
Naloxone Co-Dispensing with Opioids: a Cluster
Randomized Pragmatic Trial
Ingrid A. Binswanger, MD1,2,3,4 , Deborah Rinehart, PhD3,5, Shane R. Mueller, PhD1,
Komal J. Narwaney, PhD1, Melanie Stowell, MSc5, NicoleWagner, PhD1,3, Stan Xu, PhD6,
RebeccaHanratty, MD3,7, Josh Blum,MD3,7, KevinMcVaney,MD7, and JasonM. Glanz,
PhD1,8

1Institute for Health Research, Kaiser PermanenteColorado,Aurora,CO, USA; 2Colorado PermanenteMedicalGroup, Aurora,CO,USA; 3Division of
General Internal Medicine, University of Colorado School of Medicine, Aurora, CO, USA; 4Kaiser Permanente Bernard J. Tyson School of Medicine,
Pasadena, CA, USA; 5Denver Health, Center for Health Systems Research, Office of Research, Denver Health and Hospital Authority, Denver, CO,
USA; 6Department of Research and Evaluation, Kaiser Permanente Southern California, Pasadena, CA, USA; 7Department of Medicine, Denver
Health, Denver, CO, USA; 8Colorado School of Public Health, Aurora, CO, USA.

BACKGROUND: Although naloxone prevents opioid over-
dose deaths, few patients prescribed opioids receive nal-
oxone, limiting its effectiveness in real-world settings.
Barriers to naloxone prescribing include concerns that
naloxone could increase risk behavior and limited time
to provide necessary patient education.
OBJECTIVE: To determine whether pharmacy-based nal-
oxone co-dispensing affected opioid risk behavior. Sec-
ondary objectives were to assess if co-dispensing in-
creased naloxone acquisition, increased patient knowl-
edge about naloxone administration, and affected opioid
dose and other substance use.
DESIGN: Cluster randomized pragmatic trial of naloxone
co-dispensing.
SETTING: Safety-net health system in Denver, Colorado,
between 2017 and 2020.
PARTICIPANTS: Seven pharmacies were randomized.
Pharmacy patients (N=768) receiving opioids were follow-
ed using automated data for 10 months. Pharmacy pa-
tients were also invited to complete surveys at baseline, 4
months, and 8 months; 325 survey participants were
enrolled from November 15, 2017, to January 8, 2019.
INTERVENTION: Intervention pharmacies implemented
workflows to co-dispense naloxone while usual care phar-
macies provided usual services.
MAIN MEASURES: Survey instruments assessed opioid
risk behavior; hazardous drinking; tobacco, cannabis,
and other drug use; and knowledge. Naloxone dispens-
ings and opioid dose were evaluated using pharmacy data
among pharmacy patients and survey participants.
Intention-to-treat analyses were conducted using gener-
alized linear mixed models accounting for clustering at
the pharmacy level.
KEYRESULTS:Opioid risk behavior did not differ by trial
group (P=0.52; 8-month vs. baseline adjusted risk ratio
[ARR] 1.07; 95%CI 0.78, 1.47). Comparedwithusual care
pharmacies, naloxone dispensings were higher in

intervention pharmacies (ARR 3.38; 95% CI 2.21, 5.15)
and participant knowledge increased (P=0.02; 8-month
vs. baseline adjusted mean difference 1.05; 95% CI 0.06,
2.04). There was no difference in other substance use by
the trial group.
CONCLUSION: Co-dispensing naloxone with opioids ef-
fectively increased naloxone receipt and knowledge but
did not increase self-reported risk behavior.
TRIAL REGISTRATION: Registered at ClinicalTrials.gov;
Identifier: NCT03337100

KEYWORDS:naloxone; prescription opioids; risk compensation; overdose;

substance use.
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INTRODUCTION

Naloxone prevents overdose fatalities by reversing opioid-
induced respiratory depression. Expanding access to naloxone
has been an important strategy to address the opioid overdose
crisis. However, despite recommendations by national organi-
zations and legislative efforts to expand access,1–3 naloxone
uptake among patients prescribed opioids has remained low.4–
8 In addition, as overdose deaths related to fentanyl and other
synthetic opioids increased exponentially from 2013 to 2019,
fentanyl co-involvement in prescription opioid-related deaths
also became increasingly common,9 thus emphasizing the
need for interventions to increase naloxone uptake among
patients prescribed opioids.
Barriers to naloxone prescribing include identifying appro-

priate candidates and the time required to educate patients on
overdose risk and naloxone administration.10–13 Pharmacists
can address these barriers by using standing orders to identify
patients prescribed opioids, co-dispense naloxone without in-
dividual prescriptions, and educate patients.14 However, nal-
oxone access may still be limited if physicians and
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pharmacists have concerns about risk compensation,10,15,16

the concept that possessing naloxone encourages behaviors
that increase overdose risk, such as taking more opioids than
prescribed or using them with alcohol. In addition, patients
may hesitate to accept naloxone if they think this action
represents an admission of risk behavior.17,18 While prior
studies have shown that risk behavior is reduced following
overdose education and naloxone receipt,19,20 these studies
were observational.
To address barriers to naloxone acquisition by patients

prescribed opioids, we conducted a pharmacy-randomized
trial to determine whether naloxone co-dispensing with opi-
oids would affect patient risk behavior, naloxone dispensings,
opioid dose, and patient knowledge about opioid overdose
prevention and naloxone. The hypotheses were that co-
dispensing would increase naloxone dispensings and knowl-
edge and could either increase or decrease risk behavior and
opioid dose.

METHODS

Study Design

The naloxone co-dispensing trial was a cluster randomized
pragmatic trial21 in which the co-dispensing intervention was
implemented at the pharmacy level with patients nested within
pharmacies. Study outcomes were assessed among pharmacy
patients and the subset of patients who responded to surveys
(participants). Ethical approval was granted by the Kaiser
Permanente Colorado Institutional Review Board, to which
the Colorado Multiple Institutional Review Board ceded (Pro-
tocol). Trial reporting followed the Consolidated Standards of
Reporting Trials guideline. An independent data and safety
monitoring board periodically reviewed the trial’s conduct.
The trial was registered with ClinicalTrials.gov as “The Im-
pact of Co-Dispensing Naloxone to Patients Prescribed
Chronic Opioid Therapy” (NCT03337100).
Study pharmacies were based at Denver Health (DH), a

safety-net healthcare system in Colorado, USA, that provides
primary care, addiction treatment, paramedic, urgent care,
emergency, and hospital services.

Randomization and Masking

DH pharmacies were eligible if they stocked naloxone
for outpatient dispensing, had a naloxone standing order
but had not yet implemented co-dispensing, and their
leaders agreed to randomization. For feasibility, the
study biostatistician (S.X.) randomized similarly sized
pharmacies in 3 waves between October 2017 and April
2018 using computerized block randomization (SAS
STAT PROC PLAN procedure, version 9.4, SAS Insti-
tute Inc). Pharmacies within each wave were randomized
to early co-dispensing (hereafter called the intervention)
or co-dispensing after 10 months of usual pharmacy

services (hereafter called usual care). This design effec-
tively allowed the intervention to be compared to usual
care over 10 months. Eligible pharmacy patients receiv-
ing opioids were recruited to complete surveys before
co-dispensing began in intervention pharmacies in each
wave. After implementing, intervention pharmacies con-
tinued co-dispensing for at least 10 months while usual
care pharmacies provided usual pharmacy services. In
all pharmacies, patients could request naloxone under a
standing order or be prescribed naloxone. Naloxone was
routinely prescribed in Opioid Safety Clinic visits,22

opioid use disorder treatment, or the emergency depart-
ment to address the risk of repeat overdoses. In both
trial groups, insured patients paid for naloxone accord-
ing to their pharmacy benefit plan and deductibles,
whereas uninsured patients could obtain naloxone at no
or low cost through indigent care or financial assistance
programs. Patient costs generally ranged from $0 to
$80 and up to $3 with Medicaid. Study investigators
were blinded to patients’ and participants’ trial groups
until the end of follow-up.

Study Population

The study population included patients receiving opioids from
randomized pharmacies and a subset of patients who agreed to
surveys. Pharmacy patients were eligible if they received a
extended-release, long-acting (ER/LA) opioid or ≥84 opioid
pills, excluding buprenorphine and tramadol, from a random-
ized pharmacy in the prior 60 days; were English-speaking;
aged 18 years or older; and had at least one DH primary care
visit in the prior 18 months. Patients with a do-not-resuscitate
order or enrolled in hospice care were excluded. Eligible
patients were followed for outcomes included in DH’s elec-
tronic health records, linked paramedic records, and linked
state vital records. Due to minimal risk procedures, eligible
patients were followed using automated and linked records
with a waiver of consent. All eligible patients were recruited to
participate in surveys by email, phone, mail, and in person.
Participants received $20, $25, and $30 gift cards for baseline,
4-month, and 8-month surveys, respectively. Baseline surveys
were administered by mail, emailed web link, telephone, or in
person, and follow-up surveys were administered by mail,
emailed web link, or telephone. Research Electronic Data
Capture (REDCap)23,24 was used for survey data capture and
management. To maximize disclosure of sensitive behaviors,
we used self-administered survey instruments25 and reassured
participants that their responses were confidential, would not
be shared with their doctors, and would not affect their health
care, insurance, or access to opioid pain medicines. When
reporting results, we distinguish patients followed using auto-
mated or linked records from the subset who provided consent
for surveys (i.e., participants). In each wave, survey follow-up
was complete before usual care pharmacies began co-
dispensing.
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Co-Dispensing Intervention Procedures

The pharmacy-level naloxone co-dispensing intervention was
designed to offer and dispense naloxone to patients receiving
chronic opioid therapy,26 but, first, pharmacy staff needed
efficient screening criteria. Therefore, the study team and oper-
ational leaders developed pragmatic co-dispensing criteria of an
opioid dispensing of ≥84 pills (≥3 pills per day per 28-day
prescription) or any (ER/LA) opioid pill or patch, whether a
first-time prescription or a refill. Tramadol was excluded be-
cause of its low risk of respiratory depression.27Buprenorphine-
containing products were excluded because, when the study
was conducted, opioid use disorder treatment providers had
distinct naloxone protocols, and buprenorphine was rarely used
for pain.
Pharmacists in intervention pharmacies received training on

workflow, presenting naloxone to patients, and answering
common questions (see Appendix). Under a standing order,
pharmacy staff offered naloxone to any patient requesting an
eligible opioid fill. If the patient accepted naloxone, pharmacy
staff collected payment, dispensed naloxone, counseled pa-
tients on naloxone administration,14 and provided written
educational material on overdose prevention and naloxone in
English and Spanish.

Outcomes

The primary trial outcome was self-reported opioid risk
behavior, assessed using the Opioid-Related Behaviours
In Treatment (ORBIT) instrument and measured among
participants. The ORBIT is a self-administered 10-item
scale that was psychometrically validated among 426
people prescribed long-term opioid therapy or who had
opioid use disorder.28 The instrument measures clinically
meaningful behaviors (e.g., using opioids for purposes
other than pain and obtaining them from others), which
providers identified as behaviors that could be exacer-
bated if naloxone were provided to patients.10 While the
ORBIT has clinician face validity, its low respondent
burden, focus on recent risk behavior, and ability to
quantify change over time make it useful for re-
search.28,29 Endorsing one or more opioid risk behav-
iors, presented on a 5-point Likert scale, was considered
positive.30 The ORBIT was modified to refer to the past
4 months and administered at baseline, 4 months, and 8
months.
Secondary risk behavior outcomes included cannabis, non-

medical sedative, and other drugs (heroin, cocaine, metham-
phetamine, hallucinogens, inhalants, and other drugs) use
based on survey items derived from the Alcohol, Smoking,
and Substance Involvement Screening Test (ASSIST), which
has been evaluated for concurrent, construct, and discrimina-
tive validity.31,32 Tobacco use was assessed using an item
from the WHO ASSIST V3.0.33 Endorsing any use of a
substance was positive for that substance. Hazardous drinking
was assessed using the Alcohol Use Disorders Identification

Test – Concise (AUDIT-C), with higher scores shown to be
associated with higher mortality.34 In men, a score of ≥4 out of
12, and in women, a score of ≥3 were positive.35 Knowledge
was assessed using the Prescription Opioid Overdose Knowl-
edge Scale (Rx-OOKS), a psychometrically validated scale
with a higher score representing greater knowledge.36 Missing
Rx-OOKS item responses received a score of zero.
Other secondary outcomes measured in patients and partic-

ipants included naloxone dispensings and opioid dose,
ascertained using automated pharmacy data. Naloxone dis-
pensings were assessed over the 10-month follow-up period,
and the opioid dose was evaluated at baseline and 10 months.
Participants also reported if they or their household members
acquired naloxone and could indicate why they did not pick up
naloxone in surveys. Before launching the study, surveys were
cognitively tested with 11 patients and administered to 97
patients in 2 pilot studies.
Other outcomes measured in patients and participants in-

cluded opioid overdoses, deaths, and, when available, urine
drug screen positive for cocaine, heroin, or methamphet-
amines. Opioid overdoses were identified using the Interna-
tional Classification of Diseases (ICD)-10 CM codes fromDH
emergency department and hospital records and Denver coun-
ty paramedic records. Survey participants could also report
experiencing an opioid overdose. Finally, identifiers for all
patients were linked to the Colorado Department of Public
Health and the Environment vital records to identify deaths
and causes of death. When available, medical records were
reviewed to confirm opioid overdoses and the cause of death.
Race, ethnicity, education, income, and housing status were

reported in surveys using questions derived from the Behav-
ioral Risk Factor Surveillance System 2014.37 Other patient
baseline characteristics were identified in electronic health
records; clinical characteristics, such as an opioid use disorder
diagnosis, were identified using ICD-10 codes.

Statistical Analysis

At a significance level of 0.05 and an intra-class correlation
(ICC) of patients within pharmacies of 0.01, pre-specified
power calculations indicated we could detect differences in
ORBIT scores of 1.10 with a sample size of 300 and a SD of
2.8. However, ORBIT scores were skewed, with more than
half of participants reporting no risk behavior at baseline and a
mean score of 1.3 (SD=1.9) on a scale of 0 to 40. Since all
ORBIT questions are clinically meaningful,28 we elected to
dichotomize the ORBIT score as endorsing ≥1 opioid risk
behavior vs. endorsing 0 behaviors.30 Revised power calcula-
tions indicated that with a sample size of 300, an ICC of 0.01,
and the proportion endorsing ≥1 opioid risk behavior of 0.5,
the study had 80% power to detect a minimum risk ratio of 1.4.
Based on these parameters, the Cohen’s h was 0.32, suggest-
ing that the study could detect a small to moderate effect
size.38,39 The study was not powered to detect differences in
opioid overdoses or deaths.
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Baseline patient characteristics were presented by survey
participation, and participant characteristics were reported
separately by the trial group.
We used generalized linear mixed (GLM) models to assess

differences in study outcomes between trial groups over time.
Among participants, we analyzed the change in the proportion
endorsing ≥1 opioid risk behavior and secondary substance
use outcomes between trial groups with a binary distribution
and log link function. Each model included the trial group, the
survey time point, an interaction between the trial group and
the survey time point, and the study wave. Covariates associ-
ated with baseline behavior at a significance level of 0.1 were
considered potential confounders and included in the final
models. Random effects accounted for pharmacy-level clus-
tering and repeated measures. Adjusted risk ratios (ARR) and
95% CIs comparing outcomes between trial groups at each
time point are reported. Unadjusted risk ratios and 95%CIs are
reported at each time point for the primary outcome. If the
interaction term was significant at alpha=0.1, we report differ-
ences and 95% CI between trial groups over time. The Rx-
OOKS score was modeled as a continuous outcome, using a
normal distribution and identity link function.
To account for missing survey data (e.g., 3–19% item or

unit non-response for baseline and follow-up ORBIT surveys),
multiple imputations were performed by replacing missing
survey responses with a set of plausible values using the fully
conditional specification method. The multiple imputation
model included all variables considered in the analyses and
the auxiliary variables potentially associated with missing
data. Data were imputed 20 times, and imputation results were
then combined.40

Receipt of at least one naloxone prescription was analyzed
as a dichotomous outcome using a binary distribution and log
link in separate models for patients and survey participants.
Models included trial group, study wave, baseline covariates
that had a bivariate association with the outcome (significance
level of 0.1), and random effects for pharmacy. The analyses
of opioid overdoses and deaths were similar to naloxone
dispensings. Due to small numbers of opioid overdoses, pro-
pensity scores were used to address potential confounding in
the patient population. Opioid dose over time was modeled
using a log-normal distribution and identity link function.
All outcomes were analyzed by the intention-to-treat prin-

ciple. A 5% significance level using 2-sided tests was applied
in all analyses, and data were analyzed using SAS® Studio
Software version 3.8 (SAS Institute Inc., Cary, NC).

Sensitivity Analyses

We conducted multiple sensitivity analyses for opioid risk
behavior and naloxone dispensings. In addition, we conducted
a sensitivity analysis combining urine drug screen results with
self-reported drug use and a post hoc analysis examining the
association between insurance and naloxone receipt. Details
are included in the Appendix.

RESULTS

Randomized Pharmacies and Study
Participants

Seven pharmacies were eligible for randomization; 1 was ineli-
gible because it was already co-dispensing(Fig. 1). Three phar-
macies were randomized to the intervention and 4 to usual care
(eTable 1). Within randomized pharmacies, 325 of 768 eligible
patients (42.3%)were enrolled betweenNovember 15, 2017, and
January 8, 2019, to participate in surveys. Nearly half of partic-
ipants reported Hispanic, Latino/a, or Spanish origin (n=149;
45.8%), a quarter (n=80, 24.6%) had less than high school
education, and over a third (n=123; 37.8%) had a household
income less than $10,000. Demographic characteristics, insur-
ance, clinical characteristics, opioid use disorder, prior naloxone
receipt, and opioid dose were similar between survey participants
(n=325) and non-participants(n=443; eTable 2). Compared to
participants in usual care pharmacies, participants in intervention
pharmacies were younger, less likely to have previously received
naloxone, and more likely to be male, white, and have a prior
opioid use disorder diagnosis (Table 1). Four- and 8-month
surveys were completed by 84.9% (270/318) and 89.4% (279/
312) of participants alive at each follow-up time point, respec-
tively (Fig. 1); participants who completed both follow-up sur-
veys (n=252) were similar to those who did not (n=73), except
for income, insurance, and prior naloxone receipt (eTable 3).

Primary Outcomes

Compared with baseline, significantly fewer participants en-
dorsed opioid risk behavior at 4 and 8 months in intervention
pharmacies and at 8 months in usual care pharmacies
(eFigure 1). Changes in opioid risk behavior over time were
not significantly different by the trial group in unadjusted
(eTable 4), adjusted (Table 2, eTable 5), and sensitivity
(eTable 6) analyses.

Secondary Outcomes

Hazardous drinking, tobacco use, cannabis use, non-medical
sedative use, and other drug use (measured by survey alone or
survey plus urine drug screen results) were similar over time
by trial group (Table 2, eTable 7). In intervention pharmacies,
knowledge about overdose prevention and naloxone increased
compared to usual care pharmacies (P=0.02; adjusted mean
difference at 8 months vs. baseline 1.05; 95% CI 0.06, 2.04;
Table 3) and between baseline and both follow-up time points
(Table 3, eTable 8).
By 10 months, the proportion of participants dispensed

naloxone was more than threefold greater in intervention
pharmacies than in usual care pharmacies (ARR 3.38; 95%
CI 2.21, 5.15; Table 4). Sensitivity analyses yielded similar
findings (eTable 9). Including baseline and follow-up dispens-
ings and self-reported naloxone receipt and possession, 63.2%
(n=103) of participants in the intervention arm had naloxone
by the end of the study. By pharmacy, receipt of naloxone
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varied from 46.9 to 76.1% among participants in intervention
pharmacies and 10.9 to 17.1% among participants in control
pharmacies. Differences were not observed in the proportion
of patients prescribed opioids at 8 months (intervention phar-
macies 86.5%, usual care pharmacies 87.3%, P=0.83) or opi-
oid dose over time (Table 4, eTable 10). Insurance was asso-
ciated with naloxone uptake (P=0.02) among patients in the
intervention pharmacies, with higher uptake among

participants with Medicaid and Medicare than those with
commercial insurance or no insurance (eTable 11).

Other Outcomes

No fatal opioid overdoses occurred among participants. Two
participants from intervention pharmacies experienced non-
fatal opioid overdoses and none from usual care pharmacies.

8 Pharmacies assessed for eligibility

7 Eligible pharmacies
 813 Potentially eligible patients

1 Excluded
1 Previously implemented

co-dispensing

45 Patients ineligible
27 Not receiving opioids
 7 Medical reasons
 6 Not planning to continue

receiving care at study
site

 5 Deceased768 Eligible patients

443 Patients did not consent to
participate in surveys

268 Patients did not respond
to outreach

175 Actively declined
119 Not interested
 25 Too busy
 16 Other reasons
 15 No reason provided

Analyzed
4 Pharmacies

242 Patients followed using automated
 data only

162 Participants completed at least 1
 survey and followed using
 automated data

 3 Pharmacies randomized to
intervention group

 201 Patients followed using
automated data only

 163 Participants completed baseline
survey

4 Pharmacies randomized to usual
 care group

242 Patients followed using automated
 data only

162 Participants completed baseline
 survey

137 Participants completed 4-month
survey

 26 Participants lost to survey follow-up
21 Did not respond to outreach
 3 Deceased
 2 Withdrew

133 Participants completed 4-month
survey

 29 Participants lost to survey follow-up
25 Did not respond to outreach
 4 Deceased

138 Participants completed 8-month
survey

 20 Participants lost to survey follow-up
15 Did not respond to outreach
 5 Deceased

141 Participants completed 8-month
survey

17 Participants lost to survey follow-up
15 Did not respond to outreach
 1 Deceased
 1 Withdrew

Analyzed
 3 Pharmacies

201 Patients followed using automated
data only

163 Participants completed at least 1
survey and followed using
automated data

 7 Pharmacies randomized
768 Eligible patients followed using

automated data
443 Patients followed using

automated data only
325 Participants who consented

to surveys and followed
using automated data

Fig. 1 Consolidated Standards of Reporting Trials (CONSORT) diagram of screening, enrollment, and follow-up of patients and survey
participants
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Among patients, opioid overdoses were not significantly dif-
ferent across trial groups (ARR 4.60; 95% CI 0.57, 36.94;
eTable 12). All-cause mortality was similar across the trial
groups for participants (ARR 1.33; 95% CI 0.34, 5.28) and
patients (ARR 1.42; 95% CI 0.58, 3.44; eTable 12 and
eTable 13). Cancer was the leading cause of death (n=12;
38.7%).

DISCUSSION

This pharmacy-randomized trial demonstrated that co-
dispensing naloxone with opioids significantly increases nal-
oxone acquisition and overdose knowledge among patients

prescribed opioids, without any detectable increase in risk
behavior. There was no effect on opioid dose. This pragmatic
intervention could be applicable to a range of pharmacies and
can help ensure naloxone is accessible to patients who need it
in the event of an overdose.
While the USA has experienced declines in opioid prescrib-

ing since 2012,41 the absolute number of prescription opioid-
involved overdoses has fallen only slightly relative to 2013.9 It
is therefore imperative to continue to implement strategies to
prevent opioid overdose deaths in clinical settings, particularly
since general internists and other physicians have a duty to try
to prevent adverse outcomes from the medications they
prescribe.

Table 1 Baseline Demographic and Clinical Characteristics of Survey Participants by Trial Group

Participants
N(%)

Characteristic Intervention pharmacies
(n=163)

Usual care pharmacies
(n=162)

Age, mean (SD), y 56.3 (10.9) 59.8 (9.9)
Female 77 (47.2) 97 (59.9)
Race/ethnicity*
Hispanic 58 (35.6) 91 (56.2)
White, non-Hispanic 61 (37.4) 40 (24.7)
Black, non-Hispanic 34 (20.9) 20 (12.4)
All other racial and ethnic groups 8 (4.9) 6 (3.7)
Missing 2 (1.2) 5 (3.1)

Education*
Less than high school 32 (19.6) 48 (29.6)
Completed high school 50 (30.7) 45 (27.8)
Attended some college 46 (28.2) 48 (29.6)
Completed college or a higher degree 27 (16.6) 18 (11.1)
Missing 8 (4.9) 3 (1.9)

Annual household income, US dollars*
Less than 10,000 57 (35.0) 66 (40.7)
10,000 – 19,999 51 (31.3) 57 (35.2)
20,000 or more 37 (22.7) 21 (13.0)
Missing 18 (11.0) 18 (11.1)

Live in their own house/apartment* 127 (77.9) 120 (74.1)
Insurance
Commercial 25 (15.3) 23 (14.2)
Medicaid 81 (49.7) 73 (45.1)
Medicare 39 (23.9) 47 (29.0)
Uninsured 18 (11.0) 19 (11.7)

Modified Charlson comorbidity index, median (IQR)† 2.0 (1.0–4.0) 1.0 (0–3.0)
Opioid use disorder† 40 (24.5) 25 (15.4)
Alcohol use disorder† 7 (4.3) 12 (7.4)
Tobacco use or nicotine use disorder† 71 (43.6) 83 (51.2)
Prior naloxone receipt‡ 27 (16.6) 51 (31.5)
Average daily opioid dose, median morphine milligram equivalents (IQR)§ 29.7 (17.0–55.8) 35.7 (18.9–59.2)
Any opioid risk behavior (ORBIT)* 83/162 (51.2) 72/154 (46.8)
Hazardous drinking (AUDIT-C)* 13/160 (8.1) 14/157 (8.9)
Reported tobacco use* 83/161 (51.6) 83/162 (51.2)
Substance use (ASSIST)*
Cannabis 69/162 (42.6) 54/162 (33.3)
Other drugs|| 3/163 (1.8) 5/162 (3.1)
Non-medical sedatives 30/160 (18.8) 29/162 (17.9)

Knowledge (Rx-OOKS), mean (SD)* 11.5 (4.7) 11.3 (4.1)

Abbreviations: ORBITopioid-related behaviors in treatment modified to refer to past 4 months; AUDIT-C Alcohol Use Disorders Identification Test -
Concise; NIDA-modified ASSIST National Institute on Drug Abuse–modified Alcohol, Smoking and Substance Involvement Screening Test modified to
refer to past 4 months; Rx-OOKS Prescription Opioid Overdose Knowledge Scale
* Assessed using survey measures; when denominators are indicated, the denominator is those who completed that baseline measure; Ethnicity was
reported as “Hispanic, Latino/a, or Spanish origin”
† Assessed in the year prior to study enrollment
‡ Assessed using survey measure (past 4 months) and dispensing (past year)
§ Assessed in the 6 months prior to study enrollment
|| Other drugs include heroin, other illicit opioids, cocaine, methamphetamine, inhalants, and hallucinogens
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Prior observational studies suggest that overdose education
and naloxone provision reduce opioid risk behavior,6 emer-
gency department visits,42 and heroin use.10,20 In this trial,
naloxone co-dispensing did not impact opioid risk behaviors.
Given these findings, concerns that naloxone could cause risk
compensation among patients prescribed opioids are not sup-
ported. The trial results also suggest that education provided
with co-dispensing increases knowledge about overdose and
naloxone. If such knowledge is shared, it could positively
impact the patient’s family and social networks.
Although the co-dispensing intervention was highly effec-

tive at increasing naloxone uptake, about 37% of participants
in the intervention arm did not report having naloxone before
or during the trial and were not dispensed naloxone during the
trial. Since this was a pragmatic trial in real-world clinical

settings, the lack of uptake may be partially attributed to
inconsistent adherence to the study protocol by non-research
pharmacists, cost barriers (8% of participants indicated cost
was a reason they did not pick up naloxone),43 and no longer
taking opioids. While co-dispensing achieved greater dispens-
ing than a primary-care-based prescribing initiative (38%),42

waiving naloxone co-payments may further increase
dispensing.
This trial occurred after the leading causes of opioid over-

doses had shifted from prescription opioids to heroin and
fentanyl.44 However, national data suggest that co-
involvement of fentanyl and prescription opioids in overdose
deaths is common.9 Approximately 20% of the patients in this
trial had a prior diagnosis of an opioid use disorder, and co-
dispensing significantly increased naloxone uptake among

Table 2 Risk Behavior Among Survey Participants over Time by Trial Group

Risk
behavior

Crude proportion endorsing risk behavior (95% CI) Adjusted risk ratio (95% CI) Time x intervention P value

Intervention pharmacies
(n=163)

Usual care pharmacies
(n=162)

Opioid risk behavior*
Baseline 51.1 (43.4, 58.8) 46.9 (39.0, 54.8) 1.07 (0.86, 1.34) 0.52
4 months 37.2 (29.4, 45.1) 39.1 (31.0, 47.3) 0.92 (0.68, 1.24)
8 months 38.3 (29.9, 46.6) 34.7 (26.6, 42.7) 1.07 (0.78, 1.47)

Hazardous drinking†
Baseline 8.0 (3.8, 12.1) 9.2 (4.6, 13.7) 0.80 (0.39, 1.66) 0.58
4 months 10.5 (5.6, 15.3) 8.5 (4.1, 12.9) 1.10 (0.54, 2.25)
8 months 11.6 (6.5, 16.6) 9.2 (4.6, 13.9) 1.13 (0.56, 2.24)

Tobacco use‡
Baseline 51.8 (44.1, 59.5) 51.2 (43.5, 58.9) 1.05 (0.86, 1.29) 0.46
4 months 52.6 (44.9, 60.4) 49.8 (42.1, 57.5) 1.10 (0.89, 1.35)
8 months 53.4 (45.6, 61.2) 48.8 (41.1, 56.6) 1.12 (0.91, 1.37)

Cannabis use§
Baseline 42.3 (34.7, 49.9) 33.3 (26.1, 40.6) 1.13 (0.86, 1.48) 0.93
4 months 40.1 (32.4, 47.8) 31.1 (23.8, 38.4) 1.15 (0.86, 1.54)
8 months 41.3 (33.5, 49.1) 33.8 (26.4, 41.1) 1.11 (0.84, 1.47)

Other drug use||
Baseline 1.8 (0, 3.9) 3.1 (0.4, 5.7) 0.68 (0.12, 3.74) 0.90
4 months 1.4 (0, 3.4) 1.9 (0, 3.9) 0.90 (0.12, 6.54)
8 months 2.5 (0.1, 5.0) 5.0 (1.6, 8.4) 0.56 (0.12, 2.56)

Non-medical sedative use¶
Baseline 19.0 (12.9, 25.1) 17.9 (12.0, 23.8) 1.04 (0.61, 1.77) 0.62
4 months 14.6 (8.6, 20.5) 16.1 (10.1, 22.1) 0.94 (0.50, 1.75)
8 months 12.0 (6.8, 17.2) 16.0 (10.0, 22.0) 0.77 (0.40, 1.50)

*Opioid risk behavior model adjusted for education
† Hazardous drinking model adjusted for age, Charlson comorbidity index score, and income
‡ Tobacco use model adjusted for alcohol use and education
§ Cannabis use model adjusted for age, gender, race/ethnicity, education, and tobacco use
|| Other drug use includes heroin, other illicit opioids, cocaine, methamphetamine, inhalants, and hallucinogens. Model adjusted for alcohol use,
tobacco use, and prior receipt of naloxone; modeled with logit link function
¶ Non-medical sedative use model adjusted for housing and tobacco use

Table 3 Prescription Opioid Overdose Knowledge Among Survey Participants over Time by Trial Group

Rx-OOKS Crude score
Mean (95% CI)

Adjusted difference* (95% CI) Time x intervention P value*

Intervention pharmacies
(n=163)

Usual care pharmacies
(n=162)

Baseline 11.5 (10.7, 12.2) 11.3 (10.7, 12.0) −0.16 (−1.08, 0.76) 0.02
4 months 13.0 (12.3, 13.7) 12.1 (11.4, 12.8) 0.64 (−0.32, 1.61)
8 months 13.7 (13.0, 14.4) 12.4 (11.7, 13.0) 1.05 (0.06, 2.04)

Abbreviations: Rx-OOKS Prescription Opioid Overdose Knowledge Scale
* Model adjusted for age, race/ethnicity, annual household income, baseline daily opioid dose, prior receipt of naloxone, previous opioid use disorder
diagnosis, and previous alcohol use disorder diagnosis
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these patients. Therefore, in addition to harm reduction and
addiction treatment settings, co-dispensing naloxone in a clin-
ical setting could significantly impact fentanyl-related deaths
among patients prescribed opioids.
We conducted this trial in a single US health system that

serves a predominantly low-income population. Support and
cooperation from clinical and pharmacy leadership were inte-
gral to the trial’s success. However, pharmacies in other health
systems and countries may have distinct barriers to implemen-
tation that limit the feasibility of co-dispensing.45 Despite ran-
domization, more patients with opioid use disorder were in
intervention pharmacies. This imbalance may have been due
to the pragmatic nature of this trial, the low number of pharma-
cies in this health system, or known limitations of ICD-10 codes
for opioid use disorder.46–48 If this imbalance impacted our
primary outcome of self-reported risk behavior, it would have
biased the results towards finding an association rather than the
null finding observed. The imbalance may also have resulted in
a higher than the anticipated absolute number of opioid over-
doses in co-dispensing pharmacies, but it was not significantly
different from usual care pharmacies. While not significantly
different by trial group, we also observed more deaths than
expected, perhaps because we had no ethical or scientific reason
to exclude patients with cancer from the trial. Naloxone effec-
tively prevents death, so increasing naloxone uptake should
reduce opioid overdose mortality, but, due to insufficient pow-
er, larger studies would be needed to formally evaluate the
effects of co-dispensing on this outcome. To impact overdose
mortality, naloxone co-dispensing could also be coupled with
other interventions that could be delivered in pharmacy settings,
such as buprenorphine for pain or opioid use disorder.
Opioid risk behavior was self-reported, and baseline opioid

risk scores were low, suggesting that such behaviors could

have been underreported. However, at baseline, 8% of partic-
ipants disclosed hazardous drinking and more than a third
disclosed marijuana use (see Table 2). Furthermore, we suc-
cessfully surveyed 42% of the eligible population, a propor-
tion that exceeds other health system trials (8–21%)49–52 and
the survey participants appeared to be representative of the
patient population. We observed no significant differences in
opioid dose or deaths. While we did not have Spanish lan-
guage surveys, intervention pharmacies co-dispensed nalox-
one to patients who primarily spoke Spanish and provided
them with Spanish-language educational materials.
Naloxone is an efficacious medication that prevents opioid

overdose fatalities. This randomized pragmatic trial demon-
strated that barriers to naloxone acquisition, including knowl-
edge gaps, can be overcome by implementing pharmacy-
based naloxone co-dispensing with opioids.

Supplementary Information The online version contains supple-
mentary material available at https://doi.org/10.1007/s11606-021-
07356-6.
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pharmacies
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pharmacies

Adjusted risk ratio* or
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Time x intervention
P value

Naloxone dispensings, no. dispensed / no.
patients or participants (%)‡

N/A

Patients§ 188/364 (51.7) 58/404 (14.4) 3.75 (2.88, 4.88)
Survey participants|| 83/163 (50.9) 25/162 (15.4) 3.38 (2.21, 5.15)

Opioid dose, median MME (IQR)
Patients¶
Baseline** 45.1 (23.0, 89.0) 40.7 (24.2, 76.3) 0.06 (−0.07, 0.20) 0.48
End of follow-up†† 45.0 (13.5, 96.0) 45.0 (18.7, 90.0) −0.01 (−0.27, 0.25)
Survey participants‡‡
Baseline§§ 38.6 (19.5, 85.3) 45.2 (24.3, 83.0) −0.04 (−0.42, 0.35) 0.12
End of follow-up†† 41.1 (8.0, 89.4) 55.0 (20.0, 110.1) −0.27 (−0.75, 0.22)

Abbreviations: MME Morphine milligram equivalents: IQR Interquartile range
*Reported for naloxone dispensings
†Reported for opioid dose; estimates are on a log scale
‡Some patients were dispensed naloxone more than once over the follow-up (intervention pharmacies: 212 dispensings among patients and 95
dispensings among survey participants; usual care pharmacies: 63 dispensings among patients and 26 dispensings among survey participants)
§Model adjusted for Charlson comorbidity index score, opioid use disorder, and baseline opioid dose
||Model adjusted for Charlson comorbidity index score and race/ethnicity
¶Model adjusted for gender, insurance type, prior receipt of naloxone, previous opioid use disorder diagnosis, and Charlson comorbidity index score
**Baseline dose was calculated within 45 days of study recruitment
††Follow-up ended 10 months from the time co-dispensing began in intervention pharmacies; opioid dose was calculated within 45 days of follow-up
end
‡‡Model adjusted for gender, insurance type and prior receipt of naloxone
§§Baseline dose was calculated within 45 days of study enrollment
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