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Abstract

Background and Aims: Drug checking services provide people who use drugs with
chemical analysis results of their drug samples while simultaneously monitoring the
unregulated drug market. We sought to identify and synthesize literature on the follow-
ing domains: (a) the influence of drug checking services on the behaviour of people who
use drugs; (b) monitoring of drug markets by drug checking services; and (c) outcomes
related to models of drug checking services.

Methods: Systematic review. A systematic literature search was conducted in MEDLINE,
Embase, Cochrane Central Register of Controlled Trials, Cochrane Database of System-
atic Reviews, PsycINFO, Scopus, Web of Science and Dissertations and Theses Global.
Eligible studies were peer-reviewed articles and conference abstracts or grey literature,
published in any language since 1990 and including original data on the domains. We
assessed risk of bias for quantitative peer-reviewed articles reporting on behaviour or
models of drug checking services using National Institutes of Health tools.

Results: We screened 2463 titles and abstracts and 156 full texts, with 90 studies meet-
ing inclusion criteria. Most (n = 65, 72.2%) were from Europe and used cross-sectional
designs (n = 79, 87.7%). Monitoring of drug markets by drug checking services (n = 63,
70%) was the most reported domain, followed by the influence of drug checking services
on behaviour (n = 31, 34.4%), including intent to use, actual use and disposal of the drug,
and outcomes related to models of drug checking services (n = 17, 18.9%). The most
common outcome measures were detection of unexpected substances (n = 50, 55.6%),
expected substances (n = 44, 48.9%), new psychoactive substances (n = 40, 44.4%) and
drugs of concern (n = 32, 36.5%) by drug checking services.

Conclusions: Drug checking services appear to influence behavioural intentions and the
behaviour of people who use drugs, particularly when results from drug checking ser-
vices are unexpected or drugs of concern. Monitoring of drug markets by drug checking
services is well established in Europe, and increasingly in North America. Concerns about
drug contents and negative health consequences facilitate the use of drug checking ser-
vices; lack of concern; trust in drug sellers; lack of accessibility of drug checking services;

and legal and privacy concerns are barriers to use.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any
medium, provided the original work is properly cited and is not used for commercial purposes.
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INTRODUCTION

A public health intervention operating for more than 50 years, drug
checking services (DCS) allow the public to submit drug samples from
unregulated drug markets (i.e. illegal and legal drugs sold through
criminal channels) for chemical analysis. DCS emerged across the
United States in the late 1960s and early 1970s during the rise of a
psychedelic counterculture that championed the use of psychoactive
substances to expand consciousness [1, 2]. DCS were later expanded
in European settings throughout the 1990s, beginning in the
Netherlands, primarily in response to the popularity of dance events
and associated use of 3,4-methylenedioxymethamphetamine (MDMA)
and other drugs [3, 4]. More recently, DCS have been implemented in
Australasia, the Americas and the United Kingdom, often with an
emphasis on preventing harms from new psychoactive substances
(NPS), including synthetic opioids. A global review of DCS conducted
in 2017 identified 31 services operating across 20 countries [5]. Nota-
bly, the contamination of unregulated drug markets with fentanyl and
the resulting opioid overdose crisis has motivated the recent expan-
sion of DCS in Canada [6] and the United States [7].

DCS provide people who use drugs (PWUD) with information on
the chemical composition of their drug samples to facilitate more
informed decision-making [8]. While some analysis methods can be
operated by PWUD, DCS typically offer tailored harm reduction advice
with the provision of analysis results to PWUD [9]. By aggregating data
on the composition of drug samples, DCS provide insight into trends in
the unregulated drug supply and inform policymaking and harm reduc-
tion activities at the population level [10]. DCS can inform public health
alerts [11] when drugs of concern are detected, thus offering potential
benefits to the broader community of PWUD and service providers
[12]. DCS differ globally in terms of their legality and degree of govern-
ment support, as well as where and how samples are collected and
analysed. Models include mobile services at events, fixed services
where samples can be dropped off or mailed and the distribution of
analysis methods for personal use, all of which employ a variety of
technologies with differing benefits and drawbacks [8, 13, 14].

Given the growing availability of DCS and interest in their
impacts, we conducted a systematic review to investigate what is
known from the existing literature about the influence of DCS on
PWUD. The aims of this study were to identify and synthesize evi-
dence across three domains: (a) influence of DCS on behaviour of
PWUD, (b) monitoring of drug markets by DCS and (c) outcomes
related to models of DCS.

METHODS

The reporting of this systematic review was guided by the Preferred

Reporting Items for Systematic Reviews and Meta-Analyses

(PRISMA) [15]. The protocol was registered in PROSPERO
(CRD42018105366) [16].

Search strategy and selection criteria

We developed, piloted and refined the search strategy in consultation
with a library sciences expert. The search strategy was peer-reviewed
by a librarian outside the review team using the guideline for Peer
Review of Electronic Search Strategies (PRESS) [17] and revised
accordingly. We searched MEDLINE (OVID), Embase (OVID), Cochrane
Central Register of Controlled Trials (OVID), Cochrane Database of
Systematic Reviews (OVID), PsycINFO (OVID), Scopus, Web of Science
(including Science Citation Index, Social Sciences Citation Index, Con-
ference Proceedings Citation Index-Science, Conference Proceedings
Citation Index-Social Science and Humanities, Emerging Sources Cita-
tion Index) and Dissertations and Theses Global (ProQuest) for peer-
reviewed journal articles and conference abstracts published in any lan-
guage from 1 January 1990 (the lower bound for when DCS prolifer-
ated) to 26 July 2018, with a full search update on 16 October 2019.
We used medical subject headings (MeSH) and keywords, adapted for
each database, related to DCS (including service names from a global
review of DCS [5]), controlled drugs and harm reduction services. To
capture all domains, search terms specific to outcomes were not
employed. The results were de-duplicated in EndNote. The full search
strategies for each database, exactly as run, appear in Supporting infor-
mation, Appendix A. We also searched reference lists of included stud-
ies. Grey literature reporting on the influence of DCS on behaviour of
PWUD was included and identified using Google, Google Scholar and
websites for DCS [5], as well as through contact with content experts.
Search terms for Google and Google Scholar were ‘pill-testing” OR “pill
testing” OR ‘drug-checking” OR ‘drug checking’.

Eligibility criteria applied in the screening process were defined by
population, intervention and evaluation (PIE). Studies were included if
the population of interest comprised people of any age who engage in
non-medical use of drugs and voluntarily access DCS. Studies that
involved the implementation of DCS were included with no restrictions
on analysis methods. Studies were excluded if the intervention involved
analysing human biological specimens, analysis results were not offered
to clients, clients were not accessing DCS but independently accessing
analysis methods or DCS were not implemented (e.g. feasibility study).
Studies were included if they evaluated the (a) influence of DCS on
behaviour of PWUD (broadly defined to include behavioural intentions
and enacted behaviour), (b) monitoring of drug markets by DCS and
(c) outcomes related to models of DCS (including barriers and facilitators
to use). Eligibility was restricted to studies reporting original quantitative
or qualitative data. As such, commentaries, letters to the editor, edito-
rials, reviews and unpublished conference abstracts were excluded.

Titles, abstracts and full texts were translated as needed.
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Screening, data extraction and quality assessment

Screening and data extraction were conducted in DistillerSR
(Evidence Partners, Ottawa, ON, Canada) using standardized, pilot-
tested charting forms. The screening form contained questions based
on the eligibility criteria and was used to assess the relevance of titles
and abstracts, as well as full texts. Two independent reviewers (N.M.
and J.T./I.R.) began by screening titles and abstracts. Any deemed rel-
evant by at least one reviewer advanced to the next stage in which
both reviewers (N.M. and J.T./L.R./K.S.) independently screened full
texts in duplicate for inclusion. While the effects of DCS on the moni-
toring of drug markets were included as an outcome in our protocol,
this was clarified and broadened during screening to capture out-
comes related to the monitoring of drug markets by DCS. Data extrac-
tion was conducted in duplicate by both reviewers (N.M. and J.T./K.
S.). The data extraction form included intervention details (model of
DCS, population), study characteristics (year, location, design), sample
characteristics (type, size, age, sex) and findings for domains.

Risk of bias assessment was performed in duplicate for peer-
reviewed articles reporting quantitative data on behaviour and/or
models of DCS. Epidemiological assessment of risk of bias was
deemed inappropriate for drug market monitoring studies and other
designs (e.g. qualitative research) [18]. Tools from the National Insti-
tutes of Health were used to assess risk of bias for individual studies
(see Supporting information, Appendix B). The quality assessment
tools for observational cohort and cross-sectional studies [19] or for
before-after (pre-post) studies with no control group [20] were used,
as appropriate to study design. Studies were assigned one point for
each criterion they satisfied and could receive up to 14 or 12 points
for cross-sectional and before-after studies, respectively, with higher
scores indicating less susceptibility to bias.

Conflicts were resolved by consensus between reviewers, with
input from the last author as required. The last author triple-checked

data extraction and quality assessment for 10% of studies.

Data analysis

We used narrative synthesis without meta-analysis [21] for data analy-
sis. Outcome measures were not pre-specified, but inductively coded
in an iterative process throughout data extraction to ensure that all rel-
evant outcomes were captured. Within each domain, study outcomes
were compared with outcome measures identified in earlier studies.
New outcome measures were added when findings concerned a dis-
tinct construct. Specific data from studies were coded within the rele-
vant outcome measure and summarized, such as by converting data
points into ranges or condensing participant responses into a short sen-
tence. The addition of new outcome measures decreased as data
extraction proceeded and outcomes reached saturation. Analysis fol-
lowing data extraction led to the re-organization and addition of some
outcome measures (e.g. separating intentions in response to actual or
hypothetical analysis results from DCS, drugs of concern from other

drugs detected). We derived and prioritized domains based on

consultation with content experts and knowledge users through the
Canadian Research Initiative in Substance Misuse (CRISM). We orga-
nized the narrative synthesis by outcome measures within each
domain. For individual outcome measures, we summarized the range of
findings and highlighted differences across settings and populations.

RESULTS
Study characteristics

As shown in the PRISMA flow diagram (Figure 1), of 2463 titles and
abstracts and 156 full texts assessed for relevance, 90 studies met the
inclusion criteria (Supporting information, Appendix C). Primary rea-
sons for exclusion at the full text screening stage were that the study
did not report original research (n = 30), did not evaluate DCS as
defined for this review (n = 19) or did not report on pre-specified
domains (n = 17). Details of included studies are presented by domain
in Supporting information, Tables S1-S3. Included studies were publi-
shed between 1997-2019; 46.7% (n = 42) were published in 2017-19,
24.4% (n = 22) in 2014-16, and 28.9% (n = 26) before 2014. Table 1
provides an overview of the most recent reported models of DCS,
including analysis methods and populations.

Characteristics of included studies are described in Table 2, both
overall and stratified by peer-reviewed articles (n = 54, 60%), peer-
reviewed conference abstracts (n =19, 21.1%) and grey literature
(n =17, 18.9%). Most studies (n = 65, 72.2%) were from Europe (Aus-
tria, Belgium, France, Germany, Italy, the Netherlands, Portugal, Slove-
nia, Spain, Switzerland, the United Kingdom). Other countries
represented included Australia, Canada, Colombia, Mexico,
New Zealand and the United States. Most studies used cross-sec-
tional (n =49, 54.4%) or repeated cross-sectional (n =30, 33.3%)
designs. Monitoring of drug markets by DCS (n = 63, 70%) was the
most common domain, followed by influence of DCS on behaviour
(n =31, 34.4%) and outcomes related to models of DCS (n=17,
18.9%).

Outcome measures

Among 90 studies, we categorized 55 outcome measures (Figure 2).
Outcome measures in each domain are presented in the following sec-
tion. Findings related to the influence of DCS on behaviour, and com-
mon outcome measures related to drug market monitoring and
models of DCS, are prioritized. Results of individual studies are in

Supporting information, Tables S1-S3.

Influence of DCS on behaviour of PWUD

The most common outcome measures related to the influence of DCS
on behaviour were intent to use the analysed substance (14.4% of

studies, n=13), the influence of analysis results on drug use
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FIGURE 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram

behaviour (11.1%, n = 10) and disposal of the analysed substance
(8.9%, n = 8). Enacted behaviours as observed or per self-reported his-
torical recall were measured in 16 studies (17.8%) [22-37]. Intended
behaviours in response to actual or hypothetical analysis results from
DCS were assessed in 22 studies (24.4%) [31-52].

Studies found that DCS influenced intended behaviour and,
although less researched, enacted behaviour. Among studies of
PWUD in party settings (referred to as ‘partygoers’ in studies), greater
intention to not use the analysed substance was consistently reported
if analysis results were unexpected [33, 35, 40, 42, 43, 45, 48, 52] or
‘questionable’/‘suspicious’ [49-51]. For example, a cross-sectional
study from Australia (n = 83) in 2018 found partygoers were more
likely to change their intention to use when analysis results were
unexpected [odds ratio (OR) = 2.63, 95% confidence interval (Cl)
=0.85-8.16] [35], as did two cross-sectional studies from Portugal
(n =310, n = 100) in 2016 and 2014 [40, 43]. Similarly, other intended
behaviour changes—such as using less of a substance or seeking more
information about it—were more common among partygoers when
analysis results from DCS suggested that substances were
‘questionable’/suspicious’ [49, 51].

The proportion of participants reporting analysis results from
DCS influenced their drug use varied by population and setting.
Among partygoers, 16% of participants in the Netherlands in 1996
[29], 50% in Austria in 1997-99 [37] and 87% in New Zealand
(n=47) in 2018-19 [33] reported that analysis results impacted
their drug use. A cross-sectional study in 2017 from the

United States among people who inject drugs (n = 125) found 43%

changed their behaviour, and this was more likely when fentanyl
was detected [adjusted OR (aOR)=5.08, 95% Cl=2.12-12.17]
[22]. Qualitative and longitudinal studies of young PWUD (n = 81)
in the United States in 2017 supported this finding, and found that
fentanyl detection was associated with positive changes in overdose
risk behaviours (i.e. using less, using with others, doing a test shot)
[31, 34]. Overall, and in alignment with findings on intended drug
use behaviour in response to ‘questionable’/‘suspicious’ analysis
results, self-reported behaviour was more likely to change when
analysis results detected fentanyl. Beyond individual analysis results,
a repeated cross-sectional study from Colombia (n = 1533) in 2013
and 2016 examined the influence of alerts from DCS and
found that a majority of partygoers reported an impact on their
behaviour [36].

Only one study linked intended behaviours to observed health
outcomes for PWUD accessing DCS. A Canadian cross-sectional
study of DCS at a supervised injection site (n = 1411) in 2016-17
found that people who inject drugs were more likely to report the
intention to use a smaller quantity than usual when fentanyl was
detected by DCS (OR =9.36, 95% Cl =4.25-20.65) [41]. In turn,
those intending to use a smaller quantity were found to be less likely
to overdose (OR =0.41, 95% Cl = 0.18-0.89) and be administered
naloxone (OR = 0.38, 95% Cl = 0.15-0.96).

Disposal of the analysed substance was observed [24, 26, 27,
32, 35] or self-reported [22, 31, 34] as an outcome of DCS in eight
studies. Like other behaviours, disposal was more frequent when

analysis results from DCS were unexpected [24, 27, 32, 52]. Among
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TABLE 2 Characteristics of included studies

Total N (%)

Articles N (%)

Conference abstracts N (%) Grey literature N (%)

Characteristic (n =90) (n = 54) (n=19) (n=17)
Country
Australia 2(2.2) 1(1.9) 0(0) 1(5.9)
Austria 1(1.1) 0(0) 0(0) 1(5.9)
Belgium 2(2.2) 0(0) 0(0) 2(11.8)
Canada 9 (10) 7 (13) 0(0) 2(11.8)
Colombia 1(1.1) 0(0) 0(0) 1(5.9)
France 2(2.2) 2(3.7) 0 (0) 0(0)
Italy 2(2.2) 1(1.9) 0(0) 1(5.9)
Netherlands 19 (21.1) 16 (29.6) 0(0) 3(17.6)
New Zealand 3(3.3) 0(0) 0 (0) 3(17.6)
Portugal 3(3.3) 3(5.5) 0(0) 0(0)
Slovenia 1(1.1) 1(1.9) 0(0) 0(0)
Spain 30(33.3) 12(22.2) 18 (94.7) 0(0)
Switzerland 1(1.1) 1(1.9) 0(0) 0(0)
United Kingdom 2(2.2) 1(1.9) 0(0) 1(5.9)
United States 9 (10) 7 (13) 1(5.3) 1(5.9)
Multi-country® 3(3.3) 2(3.7) 0(0) 1(5.9)
Domains®
(a) Influence of DCS on behaviour of 31(34.4) 14 (25.9) 0(0) 17 (100)
PWUD
(b) Monitoring of drug markets by DCS 63 (70) 44 (81.5) 19 (100) 0(0)
(c) Outcomes related to models of DCS 17 (18.9) 17 (31.5) 0 (0) 0(0)
Study design
Cross-sectional 49 (54.4) 24 (44.4) 11 (57.9) 14 (82.4)
Repeated cross-sectional 30(33.3) 21(38.9) 8(42.1) 1(5.9)
Longitudinal 1(1.1) 1(1.9) 0 (0) 0(0)
Time-series 2(2.2) 2(3.7) 0 (0) 0(0)
Qualitative 7(7.8) 5(9.3) 0(0) 2(11.8)
Case report 1(1.1) 1(1.9) 0 (0) 0(0)

?0One North American article including Canada, Mexico and the United States, two multi-country European studies (one article including Austria, Belgium,
Netherlands, Portugal, Spain and Switzerland, and one book, including Austria, Netherlands and Germany).
PCombined total exceeds number of studies because some evaluated more than one domain.

DCS = drug checking services; PWUD = people who use drugs.

partygoers in a cross-sectional study (n =2078) in 2015 and case
report (n =2786) in 2014 from Canada, observed disposal ranged
from 4% [27] to 7% [26]. A longitudinal study from the United
States (n = 81) in 2017 reported 10% disposal among young PWUD
when fentanyl was detected [34], while a cross-sectional study from
the United States (n = 125) in 2017 found 0% disposal among peo-
ple who inject drugs [22]. Qualitative research from Canada (n = 20)
in 2017-18 found that intention to dispose varied by drug prefer-
ence among structurally vulnerable (i.e. marginalized as a result of
their positions in social hierarchies) PWUD, with those using opioids
being less likely than those using stimulants to dispose if fentanyl
was detected [38].

While three European studies and one Canadian study reported

intent to sell the analysed substance among partygoers, only one

longitudinal study from the United States (n = 81) in 2017 assessed
this self-reported behaviour and found 10% of young PWUD sold the
substance after fentanyl was detected [34].

With one exception [49], among the five studies assessing
intent to share analysis results from DCS with others the majority
of partygoers reported an intention to do so. Two studies reporting
on intent to share analysis results in a hypothetical situation found
that information-sharing with friends and drug sellers was more
common when results were ‘questionable’/‘suspicious’ [49, 51].
Beyond sharing information, qualitative and longitudinal studies of
young PWUD (n =81) in the United States in 2017 found 58%
reported distributing fentanyl test strips received from DCS to
others, particularly those perceived to have a higher risk of using

drugs containing fentanyl [31, 34].
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(a) Influence of DCS on Behaviour of PWUD (n=31 studies)

Intent to use analyzed substance ~TEE—————— 14 4%
Hypothetical intent to use analyzed substance —mm—" 5 6%
Reasons for intent to use or not use analyzed substance w4 4%
Intent to adopt behaviours after analysis ~ — 7 3%
Hypothetical intent to adopt behaviours after analysis —mm—m 5 6o,
Influence of analysis results on drug use behaviour —T—— 11.1%
Influence of analysis results on health service utilization === 2 2%
Intent to dispose analyzed substance m— 6 7%
Disposal of analyzedsubstance m——— 3 9y
Intent to sell analyzed substance =\ 2.2%
Hypothetical intent to sell analyzed substance == 2.2%
Sale of analyzed substance ™ 1.1%
Intent to share analysis results w3 3%
Hypothetical intent to share analysisresults == 2.2%
Share ofanalysis results mmsm 339
Secondary distribution ofanalysis methods wem 2.2%
Age offirst drug use for DCS clients vs. non-clients == 229
Drug use for DCS dientsvs. non-clients = 2.2%
Frequency of drug use for DCS dientsvs. non-clients w3 39
Use of information sources ondrugs for DCS clients vs. non<clients ™ 1.1%
Party behaviours by DCSuse = 2 2%
Health outcomes mmm 229
Hypothetical intended patterns of use ™ 1.1%
Accessing DCS for themselves/others w5 6%
Accessing DCS pre- or post-use of submitted sample =— 7%
First-time/repeat access of DCS/other drug-related services mmm— 5 6%

(b) Monitoring of Drug Markets by DCS (n=63 studies)

Expected substance detected by DCS

FIGURE 2 Outcome measures
examined by included studies (n = 90).
DCS = drug checking services;

PWUD = people who use drugs

Unexpected substance detected by DCS

48.9%

Drugsdetected by DCS ~ nmmmmm— 3 9%

Legal drug or no drug detected by DCS
New Psychoactive Substances (NPS) detected by DCS

55.6%

28.9%

44.4%

Drug of concern detected by DCS
Quantitative information detected by DCS ~ n———————— 17.8%
Comparison of analysis methods == 2.2%
Comparison of DCS results with police seizures == 3.3%
Analysis of sample appearance and other identifiers ~IE———— 11.1%

Source of submitted substance ~ EEEE—————————— 18.9%

Price paid for submitted substance mm=. 3.3%

Drug market shortage detected by DCS ™ 1.1%

Outcome Measures

(c) Outcomes Related to Models of DCS (n=17 studies)
Use of DCS mmmmmmmm 6.7%
Barriers to use of DCS ~ NEm——8 7.8%
Facilitatorsto use of DCS ~ EEG——————— 1) 0%
Received individual or aggregated information from DCS ™ 1.1%
Level ofknowledge about DCS ™ 1.1%
Sources of knowledge about DCS ™ 1.1%
Familiarity with analysismethods ™ 1.1%
Perceived DCS as contributing to harm reduction = 5 6%
Perceived importance of information on hazardous contents W 2.2%
Perceived importance of accessibility of DCS = 2.2%
Perceived endorsement of drug useby DCS ™ 1.1%
Acceptability of counselling with DCS 1.1%
Willingness to wait for analysis results 1.1%
1.1%
1.1%

n
n

Willingness to pay for analysis results ™ 1.1%
Willingness to provide drug sample for analysis ™
n

Client characteristics at fixed vs. mobile DCS

0% 5% 10% 15% 20% 25%

30%

35.6%

35% 40% 45% 50% 55% 60%

% of Studies (n=90)

While less directly relevant to the influence of DCS on behaviour,
drug-using patterns of partygoers who did and did not use DCS were
compared in three European book-length cross-sectional studies
undertaken in Belgium (n = 486) in 2006, the Netherlands (n = 285) in
2002 and a multi-country study from Austria, the Netherlands and
Germany (n = 702) in 2002 [49-51]. In all three studies, DCS clients
reported higher frequencies of ecstasy use than non-clients. Further-
more, the multi-country study found the frequency of accessing DCS
was negatively correlated with the frequency of ecstasy use and
unsafe party behaviour [51]. Patterns of accessing DCS were exam-
ined in 14 studies [22, 24, 25, 28, 32, 33, 36, 39-42, 47, 48, 51]. With
one exception [24], among reporting studies the majority of

partygoers accessed DCS for both themselves and other people
[40, 47]. Among partygoers a cross-sectional study from Portugal
(n =310) in 2016 reported that 77% accessed DCS pre-use [40],
whereas a Colombian repeated cross-sectional study (n=831) in
2016 found that 49% waited for their analysis results before using
[36]. Studies reporting on this outcome measure for people who inject
drugs were mixed, with two cross-sectional studies from the United
States (n =125, n=242) in 2017-18 finding that the majority
accessed DCS pre-use [22, 25] and one Canadian cross-sectional
study (n = 1411) in 2016-17 reporting primarily post-use access [41].
In terms of receiving drug-related services (e.g. harm reduction, drug
treatment) prior to accessing DCS, 70% or more of partygoers had not
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previously accessed drug-related services in four reporting studies
[32, 33, 42, 51]. In contrast, only one cross-sectional study from the
United States among people who inject drugs (n = 125) in 2017 exam-
ined this pattern of accessing DCS, and found that a lesser majority of
54% were not existing clients of a syringe service programme [22].
Among studies reporting on behaviour, five referenced theories,
models or frameworks, including theories of reasoned action or
planned behaviour [40, 44], the information-motivation-behavioral

skills model [31, 34] and risk environment frameworks [38, 40].

Drug market monitoring

The most common outcome measures overall related to drug market
monitoring and included: detection of unexpected substances (55.6%
of studies, n = 50 studies), expected substances (48.9%, n = 44), NPS
(44.4%, n = 40), drugs of concern (36.5%, n = 32) and legal or no drugs
(28.9%, n = 26) by DCS, and source of submitted substance (18.9%,
n=17).

Outcome measures coded concordance as detection of the
expected substance (i.e. expected drug only, expected drug with other
unexpected drug) or of an unexpected substance (i.e. unexpected drug
only) by DCS. These concordance measures were reported in 61.1%
of studies (n = 55). Seven studies assessed concordance among multi-
ple drug classes, including psychedelics, stimulants and depressants
[40,53-58]; 11 studies focused exclusively on MDMA [44, 59-68].
One study compared concordance between drugs purchased on- and
off-line [69] and another compared concordance between controlled
drugs and NPS [70].

NPS refer to ‘substances of abuse’ that are not internationally
controlled (e.g. synthetic cathinones, cannabinoids, opioids) [71]. Four
studies examining NPS were technical papers characterizing the
chemistry of novel compounds [72-75]. Only a single study outside
Europe reported on the detection of NPS [53]. European
studies reported increasing detection of NPS by DCS over time
[55, 70, 76-84], with NPS presenting as expected [55, 70, 78] and
unexpected drugs [55, 79, 80, 82, 84]. A proliferation of different
types of NPS, including cathinones and phenethylamines, was
reported over time [55, 79, 81, 85].

Drugs of concern included fentanyl and analogues, as well as other
drugs identified as causing health harms by included studies. Nine stud-
ies reported the detection of fentanyl or analogues by DCS in Canada
[24, 41, 53, 54], Slovenia [86] and Spain [56, 76, 87] from 2016 to
2019 and in the Netherlands in 2011 [58]. Six of the studies reported
that fentanyl or analogues were detected in samples expected to be
other drugs [24, 41, 54, 58, 76, 87] and none reported fentanyl or ana-
logues as expected. Other drugs of concern reported in five or more
studies included atropine, DOx, levamisole and para-methoxy(meth)
amphetamine (P(M)MA); these were detected in Europe [43, 55-58, 61,
63, 66-68, 88, 89], the United States [44, 65] and Canada [53]. Notably,
some drugs of concern overlapped with NPS or legal drugs. Legal drugs
(not including NPS) reported in five or more studies were caffeine,

ephedrine, levamisole, lidocaine, phenacetin and procaine.

The source of substances submitted to DCS was an outcome in
17 studies, and was reported by individuals accessing DCS or based
on where the sample was collected/mailed. Studies specified a loca-
tion (e.g. region, country, city) [44, 56, 60, 65, 70, 72, 76, 81, 90, 91],
on-line (e.g. webshops, cryptomarkets) [69, 75, 81, 87, 91-93] or on-
site/off-site music festival grounds where DCS were accessed [26,
32].

Outcomes related to models of DCS

Facilitators (12.2% of studies, n = 11) and barriers (7.8%, n = 7) to use
of DCS were the most common outcome measures related to models
of DCS. Beyond the most common, this domain also included out-
come measures on use, knowledge, perceptions and preferences
related to models of DCS.

Facilitators included motivations for use. Concerns about drug
contents and negative health consequences from consumption were a
primary facilitator to use of DCS. In the music festival setting, a cross-
sectional study from the United Kingdom (n = 230) in 2016 found the
most common motivator for accessing DCS was concern about the
sample, including having already experienced negative effects [32]. A
time-series study conducted in the Netherlands (n = 22 280) in 2004~
10 found people who use ecstasy more commonly reported health
concerns as their rationale for accessing DCS after a drug market
shortage of MDMA-like substances [94]. Drug market changes and
resulting concerns about drug contents and health consequences are
also highly relevant to other contexts as a facilitator for accessing
DCS. Qualitative research in the United States in 2017 reported con-
cern about fentanyl in the unregulated drug market and associated
risk of overdose as a facilitator for use of DCS among young PWUD
(n = 81) [31], as well as people who use opioids (n = 55) [23]. Related
facilitators are distrust in drug markets [31, 86] and sellers [95].
Unique facilitators among structurally vulnerable PWUD included all-
owing the provision of analysis results post-use and returning the
sample after analysis [38]. Select other facilitators to use of DCS were
central location [34, 38] as well as accuracy and comprehensiveness
of results [38, 54].

Barriers to using DCS were often linked to described facilitators
and included lack of concern over drug contents [38, 53], high trust in
drug sellers [95], inaccessible location [38, 86] and limitations of
results [23, 38]. Another barrier was legal risks due to drug criminali-
zation [31], which was linked to anonymity concerns [86]. Legal risks
and privacy concerns were also perceived barriers for drug sellers to
access DCS [96].

Study quality

Assessment of study quality was conducted for 13 articles meeting
a priori criteria (Supporting information, Tables S1 and S3). Among
11 cross-sectional studies, scores ranged from 3 to 7 of 14 possible
points, with a mean of 4.8 (standard deviation = 1.2). One time-
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series study received 5 points and one longitudinal study received
4 points, out of 12 possible points. All studies were of relatively
poor quality and limitations related to cross-sectional designs and
an absence of clear, valid, reliable and consistently implemented

outcome measures.

DISCUSSION

This systematic review identified 90 studies evaluating the impacts
of DCS from 1990 to 2019. While scholarship is growing, knowl-
edge gaps persist. Studies evaluating DCS were overwhelmingly
geographically concentrated in Europe (72.2%). Given that most
European DCS target PWUD in party settings, the available evi-
dence on DCS is largely focused upon this subpopulation. While
these findings may not be generalizable [97]—particularly to differ-
ent subpopulations of PWUD—recent expansion of DCS for over-
dose prevention in Canada and the United States has led to an
emergent evidence base on the impact of DCS on structurally
vulnerable PWUD.

Monitoring of drug markets by DCS was the predominant domain
reported in the literature. Strong evidence exists demonstrating that
DCS provide a unique form of drug market monitoring by providing
information on the level of concordance between expected
(i.e. anticipated by individuals accessing DCS) and detected contents
in drug samples. Available evidence also demonstrates the capacity of
DCS to detect NPS and drugs of concern. Despite perceptions that
DCS could increase accountability among drug sellers and improve
the quality of the unregulated drug supply [32, 98], this was not borne
out in the evidence and remains a gap in the literature. Our primary
domain—the influence of DCS on behaviour of PWUD—was mea-
sured in a third of studies, while behavioural intention in response to
analysis results from DCS was assessed most often (24.4%). Adjust-
ments in behaviour were found across reporting studies and were
generally more common when results from DCS were unexpected or
drugs of concern.

Given the proliferation of DCS since 1992 in non-English-
speaking countries, the comprehensiveness of this systematic review
is a key strength achieved through inclusion of studies since 1990
in all languages, grey literature and peer-reviewed conference
abstracts. However, this work has limitations typical of systematic
reviews. Publication bias may limit the representativeness of the
included literature, as studies not showing positive impacts of DCS
could be under-represented. Timing of the search is another limita-
tion, and several peer-reviewed articles have been published since
[99-111], including one Canadian study among drug sellers [100].
Our eligibility criteria excluded studies where DCS were not
implemented although they may have reported outcomes on our
domains, such as facilitators and barriers to use of DCS [112]. We
did not conduct a meta-analysis due to significant heterogeneity in
methods, populations and outcomes throughout included studies.
Due to resource limitations, we only reviewed grey literature on the

primary domain and did not appraise the quality of grey literature

or qualitative studies. Studies for which quality was assessed were
not of high quality, which may increase the level of uncertainty with
respect to outcomes reported. Key methodological limitations
among studies reporting on behaviour of PWUD include cross-
sectional designs and behavioural intention measures subject to the
intention-behaviour gap [113]. Challenges facing the generation of
evidence on DCS include limited resources for research and evalua-
tion as well as barriers to conducting research on PWUD and DCS

due to drug criminalization [114].

CONCLUSIONS

This systematic review found that monitoring of drug markets by DCS
is well established in Europe and increasingly in North America; there
is an emerging evidence base on the capacity of DCS to influence
behavioural intention and, to a lesser extent, enacted behaviour,
among PWUD. Further research on enacted behaviours, linking
behaviours to health outcomes and among people who inject drugs or
use opioids would benefit the knowledge base, as would more rigor-
ous and higher-quality study designs. As DCS gain popularity, ongoing
scientific evaluations across settings are critical to understanding the

impact and limitations of this intervention.
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