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Does Heroin-Assisted Treatment Reduce Crime?
A Review of Randomized-Controlled Trials

ABSTRACT

Background and Aims: Several randomized controlled trials (RCTs) conclude that heroin-
assisted-treatment (HAT) has a larger benefit-cost ratio than oral methadone because HAT
more reliably and substantially reduces participants’ criminal activity. This review: (1)
summarizes results from RCTs about the comparative effectiveness of HAT for reducing
criminal activity, and (2) examines the role of different mechanisms for explaining changes in
crime.

Design: Systematic search of five databases for RCTs evaluating comparative effectiveness
of HAT on participant crime outcomes and potential mediators of crime. Narrative synthesis
with tabular comparisons of outcomes extracted across RCTSs.

Setting: Europe and Canada.

Participants: Twenty studies, spanning ten RCTs with 2,427 participants, met inclusion
criteria.

Interventions: HAT compared to other treatments for opioid use disorder, primarily oral
methadone.

Measurements: The primary outcome was criminal activity. Mediator outcomes included
illicit heroin use, drug expenditures, employment and earnings, and social functioning.

Findings: All trials found significantly reduced criminal activity among HAT participants,
and four found significantly larger reductions for HAT compared to control condition
(median odds ratio [OR]=0.45). Reductions in crime are concentrated in drug-related and
property offenses (median ORs of 0.47 and 0.79, respectively). Comparative efficacy of HAT
for reducing illicit heroin use likely explains reductions in drug possession offenses, but does
not show consistent correlation with drug dealing or property offenses. While three trials
showed reductions in drug expenditures as possibly driving crime reductions, others did not
report expenditures. There is little evidence that treatment effects on economic and social
functioning outcomes explain within-trial changes in criminal activity.

Conclusions: Existing literature suggests heroin-assisted-treatment reduces criminal activity,
but trials varied in whether these effects exceeded those from oral methadone treatment.
Inconsistency in outcome measures across trials complicates understanding drivers of
heterogeneity. More detailed information on legal and illegal income, drug expenditures, and
social interactions could improve our understanding of the causal mechanisms underlying the
effect of heroin-assisted-treatment on crime.
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INTRODUCTION

The rapid escalation of the US opioid crisis, with harms increasingly attributable to heroin
and illicitly manufactured fentanyl (1), has prompted efforts to improve access to, and
options for, effective treatments for opioid use disorder (OUD) (1-3). Innovative treatment
approaches to engage individuals with chronic heroin dependence who have not responded to
traditional medication therapies have important public health and economic implications, as
this population contributes disproportionately to the health and societal costs associated with
heroin dependence. This is in large part due to their high levels criminal activity and
associated costs incurred by the criminal justice system (4, 5).

Several countries have experimented with offering pharmaceutical-grade heroin as treatment
for heroin use disorder. Currently, heroin-assisted treatment (HAT) is available in more than
50 clinics across eight countries, with four countries offering HAT as part of the standard
treatment system (6), and pilot programs recently announced in Norway and Scotland (7, 8).
Despite the higher costs of HAT provision, studies suggest HAT is more cost-effective than
oral methadone (OMT) in a societal sense, primarily because the models credit HAT with
more substantially reducing participants’ levels of criminal justice involvement and
associated damages to victims of their crime activity (9-11).

A previous Cochrane review (12) evaluated the effectiveness of HAT relative to other
substitution treatments, considering criminal activity as a secondary outcome. Based on a
narrative synthesis of results, it concluded that HAT may reduce criminal activity more than
OMT. However, this review only included studies published through 2009, and three trials
have since produced results. Furthermore, the review did not evaluate potential heterogeneity
in crime effects across trials or across crime types, nor did it address potential mechanisms by
which HAT may produce larger benefits than OMT on criminal activities.

Several mechanisms could contribute to the greater effectiveness of HAT in reducing
participants’ criminal activity (13, 14). Multiple reviews find HAT more effective than OMT
in reducing illicit heroin use among patients who previously attempted OMT but continued to
use heroin regularly (12, 15-17). Thus, HAT could yield larger reductions in drug-related
offenses; if HAT more substantially lowers illicit opioids expenditures compared to OMT,
HAT may also yield greater reductions in acquisitive crimes and drug dealing. Larger
reductions in opioid misuse may also produce greater improvements in employment and
formal labor market attachment, lowering both the incentive and perhaps the opportunity to
engage in criminal behavior. While HAT recipients continue to use heroin through HAT
clinics, which may affect perceived employability, the legal and structured provision of
heroin may reduce time spent procuring the drug and decrease interruptions to formal
employment. Finally, through reduced reliance on illegal markets for opioids, HAT may
improve social functioning or alter individuals’ peer groups, which may reduce crime through
greater acceptance of social norms disapproving of criminal behavior, less involvement with
criminogenic peers, or reduced time spent in criminogenic contexts.

One study of the German HAT randomized controlled trial (RCT) attempted to disentangle
these mechanisms to explain the effectiveness of HAT on crime (18). It found that declines in
drug offenses were largely attributable to reduced drug use and reduced victimization,
interpreted as indicative of drug scene involvement; declines in property offenses were
mediated by declines in drug use, victimization, and time spent in the drug scene. While this
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suggests the importance of reduced drug use and drug scene involvement as primary
mechanisms explaining the relationship between HAT and crime, comparable analyses have
not been done for any of the other HAT trials.

This study (1) reviews the experimental evidence of the effectiveness of HAT compared with
other treatments (primarily oral methadone) on criminal outcomes, and (2) explores four
potential mechanisms that may explain changes in crime outcomes among trial participants.

METHODS

This review leverages a broader systematic review of the individual-level, community-level,
and economic effects of HAT (19). For the purposes of this study, studies were eligible if
they were an RCT or systematic review of RCTs; included HAT for opioid dependence as
one of the included interventions; compared HAT to an alternative non-HAT treatment; and
evaluated effects on illegal activities, crime, or criminal justice outcomes among participants,
or evaluated the following potential mediators of crime: illicit heroin use, labor market
outcomes, social functioning, and drug expenditures. These four mechanistic outcomes were
derived based on data evaluated in our prior review (17). No restrictions were placed on
setting or participant characteristics. As the review was not pre-registered, these analyses
should be considered exploratory.

Five electronic databases were searched from 1990 until January 17, 2018 using key terms
related to HAT. Search results were first screened for relevance by title and abstract, and
relevant articles were retrieved in full text and reviewed to determine whether the selection
criteria were met. We attempted to supplement published results by contacting trial
investigators to request additional data, and we incorporated one additional study-outcome
through these requests. For further information, see Supplemental Materials.

Data from each study were extracted using an electronic template developed prior to the
search. Extracted data included general information (e.g., authors), setting (e.g., country),
trial characteristics (e.g., interventions, participant eligibility), study design, analytic
approach, and estimated effect sizes for relevant outcomes. For each RCT, risk of bias in the
comparative effectiveness of HAT for crime outcomes was evaluated using the five bias
domains of version 2 of the Cochrane Risk of Bias Assessment Tool (20).

Data were synthesized narratively and through tabular comparisons of outcomes extracted
across RCTs. For dichotomous outcomes, we present effect sizes as odds ratios between the
HAT and control groups. For continuous outcomes, we present effect sizes as mean
differences between the HAT and control groups. Given substantive variation across trials in
outcome definitions (e.g., arrest, charge, illegal activities) and measurement (e.g., self-report,
official records, or a combination), as well as differences across contexts in the types of
activities that would be captured as criminal or illegal, a meta-analysis was not performed.
For expositional convenience the term “crime” or “criminal outcome” is used to include all
illegal activities as defined by the trialists, even though not all are labeled as crimes, as
opposed to civil offenses, in all settings.
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RESULTS

Figure 1 summarizes the search results. Our search yielded 20 included studies, covering ten
RCTs comparing HAT to other treatments for OUD and evaluating comparative efficacy for
crime or mediator outcomes (Table 1). Risk of bias was assessed as “some concerns” for all
but the German and SALOME trials, which were deemed “low” risk of bias. Domains most
commonly contributing to the “some concerns” designation were outcome measurement (i.e.,
crime outcomes assessed based on participant self-report only, and participants could not be
blinded to the intervention condition) and selective reporting (i.e., multiple ways of
measuring and analyzing outcomes, and no pre-specified analysis plans identified) (Table S5)

While the earliest RCT, conducted in London in the 1970s, evaluated unsupervised injectable
HAT, the majority of RCTs compared supervised injectable HAT plus optional oral
methadone to oral methadone alone. Two trials (23, 28) considered supervised heroin
prescription through inhalable modalities, and one (29) compared injectable HAT to
injectable hydromorphone. Together, the trials span seven countries, nearly four decades of
investigation, and include 2,427 participants. Almost one-half of participants come from just
one large RCT in Germany.

Trials varied in exact conditions (Table 2). Among OMT control groups, methadone doses
varied widely, ranging from an average of 60 mg/day in earlier trials to over 100 mg/day in
the UK RIOTT’s optimized OMT condition. Among the HAT groups, the lowest heroin
dosage (30-120 mg/day) was observed in the early UK trial for unsupervised injectable
heroin; this dosage is far lower than for any of the other trials. For studies of supervised
HAT, the Spanish trial exhibited the lowest average dose (<300 mg/day) and the Belgian trial
the highest average dose (573 mg/day). However, HAT doses tend to taper over the study
period, principally as a result of patient preferences for lower dosage (30); for instance, by
the end of the 12-month trial, HAT participants in the Belgian trial received an average of
355 mg/day (28).

Effects on criminal outcomes

The trials varied in how they measured criminal outcomes (Table 3). In the early UK trial,
which involved unsupervised HAT, benefits of HAT relative to OMT were large but not
significant (21). For supervised HAT, four trials (Swiss, Dutch injectable, Dutch inhalable,
and German) found significant reductions in criminal offending for participants in HAT
relative to those randomized to the control condition. In four trials (Spanish, Canadian,
Belgian, and SALOME), crime reductions were substantively larger for the HAT group but
did not significantly differ from the control condition. Only one study (UK RIOTT) found
larger benefits for the OMT group, but these did not significantly differ from the HAT group.

Nearly all trials found significant reductions in crime outcomes for both the HAT and control
groups, just significantly larger reductions in the HAT group. Exceptions to this were the
Swiss trial and the German trial’s measure of police-reported criminal activity, both of which
showed small and statistically insignificant increases in crime in the control groups (24, 38).
In the trials that did not show significant crime reduction benefits for HAT relative to OMT,
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this pattern of both groups showing significant and substantial reductions in criminal activity
similarly held, but differences across groups failed to reach levels of statistical significance.

Examining specific crime types (Table 4), comparative benefits of HAT are primarily driven
by larger declines in drug offenses and property crime/damage among those receiving HAT,
which is consistent with their reduced illicit heroin use leading to less reliance on illicit
channels to obtain or pay for heroin. No study found a significant benefit of HAT relative to
control for reducing violent crime; this aligns with prior research showing a weaker link
between opioid use and violence relative to that observed for other drugs, such as stimulants
(39).

In the trials that did not find significant comparative benefits of HAT for crime, only the UK
RIOTT trial provided estimates detailed by crime type. The Canadian trial measured crime
reduction using a composite measure, which appeared to explicitly exclude drug offenses
(26). The Belgian trial reported baseline and follow-up rates of criminal involvement by
crime type for all trial participants combined, showing reductions in criminal activities
related to theft and selling of illicit drugs but indicating no significant differences across trial
conditions; the study did not report on drug possession offenses (40). Similarly, while the
Spanish trial examined changes in selling drugs and the UK RIOTT study examined changes
in drug dealing and specific forms of theft, noting no significant differences in outcomes
across trial conditions, these studies did not separately analyze drug possession offenses (37,
41).

Potential mechanisms for crime effects
Ilicit heroin use

Given the importance of drug offenses in driving crime reductions, differences in findings for
crime may be attributed to differential efficacy of HAT relative to OMT for reducing illicit
heroin use across trials. All trials except the early UK study found significant benefits of
HAT relative to the control condition in reducing illicit heroin use (Table 5). Different
findings of effects of HAT on illicit heroin use for the early UK study are likely attributable
to the different implementation of HAT in that trial (Table 2), whereby heroin injection was
unsupervised and dosages were much more restrictive than in all later trials.

Given the relative efficacy of HAT for reducing illicit heroin use, we would expect HAT to
produce greater reductions in drug possession crime. Given possible subjectivity in the
decision to charge an offense as possession versus possession with intent to sell, we may also
expect relative reductions in illicit heroin use alone to translate into relative reductions in
arrests, charges, or prosecutions for drug dealing offenses. However, the Swiss, Spanish, UK
RIOTT, and Belgian trials all found significant benefits of HAT relative to OMT in terms of
reducing street heroin use, but these did not translate into significant differential benefits for
drug dealing offenses (Table 3).
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Expenditures on illicit drugs

While reductions in illicit heroin use attributable to HAT may directly explain reductions in
drug offenses, the mechanisms explaining changes in property crime are less clear. However,
if HAT reduces expenditures on illicit drugs, these reduced expenditures could decrease
acquisitive crime. In a retrospective study of Dutch individuals eligible for HAT, the most
common reason reported as motivating property crime offense was to obtain money for drugs
and alcohol (42). Indeed, baseline monthly expenditures on drugs for study participants
across the trials were substantial (Table S7), roughly corresponding to between 50% and
150% of the median monthly individual income in the UK (43).

Only three trials reported on changes in illicit drug expenditures during the trial period. In the
Swiss trial, past-month expenditures on drugs fell by nearly 90% from baseline to follow-up
in the HAT group; expenditures fell by significantly less in the control group (8%). In the
Canadian trial, median drug expenditures were reduced for both treatment and control groups,
showing 73% and 67% reductions for the HAT and OMT groups, respectively; while
significance of differences across groups were not reported, these reductions are qualitatively
comparable. In the UK RIOTT trial, past-week illicit drug expenditures for HAT patients fell
by 86% from baseline to 6-month follow-up; past-week illicit drug expenditures for patients
receiving oral methadone fell by significantly less (58%).

The magnitude of reduced drug expenditures in the control groups of the UK RIOTT and
Canadian NAOMI trial may help explain why reductions in criminal activity were
comparable across both trial conditions. The UK RIOTT expenditure findings for the control
condition are particularly striking given that the study found only modest improvements in
reduced street heroin use for that group.

Employment and wage earnings

Improvement in economic status is another potential mechanism for reducing reliance on
acquisitive crime among trial participants. For employment or economic status, two trials
(Germany, Canada) comparing supervised injectable heroin to OMT found improvements for
both the experimental and control conditions by treatment end (25, 26), although the only
significant benefit of HAT relative to OMT was found in the Canadian trial (26) with respect
to employment satisfaction (p=0.02). The early UK (21), Swiss (22), and SALOME (44)
trials showed no evidence of significant changes in employment or legal income for either
intervention condition. Two trials assessed labor market outcomes as part of a broader social
functioning index. The Spanish trial found significant improvements in social functioning for
both the HAT and OMT conditions, but no significant differences across groups (24); the UK
RIOTT study found no significant changes within or across groups (37). The Dutch and
Belgian trials did not publish results for labor market effects.

The relative absence of labor market improvements is perhaps unsurprising as trial
participants had extremely low rates of employment at baseline (2-30%). While low baseline
rates mean even modest improvements due to the intervention should be detectable, the acute
economic disadvantage of trial participants at baseline, combined with the relatively short
duration of the trials, likely limits participants’ ability to achieve meaningful changes in labor
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market outcomes. Furthermore, most trials provided HAT along a strict regimen, with
patients typically visiting the treatment centers at least twice daily, possibly impeding HAT
patients’ employment opportunities during the trial period.

Social functioning or involvement with drug culture

Finally, reductions in broader criminal activity could occur due to improvements in social
functioning or changes in social networks. Four trials (Germany, Canada, Spain, Switzerland)
found evidence of improvements in at least some social functioning domains for both the
experimental and control conditions (22, 24-26, 33), although only the Canadian NAOMI
study (26) found significantly greater improvement among the HAT group for social
relations. The UK RIOTT study (37) did not find significant changes in social functioning
measures for either intervention condition. Similarly, the early UK trial (21) did not find
significant changes for social stability, measured as consumption or regular meals and type of
accommodation, for either intervention condition; again it should be noted that this trial
differed in its provision of prescribed heroin. The Dutch trials measured social functioning
based on illegal activities and contact with drug users (discussed below), while the Belgian
TADAM and SALOME trials did not report social functioning outcomes across trial
conditions.

Six trials specifically evaluated measures related to drug culture involvement. The early UK
study found significant differences between intervention groups, with the control exhibiting a
bimodal distribution (i.e., more likely to spend “no time at all” with other drug users (23%)
compared with HAT (2%) or “most/all of their time” with other drug users (36%) compared
with HAT (25%)) and the HAT group more likely to report intermediate categories of
involvement. The Spanish trial found significantly reduced odds of spending the majority of
time with drug users for the HAT relative to OMT group (OR =0.23, 95% CI=[0.06,0.87]).
The Swiss trial asked respondents whether “all or most friends were outside the drug scene”
and found no significant change for either group nor significant differences across treatment
assignments. The German trial assessed “time spent in drug scene” and found greater
improvement for the HAT group relative to the OMT group, although both groups showed
improvements and it was unclear whether differences across groups were statistically
significant. While the Dutch trials found modest improvements in the days involving personal
contact with non-drug users for both trial arms, significance tests were not conducted. The
Canadian, UK RIOTT, and Belgian trials did not report on this outcome separately.

Table 6 summarizes outcome information reported for the nine RCTs for six measures:
Crime, heroin use, drug expenditures, labor market, time in drug scene, and social function.

DISCUSSION

In debates about implementing HAT, it is commonly argued that the benefits of HAT exceed
the costs (45). While HAT is more expensive than oral methadone, several studies conclude
that HAT has a larger benefit-cost ratio, primarily because HAT more reliably and
substantially reduces participants’ levels of criminal activity (9-11). Our review of ten RCTs
supports that individuals assigned to HAT reduce their criminal activity, with reductions

This article is protected by copyright. All rights reserved.



concentrated in drug-related and property crime offenses. However, the RCTs vary with
respect to whether reduced crime among those randomized to HAT statistically differed from
that observed for individuals randomized to oral methadone. This paper not only adds to the
literature by documenting this variation across studies, it also attempts to shed light on the
factors that may account for these differences.

In trials that did not find significant crime benefits of HAT relative to OMT, this seems to be
the result of the control condition showing marked reductions in criminal activity (rather than
the absence of an effect of HAT). While a broad literature has demonstrated that OMT can
reduce criminal involvement (46-50), several features of the HAT trials make these findings
novel/interesting. First, recruitment for the HAT trials generally restricted patient eligibility
to treatment-refractory individuals with a history of multiple prior attempts at conventional
treatment modalities, primarily OMT; this profile of prior treatment non-response makes
significant benefits from OMT participation particularly surprising. Second, the HAT trials
were relatively short in duration, lasting less than one year; several prior studies suggest that
benefits of OMT on criminal activity are concentrated among individuals retained in stable
treatment for more than one year (49, 51, 52). Finally, these comparable crime reductions for
those randomized to OMT versus HAT occurred despite their substantively smaller
reductions in illicit heroin use and lower rates of treatment retention. This suggests the
potential for mechanisms other than illicit heroin use alone as contributing to the heroin-
crime relationship.

Indeed, little is known about the importance of different mechanisms which lead to the
reductions in crime observed among HAT RCT participants. While differences in outcome
measurement and reporting across studies (Table 6) make it difficult to draw firm conclusions
about the mechanisms at play, it seems apparent (if unsurprising) that reductions in drug
possession offenses are linked to reductions in illicit heroin use. The mechanisms for reduced
property crime are less clear, but appear not to be driven by improved labor market
attachment, employment, or earnings. The results for social functioning and drug scene
involvement use such different measures that it is difficult to draw strong conclusions. While
a reduction in drug expenditures seems like a compelling explanation for lower rates of
acquisitive crime, this information is not reported for most of the trials.

Understanding the causal mechanisms underlying the effect of HAT on crime outcomes
requires future studies to collect detailed information on legal and illegal income, illegal drug
expenditures, and social interactions. Learning more about the importance of various
mechanisms for driving crime reductions from future HAT studies, or studies of any drug
treatment modality for a patient population similar to HAT participants, would also be useful
for informing our understanding of the heroin-crime connection more generally.

While restricting our review to evidence from RCTSs allows a focus on more rigorous causal
evidence of the relationship of HAT with crime, it limited our evaluation of mechanisms to
those that have influence over the relatively short follow-up periods of these trials. Some
treatment effects (e.g., reduced reliance on illicit markets for heroin) may manifest rapidly,
but those that involve behavioral change (e.g., employment) are likely to take quite some
time to emerge. Indeed, the mechanisms for explaining crime reductions from HAT may
differ in the short- versus long-term (53, 54). In the six to twelve-month follow-up period of
these trials it may be that reduced reliance on illegal markets for heroin is the principal
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mechanism for lowering criminal activity. Over the longer-term, sustained abstinence and
subsequent improvements in social or economic functioning may have a separate and larger
suppressing effect on criminal activity.

Our study 1s subject to additional limitations. First, criminal codes and enforcement vary
across study countries, thus some activities included in the list of illegal acts (e.g., drug
possession) may not be subject to penal sanctions in all countries. The probability of being
arrested, contingent on breaking the law, varies across countries in ways that cannot be
measured in this review. Given variation in what activities count as criminal, outcome
measurements, and sources of data, we did not conduct a meta-analysis. Second, all trials
included in this review were designed to determine the comparative efficacy of HAT in terms
of prespecified outcome measures; illegal activities and the mechanisms we evaluated were
generally treated as secondary outcomes or as part of a composite score. Thus, these studies
may have been underpowered to detect statistically significant differences for these
outcomes. We attempted to present effect sizes and confidence intervals for our included
outcomes, but in many cases, outcomes could not be disaggregated from broader composite
indices or effect measures could not be calculated from the information presented in the
identified studies. Finally, the risk-of-bias assessments highlighted some concerns with
outcome measurement and selective reporting that may affect the internal validity of
estimated crime effects; given most trials compared HAT with a treatment (e.g., methadone)
which has already produced a poor outcome for the enrolled sample, this could lead to an
overstatement of HAT’s benefits and may not generalize to the broader population of
individuals with heroin dependence..

Overall, the consistency of findings across HAT studies suggests that in Europe there will be
little interest in further RCTs. Evidence for that can be found in Denmark’s decision to
implement HAT without conducting its own trial (55). The extraordinary numbers of fatal
opioid-related overdoses in the United States makes it plausible that a trial might be
conducted there, though it is little discussed in part due to stigma against such treatment,
including concerns about crime (56). However, drug-related crime has been a more
prominent issue in the United States than in any European country, and benefit-cost studies in
the US correspondingly emphasize that the principal economic benefits of drug treatment
come from reductions in crime, both violent and property, by individuals while in treatment
(57).. While crime should not be the dominant focus of future medical trials for patients with
OUD, collecting and reporting data on criminal involvement, victimization, and criminal
justice contacts could improve our understanding of the broader benefits of treatments both to
participants and communities, as well as identify subgroups that may face persistent
individual-, community-, or structural-level barriers to improved social outcomes.
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Figure 1. Flow diagram of studies included in review of heroin-assisted treatment
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NOTES: 2One of the additional records identified outside the database searching was identified through contact with study
trialists as part of the current study. This record is thus counted in the articles included in this review but not in the articles
included in the broader review by Smart (19).
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Table 1. Overview of Heroin-Assisted Treatment Randomized Controlled Trials

. A . . Control condition Sample Duration Crime Outcome Ref ROB
Trial (period) Intervention condition (T) .
() size (months) Measurement
Early UK trial Unsupervised injectable HAT Oral MET T:44 12 Self-reportand  (21) Some concerns
(1972-1975) + oral MET C: 52 official records
Swiss trial Supervised injectable HAT + Waiting list for T:27 6 Self-report (22) Some concerns
(1995-1996) oral MET HAT, during which  C: 24
received other
conventional drug
treatment
Injectable Supervised injectable HAT + Oral MET T:76 12 Self-reportand  (23) Some concerns
Dutch trial* oral MET C: 98 official records
(1998-2001)
Inhalable T1: Supervised inhalable HAT Oral MET T1:117 12 Self-reportand  (23) Some concerns
Dutch trial* + oral MET T2:119 official records
(1998-2001) T2: Oral MET for 6mo then C:139
inhalable heroin + optional
oral MET for 6mo
Spanish PEPSA  Supervised injectable HAT + Oral MET T:31 9 Self-report (24) Some concerns
(2001-2004) oral MET C:31
German study* Supervised injectable HAT + Oral MET plus:  T1:258 12 Self-report, (25) Low
(2002-2004) oral MET and: C1: education & T2: 257 official records
T1: psychoeducation & counseling C1: 255 (separate)
counseling C2: case C2: 245
T2: case management & Ml management/MlI
Canadian T1: Supervised injectable Oral MET T1:115 12 Self-report (26) Some concerns
NAOMI* HAT + oral MET T2:25
(2005-2008) T2: Supervised injectable C:111
hydromorphone + oral MET
UK RIOTT* T1: Supervised injectable Optimized oral  T1:43 6 Self-report (27) Some concerns
(2005-2008) HAT + oral MET MET T2:42
T2: Supervised injectable C: 42
MET + oral MET
Belgian Supervised injectable or Oral MET T:36 12 Self-reportand  (28) Some concerns
TADAM inhalable HAT? + oral MET C:38 official records
(2011-2013)
Canadian Supervised injectable HAT + Supervised T:102 6 Self-report (29) Low
SALOME, stage oral MET injectable C: 100
1(2011-2013) hydromorphone +
oral MET

NOTES: *Multi-site study. 2 Participants in the Belgian trial were offered a choice of supervised injectable or inhalable
heroin, but only one participant in the experimental group chose injectable heroin. HAT=heroin-assisted treatment. MET =
methadone. M| = motivational interviewing. Reference listed is for the study presenting primary findings of the trial. Other
sources used to examine various outcomes are listed in Table S4. Stage 1 of the Canadian Study to Assess Longer-term
Opioid Medication Effectiveness (SALOME) trial was a non-inferiority trial comparing the effectiveness of supervised
injectable hydromorphone to supervised injectable heroin; we present HAT as the intervention condition and
hydromorphone as the control condition for greater consistency with the other trials. We did not identify results for our
primary outcome for stage 2 of SALOME (oral versions of both medications), and thus we present results for all outcomes

for only stage 1 of the trial.
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Table 2. Details of Treatment and Control Conditions in Heroin-Assisted Treatment RCTs

Trial HAT intervention dosage Control dosage
(Source)
Heroin dose/day Oral methadone Hydromorphone Oral methadone
dose/day dose/day dose/day

Early UK Average: 60 mg . Average: 60 mg
(21) Range: 30-120 mg Unspecified Range: 10-120 mg
Swiss trial Average: 509 mg - -
(22) Quartiles: (400, 480, 630 mg) Unspecified Unspecified
Dutch trials Average: 444.1 mg Average: 58.3 mg Average: 59.9 mg
(31,32) 95% Cl: 357.4-530.7 mg 95% Cl: 46.5-70.1 mg 95% Cl: 55.2-64.5 mg

1 Max imposed: 1000 mg Max imposed: 150 mg Max imposed: 150 mg
Spain PEPSA Average: 274.5 mg Average: 42.6 mg Average: 105 mg
(24) Range: 15-600mg Range: 18-124 mg Range: 40-180mg

Average (days received):

German 39 mg

Average: 442 mg .
study (25, Max imposed: 1000 mg Average (all HAT days): 8

33, 34) mg
Max imposed: 60 mg

Average: 99 mg
Min imposed: 60 mg

Average (no MET): 392.3 mg

gigda Average (w/ MET): 365.5 mg Average: 34.0 mg Average: 96.0 mg
NAOMI (26) .
Max imposed: 1000 mg
. Average: 107.3 mg
UK RIOTT Average: 398.9 mg Average: 41.8 mg SD: 39.9 mg
(27) 5D: 163.6 mg SD:12.7 mg Doses >100 mg generally
Max imposed: 900 mg
encouraged
Belgian Average: 573 mg
TADAM (28, Visits per day: 2.3 Average: 20 mg Average: 77 mg
35) Max imposed: 1000 mg
A : 4 A 1261.2
g/irlj(a)(:/laE V\;:iiigeersc?: ) zmsg Average (days received): V\;:ilzgeer :a ) 2m3g Average (days received):
SIts per day: <. 23.64 mg ILs per cay: 2. 24.58 mg
(29, 36) Max imposed: 1000 mg Max imposed: 500 mg

NOTES: Cl = confidence interval. HAT = heroin-assisted treatment. MET = methadone. SD = standard deviation. Other
services offered as part of the interventions are described in Table S6.
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Table 3. Comparison of Heroin-Assisted Treatment to Control Treatment Condition among
Included Studies,
Findings for Overall Criminal Offenses

Experimental v

Findings (Experimental v.

Control Experimental Control Control)
Study__Congitions lllegal Activities Measure Baseline Follow- Baseline Follow- Baseline Follow-up
Dichotomous measures OR[95%CI] OR[95% ClI]
Early UK UljH v 0.43[0.18,
OMIT Any arrest, past year NR 22/42 NR 33/46 NR 1.05]
Swiss  SljHv 5.71[1.64,  0.17[0.05,
Othir Charged, past 6 months 20/27 5/27 7/21 12/21 19.96] 0.63]
German SljHv Self-reported criminal 406 / 234/ 396/ 314/ 0.98[0.72, 0.49 [0.38,
OoMT activity, past year 515 515 500 500 1.32] 0.63]
German SljHv Police-recorded criminal 224/ 173/ 206 / 209/ 1.11 [0.85, 0.66 [0.50,
oMT activity, past year 419 419 406 406 1.47] 0.87]
German SIjHv Anv imprisonment. past vear 126/ 71/ 69/500 118/ 2.02 [1.46, 0.52[0.37,
oMT yimp s pasty 515 515 500 2.80] 0.72]
NAOMI  SljH v Failure to achieve 20%+
oMT .reductlon.lr? self-reported 64/ 73/ 0.65 [0.38,
illegal activity (non-drug) & NA 115 NA 111 NA 1.12]
<10% deterioration in other '
scores
UK SIjH v Any self-reported crime, 1.10[0.39,
RIOTT2  OMT past month 30/43 12/42 23/42 9/38 NA 3.11]°
Belgian SinlnjHv 6+ acts committed or
oMT experienced as a victim, past NR NR NR NR NR NS
month
Continuous measures Mean Diff. Mean Diff.
[95% Cl] [95% ClI]
Dutch SIjH v Average days illicit activities, —5.81 [-8.68,
- bast month 12.9 2.9 11.5 8.7 NR “5.00)
Spanish = SljHv Average days per month 3.5[-3.21, -3.5[-7.06,
oMT illegal activities 115 0.6 8.0 41 10.21] 0.06]
NAOMI  SljH v Illegal activities ASI subscale 037 0.20 0.35 0.18 NA —0.03 [-0.08,
omMT score ’ ’ 0.02]°
UK SIjH v . 20.8 [-15.0, 11.7 [-7.1,
RIOTT2  OMT Average number of crimes 57.7 18.7 36.9 7.0 47.7] 23.6]
Belgian  SInljH v Average days criminal
oMT involvement or 9 1 8 6 NR NS
victimization, past month
Dutch SInH v Average days illicit activities, -4.27 [-6.62,
OMT past month 11.4 3.6 11.2 7.8 NR ~1.92]
SALOME SljH v Average days illicit activities, -1.0[-3.1,
SHY bast month 15.5 3.5 12.8 4.1 NA Lo

NOTES: OR = odds ratio. Cl = confidence interval. NR = not reported. NA = not applicable. NS = not significantly different.
UljH = Unsupervised injectable heroin. OMT = oral methadone treatment. SljH = Supervised injectable heroin. SinljH =

Supervised inhalable or injectable heroin, although only one participant in this condition chose injectable heroin. SInH =
Supervised Inhalable heroin. SIjHY = Supervised injectable hydromorphone. ASI = addiction severity index. 3The crime

outcome tables reported in Metrebian et al. (37) do not agree with the text and seem to have reversed the baseline and
follow-up columns; we report baseline and follow-up outcomes based on the discussion in the text. PEstimates based on
adjusted models conducted by trial authors.
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Table 4. Comparison of Heroin-Assisted Treatment to Control Treatment Condition among
Included Studies,
Findings for Specific Criminal Offenses

Findings (Experimental v.

Crime Type Experimental Control Control)

Trial Criminal activity measure Baseline Follow-up Baseline Follow-up  Baseline Follow-up
Drug-Related Crimes

Swiss Drug use/possession, charged: 6.53 [1.26, 0.20 [0.05,

11/27 3/27 2/21 8/21

Self-report 33.90] 0.90]
Swiss Drug dealing, charged: Self- 7.00[0.79, 0.14 [0.01,
report 7127 0/27 1/21 2/21 62.24] 3.08]
Spanish . 0.96 [0.29, 0.38 [0.06,
Sold drugs: Self-report 8/27 2/27 7/23 4/23 3.24] 2.30]
Gerfpan Drug offense: Self-report 342 /515 171/515 328/500 238/500 1.0;1 3[;3']80’ 0‘505 ;3']43'
Gergren Drug offense: Police-reported 162 /419 122/419 143/406 147 /406 Mf 5[2']87’ 0'75 é(;']“‘
UK RIOTT? o 1.14 [0.40, 0.90[0.12,
Drug dealing: Self-report 10/43 2/42 8/42 2/38 3.26] 6.72]
Belgian Drug dealing: Self-report NR NR NR NR NR NS
Dutch trials -~ Drug offenses: Mean (SD) _54[-253
arrests w/ prosecution per 100 NR 19 (30) NR 73 (485) NR 145] !

participants
Property-Related Crimes

Swiss Property/theft, charged: Self- 3.33[0.61, 0.12 [0.01,
7/27  1/27  2/21 21
report / / / >/ 18.06] 1.15]¢
.84 [0. 53[0.4
German Property crime: Self-report 208/515 119/515 223/500 181/500 081 (53166’ 0 53 gg] o
L Property crime: Police-reported 134/419 96/419 116/406 125/ 406 Mf 5[2']87’ o.eg é‘i’f‘g'
a
UKl Theft from shop: Self-report 24 /43 7/42 12/42 5/38 3.16[1.28, 1.32[0.38,
7.77] 4.57)
a
UK RigHT Sold stolen goods: Self-report 11/43 1/42 11/42 1/38 0'927 EE%]37, 0913 [:5'(])5’

UK RIOTT? Bought stolen goods: Self- 0.64 [0.23, 1.89[0.33,

8/43 4/42 11/42 2/38

report 1.81] 10.99]
Belgian Theft: Self-report NR NR NR NR NR NS
Dutch trials  Property crime: Average (SD
nur:beryof days seIf—regpof'tec)I NR 103 NR 37.5 NR —271-62,
. (34.8) (78.6) 7.50]
crime
Dutch trialsP  Property crime: Mean (SD) 28 [-127
arrests w/ prosecution per 100 NR 37 (134) NR 65 (207) NR 70.5] !

participants
Violent Crimes

Swiss Aggression, charged: Self- 2.50[0.24, 0.77 [0.05,
report 3/27 1/27 1/21 1/21 25.95] 13.07]
German Violent crime: Self-report 92/515 53/515 100/500 70/500 0'817 {g']“' Ojf ([)‘;']48'
1.14 [O. 7 4
Gerigh Violent crime: Police-reported 36/419 28/419 31/406 35/406 1 ég]69, 0 16£] >
UK RIOTT? Force or physical threat: Self- 2.78 [0.11,
report 0/43 1/42 0/42 0/38 NE 70.32]
Belgian Assault: Self-report NR NR NR NR NR NS
Dutch trials®  Violent crime: Mean (SD) _14[-48.1
arrests w/ prosecution per 100 NR 2 (16) NR 16 (82) NR 20.1] o

participants

NOTES: NR = not reported. NS = not significantly different. NE = not estimable. SD= standard deviation. 2The tables
reported in Metrebian et al. (37) do not agree with the text and seem to have reversed baseline and follow-up columns; we
report baseline and follow-up outcomes based on the discussion in the text. The Dutch trials reported on crimes occurring
during the course of the trial. “While the odds ratio at follow-up was not significant, the study’s test of the homogeneity of
McNemar's odds ratio to compare groups yielded a significant difference (p=0.015).
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Table 5. Comparison of Heroin-Assisted Treatment to Control Treatment Condition among
Included Studies,
Findings for lllicit Opiate Use

Findings (Experimental v.

Experimental Control Control)
Trial StUdY 1 lllicit opiate use measure Baseline Follow- Baseline Follow- Baseline Follow-up
conditions up up
Dichotomous measures OR[95% CI] OR[95% ClI]
Early UK UljH v Less than (near) daily use illicit 0.79[0.33,
oMT opiates, past month 0/42 15/42 0/46 19/46 NA 1.87]

Swiss  SljHv Less than daily use street heroin, past 0.14[0.01, 23.64[2.69,
Other month 0/27 26/27 2/21 11/21 3.08] 207.7]
. o . .
TSN e mnen O W 7S, isGs
515 500 2.40]2
use, past month
UK SljH v >50% negative specimens street 8.17 [2.88,
RIOTT OMT heroin, past 12 weeks NA 28/43 NA 8/42 NA 23.16]2
NAOMI SljH v Abstinent from street heroin, past NA 61/ NA 32/ NA 2.79 [1.61,
oMT month 115 111 4.84]
UK SljH v Abstinent from street heroin, past 6.32[2.09,
RIOTT OMT month NA 22/43 NA 7/42 NA 19.18)°
UK SljH v Zero positive specimens street 7.53 [2.00,
RIOTT ~ OMT heroin, past 12 weeks NA 5/43 NA 1/42 NA 28.31]2
Continuous measures Mean Diff.  Mean Diff.
[95% CI] [95% CI]
Dutch  SljHv Average days illicit heroin use, past -13.0 [-16.3,
NR NR NR NR NR
OoMT month -9.6]
NAOMI SIjH v Average days illicit heroin use, past -0.8[-2.5, —6.7 [-10.95,
oM onth 26.6 5.3 27.4 120 58] L2.45]
Spanish SljH v Average days street heroin use, past 1.2[-4.8, -8.6[-14.9,
OMT month 245 83 233 169 10.9] 32.4]b
Belgian SInljHv  Average days illicit heroin use, past 27 8 )8 16 -1.0[-3.3, -8.0[-13.07,
OMT month 7.6] -2.93]
Dutch  SInHv Average days illicit heroin use, past -13.9 [-16.6,
oMT month NR NR NR NR NR -11.2]
SALOME SljH v Average days street heroin use, past -2.3[-4.1, -
SIHY month 25.6 3.1 25.2 5.5 NA 0.5]°
SALOME SljH v Average days street opioid use, past -0.9 [-3.4,
SIjHY month 28.6 4.9 27.3 5.7 NA 1.7]°

NOTES: OR = odds ratio. Cl = confidence interval. HAT = heroin-assisted treatment. NR = not reported. NA = not applicable.
UljH = Unsupervised injectable heroin. OMT = oral methadone treatment. SljH = Supervised injectable heroin. SIjHY =
Supervised injectable hydromorphone. SInljH = Supervised inhalable or injectable heroin, although only one participant in
this condition chose injectable heroin. SInH = Supervised inhalable heroin. 2Estimates from adjusted models conducted by
the trial study authors. ®"While the mean difference at follow-up is not significant, the study’s Mann-Whitney test for the
mean ratio of differences identified a significant difference (mean ratio = 2.36, p=0.020).
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Table 6. Summary Table of Trial Results, by Study Conditions and Outcome

Drug Labor Social
Heroin expenditures market Time in drug functioning
Crime use problems scene problems

Unsupervised

injectable HAT

Early UK HAT * * NR 1 NR (0)
oMmT * * NR 1 NR (0)
HAT v OMT ¥ N2 NR T e (0)

Supervised

injectable HAT

Swiss HAT * $* $* N N2 \
Other T $* ¥ T N2 ¥
HAT v b $* % ¥ N2 ¥
Other

Spanish HAT * * NRP NRe N J*
oMT b* b* NRP NRe J b*
HAT v OMT N J* NRP NR¢ J* M

Dutch HAT J NRP NRP NRd N NRe
OoOMT J NRP NRP NRd J NRe
HAT v OMT J* J* NRP NRd J NRe

German HAT N N NRP J J J
omMT b b NR® ¥ N2 ¥
HAT v OMT J* J* NRP N J J

Canadian NAOMI HAT N N N J NRd N
oMT b* $* N\ N2 NR¢ ¥
HAT v OMT J J* J N NRd N

UK RIOTT HAT N N N NRe NRe J
oMT N N NA NRe NRe N
HAT v OMT N J* N NR¢ NR¢ N

Canadian SALOME HAT J * NR (0) NR NRf
HYD J d NR (0) NR NRf
HAT v HYD N J* NR (0) NR NRf

Supervised

inhalable HATs

Dutch HAT J NRP NRP NRd N NRe
OMT J NRP NRP NRd 4 NRe
HAT v OMT J* J* NRP NRd N NRe

Belgian HAT N N NRP NR NR NR
OoOMT * * NRP NR NR NR
HAT v OMT J J* NRP NR NR NR

NOTES: Arrows represent whether studies found decreases or increases for a given outcome (within-condition), or the
relative effects for HAT versus control condition (e.g., HAT v OMT). Stars (*) indicate significance in changes from baseline
to follow-up (within-condition) or differences between conditions (HAT v. Control) at the p=0.05 level; (0) indicates that the
study reported no significant changes or differences, but insufficient information was provided on directionality. NR = not
reported. HAT = heroin-assisted treatment. OMT = oral methadone treatment only. HYD = injectable hydromorphone
aSignificant difference based on Chi-squared test of the categorical measure, but effect estimate for the categorical
outcome variable cannot be assigned directionality; re-specifying the outcome measure as dichotomous yields effects in
favor of OMT but not significantly different across groups. PIncluded in ASI drug/alcohol use composite measure (or
broader treatment response index in the case of the Dutch trials), but not evaluated separately. ¢Included in Opiate
Treatment Index social functioning composite measure but not evaluated separately. 9Included in ASI social functioning
composite measure but not evaluated separately. ®Social functioning was included as a broader treatment response index.
fTrends over the trial for some measures (e.g., housing instability) reported for both groups combined but not separately
by intervention condition. 8As noted previously, the Belgian trial offer participants supervised inhalable or injectable heroin
in the HAT condition, but only one participant in this condition chose injectable heroin.
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