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Abstract

Background and aims—Evidence from randomized controlled trials establishes that 

medication treatment with methadone and buprenorphine reduces opioid use and improves 

treatment retention. However, little is known about the role of such medications compared with 

non-medication treatments in mitigating overdose risk among U.S. patient populations receiving 

treatment in usual care settings This study compared overdose mortality among those in 

medication versus non-medication treatments in specialty care settings.

Design—Retrospective cohort study using statewide treatment data linked to death records. 

Survival analysis was used to analyze data in a time-to-event framework.

Setting—Services delivered by 757 providers in publicly-funded outpatient specialty treatment 

programs in Maryland, USA between January 1st, 2015 and December 31st, 2016.

Participants—A total of 48,274 adults admitted to outpatient specialty treatment programs in 

2015–2016 for primary diagnosis of opioid use disorder.

Measurements—Main exposure was time in medication treatment (methadone/buprenorphine), 

time following medication treatment, time exposed to non-medication treatments and time 

following non-medication treatment. Main outcome was opioid overdose death during and after 

treatment. Hazard ratios were calculated using Cox proportional hazard regression. Propensity 

score weights were adjusted for patient information on sex, age, race, region of residence, marital 

and veteran status, employment, homelessness, primary opioid, mental health treatment, arrests, 

and criminal justice referral.
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Findings—The study population experienced 371 opioid overdose deaths. Periods in medication 

treatment were associated with substantially reduced hazard of opioid overdose death compared 

with periods in non-medication treatment (adjusted hazard ratio [aHR]: 0.18 (0.08–0.40)). Periods 

after discharge from non-medication treatment (aHR: 5.45 (2.80–9.53)) and medication treatment 

(aHR: 5.85 (3.10–11.02)) had similar and substantially elevated risk compared with periods in 

non-medication treatments.

Conclusions—Among Maryland USA patients in specialty opioid treatment, periods in 

treatment are protective against overdose compared with periods out of care. Methadone and 

buprenorphine are associated with significantly lower overdose death compared with non-

medication treatments during care but not after treatment is discontinued.

Introduction

With 47,600 lives lost to opioid overdose in 2017, the opioid epidemic continues to be a 

leading cause of morbidity and mortality across the United States (1). A major public health 

strategy to address opioid harms is to expand access to treatment for opioid use disorders 

(OUD) (2,3). A large evidence base establishes the effectiveness of long-term use of the 

opioid agonist medications methadone and buprenorphine in improving outcomes among 

persons with OUD (4,5). Compared to detoxification alone or behavioral treatments that do 

not involve medications, treatments with opioid agonists increase retention, reduce illicit 

opioid use, and prevent infectious disease transmission (6,7). However, in many care settings 

in the U.S., these medications are underutilized: Approximately 70% of persons entering 

specialty treatment for OUD across the U.S. do not receive opioid agonist medications (8), 

and most specialty treatment programs do not offer such medications (9,10). Instead, most 

treatment programs offer behavioral services such as counseling, substance use screening 

and assessments, drug testing, outreach and case management, skill development, 

mentoring/peer support, education, and mental health services (11). Still, there is a paucity 

of evidence about the impact of medication versus non-medication treatments on overdose 

risk in usual care, outside of randomized controlled trials. While some cohort studies have 

identified a protective effect of medications on overdose death compared to not being in 

treatment at all (12–14), studies comparing overdose risk among those in medication versus 

non-medication treatments are rare. A cohort study in the UK found lower overdose risk 

among those on medications compared to those receiving psychological interventions alone 

(15). A California study found no significant differences in hazard of drug-related mortality 

but overall lower mortality risk among those in methadone maintenance versus those in three 

week detoxification programs (16). Moreover, while overdose risk is known to increase 

immediately following cessation of medication treatments (17,18), it remains unclear how 

this risk compares to the period following cessation of non-medication treatments, which 

also holds a high risk of overdose (19,20).

The effectiveness of medication versus non-medication treatment in usual care contexts 

could differ from clinical trials, where patients are known to be characteristically different 

than those receiving care in real-world settings (21). Key populations may be excluded from 

clinical trials (e.g., pregnant and justice-involved persons) and the comprehensiveness and 

fidelity of treatment is likely to be lower as patients often transition in and out of care 
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(22,23). As a result, it is unclear what length of time in treatment is needed to achieve long-

term outcomes (24,25). Previous investigation of medication treatments in usual care 

settings has involved fairly narrow cohorts in specific settings, or population-level data from 

countries outside the U.S. that maintain national health and death registries 

(12,17,19,20,26,27). The current study presents a retrospective analysis of overdose 

mortality among a cohort of patients in Maryland who are being treated for OUD, using 

hazard modeling to compare periods in medication treatment, non-medication treatments, 

and periods following each of these types of care. We hypothesized that medications would 

be protective against overdose compared to non-medication treatments both during care and 

in the period following discharge. As the analysis was not pre-registered on a publicly 

available platform, the results should be considered exploratory.

Methods

Study Design and Setting

We linked Maryland statewide outpatient substance use specialty treatment claims from 

January 1, 2015 to December 31, 2016 to opioid overdose death records. Data linkage was 

facilitated by Maryland’s state-designated health information exchange, the Chesapeake 

Regional Information System for our Patients, which applied a probabilistic algorithm that 

uses demographic data to link individuals across datasets using a unique, encrypted person-

identifier (28). Both the Maryland Department of Health and Johns Hopkins Bloomberg 

School of Public Health Institutional Review Boards approved this study.

Treatment Record Inclusion

OUD treatment data were obtained from Beacon Health Options, which manages public 

specialty behavioral health services in Maryland paid for by Medicaid or the State. These 

services account for the majority of OUD treatment provided across the state, but do not 

include care provided by private physician offices or clinics. Data were limited to outpatient 

substance use treatment records in 2015–2016 for patients ≥18 years with a primary 

diagnosis of OUD, defined using ICD-9 codes 304.00–304.03, 304.70–304.73, and 305.50–

305.53 and ICD-10 codes F11*. To limit comparisons of medication and non-medication 

treatments to those provided in clinical outpatient settings, we excluded claims for recovery 

supports (e.g. case management and peer services) and inpatient/residential care, which each 

respectively made up only 2% of claims. We also excluded claims records for drug tests.

Construction of Treatment and Episode Types

To study the association between different treatment modalities and overdose mortality, 

outpatient treatment records were classified as either, “medication treatment” which was any 

outpatient treatment record whose service codes indicated use of the opioid agonists 

methadone or buprenorphine; or “non-medication treatment” which was any outpatient 

treatment record that did not include service codes for methadone or buprenorphine. As we 

were interested in comparing the effect of opioid agonist medications to all other types of 

treatment that did not involve medications, this category combined intensive or non-

intensive outpatient, ambulatory detoxification, and partial hospitalization programs that did 

not indicate use of methadone or buprenorphine. Such treatments often involve a 
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combination of assessments, psychotherapies, group and individual counseling and 

educational programming and are generally categorized based on setting and the American 

Society for Addiction Medicine “levels of care” criteria (29). Only forty records involved 

extended-release naltrexone and were also excluded from analyses given naltrexone’s 

differential clinical course and mechanism of action as an antagonist medication (30).

Claims data were then collapsed to create medication and non-medication episodes of care 

that constructed the risk sets for time-to-event analyses. Each treatment episode was defined 

as a consecutive period of time for which a person had a claim for either medication 

treatment services (“during medication”) or non-medication treatment services (“during non-

medication”) with interruptions of no more than 14 days between dates of service 

(16,31,32). For example, if a patient attended treatment once every two weeks for three 

months, this was considered one continuous treatment episode. Patients could have more 

than one episode of treatment, but in cases where medication and non-medication services 

overlapped, the time involving medication was considered “medication treatment” given 

pharmacology was involved in the patients’ care. Periods of time during which there were no 

services (either between treatment episodes or between the end of a treatment episode and 

the end of follow up at the end of 2016) were categorized as “after-treatment” if they 

occurred directly after a medication treatment episode or “after non-medication” if they 

occurred directly after a non-medication treatment episode.

As analyses focused on data from specialty care settings, we excluded episodes during 

which patients receiving non-medication services filled buprenorphine prescriptions as 

evident in linked Prescription Drug Monitoring Program (PDMP) data, indicating they were 

likely receiving medication treatment from an office-based clinician outside the specialty 

treatment system. The final analytic dataset resulted in a total of 48,274 individual patients 

with 185,568 treatment episodes (53.45% during treatment and 46.55% after treatment) 

(Table 1). All analyses were conducted using Stata version 15. (33),(34),(35),

Linkage to Overdose Death Outcomes and Patient Covariates

Patient records were linked to records from the Office of the Chief Medical Examiner of 

Maryland. Opioid overdose deaths included all investigated deaths classified as caused by 

opioids (heroin, fentanyl, methadone, or prescription opioids). All other medical examiner-

investigated deaths (including deaths due to injuries, homicide, suicide, or otherwise 

untimely, suspicious, or not attended by a physician) were included in analyses for censoring 

purposes so that patients who were known to have died were no longer included in follow 

up. Covariates derived from treatment records included age and sex, and whether a patient 

ever had any of the following during the two-year study period: received mental health 

treatment in the public behavioral health system; reported to be homeless, unemployed, or a 

veteran; sought treatment primarily for heroin (compared to other opioids); had a past-year 

arrest; or had been referred to treatment by a criminal justice source. Additional 

demographic covariates including race, marital status, and county of residence were 

obtained from linked hospital records from 2013–2016 (available for 93% of sample) 

provided by the Maryland Health Services Cost Review Commission, an all-payer 

administrative database of Maryland acute-care non-federal hospitals. Approximately 30% 
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of all patients were missing data on one or more covariates of interest and multiple 

imputation using chained equations (36) was used to impute missing values.

Identifying Correlates of Medication Treatment

The main exposure was receipt of medications for OUD. We therefore first examined patient 

factors independently associated with ever using medications as part of treatment during the 

study period using multivariable logistic regression. To account for possible confounders and 

emulate a “pseudo-population” of medication vs. non-medication treatment episodes that 

were similar in terms of observed covariates, Inverse Probability of Treatment Weights 

(IPTW) for medication treatment receipt were constructed from propensity scores derived 

with logistic regression. Propensity scores were constructed using covariates available at 

baseline at the patient-level along with an indicator for missing hospital record, which 

accounted for 7% of the missing data (37). This allowed us to adjust for the observed 

differences in baseline characteristics of individuals who received medication vs. non-

medication treatment (38,39). Weighting led to a substantial reduction in differences in 

patient covariates across groups (Appendix Table 1).

Analysis

Episode type was constructed as a time-varying variable with four categories: “during non-

medication treatment” (reference) “during medication treatment,” “after non-medication 

treatment,” and “after medication treatment.” For “during treatment” categories, risk set 

entry was the first date of service and exit was the last date of service, death, or end of 

follow up (Dec 31, 2016). For “after treatment” categories, risk set entry was the day 

following last date of service, and exit was the day before entry into a new service, death, or 

end of follow up. Figure 1 presents four hypothetical patients moving through different 

episodes. A death was considered to have occurred during treatment if the death was on last 

date or one day after last date of service; deaths after these dates were considered to have 

occurred after treatment.

Crude and propensity-score weighted hazards ratios (40) were calculated using Cox 

proportional hazards regression to determine the association between episode type and 

opioid overdose death among groups balanced on observed covariates. Weighted Kaplan-

Meier survival curves for opioid overdose death based on medication receipt were plotted 

for periods during and after treatment. Robust standard errors were applied to account for 

propensity score weights (41) and clustered to account for multiple episodes of care.

Results

Population Characteristics

Sociodemographic characteristics of persons who ever (72%) and never (28%) received 

medication treatment, and odds ratios for ever receiving medication are presented in Table 2. 

Persons who received medications were more likely to be female (46% vs. 38%), older than 

35 (62% vs. 45%), married (14% vs. 10%), employed (47% vs. 38%), and not homeless 

(85% vs. 72%); to primarily use heroin (88% vs. 60%); to live in the Baltimore Metro Area 

(55% vs. 45%); to not have sought treatment for mental health (52% vs. 38%); to not report 
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an arrest in the past year (90% vs. 81%); and to have been referred to treatment by a non-

criminal justice source (89% vs. 61%) (Table 2).

Risk of Overdose Death by Episode Type

The number and types of opioids involved in overdose deaths are presented in Table 1. Most 

of the 371 overdose deaths during follow up occurred in the first month of each follow up 

period, with the exception of time during medication treatment (Appendix Figure 1). An 

additional 182 non-overdose deaths were investigated by the medical examiner and were 

used for censoring purposes and in sensitivity analyses. Table 3 presents opioid overdose 

death rates and crude and weighted hazard ratios for overdose death based on episode type. 

Overdose death rates were lowest during medication treatment (0.48/1000 person-years), 

followed by during non-medication treatment (4.13/1000 person-years), after non-

medication treatment (13.22/1000 person-years), and after medication treatment (17.21/1000 

person-years). Weighed hazard of opioid overdose death were significantly lower during 

medication compared to during non-medication treatment periods (Hazard Ratio (HR): 0.18 

(0.08–0.40)). Periods after non-medication (HR: 5.43 (2.88–10.23)) and after medication 

treatment (HR: 5.84 (3.10–10.99)) both had substantially elevated risk compared to non-

medication treatment periods, indicating an overall protective effect of being in treatment, 

regardless of type. We did not detect a statistically significant difference in risk between 

periods after medication vs. after non-medication treatment (p= 0.55). Figure 2 displays 

weighted survival curves illustrating differential survival from overdose death between 

people in medication and non-medication treatment during (3A) and after care (3B). Persons 

receiving medications had a greater survival rate while in treatment, but had similar rates to 

persons receiving non-medication treatments once no longer actively enrolled in care. There 

were no indications of departures from the proportional hazards assumption on the basis of 

Schoenfeld residuals.

We then specifically calculated differences in risk of death during and after the initial four 

weeks since treatment discharge in patients leaving medication and non-medication 

treatments by calculating death rates and rate ratios for these time frames. Risk was 

significantly higher in the first four weeks since treatment discharge compared to the 

remainder of time out of treatment for both in patients who received medication (RR:2.91 

(2.14–3.95) and non-medication treatment (RR: 1.59 (1.04–2.27)). We also graphically 

explored whether length of time in medication treatment, specifically, differentially 

impacted risk of opioid overdose in the period following discharge by plotting cumulative 

incidence of overdose deaths in the 30, 90 and 180-days after medication treatment 

discharge by number of months in care. The sample was limited to new patients (excluding 

treatment episodes from first 14 days) with up to 18 months of medication treatment to 

allow for a period of observation of at least 180 days post-discharge. While there was no 

detectable linear trend, locally weighted scatterplot smoothing (LOWESS) indicated a 

general reduction in cumulative overdose death incidence post-discharge with longer months 

in treatment, especially following 12+ months (Appendix Figure 2).

Krawczyk et al. Page 6

Addiction. Author manuscript; available in PMC 2021 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Supplementary Analyses

Multiple supplementary analyses supported consistency of results under different conditions 

(Appendix Tables 2–9). First, we excluded episodes from the first 14 days of the study to 

control for possible bias due to prevalent users who may have been in treatment for long 

periods before follow up began(42), which did not change results. Second, we extended 

treatment discharge to 14 days after the last date of record due to potential error stemming 

from claims records. The relationships between episode types and overdose remained 

qualitatively consistent but relative hazards of overdose death between periods in- and out 

of-treatment were attenuated. Third, we limited our definition of medication treatment to 

methadone only (not buprenorphine), which resulted in qualitatively and quantitatively 

similar findings. Fourth, we tested three alternative methods of handling episodes with 

overlapping office-based buprenorphine prescriptions: a) analyzing all episodes regardless of 

a simultaneous buprenorphine prescription; b) excluding all records for patients who 

received any buprenorphine prescription at any point during the study period; and c) 

reclassifying episodes as medication treatment if a patient had any buprenorphine 

prescription during the period of care. Only the third method resulted in a differential finding 

with a greater hazard in the period after non-medication than after medication treatment. 

Fifth, we repeated analyses with the outcome of all investigated deaths (n=553) to see 

whether medication and non-medication treatments had a differential impact on other causes 

of death investigated by the Medical Examiner. Results were qualitatively similar, with the 

difference between in-treatment medication vs. non-medication slightly attenuated and 

periods out of treatment exhibiting an even larger risk compared to being in non-medication 

treatment, especially after treatment with medication. Finally, we conducted the primary 

analysis using covariate adjusted- instead of propensity-score weighted- Cox regression as 

an alternate strategy to account for confounding, which also resulted in qualitatively similar 

findings.

Discussion

The present study examined the association between receipt of medication treatment versus 

treatment that does not involve medications in a U.S. statewide sample of individuals 

receiving specialty care for OUD. This is one of the first studies in the U.S. to longitudinally 

assess overdose risk in persons seeking outpatient specialty substance use treatment across 

an entire state, and to compare outcomes of medication and non-medication treatment 

seekers during periods in and out of care. Consistent with previous studies, periods out of 

treatment had the highest relative risk of fatal overdose compared to periods during care, 

especially in the first few weeks following discharge, regardless of treatment modality 

(15,20). Hazard of overdose death after both medication and non-medication treatments was 

over five-fold that of the period during non-medication treatment. Opioid overdose mortality 

rates in out of treatment periods were higher than those reported in the international 

literature (12), likely reflecting the much higher potency of opioid drug supply in the U.S. 

and in Maryland, specifically, in recent years (43).

Contrary to trends seen in U.S. national samples (8), the majority of persons seeking 

specialty outpatient treatment for OUD in Maryland did receive methadone or 
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buprenorphine as part of their care. However, many individual factors (such as age) and 

structural factors (such as criminal justice referral), were still highly related to whether a 

person received medications as part of care, indicating ongoing systematic gaps in access to 

medication treatments. Compared to patients in non-medication treatment, those in 

medication treatment had an 80% lower hazard of overdose death during care even after 

accounting for several clinical and demographic confounders. This is consistent with our 

clinical understanding of the effectiveness of opioid agonist medications compared to non-

medication treatments that are often limited to psychosocial interventions (7,44), and 

demonstrates the potential magnitude of this effect on overdose reduction across an entire 

U.S. statewide population. Another observed benefit was that individuals in medication 

treatment had longer average duration of care than those attending non-medication 

treatments (248 days versus 22 days). It was not possible to detect a persistent protective 

effect of medication versus non-medication treatment on overdose in periods after treatment, 

however.

These findings have important clinical and policy implications. First, they support efforts to 

increase expansion of and access to medications in community settings as a means of 

reducing overdose risk, especially among groups who underutilize them. Beyond increasing 

participation, improving retention in medication remains one of the greatest challenges of 

the field (3). While treatment discontinuation is partly driven by the relapsing nature of 

OUD (45), retention could be improved through stronger promotion of long-term 

maintenance as the standard of care and by eliminating programmatic, logistical and 

financial barriers. For example, addressing medication stigma (46), and removing 

burdensome treatment requirements such as daily attendance or zero tolerance (47–49) may 

encourage better and longer engagement (50,51). The risk that may incur immediately after 

treatment discontinuation also highlights the critical need to couple care with overdose 

education and harm-reduction modalities, such as naloxone training and distribution ((52). 

Lastly, this study shows how integration of data across distinct service systems may serve as 

a tool for care coordination and research efforts to inform evidence-based practices.

Limitations

This study is subject to several limitations. First, analyses relied on administrative records 

that did not contain detailed information about patients or nature of treatment episodes. 

Thus, we could not cluster by service setting, distinguish between persons who had an 

overdose death after a planned termination of treatment and those who never returned to 

treatment due to death, or account for important potential confounders such as past treatment 

history, history of substance use, and previous overdoses. Second, we grouped treatment 

type as either medication or non-medication treatment and did not assess how different types 

of services or factors such as switching providers played a role in overdose risk. Future 

population-based research should further investigate risks and benefits associated with 

distinct types of medication treatments (e.g. buprenorphine, methadone) and non-medication 

treatments (e.g. counseling, detox), and whether non-medication adjunct services mitigate 

overdose risk among those receiving medications. Third, medical examiner data only 

contained information on investigated deaths in Maryland. Therefore, we were not able to 

examine the impact of treatment on all-cause mortality nor censor deaths not investigated. 
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Fourth, treatment data only contained information about outpatient care in specialty settings 

funded by public dollars and excluded private programs paid for by other means. Lastly, 

while we were able to use prescription drug data to control for misclassification among those 

receiving buprenorphine from office-based settings, we were not able to investigate overdose 

risk factors among persons receiving care outside the specialty treatment system. Future 

studies should incorporate and compare risk among persons seeking buprenorphine 

treatment in private physician offices and clinics.

Conclusions

Using population-based patient data from Maryland, this study found that engaging in opioid 

agonist medication treatments for OUD is associated with significant retention in treatment 

and reduced overdose risk. And yet, many patients are still receiving non-medication and 

short-term treatments that are less protective against overdose. Policy makers should ensure 

substance use treatment systems make opioid agonist medications highly accessible to all 

patients who present with OUD and focus efforts on promoting engagement and retention in 

these programs.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
Examples of four hypothetical patients contributing to risk sets of different episode 

treatment (tx) types
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Figure 2: 
Kaplan-Meier Survival Curves for opioid overdose death by medication treatment status 

during treatment (A) and after discharge (B), adjusted for inverse probability of treatment-

weights
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Table 1:

Description of patient episodes, follow up time and overdose deaths during study period 2015–2016

Number of Patients 48,274

 Patients with medication treatment episodes only 23,992 (49.70%)

 Patients with non-medication treatment episodes only 13,497 (27.96%)

 Patients with both medication and non-medication treatment episodes 10,785 (22.34%)

Number of Follow-Up Episodes 185,568

 During non-medication treatment 44,176 (23.81%)

 During medication treatment* 55,016 (29.65%)

 After non-medication treatment 37,863 (20.40%)

 After medication treatment 48,513 (26.14%)

Average Length of Follow up Episodes 123 days

 During non-medication treatment 22 days

 During medication treatment 248 days

 After non-medication treatment 118 days

 After medication treatment 79 days

Average In-Treatment Episodes per Patient 2

Substances Involved in Opioid Overdose Deaths During Follow Up 371

 Prescription opioids 130 (35.04%)

 Methadone 114 (30.73%)

 Heroin 241 (64.96%)

 Fentanyl 213 (57.41%)

*
Of the 55,016 medication treatment episodes, 93.31% involved methadone, and 6.69% involved buprenorphine
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Table 2:

Patient characteristics based on whether received medication treatment with opioid agonists in 2015–2016

Total N=48,274 Never Medication 
Treatment N=13,495 

(27.96%)

Ever Medication 
Treatment N=34,779 

(72.04%)*

Adjusted Odds Ratio 
with 95% Confidence 

Intervals of Ever 
Received Medication 

Treatment

Sex

 Female 21265 (44.05%) 5151 (38.17%) 16114 (46.33%) 1

 Male 26960 (55.85%) 8327 (61.70%) 18633 (53.58%) 0.70 [0.66,0.74]

 - 49 (0.10%) 17 (0.13%) 32 (0.09%)

Age Group

 18–25 4419 (9.15%) 2108 (15.62%) 2311 (6.64%) 1

 26–35 16276 (33.72%) 5286 (39.17%) 10990 (31.60%) 1.84 [1.67,2.03]

 36–45 10124 (20.97%) 2467 (18.28%) 7657 (22.02%) 2.54 [2.29,2.83]

 46–55 11570 (23.97%) 2555 (18.93%) 9015 (25.92%) 2.77 [2.48,3.09]

 56–65 5304 (10.99%) 1015 (7.52%) 4289 (12.33%) 3.00 [2.63,3.42]

 66 and over 581 (1.20%) 64 (0.47%) 517 (1.49%) 5.41 [3.67,7.98]

Race

 White 26055 (53.97%) 7382 (54.70%) 18673 (53.69%) 1

 Black 15754 (32.63%) 4488 (33.26%) 11266 (32.39%) 0.55 [0.51,0.59]

 Other 725 (1.50%) 275 (2.04%) 450 (1.29%) 0.55 [0.45,0.68]

 - 5740 (11.89%) 1350 (10.00%) 4390 (12.62%)

Region of Residence

 Baltimore Metro 25306 (52.42%) 6069 (44.97%) 19237 (55.31%) 1

 Eastern Shore 4366 (9.04%) 2012 (14.91%) 2354 (6.77%) 0.34 [0.32,0.38]

 Southern 1036 (2.15%) 609 (4.51%) 427 (1.23%) 0.32 [0.27,0.37]

 National Capital 704 (1.46%) 316 (2.34%) 388 (1.12%) 0.33 [0.27,0.40]

 Northwest 4650 (9.63%) 1470 (10.89%) 3180 (9.14%) 0.97 [0.89,1.06]

 - 12212 (25.30%) 3019 (22.37%) 9193 (26.43%)

Marital Status

 Not married 38201 (79.13%) 11092 (82.19%) 27109 (77.95%) 1

 Married 6276 (13.00%) 1364 (10.11%) 4912 (14.12%) 1.33 [1.22,1.45]

 - 3797 (7.87%) 1039 (7.70%) 2758 (7.93%)

Employment

 Not Employed 26838 (55.60%) 8398 (62.23%) 18440 (53.02%) 1

 Employed 21436 (44.40%) 5097 (37.77%) 16339 (46.98%) 1.68 [1.58,1.79]

Veteran

 Not Veteran 46913 (97.18%) 13092 (97.01%) 33821 (97.25%) 1

 Veteran 1361 (2.82%) 403 (2.99%) 958 (2.75%) 0.87 [0.74,1.03]

Homelessness
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Total N=48,274 Never Medication 
Treatment N=13,495 

(27.96%)

Ever Medication 
Treatment N=34,779 

(72.04%)*

Adjusted Odds Ratio 
with 95% Confidence 

Intervals of Ever 
Received Medication 

Treatment

 Not Homeless 39133 (81.06%) 9656 (71.55%) 29477 (84.76%) 1

 Homeless 9141 (18.94%) 3839 (28.45%) 5302 (15.24%) 0.46 [0.43,0.50]

Primary Opioid Use

 Primary Prescription Opioids 9398 (19.47%) 5368 (39.78%) 4030 (11.59%) 1

 Primary Heroin 38876 (80.53%) 8127 (60.22%) 30749 (88.41%) 6.89 [6.43,7.38]

Mental Health Treatment

 No Mental Health Treatment 23324 (48.32%) 5116 (37.91%) 18208 (52.35%) 1

 Mental Health Treatment 24950 (51.68%) 8379 (62.09%) 16571 (47.65%) 0.61 [0.57,0.65]

Past Year Arrest

 No Arrest 42063 (87.13%) 10931 (81.00%) 31132 (89.51%) 1

 Arrest 6211 (12.87%) 2564 (19.00%) 3647 (10.49%) 0.92 [0.85,1.00]

Referral Source

 Non-Criminal Justice Source 39164 (81.13%) 8238 (61.04%) 30926 (88.92%) 1

 Criminal Justice Source 9110 (18.87%) 5257 (38.96%) 3853 (11.08%) 0.23 [0.21,0.24]

Notes:

• 33.01% of persons who ever had medication treatment also had at least 1 episode of care that did not involve medications

• Employment, veteran status, homelessness, heroin as primary substance, past year arrest and criminal justice referral all derived from treatment 
claims authorization records. Value reflects ever having a positive value on an authorization record during 2015–2016

• Mental health treatment indicates ever having any claim for a psychiatric treatment episode in the specialty treatment system during 2015–2016

• Marital status, region of residence, and race group derived from the modal value found in linked hospital records during 2013–2016
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Table 3:

Opioid overdose death rates and hazard ratios (HR) with 95% confidence intervals (CI) during 2015–2016 by 

treatment (tx) episode type

Person-
years

Number of 
opioid overdose 
deaths

Opioid overdose 
death rate per 
1000 person-years

Crude HR for opioid 
overdose death (95% 
CI)

HR for opioid overdose 
death adjusted with 
IPTW (95% CI)

During non-
medication tx

2664 11 4.13 1 1

During medication tx 37371 18 0.48 0.16 (0.07–0.35) 0.18 (0.08–0.40)

After non-medication 
tx

12251 162 13.22 4.14 (2.24–7.65) 5.45 (2.89–10.27)

After medication tx 10458 180 17.21 5.17 (2.80–9.53) 5.85 (3.10–11.02)

Notes:

• There was no evidence of non-proportional hazards (weighted analysis, p = 0.68)

• Post-estimation test found no statistical difference between HR after non-medication and medication treatment compared to during non-
medication treatment (weighted analysis, p = 0.55)
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Table 4:

Opioid overdose death rates and rate ratios with 95% confidence intervals (CI) in period following treatment 

(tx) discharge, comparing the period during and after the first 4 weeks since treatment discharge in patients 

leaving medication and non-medication treatment

Person -Years Number of opioid 
overdose deaths

Opioid overdose death rate 
per 1000 person-years

Opioid overdose death rate 
ratio (95% CI)

After Medication Treatment

Up to 4 weeks after tx 78 2176 35.85 2.91 (2.14–3.95)

Post-4 weeks after tx 102 8282 12.32 1

After Non-Medication Treatment

Up to 4 weeks after tx 43 2270 18.94 1.59 (1.04–2.27)

Post-4 weeks after tx 119 9981 11.92 1
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