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Abstract

Background: Little is known about risk factors for repeated opioid overdose and fatal opioid
overdose in the first year following nonfatal opioid overdose.

Methods: We identified a national retrospective longitudinal cohort of patients aged 18-64
years in the Medicaid program who received a clinical diagnosis of nonfatal opioid overdose.
Repeated overdoses and fatal opioid overdoses were measured with the Medicaid record and the
National Death Index. Rates of repeat overdose per 1000 person-years and fatal overdose per
100,000 person-years were determined. Hazard ratios of repeated opioid overdose and fatal opioid
overdose were estimated by Cox proportional hazards.

Results: Nearly two-thirds (64.8%) of the patients with nonfatal overdoses (total n = 75,556)
had filled opioid prescriptions in the 180 days before initial overdose. During the 12 months
after nonfatal overdose, the rate of repeat overdose was 295.0 per 1000 person-years and that

of fatal opioid overdose was 1154 per 100,000 person-years. After controlling for age, sex, race/
ethnicity, and region, the hazard of fatal opioid overdose was increased for patients who had
filled a benzodiazepine prescription in the 180 days prior to their initial overdose (HR = 1.71,
95%Cl: 1.46-1.99), whose initial overdose involved heroin (HR = 1.57, 95%CI:1.30-1.89), or
who required mechanical ventilation at the initial overdose (HR = 1.86, 95%CI = 1.50-2.31).
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Conclusions: Adults treated for opioid overdose frequently have repeated opioid overdoses in
the following year. They are also at high risk of fatal opioid overdose throughout this period,
which underscores the importance of efforts to engage and maintain patients in evidence-based
opioid treatments following nonfatal overdose.
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1. Introduction

The United States is confronting an unparalleled epidemic of opioid overdose deaths.
Between 1999 and 2015, the number of opioid-related deaths in the US increased from
8048 to 33,091 (Center for Disease Control (CDC), 2016). There have also been substantial
increases in opioid-related hospital admissions and emergency department visits (Weiss et
al., 2017). In this context, attention has focused on identifying individuals at high risk for
fatal opioid overdose because they present clinical opportunities for potentially lifesaving
interventions (Naeger et al., 2016; Frazier et al., 2017).

Regular opioid users are at markedly increased risk of fatal opioid overdose (Darke et al.,
2011). In a meta-analysis, regular or dependent opioid users had a standardized mortality
rate ratio nearly fifteen times greater than demographically matched controls and overdose
was the leading cause of death (Degenhardt et al., 2010). Among opioid dependent patients,
nonfatal overdose poses particularly high short-term risks of mortality (Kelty and Hulse,
2017; Stoove et al., 2009). Following overdose, an Austrian cohort of opioid users was
nearly 50 times more likely to die than matched community controls and most of their
deaths involved opioids (Risser et al., 2001). After an overdose, there is also a substantial
risk of repeat overdose (Larochelle et al., 2016; Hasegawa et al., 2014).

Much remains to be learned about which patients are at the greatest risk of fatal opioid
overdose following a nonfatal overdose. From clinical and policy perspectives, adults

with prescription opioid overdoses are a high priority population. Prescription opioids are
involved in most opioid-related deaths (Center for Disease Control (CDC), 2016). Although
prescription opioids and heroin are pharmacologically similar and heroin users frequently
initiate nonmedical prescription opioid use before starting heroin (Peavy et al., 2012; Mateu-
Gelabert et al., 2015; Cicero et al., 2014), only around 4% (Muhuri et al., 2013; DEA,

2015) of nonmedical prescription opioid users start using heroin each year suggesting they
are distinct though overlapping populations. There are also differences in their background
characteristics (Unick and Ciccarone, 2017).

We examined risks of repeat opioid overdose including fatal opioid overdose during the first
year following nonfatal overdose. The analysis was limited to Medicaid enrollees, a large
insured population in the US, that is at high risk of fatal opioid overdose (Dunn et al., 2010).
Because opioid overdose death rates in the US are higher for males than females and for
white than black or Hispanic adults (Rudd et al., 2016), we anticipated similar gender and
ethnic differences in risk of fatal overdose following nonfatal overdose. Because admissions
for heroin overdoses compared to admissions for prescription opioid overdoses pose higher
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risks of in-hospital death (Hsu et al., 2017), we hypothesized that nonfatal heroin overdoses
compared to prescription opioid overdoses would pose higher risks of future fatal overdose.
We further hypothesized that fatal overdoses would be less strongly related to nonfatal
overdoses preceded by opioid prescription fills than to overdoses without preceding opioid
prescription fills which are presumably related to illicit opioid use.

2. Material and methods

2.1. Sources of data

The opioid overdose cohort was extracted from 2001 to 2007 national (45 states, not
including Arizona, Delaware, Nevada, Oregon, Rhode Island or the District of Columbia)
Medicaid Analytic Extract data from the Centers for Medicare and Medicaid Services.

Dates and cause of death information were derived from linkage to the National Death
Index, which provides a complete accounting of state-recorded deaths in the US and is the
most complete resource for tracing mortality in national samples (Wojcik et al., 2010).

2.2. Assembly of nonfatal opioid overdose cohorts

The cohort was restricted to adults aged 18 to 64 years with a clinical diagnosis of relevant
poisoning codes (965.0X, E850.0X, E850.1X, E850.2X) (Larochelle et al., 2016) who
were eligible for Medicaid services during the 180 days preceding the overdose (poisoning
code). Patients with overdoses that were fatal (n = 165) were excluded from the cohort.

The first eligible nonfatal overdose was selected and no patient contributed more than one
observation. In analyses in which fatal opioid overdose was the outcome, the cohort was
followed forward from their index date for 365 days, date of death from any cause, or

end of available data, whichever came first. In analyses in which repeat (nonfatal or fatal)
overdoses was the outcome, the cohort was followed forward for 365 days, first repeat
overdose, death from any cause, or end of available data, whichever came first. For nonfatal
opioid overdoses treated in outpatient or emergency department settings, the index date was
the date of overdose treatment. For index overdoses treated in inpatient settings, the index
date was date of hospital discharge from the associated inpatient admission. To distinguish
new events, fatal and second nonfatal overdose events were defined as occurring > 1 day
following the index overdose.

2.3. Fatal opioid overdose and repeated opioid overdose

Fatal opioid overdose included poisonings by and adverse effects of opioids (T40.0X),
heroin (T40.1X), other natural and semi-synthetic opioids (T40.2X), methadone (T40.3X),
synthetic opioids other than methadone (T40.4X), and unspecified narcotics (T40.6X) (Rudd
et al., 2016). Repeated opioid overdose was defined as the first nonfatal or fatal opioid
overdose occurring after the index opioid overdose.

2.4. Demographic and clinical characteristics

Based on Medicaid eligibility data, cohort members were classified by sex, age in years
(18-34, 35-44, 45-64), and race/ethnicity: Hispanic; white, non-Hispanic (white); black,
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non-Hispanic (black); and other, non-Hispanic (other) including American Indian/Alaskan
Native, Asian, Native Hawaiian/Other Pacific Islander, and more than one race.

Variables representing mental health diagnoses occurring on or within 180 days before

the index nonfatal overdose included depression, anxiety, bipolar disorder, schizophrenia,
and other non-substance use mental health disorders, substance use, drug use, opioid

use, and alcohol use disorders as defined by ICD-9 codes (See supplemental materials).
Separate variables defined medication assisted treatment (methadone through service codes
(HCPCS H0020), buprenorphine prescriptions or naltrexone prescriptions), a chronic pain
condition (Bohnert et al., 2016), use of mechanical ventilation at the index non-fatal
overdose which defined “near fatal” events (Hasegawa et al., 2014), and a claims-based
Charlson Comorbidity Score (Deyo et al., 1992) to measure medical comorbidity burden
(Sharabiani et al., 2012). Index nonfatal overdoses were defined as occurring in the
outpatient, emergency department, or inpatient setting with place of service codes. Pharmacy
claims classified cohort members with respect to presence of filled prescriptions for opioids,
benzodiazepines, antidepressants, antipsychotics, and mood stabilizers during the 180 days
before index nonfatal overdose. A separate variable defined >1 filled opioid prescriptions
during the 30 days before the index overdose.

In a separate analysis, the specific causes of death of the opioid-related decedents were
characterized with respect to selected substance-related poisoning codes.

2.5. Analysis

For the nonfatal opioid overdose cohort, we first determined percentages by each
demographic and clinical stratum overall and compared the characteristics with and without
opioid prescriptions in the preceding 180 days. We then determined for each stratum,

the number of patients, person-years of follow-up, number with >1 repeat overdose event
within a year, and first repeat overdose rates per 1000 person-years of follow-up. We then
determined corresponding stratified rates of opioid-related deaths per 100,000 person-years
of follow-up. Cox proportional hazard models determined unadjusted and adjusted hazard
ratios of repeat (nonfatal or fatal) overdose and fatal opioid overdose during the follow-up
period with each stratification variable as the independent variable of interest. Separate
models were fit for patients who did and did not fill an opioid prescription in the 30 days
before their index overdose. In separate models, a stratum by opioid prescription interaction
term tested whether there were differences in the hazard of fatal opioid overdose across these
two groups. All statistical analyses were performed with SAS 9.4 (RTI, Research Triangle
Park, NC). In this large, exploratory study, no adjustments were made to the many Pvalues
for the multiple comparisons; therefore, the P values should be interpreted with caution.

3. Results

3.1.

Patients with nonfatal opioid overdoses

Most of the patients with nonfatal overdoses were white, over 34 years old, or were women,
consistent with the overall gender composition of Medicaid beneficiaries (Table 1). The
most commonly diagnosed psychiatric disorders were drug use and depressive disorders.
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Nearly all patients with nonfatal overdoses had made an outpatient visit in the previous 180
days, most had filled a prescription for an opioid (64.8%) during that period, many (35.8%)
during the 30 days before their overdose. Antidepressant (55.5%) and benzodiazepine
(48.9%) prescriptions were also commonly filled during the 180 days before overdose.

Compared to those who did not fill opioid prescriptions in the 180 days before overdose,
those filling opioid prescriptions tended to be older, white, and female. They were also more
likely to have been recently diagnosed with a chronic pain disorder, depression, anxiety,

or bipolar disorder. In relation to patients without opioid prescriptions in the past 180

days, those with opioid prescriptions had nearly four times the odds of having filled a
benzodiazepine prescription during this period and less than one-third the odds of having
their index overdose involve heroin (Table 1).

3.2. One-year repeated opioid overdose

Among the nonfatal overdose cohort, 18.9% (14,263 of 75,556) had repeated opioid
overdoses during the follow-up period (Table 2). After controlling for demographic
characteristics, the hazard of repeated opioid overdose was greater for white than Hispanic
or black patients and for men than women. The adjusted hazards of repeat overdose were
also higher for patients with each of the recent clinical psychiatric diagnoses and for patients
who had filled prescriptions for each class of psychotropic prescription. Patients whose
overdose involved heroin were at higher risk of repeat overdose than those whose initial
overdose involved prescription opioids.

Patients whose initial overdoses were treated in inpatient settings had the lowest risks of
repeat overdose followed by patients who were treated in emergency departments while
those who were treated in outpatient settings had the highest risks of repeat overdose.
Near-fatal (requiring ventilation assistance) initial overdoses were also associated with lower
risks of repeated overdose. In a post-hoc analysis, over three-quarters (79.3%) of patients
whose initial overdoses were near fatal were treated in inpatient settings.

3.3. One-year opioid-related death

In the first 12 months following nonfatal opioid overdose, 1.0% (770 of 76,166) died of
an overdose involving opioids (Table 3). In adjusted analyses, the hazard of fatal opioid
overdose was higher for males than females, older than younger adults, and whites than
other racial/ethnic groups. Initial nonfatal overdoses that were nearly fatal or included
heroin were also associated with increased risk of subsequent fatal opioid overdose as
were overdoses preceded by a filled prescription for a benzodiazepine and to a lesser
extent overdoses preceded by filled prescriptions for antipsychotics, mood stabilizers, or
antidepressants.

3.4. Opioid prescriptions and opioid-related death

In relation to overdose patients without recent opioid prescriptions, those with opioid

prescriptions in the 180 days before their initial overdose had a greater hazard of repeated
overdose and fatal opioid overdose, though the latter association was not significant after
controlling for background demographic characteristics (Tables 2 and 3). In both groups,

Drug Alcohol Depend. Author manuscript; available in PMC 2023 August 03.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Olfson et al.

3.5.

Page 6

the cumulative risk of fatal opioid overdose did not plateau during the first year following
nonfatal overdose (Fig. 1). In adjusted models, the association between male sex and risk of
overdose death involving opioids was significantly stronger among overdose patients with
than without recent filled opioid prescriptions (Table 4). Similarly, the association between
heroin-related overdose, substance use, drug use, and opioid use disorder diagnoses and risk
of opioid-related deaths were each significantly stronger for patients who had filled than had
not filled an opioid prescription during the 180 days before their initial overdose.

Fatal opioid overdoses

Methadone (31.8%) and to a lesser extent heroin (7.7%) poisoning was involved in a
substantial percentage of fatal opioid overdoses. Nearly one-fifth (19.1%) of opioid overdose
deaths also involved benzodiazepine poisoning, including 22.3% of opioid decedents with
benzodiazepine prescription fills and 12.7% of those without benzodiazepine fills before
their initial opioid overdose (p < .0001). Alcohol poisoning (4.6% vs. 7.7%, p = 0.01) and
cocaine (14.5% vs 22.1%, p = 0.003) poisoning were significantly less commonly involved
in fatal opioid overdoses of patients who had filled than those who had not filled an opioid
prescription during the 180 days before their initial opioid overdose.

4. Discussion

In the 12 months following nonfatal opioid overdoses presenting for medical care,
approximately 1% of patients died of drug overdoses involving opioids. Nonfatal overdose
is therefore a significant risk for subsequent fatal overdose. The risk of fatal opioid overdose
was roughly twice as high following nonfatal overdoses that required ventilation assistance.
Other groups at higher risk for fatal overdose included patients with nonfatal opioid
overdoses who were older in age, those who had recently been prescribed benzodiazepines,
and those whose non-fatal overdoses involved heroin.

Nonfatal opioid overdoses, even when treated by health care professionals, pose a high risk
of subsequent fatal overdose. The rate of opioid overdose mortality was nearly 200 times
higher than the corresponding rate in the general population (6 per 100,000 person-years)
(Rudd et al., 2016). Whether patients with nonfatal overdoses presented to emergency
departments, outpatient settings, or inpatient settings had little bearing on their subsequent
risk of fatal opioid overdose. The rate of opioid overdose mortality following nonfatal opioid
overdose in this US sample (1154 per 100,000 person-years) resembles the rate of drug
overdose deaths (1.20 per 100 person-years) reported from a cohort of adults following
nonfatal heroin overdose in Melbourne, Australia (n = 4884) who were followed for a mean
2.24 years (Stoove et al., 2009).

As compared to nonfatal overdoses that did not require ventilation, those requiring
ventilation had approximately twice the risk of subsequent fatal opioid overdose. In prior
analyses of nonfatal opioid overdoses, patients requiring ventilation were more often
diagnosed with chronic pulmonary disease, neurological disorders, and alcohol use disorder
(Hasegawa et al., 2014). Comorbid medical conditions within this patient population,
especially conditions compromising respiratory function, may increase future risk of fatal
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opioid overdose. In acute care settings, overdoses requiring mechanical ventilation have
substantial risks of mortality related to hypoxemia (Pfister et al., 2016).

Because benzodiazepines potentiate opioid induced respiratory suppression (Horsfall and
Sprague, 2017), it is not surprising that patients who had filled benzodiazepine prescriptions
prior to their initial nonfatal overdose were at an increased risk of fatal opioid overdose

and that these deaths disproportionately also involve benzodiazepine overdose. These
findings are consistent with an earlier report linking benzodiazepine prescriptions to
increased odds of nonfatal opioid overdose (Cochran et al., 2017). In the present study,
19.1% of opioid-related fatalities also involved benzodiazepines. This is lower than a
corresponding percentage of opioid overdose deaths involving benzodiazepines in a study
from San Francisco (27.5%) (Visconti et al., 2015) or from a national analysis of
pharmaceutical overdose deaths (30.1%) (Jones et al., 2013). Nevertheless, these patterns
suggest considerable caution should be exercised in prescribing benzodiazepines to patients
with a history of opioid overdose.

Patients with nonfatal heroin overdoses were more likely to go on to have fatal opioid
overdoses than were patients whose initial opioid overdoses did not involve heroin. Some

of this increased risk may be related to vulnerabilities common to heroin users including
high rates of hepatitis, excessive drinking, cigarette smoking, and other drug problems (Hser
et al., 2001) as well as more dangerous opioid use related to seeking a more potent high
through injection drug use (Lankenau et al., 2012). More recently, fentanyl and related
contaminants in the heroin supply have posed additional mortality risks (Peterson et al.,
2016).

Males and middle-aged patients with nonfatal overdoses were at greater risk of opioid-
related death than their female and younger adult counterparts. These patterns recreate,
within nonfatal opioid overdose populations, broad drug overdose mortality patterns seen in
the general population (Rudd et al., 2016) and in the population of adults who use opioids
(Blanco et al., 2016). As adults with problematic opioid use age, some develop complex
health problems that predispose them to fatal overdose.

Most patients with nonfatal overdoses filled opioid prescriptions in the prior six months.
Nearly three-quarters of these patients had been treated for non-cancer chronic pain, and
over one-third had recently been diagnosed with a substance use disorder. These patients
had higher risk of subsequent fatal opioid overdose than their counterparts who had not
filled opioid prescriptions in the six months prior to their nonfatal overdose. Among those
who filled opioid prescriptions, clinical diagnosis of substance use disorders and nonfatal
heroin overdoses were strong predictors of subsequent fatal overdose. Associations between
clinically recognized substance use disorders and fatal opioid overdose among patients
receiving opioid prescriptions underscore the importance of coordinating general medical
and substance use treatment of this patient population to help ensure safe pain management
(Blanco et al., 2016). The relationship between risks associated with prescribed opioids
and those associated with illicitly-obtained drugs is complex, and many individuals with
overdoses may use both.
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During the first 12 months following nonfatal opioid overdose, nearly one in five (18.9%)
patients had a subsequent overdose. This percentage substantially exceeds prior estimates
of repeat overdose from a large US all payer sample of patients with opioid overdoses
presenting to emergency departments (7%) (Hasegawa et al., 2014) and a US sample of
commercially insured patients treated in inpatient or emergency settings (7%) (Larochelle et
al., 2016). The high risk of repeat overdose in the present sample may be partially explained
by socioeconomic disadvantages (Nandi et al., 2006) and the high prevalence of health
problems (Li et al., 2017; Ku et al., 2016; MACPAC, 2015) experienced by patients in the
Medicaid program which is the primary insurer of people with low income in the US. In the
present analysis, opioid overdoses initially treated in outpatient settings also accounted for
nearly one-third of the sample and these patients were at higher risk of repeated overdose
than overdoses treated in emergency or inpatient settings. In evaluating the public health
impact of opioid overdose, it is important to consider all settings in which patients present.

This study has several limitations. First, our study is based on data from 2001 to 2007.

Since then there have been changes in opioid and other drug use patterns; access to naloxone
reversal; use of medication assisted treatment, including introduction of extended-release
naltrexone; and new risks associated with fentanyl-contaminated heroin (Kandel et al.,
2017). These changes have likely affected risks of opioid overdose deaths. Second, there

is a potential for misclassification of opioid-related overdoses and deaths. Many overdoses
do not present for medical care (Merchant et al., 2006) and some fatal opioid overdoses

may not be captured on death certificates while others may be recorded as unspecified

drug poisoning (Rhum, 2017). Third, different results might have been obtained if privately
insured and uninsured patients with opioid overdoses were studied. Fourth, the analysis
focused on characteristics that can be identified at initial overdose and does not examine
effects of interventions following initial overdose. Fifth, residual confounding may influence
the magnitude of associations between risk factors and outcomes. Finally, we have no means
of measuring opioids acquired from illicit sources or ensuring that patients took medications
as prescribed.

5. Conclusions

Adults who survive an opioid overdose are at high risk of subsequent fatal opioid overdose.
Despite this risk, critical gaps exist in community treatment of opioid use disorder. In

the six months preceding initial overdose, a substantially higher percentage of the patients
were diagnosed with an opioid use disorder (15.9%) than received medication assisted
treatment (2.4%). Following nonfatal opioid overdose, a substantial proportion of patients
fill prescriptions for opioids (Frazier et al., 2017; Larochelle et al., 2016) and only a
minority initiate medication-assisted treatment (Frazier et al., 2017). Beyond stabilizing
patients following nonfatal opioid overdoses, clinicians have opportunities to engage
patients following overdose recovery in medication-assisted treatment. A recent clinical trial
demonstrated that initiating buprenorphine in the emergency department paired with linkage
to ongoing treatment in primary care increased engagement of opioid dependent patients
and lowered short-term use of illicit opioids (D’Onofrio et al., 2017). In light of persistent
risks throughout at least a year following nonfatal opioid overdose, clinical priority should
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be given to interventions that help ensure patients are engaged and maintained in substance
use treatment following nonfatal opioid overdoses.
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Fig. 1.
Cumulative probability of fatal opioid overdose of patients with and without recent opioid

prescriptions during the 365 days after a nonfatal opioid overdose. Log-rank test for opioid
prescription with fatal opioid overdose as outcome, x2 =5.42, df = 1, p = 0.02.
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