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Johns Hopkins would like to provide information relevant to HB570 Public Health – Prescription 
Opioids – Deactivation System. This bill requires providers to give personal use pharmaceutical disposal 
systems to any patient being dispensed an opioid prescription.  

Johns Hopkins supports the goals of this bill, to reduce unauthorized opioids on the street by providing 
patients with the tools necessary to safely dispose of their old prescriptions. In fact, Johns Hopkins 
voluntarily implemented the provisions found in this bill several years ago and published a paper on 
our experience. We found that passive provisions of a drug disposal kit at prescription pickup did not 
increase rates of leftover opioid disposal when compared with provisions of a fact sheet alone or no 
intervention. Active intervention, or education, may deserve further investigation.. The 
aforementioned research paper is attached to this testimony for your review and consideration. 

Johns Hopkins respectfully recommends that consideration be given to the effectiveness of simply 
distributing personal use pharmaceutical disposal tools – without providing direct and thorough 
instruction – and achieving the overall goal of the legislation.  
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Abstract

Objective. To determine how passively providing informational handouts and/or drug disposal kits affects rates of leftover
prescription opioid disposal. Design. A multi-arm parallel-group randomized controlled trial with masked outcome assess-
ment and computer-guided randomization. Setting. Johns Hopkins Health System outpatient pharmacies. Subjects.

Individuals who filled �1 short-term prescription for an immediate-release opioid for themselves or a family mem-
ber. Methods. In June 2019, 499 individuals were randomized to receive an informational handout detailing U.S.
Food and Drug Administration–recommended ways to properly dispose of leftover opioids (n¼ 188), the informa-
tional handout and a drug disposal kit with instructions on its use (n¼170), or no intervention (n¼141) at prescrip-
tion pickup. Subjects were subsequently contacted by telephone, and outcomes were assessed by a standardized
survey. The primary outcome was the use of a safe opioid disposal method. Results. By 6weeks after prescription
pickup, 227 eligible individuals reported they had stopped taking prescription opioids to treat pain and had leftover medica-
tion. No difference in safe disposal was observed between the non-intervention group (10% [6/63]) and the group that re-
ceived disposal kits (14% [10/73]) (risk ratio¼ 1.44; 95% confidence interval: 0.55 to 3.74) or the group that received a fact
sheet (11% [10/91]) (risk ratio¼ 1.15; 95% confidence interval: 0.44 to 3.01). Conclusions. These findings suggest that passive
provision of a drug disposal kit at prescription pickup did not increase rates of leftover opioid disposal when compared
with provision of a fact sheet alone or no intervention. Active interventions may deserve further investigation.
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Introduction

Leftover prescription opioids in the home create a signifi-

cant health risk that, despite recent decreases in U.S. opi-

oid prescribing, contribute to the rising rates of nonfatal

and fatal opioid overdoses [1]. Misuse of unused opioids

has also contributed to the escalating rates of overdose in

children and teens and served as a common initial expo-

sure among many of the more than 2 million Americans

who suffer from an opioid use disorder [2–4].

National guidelines and federal agencies recommend that

patients receive information describing how to dispose of left-

over prescription medication, but little evidence has shown

how this information affects disposal rates [5–8]. Guidelines

from the U.S. Food and Drug Administration (FDA), the U.S.

Environmental Protection Agency (EPA), and the U.S. Drug

Enforcement Agency (DEA) for disposal of household medi-

cines recommend the use of secure medicine take-back pro-

grams as the best disposal option. This recommendation has

led to implementation of these programs in hospitals, phar-

macies, and police stations throughout the United States. If

no take-back program is available, though, the FDA recom-

mends that many commonly prescribed opioids be flushed

down the toilet, which is based on the belief that the benefits

of immediate disposal outweigh any potential risks to

humans or the environment. However, the FDA’s “flush list”

is not aligned with the disposal guidance of many local juris-

dictions across the country that advise against flushing [9].

Over the past few years, a number of commercial products

have been developed that claim to provide a means for safe

and convenient in-home disposal of waste medicines.

Although these drug disposal kits cost more than informa-

tional handouts, major retailers and the U.S. Department of

Veterans Affairs have begun dispensing the kits at reduced or

no cost to patients who fill an opioid prescription in an effort

to combat the opioid epidemic [10, 11]. Recent studies sug-

gest that providing postoperative patients with these kits

along with personalized discharge teaching increases the rate

of leftover opioid disposal [12–14]. However, it is not known

whether the simple provision of a drug disposal kit without

teaching influences an individual to properly dispose of left-

over opioids among a broader patient population.

The Disposal Interventions for Safe Prescription

Opioid Surplus Elimination (DISPOSE) trial was a ran-

domized trial designed to establish whether passively

supplying a drug disposal kit with an instructional fact

sheet to individuals who pick up a short-term opioid pre-

scription at a pharmacy would increase the rate at which

they dispose of leftover prescription opioids at 6 weeks,

as compared with provision of the fact sheet alone. The

secondary objective was to determine whether either in-

tervention was better than no intervention.

Methods

The Johns Hopkins institutional review board approved

the protocol for this multi-arm parallel-group trial.

Participants were studied under a waiver of consent until

they provided oral informed consent at the time of the

first study assessment (see trial protocol and statistical

analysis plan in Supplementary Data Document 1).

Participants
Participants were recruited from two Johns Hopkins

Health System outpatient pharmacies located at the

Johns Hopkins Hospital, an urban academic medical cen-

ter located in Baltimore, Maryland, USA. The hospital

and health system provide care to inner-city residents and

individuals from surrounding communities. One phar-

macy is located in the outpatient center, which houses

general internal medicine and specialty clinics and an am-

bulatory surgery center. The second pharmacy is located

in the inpatient portion of the hospital and dispenses pre-

scriptions to the majority of patients discharged from the

hospital and emergency department. During 2019, the

two pharmacies dispensed more than 200,000 prescrip-

tions to more than 35,000 individuals, with approxi-

mately 53% of prescriptions being dispensed to

Baltimore residents, 31% to Maryland residents residing

outside of the city, and 9% to residents of the surround-

ing states of Delaware, Pennsylvania, Virginia, West

Virginia, and the District of Columbia. Eligible patients

were identified by pharmacists who screened opioid pre-

scriptions being filled daily from June 5 to June 28, 2019

(Supplementary Figure 1). To be eligible for randomiza-

tion, individuals had to fill �1 prescription provided by a

medical or surgical provider for an immediate-release

opioid product with �7 days’ supply on a weekday (i.e.,

Monday to Friday). Adults (age �18 years) who picked

up an opioid prescription for either themselves or a fam-

ily member, regardless of age, were included.

To minimize the enrollment of individuals receiving

chronic opioid analgesia, who would not be expected to

dispose of opioids within the study’s time frame, individ-

uals were excluded if they filled a prescription with

�8 days’ supply of opioid, filled a prescription for an

extended-release or long-acting opioid, or had a history

of opioid medication listed on their active medication

list. Those with an address or phone number outside the

United States and those who did not speak English were

also excluded.

Randomization, Allocation, and Blinding
For logistical reasons, randomization was based on the

day of prescription drop-off. The RANDOMIZE pack-

age in STATA (version 15.2, StataCorp LLC, College

Station, TX) was used to create a computerized randomi-

zation table. It applied a simple randomization pattern of

1:1:1 allocation to the drug disposal kit, fact sheet, and

control group [15]. The lead pharmacist concealed

assignments from this table until they were communi-

cated electronically the evening before implementation.

On the basis of the assignment, pharmacists placed the
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intervention in the bag that contained the opioid pre-

scription. Outcome assessors were masked to group

assignment.

Interventions
Individuals were provided with one of three interventions

along with their opioid prescription. The control group

received no specific disposal information, which was

standard of care. The second group received an informa-

tional sheet detailing safe use, storage, and disposal of

opioids, including the methods recommended by the

FDA to properly dispose of leftover opioids [16]. The

third group received the same information sheet as the

fact-sheet group, plus a DisposeRxVR drug disposal kit

(DisposeRx, Inc., Sanford, NC) and instructions on its

use [17]. When DisposeRx powder and water are mixed

with leftover drug in the prescription bottle, DisposeRx

chemically and physically sequesters the medication in a

polymer gel that can then be safely disposed of in house-

hold trash.

Documents for the two active intervention arms were

created by the Johns Hopkins Health System Opioid

Stewardship Clinical Community’s Patient Education

workgroup to have accessible readability scores and

availability in multiple languages (Supplementary Data

Documents 2 and 3). The pharmacist coordinating the

study provided the intervention for each day, removed

any interventions from previous days, and reviewed the

process and intervention with the pharmacist on duty

that morning. The on-duty pharmacist was responsible

for checking each filled opioid prescription, logging pre-

scriptions that met inclusion criteria, and confirming that

the appropriate intervention was placed in the bag with

the medication based on the day. To be consistent with

current pharmacy practice, pharmacists and pharmacy

technicians provided no additional planned verbal educa-

tion to individuals in any group.

Data Collection and Quality
A member of the study team made up to three attempts

to contact individuals by telephone at 3 weeks after they

obtained their opioid prescriptions to assess outcomes

through the use of a standardized survey (Supplementary

Data Document 4). At the first successful phone contact,

the study team member obtained oral consent. A previ-

ously tested standardized survey designed to query pre-

scription opioid use, storage, and disposal after surgery

was adapted for use at 3 and 6 weeks’ follow-up [18].

Individuals who at 3 weeks were continuing to use opioid

analgesic therapy, as well as those who did not respond

to three telephone call attempts, were re-contacted at

6 weeks. Individuals who filled a subsequent opioid pre-

scription were not re-contacted and were excluded from

primary and secondary outcome analyses.

Patient, prescriber, and prescription data were col-

lected through the electronic health record and included

age, sex, race/ethnicity, opioid prescription characteris-

tics, and insurance status. Missing data elements were

supplemented by reports from individuals who consented

to participate. Oral morphine milligram equivalents for

prescriptions were calculated by standard conversion

methods [5]. Prescriber credentials were obtained from

the National Provider Identifier Registry Public Search.

Data collection occurred via Research Electronic Data

Capture (REDCap) [19]. Random checks on 10% sam-

ples of data suggested high rates of concordance.

Main Outcome Measure
The primary outcome was safe drug disposal, which the

interviewer assessed by asking participants whether they

had disposed of leftover prescription opioid medications

by using an FDA-recommended method of disposal (e.g.,

a drug take-back program, a drug disposal kit, or flush-

ing down the toilet) up to 6 weeks after they had received

an opioid prescription [7]. Because use of a disposal in-

tervention applies only to those individuals who have

stopped their course of therapy, the a priori plan was to

analyze individuals who reported having stopped taking

prescription opioids and who had leftover opioids at the

time of follow-up.

Secondary Outcomes
Secondary outcomes included opioid disposal by any

method, which was assessed by asking whether any

method of disposal had been used; the safe storage of pre-

scription opioids, assessed by asking whether individuals

stored opioids in a locked location; and discontinuation

of prescription opioid therapy, assessed by asking

whether individuals had stopped taking opioids. Similar

to the primary outcome, the analysis plan for opioid dis-

posal by any method was to examine only individuals

who reported both stopping opioid therapy and having

leftover opioids.

Statistical Analysis
Assuming 80% power with an alpha of 0.05, 126 indi-

viduals per group were required to detect a difference be-

tween the group given the drug disposal kit (estimated

safe disposal rate of 33%) and the group given the fact

sheet (estimated safe disposal rate of 17%). With the in-

clusion of the control group (estimated safe disposal rate

of 5%) [20, 21], the initial target was 499 eligible ran-

domized individuals.

Preliminary analyses were based on intent to treat and

included patients as assigned to their intervention group.

Fisher’s exact tests were used in unadjusted comparisons

of primary and secondary outcomes. In regression mod-

els, log-binomial models were used to determine the risk

ratios for the independent variables of safe drug disposal

and other secondary outcomes by comparing the two

groups with active intervention to the control group,

with the dependent variable of treatment group.
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Sensitivity analyses were conducted by using Poisson

models with robust error variance. Outcome measures

are presented with 95% confidence intervals (CIs), and P

values <0.05 were considered statistically significant. No

adjustments for multiplicity were applied. STATA

(StataCorp LLC, version 15.2) was used for statistical

analysis.

Results

Between June 5 and July 3, 2019, 499 individuals were

randomized and received the intended intervention.

Among this group, 227 individuals (45%) reported hav-

ing leftovers after stopping the use of prescription opioids

and were included in the primary analysis (73 in the drug

disposal kit group, 91 in the fact sheet group, and 63 in

the control group; Supplementary Figure 1). Seventy-one

participants (14%) used all opioids, and 46 (9%) contin-

ued taking opioids. Among the remaining participants,

100 (20%) were unable to be reached for follow-up as-

sessment, 46 (9%) were reached but declined to partici-

pate, and 9 (2%) did not speak English.

Among those who stopped using prescription opioids

and had leftovers, the median patient age was 34years

(interquartile range [IQR]: 16–56), and 125 (55%) were

women (Table 1). The most commonly prescribed opioid

was oxycodone (88% of all prescriptions). The median daily

and total oral morphine equivalents prescribed were 45mg

(IQR: 30–45) and 112.5 mg (IQR: 75–187.5), respectively.

Values were similar when we examined all randomized indi-

viduals (Supplementary Table 1).

Safe Opioid Disposal
At 6 weeks, we found no significant difference in safe opi-

oid disposal between the group that received the drug dis-

posal kit (14%) and the group that received the fact sheet

(11%) (risk ratio¼ 1.25; 95% CI: 0.55 to 2.83; Tables 2

and 3). Furthermore, safe opioid disposal rates did not

differ significantly between the control group (10%) and

either the drug-disposal-kit group (risk ratio¼ 1.44; 95%

CI: 0.55 to 3.74) or the fact-sheet group (risk

ratio¼ 1.15; 95% CI: 0.44 to 3.01; Table 4). These find-

ings were unchanged when we examined all patients in

sensitivity analyses (Supplementary Table 2). In all three

groups, the most commonly used method for safe dis-

posal among those who had leftovers was flushing the

remaining medication down the toilet (n¼ 14), followed

by dropping off leftovers at a take-back location (n¼ 7).

Furthermore, five respondents (four given a drug disposal

kit and one given the fact sheet but no kit) reported using

a kit to dispose of leftover medication (Supplementary

Table 3).

Other Outcomes
The likelihood of drug disposal by any method did not

differ significantly among the three groups. At 6 weeks,

21% of those who had received a disposal kit and 23%

of those who had received a fact sheet reported opioid

disposal by any means (risk ratio¼ 0.89; 95% CI: 0.50

to 1.60). The control group exhibited a similar likelihood

of drug disposal by any method (24%). Among the

respondents who disposed of unused opioid in a non–

FDA-approved fashion (n¼ 25), the most common meth-

ods were placing the medication in the trash (n¼ 12) and

washing it down the sink (n¼ 11).

Among all individuals who reported where and how

their prescription opioids were stored, safe storage in a

locked location was reported at similar levels among all

groups. The proportion of individuals reporting safe stor-

age ranged from 8% in the control (7/88) and drug

disposal-kit groups (8/97) to 14% (15/107) in the fact-

sheet group (P¼ 0.32). Similarly, the proportion of indi-

viduals who stopped using prescription opioids did not

differ between the control group (85%, 89/105) and ei-

ther the fact-sheet group (88%, 110/125) or drug-

disposal-kit group (87%, 99/114) (P¼ 0.78).

Individuals reported receiving disposal information

from their health care team at similarly low rates in all

groups (range: 10% to 15%; P¼ 0.57). However, reports

of receiving disposal information from the pharmacy did

differ among groups and were highest in the group that

received drug disposal kits (48%; P¼ 0.002;

Supplementary Table 4). Thirty-five percent of partici-

pants in the drug-disposal-kit group reported being

aware that they had received a kit from the pharmacy.

Among individuals in that group, participants who

reported being aware of receiving the kit had rates of safe

opioid disposal and opioid disposal by any method simi-

lar to those of participants who reported being unaware

of having received the kit (safe disposal: 17% vs. 13%;

Fisher’s exact, P¼ 0.72; any disposal: 25% vs. 19%;

Fisher’s exact, P¼ 0.55). The most common explanation

provided by individuals in all study arms for not discard-

ing their leftover opioids was a desire to keep the medica-

tion in case it was needed in the future (61% to 63%

across groups; Supplementary Table 5).

Discussion

In this randomized clinical trial of individuals taking a

brief course of immediate-release opioid therapy, the pas-

sive provision of a drug disposal kit did not increase the

disposal rate of leftover opioid as compared with provi-

sion of a fact sheet alone. Furthermore, when compared

with no intervention, neither the drug disposal kit nor

the fact sheet changed the frequency of disposal by any

method. Similar proportions of individuals in all three

groups reported both safely storing and stopping opioid

therapy. Overall, the act of passively providing drug dis-

posal kits or fact sheets did not in and of itself produce a

meaningful change in either the safe disposal or any dis-

posal of prescription opioids.
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The proportion of individuals in this study who

reported disposing of leftover opioid medications by any

method, though relatively low at 21% to 24%, repre-

sents an increase from 4% to 9% in prior years at our

institution [18, 21, 22] and appears to be in line with

findings from past studies on patient-reported disposal

[20]. However, more recent randomized controlled trials

have suggested that providing individuals with drug

Table 1. Baseline characteristics of eligible individuals who were randomized to a drug disposal kit, fact sheet, or no inter-
vention and had leftover opioids

Characteristic No Intervention (n¼63) Fact Sheet (n¼91) Drug Disposal Kit (n¼73) P Value

Age, y, median (IQR) 49 (20–59) 33 (14–56) 30 (15–55) 0.08

Age, y 0.41

0 to 17 13 (21) 32 (35) 22 (30)

18 to 24 5 (8) 6 (7) 10 (14)

25 to 44 12 (19) 20 (22) 18 (25)

45 to 64 22 (35) 19 (21) 14 (19)

65 to 74 7 (11) 9 (10) 6 (8)

�75 4 (6) 5 (5) 3 (4)

Female 37 (59) 43 (47) 45 (62) 0.15

Race/ethnicity 0.94

White 36 (57) 58 (64) 41 (56)

Black 10 (16) 14 (15) 12 (16)

Other 13 (21) 16 (18) 16 (22)

Not reported 4 (6) 3 (3) 4 (5)

Primary insurance or payer 0.49

Private insurance 41 (65) 55 (60) 45 (62)

Medicare 6 (10) 6 (7) 4 (5)

Medicaid 9 (14) 24 (26) 15 (21)

Cash 6 (10) 6 (7) 9 (12)

Other 1 (2) 0 (0) 0 (0)

Prescriber type 0.87

Surgical 57 (90) 83 (91) 68 (93)

Medical 6 (10) 8 (9) 5 (7)

Prescriber credentials* 0.21

Physician 47 (75) 60 (66) 59 (81)

PA 10 (16) 19 (21) 11 (15)

NP 6 (10) 12 (13) 3 (4)

Number of opioid

prescriptions†

0.34

One 63 (100) 89 (98) 73 (100)

Two 0 (0) 2 (2) 0 (0)

Opioid product† 0.34

Oxycodone 58 (92) 78 (84) 65 (89)

Hydrocodone 0 (0) 4 (4) 1 (1)

Hydromorphone 2 (3) 2 (2) 3 (4)

Codeine 1 (2) 0 (0) 1 (1)

Tramadol 2 (3) 9 (10) 3 (4)

Opioid formulation† 0.07

Tablet 55 (87) 67 (72) 59 (81)

Liquid 8 (13) 26 (28) 14 (19)

Opioids prescribed in total

OME

0.94

<100 24 (38) 37 (41) 31 (42)

100 to <200 22 (35) 33 (36) 27 (37)

�200 17 (27) 21 (23) 15 (21)

Opioids prescribed in

OME/day

0.24

<30 9 (14) 27 (30) 13 (18)

30 to <50 48 (76) 52 (57) 53 (73)

50 to <90 3 (5) 5 (5) 3 (4)

�90 3 (5) 7 (8) 4 (5)

All data are presented as n (%) unless otherwise indicated.

IQR¼interquartile range; NP¼nurse practitioner; OME¼oral morphine equivalents; PA¼physician assistant.

*Credentials were identified from a National Provider Identifier Registry Public Search.
†Percentages were calculated on the basis of the number of opioid prescriptions per treatment arm.
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disposal kits may lead to further increases in the disposal

of prescription opioids. Brummett et al. [12] reported

that adult surgical patients who received a drug disposal

kit were 3.8 times more likely to dispose of leftover

opioids than were those who received usual care. In pedi-

atric studies, Lawrence et al. [13] observed a 20% in-

crease in proper disposal of excess opioids among

families of children prescribed opioids after outpatient

surgery, whereas Voepel-Lewis and colleagues [13] found

that provision of a noncommercial drug disposal kit in-

creased disposal rates by almost 13% from baseline.

The ability of these studies to demonstrate significant

and clinically meaningful improvements in the rate of excess

opioid disposal by issuing drug disposal kits stands in sharp

contrast to our findings of no difference. Although those tri-

als and our present study had many similarities, a number

of characteristics distinguish them. First, in our trial, dis-

posal information was provided passively in the form of

written handouts at the time of prescription pickup. Neither

the pharmacist nor pharmacy technician spoke with the in-

dividual picking up the prescription about its contents, an

approach that is consistent with current practice across the

Johns Hopkins Health System. In contrast, other clinical tri-

als have included interactive discussions with study subjects

about drug disposal kits. In the study by Brummett et al.

[12], the intervention was actively delivered to the patient

by a nurse who described the disposal kit, showed the sub-

ject the disposal product, and reviewed instructions on how

to use it before patient discharge. Similarly, families in the

study by Lawrence et al. [13] reviewed instructions about

kit use with a study team member before patient discharge.

In the study by Voepel-Lewis et al. [13], information was

not provided in person but instead by way of a scenario-

tailored opioid messaging program that study subjects

viewed online. In addition to this active educational ap-

proach, the awareness of participants that they were en-

rolled in a study focusing on pain management [12] or

opioid therapy [13] may also have altered their behavior

Table 2. Outcomes among individuals receiving an opioid prescription who were randomized to receive a drug disposal kit,
fact sheet, or no intervention

Parameter No Intervention Fact Sheet Drug Disposal Kit

Drug disposal, n 63 91 73

Safe drug disposal among indi-

viduals who stopped using

opioids

10 (2 to 17) 11 (5 to 17) 14 (6 to 22)

Any drug disposal among indi-

viduals who stopped using

opioids

24 (13 to 34) 23 (14 to 32) 21 (11 to 30)

Opioid storage, n 88 107 97

Safe storage of prescription

opioids

8 (2 to 14) 14 (7 to 21) 8 (3 to 14)

Opioid usage, n 105 125 114

Stopped use of prescription

opioids)

85 (78 to 92) 88 (82 to 94) 87 (81 to 93)

Unadjusted between-group comparisons of percentages. Results are shown as percent difference (95% confidence interval); P> 0.05 for all

differences.

Table 3. Between-group differences for individuals randomized to receive a drug disposal kit, fact sheet, or no intervention
(control)

Parameter Fact Sheet vs. Control Drug Disposal Kit vs. Control Drug Disposal Kit vs. Fact Sheet

Drug disposal, n 63 91 73

Safe drug disposal among indi-

viduals who stopped using

opioids

1 (�8 to 11) 4 (�7 to 15) 3 (�7 to 13)

Any drug disposal among indi-

viduals who stopped using

opioids

�1 (�13 to 14) �3 (�17 to 11) �3 (�15 to 10)

Opioid storage, n 88 107 97

Safe storage of prescription

opioids

6 (�3 to 15) 0 (�8 to 8) �6 (�14 to 3)

Opioid usage, n 105 125 114

Stopped use of prescription

opioids

3 (�6 to 12) 2 (�7 to 11) �1 (�10 to 7)

Unadjusted between-group comparisons of percentages. Results are shown as percent difference (95% confidence interval); P> 0.05 for all

differences.
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and made them more likely to dispose of leftover opioids, in

line with the Hawthorne effect [23]. Unlike the passive ap-

proach that we used, the active approach, including patient-

specific verbal or electronic messaging about analgesic use

and disposal kits, aligns well with techniques to enhance pa-

tient adherence to desired health care outcomes and repre-

sents a likely explanation for why investigators in these past

trials observed meaningful improvements in disposal that

we did not [24, 25].

Beyond differences in presentation of and instructions

about drug disposal kits, other factors may have also

played a role in generating divergent findings. First, par-

ticipants in previous trials consisted solely of postopera-

tive patients. Our provider demographics suggest that

many of our subjects were prescribed opioids by a surgi-

cal provider to treat procedure-related pain. However, al-

most 20% received an opioid prescription from a

medical provider. Postoperative patients may differ from

medical patients in how they receive and follow instruc-

tions from members of their health care team after a pro-

cedure, a factor that may have enhanced their use of drug

disposal kits as reported in other studies [26]. Second,

our investigation differed from prior studies with regard

to the demographic representation and primary insurance

for the patient population, as well as with regard to char-

acteristics of the opioid prescriptions, such as type of opi-

oid and formulation dispensed. Of note, studies by both

Lawrence et al. [13] and Voepel-Lewis et al. [13] focused

solely on patients less than 18 years of age, whereas

Brummett and colleagues [12] studied adults (�18 years)

only. Our enrollees included patients of all ages pre-

scribed opioid prescriptions, with rates of Medicare or

Medicaid insurance falling between those of prior studies

[12, 13]. Finally, the trials by Brummett et al., Lawrence

et al., and Voepel-Lewis et al. all provided study subjects

with a different type of drug disposal system than the one

provided here. Although each system provided requires

individuals to complete only a handful of straightforward

steps to safely dispose of unused medication, we do not

know whether study subjects may have been more likely

to use one drug disposal system than another.

Although our results may appear to suggest that drug dis-

posal kits and fact sheets will make no difference in promot-

ing appropriate disposal of unused opioids, the more likely

explanation is that both tools need to be routinely coupled

with active patient and caregiver engagement and education.

The need for active education seems further warranted if we

consider the most commonly cited reason for not disposing

of leftover medication—the desire to keep it in case of a fu-

ture need. That concern may need to be addressed proactively

at the time prescriptions are provided. Simply providing drug

disposal kits without active education may ultimately contrib-

ute little to enhancing opioid disposal while at the same time

increasing the cost to patients and insurers [10, 11]. The indi-

vidual cost of one drug disposal kit is relatively low, but it

makes little sense to incur this added expense without actively

engaging individuals about appropriate opioid use and dis-

posal. As such, it is important to underscore that findings

from the present study should not dissuade clinicians from

advocating the use of drug disposal kits, pharmacists from

stocking them and promoting their use, health systems from

implementing strategies to promote their uptake, and payers

from adopting policies that encourage safe drug disposal.

Rather, this study calls attention to the need for policies and

Table 4. Primary and secondary outcomes among individuals receiving an opioid prescription randomized to a drug dis-
posal kit, fact sheet, or no intervention

Characteristic Risk Ratio (95% CI) P Value

Primary outcome

Safe drug disposal among individuals who

stopped using opioids (n¼ 227)

Control 1 (referent)

Fact sheet 1.15 (0.44 to 3.01) 0.77

Drug disposal kit 1.44 (0.55 to 3.74) 0.46

Secondary outcomes

Any drug disposal among individuals who

stopped using opioids (n¼ 227)

Control 1 (referent)

Fact sheet 0.97 (0.54 to 1.73) 0.92

Drug disposal kit 0.86 (0.46 to 1.62) 0.64

Safe storage of prescription opioids among

all individuals (n¼ 292)

Control 1 (referent)

Fact sheet 1.76 (0.75 to 4.13) 0.19

Drug disposal kit 1.04 (0.39 to 2.74) 0.94

Stopped use of prescription opioids among

all individuals (n¼ 344)

Control 1 (referent)

Fact sheet 1.04 (0.94 to 1.15) 0.48

Drug disposal kit 1.02 (0.92 to 1.14) 0.66

CI¼confidence interval; ratios estimated using log-binomial models.
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programs to support the active engagement of health care

professionals involved in all aspects of patient care to work

with patients toward the safer stewardship of opioids.

Limitations
Findings from this study should be considered in the con-

text of several limitations. First, participants and phar-

macists were not masked to the study intervention, as

doing so could not be practically accomplished. Second,

primary and other outcomes depended on patient report-

ing, which could predispose the findings to reporting bias

favoring the disposal of opioids; however, bias seems un-

likely, as we found no difference in the primary outcome.

As in similar prior studies, we did not verify use, storage,

or disposal methods. Third, though all individuals in the

intervention arms were provided with opioid disposal in-

formation, we do not know whether participants read

the study materials once home. Fourth, the accrued sam-

ple size came close to or lagged that of the calculated

sample size among the three intervention groups, which

slightly diminished the ability to discern differences be-

tween groups. The requisite number of individuals

needed to adequately power the study was amplified by

similar proportions of safe opioid disposal observed in all

arms. Furthermore, participant characteristics may differ

from those in the population at large, given that this

study was conducted in a single, urban academic health

system. Although determinants of health care in our pop-

ulation likely vary from those in other environments, our

investigation captures well a mixture of patient demo-

graphics, private and other payer coverages, and opioid

prescribing practices.

Finally, it should be noted that take-back programs re-

main the recommended disposal method of the FDA and

DEA, whereas the use of in-home drug disposal products,

including the one used in this study, has not been en-

dorsed by these agencies. Federal agencies do not have

specific performance standards or guidelines for medicine

disposal products, and no products have been reviewed

or approved. In addition, testing has not convincingly

demonstrated that any home medicine disposal products

meet the DEA’s non-retrievable standard for disposal of

controlled substances [9]. These important limitations re-

quire consideration, irrespective of the impact of drug

disposal kits on rates of home opioid disposal.

Conclusions

The simple provision of a drug disposal kit did not im-

prove the rate of safe opioid disposal or any opioid dis-

posal better than provision of a fact sheet, and neither

intervention appeared to differ from no intervention.

These results support the need to further investigate ac-

tive interventions to improve the rates at which individu-

als safely dispose of leftover prescription opioids.

Supplementary Data

Supplementary data may be found online at http://pain-

medicine.oxfordjournals.org.
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