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ABSTRACT

Background: Drug-related deaths globally are increasing year on year, with the largest proportion of these being
opioid-related. The opioid antagonist naloxone distributed for take-home use (‘Take-Home Naloxone (THN)’) has
been championed as one method of tackling this public health crisis, however to be effective it must be available
at an opioid overdose. Ownership and carriage are therefore fundamental to THN success. This study aimed to
assess the prevalence of ownership and carriage of THN internationally among people who use drugs (PWUD).

Methods: NHS Scotland Journals, AMED, EMBASE, HMIC, MEDLINE, PsycINFO, CINAHL Complete, PubMed,
Cochrane Library, PROSPERO and grey literature were searched for articles which measured prevalence of THN
ownership or carriage between 1996 and 2020. Ownership was defined as report of a personal supply of THN.
Carriage was defined as the participant carrying THN on their person at time of data collection or reporting
a frequency of how often they carry THN. Risk of bias was evaluated using the Joanna Briggs Checklist for
Prevalence Studies.

Results: Systematic search yielded 6363 papers, with ten eligible papers identified. Eight articles were included
in ownership prevalence and five articles included for carriage prevalence, with an overlap of three studies
between both measures. Pooled prevalence indicated moderate ownership levels (57%, CI 47-67%) but lower
carriage levels (20%, CI 12-31%). Analysis was complicated by the limited number of available studies and lack
of standardised terminology and measurement.

Conclusion: Understanding naloxone ownership and carriage globally is hampered by limited evidence and het-
erogeneity across studies. From the available data, prevalence of THN carriage overall appears low, despite
moderate ownership. Given the variation across studies, future research should seek to utilise more standardised
terminology and methods of measurement. Furthermore, services distributing THN must ensure the importance
of regular carriage of naloxone is consistently emphasised.

Introduction

tackling drug-related deaths (DRD) (Strang et al., 2014). Distribution of
naloxone for use at home by lay people or people who use drugs (PWUD)

Across the globe, the impact of problematic opioid use is increas-
ing. Rising drug-related death rates are being seen in the UK, USA, parts
of Africa, and South-East Asia, the majority of which are attributed to
opioids due to overdose (UNODC, 2020). According to the United Na-
tions World Drug Report (2020), 66% of an estimated 167,000 deaths
related to drug use disorders worldwide were due to opioids, using
most recent available data. Given these premature, highly preventable
deaths, there is a growing need to identify and implement effective in-
terventions. Consequently, the opioid antagonist naloxone, distributed
for take-home use, has been progressively championed as one method of
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through peer administration (‘Take-Home Naloxone (THN)’) has signif-
icantly strengthened internationally since early initiatives in the 1990s
(McDonald and Strang, 2016).

The majority of THN studies to date have assessed distribution or
effectiveness of THN programmes and have indicated significant im-
pact on rates of opioid overdose deaths (McDonald and Strang, 2016;
Walley et al., 2013). Despite findings which indicate the potential of
THN in preventing fatalities, overdose remains a major cause of prema-
ture mortality in the developed world (EMCDDA, 2020). It is important
to assess what may facilitate or prevent the optimal use of naloxone.
Tobin et al. (2018) refer to the naloxone ‘cascade of care’ which out-
lines the five phases they suggest are required for optimal THN use:

1. awareness of THN;
2. access to a supply;
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3. training in use;
4. use in an overdose situation;
5. possession meaning carriage on the person and the frequency of this.

There has been a significant research focus on awareness, sup-
ply, and training in THN use, with increasing interest in its use in
an overdose situation (Bennett & Holloway, 2012; Giglio et al., 2015;
McAuley et al., 2015; Nolan et al., 2017). Whilst naloxone awareness,
access, and training are essential, they are insufficient in themselves to
ensure optimal overdose prevention outcomes: there is the additional
need for availability during overdose situations (Tobin et al., 2018). As
a result, the aim of this study was to assess the prevalence levels of
ownership and carriage of THN internationally among people who use
drugs. In order to achieve this a systematic review of the literature was
conducted and the results were subjected to meta-analysis.

Methods

We have used the term ‘carriage’ within this paper, rather than To-
bin’s term of ‘possession’, because there is ambiguous use of “possession”
within the literature. Historically possession has been used within dif-
ferent studies to signify both carrying naloxone on one’s person, as well
as simply owning or receiving naloxone. This imprecision can lead to
ambiguity in measuring these different constructs. Someone may have
‘received’ naloxone but no longer own or carry it, and they may ‘own’
naloxone but never carry it, yet, because of this ambiguity, they may
all be deemed to ‘possess’ it. For this study, the terms of interest were
ownership and carriage of naloxone which were defined as follows:

o ownership: the participant reported a personal supply of THN (e.g.
at home or other easily accessible place);

e carriage: the participant carried THN on their person at time of data
collection OR reported a frequency of how often they carry THN on
their person.

Eligibility criteria

This research focused on PWUD who engage with harm reduction or
health services on this basis. This population is used in comparison to
those who may be perceived to use substances recreationally, or who
engage with statutory services for prescribed medications on a short-
term basis for an acute problem. We recognise that there may be some
overlap between these groups, as those who receive prescribed medi-
cations may augment with illicit substances, however, they would only
be included in this study if they engaged with services specifically due
to an issue linked to their substance use. The inclusion criteria were as
follows:

study population must include PWUD, or who have formerly used
drugs, and who engage with harm reduction or health services on
this basis, people deemed to be at risk of opioid overdose, and PWUD
who are likely to witness overdose;

study designs must be observational, but may include cohort studies,
cross-sectional studies, case-control studies, surveys;

studies must include outcome measures of carriage or ownership lev-
els observed.

Exclusion criteria included:

studies reporting solely qualitative analyses;

ownership of naloxone by first responders/law enforcement or other
professional care providers rather than by PWUD in a ‘take-home’
capacity;

ownership/carriage by family members of PWUD, who themselves
do not use drugs;

ownership of naloxone by specific population groups (e.g., in preg-
nancy).
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Search strategy and information sources

A comprehensive literature search was conducted through NHS Scot-
land Journals, AMED, EMBASE, HMIC, MEDLINE, PsycINFO, CINAHL
Complete, PubMed, Cochrane Library and PROSPERO. Grey literature
searches were undertaken via Google and Ovid (conference proceed-
ings). Hand searches of relevant contents pages within selected journals
and the reference sections of relevant articles were also conducted. In
addition, authors in the field of harm reduction and take-home nalox-
one were contacted via email to ascertain whether any further literature
existed that reviewers had not gleaned via formal search. Search struc-
ture and terms were discussed with an experienced information special-
ist, then conducted by two investigators (GB, JS). The following search
terms were used:

1. (Naloxone OR Narcan OR Prenoxad OR Evzio) AND
2. (‘Take home’ OR ‘Take-home’) AND
3. (Overdose OR ‘Drug-related death’)

under ‘all-text’ searches where applicable. Searches were not combined
with ‘AND’ for Cochrane Library or PROSPERO because search returns
were too small to ensure adequate coverage when terms were combined.
For this reason, three separate searches with the above three groups of
terms were conducted for these databases and results pooled. Searches
were limited to those articles published between January 1996 and April
2020. This date range was chosen as it best reflects the years during
which THN has been most actively implemented within national pro-
grammes. The range was set as intentionally wide in order to ensure
that relevant information was not missed, for example to identify poten-
tial serial analysis which may have initially published early but which
may have more up to date data available unpublished (the reference for
which might be missed by narrowing the search too early in the pro-
cess). In the instance of serial analyses, the most recent available data
was used. Language was not used as a formal search criterion.

A search report was created with all identified titles captured in Re-
fWorks or Mendeley (Table 1). Reviewers (GB, JS) then removed dupli-
cates and conducted initial screening independently. Abstracts and full
text articles were assessed for eligibility then results compared to pro-
vide quality assurance. Discussions took place regarding which papers
to include within the review and consensus reached between authors
(GB, JS, AM) regarding the papers to be included, without the need for
arbitration.

Data extraction and analysis

Data extraction was undertaken by two reviewers independently
(GB, AY) and results compared, according to the agreed upon defini-
tions. The study aim was to assess regular carriage, therefore, for those
papers that did not directly measure or define ‘regular’ carriage, for ex-
ample those using a frequency breakdown, it was important to define
what frequency of carriage was consistent enough to be deemed regu-
lar. Where necessary, email contact was made with authors of eligible
papers to clarify definitions or information provided, and/or to request
raw data. It was agreed that measures of ‘often/always’, ‘regular’, and
‘on the day of interview’, were all measures which were sufficiently reg-
ular for the numbers reporting this level of carriage to be used in the
pooled analysis. As a result, study respondents who reported ‘rarely’,
‘sometimes’, or other occasional carriage, were not included within the
pooled analyses, as these reported levels were classed as too infrequent.
The rationale for measuring regular carriage is to measure maximum
accessibility, as those who carry THN more regularly have the greatest
potential for using it. To explore the effect of “carriage on the day of
interview” on carriage prevalence, studies which measured this were
excluded in one subgroup analysis for carriage. Ownership data was
pooled in three ways according to the time period of ownership spec-
ified by each study: 1. ownership of naloxone at any point; 2. current
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Table 1

Search strategy: search terms utilised and results.
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Search Terms Year
limits applied from
beginning of search

Number of Articles
Group One - Ovid NHS

Scotland Journals AMED CINAHL Complete PROSPERO Cochrane Library pub
Embase HMIC Medline APA Jan 1996 to April PubMed 1/1/1996 to 01/01/2011 to date Jan 1996 to April
PsycINFO 1996 - 2020 2020 All text 12/04/2020 12/04/2020 2020 All text
1 Naloxone OR Multifield Search, all fields TX Naloxone OR All fields: ("naloxone"[MeSH 56 Reviews: 71
Narcan OR (Naloxone or Narcan or Narcan OR Terms] OR "naloxone"[All Protocols: 5
Prenoxad OR Evzio Prenoxad or Evzio).af. Prenoxad OR Evzio Fields] OR "naloxone"[MeSH Trials: 2541
57834 7828 Terms] OR "naloxone"[All Clinical Answers: 10
Fields] OR "narcan"[All Fields] Total: 2627
OR "evzio"[All Fields] OR
"naloxone"[MeSH Terms] OR
"naloxone"[All Fields]) AND
(1996/1/1:2020/4/12[pdat])
16420
2 ‘Take home’ OR Multifield Search, all TX "Take home” All fields: ("take home"[All 15 Reviews: 54
‘Take-home’ fields: (Take home or OR “Take-home” Fields]") AND Protocols: 1
Take-home).af. 16246 11342 (1996/1/1:2020/4/12[pdat]) Trials: 639
2760 Editorials: 1
Clinical answers: 1
Total: 696
3 Overdose OR Multifield Search, all TX Overdose OR All fields: ("drug 136 Reviews: 187
‘Drug-related fields: (Overdose or “Drug-related overdose"[MeSH Terms] OR Protocols: 17
death’ "drug-related death").af. death” 22936 ("drug"[All Fields] AND Trials: 1426
86475 "overdose"[All Fields]) OR Special collections: 1
"drug overdose"[All Fields] OR Clinical answers: 8
"overdose"[All Fields] OR Total: 1639
"overdoses"[All Fields] OR
"overdosed"[All Fields] OR
"overdosing"[All Fields] OR
"Drug-related death"[All
Fields]) AND
(1996/1/1:2020/4/12[pdat])
19929
1+ 2 + 3 all fields 732 298 164
OR Overall Overall Cochrane Total
Total of 3 searches PROSPERO total: 4962 6363
(PROS- Total: 207

PERO + Cochrane)

ownership (defined as currently having a personal supply at time of data
collection); 3. ownership within the last 12-month period.

Study quality assessment

The JBI critical appraisal instrument for studies reporting prevalence
data tool was utilised by one reviewer (GB) (Munn et al., 2015). This pro-
vides an overall analysis of quality and an insight into risk of bias within
the context of studies specifically focusing on prevalence data, given
that the context and bias profiles of these are unlike those of other non-
randomised research designs (Joanna Briggs Institute, 2014). Where no
response rate or sample size calculation was given, a standard sample
size calculation was used for comparison, using the following formula by
Naing et al. (2006) and the conventions of 95% confidence interval, 20%
expected prevalence, and 5% precision: n = ZZLZI_P). Considering that
much of the data for this research was found in peer-reviewed journals,
there is a high potential for publication bias. We attempted to minimise
this by making direct contact with authors and professionals in the harm
reduction field, and by performing grey literature searches, to glean ev-
idence which may exist outside formal publication. An overall quality
assessment and risk of bias was made for each paper which can be seen
in Supplementary Table 1. Funnel plots were also created to assess risk
of reporting bias (Supplementary Figs. 1 and 2).

Statistical analysis
When combining results from observational studies, heterogene-

ity of design, population and outcome is generally anticipated
(Stroup et al., 2000). We assessed heterogeneity using both descriptive

analysis and the I2 statistic to quantify the extent that variability across
studies was due to heterogeneity and not due to random sampling. The
convention of I? over 75% indicating high heterogeneity was utilised.
Data was presented graphically using forest plots. Meta-analysis was
undertaken using a random-effects (DerSimonian and Laird) model to
account for heterogeneity and was performed using the MetaXL add-
on for Microsoft Excel (www.epigear.com). Pooled prevalence figures
were calculated with 95% confidence intervals, and appropriate sub-
group analyses conducted to explore possible causes of heterogeneity
and robustness of results. To address variance instability, the Freeman-
Tukey double arcsine transformation was applied to pooled prevalence
estimates (Barendregt et al., 2013). Statistical analyses were undertaken
by two authors (GB, AY) to ensure accuracy of results.

Results
Search results

Database searches resulted in a total of 6363 papers being identified.
A further 17 papers or reports were identified via grey literature search,
hand search, or direct author contact, and included one paper submitted
for publication. Following removal of duplicates, 4469 papers remained.
Whilst language was not used as a formal search criterion, the authors
did not find any papers which contained relevant data that had not been
published in the English language. To minimise overlap of sampling pop-
ulations, or due to study design or quality, nine studies were discounted
from the ownership analysis (Buresh et al., 2020; Davis et al., 2016;
Glick et al., 2017; Lopez Gaston et al., 2009; Marco et al., 2018;
Nolan et al., 2017; Schneider et al., 2019; Tobin et al., 2018). Five
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'
Records identified through database Additional records identified through
g searching other sources
= (n =6363) (n=17)
©
2
=
=
c
§ \4 \ 4 Records excluded (n=4448)
Records after duplicates removed - Bioethics (n=3)
— (n =4469) - Case report (n=11)
- Conference/abstract (n=29)
() - Cost effectiveness study (n=9)
- Drug related harm/harm reduction (n=127)
- Fentanyl (n=16)
g’ - Irrelevant drug/intervention/study popn
= Records screened (n=3033)
g (n = 4469) - Irrelevant grey literature (n=16)
= - OEND Training (feasibility, pilot,
N implementation) (n=57)
- OST/MAT/other tx or OUD (n=530)
- Overdose (n=126)
—__J - Policy/legislation/guidelines/protocol
v (n=61)
— - Prison/Criminal Justice (n=67)
Full-text articles assessed for - Qual or mixed method (n=37)
eligibility - RCT/other trial or pharma (n=65)
> (n=21) - Recovery/Outreach/Peers (n=12)
E ) ) - Review/Letter/Editorial/Comm (n=97)
) Carriage analysis n=10 - Systematic review/meta-analysis (n=15)
k= . o - THN awareness/attitude (n=35)
w Ownership analysis n= 17 - THN distribution/usef/impact (n=102)
Overlap of 6 papers
Full-text articles excluded, with reasons
v Carriage analysis (n = 5)
Studies included in quantitative - Superseded by more recent study
synthesis (meta-analysis) - Population overlap with other research
team
8 Carriage analysis (n = 5) - Study design introduces increased
'g heterogeneity or unsuitable (e.g. RCT,
° Ownership analysis (n = 8) post implementation study)
£ - Low quality study design
Overlap of 3 papers
Ownership analysis (n =9)
(Total n=10)
— - Superseded by more recent study

Population overlap with other research
team

Study design introduces increased
heterogeneity or unsuitable (e.g. RCT,
post implementation study etc.)

- Low quality study design

Fig. 1. PRISMA Diagram.

studies initially reviewed for carriage analysis were also discounted
(Buresh et al., 2020; Lopez Gaston et al., 2009; Parmar et al., 2017;
Tobin et al., 2018; UAM 2019), due to study design, quality, or overlap
of sample populations. Additional information on the search results are
provided within the PRISMA diagram (Fig. 1 and Table 1).

Study characteristics

Whilst the search criteria allowed for several study designs, all even-
tual eligible studies were cross-sectional analyses with validated mea-
sures. These were included if prevalence of ownership or carriage were
presented or could be calculated from the data provided. Study popu-

lations ranged from 72-2130 respondents, with countries of origin in-
cluding the US (five papers), Canada (two papers), the UK (two papers),
and Europe (one paper). Drug use status ranged from study populations
being asked whether they had used substances within the past 30 days,
up to use within the past 12-month period. A fuller summary of study
characteristics can be seen in Table 2. Eight papers met the criteria for
inclusion within the ownership analysis. For the carriage analysis, four
studies met the criteria, with a further study obtained through direct au-
thor communication, giving a total of five articles. Three articles are in-
cluded within both analyses (Dayton et al., 2019; Khatiwoda et al., 2018;
Health Protection Scotland, 2019). The 10 included studies measured
prevalence of ownership, or prevalence or frequency breakdown of car-



Table 2

Summary of included studies.

Ownership or

Sample % treatment % injection drug Carriage
Study Size Sample Age Ethnicity Gender receipt “* use “* Location Survey item Prevalence %
Ownership Analysis
Allen et al.,, 2019 371 Mean 35.8 White 83.4% Female: 40.4% N/A 88.7% West Virginia, US In the past 6 months, 179/371 48%
Male: 59.6% did you get Narcan or
naloxone to carry with
you?
Banta-Green et al., 2020 1264 Mean 36 White: 82% Female: 43% 60% 97% Washington State, At any time in the past 915/1265 72%
Male: 57% us 3 months, have you
Transgender/Other: had a naloxone/
<1% Narcan kit?
Dayton et al., 2019 577 Mean 47 +/-11 N/A Female: 34% 63% 63% Baltimore, US Have you ever been 380/577 66%
Male: 66% prescribed or received
a kit containing
Narcan?
Goldman-Hasbun et al., 177 Median 22.2 White: 54.8% Female: 38.4% 55.9% @ 38.4% " Vancouver, B.C, Do you currently own  40/177 23%
2017 IQR 20.2, 23.4 Male: 61.6% Canada a THN rescue kit?
Health Protection Scotland, 2130 Mean 40.6 N/A Female: 27% Last 6 months:  Last 6 months: 69% Scotland Have you been 1299/2130 61%
2019 Median 40.2 Male: 73% 56.3% prescribed take-home
Naloxone in the past
year?
Khatiwoda et al., 2018 100 Inclusion >18 yrs White: 90.8% Female: 58% N/A N/A North Carolina, US  Have you ever gotten a 74/100 74%
No other ref made Male: 42% Kit for yourself?
Madah-Amiri et al., 2019 497 Mean 44.9 N/A Female: 24.5% 51.1% 72.4% Norway Do you have naloxone? 188/497 38%
Male: 75.5%
Moustagim-Barrette et al., 348 Median 40 First nations: 24.7% Female: 35.6% N/A 35.1% British Columbia, Do you have a 246/348 71%
2019 IQR 32, 49 (n=86) Male: 62.6% Canada Naloxone/
Other: 1.7% Rural, urban Narcan kit?
environs
Carriage Analysis
Dayton et al., 2019 345 Mean 47+/-11 N/A * Female: 34% 63% 63% Baltimore, How often do you 31% often/always
Male: 66% Maryland, US carry Narcan with
you?
Health Protection Scotland, 1299 Mean 40.6 N/A Male: 73% Last 6 months:  Last 6 months: 69% Scotland Are you carrying any 13% carriage on
2019 Median 40.2 Female: 27% 56.3% naloxone with you day of interview
today?
Khatiwoda et al., 2018 72 Inclusion >18 yrs White: 90.8% Female: 58% N/A N/A North Carolina, US  How often do you 19% always
No other ref made Male: 42% carry a Kit with you? 31% mostly
Total: 50%
McDonald et al., 2020 131 Mean range 25-44 NJ/A Female: 26.3% N/A N/A Results from Are you carrying any 8% carriage on day
Male: 73.7% London/ naloxone with you of interview
Birmingham today?
Reed et al., 2019 571 Median 35 White: 63.9% Female: 21.7% 56.3% Philadelphia, US Do you carry Narcan? 12% regular
IQR 29, 44 Black/non-Latino: Male: 78.3% carriage

11.7%
Latino/Hispanic: 21.2%

* N/A refers to a study making no reference to the inclusion of this data.
** the widest time periods for measurement of receipt of treatment was in the past 12-month period.
*** the widest time period for measurement of injection drug use was in the past 12-month period.

2 (Goldman-Hasbun et al., 2017) refers more broadly to ‘Drug and Alcohol treatment’.

b (Goldman-Hasbun et al., 2017) refers to public injecting only.
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Random effects

Study Prev (95% ClI) % Weight
Allen et al 2019 —a— 0.48 ( 0.43, 0.53) 12.6
Banta-Green et al 2020 - 0.72 ( 0.70, 0.75) 129
Dayton et al 2019 —— 0.66 ( 0.62, 0.70) 12.7
Goldman- Hasbun et al 2017 —a— 0.23 ( 0.17, 0.29) 121
Health Protection Scotland (NESI) 2019 - 0.61 ( 0.59, 0.63) 12.9
Khatiwoda et al 2018 —a— 0.74 ( 0.65, 0.82) 11.6
Madah-Amiri et al 2019 —a— 0.38 ( 0.34, 0.42) 127
Moustagim-Barrette et al 2019 —a— 0.71 ( 0.66, 0.75) 125
Overall 0.57 ( 0.47, 0.67) 100.0
Q=347.31, p=0.00, 12=98%
0 0.2 04 06 08 1
Prevalence
Fig. 2. Forest plot - Ownership pooled prevalence estimate.
Random effects
Study Prev (95% CI) % Weight
Dayton et al 2019 —— 0.31 ( 0.26, 0.36) 20.6
Health Protection Scotland (NESI) 2019 = 0.13 ( 0.11, 0.15) 213
Khatiwoda et al 2018 . 0.50 ( 0.38, 0.62) 17.8
McDonald et al 2020 - 0.08 ( 0.04, 0.14) 193
Reed et al 2019 E B 0.12 ( 0.10, 0.15) 21.0

Overall

Q=105.86, p=0.00, 12=96%

0.20 ( 0.12, 0.31) 100.0

0 0.2 0.4

0.6 0.8 1

Prevalence

Fig. 3. Forest plot - Carriage pooled prevalence estimate.

riage. Time periods for ownership studies varied from current ownership
at time of data collection (three studies), ownership within the previous
3, 6 or 12 months (three studies), or ownership at any time (two stud-
ies). Three of the carriage papers measured total regular carriage, either
by measuring carriage on the day of data collection, or by asking about
regular carriage, and two provided a frequency breakdown of carriage
(often/always, sometimes/mostly, never/rarely). All studies used struc-
tured questionnaires completed on paper or electronically, with data
captured either by a researcher during face-to-face interviews (seven
studies), or through participant self-completion (two studies). One fur-
ther study used mixed data collection methods involving face-to-face
interviews for demographic and other information, with computerised
self-completion for what was deemed ‘sensitive risk behaviour data’
(Dayton et al., 2019, p3).

Participants were generally recruited in one of two ways. The first
method used harm reduction or medical treatment sites, such as addic-
tion services, injection equipment providers, drug treatment centres, or
community pharmacies, which we have termed ‘fixed site’ sampling.
The second approach we have termed ‘mobile/outreach’ and includes
those studies which undertook street-based sampling at known high use
areas, or via agencies who work with PWUD on the street, which gen-
erally resulted in respondent driven or snowball sampling procedures.

The JBI nine-point critical appraisal tool was used to assess studies in
terms of their sampling methods, size, demographics, coverage, validity
and standardisation, statistical methods, and response rate. Based on
Naing et al’s (2006), formula the estimated adequate sample size rate
would be 246 responses, therefore any study with a sample over this
was deemed to have an adequate response level. The main risks in the
included studies were non-random sampling methods (convenience or
snowball sampling), recruitment from non-representative samples (e.g.
solely from medication-assisted treatment (MAT) clinics), small sample

sizes, and high risk of inherent response/recording bias (mostly due to
data collection method). A formal assessment of study quality can be
seen in Supplementary Table 1. An assessment of reporting bias can
be observed for ownership in Supplementary Fig. 1 and for carriage in
Supplementary Fig. 2. Both funnel plots indicate a significant degree of
skew and graphic paucity which indicates the potential for a high degree
of publication bias.

Pooled prevalence analyses
Ownership

The pooled prevalence for ownership at any time (Fig. 2) indicated a
proportion of 57% (CI 47-67%) and a heterogeneity score of 98%. Two
additional subgroup analyses were also conducted to provide a more
nuanced picture of ownership and investigate possible rationales for
observed heterogeneity: ownership at time of interview, termed here
‘current ownership’, and ‘ownership within the past 12 months’ were
created to compare with overall pooled ownership at any time. A pooled
prevalence of 43% (CI 16-72%) was observed for current ownership
(three papers, Supplementary Fig. 3), compared to a pooled prevalence
of 52% (CI 40-65%) for ownership within the preceding 12 months (six
papers, Supplementary Fig. 4).

Carriage

Pooled prevalence observed for those studies within the carriage
analysis was 20% (CI 12-31%), with a heterogeneity score of 96%
(Fig. 3). To evaluate whether the measure ‘carriage on the day of in-
terview’ may act as a confounding factor, a subgroup analysis was con-
ducted which excluded those papers using this (McDonald et al., 2020,
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Health Protection Scotland, 2019). Results indicated a slightly higher
pooled carriage prevalence of 28% (CI 10-50%), with a heterogeneity
score of 97% (Supplementary Fig. 5).

Within study comparison — ownership and carriage

A within subject comparison was conducted in order to directly com-
pare the ownership and carriage levels of those studies which report
both measures. In studies which reported these, ownership levels were
higher than carriage rates, similar to the trend observed in the overall
pooled estimates.

Discussion

Meta-analysis of the available literature found that ownership of
THN among PWUD was moderate (>50% in all analyses), whilst ob-
served carriage rates were generally low (range 20-28%). This is the
first study to attempt a comprehensive review of ownership and car-
riage rates of THN. The ability to evaluate pooled prevalence for both
ownership and carriage of THN is important as this addresses a key com-
ponent of the naloxone care cascade; that of ensuring the availability
and accessibility of naloxone when needed (Tobin et al., 2018).

Ownership as a measure remains important in assessing accessibility,
in addition to measuring carriage, because it incorporates those PWUD
who have a personal supply of naloxone but who do not report regu-
lar carriage. In light of these findings, our recommendation for future
research is the standardised use of the measure ‘current ownership’, by
asking the question ‘Do you currently own a naloxone kit?’. Using cur-
rent ownership as a measure gives the most accurate picture of up-to-
date personal supply prevalence. Future research should also include se-
rial surveillance studies to allow a better assessment of trends of nalox-
one ownership in order to influence strategic planning needs and im-
provement of THN provision.

There are a variety of barriers to carriage which apply, in addition
to those for ownership. These include aspects of product design (e.g.
bulky packaging) which may impede portability; stigma or identifica-
tion as a person who uses drugs as a result of THN carriage; and po-
lice perceptions or criminal repercussions if THN is perceived to be
drug-related paraphernalia. These are all issues which can act as bar-
riers to carriage specifically, on top of ownership (Bessen et al., 2019;
Dayton et al., 2019; Lopez Gaston et al., 2009; Khatiwoda et al., 2018;
McAuley et al., 2016; Tobin et al., 2018). Primary drug use occur-
ring within the home may also negatively influence carriage of THN,
with the perception that it is sufficient to have THN within the home
(Strang et al., 1999). However, peer administration for another individ-
ual is much more likely to be required in an overdose situation than self-
administration, therefore access for one’s peers outside the home also
needs to be addressed. In addition to this, there is a recognised increased
risk of overdose for those PWUD injecting in public spaces, therefore
carriage of THN by them, and for use on another’s behalf, are impor-
tant reasons to increase prevalence more widely (Trayner et al., 2020).
Moreover, services must ensure that the importance of regular carriage
is conveyed when distributing THN to PWUD for these reasons. It is im-
portant that these additional barriers to carriage are addressed if rates
are to be improved. Future research is therefore needed on issues such
as optimised product design in consultation with PWUD, and on factors
which PWUD themselves feel would increase engagement and likelihood
of carriage.

The rationale for a research focus on ownership and carriage is due
to the importance of these in ensuring the presence of THN during
overdose. As constructs these are relevant because both ownership and
carriage must be adopted in order for THN to become available when
needed. If people do not own naloxone they cannot carry it. If people
do not carry it they are less likely to have access to it when needed
and will not have access to it in all situations. In light of this, and the
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results of this analysis, the importance of Tobin et al.’s (2018) nalox-
one cascade is evident. Of the five pillars proposed, we have focused on
what they would term ‘access’ and ‘possession’, in order to assess preva-
lence of ownership and carriage. The rationale for use of the cascade
is clear; in order to universally optimise provision and use of naloxone,
we must first be able to identify and optimise each pillar. The World
Health Organisation and UNODC in 2016 launched the ‘Stop Overdose
Safely’ (SOS) initiative which proposed, as part of a multi-site study,
a 90% target for suitable groups to receive overdose risk and manage-
ment training (WHO, 2016). In turn it was recommended that 90% of
those receiving training were supplied with THN, with a further target
of ensuring 90% of this group should regularly carry or maintain easy
access to THN. Whilst the study is currently conducted in Kazakhstan,
Kyrgyzstan, Tajikistan, and Ukraine, there is no reason why these tar-
gets should not be applied internationally to optimise THN provision
and use, particularly given the current opioid crisis (WHO 2016). These
recommendations remain considerably higher than the ownership and
carriage prevalence observed within our study. Our analysis has con-
firmed that prevalence of THN ownership and carriage within the pub-
lished literature are much lower than might be anticipated after almost
25 years of advocacy and should therefore be addressed as a matter of
urgency.

There are clear implications of this work for policy makers and prac-
titioners. Whilst there is sufficient awareness of naloxone to promote
ownership, there are still insufficient levels of carriage to promote ac-
cess when required. As such, the aforementioned barriers towards car-
riage all require to be addressed. Access to naloxone can and should
be widened to include as yet untapped services which are known to be
highly utilised by PWUD, including GP or family practitioner services,
acute and general medical care and emergency department provision,
none of which have so far been optimised. Services external to formal
healthcare provision should also be at the forefront of THN provision,
such as housing and social care services. In light of the COVID-19 pan-
demic, widening of access is needed given the relative decrease in face-
to-face support and the concurrent increased risk to PWUD. Novel meth-
ods of distribution including postal THN distribution and online train-
ing, which work around COVID-19 restrictions, should also be used and
advertised widely in all forums accessed by PWUD.

The current evidence on prevalence of naloxone ownership and car-
riage is negatively affected by underpowered studies and a lack of con-
sistency in definitions and measurements. The authors recommend the
use of the term ‘carriage’ when referring to keeping THN on one’s per-
son, in contrast to other terms such as possession, because it directly
refers to ‘carrying’ naloxone, rather than allowing inadvertent overlap
with ownership of a personal supply. The authors also recommend the
use of frequency breakdowns as opposed to other terms such as ‘regular’
carriage which are vague and open to interpretation. Frequency break-
downs of carriage were only undertaken by two relevant studies in this
analysis (Dayton et al., 2019; Khatiwoda et al., 2018). Breakdowns al-
low more detailed information to be extrapolated, including total car-
riage prevalence, carriage frequency, and total ownership (as long as
the question posed ensures that ‘never’ carry solely includes those who
do currently own naloxone). This study has shown that more clarity in
definition and use of terms is needed to ensure that adequately homoge-
nous, and therefore increasingly meaningful comparisons, can be made
between research studies. Ensuring this clarity would require wider in-
ternational communication and recognition of the importance of adher-
ence to standardised methods and measures in quantitative social re-
search. By doing so it would be possible to extrapolate wider outcomes
more easily from research and allow a greater definitive impact.

More broadly, the limitations in the wider availability of data meant
that further detailed subgroup analyses were not possible with too few
papers available for a sufficiently powered analysis (i.e. <3 papers).
Additionally, given the limited number of studies available outside of
the US and UK, there is a concern that the pooled findings here may
lack generalisability to other countries. Despite the lack of data, our
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pooled estimates provide the first insights of the differences which ex-
ist in naloxone ownership and carriage across studies. These highlight
that there may be sub-optimal THN ownership and carriage across all
countries surveyed which potentially indicates the need for a more ur-
gent and focused international response to optimise overdose prevention
through THN. Future research in this area should ultimately facilitate
meta-analysis which allows for sufficiently powered regional analyses
e.g. by country/continent.

Specific limitations of this review and meta-analysis include a high
degree of heterogeneity (>95%) which is likely to be linked to the vari-
ation in measures utilised by papers, as well as differing sampling pop-
ulations (e.g. MAT clinics versus street-based outreach). The high het-
erogeneity seen in the pooled estimates, and the reduced number of ap-
propriate studies, meant that, at times, wide confidence intervals . This
limits the utility of pooled prevalence in our analyses. In addition, the
skew of sampling in some studies towards treatment facilities (e.g. MAT
clinics) may also increase the likelihood that higher numbers of respon-
dents are well engaged in treatment or harm reduction and therefore
are more likely to own naloxone. This is a potential confounding fac-
tor. Despite our attempts to access grey literature, there is a degree of
reporting bias present which is likely to skew overall prevalence esti-
mates. This may be compounded by the fact that all studies found and
included were English language studies.

Difficulties lay in deducing exact sampling methods or popula-
tions of some studies. It is therefore impossible to say that there was
no overlap between community-based harm reduction agencies and
street-based outreach sampling. Additionally, where respondent driven
sampling is used, it is challenging to identify the population char-
acteristics/demographics this may have incorporated. Use of respon-
dent driven sampling also has the potential to skew towards groups
of individuals who share common characteristics, although statisti-
cal analyses were undertaken to address this within some studies
(Dayton et al., 2019). Certain studies (e.g. Banta-Green et al., 2020)
undertook convenience sampling within Injection Equipment Provision
(IEP) services which is likely to have oversampled people who inject,
as opposed to those who use substances through other routes. The vari-
ability of time period in relation to drug use status is also a factor to
consider. Some studies stipulated more recent drug use (30 days, four
weeks, three months, six months), whereas others may have included
those who have formerly used (e.g. ‘ever injectors’, use in the past 12
months, or not inquiring as to current drug taking status). In light of
this, most study populations were therefore mixed between both cur-
rent and former PWUD. It is possible that ownership/carriage rates may
vary between current and former PWUD, however, we were unable to
assess this based on the available data.

Conclusions

Understanding naloxone ownership and carriage globally is ham-
pered by limited evidence and heterogeneity across studies. The avail-
able data suggests that ownership and carriage of naloxone remains far
short of optimal levels, with moderate levels of ownership but low lev-
els of carriage. Standardised classification of measurement in future re-
search would enable more effective monitoring and comparison of the
impact of initiatives to expand ownership and carriage globally. Our rec-
ommendations include use of ‘current ownership’ as a measure of own-
ership, and carriage frequencies in measurement of carriage prevalence.
Furthermore, services must ensure going forward that the importance of
regular carriage of naloxone is always emphasised.
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