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Abstract

Background: Since 2010, heroin-related overdoses have risen sharply, coinciding with policies 

to restrict access to prescription opioids. It is unknown if patients tapered or discontinued off 

*Corresponding author at: 2800 Plymouth Rd, Bldg 16 Rm 243, Ann Arbor, MI 48109, USA. lagiset@med.umich.edu (P. Lagisetty).
Contributors
All authors included in the manuscript contributed in a meaningful way to the study design, analysis, interpretation, writing, and/or 
editing.

Declaration of competing interest
An author who is a CDC employee (KZ) was involved in the design and analysis. Experts on CDC subject matter provided feedback 
for accuracy and clarity but were not otherwise involved in the study.

Appendix A. Supplementary data
Supplementary material related to this article can be found, in the online version, at doi:https://doi.org/10.1016/
j.drugalcdep.2020.108061.

HHS Public Access
Author manuscript
Drug Alcohol Depend. Author manuscript; available in PMC 2020 December 28.

Published in final edited form as:
Drug Alcohol Depend. 2020 July 01; 212: 108061. doi:10.1016/j.drugalcdep.2020.108061.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



prescription opioids transitioned to riskier heroin use. This study examined opioid prescribing, 

including long-term opioid therapy (LTOT) and discontinuation, prior to heroin overdose.

Methods: We used retrospective longitudinal data from a national claims database to identify 

adults with an emergency or inpatient claim for heroin overdose between January 2010 and June 

2017. Receipt of opioid prescription, LTOT episodes, and discontinuation of LTOT were measured 

for the period of one year prior to heroin overdose.

Results: We identified 3183 individuals (53.2% age 18–25; 70.0% male) with a heroin overdose 

(incidence rate 4.20 per 100k person years). Nearly half (42.3%) received an opioid prescription in 

the prior 12 months, and 10.9% had an active opioid prescription in the week prior to overdose. 

LTOT at any time in the 12 months prior to overdose was uncommon (12.8%) among those with 

heroin overdoses, especially among individuals 18–25 years old (3.5%, P < 0.001). LTOT 

discontinuation prior to overdose was also relatively uncommon, experienced by 6.7% of 

individuals aged 46 and over and 2.5% of individuals aged 18–25 years (P < 0.001).

Conclusions: Prior to heroin overdose, prescription opioid use was common, but LTOT 

discontinuation was uncommon and observed primarily in older individuals with the lowest heroin 

overdose rates. Further study is needed to determine if these prescribing patterns are associated 

with increased heroin overdose.
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1. Introduction

In the early 2000s, drug-related overdose deaths were largely attributed to prescription 

opioids (Hall et al., 2008; Hedegaard et al., 2017; Rudd et al., 2016). However, since 2010, 

there has been a sharp increase in the rate of heroin-related overdoses (Hedegaard et al., 

2015; Rudd et al., 2014). Overdose deaths involving heroin increased more than four-fold 

since 2010 (Hedegaard et al., 2018). This rise in heroin-related overdoses coincided with 

multiple national efforts and polices to restrict supply and access to prescription opioids 

(Executive Office of the President of the United States, 2011). In March 2016 the Centers for 

Disease Control and Prevention (CDC) released the Guideline for Prescribing Opioids for 

Chronic Pain (Dowell et al., 2016). These efforts led many to question whether patients 

facing restricted access as a result of tapering or discontinuation of their prescription opioids 

may be converting to riskier heroin use (Powell et al., 2019; Compton et al., 2016a). Studies 

examining policies such as pill mill laws and mandatory checking Prescription Drug 

Monitoring Programs on heroin-related overdoses have showed mixed results, whereas 

multiple ecological studies exploring the temporal relationship between changes in opioid 

prescribing and heroin-related overdoses have found that decreased opioid prescribing was 

temporally associated with increases in heroin related overdoses (Dasgupta et al., 2014; 

Larochelle et al., 2015; Meiman et al., 2015). However, opioid prescribing trajectories 

among individuals who experience a heroin overdose are unknown.

Pathways to heroin use at an individual level may vary by age and/or birth cohort (Wall et 

al., 2018). In one observational study of roughly 3000 participants, heroin users who 
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initiated use in the 1960s stated that their introduction to opioids was through heroin itself as 

a teenager. However, in this same analysis, the majority of those who initiated heroin use in 

the 2010 decade self-reported initiating opioid use with prescription opioids as an adult 

(Cicero et al., 2014). As of 2017, rates of heroin-related overdoses were largest in the 18–25 

and 26–34 year old cohorts (CDC, 2018), yet the vast majority of people receiving 

prescription opioids are older (Campbell et al., 2010; Parsells et al., 2008). Older cohorts 

who are prescribed more opioids may have a different trajectory to heroin use and overdose 

from prescription opioid use compared to younger cohorts. Updated individual-level studies 

that consider developmental differences in heroin use epidemiology are needed to elucidate 

these trends.

In this study, we used insurance claims to examine the prevalence and prescribing patterns of 

prescription opioids in a national cohort of individuals experiencing a treated heroin-related 

overdose between 2010, when both opioid prescribing plateaued and heroin overdoses began 

to increase (Rudd et al., 2014), and 2017. We hypothesized that opioid prescribing prior to 

heroin overdose would vary by age group. In addition, to better explore the link between 

prescription opioid discontinuation and conversion to heroin use, we examined the overall 

prevalence of opioid discontinuation in individuals receiving long-term opioid therapy and 

its temporal relationship with heroin overdose.

2. Methods

2.1. Sample

We used the Optum’s de-identified Clinformatics® Data Mart Database containing 40, 364, 

301 member enrollment records, medical claims, and prescription claims from January 2009 

through June 2017. This database captures health data from commercial insurance claims for 

members spanning all 50 states, the District of Columbia, and Puerto Rico. Inpatient, 

outpatient, and pharmacy claims reported by providers and pharmacies are verified and de-

identified prior to inclusion in Clinformatics™ Data Mart. Medicare Advantage beneficiaries 

with both medical and prescription drug coverage are included in the dataset. Compared to 

the total United States population, Clinformatics™ Data Mart is over representative of the 

South and West, as well as older individuals.

The sample was restricted to patients aged 18 and older who experienced and were treated 

for a heroin overdose. We excluded individuals without 365 days of continuous enrollment 

in both medical and pharmaceutical coverage prior to the heroin overdose to provide a 

minimum of a 365-day observation window for baseline characteristics and opioid 

prescribing trajectories (Tables 1–3).

2.2. Heroin overdose

We identified heroin overdose events using inpatient or emergency department claims with a 

diagnosis of heroin poisoning using codes 965.02, E850.0, T.40.1 × 1A, T40.1 × 4A (Table 1 

in the Supplement1) (ISW, 2012). Multiple claims with overlapping dates or dated < 2 days 

from one another were considered a single event.
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2.3. Opioid prescribing

As our primary exposure of interest, we examined all opioid prescriptions identified by NDC 

codes using a list developed by the Centers for Disease Control and Prevention (CDC, 

2019). We excluded liquid opioid antitussive formulations not indicated for pain as well as 

intravenous formulations. We included buprenorphine transdermal patches used for 

treatment of chronic pain, and we excluded buprenorphine sublingual tablets and films 

indicated for treatment of opioid use disorder (OUD).

We calculated the daily morphine milligram equivalent (MME) dose for each opioid 

prescription using the applicable CDC conversion rate, prescription strength, quantity 

supplied, and days supplied (CDC, 2019). We excluded prescription claims missing any of 

these variables (0.03%). We distributed the MME evenly over the days supplied beginning 

on the fill date for all prescriptions including those for LTOT. We considered any subsequent 

dispensing of an opioid with an identical generic name, strength, and release type during the 

last 7-day supply of a prior dispensing to be a refill and adjusted the start date of the 

subsequent prescription forward. However, in the event that a prescription was consistently 

refilled early (≥3 consecutive early fills), we allowed the third and subsequent fills to overlap 

with prior fills and summed the MME during periods of overlap. This process prevented 

refill coverage dates from extending far beyond the date of the last recorded fill. We 

considered individuals to have an active opioid prescription on a given date with an MME 

greater than zero when distributing opioids dispensed over the days supply for each 

prescription as described above.

Long-term opioid therapy (LTOT) episodes were defined as periods of at least 84 days in 

duration during which a patient received 3 or more opioid prescription fills (Larochelle et 

al., 2016). The prescriptions had to be filled at least 21 days apart, with a minimum of 84 

total days supplied. Any treatment periods not meeting these conditions were considered to 

be short-term. A gap in supply of 15 or more days indicated the end of a long-term episode, 

and enrollees were considered to have experienced a discontinuation from LTOT if no 

subsequent episodes met the outlined criteria. Discontinuation from LTOT did not preclude 

subsequent short-term treatment periods. For a patient to be classified as receiving LTOT in 

a given timeframe (90 or 365 days prior to overdose), we required one or more days during 

that timeframe to be within an episode of LTOT.

2.4. Comorbidities

Medical comorbidities were identified using ICD-9 and ICD-10 diagnosis codes in the 365 

days prior to heroin overdose. Pain diagnoses (Table 2 in the Supplement2) were categorized 

into abdominal pain, back and neck pain, cancer-related pain, chest pain, general chronic 

pain, headache, injuries and acute pain, other musculoskeletal pain, and neuropathic pain. 

The initial list of codes came from a prior study (Larochelle et al., 2016). Two internal 

medicine physicians (authors PL and MRL) independently reviewed the list to confirm that 

all diagnoses included painful syndromes or diseases and were appropriately categorized. 

1Supplementary material can be found by accessing the online version of this paper at http://dx.doi.org.
2Supplementary material can be found by accessing the online version of this paper at http://dx.doi.org.
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Medical and psychiatric diseases (e.g. substance use disorders, depression, and sleep apnea) 

that have been previously associated with opioid use and overdose and may play a role in 

clinician decision-making with respect to opioid prescribing were also included (Table 3 in 

the Supplement3) (Brooner et al., 1997; Darke et al., 2006; Ronan and Herzig, 2016; Vozoris 

et al., 2016).

2.5. Analysis

We categorized patients into three age groups based on age at the time of overdose: 18–25, 

26–45, and 46+ years. We calculated heroin overdose rates per 100,000 person years, 

stratifying by age, sex, race/ethnicity, geographic region, and whether the individual had 

commercial insurance, Medicare advantage and younger than 65 years old, or Medicare 

advantage and older than 65 years. We compared the distribution of medical and psychiatric 

comorbidities by age groups using Pearson’s chi-squared tests.

We described history of any opioid prescription in the 7, 30, 90, 180 or 365 days prior to the 

heroin overdose. Among members with an opioid prescription in the year prior, the mean 

peak daily dosage during that time was calculated. Similarly, average daily dose in the week 

prior to an overdose event was calculated. We also examined the mean and median number 

of opioid fills and average LTOT episode length in the year prior. We determined the number 

of patients who discontinued LTOT within 90 days and 365 days prior to a heroin overdose 

and also counted the number of overdoses occurring within an episode of LTOT. Differences 

in prescribing patterns by age groups (overall and for LTOT) were assessed through chi-

squared tests and one-way analysis of variance. All analyses were conducted using SAS 9.4 

(SAS Institute Inc.; Cary, North Carolina). The University of Michigan Institutional Review 

Board granted IRB approval for this project. The Boston University Medical Campus 

Institutional Review Board determined that this study was not human subjects research.

3. Results

Between January 2010 and June 2017, 5460 people were treated for a heroin overdose. Of 

this sample, 3183 had continuous enrollment for the 12 months preceding the overdose and 

served as our final study cohort (Table 4 in the Supplement4). Those that did not have 12 

months of continuous enrollment were younger, less likely to be white, and had higher rates 

of overdose than those with continuous enrollment. The overall heroin overdose rate in those 

who met criteria for continuous enrollment was 4.20 overdoses per 100,000 person-years. 

Men had a higher rate of overdose compared to women (6.11/100,000 person-years; 95% CI, 

6.01–6.22/100,000 person-years versus 2.43/100,000 person-years; 95% CI, 2.33–

2.53/100,000 person-years). Individuals aged 18–25 had the highest rate of overdose 

(21.30/100,000 person-years; 95% CI, 21.08–21.52/100,000 person-years). Rates of 

overdose were highest in Whites (4.81/100,000 person-years; 95% CI,4.72–4.89/100,000 

person-years) and Blacks (3.98/100,000-person-years; 95% CI, 3.74–4.22/100,000 person-

years) (Table 1).

3Ibid.
4Supplementary material can be found by accessing the online version of this paper at http://dx.doi.org.
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Prevalence of pain was high across all age groups (70.7%), with 85.9% of those with heroin 

overdose above the age of 46 having a pain diagnosis (Table 2). The youngest cohort of 18–

25 year olds had the highest prevalence of substance use disorder (66.6%) with over half of 

the entire age cohort having diagnosis for an OUD prior to the treated heroin overdose 

(56.3%). In contrast, only 34.8% of older individuals had a diagnosis of OUD (P < 0.001). 

Over half (56.4%) of the entire cohort had a diagnosis for a mental health disorder, 12.4% 

had had a prior non-heroin drug overdose, and 10.4% had a prior diagnosis of suicidality 

(Table 2 in the Supplement5).

Individuals above the age of 46 were most likely to have had an opioid prescribed in the year 

preceding a heroin overdose (61.5%) compared to 49.7% in patients aged 26–45 and 30.6% 

in those aged 18–25 years old (p < 0.001) (Table 3) in the Supplement6). Among LTOT 

recipients, 45.3% of individuals aged 46 and older discontinued LTOT during the 12 months 

prior to overdose, which represents 14.8% of all patients within this age group. In 

comparison, 70% of individuals aged 18–25 years old discontinued LTOT in the year prior 

to overdose, although this represents just 2.5% of all 18–25 year-olds with a heroin 

overdose.

4. Discussion

In this study of adults with treated heroin overdoses, past year receipt of an opioid 

prescription was relatively common (42.3%). The use of LTOT and discontinuation of LTOT 

were both relatively uncommon (12.8% and 6.7% respectively), especially for younger 

adults. Although LTOT and discontinuation of LTOT in the year prior to heroin overdose 

were relatively uncommon in absolute terms, the question of whether discontinuation results 

in transition to heroin use or overdose on heroin for some patients merits further study.

Patterns of prescription opioid use history differed by age. Individuals older than 46 were 

twice as likely to have an opioid prescribed in the year prior to a heroin overdose compared 

to those 18–25 years old. LTOT was especially unusual in younger individuals and most of 

the individuals having their LTOT discontinued prior to an overdose were older than 46 

years. The higher prevalence of LTOT discontinuation in persons > 46 years old could 

suggest potential transition from prescription opioids to heroin is more common in this age 

cohort than in younger cohorts, or might just reflect the fact that LTOT was more common in 

this age group. Another possible explanation is that discontinuation is more common in this 

age due to increased comorbidities and/or drug interactions that could lead to 

discontinuation. Patients may discontinue opioids for multiple reasons, ranging from agreed 

upon treatment course, involuntary discontinuation due to misuse, or patient-centered tapers 

when risks of therapy may outweigh the benefits (Lovejoy et al., 2017; Martin et al., 2011). 

Therefore, causality cannot be established with respect to whether the discontinuation led to 

heroin use or misuse led to discontinuation.

5Ibid.
6Ibid.
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In addition, our commercially insured cohort was much less likely to have an OUD 

diagnosis associated with a claim preceding the overdose (49%) compared to a previously 

published Medicaid sample (83%) (Frazier et al., 2017). This difference has been shown in 

prior studies looking at national rates of OUD by insurance type (Davenport and Matthews, 

2018). This disparity could reflect a lower burden of disease in commercially insured 

populations but may also reflect sociodemographic bias in diagnosing addiction. Regardless, 

many of the individuals with a heroin overdose may have had an OUD diagnosis that was 

not recorded as a part of any medical encounter over a year, reflecting a missed opportunity 

to diagnose and engage this population in treatment prior to a potentially fatal event. Pain 

conditions, however, were highly prevalent across all age groups.

Our study had multiple limitations. First, our sample is a commercially insured population 

that included dependents up to age 25 and individuals with Medicare Advantage plans and is 

likely largely employed, so our results may not be generalizable to other populations. The 

requirement of a 12 month continuous enrollment period allowed for consistent opportunity 

to measure opioid use in the period leading up to the overdose, but may have introduced a 

selection bias for the sample because those that were not enrolled for 12 months were 

different from those who did meet this criterion for inclusion. This dataset also does not 

capture overdoses in patients that lose insurance prior to a heroin event, or heroin overdoses 

that were not treated and billed to the insurer, which may include overdoses that never reach 

professional medical attention. Billing codes for heroin-related overdoses are very sensitive 

and specific (Green et al., 2019). However, this analysis did combine both overdoses due to 

heroin alone and those due to heroin with other substances. Use of diagnosis codes in claims 

data is subject to potential misclassification. We only captured prescriptions and LTOT 

discontinuation in the year prior to the overdose. Theoretically, a prescription opioid 

exposure a few years earlier could also lead to potential transitions to heroin, and result in a 

heroin overdose only years later. Future studies will need to examine this association as well 

as study whether tapering without discontinuation could potentially be associated with 

heroin overdoses. Finally, our analysis focused on describing patterns of medical 

prescription opioid use and heroin overdose. We did not examine pathways of non-medical 

prescription opioid use to heroin overdose, outside of those with a diagnosed opioid use 

disorder, which have been described previously (Compton et al., 2016b).

In conclusion, receipt of prescription opioids was common in the year preceding heroin 

overdose. However, discontinuation of LTOT prior to heroin overdose was uncommon and 

largely observed among older individuals, the age cohort with the lowest rate of heroin 

overdose. Further study is needed to determine if observed patterns of opioid prescribing, 

and in particular opioid discontinuation, are associated with increased risk of heroin 

overdose.
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Table 1

Sociodemographic characteristics of patients treated for heroin overdose (n = 3183) in the U.S. Clinformatics® 

Data Mart Database (2010–2017) (N = 40, 364, 301).

Characteristic Overall N (%) Incidence rate per 100,000 person-years 95% CI for incidence rate

Overall 3183 4.20 (4.13–4.27)

Sex

Male 2228 (70.0) 6.11 (6.01–6.22)

Female 955 (30.0) 2.43 (2.33–2.53)

Age, years

18 to 25 1694 (53.3) 21.30 (21.08–21.52)

26 to 45 764 (24.0) 2.04 (1.91–2.17)

46 and over 725 (22.8) 0.69 (0.60–0.78)

Mean (S.D.) 33.42 (15.1)

Race

Asian 27 (0.8) 0.81 (0.47–1.15)

Black 265 (8.3) 3.98 (3.74–4.22)

Hispanic 232 (7.3) 2.90 (2.68–3.12)

White 2383 (74.9) 4.81 (4.72–4.89)

Unknown 276 (8.7) 3.35 (3.14–3.57)

Census division

East North Central 826 (26.0) 7.69 (7.50–7.88)

East South Central 145 (4.6) 5.52 (5.13–5.90)

Middle Atlantic 316 (9.9) 5.97 (5.70–6.24)

Mountain 280 (8.8) 3.77 (3.54–4.00)

New England 166 (5.2) 6.61 (6.22–7.00)

Pacific 244 (7.7) 2.44 (2.25–2.64)

South Atlantic 669 (21.0) 3.80 (3.65–3.95)

West North Central 309 (9.7) 3.99 (3.77–4.22)

West South Central 220 (6.9) 2.04 (1.85–2.22)

Unknown 8 (0.3) 0.74 (0.14–1.33)

Plan type

Commercial 2551 (80.1) 4.69 (4.61–4.78)

Medicare, under age 65 514 (16.1) 19.78 (19.39–20.16)

Medicare, age 65 and over 118 (3.7) 0.63 (0.48–0.77)
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