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Abstract

Background: Medical care, public health, and criminal justice systems encounters could serve as 

touchpoints to identify and intervene with individuals at high-risk of opioid overdose death. The 

relative risk of opioid overdose death and proportion of deaths that could be averted at such 

touchpoints are unknown.
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Methods: We used 8 individually linked data sets from Massachusetts government agencies to 

perform a retrospective cohort study of Massachusetts residents ages 11 and older. For each month 

in 2014, we identified past 12-month exposure to 4 opioid prescription touchpoints (high dosage, 

benzodiazepine co-prescribing, multiple prescribers, or multiple pharmacies) and 4 critical 

encounter touchpoints (opioid detoxification, nonfatal opioid overdose, injection-related infection, 

and release from incarceration). The outcome was opioid overdose death. We calculated 

Standardized Mortality Ratios (SMRs) and Population Attributable Fractions (PAFs) associated 

with touchpoint exposure.

Results: The cohort consisted of 6,717,390 person-years of follow-up with 1315 opioid overdose 

deaths. We identified past 12-month exposure to any touchpoint in 2.7% of person-months and for 

51.8% of opioid overdose deaths. Opioid overdose SMRs were 12.6 (95% CI: 11.1, 14.1) for 

opioid prescription and 68.4 (95% CI: 62.4, 74.5) for critical encounter touchpoints. Fatal opioid 

overdose PAFs were 0.19 (95% CI: 0.17, 0.21) for opioid prescription and 0.37 (95% CI: 0.34, 

0.39) for critical encounter touchpoints.

Conclusions: Using public health data, we found eight candidate touchpoints were associated 

with increased risk of fatal opioid overdose, and collectively identified more than half of opioid 

overdose decedents. These touchpoints are potential targets for development of overdose 

prevention interventions.
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1. Introduction

The United States is experiencing a surge in opioid overdose deaths.(Rudd et al., 2016) 

Several overdose risk factors are well-established and can be identified through medical 

care, public health, or criminal justice systems encounters. These encounters could serve as 

“touchpoints” – opportunities to identify individuals at high-risk of opioid overdose death in 

order to deliver harm-reduction services (e.g. overdose education and naloxone rescue kits) 

to them, and engage them in evidence-based treatment (e.g. medication for opioid use 

disorders).

Known opioid prescription touchpoints associated with increased risk of fatal opioid 

overdose include high opioid dosage, co-prescribing opioids and benzodiazepines, and 

receiving or filling opioid prescriptions from multiple providers or pharmacies (Baumblatt et 

al., 2014; Bohnert et al., 2011; Dunn et al., 2010; Garg et al., 2017; Park et al., 2015; Rose et 

al., 2018). The development and implementation of prescription monitoring programs and 

safer opioid prescribing guidelines are efforts to identify and reduce high-risk opioid 

prescribing (Dowell et al., 2016; Haffajee et al., 2015). After decades of increases, 

prescription opioid supply has leveled off and is decreasing; however, increases in opioid-

related deaths have accelerated because of increased use of heroin and illicit fentanyl (Guy 

et al., 2017; Jeffery et al., 2018; Jones et al., 2014; O’Donnell et al., 2017). Thus, critical 

encounter touchpoints beyond opioid prescribing are also needed such as nonfatal opioid 

overdose and release from incarceration which are each associated with marked increase in 
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the risk of opioid overdose death (Binswanger et al., 2013; Caudarella et al., 2016; Darke et 

al., 2011; Larochelle et al., 2018; Merrall et al., 2010). Opportunities also arise when 

persons who use opioids seek short-term inpatient detoxification, or seek care for 

complications related to opioid use, such as injection-related infections (Bailey et al., 2013; 

Davoli et al., 2007; Kim et al., 2016; Ronan and Herzig, 2016; Rosenthal et al., 2016; Stein 

et al., 2017).

The relative public health burden and potential for reduction in population opioid overdose 

deaths attributable to opioid prescription and critical encounter touchpoints have not been 

described. These data may form a roadmap for policy makers to identify the highest yield 

opportunities for programmatic interventions to deliver harm-reduction services and engage 

individuals with opioid use disorder (OUD) in treatment. The Massachusetts Public Health 

Data Warehouse (PHD), containing individual-level linked data from 16 government 

agencies and programs, provides a unique opportunity to identify such touchpoints and 

examine their association with opioid-related death in a highly impacted state (MDPH, 

2016, 2018). For this analysis, we calculated opioid overdose Standardized Mortality Ratios 

(SMRs) and Population Attributable Fractions (PAFs) associated with four opioid 

prescription and four critical encounter touchpoints. SMRs identify the relative mortality of 

those exposed to a touchpoint compared with those not exposed, and PAFs identify the 

proportion of opioid overdose deaths in the population that potentially could have been 

averted by interventions to reduce the risk of opioid overdose death following a touchpoint.

2. Methods

2.1. Study design and data source

We conducted a retrospective cohort study using the Massachusetts Public Health Data 

Warehouse. This dataset includes data between 2011 and 2015 for residents aged 11 years or 

older with health insurance as identified in the All-Payer Claims Database (APCD), 

estimated to represent more than 98% of Massachusetts residents. Records from the APCD 

were linked at the individual level with records from other data sets using a multistage 

deterministic linkage process. For this study, we used data from 8 linked databases: the 

APCD, the Registry of Vital Records and Statistics (RVRS), the Prescription Monitoring 

Program (PMP), the Acute Care Hospital Case Mix (Case Mix), the Massachusetts 

Ambulance Trip Record Information System (MATRIS), the Bureau of Substance Addiction 

Services’ (BSAS) licensed treatment encounters, and the Department of Corrections (DOC) 

and Houses of Corrections (HOC). Detailed descriptions of the datasets and linkage process 

have been previously published, and linkage rates are summarized in Appendix A (MDPH, 

2017). This work was mandated by Massachusetts law and conducted by a public health 

authority that required no institutional board review. The Boston University Medical 

Campus Institutional Review Board also determined that this study was not human subjects 

research.

2.2. Cohort selection

We included Massachusetts residents aged 11 years or older. Individuals entered the cohort 

on January 2014 and were followed until the earlier of December 2014 or their month of 
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death as identified through RVRS. This period allowed for at least a 12-month historical 

exposure window (back to January 2013) for assessment of touchpoint exposure within all 

component datasets. We excluded 44,680 individuals (0.7%) with missing age or sex, 

resulting in a final cohort of 6,741,707 individuals.

2.3. Key variables

The outcome was opioid overdose death based on medical examiner determination or 

standardized assessment by the Massachusetts Department of Public Health as previously 

described.(Larochelle et al., 2018) We identified four opioid prescription and four critical 

encounter touchpoints that have been previously associated with increased risk of opioid 

overdose death (see introduction), and identifiable in the data warehouse. In each person-

month we assessed touchpoint exposure using a window from the current month through 12 

months prior.

We examined four high-risk opioid prescribing touchpoints identified with PMP data. “High 

dosage” was defined as an average daily dosage of 100 mg morphine-equivalents or more in 

three or more months of the exposure window. Daily dosage calculation is detailed in a prior 

study (Rose et al., 2018). “Benzodiazepine co-prescribing” was defined as having a 

prescription for both an opioid and a benzodiazepine in three or more months of the 

exposure window. “Multiple prescribers” and “multiple pharmacies” were defined as having 

three or more opioid prescribers or opioid-prescription-filling pharmacies respectively in a 

quarter. Individuals were considered exposed to “multiple prescribers” or “multiple 

pharmacies” if the exposure window included at least one month of a quarter where criteria 

were met.

We also examined four critical encounter touchpoints. “Opioid detoxification” was identified 

as an inpatient withdrawal management episode (BSAS). “Nonfatal opioid overdose” was 

identified as one of two types of encounters without death from any cause in the subsequent 

7 days (Appendix A). First, we identified emergency department, outpatient observation, or 

inpatient discharges with validated diagnosis codes for opioid poisoning (Case Mix) (Green 

et al., 2017). Second, we identified ambulance encounters for opioid overdose using a 

validated algorithm developed by Centers for Disease Control and Prevention and 

Massachusetts Department of Public Health (MATRIS). A potential “injection-related 

infection” was identified as an emergency department, observation, or inpatient discharge 

with a diagnosis for infectious endocarditis, osteomyelitis, or skin-soft tissue infection, 

among individuals with evidence of injection drug use in the same or prior 12 months via a 

diagnosis of hepatitis C (Case Mix) or opioid related disorder (APCD) (Case Mix; Appendix 

B). A validation study found inclusion of hepatitis C diagnosis improved the sensitivity and 

specificity of an algorithm to identify inpatient cases of drug injection-related endocarditis 

(Ball et al., 2017). We excluded individuals who died within 7 days of discharge, as these 

may represent fatal infections. “Release from incarceration” was identified as release from 

state prison or county jail from DOC and HOC data respectively.
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2.4. Statistical analysis

The unit of analysis was the person-month. For each person-month in 2014, we identified 

exposure to each of the eight touchpoints in the prior 12-month exposure window and 

whether the outcome had been experienced (Fig. 1). We identified the crude opioid overdose 

death incidence rates per 100,000 person-years of follow-up for the entire cohort and each 

touchpoint. We calculated standardized mortality ratios (SMRs) and population attributable 

fractions (PAFs) associated with touchpoint exposure compared with no touchpoint 

exposure. SMRs and PAFs were standardized by age group (11–29 years, 30–49 years, 50–

64 years, > 65 years) and sex. We repeated all analyses stratifying by sex and age. We 

stratified into two age categories (11–49 years and > 50 years) to minimize suppression due 

to small cell sizes and because of data suggesting increasing rates of prescription opioid-

related events and decreasing rates of heroin-related events after age 50 (Unick and 

Ciccarone, 2017).

2.5. Sensitivity analyses

We varied the 12-month exposure window used in primary analyses to consider impact on 

two questions. First, we examined whether or not mortality risk changes with time from 

touchpoint exposure. Such a change would have implications for when best to intervene with 

at-risk patients. To examine the impact of time from touchpoint exposure, we examined four 

exposure windows: 0–3 months, 4–12 months, 13–24 months, and 25–36 months. We 

calculated SMRs for individuals exposed in each lookback period, considering individuals 

exposed only in the earliest lookback period for which criteria for a respective touchpoint 

were met. Second, we examined the degree to which extending the exposure window 

captured additional individuals at risk prior to opioid overdose death. We calculated the 

cumulative PAFs considering individuals with exposure windows up to 3, 12, 24, and 36 

months. Due to data availability, we were unable to examine a full 36 month look back 

period for some of the non-prescribing touchpoints (Appendix C).

Finally, recognizing that high-risk opioid prescribing may precede high-risk opioid use tied 

to critical encounter touchpoints, we examined the proportion of individuals with past 12-

month critical encounter touchpoint exposure that were also exposed to a opioid prescription 

touchpoint in the past 36 months. We used SAS Studio, version 3.5 (SAS Institute; Cary, 

NC), for all analyses and PROC STDRATE to calculate SMRs and PAFs.

3. Results

The cohort consisted of 6,717,390 person-years of follow-up in 2014. We identified 1315 

opioid overdose decedents. The opioid overdose death incidence rate was 19.6 per 100,000 

person-years. We identified past 12-month exposure to one or more of the eight touchpoints 

in 2.7% of person-months. We found that 51.8% of opioid overdose deaths were preceded by 

at least one touchpoint in the prior 12 months. The fatal opioid overdose incidence rate 

following any touchpoint exposure was 372 per 100,000 person-years. Opioid prescription 

and critical encounter touchpoints preceded 20.5% and 37.3% of fatal opioid overdoses 

respectively. Opioid overdose incidence rates following opioid prescription and critical 
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encounter touchpoints were 181 per 100,000 person-years and 1261 per 100,000 person-

years respectively (Table 1).

3.1. Standardized mortality ratios (SMRs)

The opioid overdose SMR for individuals exposed to any opioid prescription touchpoint in 

the prior 12 months was 12.6 (95% CI: 11.1, 14.1). Thus, the risk of opioid overdose death 

was 12.6 times higher for those exposed to a opioid prescription touchpoint compared with 

those not exposed. All four high-risk opioid prescription touchpoints were associated with 

an elevated SMR, ranging from 10.5 (95% CI: 8.9, 12.1) for 3 or more opioid prescribers in 

a quarter to 18.0 (95% CI: 14.9, 21.1) for opioid and benzodiazepine co-prescribing. For 

individuals exposed to any critical encounter touchpoint in the prior 12 months, the opioid 

overdose SMR was 68.4 (95% CI: 62.4, 74.5). All four critical encounter touchpoints were 

associated with an elevated SMR ranging from 30.0 (95% CI: 24.8, 35.3) for individuals 

released from prison or jail to 111.3 (95% CI: 96.7, 125.9) for individuals surviving an 

opioid overdose (Table 1).

3.2. Population attributable fractions (PAFs)

The PAF for individuals experiencing any of the eight candidate touchpoints in the prior 12 

months was 0.50 (95% CI: 0.47, 0.53), this indicates the potential to have prevented up to 

50% of opioid overdose deaths in the population, if interventions were deployed at 

touchpoints that reduced overdose mortality risk. The PAF for individuals experiencing any 

opioid prescription touchpoint was 0.19 (95% CI: 0.17, 0.21). The PAF associated with 

individual opioid prescription touchpoints ranged from 0.07 (95% CI: 0.06, 0.09) for those 

with high dose prescribing to 0.11 (95% CI: 0.10, 0.13) for those with multiple prescribers. 

The PAF for individuals exposed to any critical encounter touchpoint was 0.37 (95% CI: 

0.34, 0.39). The PAF for individual critical encounter touchpoints ranged from 0.06 (95% 

CI: 0.05, 0.07) for potentially injection-related infections to 0.19 (0.17, 0.22) for patients 

with a detoxification episode (Table 1).

3.3. Age

Crude opioid overdose mortality rates were 24.5 per 100,000 person-years for individuals 

aged 11–49 and 12.2 per 100,000 person-years for individuals aged 50+ (Table 2). The 

SMRs associated with each touchpoint were similar across age groups; however, there was a 

marked difference in the PAF of prescription versus critical encounter touchpoints by age 

(Table 2). Opioid prescription touchpoints were associated with PAFs of 0.14 (95% CI: 0.12, 

0.17) for individuals aged 11–49 and 0.32 (95% CI: 0.27, 0.37) for individuals aged 50+. 

Non-prescribing touchpoints were associated with PAFs of 0.42 (95% CI: 0.38, 0.45) for 

11–19 year olds and 0.22 (95% CI: 0.18, 0.27) for age 50+.

3.4. Sex

Opioid-related mortality was 29.4 per 100,000 person-years for males and 10.9 per 100,000 

person-years for females. Despite having lower overall mortality rates, touchpoint exposure 

was associated with higher SMRs and PAFs for females compared with males (Table 3). The 

SMR following any touchpoint was 50.5 (95% CI: 43.9, 57.0) for females and 30.6 (95% CI: 
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27.8, 33.4) for males. The PAF following any touchpoint was 0.58 (95% CI: 0.52, 0.62) for 

females and 0.47 (95% CI: 0.44, 0.50) for males.

3.5. Varied exposure window

For individuals exposed to an opioid prescription touchpoint in the past three months, the 

SMR was 12.3 (95% CI: 10.6, 14.1); the SMR decreased to 6.9 (95% CI: 5.3, 8.6) for those 

last exposed 25–36 months prior. Following opioid prescription touchpoints, cumulative 

PAF increased from 0.13 (95% CI: 0.11, 0.15) to 0.30 (0.27, 0.32) for three-month and 

three-year exposure windows, respectively (Table 4). Following opioid detoxification 

treatment, the SMR was 61.3 (95% CI: 50.2, 72.3) in first three months, decreasing to 16.8 

(95% CI: 11.0, 22.6) for those last exposed 25–36 months prior. Cumulative PAF increased 

from 0.09 (95% CI: 0.07, 0.10) to 0.28 (95% CI: 0.26, 0.31) for three-month and three-year 

exposure windows, respectively. Similar patterns were seen in other critical encounter 

touchpoints (Table 4).

3.6. Opioid prescription touchpoints prior to critical encounter touchpoints

Of 38,949 person-years of follow-up with past 12-month exposure to a critical encounter 

touchpoint, 7779 person-years (20%) were also exposed to a opioid prescription touchpoint 

in the past 36 months (Appendix D).

4. Discussion

In a population-level cohort of Massachusetts residents ages 11 and older in 2014, we 

calculated fatal opioid overdose SMRs and PAFs associated with eight public health, 

criminal justice system, or health care system touchpoints. Opioid prescription touchpoints 

and critical encounter touchpoints were associated with 13-fold and 68-fold increases in 

opioid overdose death respectively. Effective interventions deployed at these touchpoints 

would have had the potential to eliminate up to 50% of opioid overdose deaths.

Our study has several strengths based on the unique characteristics of the Massachusetts 

Public Health Data Warehouse that includes near population-level data for an entire state 

that allowed us to identify opioid overdose death SMRs and PAFs across eight clinically 

relevant touchpoints. Presenting them side by side and stratified by age and sex allows 

public health policy makers and practitioners to see both the absolute and relative 

importance of these touchpoints as targets to develop and implement opioid overdose death 

prevention efforts.

In order to leverage these touchpoints to reduce opioid overdose deaths, effective 

interventions are needed. Following non-prescribing touchpoints, interventions should 

include proven harm reduction and treatment engagement. Naloxone distribution programs 

and treatment with medications for opioid use disorder (MOUD) are associated with reduced 

opioid overdose mortality (McDonald and Strang, 2016; Sordo et al., 2017; Walley et al., 

2013). More specifically, studies among overdose survivors and individuals released from 

incarceration have shown MOUD are associated with reduced opioid overdose death yet a 

minority receive them (Green et al., 2018; Larochelle et al., 2018). Although less is known 

about linkage to treatment and outcomes following opioid detoxification and injection-drug 
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associated infections, 43–78% of inpatient detoxification clients indicated a preference for 

engagement with MOUD following detoxification (Bailey et al., 2013; Stein et al., 2015, 

2017; Uebelacker et al., 2016). At a Massachusetts academic medical center, fewer than 

10% of patients with injection drug-related endocarditis had a plan for offering MOUD at 

discharge (Rosenthal et al., 2016). Though not currently widely accessible, buprenorphine 

initiation within emergency department and inpatient hospitals has been demonstrated to be 

feasible, to increase linkage to addiction treatment and to reduce illicit opioid use 

(D’Onofrio et al., 2017, 2015; Liebschutz et al., 2014).

Effective interventions for individuals exposed to opioid prescription touchpoints are less 

clear. The CDC opioid prescribing guideline recommends prescribing naloxone to high-risk 

individuals, and engaging individuals identified to have OUD in treatment, typically with 

MOUD (Dowell et al., 2016). A systematic review suggested opioid tapering may improve 

patient outcomes; however, evidence quality was low and most studies were limited to 

individuals interested in tapering (Frank et al., 2017). We found that opioid overdose death 

risk remained 7 times higher than in the general population 2–3 years after discontinuation 

of high-risk opioid prescribing. Interventions beyond stopping opioid prescribing are 

needed.

New approaches and interventions are needed to reach individuals at high risk of opioid 

overdose death following critical encounter touchpoints. Project Lazarus was a seven-

pronged strategy enacted in North Carolina that included efforts to reduce opioid 

prescribing, and increase access to naloxone and MOUD. Unfortunately, the program had 

limited impact on overdose deaths and prescribing of opioid analgesics and MOUD, 

highlighting the need for rigorous evaluation prior to widespread adoption (Alexandridis et 

al., 2019, 2018). A number of program innovations are actively being implemented. 

Emergency department based opioid overdose prevention education and naloxone 

distribution to high-risk individuals has been shown to be feasible (Dwyer et al., 2015). 

Inpatient addiction consult services are increasingly being deployed to engage individuals 

with OUD while hospitalized (Priest and McCarty, 2019). An evaluation of one program 

demonstrated feasibility in initiating MOUD with successful linkage to post-discharge care, 

and a pragmatic multi-site trial of inpatient addiction consult services is underway (McNeely 

et al., 2019; Trowbridge et al., 2017). Public health and public safety agencies are 

increasingly deploying post-overdose outreach programs to engage opioid overdose 

survivors with varied approaches (Formica et al., 2018).

Further, our findings suggest the need for targeted prevention efforts by age and sex. Opioid 

prescription touchpoints were more prevalent among opioid overdose deaths in older adults 

whereas critical encounter touchpoints were more common in younger adults. This is 

consistent with national data showing that overdose deaths due to prescription opioids are 

more prevalent in older adults, and heroin and fentanyl more prevalent among younger 

adults (McBain et al., 2018). We also found that touchpoints could be a particularly salient 

opportunity for interventions among females, who had much higher subsequent opioid 

mortality than males.
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Our findings are consistent with past studies identifying increased overdose mortality risk 

from individual touchpoints. An analysis of prescription monitoring program data linked to 

death records in Tennessee found adjusted odds ratios of 11.2 for high dosage, 6.5 for 4 or 

more prescribers in a year, and 6.0 for 4 or more pharmacies in a year (Baumblatt et al., 

2014). We found SMRs of 12.6 for high dose, and 10.5 and 14.4 for multiple prescribers and 

pharmacies, respectively. In Medicaid data, the SMR for drug use associated deaths in the 

first year after a nonfatal opioid overdose was 132.1, similar to our finding of an SMR of 

111 (Olfson et al., 2018). In Washington State, the relative risk of drug overdose death 

compared to the general population was 129 in the first two weeks following prison release, 

dropping to 12.2 over a median follow-up of 1.9 years (Binswanger et al., 2007). In 

Massachusetts, we identified an SMR of 43.2 within three months of release from 

incarceration, dropping to 13.2 2–3 years post release.

Data on relative frequency of touchpoints prior to overdose death are less available in other 

studies. In Washington State, 8.3% of overdose deaths among 15 to 84 year olds occurred 

among former prisoners, which is quite similar to the PAF of 0.09 in our Massachusetts 

study (Binswanger et al., 2013). In Tennessee between 2007 and 2011, 55% of opioid 

overdose deaths were preceded by high dose, multiple pharmacy or multiple prescriber 

prescribing touchpoints (Baumblatt et al., 2014). This is much greater than the PAF of 0.19 

for any opioid prescribing touchpoint identified in our study. This may reflect the ongoing 

shift from prescription opioids to heroin and fentanyl among opioid overdose decedents 

(O’Donnell et al., 2017).

Other studies have successfully identified high rates of emergency department and other 

acute care utilization for individuals prior to opioid overdose death (Brady et al., 2015; 

Maeng et al., 2017). Our study extends beyond healthcare utilization to include criminal 

justice encounters and inpatient detoxification episodes. Our study also focused on 

touchpoints that are quite specific for identifying individuals with high-risk opioid use 

relative to studies examining healthcare utilization patterns only. The latter approaches may 

be less effective as they require an extra step of screening individuals meeting utilization 

thresholds for which to deliver services.

Our study has several limitations. First, our analysis focused on opioid overdose deaths in 

Massachusetts in a single year, 2014. Notably this study overlapped a time of increasing 

fentanyl involvement in opioid overdose deaths in Massachusetts and elsewhere (Somerville 

et al., 2017). While we used the most recent data available, further analyses are needed to 

determine the extent to which these results may not generalize to other states or more recent 

years. Second, our exposure and outcome variables may have been misclassified through 

either lack of capture or linkage error, though such misclassification would likely bias SMR 

results toward the null. Third, while we standardized for age and sex, many other 

characteristics may also be associated with both the touchpoint exposures and outcome. 

However, our intent was not to demonstrate causality, but to identify encounters associated 

with subsequent opioid overdose death.
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5. Conclusions

Using public health data, we found that eight candidate touchpoints were each associated 

with marked subsequent increase in opioid overdose death risk. These findings provide a 

roadmap enabling policy makers, public health authorities, and health care systems to 

prioritize deployment of resources toward the opportunities with highest potential to reduce 

opioid overdose death.
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Fig. 1. 
Data structure to identify exposure to touchpointsa and opioid overdose by month, used to 

calculate Standardized Mortality Ratios (SMRs) and Population Attributable Fractions 

(PAFs) for opioid overdose death among person-months exposed compared with not 

exposed to touchpoints.
a Touchpoints include: 4 opioid prescription touchpoints (high dosage, benzodiazepine co-

prescribing, multiple prescribers, or multiple pharmacies) and 4 critical encounter 

touchpoints (opioid detoxification, nonfatal opioid overdose, injection-related infection, and 

release from incarceration)
b Exposure window for base case is in current or past 12 months and varied in sensitivity 

analyses.
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