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Abstract

Background: Patients with medically-treated opioid overdose are at high risk for subsequent 

adverse outcomes, including repeat overdose. Understanding factors associated with repeat 

overdose can aid in optimizing post-overdose interventions.

Methods: We conducted a longitudinal, retrospective cohort study using NJ Medicaid data 

from 2014 to 2019. Medicaid beneficiaries aged 12–64 with an index opioid overdose from 

2015 to 2018 were followed for one year for subsequent overdose. Exposures included patient 

demographics; co-occurring medical, mental health, and substance use disorders; service and 

medication use in the 180 days preceding the index overdose; and MOUD following index 

overdose.

Results: Of 4898 individuals meeting inclusion criteria, 19.6% had repeat opioid overdoses 

within one year. Index overdoses involving heroin/synthetic opioids were associated with higher 
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repeat overdose risk than those involving prescription/other opioids only (HR = 1.44, 95% CI 

= 1.22–1.71). Risk was higher for males and those with baseline opioid use disorder diagnosis 

or ED visits. Only 21.7% received MOUD at any point in the year following overdose. MOUD 

was associated with a large decrease in repeat overdose risk among those with index overdose 

involving heroin/synthetic opioids (HR = 0.30, 95% CI = 0.20–0.46). Among those receiving 

MOUD at any point in follow-up, 10.5% (112/1065) experienced repeat overdose versus 22.1% 

(848/3833) for those without MOUD.

Conclusions: Repeat overdose was common among individuals with medically-treated opioid 

overdose. Risk factors for repeat overdose varied by type of opioid involved in index overdose, 

with differential implications for intervention. MOUD following index opioid overdose involving 

heroin/synthetic opioids was associated with reduced repeat overdose risk.
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1. Introduction

Patients treated for opioid overdose accounted for 305,623 visits to US emergency 

departments in 2017 (Vivolo-Kantor et al., 2020), and have represented an increasing share 

of ED visits since, both before and during the COVID-19 pandemic (Centers for Disease 

Control, 2021a). Patients experiencing these events are at high risk for subsequent adverse 

outcomes (Olfson et al., 2018a; Weiner et al., 2020), including repeat overdose (Karmali et 

al., 2020; Suffoletto and Zeigler, 2020). Assertive, systemic strategies are needed to engage 

overdose survivors in treatment with medications for opioid use disorder (MOUD); however, 

studies earlier in the opioid epidemic found low rates of post-overdose treatment initiation 

(Alinsky et al., 2020; Frazier et al., 2017; Larochelle et al., 2018; Macmadu et al., 2021). 

Intervention is complicated by inconsistent access to treatment, the very limited proportion 

of physicians who prescribe MOUD (Stein et al., 2021), and extensive behavioral health and 

medical comorbidity (Crystal et al., 2021).

Among people with opioid use disorder, it has been well-established through randomized 

controlled trials that MOUD reduces illicit opioid use (Fudala et al., 2003; Johnson et 

al., 1995; Kakko et al., 2003; Ling et al., 1998, 2010; Schwartz et al., 2006). However, 

most trial data are from earlier periods of the opioid overdose epidemic, preceding the 

more recent fentanyl-dominated phase of the epidemic. Many of the earlier studies focused 

on a single treatment modality, and few focused on overdose survivors. While it is well 

understood that MOUD confers benefits for many outcomes, there remains a gap in 

evidence regarding the association between MOUD and repeat overdose in the current 

“third wave” of the opioid overdose epidemic, with heroin and fentanyl-related overdoses 

increasingly predominating nationally since 2013 (Centers for Disease Control, 2021b). In 

an environment with increasing opioid overdoses, driven by the spread of fentanyl (Mattson 

et al., 2021), a better understanding of MOUD initiation and outcomes among overdose 

survivors is needed to inform clinical and health system interventions to reduce subsequent 

risk.
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Understanding repeat overdose risk is particularly important for beneficiaries of Medicaid, 

the largest single payer of OUD treatment in the U.S. Using New Jersey Medicaid data from 

2014 to 2019, this study evaluates the association of MOUD with repeat opioid overdose 

in a large, usual-care population, during a period of high and rising risk of overdose in 

a state with widespread fentanyl penetration and increasing overdose rates predominantly 

associated with injected, illicit drugs (Crystal et al., 2021). We: (1) identified predictors of 

repeat nonfatal overdose in the year following an index overdose, (2) examined differences 

in risk depending on the type of opioid involved in the initial overdose, and (3) assessed 

associations between post-overdose MOUD utilization and repeat overdose, using a time-

varying covariate to capture periods of MOUD use and non-use. We hypothesized that 

patients whose initial overdose involved heroin or synthetic opioids would be at greater risk 

for repeat overdose compared to those whose overdose involved prescription opioids, and 

that MOUD initiated after overdose would be associated with substantially lower repeat 

overdose risk.

2. Methods

This longitudinal, retrospective cohort study used de-identified New Jersey Medicaid claims 

data for individuals treated for opioid overdose from years 2014–2019.

2.1. Cohort selection, index events and outcomes

We included patients aged 12–64 years with a medically-treated opioid overdose, identified 

using ICD-9 and ICD-10 diagnostic codes (Supplement, eTable 1) associated with an 

ED or inpatient claim in 2015–2018. Validation studies using diagnosis fields in medical 

claims verified by chart audits have shown high sensitivity and specificity for detection 

of opioid poisoning using ICD codes (Green et al., 2017, 2019), including poisonings 

attributed specifically to heroin and other opioids (Slavova et al., 2020; Vivolo-Kantor et 

al., 2021). We included beneficiaries with continuous Medicaid eligibility and no eligibility 

for Medicare for 6 months before the index overdose (baseline period) and 12 months 

afterwards (follow-up period) to allow sufficient time to identify patient characteristics and 

observe repeat overdose. We assessed repeat overdose within 12 months based on prior 

literature showing extended periods of risk following index overdose (Olfson et al., 2018b; 

Suffoletto and Zeigler, 2020). We excluded beneficiaries with any MOUD supply in the 

180 days prior to the index overdose, to focus on effects of newly-initiated MOUD. A 

cohort flow diagram (Vandenbroucke et al., 2007) showing exclusion restrictions is included 

as Fig. 1. We defined index opioid overdose as the first ED or inpatient claim indicating 

medically-treated overdose following a baseline period of 180 days with no observed 

overdose. Using diagnostic codes in claims (Supplement, eTable 1), we determined whether 

the index overdose involved heroin or a synthetic opioid, whether or not other opioids also 

contributed to the overdose. We identified benzodiazepine involvement in the index overdose 

and whether the overdose resulted in inpatient treatment.

2.2. Explanatory variables

Diagnoses in the look-back period identified baseline OUD diagnosis and comorbidities 

including alcohol use disorder, benzodiazepine use disorder, cannabis use disorder, 
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schizophrenia, bipolar disorder, major depressive disorder, anxiety disorder, personality 

disorder, asthma, cerebrovascular disease, chronic pain, chronic obstructive pulmonary 

disease (COPD), diabetes, heart failure, hepatitis C, human immunodeficiency virus (HIV), 

hypertension, pneumonia, and sleep apnea (Supplement, eTable 2). Measures of pre-index-

overdose health services use included ED visits and psychosocial behavioral health services 

(Supplement, eTable 3). ED visits were determined using claim type, place of service, 

and provider taxonomy codes. Daily calendars of medication availability for prescribed 

opioids and benzodiazepines based on days’ supply in claims identified active prescriptions 

for opioids and benzodiazepines at the time of index overdose (i.e., the prior day) and 

availability in the look-back period (Supplement, eTable 4).

To examine the effect of active receipt of MOUD, we defined a time-varying covariate 

indicating whether MOUD treatment was active on each day. Availability of MOUD changes 

frequently, as disruptions in care are common (Saloner et al., 2017), and most recent 

availability of MOUD is likeliest to affect risk for a repeat overdose. Daily calendars for 

MOUD availability used days’ supply for buprenorphine and naltrexone prescriptions from 

pharmacy data. For MOUD dispensed or administered in a health care setting, which are 

captured in medical rather than pharmacy claims, we derived availability from HCPCS codes 

for administration (injectable naltrexone, injectable buprenorphine, and daily or weekly 

buprenorphine and methadone administered in an opioid treatment program). Methadone 

maintenance treatment visits were recorded in either daily or weekly procedure codes, 

allowing for a two-day grace period to account for take-home doses. For each day in the 

follow-up period, we examined the time-varying effect on repeat overdose of MOUD supply 

on the preceding day in order to exclude any MOUD that may have been prescribed on the 

day of a second overdose in response to the overdose itself. Our primary outcome was time 

(in days) to repeat overdose resulting in an inpatient hospitalization or ED visit. Patients 

without a repeat overdose were censored at 1 year (365 days) after the index event.

2.3. Statistical analysis

Bivariate associations between explanatory variables and repeat overdose were examined 

with chi-square tests; the final analysis included those with a p-value approaching 

significance (p < 0.2) to conserve degrees of freedom. Next, a multivariable Cox 

proportional hazards model was fit for time to repeat overdose. In addition to time-varying 

receipt of MOUD after the index overdose, models included all baseline covariates described 

above for demographic characteristics, medical and behavioral health diagnoses, and health 

services utilization. Subgroup analyses with separate models investigated differential risk 

factors for repeat overdose across relevant subgroups, including type of opioid implicated 

in the index overdose (heroin/synthetic opioids versus only prescription opioids). We 

performed additional sensitivity analyses to test whether findings were robust to alternate 

specifications. In the first, we limited the follow-up period to 3 months to reduce the 

continuous eligibility requirement from 18 to 9 months and increase the analytic sample 

size. The second sensitivity analysis included fixed effects for hospitals where index 

overdoses were treated, to control for variation among hospitals in efforts to initiate or 

link patients to treatment. Because of power constraints, we performed sensitivity analyses 

Crystal et al. Page 4

Drug Alcohol Depend. Author manuscript; available in PMC 2023 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



only for all overdoses, and not for models that stratified by type of opioid involved in the 

index overdose. All statistical analyses were performed in SAS Enterprise Guide 7.1.

3. Results

The sample included 4898 NJ Medicaid enrollees with an index opioid overdose who met 

eligibility criteria (Table 1). The majority were male (60.7%) and White (57.1%); modal age 

was 25–39 (43.0%). Most index overdoses involved heroin or synthetic opioids (72.3%). The 

rate of repeat overdose in the follow-up period was 19.6% (n = 960), with median days until 

repeat overdose of 126 (IQR:42, 237.5) and mean days of 146. Among those with a repeat 

overdose, 19.3% of the events occurred within 30 days (Fig. 2). Repeat overdose rates were 

consistently higher following index overdoses involving heroin or synthetic opioids (Fig. 3).

Fewer than one-quarter (21.7%) of those with an index overdose received MOUD in the 

follow-up period, increasing moderately from 18.9% in 2015–2016–23.9% in 2017–2018 

(p < 0.001). Only 9.9% had MOUD availability at the end of their follow-up period (day 

preceding a repeat overdose or last day of the 12-month follow-up). Only 2.9% had active 

MOUD on the day preceding the repeat overdose.

Results of Cox proportional hazards analysis (Table 2) indicate that repeat overdose risk 

was higher among those whose index overdose involved heroin or synthetic opioids (HR = 

1.44, 95% CI = 1.22–1.71); males (HR = 1.25, 95% CI = 1.08–1.43); and those with an ED 

visit in the baseline period (HR = 1.31, 95% CI = 1.13–1.52). Baseline diagnosis of OUD 

was also associated with higher repeat overdose risk (HR = 1.53, 95% CI = 1.32–1.77). 

Other medical, psychiatric, and SUD diagnoses were not significantly associated with repeat 

overdose.

Beneficiaries with MOUD supply were at much lower risk of repeat overdose (HR = 0.35, 

95% CI = 0.24–0.51). Repeat overdose risk was also lower among those with prescription 

opioid availability at the time of the index overdose (HR=0.68 95% CI=0.54–0.86), those 

whose index overdose resulted in an inpatient hospitalization (HR = 0.75, 95% CI = 0.63–

0.90), and those who received any psychosocial services in the 6-month baseline period (HR 

= 0.84, 95% CI = 0.71–0.99).

In sensitivity analyses, the inclusion of fixed effects for hospitals in which patients were 

treated produced near-identical results (Supplement, eTable 5), but minor differences were 

present in a model limiting follow-up to 3 months. In this model, overdoses occurring in 

years 2017 and 2018 and diagnoses of HIV and hypertension were associated with greater 

risk of repeat overdose, and receipt of any psychosocial service in the baseline period was 

not associated with lower risk (Supplement, eTable 6).

In proportional hazards analyses stratified by type of opioid involved in the index overdose, 

male sex was associated with increased risk of repeat overdose for beneficiaries whose index 

overdose involved heroin or synthetic opioids (HR = 1.25, 95% CI = 1.07–1.47) but not 

for those whose index overdose involved only prescription opioids. An ED visit during the 

baseline period was similarly associated with higher risk of repeat overdose only among 

those whose index overdose involved heroin or synthetic opioids (HR = 1.33, 95% CI = 
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1.13–1.57). Compared to non-Hispanic Whites, non-Hispanic Black enrollees whose index 

overdose involved heroin or synthetic opioids had lower risk of repeat overdose (HR = 0.81, 

95% CI = 0.67–0.99).

Notably, among those whose index overdose involved heroin or synthetic opioids, time-

varying receipt of MOUD after the index overdose was associated with a more than two-

thirds reduction in the hazard of repeat overdose (HR = 0.30, 95% CI = 0.20–0.46). For 

those whose index overdose involved prescription opioids only, this association did not reach 

significance (HR = 0.71, 95% CI = 0.31–1.62).

Active benzodiazepine prescription at the time of the index overdose was associated with 

increased repeat overdose risk (HR 1.57, CI = 1.04–2.36) following index overdoses 

involving prescription opioids only, but not among those whose index overdose involved 

heroin or synthetic opioids. Also, among those whose index overdose involved prescription 

opioids only, risk of repeat overdose was lower for those who received prescription opioid 

analgesics during the baseline period (HR = 0.57, 95% CI = 0.37–0.89) and at the time of 

the index overdose (HR = 0.59, 95% CI = 0.39–0.90), as well as those who received any 

psychosocial service in the 6-month baseline period (HR = 0.66, 95% CI = 0.45–0.97).

4. Discussion

Results identify the high risk of repeat overdose faced by this population, continuing through 

the one-year follow-up period, which highlights the importance not only of initiating 

treatment soon after the event but also sustaining treatment over time, as brief episodes 

of MOUD do not confer substantial longer-term post-treatment overdose risk reduction 

(Samples et al., 2020; Williams et al., 2020). Repeat overdose risk is particularly high for 

those experiencing an index overdose involving non-prescribed opioids, underscoring the 

importance of intervention in this population (Compton et al., 2016; Moore et al., 2007). The 

high rates of medical and behavioral health comorbidity identified in this population (Table 

1) highlight the need for integrated care models that can address multiple treatment needs 

in a comprehensive fashion. The greatly lowered risk of overdose associated with current 

MOUD receipt following the index overdose is consistent with prior studies of MOUD 

effectiveness and extends these findings to the post-overdose population in a high-fentanyl 

environment. In this study, risk of repeat overdose was 65% lower for patients receiving 

MOUD (before stratification by substance involved in the index overdose), consistent with 

similarly large effects found in studies on the association between MOUD and overdose 

mortality risk (Ma et al., 2019; Santo et al., 2021). Those who received MOUD at any point 

in follow-up had an overdose rate of 10.5% (112/1065) versus 22.1% (848/3833) for those 

with no MOUD receipt, suggesting that if rates of MOUD treatment following overdose 

could be significantly improved, substantial reductions in repeat overdose would be possible. 

Although we did not conduct a rigorous simulation study of the potential reduction in 

overdoses if MOUD were initiated in all such patients following the index overdose, our 

model results imply that if all individuals in the sample received MOUD during their 

follow-up, approximately 53% (515) of observed overdoses might have been prevented. This 

calculation does not take into account the time-varying nature of MOUD in this analysis and 
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as a result may under-estimate the number of repeat overdoses that could be averted with 

MOUD retention.

The high overall risk, and the reduction in risk associated with MOUD, indicate the 

importance of intensified initiatives to reduce repeat overdose risk, including assertive 

outreach and case management to engage patients in MOUD treatment. Strategies identified 

as promising in prior studies include initiation of MOUD with buprenorphine in the 

emergency department (ED; D’Onofrio et al., 2015); naloxone prescribing and distribution 

(Samuels et al., 2018); education on overdose risk and prevention and safe injection 

practices (Samuels et al., 2016); and, as appropriate, referral to community-based harm 

reduction and syringe access programs, which decrease risk of repeat overdose and mortality 

(Strayer et al., 2020). These and other strategies are included in consensus recommendations 

on ED-based OUD treatment issued by the American College of Emergency Physicians 

(Hawk et al., 2021), but widespread adoption has lagged because of barriers such as limited 

referral options for continuing care, provider inexperience in treating OUD, and others 

(Hawk et al., 2020). Payer strategies that incentivize uptake of such practices may hold 

promise. For example, Pennsylvania’s Hospital Quality Improvement Program OUD ED 

Initiative created financial incentives for hospitals that implemented pathways to address 

OUD in the ED, and additional incentives for hospitals that improved rates of post-discharge 

treatment follow-up (Kilaru et al., 2021).

In addition to initiatives to support prompt initiation of MOUD, sustained and assertive 

support following overdose is important to support continuation of MOUD, given the high 

risk of treatment dropout. Further research is needed to identify the roles of multiple 

potential barriers, such as access to providers, system fragmentation, failure to assertively 

follow up with patients after the index episode, untreated mental health comorbidity, 

homelessness, and patient readiness, that may be contributing to the low rate of treatment 

engagement and continuation, and to test assertive strategies to overcome them. Such 

strategies could borrow from assertive community treatment models for people with severe 

and persistent mental illness that have shown promise in overcoming barriers to treatment 

engagement resulting from complex and fragmented service systems (Dore-Gauthier et al., 

2020; Thorning and Dixon, 2020; Trane et al., 2021), which despite their promise have 

seldom been deployed by MOUD providers. Care models that integrate assertive case 

management strategies, direct provision of MOUD, and primary medical care may have 

promise in improving outcomes for this at-risk population.

Those whose index overdose did not lead to hospitalization were at higher risk than 

those experiencing hospitalization. While engagement of these individuals may be 

more difficult, it is particularly important for reducing repeat overdose risk. Although 

unobserved differences in those who were or were not hospitalized could account for 

the difference, it may also be that hospitalization provides a protective effect, which 

would support broadening inpatient admissions criteria for this highrisk population. Receipt 

of any psychosocial service in the 6-month baseline period was also associated with 

reduced likelihood of repeat overdose, but only among those whose index overdose 

involved prescription opioids only. Although prior research has shown some psychosocial 

interventions to be effective (Dutra et al., 2008), patients receiving higher intensity services 
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may have higher baseline risk of repeat overdose, offsetting the potential benefits of 

psychosocial services among those whose index overdose involved heroin/synthetic opioids.

Those whose index overdose did not involve heroin or synthetic opioids represent another 

distinct at-risk group, although they accounted for a minority (27.7%) of index overdoses. 

Within this group, OUD diagnosis was associated with risk of repeat overdose, as 

expected; these individuals had prior contact with the health system related to their 

OUD diagnosis, potentially indicating missed opportunities to initiate treatment. Those 

with benzodiazepine prescriptions at the time of index overdose were also more likely to 

experience a repeat overdose, potentially reflecting the increased risk associated with use of 

multiple medications that depress respiration. Receipt of prescribed opioids was associated 

with reduced risk of repeat overdose. This could suggest that people who used opioids 

under physician supervision were less vulnerable to experiencing a repeated overdose. 

Many states, including NJ, have implemented opioid prescribing limits in an effort to 

reduce risk related to prescribed opioids. Findings regarding outcomes of such policies are 

mixed, and some studies suggest policies have unintended consequences if not carefully 

designed and implemented (Davis et al., 2020; Sacks et al., 2021). Prior studies have 

found that rapid discontinuation of opioids may increase risk of overdose and can lead 

patients to seek out more dangerous illicit opioids (Alpert et al., 2018; Mark and Parish, 

2019; Oliva et al., 2020). Efforts to manage prescribing (e.g., prescribing limits policies, 

pharmacy utilization management) may be important components of an overall strategy for 

reducing overdoses, but must be carefully designed to avoid unintended consequences, and 

implemented alongside robust prevention, treatment, and harm reduction strategies.

Only a minority of those with an index overdose received MOUD during the follow-up 

period – 18.9% in 2015–2016 and 23.9% in 2017–2018. These findings are similar to low 

rates of post-overdose MOUD found in studies in Medicaid populations in Pennsylvania, 

where 15% of Medicaid beneficiaries with prescription drug overdose and 33% with heroin 

overdose received MOUD in the six months after nonfatal overdose (Frazier et al., 2017), 

and in Massachusetts where 30% of individuals with medically-treated opioid overdose 

received MOUD within 12 months (Larochelle et al., 2018).

In examining MOUD receipt in a time-varying framework, we found that only 2.9% of 

repeat opioid overdoses took place at a time when MOUD treatment was active. Rates of 

repeat overdose were reduced by more than two-thirds on days when MOUD treatment 

was active, among those whose index overdoses involving heroin or synthetic opioids. No 

risk reduction was detected for MOUD utilization after overdose among those whose index 

overdose did not involve heroin or synthetic opioids, possibly because of power limitations 

for this smaller group. Some of these index overdoses may have been related to accidental 

misuse of prescribed opioids, drug interactions, or effects of underlying health conditions 

(Banerjee et al., 2016; Centers for Disease Control and Prevention, 2012; Garg et al., 2017). 

MOUD may not be indicated after such events, and repeat overdose is less likely among 

those with prescription overdose.

In New Jersey, additional initiatives have been implemented since the study period, many 

of which were not fully implemented until after 2018; continuing assessment of the impact 
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of such initiatives on repeat overdose warrants further research. These initiatives include 

expansion of initiatives for ED-initiated buprenorphine; reimbursement for navigation 

services as part of MOUD, as implemented recently in New Jersey’s Office-Based Addiction 

Treatment (OBAT) program; ED-initiated hospital-based addiction medicine consultation 

(Englander et al., 2019); facilitated referrals (i.e., “warm handoffs”) to treatment (Duber 

et al., 2018); and peer-based interventions (McGuire et al., 2020). The Opioid Overdose 

Recovery Program, launched in 2016 and available statewide in 2018, uses teams of peer 

recovery support specialists and patient navigators to intervene with patients following 

opioid overdose and provide linkages to treatment and recovery supports (New Jersey 

Department of Human Services, 2021). Hospital systems, including those affiliated with 

New Jersey’s two medication-assisted treatment (MAT) Centers of Excellence, have widely 

adopted and promoted ED buprenorphine initiation programs (Carroll et al., 2020; Rutgers 

New Jersey Medical School, 2020). New Jersey Medicaid’s OBAT program aims to increase 

the pool of community buprenorphine providers by providing enhanced reimbursement 

to providers meeting certain criteria, including availability of patient navigation services, 

now reimbursed by Medicaid (New Jersey Division of Medical Assistance and Health 

Services, 2020). Other interventions with promise for increasing treatment engagement 

among those at highest risk include low-barrier models of MOUD implemented as a result 

of the COVID-19 epidemic, including increased use of telemedicine; longer days’ supply 

on MOUD prescriptions; telephone-based initiation of MOUD; reduced requirements for 

toxicology testing; and longer take-home supplies in methadone maintenance treatment. 

Further research is needed to examine the impacts of these promising interventions on large, 

usual-care Medicaid populations, particularly over long-term periods.

4.1. Limitations

Findings should be interpreted with several limitations in mind. First, although Medicaid 

covers a high proportion of individuals at risk of overdose (Orgera and Tolbert, 2019), 

these findings may not generalize to uninsured individuals or those covered by other 

insurance types. Data are from a single U.S. state and may not be generalizable to other 

states. Although we controlled for a range of clinical and demographic characteristics, 

unmeasured confounding could affect the results, including such factors as criminal justice 

involvement, social support, and transitioning to use of different opioid types than those 

implicated in the index overdose. Individuals in the sample had to be Medicaid-eligible six 

months before and 12 months after the index overdose to assure consistent measurement 

of explanatory variables and outcomes, limiting generalizability to individuals who may be 

only episodically eligible for Medicaid; however, a sensitivity analysis limiting follow-up to 

3 months produced substantively similar results. Poisonings with fentanyl or other synthetic 

opioids could have been misclassified as other opioid poisonings before the switch to 

ICD-10-CM in late 2015, though fentanyl poisonings were uncommon before that time 

(Ciccarone, 2019), and likely classified as heroin poisonings. This study included only 

overdose events that resulted in ED and inpatient hospital visits. Our analysis focused 

on the association of current MOUD use with overdose risk; it cannot be assumed that 

such associations extend beyond the termination of treatment; early termination remains a 

challenge for achieving the potential risk-reduction benefits of MOUD. Finally, since most 

overdoses in the study population during these years involved heroin or synthetic opioids, 
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confidence intervals for the smaller group with overdoses involving opioid analgesics were 

wider, and the fact that the association between MOUD and overdose risk for this group fell 

short of significance should not be interpreted as a clear demonstration that MOUD may not 

have a protective effect in this population.

5. Conclusions

This study identified predictors of repeat opioid overdose that can inform efforts to reduce 

risk following the index event. Although only a minority received MOUD during follow-

up, periods of treatment following overdoses involving heroin or synthetic opioids were 

associated with risk of repeat overdose more than two-thirds lower than other periods. 

Findings highlight the importance of initiating MOUD in the ED after overdose, assertive 

follow-up interventions, expanding community availability of MOUD, and improving 

integration of acute and general medical care to increase treatment utilization and eliminate 

gaps in care. Increasing access to MOUD during patients’ first ED/hospital visit is critically 

important in preventing subsequent overdoses.
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Fig. 1. 
Cohort flow diagram.
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Fig. 2. 
Distribution of time from index overdose to repeat overdose (N = 960).
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Fig. 3. 
Survival probability of repeated opioid overdose during the 365 days after index opioid 

overdose.
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Table 2.

Hazards of repeat opioid overdose, stratified by drugs involved in index overdose.

Full Sample, no MOUD 
before Index Overdose (n = 
4898)

Index Overdose Involved 
Heroin and/or Synthetic 

Opioids
a
 (n = 3541)

Index Overdose Involved 

Prescription Opioids Only
b
 (n = 

1357)

Covariate HR (95% CI) HR (95% CI) HR (95% CI)

MOUD After Overdose 0.35 (0.24, 0.51)* 0.30 (0.20, 0.46)* 0.71 (0.31, 1.62)

Index Overdose Characteristics

Involved Heroin/Synthetic 
Opioids

1.44 (1.22, 1.71)* – –

Involved Benzodiazepines 0.97 (0.70, 1.35) 1.06 (0.68, 1.64) 0.95 (0.57, 1.58)

Resulted in Inpatient 
Hospitalization

0.75 (0.63, 0.9)* 0.78 (0.64, 0.96)* 0.70 (0.49, 1.00)*

Age

12–24 1.26 (0.93, 1.71) 1.25 (0.89, 1.76) 1.08 (0.53, 2.19)

25–39 1.24 (0.97, 1.57) 1.12 (0.85, 1.47) 1.57 (0.95, 2.58)

40–55 1.02 (0.81, 1.27) 0.92 (0.70, 1.19) 1.36 (0.86, 2.12)

56–64 REF REF REF

Racial/Ethnic Group

White REF REF REF

Black 0.88 (0.74, 1.04) 0.81 (0.67, 0.99) 1.14 (0.80, 1.62)

Hispanic 0.87 (0.68, 1.10) 0.77 (0.58, 1.02) 1.22 (0.74, 1.99)

Other/Unknown 0.92 (0.72, 1.17) 0.99 (0.76, 1.28) 0.69 (0.37, 1.30)

Gender

Female REF REF REF

Male 1.25 (1.08, 1.43)* 1.25 (1.07, 1.47) 1.19 (0.87, 1.62)

Year of index overdose

2015 REF REF REF

2016 1.11 (0.9, 1.37) 1.06 (0.84, 1.34) 1.33 (0.83, 2.11)

2017 1.16 (0.95, 1.42) 1.09 (0.87, 1.36) 1.43 (0.91, 2.25)

2018 1.08 (0.88, 1.33) 1.04 (0.82, 1.31) 1.26 (0.77, 2.05)

SUD Comorbidities
c

Alcohol Use Disorder 1.03 (0.88, 1.21) 0.99 (0.83, 1.19) 1.3 (0.90, 1.90)

Benzodiazepine Use Disorder 1.05 (0.82, 1.35) 1.12 (0.85, 1.46) 0.76 (0.41, 1.43)

Cannabis Use Disorder 0.96 (0.78, 1.18) 1.04 (0.83, 1.29) 0.6 (0.32, 1.12)

Opioid Use Disorder 1.53 (1.32, 1.77)* 1.46 (1.24, 1.73) 1.71 (1.22, 2.39)*

Psychiatric Comorbidities
c

Bipolar Disorder 0.97 (0.8, 1.17) 0.95 (0.77, 1.17) 1.17 (0.76, 1.80)

Major Depressive Disorder 1.11 (0.94, 1.31) 1.08 (0.90, 1.31) 1.16 (0.81, 1.67)

Anxiety Disorder 1.00 (0.85, 1.19) 1.00 (0.83, 1.21) 1.05 (0.71, 1.54)

Personality Disorder 1.13 (0.84, 1.54) 1.32 (0.95, 1.82) 0.52 (0.20, 1.31)

Schizophrenia 1.04 (0.8, 1.36) 1.02 (0.76, 1.38) 1.09 (0.60, 1.98)

Drug Alcohol Depend. Author manuscript; available in PMC 2023 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Crystal et al. Page 22

Full Sample, no MOUD 
before Index Overdose (n = 
4898)

Index Overdose Involved 
Heroin and/or Synthetic 

Opioids
a
 (n = 3541)

Index Overdose Involved 

Prescription Opioids Only
b
 (n = 

1357)

Medical Comorbidities
c

Chronic Pain 1.09 (0.94, 1.27) 1.07 (0.91, 1.26) 1.26 (0.87, 1.83)

Heart Failure 0.83 (0.56, 1.23) 0.71 (0.42, 1.20) 1.01 (0.53, 1.96)

Hepatitis C 1.16 (0.97, 1.38) 1.09 (0.90, 1.32) 1.58 (1.06, 2.37)*

HIV 1.26 (0.90, 1.77) 1.19 (0.80, 1.77) 1.30 (0.66, 2.58)

Hypertension 1.14 (0.96, 1.34) 1.16 (0.96, 1.41) 1.00 (0.70, 1.44)

Pneumonia 1.22 (0.93, 1.59) 1.24 (0.91, 1.69) 1.16 (0.67, 2.03)

Prescriptions Before Overdose

Benzodiazepines (BZ)

BZ in 6-month baseline 0.96 (0.76, 1.22) 1.04 (0.80, 1.35) 0.73 (0.41, 1.31)

BZ at index overdose 1.10 (0.89, 1.36) 0.93 (0.72, 1.20) 1.57 (1.04, 2.36)*

Prescription Opioids

Opioids in 6-month baseline 0.88 (0.74, 1.04) 0.96 (0.79, 1.15) 0.57 (0.37, 0.89)*

Opioids at index overdose 0.68 (0.54, 0.86)* 0.70 (0.53, 0.93)* 0.59 (0.39, 0.90)*

Health Service Utilization

ED visit in 6-month baseline 1.31 (1.13, 1.52)* 1.33 (1.13, 1.57)* 1.20 (0.85, 1.68)

Any psychosocial service in 6-
month baseline

0.84 (0.71, 0.99)* 0.87 (0.73, 1.05) 0.66 (0.45, 0.97)*

Note. CI = confidence interval; SUD = substance use disorder.

*
Statistically significant at p < 0.05.

a
Includes opioid poisonings with ICD-9 or ICD-10 codes for heroin or synthetic opioid poisoning, even if codes for methadone or other natural/

semi-synthetic opioid poisoning were also present.

b
Includes opioid poisonings without ICD-9 or ICD-10 codes for heroin or synthetic opioid poisoning.

c
Reference for each comorbid condition is the absence of the condition.
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