44) 50 (48) 65 (38) 82 (44)
Non-Black/Hispanic 48 (9) 14 (5) 34 (12) 5(5) 9(9) 9 (5) 25 (13)
White/Other
Marital Status
Single 337 (60) 155 (57) 182 (63) 2.22 53 (55) 72 (69) 6.69 102 (59) 110 (59) 0.07
Married 62 (11) 33(12) 29 (10) 13 (13) 9(9) 20 (12) 20 (11)
Living with partner 47 (8) 22 (8) 25 (9) 10 (10) 12 (12) 12 (7) 13 (7)
Separated/divorced/ 114 (20) 60 (22) 54 (19) 21 (22) 11 (112) 39 (23) 43 (23)
widowed
Education
Any secondary schooling 186 (33) 76 (28) 110 (38) 6.35* 24 (25) 40 (38) 4.36 52 (30) 70 (38) 2.72
or less
High school or 265 (47) 135 (50) 130 (45) 51 (53) 45 (43) 84 (49) 85 (46)
vocational/trade
Any college/university 109 (19) 59 (22) 50 (17) 22 (23) 19 (18) 37 (21) 31(17)
Unemployed 459 (82) 225 (83) 234 (81) 0.66 79 (81) 80 (77) 0.62 146 (84) 154 (83) 0.17
Housing in the last 6 months
Spent time in drug treatment 164 (29) 66 (24) 98 (34) 5.90* 18 (19) 22 (21) 0.21 48 (28) 76 (41) 6.82**
program
Lived in the street/car/park/ 132 (24) 67 (25) 65 (22) 0.42 25 (26) 25 (24) 0.08 42 (24) 40 (22) 0.36
abandoned building®
Spent time in jail/prison? 89 (16) 48 (18) 41 (14) 1.35 23 (24) 13 (13) 4.29* 25 (14) 28 (15) 0.03
Alcohol use®
Do not drink 224 (40) 103 (38) 121 (42) 3.03 45 (46) 43 (41) 9.27* 58 (34) 78 (42) 3.26
Never drink enough to get 148 (26) 67 (25) 81 (28) 16 (16) 35 (34) 51 (29) 46 (25)
drunk
Sometimes drink enough to 131 (23) 70 (26) 61 (21) 26 (27) 16 (15) 44 (25) 45 (24)
get drunk
Always drink enough to get 56 (10) 30 (11) 26 (9) 10 (10) 10 (10) 20 (12) 16 (9)
drunk
Non-injection drug use in the
last month
Smoked crack 307 (55) 161 (60) 146 (50) 4.87* 68 (70) 52 (50) 8.43** 93 (54) 94 (51) 0.37
Snorted/sniffed cocaine 91 (16) 43 (16) 48 (17) 0.04 15 (15) 17 (16) 0.03 28 (16) 31(17) 0.02
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Smoked opiates

Used benzodiazepines
Injection drug use last month®

Injected every day

Injected heroin

Injected heroin with cocaine

Injected cocaine
Any HIV injection risk behavior
in the last month®

198 (35)
292 (52)

333 (59)
516 (92)
204 (36)
192 (34)
477 (85)

107 (40)
128 (47)

154 (57)
247 (91)
110 (41)
96 (36)
226 (84)

91 (31)
164 (57)

179 (62)
269 (93)
94 (32)
96 (33)
251 (87)

4.16*
4.69*

1.27
0.32
4.19*
0.37
0.90

35 (36)
47 (48)

59 (61)
89 (92)
44 (45)
36 (37)
84 (87)

28 (27)
57 (55)

68 (65)
97 (93)
35 (34)
40 (38)
93 (89)

1.96
0.81

0.45
0.17
2.88
0.04
0.38

72 (42)
81 (47)

95 (55)
158 (91)
66 (38)
60 (35)
142 (82)

63 (34)
107 (58)

111 (60)
172 (92)
59 (32)
56 (30)
158 (85)

2.29
4.12*

0.83
0.16
1.63
0.86
0.54

*p<.05, **p<.01

& Information from 1 participant was missing

b Reported among people reporting injection drug use in the last month (n=547)
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Table 3. Overall, direct, spillover, and composite effects of the initial peer-educator training and subsequent 6-/12-month booster
sessions on the rate of any HIV injection risk behavior among PWID participating in the HIV Prevention Trials Network 037 Study,
Philadelphia, US (n/N=560/1598)

Components’ effects in models with different time-varying
network-level booster exposure metrics

Estimated Effects?

Overall?

Direct®

Spillover®

Composite®

RR (95% CI)

RR (95% CI)

RR (95% CI)

RR (95% CI)

Model 1. Recent exposure to the 6-/12-month booster (i.e., at
the prior visit; at the start of the current interval)
Standard multivariable, baseline adjusted model®
Intervention network (exposed to the initial training)
Not recently exposed to the 6-/12-month booster
Recently exposed to the 6-/12-month booster
IPW modelef

Intervention network (exposed to the initial training)
Not recently exposed to the 6-/12-month booster
Recently exposed to the 6-/12-month booster
Model 2. Ever exposed to a booster before the current visit (i.e.,
by the start of the current interval)
Standard multivariable, baseline adjusted model®
Intervention network (exposed to the initial training)
Never exposed to a booster before the current visit
Ever exposed to a booster before the current visit
IPW model®f
Intervention network (exposed to the initial training)
Never exposed to a booster before the current visit
Ever exposed to a booster before the current visit

Model 3. Number of booster(s) received before the current visit
(i.e., by the start of the current interval)
Standard multivariable, baseline adjusted model®
Intervention network (exposed to the initial training)
Never exposed to a booster before the current visit
Ever exposed to 1 booster before the current visit
Ever exposed to 2 boosters before the current visit
IPW modelef
Intervention network (exposed to the initial training)
Never exposed to a booster before the current visit
Ever exposed to 1 booster before the current visit
Ever exposed to 2 boosters before the current visit

0.84 (0.69, 1.03)
0.64 (0.47, 0.87)

0.81 (0.67, 0.98)
0.61 (0.46, 0.82)

0.89 (0.72, 1.11)
0.62 (0.45, 0.86)'

0.88 (0.72, 1.07)
0.61 (0.46, 0.82)

0.88 (0.72, 1.09)
0.57 (0.41, 0.79)
0.68 (0.46, 1.01)"

0.87 (0.71, 1.06)
0.57 (0.42, 0.77)
0.66 (0.46, 0.94)*

0.94 (0.66, 1.35)
1.09 (0.68, 1.76)

0.88 (0.60, 1.30)
1.09 (0.68, 1.76)

1.00 (0.69, 1.46)
0.95 (0.60, 1.51)

0.99 (0.67, 1.47)
0.92 (0.57, 1.46)

1.01 (0.69, 1.46)
1.23 (0.70, 2.17)
0.78 (0.47, 1.29)

0.99 (0.67, 1.47)
1.23 (0.69, 2.22)
0.74 (0.45, 1.22)

0.86 (0.67, 1.10)
0.62 (0.41, 0.91)

0.85 (0.66, 1.09)
0.59 (0.41, 0.86)

0.89 (0.70, 1.15)
0.64 (0.43, 0.96)

0.88 (0.68, 1.14)
0.63 (0.44, 0.91)

0.88 (0.69, 1.13)
0.53 (0.34, 0.81)
0.75 (0.48, 1.17)

0.87 (0.67, 1.13)
0.52 (0.34, 0.79)
0.73 (0.48, 1.09)*

0.81 (0.60, 1.10)
0.67 (0.46, 0.99)

0.75 (0.56, 1.01)
0.65 (0.45, 0.94)

0.90 (0.66, 1.22)
0.61 (0.41, 0.90)

0.87 (0.65, 1.18)
0.58 (0.39, 0.85)

0.89 (0.65, 1.21)
0.65 (0.42, 1.01)
0.59 (0.37, 0.95)*

0.86 (0.64, 1.17)
0.64 (0.41, 0.98)
0.54 (0.33, 0.86)*

IPW, inverse-probability-weighted; 95% CI, 95% confidence interval; RR, rate ratio.

*P for trend<.05; ** P for trend<.01

a Qverall effects, a contrast of the outcome rates under the network exposure to the network control condition; direct effects, a contrast of the
outcome rates under index status versus network member status if the network is an exposed network; spillover effects, a contrast of the outcome
rates if a participant is a network member under the network exposure versus under the network control condition; composite effects, a contrast of
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the outcome rates if a participant is an index under the network exposure versus if a participant is a network member under the network control
condition.

b Components were simultaneously included in a standard or an IPW log-binomial mixed effects outcome model adjusted for visit time and
selected baseline covariates.

¢ Model included covariates above plus index status and pairwise interaction terms between this and each of the 2 package components.

d Adjusted for individual-level demographics—sex, Hispanic ethnicity (yes, no), non-White race (yes, no), and baseline continuous age (years) and
age-squared.

¢ With stabilized weights for booster session exposure and censoring and adjusted for baseline covariates: individual-level demographics above
and reporting injection risk behaviors (yes, no) and injected drugs daily (yes, no) in the last month and usual alcohol consumption
(sometimes/always got drunk when drinking and never got drunk when drinking/does not drink); index member continuous age (years) and binary
covariates (yes, no) for reporting non-White race, unemployment, any injection risk behaviors, injected drugs daily, injected heroin in the last
month, and spent night on street/car/park/abandoned building in the last 6 months; and network-level prevalence of reporting any injection risk
behaviors and binary covariates (Smedian, >median) for network-level prevalence of injected speedball, smoked opiates, and used
benzodiazepines in the last month.

fLog-Poisson models were used as log-binomial models did not converge.
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Figure 1. Overall, direct, spillover, and composite effects of exposure to intervention components
in the present study (initial peer-education training and subsequent booster sessions), defined in
Table 1. Adapted from [14, 42]. To control for unmeasured baseline differences between indexes and
non-indexes, the index effect (i.e., a contrast of the outcome rates under index status versus network
member status if the network is a control network) is subtracted when estimating the direct and composite
effects using the outcome model [14] [Buchanan et al medRxiv 2022].
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