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Unintentional overdose deaths, most involving opioids, have eclipsed all other causes of US 

deaths for individuals less than 50 years of age. An estimated 2.4 to 5 million individuals have 

opioid use disorder (OUD) yet a minority receive treatment in a given year. Medications for 

OUD (MOUD) are the gold standard treatment for OUD however early dropout remains a major 

challenge for improving clinical outcomes. A Cascade of Care (CoC) framework, first popularized 

as a public health accountability strategy to stem the spread of HIV, has been adapted specifically 

for OUD. The CoC framework has been promoted by the NIH and several states and jurisdictions 

for organizing quality improvement efforts through clinical, policy, and administrative levers to 

improve OUD treatment initiation and retention. This roadmap details CoC design domains based 

on available data and potential linkages as individual state agencies and health systems typically 

rely on limited datasets subject to diverse legal and regulatory requirements constraining options 

for evaluations. Both graphical decision trees and catalogued studies are provided to help guide 

efforts by state agencies and health systems to improve data collection and monitoring efforts 

under the OUD CoC framework.
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Introduction

Unintentional overdose deaths, with over 70% involving opioids,1 have eclipsed all other 

causes of US deaths for individuals less than 50 years of age. Opioid-involved overdose 

death rates in the US have further surged alongside disruptions and stressors of the 

COVID-19 pandemic in 2020, leading to the largest year over year increase in overdose 

mortality.2 An estimated 2.4 to 5 million individuals have opioid use disorder (OUD) 

attributed to heroin, opioid analgesics, or other synthetic opioids, including fentanyl and 

analogues, yet only ∼20% to 25% receive addiction treatment in a given year.3

Medications for OUD (MOUD) are the gold standard treatment for OUD. Importantly, 

long-term MOUD use can reduce overdose death risk upwards of 66% to 80% while 

patients are receiving treatment.4,5 The National Academies of Science, Engineering, and 

Medicine and the NIH also stress the importance of access to these medication treatments—

even in the absence of traditional counseling—given their lifesaving effects.6,7 Yet MOUD 

is greatly under-utilized with fewer than 35% of publicly funded OUD care episodes 

including MOUD.8 Following medically treated non-fatal overdose events, provision of 

MOUD to individuals barely increased, from 29.5% before to 33.0% afterwards.9 Early 

dropout also remains a major challenge in treating OUD with roughly half of individuals 

receiving buprenorphine, the most commonly used MOUD, leaving treatment within a few 

months.10,11 The great majority (80–90%) subsequently relapse and face increased risks of 

death.4,12–14

A Cascade of Care framework, first popularized as a public health accountability strategy 

to stem the spread of HIV, has been adapted for substance use disorders (SUDs)15,16 

and applied specifically to OUD.17–19 This framework has been promoted by NIDA20 
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and several states and jurisdictions (e.g., New York State, Denver, and Philadelphia) for 

organizing quality improvement efforts through clinical, policy, and administrative levers to 

improve OUD treatment initiation and retention. The Veterans Health Administration (VHA) 

has also implemented a simplified CoC model, the Stepped Care for Opioid Use Disorder 

Train the Trainer (SCOUTT) initiative, to improve access to MOUD.21 Although the OUD 

CoC encompasses a key set of interlocking clinical and organizational challenges in the 

delivery of OUD treatment, it is too narrow to encompass critical interventions for reducing 

population-wide overdose risk, especially for individuals who are not appropriate for OUD 

treatment.

Coordinating and standardizing measurement frameworks is especially timely as the 

Substance Abuse Mental Health Services Administration (SAMHSA) now expects greater 

measurement and reporting requirements of states (c.f. the HEAL Initiative and the Opioid 

Response Network (ORN)).22 Much as we have seen with the response to COVID-19 

and HIV, improving data collection and reporting systems for OUD is central to federal, 

state and health system efforts to address the opioid epidemic. To date, however, there has 

been insufficient federal guidance and few incentives for data collection and reporting to 

ensure that patients with OUD receive quality care in a timely manner.17,23 While the OUD 

CoC conceptually organizes measurement and quality improvement efforts, given current 

limitations with existing data, analytic design decisions are needed to customize the cascade 

for each application.

Overview of OUD Cascade of care

Measures for the performance of addiction treatment services were first proposed in 1998.24 

Since 2004, two measures, initiation and engagement in treatment, have been tracked in 

the Health Effectiveness Data and Information Set (HEDIS).25 These measures are used 

throughout the healthcare landscape by insurance plans to capture quality of care and 

patient outcomes. However, the HEDIS measures were designed for substance use disorders 

generally rather than specifically for OUD.18 Quality measures specifically for OUD 

are necessary for monitoring, quality assurance, improving care, reporting requirements, 

and guiding payment contracts. While addiction care has historically been provided in 

specialized and siloed treatment settings apart from general healthcare settings, there 

is increasing urgency to integrate screening and treatment for OUD into mainstream 

practice. The aforementioned SCOUTT initiative at the VHA is one example building 

on longstanding VHA OUD quality measurement efforts.21 With a plethora of measures 

now developed for the behavioral health field generally,26,27 there is a need to harmonize 

coordinated measure sets that can track patients with OUD across treatment settings.

The CoC tracks individual patients as well as populations through sequential stages 

associated with improving clinical- and system-level outcomes. Cascades measure patient 

flow through care systems and help identify process breakdowns missed by single outcome 

measures such as access or retention. In another context, the benefits of the CoC framework 

have been demonstrated by the 90-90-90 goals of the international HIV eradication effort.28 

In this context, ambitious goals involve diagnosing 90% of people with HIV infection, 

initiating antiretroviral therapy for 90% of those diagnosed, and achieving viral suppression 
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in at least 90% of those on medication was meant to optimize patient health while preventing 

further HIV transmission in the community. As a specific example of recent success, the 

CDC was able to monitor and improve effectiveness at each stage of the HIV CoC by 

benchmarking to these goals.29 Within a five year span this led to more than a two-fold 

increase in sustained viral suppression, the last stage in the HIV CoC, among persons with 

HIV in the US, increasing from 20% in 2011 to 51% in 2016.29

A large body of research indicates that individuals with OUD benefit from treatment 

that includes MOUD initiation and long-term retention under a chronic care model.30,31 

Whether in specialty settings or general practice settings, individuals with OUD must first 

link to care providers who have the capacity to offer MOUD before patients can initiate 

medication. While this may sound redundant, some patients may not immediately prefer to 

begin MOUD and yet would nevertheless benefit from linkage to services. Work has been 

conducted to develop OUD CoCs to track progress in individual U.S. states32–34 and in 

British Columbia, Canada.35,36 Although individual studies and individual evaluations vary 

in detail, they consistently demonstrate a great deal of room for improvement along the CoC. 

The following seven core stages are often included in OUD CoCs to monitor outcomes. 

Each of stage is dependent on success at achieving prior stages by definition:

1. Estimation of the affected population

2. Prevention of OUD among those at risk

3. Diagnosis among those affected with OUD

4. Linkage to OUD care among those diagnosed

5. Medication (MOUD) initiation among those entering care

6. Retention (e.g. for at least six months37) among those initiating MOUD

7. Remission or recovery among those retained on MOUD

While the intended use of a CoC framework varies by setting and reporting requirements, 

developing a common understanding of CoC domains and design decisions will facilitate 

comparative analyses to identify disparities in care for different populations17 and help to 

identify the stage at which patients are most at risk of treatment discontinuation or poor 

outcomes. For instance Figure 1 depicts national estimates largely from survey data modeled 

on 90-90-90 results across an 8-stage CoC that demonstrates the greatest drop offs occur in 

earlier stages of the CoC. CoC frameworks can also be used to differentiate performance of 

specific services and MOUD modalities, provider variation, outcomes across varying levels 

of care or concurrent services for patients with different sociodemographic characteristics, 

comorbidities, geography, or addiction severity. The CoC framework can also be used 

for developing benchmarks and for performing comparisons across populations at core 

stages.17,23 Many of these applications, however, are dependent on available databases 

for linkage and analysis that will impact measurement design decisions.19 The following 

sections explicate key measurement design considerations for applying the OUD CoC.
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Design decisions for OUD Cascade of care framework construction

Individual agencies typically rely on various datasets that are subject to diverse legal and 

regulatory requirements for privacy protections. Analysis of even a single data source can 

be time consuming, and linkages between sources are often deemed futile given regulatory, 

privacy, data quality and liability considerations. We followed the Haber et al. approach38 

to define a framework for the OUD CoC design and analysis based on practical limitations 

with which health officials may be grappling. Haber et al. describe two overarching design 

domains for CoC development in HIV, which are outlined and applied here. The first 

domain refers to the scope of staging (breadth and depth), and the second to measurement 

design, each of which affords different opportunities and challenges for CoC applications 

(Table 1). While ideally CoC design decisions should be based on what is most effective 

for answering specific policy-relevant questions—such as which factors drive disparities or 

which interventions best improve outcomes for vulnerable populations—in reality these 

decisions are typically constrained by the availability of data sources for linkage and 

analysis. Additionally, software and personnel resources and health agency budget and 

mission priorities also frequently constrain the scope of intended CoC uses.

Scope

Scope refers to two elements of CoCs: breadth and depth. Breadth denotes the span of the 

cascade stages, from the event defining entry into the CoC to the last defined stage (i.e., 

the range in stages from the first to final event). The broadest OUD CoC possible would 

range from the time an individual becomes at risk for developing OUD (i.e., earlier, up-

stream primary prevention efforts on the left-hand side) through recovery on the right-hand, 

down-stream side (Figure 1). Similar to the HIV CoC, a common limitation to achieving 

broader OUD CoCs is the restriction to clinical data, which by definition means that 

individuals have already been diagnosed and linked to care, resulting in missing information 

on earlier stages on the left hand side of the CoC. This data constraint limits opportunities 

to inform interventions for the primary prevention of OUD. To overcome this limitation, 

clinical studies, which often rely on electronic health records (EHR) or administrative claims 

data, may need to draw from other data sources such as population-based surveys and 

smaller scale community evaluations to estimate the prevalence of individuals in pre-clinical 

stages. High quality data and linkage feasibility often limit the breadth of CoCs. Missing 

information on early stages preceding clinical interactions may result in biased analyses 

that exclude undetected populations particularly when the greatest attrition along the CoC 

often occurs between the OUD identification and linkage to care stages.17 To summarize, 

in Figure 1, stages 0–2 would typically be derived from population-level epidemiological or 

survey data whereas stages 3–7 would be derived from patient-level administrative claims or 

EHR data.19

The second scope element refers to the depth of the CoC. Depth is defined as the number of 

stages between the first and the final stage, conferring granularity or “depth.” A deeper CoC, 

for instance, may disaggregate retention into sub-stages denoting achievement of different 

durations of retention (e.g., 1 month, 3 months, 12 months etc.) and may differentiate 

between periods of MOUD-based care versus medication-free psychosocial care. As an 

example of a deeper CoC, Krebs et al.39 reported sub-stages for duration of care anywhere 
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from 1 month to over 24 months. Greater depth could also allow for accounting for 

relapse in the recovery stage and adding a category for return to care following relapse 

or treatment disruptions. While most literature has investigated single episodes of care, OUD 

is a persistent condition and patients typically cycle through multiple care episodes over 

the lifespan. State agencies, for instance, might want to monitor care with a shallower 

CoC for population-wide analyses, while treatment systems with greater proximity to 

richer data systems might use deeper CoCs to examine details of care to identify patient 

characteristics that are associated with difficulty progressing successfully through sequential 

stages, especially for those patients who reenter care and for whom additional historic data 

are available.

Measurement design

Building on the Haber et al. framework,38 the measurement design domain for the OUD 

CoC comprises the same four primary dimensions as the HIV CoC, including: (1) window 

of observation (longitudinal vs. cross-sectional); (2) single or multiple populations; (3) 

denominator-numerator linkage; or 4. denominator-denominator linkage (See Figure 2 and 

Table 1).

CoCs based on cross-sectional analyses provide a snapshot at a given point in time of 

the status of the people living with OUD. Advantages of cross-sectional designs include 

that they are usually easier to construct as they can rely on population-level data that 

may be readily available through health administrative data or surveys. However, using 

a cross-sectional design to build a CoC requires a synthetic cohort assumption, wherein 

transition probabilities at a given stage are the same for individuals currently at that stage as 

well as for individuals who will reach this stage in the future, which is typically inaccurate. 

For instance, individuals with histories of more severe substance use disorders may enter 

care later, there may be changes over time in factors facilitating or serving as barriers 

to accessing care overall for specific populations, such as changes in insurance state of 

coverage of services, availability of treatment providers, or changes in demand for treatment. 

Additionally, over time new evidence-based treatments may be developed and adopted that 

affect retention in care. This concern may be less relevant for descriptive evaluations at a 

moment in time than for attempting to design inferential studies.

Longitudinal CoCs avoid the synthetic cohort assumption by following the same 

individuals over time as they go through the CoC. While longitudinal CoCs are preferable 

for some purposes, they are also more resource intensive, especially if data from pre-clinical 

stages (c.f. stored in separate data warehouses than the EHR or insurance claims) are 

required. It is important to note that longitudinal CoCs can serve key descriptive functions. 

Additionally, there is an element of time (i.e., time to stage transition) that cannot be 

captured in cross-sectional analyses. Even so, longitudinal CoCs must incorporate additional 

data elements to track not only stage progression, but latency between stage transitions to 

identify bottlenecks hampering successful progression.40

Single population cascades are those in which all data for CoC construction are drawn from 

the same defined population, such as Medicaid patients with an index OUD diagnosis in 

a single state in a given year. In contrast, data for multiple population CoCs come from 
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different sources, possibly reflecting different calendar-times, surveys samples, or clinical 

settings, complicating interpretation due to the potential for variations in socio-demographic 

or clinical characteristics. Data limitations or shortages of staff effort for more rigorous 

analyses may lead to multiple population evaluations but limitations in their interpretation 

and potential biases should be made explicit for the data consumers.

Denominator-numerator linked cascades refer to cascades in which individuals in 

the numerator at a given stage are drawn from the same population that comprises 

the denominator, typically relying on linked, individual-level data. On the other hand, 

denominator-numerator unlinked cascades use aggregated data at the population level, and 

thus individuals in the numerator may not necessarily match those in the denominator, 

thereby complicating interpretation. Typically these denominator-numerator unlinked 

evaluations draw from multiple populations who may come in and out of care in overlapping 

intervals. An example of a denominator-numerator linked study was recently presented by 

Kimberly Johnson et al.’ 2020 study investigating outcomes among Medicaid beneficiaries 

in Florida, which was able to follow individuals across settings due to the availability of 

complete and longitudinal Medicaid data. Another example of a denominator-numerator 

unlinked analysis is the work by the Medicaid Outcomes Distributed Research Network 

(MODRN), a consortium of more than a dozen states linking longitudinal Medicaid data for 

quality efforts related to the opioid crisis.41

A denominator-denominator linked CoC uses the same population for all the CoC 

stages usually with longitudinal data drawn from administrative claims or EHR, where 

information on each stage is updated over time. By definition, this type of CoC is also a 

single population and denominator-numerator linked CoC and has the important benefit of 

generally having high internal validity. Researchers and policymakers should clarify whether 

CoC evaluations rely on linked or unlinked data so that end users are aware of whether the 

percent reflected in a given stage is derived from a parent population for all stages or reflects 

only the percent of those from the prior stage who advanced.

A common impediment to denominator-denominator linked analyses spanning the full CoC 

breadth is that data are often of two types and difficult to link at the individual level: 

(1) clinical data such as EHR data from addiction treatment programs, general practice 

settings, and hospitals (i.e., right side of the CoC) and administrative health data reflecting 

service receipt (e.g., insurance claims) or (2) population level data including epidemiological 

surveillance and survey data (i.e., left side of the CoC).

In order to illustrate design decisions referenced in Figure 2, we have selected recently 

published studies by design that reflect CoC constructions varying by data source and 

measurement decisions (Table 2).

Challenges and future directions

Agencies such as state Medicaid offices or single state substance abuse service agencies 

overseeing addiction prevention, treatment, and recovery services, and offices of mental 

health typically have access to a variety of data sources spanning administrative claims, 

treatment episode data, and hospital and vital records data. Typically analysis from even a 

Williams et al. Page 7

Subst Abus. Author manuscript; available in PMC 2023 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



single data source is resource intensive, and linkages between sources are often burdened 

by concerns over legal and regulatory requirements for confidentiality. Leadership, such as 

senior state officials, is often necessary to dedicate sufficient resources and staff effort to 

facilitate data management and linkages.

While federal guidance and assurances to state and local officials regarding privacy 

and liability concerns for expanding data collection, surveillance and linkage initiatives 

might reassure state efforts these agencies may already have more leeway than they are 

currently allowing themselves. Academic and public-private partnerships (i.e., the MODRN 

network),41 state initiatives such as Massachusetts’ Chapter 55 project, and statewide data 

ecosystems in Rhode Island and Maryland, among others, have built out pathways for 

successful linkages despite contemporary privacy concerns.

Beyond feasibility, design decisions and transparent reporting of methods regarding 

population sampling, period of observation, and limitations of any analysis- whether in 

peer-reviewed or gray literature- can be critical in helping end users understand inherent 

biases in CoC evaluations. For instance, data are often most readily available for patients 

who are receiving clinical care, rather than those that are persistently or even intermittently 

disconnected from mainstream healthcare settings and unreachable via traditional population 

based surveys. These difficult to measure individuals may be at the highest risk for poor 

outcomes. Increasing rigor and transparency in OUD CoC-based evaluations will likely yield 

evidence that there is even greater unmet need than is typically reflected in the existing 

literature. Future research could contribute by conducting a systematic review of OUD CoC 

studies to help determine which methodological approaches best address specific aspects of 

unmet need.

As data systems and linkages evolve and improve over time, it will afford greater capacity 

to CoC analyses. For instance, even rigorous longitudinal single population evaluations 

with denominator-denominator linkage at this point typically reflect stage progression at 

the cohort-level, but do not incorporate adjusted analyses to allow for inferential findings 

or use time-based analyses to assess service bottlenecks hampering successful progression 

through stages over time. Additionally, CoCs often do not reflect care provision in multiple 

settings and the integration of addiction specialty services. The integration of MOUD into 

primary care settings is critical to improving patient outcomes. Incorporating medical and 

psychiatric comorbidity into patient risk profiles may also require innovative data linkages 

across settings.

Finally, patient perspectives are often lacking in academic research and policy settings. 

There has been growing interest in patient reported outcomes across the healthcare 

landscape under the mantel of person-centered care. However, these data are particularly 

difficult to access for patients with OUD as few validated tools exist to meaningfully track 

and reflect recovery longitudinally and there is much debate about how to define “recovery” 

in the field. While access to MOUD and long-term treatment retention on medication have 

empirically demonstrated the greatest protection against overdose events and mortality, more 

research is needed to determine which aspects of care are most acceptable and meaningful to 

patients. Some possible examples might include patient preferences for injectable versus oral 

Williams et al. Page 8

Subst Abus. Author manuscript; available in PMC 2023 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



medications, possibilities for directly observed therapy, and remote treatment options, that 

may facilitate more successful progression through the CoC. Additionally, work is needed to 

identify which outcomes are most important to patients, such as markers of recovery capital 

tailored to individual patients. Ultimately success along any CoC, however deep or broad, 

linked or unlinked, is in the service of this final stage, pointed in the direction of health and 

well-being.
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Figure 1. 
Assessing the Scope (Breadth and Depth) of an OUD Cascade of Care in the US. In this 

figure, adapted from Williams et al AJDAA 2019,17 the breadth of the CoC ranges from 

primary prevention to recovery. The CoC depicted has a fair amount of depth as it contains 

stages 0–7. If the authors added two additional retention stages for “Retained >3 months,” 

and “Retained >12 months,” the depth would increase by 2 so that the stages would be 

renumbered 0–9. CoC = Opioid Use Disorder Cascade of Care.
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Figure 2. 
OUD Cascade of Care Measurement Designs*. *Measurement design domains for the OUD 

CoC comprises four dimensions related to the use of linked or unlinked data including the 

(1). Window of observation (longitudinal vs. cross-sectional) as well as the use of (2). Single 

or multiple populations and whether studies have (3). Denominator-numerator linkage or (4). 

Denominator-denominator linkage
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