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The opioid overdose crisis is a major, continuing public health 
issue, with more than 29 000 opioid-related toxicity deaths occur-
ring in Canada between January 2016 and December 2021.1 This 
crisis is driven primarily by contamination of the unregulated 
drug supply with illicitly derived fentanyl and fentanyl ana-
logues, which directly contributed to 87% of opioid-related 
deaths in Ontario in 2020.2 In response, several interventions 
have been adapted or scaled up, including the distribution of 
naloxone to reverse opioid overdose,3 supervised consumption 
services and overdose prevention sites,4,5 opioid agonist therapy 
(OAT) and injectable OAT programs (iOAT).6–8 Evidence suggests 
that the expansion of these harm-reduction interventions across 

Canada since 2016 has averted some overdose-related deaths;9 
however, slow scale-up and inequitable access to interventions 
across the country5,10,11 remain major impediments to a compre-
hensive response to the overdose crisis, which has worsened 
during the COVID-19 pandemic.2

Safer opioid supply (SOS) programs, in which individuals at 
high risk of overdose are prescribed pharmaceutical opioids as 
an alternative to a fentanyl-adulterated drug supply, have been 
integrated into the harm-reduction arsenal of several jurisdic-
tions.12–14 In these programs, the off-label prescription of phar-
maceutical opioids — generally daily-dispensed, immediate- 
release hydromorphone provided as take-home doses — is 
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Abstract
Background: London InterCommunity 
Health Centre (LIHC) launched a safer 
opioid supply (SOS) program in 2016, 
where clients are prescribed pharma-
ceutical opioids and provided with com-
prehensive health and social supports. 
We sought to evaluate the impact of this 
program on health services utilization 
and health care costs.

Methods: We conducted an interrupted 
time series analysis of London, Ontario, 
residents who received a diagnosis of opi-
oid use disorder (OUD) and who entered 
the SOS program between January 2016 
and March 2019, and a comparison group 
of individuals matched on demographic 
and clinical characteristics who were not 
exposed to the program. Primary out-
comes were emergency department (ED) 
visits, hospital admissions, admissions 

for infections and health care costs. We 
used autoregressive integrated moving 
average (ARIMA) models to evaluate the 
impact of SOS initiation and compared 
outcome rates in the year before and 
after cohort entry.

Results: In the time series analysis, rates 
of ED visits (–14 visits/100, 95% confi-
dence interval [CI] –26 to –2; p = 0.02), 
hospital admissions (–5 admissions/100, 
95% CI –9 to –2; p = 0.005) and health 
care costs not related to primary care or 
outpatient medications (–$922/person, 
95% CI –$1577 to –$268; p = 0.008) 
declined significantly after entry into the 
SOS program (n = 82), with no significant 
change in rates of infections (–1.6 infec-
tions/100, 95% CI –4.0 to 0.8; p = 0.2). 
In the year after cohort entry, the rate of 
ED visits (rate ratio [RR] 0.69, 95% CI 0.53 

to 0.90), hospital admissions (RR 0.46, 
95% CI 0.29 to 0.74), admissions for 
 incident infections (RR 0.51, 95% CI 0.27 
to 0.96) and total health care costs not 
related to primary care or outpatient 
medications ($15  635 v. $7310/person-
year; p = 0.002) declined significantly 
among SOS clients compared with the 
year before. We observed no signifi-
cant change in any of the primary out-
comes among unexposed individuals 
(n = 303).

Interpretation: Although additional 
research is needed, this preliminary evi-
dence indicates that SOS programs can 
play an important role in the expansion 
of treatment and harm-reduction 
options available to assist people who 
use drugs and who are at high risk of 
drug poisoning.
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often paired with long-acting opioid medications (primarily 
slow-release oral morphine and, less frequently, methadone) 
as well as additional interventions to promote engagement 
with care and management of co-existing conditions.15 This 
model was followed for Canada’s first formal SOS program, 
which began at the London InterCommunity Health Centre 
(LIHC) in 2016. In addition to providing pharmaceutical opi-
oids, the LIHC program offers comprehensive health and social 
services, including primary care and management of infection 
with HIV and hepatitis C virus (HCV), alongside access to an 
interdisciplinary team that provides harm-reduction equip-
ment, counselling, housing support and social services (details 
about the LIHC SOS program can be found in Appendix 1, 
eTable 1, available at www.cmaj.ca/lookup/doi/10.1503/
cmaj.220892/tab-related-content).16 Recent research examin-
ing pharmacy claims data found that safer supply prescribing 
has gradually increased in Ontario during this period, with 
534 new initiations occurring between January 2016 and March 
2020,15 and a peak in initiations in the second half of 2019, 
which corresponds to the publication of a safer supply guiding 
document for prescribers.12

More recently, practice and policy changes have supported 
the piloting and delivery of SOS programs across Canada. Specif-
ically, in 2020, Health Canada announced funding for several 
pilot SOS programs,17 and there was cautious acknowledgement 
of safer supply prescribing by provincial regulators in Ontario.18 
Furthermore, guidelines for risk mitigation prescribing (an adap-
tation of SOS to facilitate COVID-19–related isolation and phys-
ical distancing) were developed in 2 Canadian provinces (British 
Columbia and Quebec),19,20 and “prescribed safer supply” was 
integrated into a practice update on the treatment of opioid use 
disorder (OUD) in British Columbia.21 Despite the potential to 
reduce opioid-related deaths, concern has been raised about the 
possibility of patient harm with the provision of off-label opioids, 
including risks of invasive infections (hypothesized to occur from 
injecting crushed hydromorphone tablets) and overdose,22 and 
there is currently little published evidence describing the real-
world impacts of SOS programs. We therefore conducted a study 
of health outcomes, health services utilization and health care 
costs among people exposed to the LIHC SOS program, to 
explore its relative effectiveness and safety. To test the speci-
ficity of our findings, we replicated our analyses in a comparison 
group of individuals with OUD who were not exposed to the LIHC 
program, living in the same region as LIHC clients and matched 
to LIHC clients on several demographic, health service and clin-
ical variables.

Methods

Setting and design
We conducted an interrupted time series analysis among clients 
of the LIHC SOS program and unexposed residents of the 
Middlesex- London Public Health Unit (PHU) in Ontario who 
received a diagnosis of an OUD and were alive on Jan. 1, 2016, 
and who had a health care encounter related to a diagnosis of an 
OUD between Jan. 1, 2016, and Mar. 31, 2019.

Data sources
As part of the broader Health Outreach programming offered 
by LIHC, which provides support for people experiencing 
homelessness or who are heavily street involved in London, 
Ontario, the SOS program was initially offered to LIHC clients 
who were experiencing multiple, serious medical complica-
tions owing to their drug use and who were believed to be at 
high risk of imminent death as a result of unmanaged health 
conditions (such as recurrent infective endocarditis or 
untreated HIV). As the program developed, priority was also 
given to people whose needs were not being met by traditional 
health care, substance use or addiction treatment programs 
because of their drug use, homelessness or street-involvement 
(please see Appendix 1, eTable 1 for more information on eligi-
bility criteria). We obtained client data from the LIHC SOS pro-
gram,23 which captured information on all individuals enrolled 
in this program over the study period. These data were deter-
ministically (using client health card number) or probabilis-
tically (using full name and date of birth) linked to Ontario’s 
administrative health databases at ICES, based on available 
client information. We used various health administrative 
databases to define the unexposed population and study out-
comes, including the Narcotics Monitoring System, the Ontario 
Health Insurance Plan database, the Drug and Drug/Alcohol 
Related Death Database, the Ontario Drug Benefit database 
and the Canadian Institute for Health Information’s Discharge 
Abstract Database, National Ambulatory Care Reporting Sys-
tem and Ontario Mental Health Reporting System databases 
(see Appendix 1, eTable 2 for full list of databases and descrip-
tions). We used these databases to identify individuals’ health 
care utilization and attached unit costs to service use.24 We 
excluded costs related to primary care physician services when 
calculating total health care costs because ICES databases do 
not include the costs from community health centres such as 
the LIHC. These data sets were linked using unique encoded 
identifiers and analyzed at ICES.  

Study population
We defined the study population as all clients of the LIHC SOS 
program who entered the program during the study period, 
each of whom was matched with residents of the Middlesex-
London PHU who were not exposed to the program. The unex-
posed group was defined as individuals within the PHU who 
were alive on Jan. 1, 2016; had a health care encounter or 
received treatment for an OUD between Jan. 1, 2014, and the 
cohort entry date; and had not received daily-dispensed, 
immediate- release hydromorphone in the 90  days before 
cohort entry, a restriction applied to exclude those who might 
have accessed SOS outside of the LIHC program. We defined OUD 
as receipt of OAT (methadone or buprenorphine-naloxone) or a 
health care encounter for OUD over this time period (Appendix 1, 
eTable 3). We excluded individuals with missing or invalid data 
on age or sex, those with inaccurate death information and 
those older than 105 years. The cohort entry date was the date 
of program entry for LIHC clients, and we assigned unexposed 
London residents the same cohort entry date as their matched 
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LIHC-exposed counterpart. We matched each SOS-exposed 
individual with replacement with up to 4 unexposed London 
residents with OUD on age (within 3  years), sex, eligibility for 
public drug benefits, neighbourhood income quintile (based on 
postal code listed on health card), hospital visit for an opioid 
poisoning (past year), OAT (past year) and hospital admission 
for infective endocarditis (past year).

Clinical characteristics
Comorbidities measured included diagnosis of HIV or HCV 
infection, hospital admissions for mental health diagnoses 
(past year) and past-year hospital admissions for serious infec-
tions (osteomyelitis, septic arthritis, spinal infections, and skin 
and soft- tissue infections). We also measured prior health ser-
vices utilization, including the number of physician visits, ED 
visits and inpatient hospital admissions in the previous year. 
Finally, we identified previous medication dispensing, includ-
ing receipt of benzodiazepines (previous 30 d), OAT (previous 
30 d, 1 yr and 5 yr), immediate-release and long-acting hydro-
morphone (previous 90 d), and any opioid prescription (previ-
ous 90 d).

Outcomes
Our primary outcomes were ED visits, inpatient hospital 
admissions, admissions for incident infections, and health care 
costs not related to primary care or outpatient medications. 
Secondary outcomes included mental health ED visits or 
admissions, opioid-related ED visits or admissions, ED visits or 
admissions related to any substance use disorder, and opioid-
related deaths. Among individuals eligible for public drug 
bene fits, we determined total costs of publicly funded medica-
tions and costs for hydromorphone and OAT. Details on out-
come definitions can be found in Appendix 1, eTable 4. For 
interrupted time series analyses, we determined rates of each 
primary outcome in 30-day intervals in the 5 years before and 
1  year (inclusive of month of cohort entry) after cohort entry. 
We determined outcome rates for each 30-day interval among 
individuals alive and eligible at the start of the interval. We 
also calculated annual rates of all primary and secondary out-
comes in the twelve 30-day intervals before and after cohort 
entry, censoring individuals on death and program exit 
(exposed individuals only).

Statistical analysis
We summarized demographic and clinical characteristics 
using descriptive statistics and identified meaningful differ-
ences between groups using weighted standardized differ-
ences, where a value > 0.10 indicates a meaningful differ-
ence.25 A difference-in-difference analysis was not appropriate 
as the parallel trends assumption necessary for drawing valid 
inferences from this type of analysis was violated. Therefore, 
we conducted an interrupted time series analysis using inter-
ventional autoregressive integrated moving average (ARIMA) 
models, to evaluate the safety and effectiveness of the LIHC 
SOS program for each of our primary outcomes over 30-day 
windows across the 6-year study period, with the unexposed 

group acting as a test of the specificity of the model findings. 
In all models we tested for change in the prevalence of out-
comes using a step intervention function. We assessed station-
arity using augmented Dickey–Fuller tests and differenced the 
time series as needed to produce stationary time series. We 
examined plots of the autocorrelation function, partial auto-
correlation function and inverse correlation function to iden-
tify autoregressive and moving average components in each 
time series and corrected for autocorrelation remaining after 
differencing. We used residual plots and Ljung–Box χ2 tests to 
confirm that residuals from ARIMA models were a white noise 
process. We used negative binomial regression and Wilcoxon 
signed rank tests for comparisons of health care utilization 
and costs in the year before and after cohort entry. We per-
formed analyses using SAS Enterprise Guide 7.1 (SAS Institute 
Inc., Cary, North Carolina).

Sensitivity analyses
We conducted several post hoc sensitivity analyses. First, we 
added matching criteria on HIV diagnosis at cohort entry to 
address ongoing observed imbalances in the primary analysis. 
Second, we compared the consistency of our findings using a 
ramp intervention function in ARIMA models. Finally, we repli-
cated our pre- and post-comparisons to the subgroup of indi-
viduals with the highest expected health care utilization in the 
year before index, defined using the Johns Hopkins ACG System 
(Version 10) Resource Utilization Bands. Given the small sample 
size, we did not undertake ARIMA modelling for this subgroup.

Ethics approval
The use of data in this project was authorized under section 45 of 
Ontario’s Personal Health Information Protection Act, and there-
fore received an exemption from review by the Unity Health 
Toronto Research Ethics Board. 

Results

Over the study period, 94 individuals entered the SOS program, of 
whom 2 (2.1%) could not be linked accurately to ICES databases. 
Among the linked individuals, we matched 82 (89.1%) to at least 
1 unexposed individual, resulting in 303 matched unexposed indi-
viduals in the primary analysis (see Appendix 1, eTable 5 for char-
acteristics of unmatched individuals). After matching, SOS-
exposed and -unexposed individuals were similar with respect to 
many measured baseline characteristics, with an average age of 
41 years, and 40.2% being male (based on sex listed on health card 
on index date) (Table 1). The majority (86.6%) were eligible for 
public drug benefits at cohort entry date, and 8.5% had had a hos-
pital visit (ED or inpatient) related to an opioid toxicity in the previ-
ous year. However, clients in the SOS program were more likely to 
have a diagnosis of HIV (34.1% v. 7.6%; standardized difference 
[STD] 0.69) or HCV infection (69.5% v. 25.3%; STD 0.99) than unex-
posed individuals and were more likely to have a hospital visit (ED 
or inpatient) related to a substance use disorder (18.3% v. 9.5%; 
STD 0.26) or skin and soft-tissue infections (18.3% v. < 6.1%; STD 
> 0.10) in the year preceding cohort entry. Previous opioid use was 
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Table 1: Baseline characteristics of clients in safer opioid supply program and matched unexposed group

Characteristic

No. (%)* of clients in 
SOS program at LIHC  

(n = 82)

No. (%)* of matched 
unexposed individuals  

(n = 303;  
weighted n = 82)†

Weighted standardized 
difference†

Age, yr; mean ± SD‡ 40.8 ± 10.6 40.6 ± 5.5 0.01

Male sex‡ 33 (40.2) 33.0 (40.2) 0.00

Income quintile‡

    1 (lowest) 57 (69.5) 57.0 (69.5) 0.00

    2 12 (14.6) 12.0 (14.6) 0.00

    3 9 (11.0) 9.0 (11.0) 0.00

    4§ ≤ 5 ≤ 5 0.00

    5 (highest)§ ≤ 5 ≤ 5 0.00

Eligible for public drug benefits‡ 71 (86.6) 71 (86.6) 0.00

Diagnosis of HIV 28 (34.1) 6.3 (7.6) 0.69

Diagnosis of hepatitis C 57 (69.5) 20.8 (25.3) 0.99

Previous mental health–related or substance use hospital 
visit¶ (1 yr)

20 (24.4) 15.0 (18.3) 0.15

    Anxiety disorders§ ≤ 5 ≤ 5 < 0.10

    Deliberate self-harm§ ≤ 5 ≤ 5 < 0.10

    Mood disorder§ 0 (0.00) ≤ 5 > 0.10

    Schizophrenia and other psychotic disorders§ ≤ 5 ≤ 5 < 0.10

    Substance use disorders 15 (18.3) 7.8 (9.5) 0.26

    Other§ ≤ 5 ≤ 5 < 0.10

ED visit or hospital admission for opioid toxicity (1 yr)‡ 7 (8.5) 7.0 (8.5) 0.00

Inpatient hospital admission for any infection (1 yr) 23 (28.0) 9.3 (11.3) 0.43

    Infective endocarditis§ ≤ 5 ≤ 5 0.00

    Skin and soft-tissue infection§ 15 (18.3) ≤ 5 > 0.10

    Osteomyelitis, septic arthritis or spinal infection 9 (11.0) 7.3 (8.8) 0.07

Dispensed opioid agonist therapy (1 yr) 50 (61.0) 50.0 (61.0) 0.00

Dispensed methadone

    Past 30 days 25 (30.5) 34.8 (42.4) 0.25

    Past 365 days 42 (51.2) 41.3 (50.3) 0.02

    Past 5 years 60 (73.2) 63.5 (77.4) 0.10

Dispensed buprenorphine-naloxone

    Past 30 days 6 (7.3) 5.5 (6.7) 0.02

    Past 365 days 15 (18.3) 10.3 (12.5) 0.16

    Past 5 years 23 (28.0) 18.5 (22.6) 0.13

Dispensed immediate-release hydromorphone (90 d) 28 (34.1) 7.0 (8.5) 0.66

Dispensed long-acting hydromorphone (90 d)§ 8 (9.8) ≤ 5 > 0.10

Dispensed any opioid (90 d) 52 (63.4) 54.5 (66.5) 0.06

Dispensed benzodiazepines (30 d)§ ≤ 5 7.0 (8.5) > 0.10

No. of physician visits (1 yr), mean ± SD 24.50 ± 22.45 24.96 ± 10.15 0.02

No. of emergency department visits (1 yr), mean ± SD 3.28 ± 3.36 2.23 ± 2.54 0.25

No. of inpatient hospital admissions (1 yr), mean ± SD 0.95 ± 1.34 0.42 ± 0.57 0.44

Note: ED = emergency department, LIHC = London InterCommunity Health Centre, SD = standard deviation, SOS = safer opioid supply.
*Unless otherwise indicated.
†Counts and standardized differences weighted on number of unexposed individuals matched to each client in SOS program.
‡Matching criteria.
§Censored according to privacy requirements for cell sizes smaller than 6. Accordingly, weighted standardized differences are suppressed to prevent residual disclosure. 
¶Can be ED visit or inpatient stay in a mental health hospital or a mental health bed in an acute hospital.
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generally similar between groups, with the exceptions of recent 
methadone use being more common among unexposed individ-
uals (42.4% v. 30.5%; STD 0.25), and previous (nondaily) immediate-
release hydromorphone (90 d) being more common among those 
starting the SOS program (34.1% v. 8.5%; STD 0.66).

Interrupted time series analysis
Among clients in the SOS program, ED visits (–13.9 visits per 
100  individuals, 95% confidence interval [CI] –25.6 to –2.1; p = 
0.02), inpatient hospital admissions (–5.2 admissions per 100 indi-
viduals, 95% CI –8.7 to –1.7; p = 0.005) and health care costs not 
related to primary care or outpatient medications (–$922 per per-
son, 95% CI –$1577 to –$268; p = 0.008) all declined after entry 
into the SOS program, with no significant change in rates of 
admission for infection (p = 0.2) (Table 2; Figure 1; and Appendix 1, 
eFigures 1–6). Conversely, there was no significant change in any 
of the primary outcomes among matched unexposed individuals.

Within-group changes in annual outcomes
In the 1 year before cohort entry, rates of most outcomes were 
higher among those initiating SOS than those who were not 

exposed (Table 3). In the year after cohort entry, rates of ED visits 
(3.09 v. 2.12 per person-year; rate ratio [RR] 0.69, 95% CI 0.53 to 
0.90), inpatient hospital admissions (0.91 v. 0.42 per person-year; 
RR 0.46, 95% CI 0.29 to 0.74), admissions for incident infections 
(0.32 v. 0.16 per person-year; RR 0.51, 95% CI 0.27 to 0.96) and 
health care costs not related to primary care or outpatient medi-
cations ($15 635 v. $7310 per person-year; p = 0.002) declined sig-
nificantly among clients in the SOS program compared with the 
year before SOS initiation. Medication costs among those eligible 
for public drug benefits (n = 71) rose from $12 840 to $21 119 per 
person-year (p < 0.001), which was partially attributable to costs 
related to increased hydromorphone and OAT use. There were 
no significant changes in rates of any other outcomes studied in 
this population (Table 3). Among unexposed individuals, we 
observed no change in any of the primary outcomes; significant 
decreases in secondary outcomes were observed in the number 
of mental health–related hospital visits (0.52 v. 0.31 per person-
year; RR 0.60, 95% CI 0.42 to 0.87), substance use disorder–
related hospital visits (0.29 v. 0.17 per person-year; RR 0.58, 95% 
CI 0.36 to 0.94) and costs for hydromorphone and OAT ($1719 v. 
$1626 per person-year; p = 0.02). All-cause mortality and 

Table 2: Results from ARIMA models using 6 years of data among clients in safer opioid supply program and the matched 
unexposed group

Outcome Group Model*
Step estimate

 (95% CI) (rate)†
Step function 

(p value)‡

Primary analysis

    Rate of ED visits Safer supply (0, 1 12, 1) –13.9 (–25.6 to –2.1) 0.02

Matched unexposed (0, 1 12, 1) –2.0 (–6.3 to 2.3) 0.4

    Rate of hospital admissions Safer supply (0, 1 12, 1) –5.2 (–8.7 to –1.7) 0.005

Matched unexposed (0, 1 12, 1) 0.6 (–1.1 to 2.4) 0.5

    Rate of admission for infection Safer supply (0, 1 12, 1) –1.6 (–4.0 to 0.8) 0.2

Matched unexposed (0, 1 12, 1) 0.1 (–0.9 to 1.2) 0.8

    Health care costs§ Safer supply (0, 1 12, 2) –922 (–1577 to –268) 0.008

Matched unexposed (2, 1 12, 0) –73 (–365 to 219) 0.6

Sensitivity cohort matched on HIV diagnosis

    Rate of ED visits Safer supply (0, 1, 1) –9.1 (–17.6 to –0.6) 0.03

Matched unexposed (0, 1, 1) –3.8 (–7.8 to 0.2) 0.06

    Rate of hospital admissions Safer supply (0, 1, 1) –4.3 (–7.6 to –1.0) 0.01

Matched unexposed (0, 1, 1) –0.9 (–2.3 to 0.6) 0.2

    Rate of admission for infection Safer supply (0, 1, 1) –1.1 (–2.7 to 0.6) 0.2

Matched unexposed (2, 1, 0) 0.4 (–0.7 to 1.4) 0.5

    Health care costs§ Safer supply (6, 1, 0) –668 (–1209 to –126) 0.02

Matched unexposed (4, 1, 0) 29 (–309 to 367) 0.9

Note: ARIMA = autoregressive integrated moving average, CI = confidence interval, ED = emergency department.
*Model specification represented as (p, d, q): p is the number of lags of the dependent variable, representing the autoregressive nature of the model; d represents the number of times 
the data have to be differenced to ensure stationarity, and “1 12” represents seasonal differencing; q is the number of lags for the error term, representing the moving average part of 
the model.
†Rate reported per 100 individuals for all outcomes except health care costs, which are reported per person. Parameter estimate indicating the level change in the rate of each 
outcome as estimated by the ARIMA model. For example, a step estimate of –13.9 in the first row indicates a reduction in the monthly rate of ED visits of 13.9 visits per 100 individuals 
after entry into the safer opioid supply program.
‡p value corresponding to the parameter estimate indicating the level change in the rate of each outcome as estimated by the ARIMA model.
§Excluding primary care costs.
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opioid-related death were rare in both study populations, with 
no opioid-related deaths occurring among clients in the SOS pro-
gram in the year after cohort entry.

Sensitivity analyses
In the analysis of individuals also matched on previous diagno-
sis of HIV infection (n = 71 clients in the SOS program matched 
to 232 unexposed individuals; Table 2 and Appendix 1, eTables 6 
and 7), the results were generally consistent with our primary 
findings. We also found similar results in our analysis of individ-
uals in the highest resource utilization bands, with the exception 
of a statistically significant decline in health care costs not 
related to primary care or outpatient medications among the 
unexposed group. Although not a direct comparison, the magni-
tude of change among the unexposed group (32% reduction in 
costs; p = 0.04) was smaller than that of clients in the SOS pro-
gram (57% reduction in costs; p = 0.0001; Appendix 1, eTable 8). 
Finally, findings from ARIMA models using a ramp intervention 
function were consistent with those of our main analysis 
(Appendix 1, eTable 9).

Interpretation

Safer opioid supply prescribing is a relatively new interven-
tion in Canada, with little published evidence on patient out-
comes. This analysis of 82 clients enrolled in an SOS program 
in London, Ontario, suggests that the program led to impor-
tant declines in ED visits, inpatient hospital admissions, 
admissions for incident infections, and health care costs not 
related to primary care or outpatient medications in the year 
after program initiation, with no corresponding change 
observed in a matched group of unexposed individuals resid-
ing in London who did not access this program. All-cause mor-
tality and opioid-related death were rare in both study 
groups, with no opioid-related deaths occurring among cli-
ents in the SOS program in the year after cohort entry, and 
5  or fewer such deaths occurring among unexposed individ-
uals. Given that concerns have previously been raised regard-
ing the potential for increased risk of infectious complica-
tions, overdose and death for SOS program participants,22 the 
significant decline in health services utilization among clients 
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Figure 1: Rate of emergency department (ED) visits (per 100 individuals), stratified by exposure status. Rates of ED visits (per 100 individuals) are 
reported in 30-day intervals in the 5 years before index and 1 year after index among both clients of a safer opioid supply (SOS) program and the 
matched unexposed individuals. The vertical line indicates the index date (entry into SOS program among exposed individuals). Over the 1-year follow-
up, 5 or fewer clients of the SOS program were censored, owing to program exit or death.
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Table 3: Unadjusted comparisons of outcome rates in the 1 year before and after cohort entry*

Health care 
utilization

Clients in SOS program 
(n = 82)

Matched unexposed individuals 
(n = 303)

1 year 
before 

cohort entry

1 year  
after cohort 

entry Negative  
binomial   

RR (95% CI) p value†

1 year 
before 

cohort entry

1 year  
after cohort 

entry Negative  
binomial  

RR (95% CI) p value†N (rate per person-year) N (rate per person-year)

Primary outcomes

No. of ED visits 250 (3.09) 170 (2.12) 0.69 (0.53 to 0.90) 0.007 591 (1.98) 550 (1.86) 0.94 (0.79 to 1.13) 0.5

No. of hospital 
admissions

74 (0.91) 34 (0.42) 0.46 (0.29 to 0.74) 0.001 98 (0.33) 95 (0.32) 1.02 (0.75 to 1.38) 0.9

No. of hospital 
admissions for any 
incident infection

26 (0.32) 13 (0.16) 0.51 (0.27 to 0.96) 0.04 30 (0.10) 21 (0.07) 0.72 (0.45 to 1.17) 0.2

    Incident infective 
    endocarditis‡

≤ 5 ≤ 5 NE NE ≤ 5 ≤ 5 NE NE

    Incident spinal 
    infection, discitis,  
    osteomyelitis or  
    septic arthritis‡

10 (0.12) ≤ 5  –‡ > 0.05 15 (0.05) 9 (0.03) 0.61 (0.35 to 1.06) 0.08

    Incident skin and 
    soft-tissue infections

14 (0.17) 7 (0.09) 0.51 (0.22 to 1.14) 0.1 12 (0.04) 11 (0.04) 0.93 (0.44 to 1.96) 0.8

Total health care costs 
not related to primary 
care or outpatient 
medications ($ per 
person)§

15 635 7310 NE 0.002 8316 6527 NE 0.7

Secondary outcomes

Mental health ED visits 
or admissions

34 (0.42) 28 (0.35) 0.84 (0.45 to 1.54) 0.6 155 (0.52) 92 (0.31) 0.60 (0.42 to 0.87) 0.007

No. of opioid-related 
ED visits or 
admissions‡

10 (0.12) ≤ 5 –‡ > 0.05 18 (0.06) 21 (0.07) 1.18 (0.52 to 2.68) 0.7

No. of any substance 
use disorder-related 
ED visits or 
admissions

20 (0.25) 20 (0.25) 1.02 (0.56 to 1.83) 1.0 88 (0.29) 50 (0.17) 0.58 (0.36 to 0.94) 0.03

All-cause mortality‡ NA ≤ 5 NA – NA 7 (0.02) NA –

Opioid-related 
deaths‡

NA 0 NA – NA ≤ 5 NA –

Total publicly funded 
medication costs ($ 
per person)¶

12 840 21 119 NE < 0.001 6162 6861 NE 1.0

Costs for 
hydromorphone and 
opioid agonist therapy 
($ per person)¶

1080 3128 NE < 0.001 1719 1626 NE 0.02

Note: CI = confidence interval, ED = emergency department, NE = not estimable, NA = not applicable as all individuals were alive on their index date, RR = rate ratio, SOS = safer opioid 
supply.
*Each year represents the 360 days before and after cohort entry to align with the 30-day windows.
†p value from negative binomial model for all noncost outcomes. p  value for cost-related outcomes from Wilcoxon signed rank test.
‡Censored according to privacy requirements for cell sizes smaller than 6. p value and RR also suppressed to avoid residual disclosure.
§Excludes costs for primary care and costs of medications dispensed from community pharmacies.
¶Among public drug beneficiaries only (n = 71 clients of SOS program, and n = 262 matched unexposed individuals).
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in the SOS program alongside no change in infection rates, 
opioid-related deaths or all-cause mortality found in this 
study provides a measure of reassurance regarding the safety 
of these programs. This is particularly notable as this has 
occurred during a period of substantially increasing rates of 
hospital admissions for infectious complications and opioid-
related deaths in Ontario.26,27

The high baseline prevalence of HIV (34.1%), HCV (69.5%) 
and infectious complications (28.0%) among LIHC clients in the 
year before cohort entry suggests that the SOS program is 
reaching a high-acuity group of people who are experiencing 
serious medical complications from their drug use. This is also 
reflective of policy at the LIHC SOS program, which prioritized 
program admission to people believed to be at high risk of 
imminent death owing to unmanaged health conditions such as 
infective endocarditis and untreated HIV.16 We also found a high 
degree of OAT access in the year before cohort entry among 
those in both study populations, with slightly lower OAT use in 
the previous 30  days among people starting SOS compared 
with unexposed individuals. This suggests that the LIHC SOS 
program is reaching a group of people with previous experience 
on OAT and who may be currently uninterested in, or have not 
had success with, this form of treatment in the past. Clients in 
the SOS program also had a higher rate of immediate-release 
hydromorphone use in the 90 days before cohort entry. This 
finding is likely driven by the high rates of inpatient hospital 
admissions before initiating SOS, as hydromorphone “wean-
ing” prescriptions are commonly provided at the time of dis-
charge after inpatient hospital admissions.16 Taken together, 
these findings suggest that the LIHC SOS program is reaching a 
population of people at high risk of fatal overdose and compli-
cations from unregulated drug use who may not have derived 
benefit from existing treatment options. Therefore, the 
observed reductions in health services utilization and rising 
medication costs in this population after enrolment suggest 
that SOS programs can play an important role as part of a 
multi faceted response needed to the overdose crisis, particu-
larly among medically and socially complex populations who 
would benefit most from the ancillary services typically embed-
ded in these programs, including housing support and engage-
ment with and retention in HIV and HCV care.

In concert with reduced health services utilization, we 
observed substantial reductions in health care costs not related 
to primary care or outpatient medications in the first year after 
SOS enrolment, suggesting that SOS programs may result in con-
siderable savings to the health care system. Although we found 
that medication costs increased among clients in the SOS pro-
gram, annual medication costs for prescribed opioids were rela-
tively modest ($3128 of $21 119; 14.8%). Therefore, the increase 
in medication costs likely represents improved access to treat-
ment for conditions such as HIV and HCV, a finding that cor-
responds with preliminary program evaluation findings.16 More-
over, increased medication costs in the SOS-exposed cohort may 
represent an overall positive benefit to the health of individual 
clients, which may translate into long-term cost savings to the 
health care system.

Given that the SOS program at LIHC provides comprehensive 
primary care and social supports to clients, it is difficult to sep-
arate the relative impact of safer supply prescribing from the 
impact of the wrap-around supports provided. Emerging qualita-
tive and program evaluation research highlights how clients in 
SOS programs attribute access to safer supply medications as 
being responsible for stabilizing their patterns of drug use and 
improving their health by reducing their use of drugs from the 
unregulated street supply (thereby reducing overdose risk) and, 
in some cases, reducing drug use overall or ceasing the use of 
drugs by injection.16,28 There is likely strong benefit to the provi-
sion of comprehensive programming that includes SOS prescrib-
ing alongside comprehensive health and social supports to a 
high-risk population, and the relative contribution of different 
program elements to client outcomes is an important topic for 
future research.

Limitations
Although this study provides important preliminary data on 
health-related outcomes among clients in SOS programs, several 
limitations warrant discussion. 

First, we were restricted to data from 1  program in Ontario, 
limiting the generalizability of our findings. 

Second, because clients of LIHC differed from the unexposed 
group in determinants of health that could not be accounted 
for using administrative data, we were unable to conduct a 
matched study comparing health service use between these 
groups. However, this was not our main intent, which was to 
explore the relative safety and effectiveness of the SOS pro-
gram using within-group comparisons to minimize the poten-
tial for unobserved confounding, with the unexposed group act-
ing as a test of the specificity of our findings. Because we 
conducted multiple comparisons in this study, we cannot rule 
out the possibility of spurious findings of significance for some 
outcomes. Further, we cannot definitively exclude the possibil-
ity that reduced health services utilization among clients in the 
SOS program reflects in part regression to the mean, although 
our use of ARIMA models with 5 years of baseline data mitigates 
this concern. 

Third, we were unable to identify patients with overdoses 
treated in the community who were not transported to hospital, 
meaning that our overdose rates are likely an underestimate.

Fourth, we do not have access to costs of primary care pro-
vided through community health centres and are therefore 
unable to estimate changing primary care costs among clients in 
the SOS program. Although we anticipate that primary care costs 
would likely increase among clients in an SOS program, these 
increases would represent improved engagement with care, usu-
ally considered a positive outcome. 

Fifth, we defined OUD on the basis of previous treatment with 
OAT or hospital visits with diagnoses suggesting an opioid 
dependence. Although this definition has not been validated, it 
uses highly specific codes with a low potential for misclassifica-
tion and has been used in previous publications.26,29,30 

Finally, we were unable to measure potential diversion of opi-
oids dispensed through SOS and the associated risks to clients 
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not in an SOS program in the community. Although this is a 
potential concern, it must be balanced against the benefits of 
increasing access to a safer alternative to the unpredictable 
unregulated drug supply. Further research is needed to under-
stand the degree of diversion that occurs, and any associated 
risks or benefits to the community.

Conclusion
In Ontario, SOS is currently reaching a limited number of peo-
ple,15 and although the province of British Columbia has 
released a policy for the expansion of “prescribed safer sup-
ply,”31 other provinces have been more reticent. Additional 
research is needed to deepen our understanding of the benefits 
and potential risks of different models of SOS, but our findings 
provide preliminary evidence that SOS programs can play an 
important role in the expansion of treatment and harm reduc-
tion options available to people who use drugs at high risk of 
drug poisoning.
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