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Abstract 

Background: The cascade of care framework is an effective way to measure attrition at various stages of engage-
ment in Opioid Agonist Treatment (OAT). The primary objective of the study was to describe the cascade of care for 
patients who have accessed OAT from a network of specialized addiction clinics in Ontario, Canada. The secondary 
objectives were to evaluate correlates associated with retention in OAT at various stages and the impact of patients’ 
location of the residence on retention in OAT.

Design: A multi-clinic retrospective cohort study was conducted using electronic medical record (EMR) data from 
the largest network of OAT clinics in Canada (70 clinics) from 2014 to 2020. Study participants included all patients 
who received OAT from the network of clinics during the study period.

Measurements: In this study, four stages of the cascade of care framework were operationalized to identify treat-
ment engagement patterns, including patients retained within 90 days, 90 to 365 days, one to 2 years, and more than 
2 years. Correlates associated with OAT retention for 90 days, 90 to 365 days, 1 to 2 years, and more than 2 years were 
also evaluated and compared across rural and urban areas in northern and southern Ontario.

Results: A total of 32,487 patients were included in the study. Compared to patients who were retained in OAT for 
90 days, patients who were retained for 90 to 365 days, 1 to 2 years, or more than 2 years were more likely to have a 
higher number of treatment attempts, a higher number of average monthly urine drug screening and a lower propor-
tion of positive urine drug screening results for other drug use.

Conclusion: Distinct sociodemographic and clinical factors are likely to influence treatment retention at various 
stages of engagement along the OAT continuum. Research is required to determine if tailored strategies specific to 
people at different stages of retention have the potential to improve outcomes of OAT.
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Introduction
There is a growing burden of disease due to opioid-
related morbidity and mortality in North America [1]. 
According to the Public Health Agency of Canada [2], 
from January 2016 to March 2021, 22,828 individu-
als died from apparent opioid toxicity. Since 2016, the 
province of Ontario has experienced an upward trend in 
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opioid-related deaths. For example, in 2020, there were 
2430 opioid-related deaths (16.5 per 100,000 population 
per year), an increase from 2016 when there were 867 
(6.2 per 100,000 population) deaths for the entire year. Of 
note, over the course of the Covid-19 pandemic, the opi-
oid-related health crisis worsened in Ontario due to an 
increased sense of isolation, stress, and anxiety and lim-
ited availability of support services for patients who use 
opioids [2]. All these numbers combined demonstrate 
a growing concern for Opioid Use Disorder (OUD) in 
Ontario.

OUD is a chronic condition that requires ongoing 
engagement with treatment [3]. However, due to the wide 
array of clinical, health system, and socio-demographic 
factors, poor retention and dropout are common among 
patients with OUD [4–6]. For example, lack of patient 
education related to treatment options, receiving care 
from outpatient clinics, a mismatch between patient-
provider treatment goals, and perceived difficulty of 
withdrawal may cause patients to withdraw and/or stop 
OUD treatment [4]. Additionally, socio-economic factors 
such as low family income, living in deprived neighbor-
hoods such as neighborhoods with high crime rates and 
residents with lower socio-economic status, and history 
of homelessness can also cause poor retention [5]. This 
poor retention and frequent stopping can often be fatal 
[7]. Opioid Agonist Treatment (OAT) and subsequent 
retention in OAT have been proven to be the most effec-
tive intervention to manage OUD [3, 8, 9]. In Ontario, 
most patients with OUD receive care in specialized OAT 
clinics [10]. Specialized OAT clinics in Ontario are pri-
vately run clinics operating under a fee-for-service model 
of care. For Ontario residents, physician services are 
paid for publicly by the Ontario Health Insurance Plan 
(OHIP), and medications are paid for out of pocket or 
by private insurance from the patient. The majority of 
Ontario residents are eligible for public drug coverage 
if they are aged 65 years or older, reside in a long-term 
care facility, are disabled, are receiving social benefits for 
income support, or have high prescription drug costs rel-
ative to their net household income. The Canadian Addic-
tion Treatment Centers (CATC) is the largest network of 
addiction medicine clinics in Canada (approximately 70 
clinics across Ontario). CATC provides comprehensive 
care for patients with OUD, which includes Methadone 
and Buprenorphine/Naloxone assisted therapy, primary 
care, harm reduction, and counseling [11]. Standardized 
practices, policies, and operating procedures within the 
clinic network, limit the likelihood of treatment variabil-
ity between sites.

As of 2021, only physicians and nurse practitioners 
can prescribe Methadone. However, a nurse or phar-
macist could supervise observed daily dosing during 

treatment stabilization [12]. In Ontario, Prescribing 
Buprenorphine/Naloxone and Methadone requires a 
written or faxed prescription from a prescriber who 
is expected to have undergone appropriate train-
ing on treatment and addiction medicine. There 
are important differences between Methadone and 
Buprenorphine/naloxone. At the time of this study, 
the Canadian Research Initiative in Substance Mis-
use developed National Guidelines for the Clinical 
Management of Opioid Use Disorder recommended 
using buprenorphine/naloxone as the first-line ther-
apy [13]. Buprenorphine/naloxone is recognized as an 
ideal first-line agent relative to methadone because it 
is associated with the following benefits: fewer regu-
latory prescription barriers, fewer drug-to-drug inter-
actions and, less adverse effects such as respiratory 
depression and QT prolongation [13].

There is regional variation in the availability of OAT 
prescribers in Ontario. For example, individuals living 
in rural and northern areas in Ontario have less access 
to specialized services and must travel further to access 
OAT [14]. One reason behind this regional difference is 
that the population distribution in Northern and South-
ern Ontario is vastly different. According to the 2006 
census, only 6% of the Ontario population lives in North-
ern Ontario, whereas 94% lives in Southern Ontario [12]. 
Additionally, it is well established in the literature that 
there are notable differences in characteristics between 
patients living in Northern and Southern Ontario includ-
ing rurality, higher chronic diseases and smoking rates, 
older age, lower socio-economic status, and less access to 
health services [15–17].

The literature has shown that one-year retention in 
OAT is associated with positive outcomes, including 
reduced mortality rates, reduced drug use, reduced infec-
tions and high-risk drug use behaviors causing overdoses, 
reduced crime, improved psychosocial relationships, and 
increased employment rates [18, 19]. However, previous 
studies have shown that patients with OUD often only 
stay in treatment for 30–60 days [20, 21] which may be 
reducing the effectiveness of OAT. Moreover, reports 
have shown low engagement for people with OUD in the 
current treatment system in Ontario [22]. For example, 
Ontario Drug Policy Research Network (ODPRN) is an 
established research network that tracks trends and pat-
terns of drug utilization, safety, and utilization in Ontario 
[22]. The ODPRN reported that, in 2015, there were a 
total of 259,674 people who were prescribed opioids in 
Ontario (7133/10,000 Ontario Drug Benefit (ODB) Pro-
gram Eligible), while only 33,693 patients were currently 
in OAT (927/per 10,000 ODB eligible) [22]. This shows 
that a vast majority of patients were not engaging with 
the treatment system [22].
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The cascade of care framework is an effective way to 
report patients’ engagement and attrition from a treat-
ment system [11]. The key objective of a cascade of care 
framework is to measure patients’ engagement at the 
critical stages of treatment, such as engagement in care, 
initiation of medication, and subsequent retention [23]. 
By tracking these key stages of the treatment system, we 
can better understand care fragmentation and subse-
quently target policy and clinical intervention to bridge 
the care gaps. The cascade of care has been used to meas-
ure engagement patterns for other chronic conditions 
that require ongoing support and management, such as 
diabetes, HIV infection, chronic Hepatitis C infection, 
and OUD [3, 24–27].

The cascade of care framework has been proposed to 
guide the public health responses towards the opioid 
crisis, given patients with OUD receive more significant 
benefits from prolonged engagement with OAT [24, 
28]. Several cascades of care studies for OUD have been 
published across North America [24, 29, 30]. However, 
no such data has been published for Ontario, Canada. 
Additionally, the literature relating to geographical vari-
ation of OAT engagement and retention is limited [31, 
32]. Therefore, the objectives for the current study is to 
1) describe the cascade of care for patients who have 
accessed OAT from a network of specialized addiction 
clinics in Ontario, Canada; 2) evaluate correlates asso-
ciated with retention in OAT at various stages along 
the continuum of engagement; 3) assess the impact of 
patients’ location of the residence on retention in OAT.

Methods
Study design
We conducted a retrospective study utilizing electronic 
medical records (EMR) from January 2014 to 2020. A 
total of 32,487 adults from the CATC in Ontario, Canada, 
were included in the study. We followed patients from the 
first record of OAT prescription (including methadone or 
buprenorphine/naloxone) to administrative loss to follow 
up. Administrative loss to follow-up was defined when a 
treatment window ended, and no other treatment win-
dow was started by the end of the study window.

The study data was accessed remotely using a secure 
server. Patient identification was anonymized by remov-
ing names and health card numbers. The Laurentian Uni-
versity Research Ethics Board provided ethical approval 
for this study. The Strengthening the Reporting of Obser-
vational Studies in Epidemiology (STROBE) guidelines 
were used to write this manuscript [33].

Study setting
All OAT prescriptions for patients in this study were 
captured for analysis regardless of eligibility for 

publicly funded drug coverage. We have defined OAT 
as “the treatment that involves forms of methadone and 
buprenorphine/naloxone as a treatment method”. Since 
slow-release oral morphine and injectable OAT are less 
frequently used in Ontario, those were not included in 
this study.

Key measures
The OUD cascade of care
We defined four stages of OUD cascade care, focused on 
treatment initiation to long-term retention in OAT. The 
stages of the cascade of care included retention in OAT 
for 90 days; more than 90 days but less than a year; 1 to 2 
years and, more than 2 years. The end of an episode was 
defined when patients had 5 days without a methadone 
dose and 6 days without a buprenorphine dose in accord-
ance with clinical guidelines indicating the need to re-ini-
tiate clients on starting doses following absences of these 
durations [34].

Demographics and clinical history
We described patients who accessed OAT in the clinic 
network according to covariates known to influence 
engagement in OAT [35–37]. Covariates encompassed 
demographic and clinical factors. Demographic infor-
mation included: age, region of health service delivery 
sex (male or female). The Ontario Medical Association 
(OMA) online Rurality Index of Ontario (RIO) score 
matching application program interface (API) was used 
to check RIO scores to postal codes. The health care at 
home API was used to corroborate Local Health Integra-
tion Network (LHIN) scores to postal codes [38]. The 
LHIN were the regional health authorities responsible for 
the regional administration of public healthcare services 
in Ontario [39]. LHIN was created to enable regional 
administration of healthcare services. Ontario had 14 
LHINs that provided hospital and community-based 
care to all residents within their geographical boundaries 
[39]. Patients with missing postal codes (n = 4735) could 
not be included in the geographical analysis. Therefore, 
a subgroup analysis was conducted on a subset of the 
cohort (n = 27,939 patients). Patients were divided into 
four geographical regions for the subgroup analysis: 
Southern urban, Southern rural, Northern urban, and 
Northern rural. Northern regions were defined by LHIN 
13 and 14. The North/South divide has been used in sev-
eral peer review studies and reports [32, 40, 41]. Rural 
regions were defined as any region with an RIO score of 
40 or higher [42].

Clinical factors included: initial OAT medication 
(Methadone or Buprenorphine/Naloxone), the longest 
number of days retained in OAT, starting and peak meth-
adone dose, starting and peak buprenorphine/naloxone 
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dose, and urine drug screening (UDS) results for cocaine, 
fentanyl, cannabis, and all opioids other than fentanyl and 
the patient’s OAT medication. UDS groups were created 
based on the proportion of positive UDS for each drug 
and divided into quadrants 0–25%, 26–50%, 51–75%, 
and 76–100%. The frequency of UDS is very consistent 
between physicians but there is an allowance for patient-
specific variation based on clinical judgment. Take-home 
doses are linked to drug-free urines in an explicit con-
tingency management schedule which physicians and 
patients review frequently together. UDS results were 
obtained using The FaStep Assay (Trimedic Supply Net-
work Ltd., Concord, Ontario, Canada) with results for 
assays detecting amphetamine or methamphetamine 
combined for amphetamine-type stimulant results and 
assays detecting morphine or oxycodone combined for 
other opioid results. Results for fentanyl, cannabis, and 
cocaine are based on specific assays detecting fentanyl, 
THC, and cocaine metabolites.

Statistical analysis
We first plotted the OAT cascade of care from 2014 to 
2020 and provided population characteristics. We then 
conducted a multinomial regression model from 2014 to 
2020. Our response variable was four stages of a cascade 
of care (< 90 days, 90–365 days, 1 to 2 years, and more 
than 2 years). We identified 32,663 patients who received 
OAT in CATC clinics across Ontario from 2014 to 2020. 
However, we analyzed data for 32,487 because n = 176 
patients had key missing variables, so they were excluded 
from the analysis. Analysis was conducted using R ver-
sion 4.0.1. An alpha level of 0.05 was used for all statisti-
cal tests.

Results
The OUD cascade of care
A total of 32,487 patients were included in the analysis. 
The OUD Cascade of care is plotted in Fig. 1. The total 
number of patients who restarted in OAT increased sub-
stantially from 1867 in 2014 to 4575 in 2020. In 2014, 
47% (873/1867) patients were retained in OAT for more 
than 2 years, whereas in 2020, 27% (1258/4575) patients 
were retained for more than 2 years.

Characteristics of patients with opioid use disorder 
in Ontario, Canada, 2014–2020
Cohort characteristics are described in Table 1 and com-
pared across treatment cascades. A total of 6087 (18.73%) 
patients were retained for less than 90 days of OAT, 7247 
(22.31%) were retained for 90–365 days, 5, 413 (40.13%) 
patients were retained for 1 to 2 years, and 13, 740 or 
42.49% were retained by more than 2 years. The over-
all mean age of the patients was 35.60 (SD = 10.70), and 
61.4% of patients were male. We observed that 25,218 
(77.60%) patients received methadone as a starting medi-
cation, and 7269 (22.40%) patients received buprenor-
phine/naloxone. The overall average treatment attempts 
were 2.17 (SD = 2.40).

The cascade of care by geographical location
The population distribution in Northern and Southern 
Ontario is vastly different. According to the 2006 cen-
sus, only 6% of the Ontario population lives in Northern 
Ontario, whereas 94% lives in Southern Ontario [16]. A 
total of 1403 (4.3%) patients in the study cohort lived in 
a Northern rural area, whereas 5821(17.9%) lived in a 
Northern urban area, 1105 (3.4%) lived in Southern rural, 
and 14,158 (74.4%) lived in Southern urban area. Figure 2 

Fig. 1 The Opioid Use Disorder Cascade of Care in Ontario, Canada, 2014–2020
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Table 1 Characteristics of patients who received opioid agonist treatment from the Canadian Addiction Treatment Center in Ontario, 
Canada, 2014–2020

Less than 90 days 90 to 365 days One to two years Over two years Overall p-value

n = 6087 (18.73%) n = 7247 (22.31%) n = 5413 (40.13%) n = 13,740 (42.49%) N = 32,487

Gender
 F n (%) 2227 (36.60) 27,07 (37.40) 2080 (38.40) 5485 (39.90) 12,499 (38.50) <.001

 M 3833 (63.00) 4535 (62.50) 3331 (61.50) 8255 (60.10) 19,949 (61.40)

 Missing 27 (0.40) 10 (0.10) 2 (0%) 0 41 (0.10)

Age
 Mean (SD) 34.40 (10.50) 35.00 (10.51) 35.50 (10.80) 36.50 (10.72) 35.60 (10.70)

Age Groups <.001

 < 25 1247 (20.50) 1318 (18.20) 1022 (18.90) 2116 (15.40) 5703 (17.60)

 25–45 3855 (63.30) 4725 (65.20) 3384 (62.50) 8591 (62.50) 20,653 (63.20)

 46–65 949 (15.60) 1147 (15.80) 970 (17.90) 2980 (21.70) 6046 (18.70)

 65+ 36 (0.60) 57 (0.80) 37 (0.70) 53 (0.40) 183 (0.60)

Starting medication (mg) <.001

 Methadone 4101 (67.40) 5171 (71.40) 4222 (78.00) 11,724 (85.30) 25,218 (77.60)

 Buprenorphine/naloxone 1986 (32.60) 2077 (28.60) 1191 (22.00) 2016 (14.70) 7269 (22.40)

Location of residence <.001

 Northern/rural 183 (3.00) 310 (4.30) 235 (4.30) 675 (4.90) 1403 (4.30)

 Northern/urban 9,46 (15.50) 1275 (17.60) 915 (16.90) 2685 (19.50) 5821 (17.90)

 Sothern/rural 171 (2.80) 213 (2.90) 196 (3.60) 525 (3.80) 1101 (3.40)

 Southern/urban 4787 (78.760) 5449 (75.20) 4067 (75.10) 9855 (71.70) 24,158 (74.40)

No. of Treatment Attempts
 Mean (SD) 1.87 (2.03) 2.67 (3.08) 2.67 (2.92) 1.86 (1.77) 2.17 (2.40) <.001

Average Monthly Urine Drugs Screening (UDS)
 Mean (SD) 5.24 (2.59) 6.70 (1.93) 6.42 (1.71) 5.91 (1.54) 6.05 (1.96) <.001

Stimulant UDS positive groups (n%) <.001

 0–25% 4373 (71.80) 5438 (75.00) 4323 (79.90) 11,749 (85.50) 25,883 (79.70)

 26–50% 286 (4.70) 582 (8.00) 397 (7.30) 835 (6.10) 2100 (6.50)

 51–75% 432 (7.10) 482 (6.70) 307 (5.70) 538 (3.90) 1759 (5.40)

 76–100% 996 (16.40) 745 (10.30) 386 (7.10) 618 (4.50) 2745 (8.40)

Fentanyl UDS positive groups (n%) <.001

 0–25% 4368 (71.80) 5366 (74.10) 4293 (79.30) 12,101 (88.10) 26,128 (80.40)

 26–50% 218 (3.60) 578 (8.00) 481 (8.90) 890 (6.50) 2167 (6.70)

 51–75% 440 (7.20) 572 (7.90) 323 (6.00) 476 (3.50) 1811 (5.60)

 76–100% 1061 (17.40) 731 (10.10) 316 (5.80) 273 (2.00) 2381 (7.30)

Cocaine UDS positive groups (n%) <.001

 0–25% 3246 (53.30) 4179 (57.70) 3562 (65.80) 10,163 (74.00) 21,149 (65.10)

 26–50% 684 (11.20) 794 (14.70) 794 (14.70) 1765 (12.80) 4358 (13.30)

 51–75% 712 (11.70) 849 (11.70) 525 (9.70) 943 (6.90) 3029 (9.30)

 76–100% 1445 (23.70) 1106 (15.03) 533 (9.80) 869 (6.30) 3953 (12.20)

Cannabis UDS positive groups (n%) <.001

 0–25% 4709 (77.40) 3983 (55.00) 2455 (45.40) 5690 (4.40) 25,883 (79.70)

 26–50% 78 (1.30) 377 (5.20) 413 (7.60) 1275 (9.30) 2100 (6.50)

 51–75% 202 (3.30) 496 (6.80) 417 (5.70) 1114 (8.10) 1759 (5.40)

 76–100% 1098 (18.00) 2391 (33.00) 2128 (39.30) 5665 (41.20) 2745 (8.40)

Other Opioids UDS positive groups (n%) <.001

 0–25% 3261 (53.60) 5042 (69.60) 4287 (79.20) 11,889 (86.50) 24,479 (75.40)

 26–50% 1136 (18.70) 1330 (18.30) 787 (14.50) 1373 (10.00) 4626 (14.20)

 51–75% 894 (14.70) 643 (8.00) 262 (4.80) 396 (2.90) 2206 (6.80)

 76–100% 796 (13.10) 232 (3.20) 77 (1.40) 82 (0.60) 1187 (3.70)
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shows the regional variation in the treatment retention 
cascade of care. Overall, a similar percentage of patients 
with OUD from four geographical regions were retained 
in each cascade of care. However, across all four regions, 
greater retention was observed in the cascade of more 
than 2 years.

Cascade attrition after diagnosis and treatment 
engagement
Compared to patients who were retained for less than 
90 days, patients who were retained in the OAT within 
90 to 365 days were less likely to have methadone as 

starting medication [aOR = 0.80, 95% CI: 0.64–1.00], 
had a higher number of treatment attempts [aOR = 1.15, 
95% CI: 1.04–1.18], had a higher frequency of UDS tests 
[aOR = 1.52, 95% CI: 1.42–1.61]. Additionally, compared 
to patients who were retained for less than 90 days, those 
retained in the OAT for 90 to 365 days were less likely 
to have frequent drug use, including amphetamine-type 
stimulants, fentanyl, cocaine, cannabis, and other opioids 
as measured by percent-positive UDS results.

Compared to patients who were retained in the OAT 
for less than 90 days, patients who were retained for 1 
to 2 years were older, had a higher number of treatment 

Abbreviations in the table: aSD Standard deviation, UDS Urine Drug Screening, BUP Buprenorphine

Table 1 (continued)

Less than 90 days 90 to 365 days One to two years Over two years Overall p-value

n = 6087 (18.73%) n = 7247 (22.31%) n = 5413 (40.13%) n = 13,740 (42.49%) N = 32,487

Starting BUP Dose (mg)
 Mean (SD) 7.71 (7.91) 9.93 (13.50) 12.4 (18.30) 15.4 (21.48) 11.8 (16.88) <.001

Peak BUP dose (mg)
 Mean (SD) 12.6 (10.10) 19.4 (32.55) 22.5 (21.41) 26.1 (23.90) 20.7 (24.50) <.001

Starting Methadone dose (mg)
 Mean (SD) 33.3 (26.50) 39.9 (123) 43 (44.40) 57.7 (41.90) 47.4 (91.7) <.001

Peak Methadone Dose (mg)
 Mean (SD) 51.6 (55.2) 86.5 (285) 99 (304) 119 (369) 97.5 (309) <.001

Start dose above-median peak dose (mg)
 Mean (SD) 0.22 (0.41) 0.33 (0.47) 0.41 (0.49) 0.56 (0.49) 0.42 (0.49) <.001

Peak dose above-median peak dose (mg)

 Mean (SD) 0.08 (0.27) 0.13 (0.33) 0.17 (0.38) 0.29 (0.45) 0.20 (0.40) <.001

Fig. 2 Regional variation in the treatment retention cascade of care for patients who received opioid agonist treatment (OAT) from the Canadian 
Addiction Treatment Center in Ontario, Canada, 2014–2020
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attempts [aOR = 1.17, 95% CI: 1.15–1.19], had a higher 
frequency of monthly UDS tests [aOR = 1.56, 95% CI: 
1.46–1.67], but less likely to have methadone as start-
ing medication [aOR = 0.61, 95% CI: .48–.78]. Patients 
retained for 1 to 2 years were also less likely to have fre-
quent drug use, including amphetamine-type stimulants, 
fentanyl, cocaine, cannabis, and other opioids as meas-
ured by percent-positive UDS results, compared to those 
retained in the OAT for less than 90 days.

Compared to patients who were retained in OAT for 
less than 90 days, patients who were retained for more 
than 2 years were more often under the age group of 
65, lived in Southern rural and Northern urban region, 
had a higher frequency of monthly UDS [aOR = 1.33, 
95% CI: 1.25–1.40], and had starting dose above-median 
[aOR = 1.40, 95% CI: 1.06–1.87]. Patients who were 
retained for more than 2 years compared to a shorter 
cascade of fewer than 90 days were less likely to have 
methadone as starting medication [aOR = 0.50, 95% CI: 
.40–.63]. Patients who were retained for over 2 years 
were also less likely to have frequent drug use, includ-
ing amphetamine-type stimulants, fentanyl, cocaine, 
and other opioids as measured by percent-positive UDS 
results, compared to patients who were retained in the 
OAT for 90 days. However, they were more likely to use 
cannabis frequently. Detailed results are presented in 
Table 2.

Discussion
This study sought to describe OAT engagement and 
attrition trends using the cascade of care framework in 
Ontario between 2014 and 2020, characterize correlates 
associated with OAT retention at various stages along 
the continuum of care, and examine how retention is 
affected by the geographical location of residence. Draw-
ing on longitudinal EMR data from a network of over 70 
clinics across Ontario, we identified a distinct increasing 
number of patients in OAT from 2014 to 2020. Patients 
in the cohort who were retained longer in OAT tended to 
be younger, have a higher number of treatment attempts, 
have had a higher number of monthly UDS (indicat-
ing more frequent contact with an OAT clinic), and live 
in Northern and rural areas of Ontario. Whereas those 
patients who were using drugs such as fentanyl, ampheta-
mines, cannabis, and cocaine while in treatment were 
less likely to be retained longer.

Our first objective was to describe the cascade of care 
for patients who have accessed OAT from a network of 
specialized addiction clinics in Ontario, Canada. We 
observed an increasing number of patients engaged in 
OAT over time. This finding was not surprising given the 
continuous effort to expand addiction care and treatment 
in Ontario in recent years, including ensuring access to 

OAT and reducing prescriber restrictions and require-
ments [22, 43, 44]. Particularly, in the era of fentanyl, 
OAT has become more accessible in an effort to reduce 
overdose deaths [44]. On the other hand, the increasing 
trend of OAT retention over time is supported by the lit-
erature on treatment cycling and re-attempts, which has 
indicated that restarting treatment has increased as the 
OAT program has expanded and access to treatment has 
increased [20]. However, as of 2020, still many patients 
with OUD were not adequately retained in treatment 
for 1 year or more. Lower retention rates in 2020 may 
be explained by the increase in buprenorphine/nalox-
one prescribing [45]. Several studies indicate that reten-
tion is lower for buprenorphine/naloxone compared to 
methadone patients [46]. Authors agree that Buprenor-
phine/naloxone is a safer agent. However, its advantage 
over methadone is tempered by the emerging evidence 
of problematic diversion and limited effectiveness for 
patients with more severe and chronic OUD [47]. This 
low retention rate indicates a need to enhance strategies 
to recruit new, potentially harder-to-reach patients with 
OUD who are not seeking treatment.

A number of previous opioid studies have employed 
a cascade of care framework to measure patient reten-
tion in OAT [24, 30]. However, there are multiple ways 
this framework has been operationalized, which makes 
it difficult to draw comparisons across these studies. 
For example, one Florida-based research group has 
conceptualized four different cascades of care which 
are: prevalence of OUD, diagnosed patients with OUD, 
initiation of treatment, and treatment continuation 
[30]. However, because of the nature of the database 
we used, we only had access to patients’ data who had 
accessed the OAT from one of the 70 clinics. There-
fore, the prevalence of OUD who were not engaged in 
the OAT was beyond scope of this study. On the other 
hand, a British Columbia (BC), Canada-based study 
has used eight-stage cascades of care which are: OUD 
diagnosed, ever engaged in OAT, recently engaged in 
OAT, currently on OAT, retained in OAT ≥1 month, 
3 months, 12 months, and 24 months [24]. This Cana-
dian study identified significant attrition of rural 
patients from OAT whereas the current study identified 
that rural patients are more likely to be retained in the 
over 2 years cascades. On the other hand, in 2017, the 
BC study reported that 27% of patients were retained 
for over 1 year whereas in Ontario 61% of patients 
were retained for over 1 year in the OAT. The Florida 
and BC study both ended in 2017/2018. This is impor-
tant to note because, in recent years in North America, 
the introduction of synthetic opioids such as fentanyl 
and other highly potent analogs has become exponen-
tially more present in the drug supply has contributed 
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to a rapidly worsening disease burden in recent years 
[1, 48–51]. In Canada, 4614 opioid-related deaths 
occurred in 2018, and nearly three-quarters of these 

deaths involved fentanyl or other synthetic opioids 
[52]. These contaminants are up to 10,000 times more 
potent than morphine [53, 54]. This is contributing to 

Table 2 Crude and adjusted multinomial regression analysis of demographic factors associated with OAT engagement in Ontario 
Canada, 2014–2020

Abbreviations: aaOR adjusted odds ratio, UDS Urine Drug Screening

Variables 
(Ref = Less than 
90  daysa)

90 to 365 days One to two years Over two years

OR [95% CI] aOR [95% CI] OR [95% CI] aOR [95% CI] OR [95% CI] aOR [95% CI]

Female (ref: male)
1.02 [0.95–1.10] 0.84 [0.68–1.03] 1.07 [.99–1.15]a 0.94 [0.75–1.19] 1.14 [1.07–1.21] 1.13 [.91–1.39]

Age Groups (ref: 65+)
 < 25 0.68 [0.45–1.00] 1.6 [.64–4.19] 0.82 [.52–1.30] 4.60 [1.78–11.88]a 1.22 [.80–1.9] 5.37 [2.20–13.13]a

 25–45 0.79 [0.53–1.21] 1.62 [0.67–3.90] 0.88 [0.56–1.40] 4.30 [1.71–10.77 1.60 [1.06–2.40] 5.96 [2.54–13.9]b

 46–65 0.77 [0.51–1.21] 1.30 [0.51–3.31] 1.00 [0.64–1.60] 3.24 [1.16–9.05]a 2.21 [1.46–3.40]b 4.67 [1.82–11.95]a

The geographical location (ref: Southern urban)
 Southern rural 1.12 [0.92–1.3] 1.07 [0.61–1.86] 0.67 [0.20–2.35] 1.20 [0.71–2.35] 1.50 [1.28–1.82] 1.97 [1.15–3.97]a

 Northern urban 1.22 [1.08–1.3] 0.99 [0.75–1.29] 1.10 [1.03–1.26] 0.88 [0.66–1.76] 1.40 [1.27–1.50] 1.09 [1.15–3.39]a

 Northern rural 1.50 [1.24–1.79]a 0.92 [0.56–1.50] 1.50 [1.24–1.84]a 0.94 [0.56–1.57] 1.80 [1.52–2.12] 1.29 [0.79–2.09]

Methadone Starting medication (ref: Buprenorphine/naloxone)
0.81 [0.75–.87]a 0.80 [0.64–1.01]a 0.57 [0.52–.61]a 0.61 [0.48–0.78]a 0.35 [0.32–0.37]a 0.50 [0.40–0.63]a

Number of treatment attempts
1.09 [1.15–1.19]a 1.15 [1.04–1.18]a 1.20 [1.15–1.19]a 1.17 [1.13–1.21]a 1.00 [0.99–1.02] 1.01 [0.96–1.04]

Average monthly UDS
1.52 [1.48–1.54]a 1.52 [1.42–1.61]a 1.40 [1.37–1.43]a 1.56 [1.46–1.67]a 1.21 [1.19–1.23] 1.33 [1.25–1.40]a

Amphetamine-type stimulant UDS Groups (ref: 0–25%)
 25–50% 1.70 [1.15–1.25] 0.83 [0.59–1.17] 1.46 [1.24–1.71]a 0.65 [0.46–0.96]a 1.13 [0.98–1.29] 0.60 [0.47–0.94]a

 50–75% 0.93 [0.81–1.06] 0.47 [0.34–0.66]a 0.74 [0.64–0.87]a 0.36 [0.26–0.54]a 0.48 [0.21–0.26]a 0.24 [0.17–0.35]a

 75–100% 0.62 [0.56–0.69]a 0.55 [0.41–0.75]a 0.40 [0.36–0.46] 0.37 [0.26–0.52]a 0.24 [0.42–0.55]a 0.27 [0.19–0.38]a

Fentanyl UDS groups (ref: 0–25%)
 25–50% 2.23 [1.90–2.63]a 1.42 [0.96–2.03]a 2.32 [1.97–2.75]a 1.31 [0.90–1.90] 1.52 [1.31–1.78]a 1.24 [0.86–1.78]

 50–75% 1.10 [0.96–1.25] 0.67 [0.48–0.92]a 0.77 [0.67–0.9] 0.55 [0.38–0.78]a 0.40 [0.35–0.46]a 0.31 [0.30–0.61]a

 75–100% 0.58 [.52–.64]a 0.95 [0.69–1.29] 0.31 [0.27–0.36] 0.41 [0.28–0.61]a 0.10 [0.08–0.11]a 0.19 [0.17–0.38]a

Cocaine UDS Groups (ref: 0–25%)
 25–50% 1.31 [1.18–1.46]a 0.91 [0.69–1.2] 1.1 [0.98–1.23] 0.77 [0.57–1.03] 0.86 [0.78–0.94]a 0.74 [0.56–0.98]a

 50–75% 0.97 [0.86–1.08] 0.82 [0.61–1.17] 0.70 0[.62–0.79]a 0.55 [0.40–0.76]a 0.44 [0.40–0.49]a 0.50 [0.36–0.69]a

 75–100% 0.61 [.56–0.67]a 0.61 [0.45–.82]a 0.34 [0.31–0.38]a 0.32 [0.24–0.45]a 0.20 [0.18–0.22]a 0.25 [0.18–0.35]a

Cannabis UDS Group (ref: 0–25%)
 25–50% 5.71 [4.46–7.31]a 2.95 [1.62–5.39]a 10.15 [7.93–13.0]a 5.97 [3.27–10.90]a 13.53 [10.72–17.05]a 7.59 [4.20–13.71]a

 50–75% 2.90 [2.45–3.43]a 1.04 [0.70–1.55] 3.96 [3.32–4.71]a 1.50 [0.99–2.27] 4.56 [3.91–5.32]a 1.93 [1.29–2.87]a

 75–100% 2.57 [2.37–2.79]a 1.70 [1.34–2.14]a 3.71 [3.40–4.05]a 2.12 [1.64–2.72]a 4.26 [3.95–4.6]a 2.40 [1.89–3.04]a

Other Opioid Groups (ref: 0–25%)
 25–50% 0.78 [0.714–.86]a 0.64 [0.5–.82]a 0.54 [0.49–0.60]a 0.44 [0.33–0.57]a 0.34 [0.31–0.37]a 0.41 [0.31–0.53]a

 50–75% 0.48 [0.42–.53]a 0.56 [0.40–0.77]a 0.23 [0.19–0.26]a 0.35 [0.24–0.51]a 0.12 [0.11–0.14]a 0.17 [0.12–0.26]a

 75–100% 0.18 [0.15–0.21]a 0.33 [0.19–0.57]a 0.07 [0.197–0.26] 0.17 [0.09–0.36]a 0.03 [0.02–0.04]a 0.03 [0.01–0.09]a

Starting dose above Median
1.09 [1.64–1.91]a 1.08 [0.81–1.44] 2.30 [2.17–2.55]a 1.21 0[.90–1.60] 4.48 [4.18–4.80]a 1.40 [1.06–1.87]a

Peak dose above the Median
3.50 [3.38–3.84]a 0.87 [0.56–1.35] 4.97 [4.57–5.40]a 0.86 [0.54–1.34] 7.74 [7.20–8.33]a 0.90 [0.58–1.28]
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a mounting global public health concern [55] and may 
have contributed to the differences in retention in our 
study which included data from recent years com-
pared to others. The retention differences between the 
Ontario and BC study may also be explained by the fact 
that the BC study reported the percentage of people 
with OUD retained for 1 year. Whereas this current 
study only reported the percentage of patients who 
accessed OAT who were retained for 1 year.

The second objective was to evaluate correlates asso-
ciated with retention in OAT at various stages along the 
continuum of engagement. We found a certain degree of 
heterogeneity across the retention groups. Specifically, 
those with more treatment attempts and a higher num-
ber of monthly UDS were more likely to be retained for 
longer in OAT. This observation is likely reflective of the 
accumulation of OAT experience and more frequent and 
closer contact with OAT clinics. Similar findings have 
been supported in the OAT literature and the literature 
on smoking cessation [56, 57], indicating that the number 
of cessation or treatment attempts is a predictor of suc-
cessful substance use treatment.

We found that continued drug use while in treatment, as 
measured by UDS results, was found to be associated with 
shorter retention. Recent reports have demonstrated an 
increase in the co-use of methamphetamine and opioids. 
The impact of poly-drug use on OAT retention patterns is 
well-documented in the literature [19, 58–61]. Our study 
findings offer further evidence that poly-drug use impacts 
patients’ OAT engagement at various stages. With an 
increase in poly-substance use, it is, therefore, likely that 
fewer people will be retained in OAT at a time when they 
may be at heightened risk in the era of enhanced exposure 
to potent opioid analogs such as fentanyl. Accordingly, 
efforts for tailored interventions or alternative interven-
tions for patients who continue to use drugs while in 
treatment may improve treatment retention.

The third objective was to assess the impact of 
patients’ location of residence on retention in OAT. 
We found that when adjusted covariates, relative to 
the Southern urban areas of Ontario, patients living in 
Northern rural areas were more likely to be retained 
in OAT for more than 2 years. This association with 
patients’ location of residence is important because it 
shows the regional variation in OAT retention within 
various cascades. Interestingly, despite the well-known 
barriers to accessing addiction and related services 
in rural areas due to limited access to providers and 
long distances to travel [31, 59, 62], our findings are 
also reflected in a previous Ontario based-study which 
found that OAT patients in Northern regions (both 
urban and rural) were more likely to be retained in 
methadone maintenance therapy compared to the 

Southern regions. The higher retention in Northern 
Rural patients can be explained under the presumption 
that patients who overcome the barriers to accessing 
treatment in rural areas may have higher motivation 
for treatment [31, 63]. Notably, the study by Eibl et al., 
uses administrative data from 2003 to 2012 in con-
trast to our study timeline which is 2014–2020, which 
strengthens the evidence-base relating to geography 
and OAT.

Some limitations in the current study require con-
sideration. Firstly, this study used a cohort of patients 
receiving OAT from a network of clinics in Ontario. We 
estimate based on previously published data on all OAT 
patients in Ontario [64, 65], that this study’s cohort 
encompasses approximately 50% of OAT patients in 
Ontario. Secondly, we did not have access to data for 
patients who were currently not engaged in OAT. Hav-
ing access to this data would allow us to compare the 
characteristics of the people with OUD who were pres-
ently engaged within multiple cascades with those who 
were not engaged at all. Thirdly, we did not have access 
to important personal characteristics that may have 
modified the association between patient retention and 
their characteristics, such as other concurrent disor-
ders, history of homelessness, mental health diagnoses, 
or other psychosocial factors [24, 29]. Finally, the choice 
of starting medication was made based on clinical char-
acteristics and patient choice at the time of treatment 
initiation and was not randomly assigned. Therefore, 
differences in retention correlated with starting medica-
tion may reflect differences in the patient characteristics 
for whom methadone was chosen rather than a differ-
ence in the effectiveness of the medication relative to 
buprenorphine/naloxone. Similarly, because of the way 
the database was set up, we were unable to track medi-
cation switches and we were only able to track what 
medication patients started on their first treatment 
window.

Conclusion
In conclusion, through the application of the cascade 
of care framework, we identified a distinct increase in 
retention in OAT from 2014 to 2020. We also observed 
various individual-level and clinical level factors 
associated with retention at various stages, includ-
ing regional variation in OAT retention. This finding 
highlights the potential value of acquiring a better 
understanding of patients’ long-term OAT retention 
patterns and the associated impacts of such patterns 
on OAT outcomes. Our findings further suggest a 
need for more research at various stages of the OAT 
continuum to maximize the benefits of OAT.
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