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ABSTRACT

Aims To assess whether naloxone prescribing in clinical contexts targeted pain patients most at risk for opioid overdose.

Design A retrospective cohort study using data from the Health Facts Database. Setting Over 600 United States
healthcare facilities. Participants Three patient groups were followed for 2 years during 2009 to 2017: individuals with
shoulder or long bone fractures (n = 252 424), chronic pain syndrome (CPS) (n = 76141), or non-traumatic low back
pain (n = 792 956) who received an opioid prescription. Groups were chosen based on previous work.

Measurements The outcome was opioid overdose identified by International Classification of Diseases codes (ICDs)
and the primary predictor was number of naloxone prescriptions identified by National Drug Codes (NDCs).

Findings Opioid overdoses occurred among 0.16% of fracture patients (average follow-up time to overdose
[AFU] = 240 days), 1.28% of CPS patients (AFU = 244 days), and 0.30% low back pain patients (AFU = 264 days). A total
of 58 083 bone fracture patients received naloxone prescriptions, and naloxone prescription was associated with
subsequent opioid overdose (hazard ratio [HR] = 1.87, 95% CI = 1.68–2.09), and number of subsequent overdoses
(incidence rate ratio [IRR] = 1.89, 95% CI = 1.69–2.12). A total of 19 529 CPS patients received naloxone prescriptions,
and naloxone prescriptionwas associated with subsequent opioid overdose (HR= 1.69, 95% CI = 1.61–1.78) and number
of subsequent overdoses (IRR = 1.74, 95% CI = 1.67–1.83). A total of 110 608 low back pain patients received naloxone
prescriptions, and naloxone prescription was associated with subsequent opioid overdose (HR = 1.33, 95% CI =
1.27–1.40) and number of subsequent overdoses (IRR = 1.35, 95%CI = 1.29–1.41). Conclusions Receiving a naloxone
prescription appears to be associated with increased risk of subsequent opioid overdose among patients with acute and
chronic pain, suggesting prescribers often identify patients most in need of naloxone.
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INTRODUCTION

The United States (US) government authorities such as the
Substance Abuse and Mental Health Services Administra-
tion [1] and the Office of the Surgeon General [2] support
naloxone distribution for preventing opioid overdose
deaths. Naloxone is an opioid antagonist that temporarily
reverses respiratory depression and sedation, and dramati-
cally reduces opioid overdose fatalities [3]. It was largely
used in the United States by emergency medical personnel
until harm reduction advocates pushed for wider availabil-
ity, including via pharmacies [4]. US pharmacy-based

naloxone dispensing has increased significantly, especially
since 2015 [5]. Co-prescription of naloxone and opioids
has been recommended by the US Department of Health
and Human Services since late 2018 and recent laws in
some states have subsequently required naloxone
co-prescription for patients at risk of overdose [6,7].
Analyses of naloxone prescribing behaviors have largely
examined the effects of naloxone policies on prescribing
practices [6,8], characteristics of patients prescribed
naloxone [9,10], or provider attitudes [11,12], however
less is known about subsequent outcomes among patients
co-prescribed naloxone in US clinical contexts.
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Although there appears to be growing acceptance and
uptake of naloxone among some classes of prescribers [13],
especially among those receiving naloxone training
[11,14], barriers to effective overdose education and nalox-
one prescribing remain. Logistical barriers include time
pressure during visits [13,15], uncertainty regarding
billing [15,16], and limited knowledge of how to identify
patients from target populations and best practices for
overdose education [13]. Attitudes among providers may
also affect acceptance and prescribing. Provider fears of
offending patients [15,17] and concerns that naloxone
may provide tacit approval of risky substance use
[13,15,18] also can pose barriers. The majority of
peer-reviewed studies contradict these concerns and show
significant improvements among populations served by
community overdose prevention and naloxone programs,
such as reduced overdose deaths [3,19], increased
knowledge of how to prevent overdose [20], reduction in
frequency of heroin use [20], and fewer opioid-related
emergency department visits [21].

In light of community naloxone program success and
calls for physicians to co-prescribe naloxone with opioids
to patients most at risk for overdose [22], this study uses
national US data to (i) estimate whether naloxone
co-prescribed with opioids in clinical settings is associated
with subsequent opioid overdose among patients with
acute or chronic pain conditions; and (ii) estimate whether
naloxone prescription is associated with a greater number
of subsequent overdoses among acute or chronic pain
patients. These analyses will assist in determining whether
recent increases in naloxone prescribing among health
professionals outside of dedicated harm reduction
programs are appropriately targeting the highest risk
patients.

METHODS

Study sample

Data were drawn from the Health Facts database, which
includes electronic health records (EHR) for over 62million
unique patients from over 600 hospitals/clinics using the
Cerner EHR system. EHR from 2009 through 2017 were
used in the analyses. International Classification of
Diseases (ICD)-9 and ICD-10 codes were used to identify
patients with either long bone or shoulder fracture
(ICD-9: 812, 813, 821, 823 and ICD-10: S42, S52, S72,
S82), chronic pain syndrome (ICD-9: 338.4 and ICD-10:
G89.4), or non-traumatic low back pain (ICD-9: 724 and
ICD-10: M54.5) as their primary reason for visit. Because
of the size of the Health Facts database, obtaining
manageable sample sizes for analysis requires data queries
to target particular procedures, prescriptions, health
conditions, or other defined parameters. Long bone and
shoulder fractures were selected as a query parameter

because of its use in previous opioid research as an example
of an acute pain condition with defined duration [23,24].
Two chronic pain conditions were also selected because
previous research shows such conditions with uncertain
prognoses affect opioid prescribing [25]. Both
non-traumatic low back pain and chronic pain syndrome
(CPS) were top primary reasons for visit involving chronic
pain, for which opioids are prescribed in the database.
Patients were selected for the sample if they had an
encounter documented in the EHR during which their
primary reason for visit was long bone or shoulder fracture,
CPS, or non-traumatic low back pain and the patient
received an opioid prescription. Finally, patients under
15 years of age were excluded from the final sample data.
The resulting patient samples includes charts from 252
424 unique fracture patients, 76 141 unique CPS patients,
and 792 956 unique low back pain patients using Cerner
hospitals/clinics from 2009 to 2017. There was some
overlap across patient samples. Although unique
individuals are only represented once within each of the
CPS, low back pain, and fracture samples, a proportion of
individuals are represented in multiple samples as shown
in Fig. 1. Stratified analysis by type of diagnosis (i.e. long
bone or shoulder fracture, CPS, and non-traumatic low
back pain) was conducted because of the crude interaction
effect of total number of naloxone prescriptions and type of
diagnosis on the odds of subsequent opioid overdose
(χ2 = 48.63, d.f. = 2, P < 0.0001) which is represented
in Fig. 2. This illustrates that the association between the
number of naloxone prescriptions and subsequent overdose
depends on the type of diagnosis, therefore separate
analyseswere conducted among each pain diagnosis group
so that these effects are not diluted.

Study design

This is a retrospective cohort study with 2 years of
follow-up using the Health Facts database from the study
period January 1, 2009 through December 31, 2016 for
patient baseline data. At baseline, exposed patients were
identified if they had opioid and naloxone prescriptions in
the same encounter as a diagnosis for long bone or
shoulder fracture, CPS, or low back pain. Non-exposed
patients were identified if they had an opioid prescription
in the same encounter as a diagnosis for long bone or
shoulder fracture, CPS, or low back pain, but did not
receive a naloxone prescription. All patients were followed
for 2 years from baseline until the occurrence of an opioid
overdose (for the Cox proportional hazard analysis) or until
the end of the 2 years (for the Quasi-Poisson analysis)
counting all opioid overdoses. Patients were only included
and followed in each pain sample once. Although the
majority of the sample included individuals with baseline
data in the 2009–2015 period, therefore allowing for a full
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2-year follow-up (the data are through 2017), with rises in
opioid overdoses and expansion of naloxone prescribing in
later years of these data, individuals with baselines in
2016 were also included in the sample. Our sensitivity
analysis showed that including patients with incomplete
follow-up (i.e. <2years) did not change the conclusions of
this study (changes in the results were observed only at
the third decimal point) nor undermined its strength,
because it allowed us to gain more statistical power.

Measures

Outcomes

For the Cox proportional hazard model, the dependent
variable is composed of two parts including (i) time to opioid
overdose (i.e. interval of risk); and (ii) event status, which
records if the event of interest (i.e. opioid overdose) occurred
or not. Opioid overdose events were identified using ICD
codes (ICD-9: 965.00–09, E850.0–2 and ICD-10:
T40.0–4, T40.6; defined in Supporting information
Data S1, Table A). For the Quasi-Poisson regression model,
the outcome is the count of opioid overdoses.

Key predictor

The primary exposure is the total number of naloxone
prescriptions recorded in the EHR (i) during the baseline
encounter, in which the primary reason for visit is one of
the three pain conditions and the patient received an opioid
prescription; and (ii) subsequent encounters before
observing an opioid overdose within the 2-year follow-up
window. Patients who received a prescription for

naloxone were identified using National Drug Codes
(NDCs) for all drugs categorized as naloxone hydrochloride
(49 unique NDCs listed in Supporting information Data S1,
Table B) [26].

Covariates

In the analyses, we controlled for whether patients had an
outpatient opioid prescription, and if so, whether the pre-
scription was for a low dose (<50 morphine milligram
equivalents [MME]) or high dose (≥50 MME), as defined
by Centers for Disease Control (CDC) guideline for
prescribing opioids for chronic pain [27]. Outpatient opioid
MME was calculated as dose quantity × Strength per
Unit × MME conversion factor where the dose quantity is
defined as the number of units to be administered to the
patient. Strength per Unit and MME conversion factors
were obtained for each NDC code from multiple sources
using CDC databases linking NDCs with drug
characteristics [28–31]. Opioids typically prescribed in
inpatient settings, as well as injectable and intravenous
opioids were categorized as “inpatient opioids” per CDC
recommendations for analyses using MME to estimate
prescription strength. These include: fentanyl in solution,
buprenorphine in solution, alfentanil, sufentanil, opioids
in powder, dezocine, remifentanil, apomorphine HCl,
hexafluorenium, alphaprodine HCl, tincture of opium,
topical tramadol, midazolam, and all opioids in solutions
and delivered by injection and/or i.v. [32].

Analyses also controlled for histories of several health
conditions, including whether the patient ever had a
previous opioid overdose, mental health condition, chronic

Figure 1 Chronic pain syndrome (CPS), low back pain, and fracture samples.
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obstructive pulmonary disease (COPD), or sleep apnea
recorded in the EHR any time before (or during) the
baseline encounter. Additional controls included whether
the patient had a benzodiazepine prescription up to 1 year
before (or during) the baseline encounter, or whether they
had been diagnosed with a non-opioid substance use
disorder (SUD) or an opioid use disorder (OUD) up to 2 years
before (or during) the baseline encounter. Patients with
SUDs, OUDs, mental health conditions, COPD, and sleep

apnea were identified using ICD-9 and ICD-10 codes
(Supporting information Data S1, Table C). Benzodiazepine
and opioid prescriptions were identified using NDCs
(Supporting information Data S1, Tables D and E) (US Food
and Drug Administration, n.d.). Models also controlled for
patient sex, age, race/ethnicity, insurance type, andmarital
status, and hospital/clinic site information including
geography and census region, and year to account for
changes over time in naloxone prescribing trends [33].

Figure 2 Top panel: The crude association between an increase of one prescription of naloxone and the odds of a subsequent opioid overdose by
type of diagnosis (OR = 1.87, 2.69, 2.01; and 95% CI = 1.79–1.96, 2.45–2.94, and 1.94–2.08, respectively for CPS, fracture, and back pain); Bottom
panel: The predicted probability of a subsequent overdose by the crude interaction effect of total number of naloxone prescriptions and type of
diagnosis (χ2 = 48.63, d.f. = 2, P < 0.0001).

460 Fares Qeadan & Erin Fanning Madden

© 2021 The Authors. Addiction published by John Wiley & Sons Ltd on behalf of Society for the Study of Addiction. Addiction, 117, 457–471



Data analysis

Two analysis approaches were used to evaluate the associ-
ation between the number of naloxone prescriptions a pa-
tient received and the patient experiencing a subsequent
opioid overdose. The first approach uses Cox proportional
hazardmodels to estimate the hazard ratio (HR) of a subse-
quent opioid overdose after an opioid prescription among
patients who received a naloxone prescription while
adjusting for the independent variables described above.
The Cox proportional hazard model estimates the time to
a first opioid overdose event after 24 hours of receiving
an opioid prescription during a visit where fracture, CPS,
or low back pain were the primary reason for visit and
within 2 years of that encounter. The starting point for
follow-up was chosen as 24-hours after the patient’s first
naloxone prescription to assure a subsequent opioid over-
dose recorded in the EHR was not at the same encounter
where naloxone was provided. The 2-year end period was
chosen because 24 months is the approximate shelf life
for naloxone. All patients who did not experience an opioid
overdose within the 2 years of follow-up were right cen-
sored. The Cox proportional hazard analysis allowed for
possible heterogeneity across hospitals/clinic sites by using
the maximum likelihood estimates (MLEs) with sandwich
variance estimate after considering observations with the
same hospital identification number coming from the same
cluster. These analyses were implemented in the PHREG
procedure using the SAS 9.4 system (SAS Institute) by in-
voking the COVS (AGGREGATE) option and specifying the
proper variable in the ID statement that distinguishes
clusters in adopting a generalized estimating equations
(GEE)-like marginal approach [34,35]. Overall goodness
of fit for models was assessed by the Cox-Snell residuals
[36], and the proportional hazards assumption was evalu-
ated by the Schoenfeld residuals [37]. The three models for
fracture, CPS, and low back pain achieved satisfactory
overall goodness of fit and established the proportional haz-
ards assumption as shown in Supporting information Data
S1, Figs. S1, S2, and S3.

The second analysis approach uses Quasi-Poisson
regressions to estimate the incidence rate ratio (IRR) of
subsequent opioid overdoses after an opioid prescription
among patients while adjusting for the same independent
variables listed above. Quasi-Poisson modeling was used
to account for overdispersion (i.e. violation of the equal
mean and variance assumption). Overall goodness of fit
was assessed by examining if the deviance followed a χ2 dis-
tribution with degrees of freedom equal to the model resid-
ual. The threemodels in Table 4 achieved such assessment.
GEE estimates with empirical standard error using the
exchangeable correlation structure were used while
considering observations with the same hospital ID coming
from the same cluster. The Quasi-Poisson models
determined whether there is an association between the

number of naloxone prescriptions a patient received and
the number of subsequent overdose events experienced
by the patient in the same 2-year time period described
above in the Cox proportional hazard models. These analy-
ses were implemented using the SAS GENMOD procedure
with the SCALE = PEARSON option, the REPEATED state-
ment with SUBJECT = Hospital ID, and CORR = EXCH.

To determine whether the association between nalox-
one prescription and subsequent overdose varied among
patients with pain caused by different conditions, separate
Quasi-Poisson and Cox proportional hazard models were fit
for each diagnosis: (i) for those with long bone and shoul-
der fracture; (ii) for those with CPS; and (iii) for those with
low back pain, resulting in a total of six regressions. HRs
and IRRs are deemed significant if their corresponding
95% CIs do not overlap with 1.00. Logistic regression
modeling was also provided in supplemental results (see
Supporting information Data S1, Table H) to illustrate odds
of the event occurring during the 2-year window without
considering the time to event.

To compare balance in the characteristics of fracture,
CPS, and low back pain patients by status of naloxone
prescription, the χ2 test for independence was used for
categorical variables andWilcoxon rank sum test was used
for skewed numeric variables. To assess effect sizes,
Cohen’s d and h were used for means and proportions, re-
spectively, where ES = 0.20 indicates small effect,
ES = 0.50: medium effect, and ES = 0.80: large effect.
All statistical tests were completed in SAS 9.4 (SAS Insti-
tute) and were considered to be statistically significant if
their P-values are <0.05. The primary research question
of the study and analysis plan were not pre-registered on
a publicly available platform and the results should be
considered exploratory.

RESULTS

Descriptive statistics

The demographic characteristics of the study samples are
presented in Table 1. Inpatient opioids were prescribed to
22.07% of long bone and shoulder fracture patients,
20.52% of CPS patients, and 35.23% of back pain patients
(Supporting information Data S1, Table F). Opioids
commonly prescribed for outpatient use were prescribed
to 77.93% of fracture patients, 79.48% of CPS patients,
and 64.77% of back pain patients. Naloxone was
co-prescribed to 23.01% of fracture patients (n = 58
083), 25.65% of CPS patients (n = 19 529), and 13.95%
of low back pain patients (n = 110 608) (Table 3). The av-
erage follow-up time for those who experienced an over-
dose after baseline is 240 days for long bone and shoulder
fracture patients (234 days for those with naloxone and
247 for thosewithout naloxone), 244 days for CPS patients
(229 days for those with naloxone and 261 for those
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without naloxone), and 264 days for low back pain pa-
tients (244 days for those with naloxone and 276 for those
without naloxone). The prevalence of a subsequent opioid
overdose among fracture patients whowere prescribed nal-
oxone is 0.36%, whereas 0.10% of fracture patients who
did not receive a prescription experienced a subsequent opi-
oid overdose. Among CPS patients, 2.70% of those who re-
ceived a naloxone prescription experienced a subsequent
opioid overdose, compared to 0.79% of CPS patients who
did not receive a prescription. Finally, 0.81% of low back
pain patients who received a naloxone prescription experi-
enced a subsequent overdose, compared to 0.22% of low
back pain patients who did not receive a prescription
(Supporting information Data S1, Table F).

Inferential statistics

The Cox proportional hazard models controlling for con-
founding variables demonstrate variation in themagnitude
of the association between naloxone prescription and sub-
sequent opioid overdose (Table 2). Among fracture pa-
tients, an additional naloxone prescription was associated
with 87% greater risk for experiencing a subsequent opioid
overdose (HR = 1.87, 95% CI = 1.68–2.09), whereas CPS
patients were at 69% greater risk for a subsequent over-
dose (HR = 1.69, 95% CI = 1.61–1.78) and low back pain
patients were at 33% greater risk for a subsequent over-
dose (HR = 1.33, 95% CI = 1.27–1.40) for each one pre-
scription increase in naloxone.

The primary analyses included all forms of naloxone, in-
cluding generic and brand name formulations. Because
EHR data do not indicate whether a prescription is for a
drug administered during the encounter or a drug pre-
scribed for outpatient use, we restricted a sub-analysis to
only brand name formulations most typically prescribed
on an outpatient basis. This sub-analysis used Cox propor-
tional hazard models in which the key naloxone predictor
only counted Narcan and Evzio prescriptionswhile control-
ling for the same covariates as the primary model. The re-
sults of the primary and sub-analysis models were similar,
although slightly magnified with the sub-analysis ap-
proach: for each one prescription increase in a brand name
naloxone formulation, fracture patients were at 183%
greater risk (HR = 2.83, 95% CI = 1.80–4.47) for a subse-
quent opioid overdose, and patients with CPS and low back
pain were at 160% (HR = 2.60, 95% CI = 1.90–3.57) and
46% (HR = 1.46, 95% CI = 1.11–1.91) greater odds of a
subsequent overdose compared to those who did not re-
ceive brand name naloxone, respectively (see Supporting
information Data S1, Table I for complete results). An addi-
tional sub-analysis also further restricted the data to only
those with encounters during or after 2013, when outpa-
tient naloxone prescribing became more commonplace
[5], which resulted in even greater magnification of the

primary analysis results: for each one prescription increase
in brand name naloxone formulations during or after
2013, patients with fractures were at 246% greater risk
(HR = 3.46, 95% CI = 1.89–6.36) for subsequent opioid
overdose, patients with CPS were at 312% greater risk
(HR=4.12, 95%CI = 2.88–5.89) and those with low back
pain were at 105% greater risk (HR = 2.05, 95% CI =
1.44–2.91) compared to patients who did not receive
brand name naloxone. Restricting this sub-analysis further
to only those individuals both co-prescribed an outpatient
opioid and those with a history of an OUD or other SUD
(i.e. groups at higher risk for opioid overdose) the results
again indicate greater risk for subsequent overdose among
patients prescribed brand name naloxone (fracture
HR = 2.58, 95% CI = 1.93–3.44; CPS HR = 2.64, 95%
CI = 1.62–4.29; low back pain HR = 1.47, 95% CI =
1.00–2.18).

The distribution of the number of subsequent opioid
overdoses and the frequency of naloxone prescriptions
among patients in each of the three pain condition
samples are presented in Table 3. Quasi-Poisson models
adjusting for the same confounding variables also
demonstrated significant association between the number
of naloxone prescriptions and higher numbers of subse-
quent opioid overdoses experienced by a patient (Table 4).
Fracture patients had the greatest incidence of subsequent
opioid overdose (IRR = 1.89, 95% CI = 1.69–2.12),
followed by CPS patients (IRR = 1.74, 95% CI = 1.67–
1.83), and low back pain patients (IRR = 1.35, 95%
CI = 1.29–1.41).

There was some overlap between patient samples, in
which patients were represented in the fracture sample,
low back pain sample, and CPS sample, or a combination
of overlap involving two samples (Fig. 1). Although
94.49% of individuals in the total study sample were only
represented once, 5.51% of patients were representedmore
than once, therefore appearing in multiple models (see
Supporting information Data S1, Table G). In a sub-analy-
sis, the Cox proportional hazard models and Quasi-Poisson
models were restricted to patients appearing only once
across the three samples to determine if the results of the
primary models were altered. The sub-analysis demon-
strated results consistent with the primary analyses: pa-
tients only represented in the fracture sample (n = 225
559) exhibited both greater hazard of subsequent opioid
overdose for an additional naloxone prescription
(HR = 1.98, 95% CI = 1.71–2.28) and a greater number
of subsequent overdoses (IRR = 1.89, 95% CI = 1.58–
2.27). Similarly, patients only represented in the CPS sam-
ple (n = 40 010) also exhibited greater risk for subsequent
overdose (HR = 1.84, 95% CI = 1.71–1.98) and a greater
number of overdoses (IRR = 1.95, 95% CI = 1.79–2.13)
for an additional naloxone prescription. Patients only rep-
resented in the low back pain sample (n = 736 781) also
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Table 2 Adjusted HRs for an opioid overdose (2009–2017).

Variable
Bone fracture modela

n = 252 424 HR (95% CI)b
Chronic pain syndrome modela

n = 76141 HR (95% CI)b
Low back pain modela

n = 792 956 HR (95% CI)b

No. of naloxone prescriptions
(1-unit increment)

1.87c (1.68–2.09) 1.69 (1.61–1.78) 1.33 (1.27–1.40)

Opioid prescription
Outpatient (≥50 MME) 2.68 (1.51–4.78) 1.38 (1.06–1.80) 1.92 (1.60–2.31)
Outpatient (<50 MME) 1.08 (0.81–1.45) 1.25 (1.01–1.55) 1.03 (0.93–1.14)
Inpatient opioid Ref = 1 Ref = 1 Ref = 1

Benzodiazepine prescription
Yes 1.31 (1.03–1.67) 1.33 (1.05–1.68) 1.31 (1.18–1.46)
No Ref = 1 Ref = 1 Ref = 1

OUD
Yes 1.57d (0.94–2.61) 1.09 (0.91–1.3) 1.57 (1.28–1.93)
No Ref = 1 Ref = 1 Ref = 1

Race
African American 0.40 (0.23–0.70) 0.57 (0.42–0.78) 0.70 (0.58–0.85)
Asian/Pacific Islander 0.28 (0.05–1.70) 0.95 (0.45–2.02) 0.98 (0.60–1.61)
Hispanic 0.53 (0.12–2.34) 0.35 (0.09–1.39) 0.72 (0.49–1.07)
Missing 0.97 (0.43–2.19) 0.63 (0.28–1.43) 0.66 (0.47–0.93)
Native American 1.18 (0.78–1.79) 0.87 (0.42–1.82) 0.67 (0.47–0.96)
Other 0.79 (0.46–1.37) 0.51 (0.28–0.92) 0.67 (0.52–0.86)
Non-Hispanic White Ref = 1 Ref = 1 Ref = 1

Sex
Male 0.90 (0.73–1.10) 0.99 (0.86–1.15) 1.08 (0.99–1.19)
Female Ref = 1 Ref = 1 Ref = 1

Age (10-y increment) 0.80 (0.75–0.86) 0.91 (0.87–0.97) 0.89 (0.85–0.92)
Marital status
Divorced/separated 1.52 (1.13–2.04) 1.40 (1.21–1.63) 1.52 (1.37–1.68)
Missing 0.67 (0.34–1.29) 0.79 (0.39–1.58) 0.77 (0.45–1.33)
Single 0.98 (0.72–1.33) 1.13 (0.94–1.36) 1.19 (1.06–1.34)
Widowed 0.95 (0.67–1.35) 1.34 (1.07–1.67) 1.33 (1.13–1.58)
Married/partnered Ref = 1 Ref = 1 Ref = 1

Insurance
Medicaid 1.54 (0.98–2.42) 1.43 (1.03–1.99) 1.89 (1.54–2.32)
Medicare 1.89 (1.26–2.85) 1.60 (1.21–2.12) 1.90 (1.55–2.33)
Missing 1.15 (0.74–1.80) 1.04 (0.73–1.48) 1.33 (1.04–1.70)
Other 1.33 (0.85–2.09) 1.44 (1.05–1.99) 1.42 (1.15–1.75)
Uninsured 1.38 (0.85–2.25) 1.72 (1.16–2.53) 1.86 (1.50–2.31)
Private Ref = 1 Ref = 1 Ref = 1

Urban/rural status
Rural 1.03 (0.77–1.37) 0.85 (0.68–1.08) 0.91 (0.72–1.16)
Urban Ref = 1 Ref = 1 Ref = 1

Census region
Midwest 0.81 (0.58–1.13) 0.77 (0.56–1.07) 0.65 (0.53–0.80)
Northeast 0.75 (0.56–1.02) 0.62 (0.49–0.78) 0.67 (0.51–0.88)
South 0.87 (0.65–1.18) 0.74 (0.61–0.90) 0.67 (0.55–0.82)
West Ref = 1 Ref = 1 Ref = 1

Year (1-y increment) 0.90 (0.85–0.95) 0.86 (0.83–0.90) 0.87 (0.84–0.89)
SUD (excluding OUD)
Yes 2.28 (1.64–3.16) 1.69 (1.43–2.00) 2.19 (1.86–2.58)
No Ref = 1 Ref = 1 Ref = 1

Mental health diagnosis
Yes 2.93 (2.28–3.77) 1.80 (1.52–2.12) 2.44 (2.19–2.71)
No Ref = 1 Ref = 1 Ref = 1

COPD
Yes 1.44 (1.12–1.84) 1.40 (1.22–1.61) 1.58 (1.42–1.76)
No Ref = 1 Ref = 1 Ref = 1

(Continues)
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exhibited greater opioid overdose risk (HR = 1.33, 95%
CI = 1.25–1.41) and greater numbers of overdoses
(IRR = 1.35, 95% CI = 1.28–1.43).

DISCUSSION

These analyses show naloxone prescriptions in clinical
contexts are associated with increased risk for subsequent
overdose and greater numbers of subsequent overdoses
among patients prescribed opioids with long bone and
shoulder fracture, non-traumatic low back pain, and CPS.
These findings suggest prescribers often correctly identify
the chronic and acute pain patients at highest risk for over-
dose. Even after controlling for relevant clinical risk factors

captured in EHR, patients with forms of chronic and acute
pain who are prescribed naloxone exhibit greater risk for
subsequent overdose, which may mean prescribers also so-
licit additional information about overdose risk factors dur-
ing clinical interactions that is not captured in health
records, but influences their prescribing practices. Our
analysis controls for many known overdose risk factors,
such as history of overdose or SUDs and high dose opioid
prescriptions [38], but it is possible that additional consid-
erations known to affect overdose risk are revealed in clin-
ical interactions. These may include social factors such as
homelessness [39] and physical signs of injection drug
use [40]. Although the Institute of Medicine has called
for improved documentation of social and behavioral

Table 3 The distribution of opioid overdoses and naloxone prescriptions among unique patients within each pain condition sample
(frequency and column percentages) from 2009–2017 for individuals age 15 or older.

Frequency Fracture patients CPS patients Low back pain patients

Opioid overdose, n (%) None 252 020 (99.84) 75 167 (98.72) 790 544 (99.70)
Once 214 (0.08) 485 (0.64) 1222 (0.15)
Twice 153 (0.06) 353 (0.46) 894 (0.11)
Three times 23 (0.01) 72 (0.09) 152 (0.02)
Four times 9 (0.00) 33 (0.04) 83 (0.01)
Five times 1 (0.00) 17 (0.02) 29 (0.00)
Six times or more 4 (0.00) 14 (0.02) 32 (0.00)

Total no. of unique patients with at least
one opioid overdose

404 (0.16) 974 (1.28) 2412 (0.30)

Naloxone prescription, n (%) None 194 341 (76.99) 56 612 (74.35) 682 348 (86.05)
Once 50424 (19.98) 14 519 (19.07) 89 701 (11.31)
Twice 6884 (2.73) 3824 (5.02) 16 918 (2.13)
Three times 645 (0.26) 747 (0.98) 2763 (0.35)
Four times 80 (0.03) 247 (0.32) 771 (0.10)
Five times 36 (0.01) 107 (0.14) 248 (0.03)
Six times or more 14 (0.01) 85 (0.11) 207 (0.03)

Total no. of unique patients with at least
one naloxone prescription

58083 (23.01) 19 529 (25.65) 110 608 (13.95)

Table 2. (Continued)

Variable
Bone fracture modela

n = 252 424 HR (95% CI)b
Chronic pain syndrome modela

n = 76 141 HR (95% CI)b
Low back pain modela

n = 792 956 HR (95% CI)b

Sleep apnea
Yes 2.01 (1.47–2.74) 1.11 (0.95–1.29) 1.04 (0.89–1.21)
No Ref = 1 Ref = 1 Ref = 1

History of overdose
Yes 6.82 (4.54–10.26) 4.11 (3.42–4.95) 6.52 (5.45–7.81)
No Ref = 1 Ref = 1 Ref = 1

CI = confidence interval; COPD= chronic obstructive pulmonary disease; HR = hazard ratio; OUD = opioid use disorder; SUD = substance use disorder.
a
Model

satisfied overall goodness of fit according to the Cox-Snell residuals, and achieved the proportional hazards assumption according to the Schoenfeld residuals.
bMaximum likelihood estimates with sandwich variance estimate considering observations with the same hospital ID from the same cluster.

c
Bold indicates

statistical significance at the 5% significance level.
d
Italic indicates being on the boundary of statistical significance (i.e. 0.05 < P value < 0.10).
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Table 4 Adjusted IRRs for opioid overdoses (2009–2017).

Variable
Bone fracture modela n = 252
424 IRR (95% CI)b

Chronic pain syndrome modela n = 76
141 IRR (95% CI)b

Low back pain modela n = 792
956 IRR (95% CI)b

No. of naloxone prescriptions
(1-unit increment)

1.89c (1.69–2.12) 1.74 (1.67–1.83) 1.35 (1.29–1.41)

Opioid prescription
Outpatient (≥50 MME) 2.89 (1.59–5.25) 1.44 (1.12–1.85) 1.89 (1.56–2.29)
Outpatient (<50 MME) 1.13 (0.84–1.52) 1.37 (1.10–1.69) 1.01 (0.91–1.11)
Inpatient opioid Ref = 1 Ref = 1 Ref = 1

Benzodiazepine prescription
Yes 1.36 (1.05–1.74) 1.39 (1.07–1.82) 1.29 (1.18–1.42)
No Ref = 1 Ref = 1 Ref = 1

OUD
Yes 1.47 (0.86–2.49) 1.05 (0.86–1.28) 1.49 (1.18–1.87)
No Ref = 1 Ref = 1 Ref = 1

Race

African American 0.37 (0.20–0.68) 0.56 (0.40–0.79) 0.67 (0.54–0.84)
Asian/Pacific Islander 0.35 (0.06–2.09) 0.74 (0.33–1.68) 0.97 (0.61–1.54)
Hispanic 0.65 (0.15–2.81) 0.21 (0.06–0.71) 0.62 (0.39–0.97)
Missing 0.86 (0.38–1.96) 0.65 (0.28–1.50) 0.58 (0.42–0.80)
Native American 1.43 (0.91–2.26) 0.72 (0.38–1.36) 0.66 (0.38–1.15)
Other 0.87 (0.48–1.60) 0.47 (0.19–1.17) 0.66 (0.51–0.85)
Non-Hispanic White Ref = 1 Ref = 1 Ref = 1

Sex
Male 0.90 (0.70–1.14) 0.97 (0.85–1.11) 1.08d (0.99–1.19)
Female Ref = 1 Ref = 1 Ref = 1

Age (10-y increment) 0.78 (0.73–0.84) 0.94 (0.88–1.01) 0.90 (0.87–0.94)
Marital status
Divorced/separated 1.70 (1.13–2.57) 1.52 (1.29–1.79) 1.50 (1.34–1.68)
Missing 0.74 (0.37–1.48) 0.78 (0.38–1.60) 0.74 (0.41–1.33)
Single 1.04 (0.73–1.47) 1.33 (1.08–1.63) 1.22 (1.10–1.37)
Widowed 1.14 (0.77–1.69) 1.40 (1.08–1.82) 1.33 (1.12–1.59)
Married/partnered Ref = 1 Ref = 1 Ref = 1

Insurance
Medicaid 1.41 (0.92–2.17) 1.33 (0.95–1.86) 1.75 (1.40–2.18)
Medicare 1.75 (1.18–2.61) 1.53 (1.19–1.98) 1.76 (1.44–2.16)
Missing 1.04 (0.63–1.71) 0.90 (0.62–1.29) 1.20 (0.92–1.56)
Other 1.20 (0.70–2.07) 1.50 (1.06–2.14) 1.27 (1.04–1.57)
Uninsured 1.15 (0.67–1.96) 1.62 (1.11–2.36) 1.70 (1.35–2.16)
Private Ref = 1 Ref = 1 Ref = 1

Urban/rural status
Rural 1.00 (0.71–1.43) 0.94 (0.72–1.22) 1.02 (0.8–1.29)
Urban Ref = 1 Ref = 1 Ref = 1

Census region
Midwest 0.86 (0.57–1.30) 0.68 (0.44–1.04) 0.65 (0.51–0.83)
Northeast 0.69 (0.49–0.97) 0.59 (0.46–0.76) 0.57 (0.43–0.76)
South 0.80 (0.56–1.14) 0.77 (0.60–0.99) 0.63 (0.49–0.81)
West Ref = 1 Ref = 1 Ref = 1

Year (1-y increment) 0.85 (0.80–0.91) 0.82 (0.78–0.87) 0.82 (0.79–0.85)
SUD (excluding OUD)
Yes 2.30 (1.57–3.37) 1.73 (1.43–2.10) 2.15 (1.79–2.59)
No Ref = 1 Ref = 1 Ref = 1

Mental health diagnosis
Yes 2.90 (2.21–3.8) 1.80 (1.49–2.17) 2.44 (2.19–2.71)
No Ref = 1 Ref = 1 Ref = 1

COPD
Yes 1.56 (1.18–2.05) 1.44 (1.24–1.67) 1.72 (1.48–2.01)

(Continues)
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factors like housing insecurity in EHR systems [41], the
recommendations are not included in the EHR for available
Health Facts data years. Previous research indicates pa-
tient race/ethnicity is also associated with naloxone pre-
scription rates in ways that do not clearly match patient
risk profiles [42], therefore research using more detailed
data is needed to understand provider naloxone prescrip-
tion decisions. The role of clinical interactions and social/
behavioral factors would be better investigated using a dif-
ferent database, or through the collection of primary data.

Previous research has grappled with naloxone con-
cerns and objections among providers because of fears of
“risk compensation,” [13,15,18] or instances when safety
policies designed to prevent or lessen injury unintention-
ally encourage unsafe behavior by reducing perceptions
of risk. This idea is resoundingly rejected by public health
authorities as a factor that should limit distribution of, or
access to naloxone [43,44]. Not only do public health au-
thorities emphasize the primacy of reduced mortality as
the goal of naloxone distribution regardless of increases in
substance use [45], but scant evidence of risk compensa-
tion exists. These findings do not weigh in on risk compen-
sation debates, as such an analysis would require a study
design allowing for causal inference (this study only tests
associations) and such a study should also consider the pri-
mary public health goal of net reduction in mortality
among patients prescribed naloxone [45,46]. The in-
creases in overdose exhibited among patients in the sample
data are difficult to interpret without also being able to con-
trol for factors like regional increases in illicit fentanyl en-
tering US drug markets. Therefore, this analysis cannot
determine whether naloxone prescribing influences subse-
quent patient behavior, or if prescribers simply are
responding to existing community and patient-level risk
factors. Therefore, our findings do not contradict research
showing reduction in overdose and risky substance use
among people who use drugs and are enrolled in commu-
nity overdose education and naloxone distribution

programs. Such programs offer higher levels of patient ed-
ucation and support for naloxone distribution than thema-
jority of clinical settings [20,47]. In fact, this study is best
interpreted both as a sign that naloxone prescribing is ap-
propriately targeting high risk patients and as a call for
clinical settings offering naloxone prescriptions to also offer
enhanced harm reduction support, as has been suggested
in previous research of naloxone distribution in treatment
settings [48].

Research suggests adapting and integrating elements of
community naloxone and harm reduction programs into
outpatient clinical contexts is both feasible and can con-
tribute to improved patient outcomes. The Veteran’s
Health Administration (VHA) launched a national over-
dose education and naloxone distribution program that
sought to mimic successes in small-scale community pro-
grams in a system-based approach. This program used a
multi-stage process that developed standard naloxone kits
and added these to the national formulary, identified target
patient populations as those with OUDs and those pre-
scribed opioids, drafted policies and clinician guidance for
using risk assessment tools and issuing naloxone, trained
staff in providing overdose education, and drafted educa-
tional resources for patients [49]. Almost 40 000 patients
were prescribed naloxone in the first year of implementa-
tion, including to 55.8% of people prescribed opioids
through the VHA. Over time, VHA sites that exposed all
prescribers to the educational components of the interven-
tion hadmore than five times the rate of naloxone prescrib-
ing compared to VHA sites where no providers were
exposed to the intervention [50]. More piecemeal ap-
proaches to integrating community overdose education
and naloxone distribution models have also been tested
among facilities in less centralized healthcare systems.
One study trained primary care teams in naloxone pre-
scribing, including instruction in identifying high risk pa-
tients, using non-stigmatizing language, and improving
knowledge of insurance coverage for naloxone. Primary

Table 4. (Continued)

Variable
Bone fracture modela n = 252
424 IRR (95% CI)b

Chronic pain syndromemodela n = 76
141 IRR (95% CI)b

Low back pain modela n = 792
956 IRR (95% CI)b

No Ref = 1 Ref = 1 Ref = 1
Sleep apnea
Yes 1.99 (1.41–2.80) 1.14 (0.95–1.37) 1.02 (0.88–1.19)
No Ref = 1 Ref = 1 Ref = 1

History of overdose
Yes 6.48 (4.08–10.29) 4.02 (3.07–5.25) 7.15 (5.81–8.81)
No Ref = 1 Ref = 1 Ref = 1

COPD = chronic obstructive pulmonary disease; IRR = Incident rate ratio; OUD = opioid use disorder; SUD = substance use disorder. aQuasi-Poisson Model
satisfied overall goodness of fit (deviance follows a χ

2
distribution with degrees of freedom equal model residual). bGEE estimates with empirical standard error

using the exchangeable correlation structure considering observations with the same hospital ID from the same cluster. cBold indicates statistical significance
at the 5% significance level. dItalic indicates being on the boundary of statistical significance (i.e. 0.05 < P value < 0.10).
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care clinics were further supported by study staff that
helped prescribers navigate logistical barriers to naloxone.
Patients who received naloxone from trained teams experi-
enced significant reductions in opioid-related emergency
department visits [21]. Another intervention added thera-
pists to an emergency departmentwho offered overdose ed-
ucation (although no direct naloxone access) through
motivational interviewing. This approach yielded similarly
promising results in terms of lessened overdose risk behav-
iors and illicit opioid use over time among patients [51].
Peer support for people with OUDs is another common
harm reduction practice that is growing in popularity
among emergency departments as part of overdose re-
sponse [52,53]. Expansion of peer support to patients using
hospitals for chronic and acute pain may further assist pa-
tients with preventing subsequent overdose by providing
patients a point of contact to discuss behavior change, safer
substance use, and treatment.

The data used in these analyses only capture prescrib-
ing practices recorded in EHRand cannot indicate whether
a prescription was filled and received by a patient. This and
other limitations related to EHR data must be considered.
The EHR data used in this study may reflect naloxone pre-
scriptions that were never received by a patient. Naloxone
varies in cost depending on generic versus brand name for-
mulation and patient insurance coverage, and such costs
may be prohibitive for patients, resulting in unfilled pre-
scriptions. However, the focus of this study is on prescriber
behavior, which is adequately captured in EHR. Insurance
claims databases that indicate whether a patient actually
received a prescription drugmay be used in future research
to examine whether insured patients who fill prescriptions
for naloxone exhibit risk for subsequent overdose, however
these data would also exclude uninsured patients who are
captured in the data used in this study. EHR data also can-
not capture non-prescription naloxone distributed by harm
reduction programs, overdoses that occur outside of
healthcare settings, whether an overdose was fatal or
non-fatal, or details about prescriber education with pa-
tients, which may or may not include overdose prevention
education. EHR data are limited in their ability to fully cap-
ture all patient healthcare encounters, and therefore, fully
account for complete medical histories, because patients
may use multiple clinics/hospitals, some of which may not
use the EHR system from which the database draws patient
records. However, many of the model predictors capturing
relevant components of medical history, such as sleep apnea
and SUDs, are generally chronic conditions, and therefore
would be unlikely to change across the study window.
Finally, EHR data rely on accurate diagnostic codes, and
can suffer from coding errors, which may affect the mea-
surement of the covariates used in the analyses. Despite
these limitations, this study provides large sample sizes for
an array of patients who come in contact with healthcare

facilities, and therefore, still offers insight into the associa-
tion between naloxone prescribing and opioid overdose.

CONCLUSIONS AND IMPLICATIONS

This study addresses the limited knowledge of opioid over-
dose among pain patients prescribed opioids and naloxone
in clinical contexts. By showing there is a significant
association between naloxone prescription and subsequent
opioid overdose, these findings indicate prescribers cor-
rectly identify pain patients most in need of naloxone.
The increased risk for overdose among acute and chronic
pain patients also suggests that clinical settings may need
to integrate harm reduction services, such as peer support
and evidence-based approaches to safer substance use and
overdose education, into their practices. Coordination with
harm reduction programs that have long track records of
successfully reducing risky substance use may be a key
strategy for integrating such services into clinics and
hospitals treating chronic and acute pain patients. Such
programs may offer harm reduction training for clinical
staff, and facilities may direct staff to refer patients to these
community services. The findings of this research should
be interpreted as an opportunity to increase targeted harm
reduction support services among acute and chronic pain
patients who are prescribed opioids and naloxone instead
of a call for cessation of naloxone distribution. Future
research may evaluate how such institutional policies
and protocols linking chronic and acute pain patients at
risk of overdose to additional harm reduction resources
may affect substance use and overdose outcomes.
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