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1. Scientific Abstract

Background

Drug-related mortality is a public health crisis in the UK; drug-related deaths (DRD) in Scotland have
doubled in last decade. Opioid agonist therapy (OAT) reduces DRD risk by over 50%. Periods of elevated
mortality risk when starting and leaving OAT combined with poor retention, as well as increased risk
associated with poly-drug use (especially with street benzodiazepines (BZD)), may reduce population
benefits of OAT. New long-acting formulations of OAT (la-bup) could increase retention and so improve
effectiveness. Since 2011, Scotland's National Naloxone program (NNP) has distributed >150,000
naloxone kits, which can be administered after someone uses opioids to prevent fatal overdose. Plans
for safer drug consumption facilities (SDCF) and safer BZD prescribing will be piloted during our study.

Aim
To evaluate the population-level impact of existing and novel interventions for reducing DRD in Scotland.

Methods

Objective 1: We will analyse Scotland’s Substance Use and Health Intelligence Linked Dataset to
determine: DRD mortality rates at critical risk periods in and out of OAT; individual and programmatic
factors associated with OAT retention and time to re-engagement; if DRD risk changed during COVID-
19; if OAT retention and outcomes improved after implementation of new drug treatment standards;
impact of OAT on re-incarceration and DRD after prison release; effectiveness of la-Bup. An individual-
based model of OAT and DRD among people with opioid dependence will be developed, parameterised
and calibrated primarily using the linked data. The model will be used to evaluate how many DRD have
been averted by OAT as delivered in Scotland. Objective 2: The model will be extended to include non-
fatal overdoses and naloxone distribution. The model will be parameterised and calibrated using NNP
data, data on ambulance callouts for overdoses and survey estimates of the prevalence of non-fatal
overdose among people who inject opioids. The model will estimate the additional number of DRD
averted by NNP. We will estimate costs of the NNP and incorporate these into the model to estimate
NNP cost-effectiveness. Objective 3: Projecting forwards, the model will be used to evaluate how
changes to OAT delivery could increase the impact of these interventions. Finally, the model will be
extended to evaluate the potential impact of introducing novel interventions, including SDCFs and BZD
safer prescribing, and consider the impact and costs of alternative DRD prevention strategies as
proposed by our stakeholders. Throughout, people with lived experience and other stakeholders will
advise on project priorities, model scenarios for objective 3, interpretation and implications of the research
findings.

Timelines for delivery
Model findings for objective 1 will be available in Year 1-2; objective 2 in Year 2-3, and objective 3 during
Years 3 and 4.

Anticipated impact & Dissemination

Our key aim is to improve the evidence on what actions can be taken to reduce DRD in the population,
informing changes to drug policy and public health guidance in UK and internationally. Through Co-Is
and stakeholder meetings, findings will be shared with Scottish Government, drug treatment providers in
Scotland and England, public health director leads and other stakeholders. Model code and dummy data
sets will be available. Lay summaries and infographics of key outputs will be coproduced with our PPI
advisory group, Scottish Drugs Forum and Policy Bristol.
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2. Background and rationale

The Problem

The record rise in drug-related mortality, primarily opioid-related poisoning, is a public health crisis in the
UK, especially in Scotland with Scottish Parliament declaring it a “public health emergency” in 2021. In
England & Wales there were 4,859 drug poisonings in 2021, approximately %2 involving opioids. In
Scotland, opioid drug-related deaths (DRD) are the leading cause of death in people aged 15-54.
Scotland has the highest recorded DRD population rate in Europe, at 250-300 (2021-22) per million
population - sixteen times the EU average, nearly 4 times higher than England and Finland (next highest
countries in EU [1]), and on par with North America [2] where overdose deaths now exceed 100,000 per
year [3]. The below figure illustrates the problem in Scotland. Opioid DRD (right panel) doubled in ten
years to 1,087 in 2021 with a fall in 2022 to 881 [1]. The risk of DRD in opioid dependent people in
Scotland increased over three-fold in the last 10 years (overall from 0.6% in 2011/12 to 2.1% in 2019/20)
[4] with equivalent increases for people both in and out of Opioid Agonist Treatment (OAT) (left panel).
OAT is the prescription of substitute opioids such as methadone or buprenorphine to people dependent
on illegal supplies of opioids such as heroin. OAT is considered an essential medicine and the most
effective treatment for opioid dependence by WHO, but also is an essential public health or harm
reduction intervention for reducing drug related harm. In Scotland, despite the rise in DRD risk in the
community, OAT remained strongly protective [4].

Figure: Drug Related Death Time Trends: (Left Panel) DRD Risk in Cohort of people with opioid
dependence in and out of Opioid Agonist Treatment (OAT) (updated from [4]); (Right Panel) Total Number

of DRD in Scotland and number involving street Benzodiazepines (BZD) [1]
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Analyses in England and Scotland do not support initial hypotheses (proposed in government reports [5,
6]) that the increase in the number of DRD are due to an ageing cohort [4, 7, 8]. There is no evidence
either for an increase in the size of the underlying population of people dependent on opioids[9] . Instead,
we see that the increase in the number of DRD in the population closely correlates with the risk of death
experienced by people who are opioid dependent (including latest unpublished DRD risk estimates which
fell in 2021/22 corresponding with the recent fall in the number of recorded DRD). Other hypotheses
include changing patterns of polydrug use (i.e. use of multiple drugs in combination with opioids which
may increase risk of overdose) and greater comorbidity [10, 11]. In Scotland, the rise in the number of
DRD is strongly correlated with exposure to street benzodiazepines (BZD) as detected in post-mortem
samples [12]. It will be important to see if the decline in DRD in Scotland in 2021-22 is sustained —
provisional reports [13] are not promising — making it all the more important that we determine what
modifiable factors could be enhanced to further reduce DRD in the population.
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Why Important

DRD are preventable [2]. Opioid dependence is a chronic relapsing problem which may persist for several
decades. OAT is central to the prevention of DRD as well as other causes of mortality and drug-related
harm — such as prevention of HIV and hepatitis C virus (HCV) infection [2, 14]. Other harm reduction
interventions available in the UK include needle and syringe programmes (NSP) and distribution of take-
home naloxone (THN), with drug checking facilities, “safer supply” to reduce more toxic combinations of
illicit drugs and Safer Drug Consumption Facilities (SDCF) being introduced or ready to be piloted [2, 15,
16]. Coverage of OAT and THN in UK is among the highest in the world [17] — yet DRD remain high. The
importance of improving the response to DRD and reversing current trends has been recognised by the
Scottish Drug Death Taskforce initiatives and the National Mission in Scotland. We propose transforming
the evidence base on DRD prevention so that policymakers, practitioners, and citizens. We have
transformed the prevention of HCV in PWID combining public health surveillance data, systematic review
evidence and modelling e.g. see [18-20]. In this project we aim to transform strategies and policies to
prevent DRD in Scotland in ways applicable to the rest of the UK and elsewhere.

Existing Evidence

There is strong evidence from global reviews, including UK evidence, that OAT can reduce overdose by
over 50% and can also reduce suicide, other causes of death and all-cause mortality. This evidence
comes from observational cohort studies that link people in OAT treatment with mortality registers — as
historically randomised controlled trials were underpowered to measure mortality [14]. Observational
studies have also shown that OAT reduces HIV and HCV transmission by 50% [21]. In Scotland, we
showed that DRD risk was reduced by 70% for people on OAT compared to being not on OAT [4].
However, UK and international evidence also show that DRD and self-harm are elevated in the first month
of starting and ceasing OAT [11, 14, 22] so population benefits of OAT, irrespective of high coverage,
may be reduced or lost if people frequently cycle in and out of OAT and are not retained in OAT for a
sustained period [23]. In Scotland, new guidance on Medication-Assisted Treatment (MAT) standards
[13] were issued in 2021, which have been raised as one potential explanation for the recent fall in DRD.

There is evidence that mortality risk in the first month of treatment is lower for patients on buprenorphine
compared to methadone, but global reviews show slightly better retention on methadone compared to
buprenorphine [11, 24]. It has been argued that new long-acting formulations (prolonged-release
injection) of buprenorphine - which can be taken weekly or monthly - could increase retention and reduce
DRD [2]. However, real-world evidence is limited and NICE noted that long-acting injectable
buprenorphine (la-bup) is more expensive than traditional OAT [25]. In Scotland la-bup was introduced
in prison during the COVID-19 pandemic and extended to the community following MAT standards and
by 2022 had increased to ~9% of OAT community-based prescriptions in Scotland.

There is a substantial increased risk of DRD in the first month people leave prison — as risk of overdose
is heightened when people who have lost tolerance to opioids relapse and begin use again. Australian
and English evidence have shown the benefits of people maintained on OAT in prison, with reductions
in mortality risk during imprisonment and the critical first month after leaving prison by 85% [26, 27].

Naloxone is an opioid antagonist that can reverse the effects of a fatal opioid overdose. The distribution
of naloxone to those at risk of overdose or likely to witness an overdose (‘take-home naloxone’ - THN)
can reduce DRD [28]. There is a strong association between THN programmes and overdose survival,
with THN estimated to reverse overdoses in 296.3% administrations [29]. Multiple theoretical models
have suggested that THN is highly cost-effective [30, 31], including a model partly parameterised for the
UK [32]. However, these are not based on actual inputs from its implementation or mortality risk
experienced recently. In April 2011, Scotland implemented a national naloxone programme (NNP), the
first of its kind globally [33]. Following brief training, THN kits are issued to those at risk of opioid overdose,
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their friends and family, and service workers. Overall, the program has distributed over 150,000 kits by
March 2023, with approximately 8% of those given to prisoners upon release [34]. The effectiveness and
cost-effectiveness of the national THN programme has not been fully evaluated. Opioid-related deaths in
the month after prison release reduced by a third after the first two years of the programme and halved
HMMB Deaths & Cumulative Number of THN Kits Supplied Over Study Period  after 5 years [35]. However, at the same time
8 L there was a scale-up of OAT in prison so any
reduction in DRD in the period immediately
following release may not be simply attributed
to the naloxone programme [26, 36]. Previous
research to evaluate the impact of the
programme as a natural experiment, using
interrupted time-series methods, were not
successful and could not tease out changes in
other exposures occurring during the period of
THN scale-up. The figure on the left illustrates
& .o the problem, with scale-up of THN (in maroon)
01jui2005  O1ul2008 O1jul2011  O1jui2014 O1ui2017 onuizoz0  OCCUITing at the same time as the substantial
Date increase in DRD (in blue). The research team

I
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required to evaluate the programme’s impact [37].
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Government that mathematical modelling is

Safer Drug Consumption Facilities (SDCF) are supervised facilities where people can consume drugs in
a safe environment and directly prevent DRD onsite as well as indirectly through THN and OAT referral
[38]. International evidence has shown that the introduction of SDCF has reduced DRD in the vicinity
compared to other neighbourhoods [38, 39], and have been shown to attract a population of underserved
people at higher risk of drug-related harm [40-43]. Although existing estimates suggest each SDCF may
prevent a low number of DRD each year [44, 45], the accumulated effects of multiple SDCFs over time
could be substantial [45]. Currently, 12 countries operate SDCFs with at least 88 SDCFs in Western
Europe. Following advice from Scotland’s Lord Advocate, Glasgow City Health and Social Care
Partnership will be opening a pilot SDCF (funded by Scottish Government) in Glasgow in 2024, in
response to a recent HIV outbreak and ongoing problem with public injecting [46, 47]. The ENACT
(Evaluating the impact of the UK'’s first saNctioned sAfer drug Consumption faciliTy: A mixed-methods
natural experiment study) NIHR Programme Grant (co-led by EPHESUS Col Sharon Hutchinson) will
evaluate the pilot SDCF and will use the model proposed here to evaluate long-term cost-effectiveness
and consider the wider population-level benefits of their introduction nationally or at increased scale.

In addition, in Scotland, there has been a pilot study of introducing safer prescribing of BZD to reduce
street BZD use during OAT [48]. The IN-BOAT Trial (A RCT of a Diazepam Maintenance Intervention
versus Standard Care of Tapering Diazepam to Reduce Dependent Street Benzodiazepine Use in Adults
Receiving OAT) — a NIHR HTA funded study (led by EPHESUS col Catriona Matheson) - will also use
our model to evaluate long-term cost-effectiveness. In UK primary care data, co-prescription of BZD
during periods both off and on OAT was associated with a two-fold increased risk in DRD [10]. Scotland,
however, has a particular problem with exposure to street BZD, which is also of increasing concern in
North America [12, 16]. Provisional analysis of the Substance Use and Health Intelligence Linked Dataset
(SHIeLD) [4] suggests that there is an excess risk of DRD in people that report street BZD use both in
and out of OAT, while the increased risk associated with prescribed BZD occurs predominantly for
patients in Scotland out of OAT (further justifying the trial of safer BZD prescribing).
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Evaluating how effective a multi-component national programme to reduce DRD is and determining what
needs to change cannot be done through an RCT. Mathematical modelling has an important role in
informing public health action and national and international policies for averting drug related harms [49,
50]. This can create the counterfactuals (control conditions) necessary to evaluate current public health
programmes as well as project potential impact of new interventions. Our models have demonstrated
that OAT coverage, and retention in community and prison OAT, are important factors in determining the
population-level impact of OAT (with case studies in rural US, Tehran and Kyiv) [51]. We evaluated the
OAT programme in New South Wales, finding that it halved DRD over 2001-2019 [52]. Modelling for
British Columbia found that OAT, naloxone and SDCFs averted half of all overdose deaths that would
have otherwise occurred [45]. No similar studies have been conducted in the UK.

3. Research Questions

We aim to evaluate the population-level impact of Opioid Agonist Treatment (OAT), the national naloxone
programme (NNP) and novel interventions for the prevention of drug-related deaths (DRD) in Scotland.
The project will provide the evidence for policymakers on what changes to existing interventions and
extra interventions are needed to sustain a reversal in the alarming DRD trends. We propose 3 work
packages (WP) that combine a series of policy-relevant statistical analyses of the performance of OAT
in Scotland (mostly in WP1) with developing a modelling framework (figure below) that simulates trends
in DRD and builds in complexity, from evaluating OAT in WP1, additional benefit of THN in WP2, to
projecting impact of future prevention strategies in WP3. The work packages (WP) and research
questions (RQs) are:

WP1: Evaluating the impact of OAT as delivered in Scotland.

Statistical Evidence

RQ1: What are the DRD mortality rates at critical risk periods in and out of OAT in Scotland and do
these vary between methadone and buprenorphine?

RQ2: What individual and programmatic factors are associated with OAT retention and time to
reengagement in Scotland, and do these vary by OAT modality?

RQ3: Was there a change in DRD risk during the COVID-19 pandemic and has it been sustained?
RQ4: Has the implementation of Medication-Assisted Treatment (MAT) standards had any impact on
OAT retention and other outcomes (non-fatal and fatal opioid overdose)?

RQ5: Does long-acting buprenorphine (la-bup) (compared to prescription of methadone and/or
buprenorphine) improve OAT outcomes (retention and non-fatal and fatal opioid overdose during OAT)?
RQ6: Is retention on OAT associated with rates of (re-/)incarceration?

RQ7: What is the impact of OAT exposure in prison on DRD after prison release?

Modelling Evidence

RQ8: What are the OAT retention thresholds for preventing DRD in the population?

RQ9: How many deaths have been averted by Scotland’s OAT programme?

WP2: Evaluate the National Naloxone Programme (NNP) in Scotland.

RQ10: What is the coverage, carriage and use of take-home naloxone among people who inject drugs
(PWID) in Scotland and what is the contribution of community and prison supply to coverage?

RQ11: How many DRD have been averted by the NNP, accounting for changes in DRD epidemiology
and other programmatic changes?

RQ12: What is the average cost of the NNP per PWID covered in the community and what is its
incremental cost-effectiveness?

WP3: Evaluate the potential impact on DRD of changes to existing interventions and

implementing novel interventions.
RQ13: To what extent can the population-level impact of OAT on DRD be improved?
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RQ14: What coverages of novel interventions (Safer Drug Consumption Facilities (SDCF); safer
prescribing of benzodiazepines (BZD), other novel interventions proposed by stakeholders) are needed
to achieve measurable impact on DRD?

RQ15: What is the likely impact of alternative strategies (implementing changes to existing and
introducing novel interventions) for reducing DRD?

RQ16: What are the potential costs and cost-effectiveness of alternative strategies to reduce DRD?

4. Research plan/methods

The research will focus on Scotland which has the greater public health problem and already established
linked drug treatment and health outcomes administrative datasets (Substance Use and Health
Intelligence Linked Dataset - SHleLD). However, the methods, models developed, and policy
recommendations will be adaptable to the rest of the UK. We will generate Scotland-specific estimates
of how Opioid Agonist Treatment (OAT) reduces rates of incarceration and mortality in the high-risk
periods and examine changes in OAT outcomes and risk of drug-related deaths (DRD) during and since
the COVID-19 pandemic, following implementation of Medication-Assisted Treatment (MAT) standards,
and increased availability of long-acting buprenorphine (la-bup). These analyses, alongside others
already done or synthesised, will inform — and update as the evidence becomes available — our model of
DRD in Scotland. For Scotland, the model (as shown in figure) will: evaluate how many DRD were
prevented by OAT (WP1); evaluate how many DRD were prevented by national naloxone programme
(NNP) and its incremental cost-effectiveness (WP2); and then project the future impact on DRD and cost-
effectiveness of implementing changes to OAT, introducing new interventions, and comparing alternative

DRD prevention strategies as proposed by policymakers, practitioners, and people with living/lived
experience.

Figure: Key features and outputs of the model across work packages.
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WP1: Evaluate the impact of Opioid agonist treatment (OAT) as delivered in Scotland

| Statistical Evidence from Substance Use and Health Intelligence Linked Dataset (SHleLD)

The below table shows the current linked dataset — from 2011-2022 with planned annual updates to 2028.
Key data sources include (i) Prescribing Information System (PIS), providing data on key exposures and
confounders - OAT and other prescription drug exposure (such as BZD, z-drugs (zopiclone and others),
gabapentinoids); (ii) Drug and Alcohol Information System (DAISy) and Scottish Drug Misuse Database
(SDMD), providing self-reported data on key confounders such as drug and injecting history,
homelessness, prison history; (iii) Scottish Morbidity Record (SMR) giving outcome data on admissions
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for overdose and measures of comorbidity; (iv) National Records of Scotland deaths giving outcome data
on DRD and other causes of death. New datasets from Prison/Scottish Criminal Justice and Prison Health
are being linked and will be available in 2024/25 generating key confounder (prison history) and exposure
(prison OAT) and outcome ((re)-incarceration) data. The total cohort of people who have been in OAT
2011-22 is approximately 45,000 with 10,000 deaths (5,800 DRD) and over 13,000 non-fatal opioid
overdose admissions. The cohort has approximately 50% of all opioid poisonings registered in Scotland
2011-22. This rich dataset has been used previously to estimate DRD in and out of OAT over time [4] and
was fundamental to new estimates of the prevalence of people who use opioids and inject drugs [9].
These analyses found that 75% of people with opioid dependence had been on OAT within the last five
years. All non-fatal and fatal opioid and other overdoses are recorded within SHleLD and through the
linkages we can determine what proportion were exposed to OAT and potentially other interventions —
which with the population size estimates will feed into the mathematical modelling. In addition, estimates
of the impact of OAT on suicide, effect of co-prescription of OAT and z-drugs or gabapentinoids on DRD,
and effect of co-prescription of OAT, BZD, and street BZD use on DRD are underway and will be
submitted in 2024.

Table: Substance Use and Health intelligence Linked Dataset (SHlIeLD) — data sources and summary of

variables available for analysis
Dataset/source name
Prescribing Information
System (PIS)

Key Variables (Age/Sex on all datasets)

NHS Board, prescription date, re-imbursement-date, OAT type and
quantity of prescribed methadone/buprenorphine/long-acting
buprenorphine, derived duration of prescription, prescriber type,
dispenser type. Other drugs prescribed (eg BZD, other
antidepressants, anxiolytics, sleeping tablets and pain medication).

Scottish Drugs Misuse
Database (SDMD) & Drug
and Alcohol Information
System (DAISy)

Date of current contact with drug treatment services, year of last
contact with drug treatment services, age started using illicit drugs,
drug use profile (frequency, type and route of illicit drugs use), history
of injecting (ever and last month), homelessness, self-report prison
history, drug treatments received

Scottish Morbidity Record
(SMR) 01/04

NHS Board, hospital admission date and type, hospital discharge date
and type

National Records of Scotland
(NRS) Deaths (SMR99)

NHS board and area of residence, NHS Board and council area of
death, date of event, primary and secondary causes of death

National Drug-Related
Deaths Database (DRDD)

Additional information on whether DRD known to be drug user,
injecting drug user, date last contact with a drug treatment service,
contact with other NHS service, date of last release from prison

Prison Service

Dates of incarceration, criminal offences related to incarceration, OAT

in prison through linkage to DAISY/SDMD4/PIS

Methods/Statistical Approach (RQ1-7)
We will pre-register all of our analysis plans. We will curate and publish our code and dummy datasets
in collaboration with PHS. We will use “causal inference” methods where appropriate.

RQ1&2: OAT 2011-2022. In previous analyses in England we have shown that people offered and
entering different forms of OAT (methadone and buprenorphine) differ according to multiple
characteristics of the patient and prescriber [11]. It is critical, therefore, that we describe and take account
of these potential differences in our analyses in Scotland — in general we will do so by deriving propensity
scores and using these to incorporate Inverse Probability Weights (IPW) into our analyses outlined below.
We know also there are missing data on specific OAT prescription end dates in Scotland (with full
information on date of re-imbursement but 60% missing an exact date of last prescription). In analyses
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to date, an algorithm was used estimating the end date as on average 12 days before last paid date with
prescription start on average 60 days before paid date [4]. This algorithm is not, however, sufficiently
refined for measuring risk in critical OAT periods which is required for modelling OAT.

We will use a multiple imputation analysis
approach, imputing date OAT ended (if
missing) from information on date
dispensed, date of re-imbursement and
other information (see Directed Acyclic
Graph (DAG) below) so additional analyses
on time varying exposure to OAT defined by
periods of risk can be undertaken. There

PressrptiomPald —— “/ are two critical periods of elevated risk: (i)
- the first 4 weeks of treatment, and (ii) the
w==m ISt 4 weeks after treatment cessation. To

[Auxiniary vartabies| mvestigate these periods, we will divide

Nontatal =TT OAT exposure periods into four categories:
weeks 1-4 in OAT; weeks 1-4 out of OAT;
remainder time (5+ weeks) in OAT; and 5+
weeks out of OAT. In primary analyses we
will censor at 24 months after end of OAT prescription to address the potential issue of survivor bias
(given variable follow-up of people off OAT and its positive association between probability of cessation
from drug use over time). This will be varied in sensitivity analyses. In general, we will estimate adjusted
mortality rates and rate ratios using generalized estimating equations (GEE), and according to primary
characteristics and OAT exposure periods. GEEs adjust for multiple observations per participant using a
working correlation structure, providing robust parameter estimates. We will fit Poisson, quasi-Poisson
and negative binomial distribution models, assessing models for best fit using appropriate methods (e.g.
AIC, BIC). As a sensitivity analysis, we will also fit a time-to-event model (e.g. Cox proportional hazards
model). In all DRD analyses, we will use a ‘cause-specific’ approach to account for the competing risk of
other cause mortality, censoring individuals whose cause of death is not drug-related, at time of death.
Key confounders for propensity score matching include — previous history of OAT, geographical area,
age, sex, comorbidity, poly-drug use, co-prescription, homelessness, prison history, overdose history and
prescriber (primary care or specialist drug agency). We will test for differences in DRD and all-cause
mortality by medication type (methadone vs buprenorphine) and whether there is evidence that the risks
between critical risk periods have varied over time and are comparable to England and International
evidence.

7
i Missing Indicator

We will use the same model to estimate retention (expressed as median, IQR, and % of people that have
been retained for 3 months, 6 months and for longer than one year, and mean). We will test for differences
in retention by calendar period (2011-22), OAT modality, prescriber type; age, sex, geographical area;
homelessness and prison history; poly-drug use; and comorbidity.

RQ3: OAT before/during and after COVID-19 Angus et al have shown that the number of opioid DRD
per 100,000 fell during the COVID-pandemic in Scotland compared to US [53] whereas in both countries
alcohol-related causes of death increased. Once linked data for 2024/25 are incorporated we can also
track the risk of DRD within the cohort and examine whether it follows the same trends in the number of
DRD as seen in the population. We will also test for differences in OAT retention during the COVID-
pandemic period compared to the pre-pandemic period. We will use the same modelling approach as
outlined above.

Natural Experiments
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RQ4: Medication-Assisted Treatment (MAT) standards (see box on following page) have been
implemented at different periods over time (Standards 1-5 below in 2021-2023 and Standards 6-10 on
trauma informed care, primary care, and additional advocacy later). Adoption speeds also have varied
by region. We will focus on Standards 1-5 including steps to reduce time between OAT episodes and
Medication-Assisted Treatment (MAT) Standards (1-5)

1: All people accessing services have the option to start MAT/OAT same day of presentation.

2: All people supported to make an informed choice on dose and type of medication.

3: All high risk people proactively identified and offered support to commence or continue MAT.

4: All people are offered evidence-based harm reduction at point of MAT delivery.

5: All people will receive support to remain in treatment for as long as requested.
increase OAT retention. We will use a regression discontinuity design to evaluate whether there is
evidence that the implementation of these standards impacted OAT retention rates, re-engagement rates
and DRD within OAT.

RQ5: Once the cohort has been updated to include 2025/26 data we will quantify exposure to la-bup,
methadone and buprenorphine and carry out a target trial emulation [54, 55] to compare OAT outcomes
(retention and non-fatal and fatal overdose during OAT) among those prescribed la-bup and those
prescribed methadone and/or buprenorphine as OAT. We will use DAG to specify common causes
(confounders) between la-bup exposure and outcomes and use statistical model approach outlined in
RQ1 including use of marginal structural models to generate intervention effect estimates.

RQ6: Reducing drug-related crime and imprisonment are key social and population benefits of OAT and
can be a critical contribution to OAT cost benefit and cost-effectiveness analyses [56]. In UK cost-
effectiveness analysis OAT dominates no treatment when the costs of crime are included and no longer
dominates no treatment, though still highly cost-effective, if they are excluded from analyses [56].
Evidence from causal modelling, however, is weak [57, 58]. By mimicking aspects of a trial (since OAT
retention cannot be randomised), we will aim to overcome some of the limitations of previous analyses.
We will identify all individuals who cease OAT and match them 1:1 with a control individual who has been
retained in OAT and has been on treatment for the same amount of time. Individuals will be matched on
several characteristics associated with retention on OAT (informed by RQ2). We will follow up matched
pairs for 36 months and compare (re)incarceration rates among those who ceased OAT to those
continuing treatment. Follow-up for matched pairs will be censored if the matched control ceases OAT or
if the individual who originally ceased resumes treatment.

OAT in Prison: Scottish Evidence

RQ7: There have been multiple studies in Scotland assessing DRD and other causes of death in periods
following prison release [59-61] — but no estimates for prisoners with documented evidence of a history
of injecting/Opioid dependence that were (or not) maintained and released on OAT. The key outcome is
DRD rate in the month leaving prison. We will quantify exposure to OAT in prison to replicate analyses
undertaken in England and Australia [26, 27]. These fitted a Cox proportional hazards model, stratified
by post-release period for DRD during days 1-28, months 2—4 and months 5-12 after prison release.
Prison of release random-effects (shared frailty) terms were included. In addition to confounders (RQ1)
we will include length of time in prison and prison history. In addition, admission to community drug
treatment during the first 4 weeks will be incorporated as a time-varying covariate to test whether any
effect of OAT exposure at release could be accounted for by subsequent treatment.
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Il Modelling

RQ8: OAT retention thresholds for preventing DRD. Following earlier analyses for England[11], we
will develop a simple model that considers OAT retention and differences in mortality risk immediately
after starting or ceasing OAT and by modality (methadone/buprenorphine) [11, 14]. Using information
from analyses in Scotland [4] and Global reviews [14], we will sample model parameters on the
differences in mortality risk related to OAT and calculate the probability that a treatment episode of a
given duration will reduce mortality (mortality ratio<1; ‘probability of benefit’). Through this, we will
estimate the minimum treatment duration needed for each OAT modality such that the probability of
benefit exceeds key values (e.9.50%, 80%, 95%). We will then consider different distributions of OAT
retention to inform how this distribution can affect the overall probability of benefit and impact (mean of
mortality ratios across treatment episodes, weighted by duration). This model will be developed as a web-
based calculator for use by patient groups, policymakers and practitioners (See Dissemination section).

RQ9: How many deaths have been averted by Scotland’s OAT programme

Individual-Based Model Description

We will develop a model of OAT initiation and retention, incarceration, aging, and mortality (drug-related
and other causes). This model will not include naloxone, which will be included in an extended version of
the model (WP2). Instead, the model will include changes in the rates of DRD over time, which will
implicitly capture effects of the national naloxone programme. The model will simulate the population of
people who are opioid dependent (primarily people who inject drugs - PWID) and trends in DRD in
Scotland from 2011-22. The model will include geographical heterogeneity based on NHS Board to
capture variations in rates and trends of DRD and provision of OAT. The model consists of individuals
with characteristics that are tracked over time and events that can occur to these individuals, changing
their characteristics. The risk of an event happening to an individual depends on their characteristics and
may differ over time. Modelled characteristics and events are summarised in below figure.

* Age * Opioid dependence status -
Demographics, opioid » Sex {current/previous) . Age'"‘-;:. e
. . » Alive/dead + Cessation of opioid dependence
dependence, vital status Health Board ! + Mortality (drug-related; other causes)

*0AT status (Infout of treatment) *Time since starting current OAT
+*Modality of current episode episode
*Modality of last episode *Time since ending last OAT episode

sNumber of previous OAT episodes *Length of previous episodes

= OAT initiation
» OAT cessation

(prison/community}) + Incarceration
*Number of times incarcerated « Prison release

*Length of previous incarcerations

Incarceration

sIncarceration status sTime since last incarceration _

sCurrent status (prescribed/street/none) + Prescription of benzodiazepine

*Ever prescribed benzodiazepine

+ Cessation of benzodiazepine prescription
+ Initiation of street benzodiazepine use

Benzodiazepine use

The model will be open, such that individuals enter through initiation of opioid dependence, and leave
through mortality (drug-related or other causes) or progress to a stage of long-term cessation of opioid
dependence. Those with long-term cessation will only be exposed to other cause mortality and are
retained in the model to allow estimation of life-years saved by OAT. Individuals enter the model without
a history of OAT use or BZD use (prescribed or street) and are probabilistically assigned an age, NHS
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board, sex and incarceration history. Official size estimates show that, despite high mortality rates, the
size of population at risk has remained stable [9] — which with other evidence (e.g. from NESI which also
shows ageing population) we will use to simulate trends in prevalence by age over time.

Individuals transition between periods on and off OAT. When individuals initiate an OAT episode, the
modality of OAT for that OAT episode is assigned probabilistically. The probability for each modality will
change over time (e.g. to reflect increase in buprenorphine vs methadone over time and introduction of
la-bup) and may differ based on an individual’s OAT history (e.g. modality of last treatment) and other
characteristics, as informed by RQ2. Being on OAT affects an individual’s risk of mortality (drug-related,
and other causes) and, possibly, incarceration. Upon initiating OAT, individuals experience a period of
elevated risk of DRD, which may differ based on modality (RQ1). After this period of elevated risk,
individuals have a reduced risk of DRD whilst on OAT. Risk of mortality through other causes is reduced
during time on OAT. Individuals are retained on OAT for durations that depend upon the modality of
treatment, OAT history, and other characteristics, as informed by RQ2. Retention may also change over
time (e.g. following implementation of MAT standards or during COVID-19). Upon ceasing OAT,
individuals experience a period of elevated risk of DRD, which may differ based on modality (RQ1).

Individuals can be incarcerated, the risk of which depends upon their characteristics (informed by
preliminary analyses for RQG6). It is hypothesised, that age, sex, OAT status and incarceration history
(e.g. time since last incarceration, and previous number of incarcerations) will affect risk of incarceration.
Individuals that were on OAT in the community have a probability of immediately ceasing OAT. Individuals
can start and discontinue OAT in prison as in the community. The time from incarceration to prison
release is determined based on their characteristics at time of incarceration (e.g. age, sex and
incarceration history). Individuals on OAT at the time of release have a probability of ceasing OAT. Upon
release, individuals experience a period of elevated risk of DRD, which may be reduced if they left prison
in receipt of OAT (preliminary analyses for RQ7).

The model tracks an individual’s use of benzodiazepines (BZD), whether prescribed or street. Individuals
can initiate or cease use of prescribed or street BZD, the risk of which will differ by time (to capture
reductions in prescribing and increases in street use) and individual’s characteristics. Initiation of street
BZD use will also be higher among individuals with a history of prescribed use, as suggested by analyses
for Scotland [62]. Use of BZD will affect an individual’s risk of DRD, differing between prescribed or street
use and OAT status. The model will also incorporate other factors, where data are available, identified
as important by our PPI advisory groups and statistical analyses (e.g. cocaine use and homelessness).

Model Parameterisation & Calibration

The model will be parameterised and calibrated using Scottish data, from 2011-2022, stratified by NHS

Board. We will utilise aggregated and/or anonymised data from the following datasets managed by PHS:

¢ The Substance Use and Health Intelligence Linked Dataset (described above)

o The Needle Exchange Surveillance Initiative (NESI) is a biennial national cross-sectional voluntary
anonymous survey of people who inject drugs in Scotland since 2008 (n=2,435 in 2019-2020).
Participants are recruited from ~100 (50%) agencies and pharmacies that provide injecting
equipment, and may also provide other harm reduction services, such as prescribed OAT and THN.
NESI will provide key data on additional variables not captured in SHIELD and/or how key parameters
may differ for those that have never been on OAT.

¢ National Records of Scotland (NRS) which produces annual reports of the number of DRD in Scotland
and their distribution by age, sex, drugs-implicated and NHS board.

e The National Drug-Related Deaths Database (NDRDD) collects detailed information regarding the
health and social circumstances of people with DRD in Scotland annually since 2009.
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Ongoing analyses by cols will also feed into model parameterisation and calibration and validation. This
includes analyses to: (i) estimate mortality risks associated with benzodiazepine co-prescription and
street benzodiazepine use; (ii) estimate the number of people who use opioids and inject drugs in
Scotland. Because of uncertainty in the data used to parameterise and calibrate our model, prior
distributions will be assigned to all important model input parameters, and Bayesian methods will be used
to generate multiple model fits to available data as outlined below. Data used for model calibration will
be stratified by NHS Board and age (using 10-year age-bands. Most parameters will have informative
priors based on data estimates (either existing or estimated using data from the Substance Use and
health Intelligence Linked Dataset — “SHIELD”) while others will be estimated through the model fitting,
with calibration targets informed by the above data sources. These data sources will also provide
estimates for model validation.

Analyses of the SHIELD data will directly feed into model parameterisation. They will inform prior
distributions for the: rates of OAT initiation and discontinuation and characteristics that affect these;
effects of OAT (including at critical times starting/leaving OAT or leaving prison) on risk of DRD and
incarceration; estimates of DRD mortality rates and differences over time and by individual characteristics
(including prescribed and street BZD use) and NHS board; estimates of incarceration rates and durations
of each incarceration and how they differ by individual characteristics and NHS board; rates of BZD
prescribing and lengths of prescriptions.

The model will be initialised with an initial population size with characteristics distributed stochastically
based on characteristics in the SHIELD and NESI in 2011. The size of the initial population at risk will be
calibrated to the overall number of DRD (by NHS Board), assuming that those have never been on OAT
have similar mortality rates to those out of OAT with the same characteristics (parameterised using
SHIELD data), and NESI estimates of the coverage of OAT (current, past 6 months and ever). Reflecting
the uncertainty in the rates of long-term cessation of opioid dependence, this parameter will be given a
wide prior and calibrated to trends in the age distribution in NESI and SHIELD.

Similar to previous work in Scotland[63], the incarceration aspect of the model will be calibrated to age-
stratified data from NESI on the proportion of community PWID who have ever been incarcerated, the
number of times they have been incarcerated, and the average lengths of time spent incarcerated in the
past year to calibrate rates of incarceration. Rates of initiating street and prescribed BZD use will be
calibrated to NESI estimates on the prevalence of street BZD use by history of prescribed use (available
from 2019-22[62]) and the proportion of PWID who have ever been prescribed BZD and trends in the
proportion of DRD with street and prescribed BZD implicated.

As in previous analyses [51, 63], including in our recent evaluation of OAT in New South Wales which
used linked data similar to SHIELD [52], we propose using Approximate Bayesian Computation for model
calibration. This algorithm uses multiple rounds of parameter selection and filtering to approach the
posterior parameter distributions through successive improvements in goodness of model fits until further
iterations do not meaningfully improve the goodness of fits (‘there is convergence’). The calibrated model
will be validated by comparing model outputs to the distributions of DRD by age, sex and NHS board and
NDRDD data on the percentage of people with DRD prescribed OAT at time of death, the proportion of
people with DRD that had ever been in prison and the distribution of DRD by length of time between
prison release and death. Additionally, modelled population sizes will be compared to upcoming
population size estimates including estimates of people out of OAT (led by col Jones).

Model changes based on feedback from PPI, stakeholders and analyses in WP1 would be parameterised
and calibrated using additional data from the SHIELD and NESI. For instance, the SHIELD could
parameterise DRD risk in those who are homeless or injecting cocaine. Whilst NESI estimates of the
prevalence of past 6 month cocaine injecting and current, past 6 month, and lifetime homelessness and
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difference by characteristics could be used to calibrate transitions between homeless and cocaine
injecting states.

To account for model stochasticity, model outputs for each proposed parameter set will be averaged over
multiple simulations, with the number of simulations based on an initial assessment of the stochastic
variability between model simulations and typical model runtimes. Model calibration will be
computationally intensive and require use of high-performance computing facilities at the University of
Bristol which the team has experience of. Bayesian calibration methods typically require a high number
(hundreds of thousands or millions) of model simulations and so model emulation (use of a statistical
representation of the model outputs) may be utilised during the calibration process if model run-times are
sufficiently large. If required, we will build different types of model emulators (artificial neural networks,
Gaussian processes) using the same training set of model runs and choose the emulator for use based
on performance on the same validation set of model runs. The emulator would be used only during
calibration and so developed to only represent the model outputs needed for model calibration. Model
fits arising from use of an emulator would be validated through directly running the main model.

Model Analyses

The model will then be used to determine the number of DRD and all-cause deaths have been averted
by OAT as delivered in Scotland. This will be done through comparing the number of DRD and total
deaths in the baseline model fits with a counterfactual scenario in which the effects of OAT on mortality
and incarceration are removed. Analyses will also consider removing the effects of each type of OAT
(methadone/buprenorphine) or in each delivery setting (prison/community). The model will be run multiple
times for each model fit to account for stochasticity. We will also estimate the number and proportion of
DRD averted in each NHS board and each year. If the model suggests that OAT may have had an adverse
population-level impact, the model will estimate the probability that OAT has had a beneficial impact on
DRD in each NHS Board and nationally. Uncertainty analyses will be undertaken to determine which
parameters are most important for determining the impact of OAT on DRD. These analyses will also
inform how much of the variability in model projections is contributed by uncertainty in each parameter,
thus informing what future data collection efforts are most needed to refine our model projections.

WP2: Evaluate the existing impact of the national naloxone programme (NNP) on DRD

I Quantitative Data Analysis/parameters

RQ10: We will generate key parameter estimates for the modelling. These include NNP coverage in
terms of the number of take-home naloxone (THN) kits given per person with opioid dependence/who
injects drugs with a THN kit and where they obtained the kit (from prison or community), and proportion
of overdoses where naloxone has been used. Evidence will be combined from the NNP programme (total
kits issued in community and prison), ambulance call-out, PWID prevalence estimates, self-report THN
use and data from Needle Exchange Surveillance Initiative (NESI). Descriptive analyses of the NNP
programme and distribution of THN from different settings (prison, pharmacies and drug treatment
services) and its association with promotion campaigns and trends in DRD is underway.

Il Modelling

The model from WP1 will be extended (RQ11/12) to include all overdoses (non-fatal and fatal) and the
distribution, carriage and use of THN kits. The model will incorporate rates of overdose (fatal and non-
fatal combined), that differ by individual’s characteristics. The below figure summarises how we will model
non-fatal and fatal overdoses and the effect of naloxone.

The model will utilise programmatic data on naloxone distribution (described below). In the model,

individuals in the community will be issued a kit at a time-varying rate which will depend on their age, sex
and contact with services. Individuals leaving prison will be issued with a kit with a probability that
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changes over time. Individuals issued a kit will have a propensity to carry naloxone - that is the probability
that they will have naloxone with them at any given time — which will depend on their characteristics.

When an overdose occurs, naloxone will be administered with a probability that incorporates the
propensities of the individual overdosing and others in that NHS Board carrying naloxone (if they have
been issued with a kit) and the probability of administering naloxone when available. If naloxone is
administered, an individual is selected randomly to have used their kit based on their propensity to carry,
and naloxone prevents an otherwise fatal overdose with a probability based on the ‘effectiveness’ of THN
when administered. The model will incorporate the loss and resupply of kits based on programmatic data,
with uncertainty incorporated in the rate of kit loss to account for not all lost kits being replaced.

can differ based on an individual’s

characteristics.
Fatal
overdose

Naloxeone
administered

- Pr is the probability that an overdose
overdose would be fatal without naloxone, which

Pn is the probability that naloxone is
administered, which will depend upon
whether an individual carries naloxone.
This probability will be assumed to be
independent of whether the overdose
Querdose T w e would be fatal in the absence of naloxone.

e acministered overdose This assumption will be varied in
naloxone sensitivity analyses.

e Naloxeone
fatal B Fatal
. not
without - overdose
administered
naloxone

WEll . . .
oot Wall| e is the effectiveness of naloxone in
overdose

ML preventing an otherwise fatal overdose.

Model parameterisation and calibration

The model will be calibrated using Bayesian methods as in WP 1. We will use routine Scottish Ambulance
Service data on the monthly number of callouts to drug overdoses by sex, age and NHS board. Since
not all overdoses result in an ambulance callout (e.g. ~12% of DRD over 2009-18), NESI will also provide
estimates of the proportion of PWID that have experienced a non-fatal overdose in the past year (16% in
2019-20) and the number of times in the past year. Together, with the number of DRD, this data will be
used to calibrate rates of overdose, the probability that an overdose would be fatal without naloxone, and
differences by characteristics.

The NNP monitoring dataset collates data quarterly from each NHS Board and prison establishment on
distribution of take-home naloxone. For each supply, this includes date of issue, source of supply (e.g.
drug treatment service, hospital, pharmacy), type of supply (first, repeat, or spare) and reason for a repeat
supply (e.g. whether used on self or other, or lost). If consent has been given to the sharing of an
individual’s personal data (88% of THN recipients), then information on age and gender of the recipient
is also known. NESI will provide estimates on the proportion of PWID that have been prescribed THN (to
carry) in the last year (63% in 2019-20). We will calibrate rates of naloxone prescription to programmatic
data on number of kits distributed by age, sex, source and NHS board and NESI data on proportions of
PWID with a prescription. We will calibrate the proportion of people leaving prison given a naloxone kit
to trends in the number of kits issued at prison release.

NESI will also provide the proportions of PWID with a THN prescription that carry naloxone at time of
interview (21% in 2019-20), which will be used to parameterise levels of THN carriage and how individual
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characteristics affect carriage. The probability of THN administration will be calibrated to NESI data on
the proportion of PWID that have administered naloxone or had naloxone used on them in the past year
and programmatic data on the number of THN kits distributed for re-supply.

The National Drug-Related Deaths Database (DRDD) will provide the annual number of DRD where THN
was available and, when available, was administered (data currently being updated to 2022). Historical
(2018) data suggests that naloxone was administered to 0.9-8.6% of those that died. Within our approach
to modelling overdose and naloxone, this proportion depends only on the probability of THN
administration and its effectiveness (i.e. it does not depend on ratios of fatal to non-fatal overdoses). This
data will be used to calibrate the effectiveness of THN at preventing an otherwise fatal overdose.

Model analyses (RQ11)

The model will then be used to estimate the number and proportion of DRD that have been averted by
the NNP. This will be done by comparing the number of DRD in the baseline model fits with a
counterfactual scenario in which naloxone is not distributed. The model will estimate the number of deaths
averted nationally and for each NHS Board since the NNP was implemented, in each year and per kit
distributed. Uncertainty analyses will determine which model parameters are most important for
determining the impact of the NNP.

Cost effectiveness (RQ12)

We will consider cost-effectiveness from both the NHS/PSS perspective and a wider societal perspective
which will include criminal justice service (CJS) costs, the societal costs of crime, patient costs, and, if
agreeable with our PPl and stakeholder groups, productivity costs. NHS/PSS costs will include
prescribing costs, distribution costs, costs of training users and their families, friends or carers in the use
of naloxone, ambulance call outs, A&E attendances and potentially drug-related hospital admissions and
drug treatment services. Where possible, we will measure the use of these resources using data from
administrative sources such as the NNP monitoring data set or NESI (number of THN kits distributed),
Scottish Ambulance Service data (ambulance call outs) and the linked dataset (hospital admissions and
drug treatment services). To estimate resource use in non-NHS domains, we will use data from SHIELD
(incarceration episodes) and NESI (employment, housing, social work, crime). We will then value these
resources using unit cost data from UK sources, such as the Unit Costs of Health and Social Care [64]
or The Economic and Social Costs of Crime. We will discount costs and health impacts at 3.5% as
recommended by NICE [65].

Using cost estimates and model outputs, we will also estimate the cost per DRD averted, cost per life-
year gained, and cost per quality-adjusted life-year gained. Quality-adjusted life-years will be calculated
using quality of life data measured using the EQ-5D-5L from NESI. Uncertainty analyses will determine
which model parameters and costs are most important for determining the cost-effectiveness of the NNP.

WP3: Evaluate the potential impact on DRD of changes to existing interventions and
implementing novel interventions.

| Economic Inputs

We will work with policymakers, practitioners and people with living/lived experience through the PPI
advisory group to review and finalise the provisional scenarios (outlined below) for changes to OAT
delivery and for different combinations of OAT with other interventions. As well as clarifying the services
for which cost data need to be gathered, this will inform the incremental cost effectiveness analysis. Most
scenarios will involve more than one element of support so it will be important to clarify the additional
cost and benefit arising from adding a particular intervention to a combination of interventions already in
place. We will then estimate the costs of these interventions using a mixture of published and newly
collected data. Where available, we will collate cost estimates from existing literature, pilot studies and
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international evidence and review the appropriateness of those for use in a Scottish context. Where
suitable cost data are not available, including for novel interventions proposed but not yet in place in
Scotland, we will estimate the costs based on consultation with colleagues involved in the planning and
delivery of services, including Public Health Scotland (PHS), to identify the inputs required to deliver each
intervention within the various scenarios and then measure those inputs.

Our approach to generating naloxone costs is given above. We also will coordinate and where
appropriate draw on cost data emerging from studies to evaluate the impact of the SDCF (ENACT)
currently being planned in Glasgow. This includes an economic evaluation estimating the cost of the
facility relative to its impacts. We also collaborate with Health Economists and Trial team evaluating safer
BZD supply (IN-BOAT Trial). All costs will be expressed in terms of a common price base, updating costs
from the literature with the NHS Cost Inflation Index. Sensitivity analyses will include test of the sensitivity
of the cost-effectiveness results to plausible ranges in the estimated costs of the inputs to the different
scenarios.

Il Modelling

The model from WP1&2 will be updated using data up to 2025/6 and incorporating the evidence
generated in RQs3-5. We will first use the model to update our estimates of the population-level impact
of OAT and the NNP - including estimates of how many DRD may have been averted by the
implementation of MAT standards 1-5 and existing provision of la-bup. The model will then project
forwards to evaluate how changes to OAT delivery and OAT in combination with other interventions could
increase its population impact following consultation with our PPl advisory group and stakeholder
workshops. Provisional scenarios include:

1. Increasing OAT retention and coverage. Models will consider the impact of rigorous adoption of
MAT standards and other changes (e.g. improving retention, non-fatal overdose pathways into OAT).

2. Optimising OAT modalities. Models will consider alternative mixes of buprenorphine, methadone,
and long-acting injectable buprenorphine.

3. Introducing SDCFs. Model analyses will assume that SDCFs are fully effective at preventing DRD
when drugs are consumed on site, with this assumption tested in sensitivity analyses. Impact will
therefore be determined based on the population coverage of SDCFs, i.e. the proportion of drug
consumptions that occur within SDCFs. Analyses will consider several scenarios in which the
population coverage is varied based on capacity and uptake and account for SDCF users having
different overdose risks to non-users [40-43]. We will explore the impact of indirect effects of SDCFs,
including linkage to OAT and distribution of THN as informed by international evidence.

4. Safer BZD prescribing. Models will consider potential impact of BZD prescribing to reduce use of
street BZD based partly on pilot evidence and establishing thresholds for reductions in DRD in relation
to reductions of poly-drug use and OAT retention.

We will consider each new scenario — co-developed with PPl Advisory Board and Workshops individually
and in combination. Workshops will help parameterise feasible coverage levels that could be obtained
within each scenario, based on the perspectives of potential users and stakeholders. Pilot studies of
introducing SCDF and safer prescribing of BZD will be used to parameterise these interventions,
complemented, where needed, with international evidence (e.g. from collaborators). The models will
compare impact in terms of number and proportion of DRD that could be averted compared to baseline
scenario (continuing current provision of OAT and THN). We will develop a provisional economic model
(RQ16) in collaboration with PHS that estimates the incremental costs of each scenario compared to
baseline investment in current provision. The model will estimate and compare the incremental cost per
additional life saved and incremental costs per quality adjusted life year gained. As for the economic
evaluation of the NNP, we will consider both a NHS/PSS perspective and a wider societal perspective.
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5. Dissemination/Outputs/Impact

Overview: Our programme of work will generate multiple outputs for use and discussion with UK
policymakers, treatment providers, people with lived experience and wider community, as well as
contributing to international evidence. The key aim is to improve the evidence and our shared
understanding on what actions can be taken to reduce DRD in the population.

By the end of the project there will have been extensive involvement and participation by people with
lived/living experience (PWLLE) through our Advisory Group and coordinated by Scottish Drugs Forum
(SDF) and PPI co-leads. There will have been two workshops with peer support workers, PWLLE, drug
treatment workers, providers and policymakers that will have co-produced scenarios for comparing in
work package 3 and considered the implications of findings from each of the work packages.

Our co-investigators will have key roles in communicating findings with specific audiences. PHS col (T
Shivaji (TS), L Barnsdale (LB), S Hutchinson (SH), A MacAuley (AM)) will lead on sharing and
communicating findings with Scottish Government, Ministers responsible for drug and health policy, and
National Mission within Scottish Government. Clinical col (S Priyadarshi (SP), J Scott, C Matheson (CM),
and collaborator J Macleod) will share and discuss findings with drug treatment providers (including
primary care) in Scotland and England. Public Health Leads (M Hickman (MH), TS, SH, AM) will
communicate findings with Directors of Public Health in Scotland, England, Northern Ireland and Wales.

We will also draw on our excellent working relationships with our steering group and international
collaborators, to get their support and advice on relevance and dissemination of findings. They will have
a brokerage role in organising meetings with key stakeholders — including Drug Policy Makers in UK
governments, , ACMD, , Royal College Psychiatrists Addiction Specialist Group and Faculty of Public
Health Drug Harms Special Interest Group, European Union Drugs Agency (EUDA), National Institute
Drug Abuse (NIDA) and WHO. We also will discuss with our steering group any implications for current
NICE guidance. Our Knowledge Mobilisation and and communications strategy will be supported by
PolicyBristol and Bristol’'s NIHR infrastructure (ARCWest and HPRU). We illustrate our approach to key
messages below.

1) Web-based interactive tool

Influencing Goal: to highlight how critical OAT duration is to reducing the number of DRD in the
population. Target Stakeholders: PH directors and commissioners in local government, drug treatment
agencies, national policymakers (OHID, PHE, PHW), organisations and NGOs representing people with
lived and living experience, EUDA and drug policymakers in Europe. Timing and Activities: We will
promote and make the tool available on UoB NIHR websites and seek release or promoted links on other
sites including EUDA evidence portal and Society for the Study of Addiction (SSA) website. We will create
digital promotion materials and seek to launch the tool through UK public health and drug conferences
and through networks and target stakeholders as advised by our col and steering group.

Il) OAT and DRD in Scotland

Influencing Goal: ensuring that drug policy and OAT delivery in UK is as evidence-based as possible.
Positive findings will show how many deaths have been averted by OAT programme — which can act as
springboard to next phase of project on what else needs to be done to reduce drug-related harm. They
may show also that population benefit of OAT has improved after MAT standards. Negative findings,
however, also are conceivable, potentially showing that population benefits of OAT are outweighed by
sub-optimal delivery (e.g. poor retention) that need to be addressed urgently. Target Stakeholders: Drug
treatment agencies and commissioners, national policymakers, organisations and NGOs representing
people with lived and living experience. Timing and Activities: Model findings will be available by year 2.
We will arrange expert meetings with policymakers in Scotland, England, Northern Ireland and Wales to
discuss findings supported by our col and Steering Group. We will discuss findings with national treatment
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agencies — and prepare lay summary and policy implications based on academic paper for circulation to
local government and public health commissioners. SDF will prepare briefings for NGOs.

lll) Evaluation of THN in Scotland

Influencing Goal: underpin drug policy and public health guidance in UK, Europe and globally. We expect
to show added value of THN in averting DRD and provide further evidence of its cost-effectiveness.
Target Stakeholders: Policymakers in UK, international organisations developing public health guidance
on preventing drug-related harm, NGOs representing people with lived and living experience. Timing and
Activities: Model and cost-effectiveness findings will be available in year 3. We will prepare expert and
policy meetings in the UK, promoting findings through our public health and user networks in the UK, and
ensure that the work is presented and discussed with officials representing EUDA, and WHO.

IV) DRD Policy Model

Influencing Goal: drug policy and guidance in UK, research priorities in UK and internationally. Our model
will show potential benefits of expanding OAT and other interventions to reduce DRD and compare cost
effectiveness of alternative strategies that will require testing empirically and could be adapted for use in
England and other countries. Target Stakeholders: Policymakers in UK, funding agencies in UK, Europe
and US, NGOs representing PWLLE. Timing and Activities: Final models will be available towards the
end of the project (Year 4) and will have been refined at a workshop with PPLE, treatment providers and
policymakers. We will prepare additional expert and policy meetings with UK government officials on the
implications of our model for harm reduction in the UK. We will promote our approach and policy model
at European and other international meetings with organisations that set priorities for research funding.

There will also be statistical and model code and opportunities to share code and our learning with
researchers and policymakers in England and Wales so that the models and analyses developed during
this project can be replicated directly or motivate additional funding and grants to generate the datasets
and analytic capacity in England and Wales. Model code and dummy datasets will be publicly archived
in Github and we will develop a series of seminars/webinars for researchers at UKHSA/OHID/PHW/PHS
to discuss and get training on our resources. We will support exchanges between col in PHS and officials
in OHID and PHW to determine how similar linked datasets can be established.

Academic outputs

In addition, there will be >10 academic papers plus comparative and joint papers with collaborators.
These will be submitted to general medical, public health and addiction journals that support open access
publication. Provisional and completed work also will be presented at national and international
conferences (eg. SSA, Drugs Research Network for Scotland, Lisbon Addictions, CPDD). Lay summaries
(policy briefings, blogs, and infographics) of all research academic outputs will be coproduced with our
PPI advisory group, SDF and Policy Bristol.

6. Patient and Public Involvement (PPI)

We have planned meaningful PPI, co-working with community networks of people with lived and living
experience (PWLLE) and peer workers at each stage. We will support a PPI advisory group — comprising
people of lived/living experience of opioid use and/or DRD in a loved one — facilitated by SDF peer
research network. The PPl Advisory Group will contribute to project management (including and
supported by WS), interpretation and coproduction of content and dissemination plans. We will draw on
the learning from our previous and ongoing NIHR funded studies (EPITOPE [RP-PG-0616-20008] and
NIHR128513, in which PPl has directly informed our research, including complex mathematical
modelling) to ensure we communicate the complexities of the modelling in plain English and being
inclusive to those for whom literacy is a barrier. Before consulting wider stakeholders, we will work with
the Scottish Drugs Forum (SDF) core peer researcher group to develop summaries, scenarios and case
studies to illustrate the findings from each work package. We will co-produce these in plain English
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language, then sense check their understanding with a wider group of peers using a 'Think Aloud'
technique. The Co-PPI leads JScott and K Macleod (KM) at SDF will then draw on effective risk
communication from the pharmacovigilance literature to present these findings at our community network
meetings e.g. using visual representation tools. We have budgeted as recommended by our current PPI
group for creating visual summaries of the main outputs. Our online model will be shared and tested with
non-medical technicians at UoB, again using ‘Think Aloud’, ahead of testing with PWLLE. In addition, the
PPI Advisory Group will co-organize with SDF and JScott two workshops with policymakers, practitioners,
and PWLLE consulting on findings from WP1&2 and co-producing the scenarios modelled in WP3. We
propose bi-monthly PPl advisory group.

7. Ethics

Ethical approval was obtained from the University of Bristol Faculty of Health Sciences Research Ethics
Committee (FREC) on 11" June 2025 (reference 26008). We have applied to the Public Benefit and
Privacy Panel for Health and Social Care for access to the SHIELD data to conduct analyses for this
project.

8. Success criteria and barriers to proposed work

Measures of success:

o Effective and impactful involvement of people with lived experience measured through our impact log.

o Effective stakeholder buy-in and engagement and high-level discussions with Scottish government.

e Motivating changes to drug policy and OAT and harm reduction provision to reduce DRD as key public
health priority.

e Dissemination of policy briefings.

e New grants and projects to replicate modelling and statistical analyses in England and Wales in
collaboration with PHW and OHID.

e Presentation of research findings at national and international conferences.

e Multiple high impact academic outputs.

Potential Barriers:

e Exposure to OAT in prison will be identified through linkage to other data sources if specific prison
health data are unavailable. We will explore whether this introduces bias compared to other studies
in the literature — and if required in the modelling use parameters informed by literature.

e Time needed to calibrate complex models can be substantial and increases with model complexity.
In anticipation of such difficulties, we have budgeted for a high-performance laptop capable of
simulating multiple model runs simultaneously during model testing prior to use of Bristol's High
performance computing facilities.

¢ Models may require simplifying if there are difficulties calibrating them. Any such changes would be
discussed with the project steering group and stakeholders to ensure key features are still modelled.
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